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Foreword

The main body of this specification, and the relevant Annexes designated as “normative”, constitute the manda-
tory requirements for test methods and tools for verification of compliance with the mandatory requirements of
SUBSET-036. Annexes designated as “informative”, either provide background information, or outline non-
mandatory requirements and optional features.
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1 Introduction

This specification defines the specific set of verifications required for certification of conformity and suitability
for use for all the Eurobalise data transmission products, as defined by SUBSET-036.

These units are the Balises, (standing alone fixed data Balises, or controlled data Balises linked to the wayside
signalling system) and the On-board Antenna Units integrated with the transmission functionality of the overall
On-board ATP/ATC equipment.

The verifications dealt with in this specification are aimed at ensuring full and safe interoperability between
wayside and On-board equipment of any supplier. For this purpose, this specification mostly addresses all those
requirements that are specifically stated as mandatory in SUBSET-036.

Some interesting non-mandatory requirements (defined as recommended, preferred, or optional solutions) are
also considered in the annexes herein. This is for the purposes of supporting product interchangeability and
maintainability.

The “Eurobalise” denomination can only identify those commercial products that have got certification of con-
formity compliance, based on the test requirements of this specification, by an officially recognised body.

This specification specifies detailed functional and non-functional test requirements for the Balise, identified as a
basic wayside constituent of interoperability.

A special focus is given to the air-gap interface, where the Balise interacts with the On-board equipment. The
air-gap requirements for the Balise have been defined in all needed details in SUBSET-036.

The interface of the Balise with the wayside equipment is also considered, mainly for the purpose of inter-
changeability of wayside components.

This specification specifies a set of functional and non-functional test requirements for the transmission parts of
the On-board equipment, which are deemed indispensable for the purpose of interoperability. Also in this case, a
special focus is given to the air-gap interface, where the On-board Antenna Unit interacts with the wayside
Balise.

Compared with the Balise case, only a minimum set of mandatory test requirements has been defined for the On-
board equipment. This allows any kind of optimisation, in costs and performance, for the overall architecture of
the On-board system, while still ensuring interoperability.

The specific test set-ups presented herein are recommendations only, and should primarily be regarded of princi-
pal nature. However, they are detailed enough to provide a solid basis for designing actual test set-ups, and they
do include hints on important properties. Modifications are allowed as long the measurement accuracy is main-

tained, the same results are obtained, and the same properties are explored. There might in some cases be a need
for additional precautions not to destroy specific instruments (due to high power levels).
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2 Normative References

This specification incorporates, by dated or undated references, provisions from other publications. These nor-
mative references are cited at the appropriate places in the text, and the publications are listed hereafter. For
dated references, subsequent amendments to, or revisions of, any of these publications apply to this specification
only when incorporated herein by amendment or revision. For undated references, the latest edition of the publi-
cation referred to apply.
I ERTMS/ETCS Specifications:

A SUBSET-036, FFFIS for Eurobalise

B. SUBSET-023, Glossary of Terms and Abbreviations

3  Terminology and Definitions

3.1 Acronyms and Abbreviations

In general, the acronyms and abbreviations of SUBSET-036, and of SUBSET-023, apply. The following list of
additional acronyms applies within this specification:

Acronym Explanation

APT Antenna Positioning Tool

CS Current Sense

DUT Device Under Test

GUI Graphical User Interface

ID Identity

LRRT Laboratory Reference Receiver Tool
LTMS Laboratory Test and Measurement System
LTOM Laboratory Time and Odometer Module
OLTG Off-line Telegram Generator

PCB Printed Circuit Board

RF Radio Frequency

RSG Reference Signal Generator

VSWR Voltage Standing Wave Ratio
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The following additional abbreviations apply:

Abbreviation Explanation

Char Character

Tel. Telegram

3.2 Definitions

In general, the definitions of SUBSET-036, and of SUBSET-023, apply.

3.3 Influence of Tolerances

The general requirement stated in SUBSET-036 regarding test tolerances should be observed. The requirements
in the specification limits do not involve the error of the test equipment that is used in the test process, unless this
is expressly written. This means that a maximum limit value shall be decreased, and a minimum limit value
shall be increased with the applicable equipment error during test. Thus, the use of a very accurate test tool
widens the allowed tolerances for the actual test object.

The number of digits, which the specific parameter values are expressed in, regarding the limits stated within
SUBSET-036 are not to be regarded as significant digits. The tolerances state the accuracy, and thus the signifi-
cance of the digits. Thus, they (the expressed number of digits) do not imply a certain required accuracy or
resolution. The required resolution and accuracy must be evaluated by other means. A general principle is that
the accuracy/resolution of test tools should be in the order of 1 % (or possibly 5 %) of the specified tolerance
range (if feasible), or better. Using better tools allow a wider tolerance range for the actual device under test
(DUT). In some cases this high accuracy is not feasible (can not be achieved in a reasonable way), but the rea-
son for this shall be explained/justified.

In this specification, calibration procedures and calibration set-ups are repeated in each test description. The
spirit is neither that this reflects the sequence of the activities, nor that re-calibration is frequently required. The
important thing is to calibrate when deemed necessary to achieve the required accuracy.
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4 Tests of the Up-link Balise

4.1 Reference Test Configurations

41.1 General

The following conditions should apply for the majority of the tests where no specific environmental or opera-
tional condition is required.

Ambient temperature 25°C+£10°C
Relative humidity 25%1to 75 %
Atmospheric Pressure 86 kPa to 106 kPa
Debris in the air-gap None
Tele-powering mode Cw

EMC noise within the Up-link frequency band Negligible

The environmental conditions of the table above should be maintained as far as reasonably possible. Monitoring
of the conditions should apply if it can not be guaranteed that the limits are fulfilled.

In order to minimise the possible influence from the surrounding environment, there shall be a volume around
the Antenna Unit and the Balise under test that is free from metallic objects. The minimum extent of this volume
is defined in Figure 1. This volume is also referred to as “free space* condition. The space below 0.4 m (but
above 0.7 m) underneath the Balise shall not contain any solid metal planes, and only a few metallic supports are
allowed within 0.7 m underneath the Balise.

/  Antenna \
X center VA

) Balise |:L > Min. 1 m
center ‘rﬂ
0.4m/0.7m . .
No metallic objects are

; allowed in this zone.
Ar V4
Min. 1 m
v
Antenna - Min. 1 m
Balise --!
! 4
) Min. 1 m
Min. 1 m
Min. 1 m /%
/

Figure 1: Definition of “free space” around the sub-system under test
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4.1.2

Monitored Interfaces

The following interfaces are used:

413

Interface ‘A’ (the air-gap interface).

Interface ‘C’ (the Balise controlling interface).

Test Tools and Procedures

The following list summarises the herein-defined tests:

1.

5.

Verification of Interface ‘A’ (air-gap):

1.1.

1.2.

1.3.

Field conformity in the main lobe zone, and in the side-lobe zone, for the Tele-powering field re-
ceived by the Balise;

Field conformity in the main lobe zone, side lobe zone, and cross-talk protected zone, for the Up-
link field generated by the Balise;

Compliance of the electrical characteristics of the Up-link signal;

Verification of Balise controlling interface for controlled Balises:

2.1.
2.2.
2.3.
2.4.

2.5.

Up-link data signal characteristics at Interface ‘C1°;
Biasing signal characteristics at Interface ‘C6’;
Return Loss at the source end (LEU output) of Interfaces ‘C1’ and ‘C6’;

Switching from Interface ‘C1’ telegram to the Default Telegram when an invalid signal is tem-
porarily or permanently simulated at Interface ‘C1’;

Blocking signal characteristics at Interface ‘C4’ (where applicable).

Verification of internal functionality:

3.1
3.2.
3.3.
3.4.
3.5.

1/O characteristics;

Balise impedance with respect to the Tele-powering source;

Time delay between data at Interfaces ‘C1” and ‘A1’ (controlled Balises only);
Start-up behaviour of the Up-link signal;

KER compatible response with a “non-toggling” Tele-powering signal.

Verification of cross-talk immunity with nearby cables (transversal cables according to the specific in-
stallation constraints given by the manufacturer).

Verification of the compliance with some specific EMC requirements.

The following tools are anticipated for the Balise tests:

Test Management System, used for co-ordinating the measurements, controlling the other tools of
the test set-up, and for logging and reporting the test results;

Antenna Positioning Tool;

Reference Loops (Standard or Reduced Size type) equipped with Baluns;

Test and Activation Antennas;

Reference Signal Generators;

Telegram Generator;

Reference Receiver;

RF instruments and accessories of general use;

Reference Units for debris, metallic masses, and cables.
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4.2 Laboratory Tests

4.2.1 Generic Test and Calibration Set-up notes

The following aspects shall be respected for all test set-ups within this clause (clause 4). For some set-ups all
aspects apply, but for others only some apply. The applicability is evident from the recommended test set-ups
presented herein.

e A spectrum analyser or similar equipment may substitute any power meter. However, this device shall be
calibrated against a power meter prior to the test.

e It shall be verified that all harmonics are suppressed by at least 40 dB if power meters are used. Otherwise,
sufficient filtering shall be performed.

e All input and output ports of the devices in accordance with clause H3 on page 308 and H4 on page 314
shall be equipped with suitable baluns (these are part of the defined devices).

e The attenuators connected before and after the RF power amplifier shall be positioned as close as possible to
the amplifier, and are used for ensuring good VSWR. The attenuator on the amplifier output is also used for
protecting the amplifier from reflected power.

e Itisimportant that all cabling is of low loss double shielded type (e.g., RG 214). Furthermore, the cables
shall be “de-bugged” using suitable ferrite clamps, evenly spaced along the cables, at distances less than
70 cm. The core material in the ferrite clamps shall be “Amidon 43” or equivalent.

e The calibrations and tests shall be performed with Balise telegram of type 1 defined in clause A2 of Annex
A on page 158, unless otherwise explicitly stated. The Balise, the Reference Loop and the “cable” (during
cross-talk tests) shall transmit the same telegram.

e RMS values are applicable unless otherwise explicitly stated.
e Iron bars shall be at least 50 cm from metal objects like a concrete floor containing iron reinforcements.

e The cable carrying the 27 MHz signal to the Test Antenna (see clause H3 of Annex H on page 308) shall be
identical throughout the entire test process.

e Itis essential that the Reference Loops used during the tests fulfil the requirements of clause B2 of Annex B
on page 164, and are characterised prior to testing. The procedure for characterisation of the equipment is
defined by sub-clause B2.6 of Annex B on page 169.

e  Ferrite devices shall be used in order to reduce the RF field effect on the measurements. A balun basically
consists of a ferrite core (see clause H5 of Annex H on page 319 for more details). A balun shall be posi-
tioned at the end of the cable, i.e., at the Reference Loop connector, unless otherwise explicitly stated.

e All distances are in millimetres unless explicitly otherwise stated.

e The orientation of the Reduced Size Balise/Reference Loop is irrelevant unless otherwise explicitly stated.
However, calibrations and measurements shall be performed with the same orientation.

e In case of testing with some debris conditions, please observe the increase of flux levels (when applicable)
as defined in SUBSET-036.
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e In case of verifying characteristics at the upper extreme temperature, it is judged sufficient to perform test-
ing with constant temperature only (without concurrent solar radiation). It is judged relevant that the maxi-
mum increase in temperature that would have been caused by the (non-existing) specified solar radiation
level (see sub-clause 4.9 of EN 50125-3), in the worst Balise conditions, is 30 °C. This shall be considered
when applying the requirements of SUBSET-036, unless the manufacturer can provide evidence that a lower
temperature increase applies.

e The defined installation case with metallic plane in the extreme vicinity of the Balise may require specifical-
ly tuned Balises (see SUBSET-036). In such a case, the metallic plane is considered an integral part of the
Balise. However, please observe that field conformity requirements apply to free air conditions.

e For specifically tuned Balises (with an integral metallic plane), the herein defined “Case 1” and “Case 2”
metallic planes do not apply.

e In general, testing the condition with the metallic plane in the extreme vicinity of the Balise is optional and
applies only to products stated to fulfil this specific installation condition.

e Ifnot otherwise explicitly stated, the defined “Case 1” metallic plane condition applies for Balise testing
(when metallic plane conditions apply).

e Applicable sources of data for controlled Balises versus test cases are clarified in sub-clause C7.3 on page
210.1

1 Sub-clause C7.3 does not introduce any new test cases relative to the previous version of this test specification. It merely
clarifies the intent of the main text.



Page 26 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

4.2.2 Up-link Field Conformity

4221 General

This sub-clause defines the test procedure for Up-link field conformity testing. It also includes the various test
set-ups that are recommended. The test procedures include two different steps with partially different test set-
ups. The steps are:

e Calibration of 4.2 MHz Balise loop current ljoop.
e Balise conformity measurements.

There are two versions of the Test Antenna used in this test procedure. The first is the Standard Test Antenna, or
simply Test Antenna. The second is the Modified Test Antenna. This device has no 27 MHz loop but is apart
from this identical to the Standard Test Antenna. Both versions are described in clause H3 of Annex H on page
308.

There are also two versions of Activation Antennas. The first is the standard Activation Antenna with a 27 MHz
loop. The second device is modified so that the 27 MHz loop is replaced by a 4.2 MHz loop. This device is only
used as a measurement probe, and is identical to the Activation Antenna apart from the change of loops. This
device is named 4.2 MHz Antenna. Both versions are described in clause H4 of Annex H on page 314.

The calibrations and tests shall be performed with a Balise telegram of type 1 defined in clause A2 of Annex A
on page 158. Both the Balise and the Reference Loop shall transmit the same telegram. In all tests and calibra-
tions with controlled Balise, telegrams transmitted via the Balise controlling interface shall be used (with nomi-
nal Balise controlling interface conditions).

Balise conformity measurements shall be performed during free air conditions only.
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4.2.2.2  Calibration of 4.2 MHz Balise Loop Current in the Main Lobe Zone

42221 Calibration Configuration

A proposed calibration set-up is shown in Figure 2 below. Clause F1 of Annex F on page 289 gives an example
of suitable test equipment. Power Meter 2 shall be able to accurately measure signal levels down to -55 dBm. If
Power Meter 2 is substituted by for instance a spectrum analyser, then the measurement bandwidth of this device
shall be 1.2 MHz. The preamplifier, and the filter before it, shall be connected as close as possible to the Test

Antenna. The filter after the preamplifier shall be connected as close as possible to the Power Meter 2. See also

sub-clause 4.2.1 on page 24.

Power
Meter 3

T Pi

11.] Attenuator »| Balun |14.
T i |:>in
A 4
RF Reference Loop | 7.
3. Amplifier
Interface ‘A’
T 18.
500 | — -
2. | Attenuator Activation Test Antenna | 6.
500 1 Antenna
T C.sS. l 4.2 MHz
Signal
13.1 Generator Filter | 12.
P2 12. v
Power ¢ ) -
15| Meter2 || Filter |« Pre-amplifier |16.

Figure 2: Test set-up for calibration of 4.2 MHz Balise Loop Current
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42222 Calibration Abstract

This calibration procedure will give a reference value P4or. for each measurement point, defined in clause C1 of
Annex C on page 201, which shall be compared with the corresponding value P4zsa for the Balise. The reference
value P2y is reflecting the flux received by the Test Antenna, and measured by Power Meter 2 (Pm2) and then
compensated, and called P42r.. The calibration is performed with the current 1,2/B through the Reference Loop.
The current through the Reference Loop is monitored by Power Meter 3 (Pic).

42223 Calibration Procedure

Repeat

for each

position

6.

Position the Modified Test Antenna (without 27 MHz loop) in position [X =0, Y =0, Z = 220] relative to
the Reference Loop. Be sure to position the electrical centre of the Test Antenna aligned with the electri-
cal centre of the Reference Loop. Also check that the X, Y, and Z axes of the Reference Loop are cor-
rectly aligned to the X, Y, and Z axes of the positioning system. Position the Activation Antenna, in posi-
tion [X =440, Y =220, Z = 0] relative to the Reference Loop. This position shall be fixed during the cal-
ibration.

Set the Signal Generator to generate the FSK signal that carries telegram type 1.

Adjust the Signal Generator amplitude in order to achieve a current of approximately 1,,/B through the
Reference Loop.

For calibration and compensation of the Current Sense Balun see clause H5 of Annex H on page 3109.
Record the reading of Power Meter 3 and call it Pyc.

7 4. Record the reading of Power Meter 2 (called Pwm2) and Power Meter 3 (called Pws).

5.  Compensate the Pwm2 reading with the difference between the Pus reading and the power level Py,
for 1,/B measured in step 3. 2 Call the new value PRy

Pare = Pm2 + (P|c - Pm3), all values in dBm.

Perform steps 4 and 5 for all the [X, Y, Z] positions listed in clause C1 of Annex C on page 201.

2 The reason for this compensation is that the relative accuracy for the value of P42r. between the different positions needs
to be very good, and that this procedure compensates for power amplifier drift and impedance changes in the Reference
Loop when moving the Test Antenna.
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4.2.2.3  Balise Up-link Conformity Measurements in the Main Lobe Zone

4.2.23.1 Test Configuration

A proposed test set-up is shown in Figure 3 below. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. Power Meter 3 shall be able to accurately measure signal levels down to -55 dBm. If
Power Meter 3 is substituted, by for instance a spectrum analyser, then the measurement bandwidth of this de-
vice shall be 1.2 MHz. The preamplifier, and the filter before it, shall be connected as close as possible to the
Test Antenna. The filter after the preamplifier shall be connected as close as possible to Power Meter 3. See
also sub-clause 4.2.1 on page 24.

Pus 12

15. Power <« .
Meter 3 || Filter [¢———| Pre-amplifier | 16.

*

Filter | 12.
4.2 MHz T
Test Antenna 6.
27 MHz
4. |Attenuator
T Interface ‘A’
18.
3 RF Activation
"1 Amplifier i
P Antenna Balise

T Jes

2. |Attenuator

T P2 Power
Meter 2
1. Signal 1
Generator 0.

Figure 3: Test set-up for Balise Up-Link Conformity Measurements
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4.2.2.3.2 Test Abstract

This measurement procedure will give a value Pazga for each measurement point, defined in clause C1 of Annex
C on page 201, which shall be compared with the corresponding reference value P4r. for the Reference Loop
measured in sub-clause 4.2.2.2.3 on page 28. The value Pazga is reflecting the 4.2 MHz flux received by the Test
Antenna, measured by Power Meter 3 (Pus) and subsequently compensated as defined by the test procedure.

The Balise is Tele-powered by an Activation Antenna with a 27 MHz flux that results in the corresponding Up-
link Balise current I

42233 Test Procedure

Repeat
for each

position

7.

Position the Modified Test Antenna (without 27 MHz loop) in position [X =0, Y =0, Z = 220] relative to
the Balise. Be sure to position the electrical centre of the Test Antenna aligned with the centre of the
Balise. Also check that the X, Y, and Z axes of the Balise are correctly aligned to the X, Y, and Z axes of
the positioning system.

Position the Activation Antenna, in position [X = 440, Y =220, Z = 0] relative to the Balise. This posi-
tion shall be fixed during the test.
Set the Signal Generator to the frequency 27.095 MHz, and to CW.

Adjust the Signal Generator amplitude in order to achieve a 4.2 MHz current in the Balise of approxi-
mately luz. This is accomplished by adjusting the Signal Generator until Power Meter 3 (Pm3) gives a
reading equal to the value of Psr. measured in sub-clause 4.2.2.2.3 on page 28 for position [X =0, Y =0,
Z =220].
Record the reading of Power Meter 2, and call it Pcs.

/4. Record the reading of Power Meter 2 (Pm2) and Power Meter 3 (Pws).

5. Compensate the Pws reading with the difference between the Py reading and the Pcs measured
in step 3. Call the new value Pszpa. 3

Ps2sa = Pums + (Pcs - sz), all values in dBm.

6  Calculate the difference between Paopsa and Paore from sub-clause 4.2.2.2.3 on page 28, and call it
Pa2piFr.

P42 piFr = Pa2Ba - Pa2rL

Perform steps 4, 5, and 6 for all the [X, Y, Z] positions of the Test Antenna listed in clause C1 of Annex
C on page 201. Note that the Activation Antenna position shall be fixed relative to the Balise.

3 The reason for this compensation is that the relative accuracy for the value of P42ga, between the different positions,
needs to be very good, and this procedure compensates for power amplifier drift and impedance changes in the Activation
Antenna when moving the Test Antenna.
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4.2.2.4  Evaluation of Up-link Conformity in the Main Lobe Zone

The results from the measurements in sub-clause 4.2.2.3.3 on page 30 (Ps2oirr) shall be compared with the re-
quirements in SUBSET-036 regarding conformity in the main lobe zone. The field generated by the Balise shall
be compared with the “Reference Field”. The requirement stated in SUBSET-036:

o For the field generated by the Balise £ 1.5 dB.

The value P4pirr reflects the absolute difference between the Reference Loop and the Balise. The requirement
states the relative conformity. Therefore, the comparison with the requirement shall be relative.

The Balise is conform for the field generated by the Balise if:
The highest Pazpier - the lowest Pagpiee is less than 3 dB

(Pa2pirrmax - Pazoirrmin) < 3 dB
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4.2.25  Calibration of 4.2 MHz Balise Loop Current in the Side Lobe Zone

Use the same test set-up as in sub-clause 4.2.2.2.1 on page 27. The calibration procedure is the same as in sub-
clause 4.2.2.2.3 on page 28 except for the geometrical test points. Perform the calibration procedure with the
geometrical test points listed in clause C2 of Annex C on page 202.

4.2.2.6  Up-link Reference Field in the Side Lobe Zone

The output signal in the Side Lobe Zone for Up-link is defined in SUBSET-036. The output signal from the
Reference Loop is measured in sub-clause 4.2.2.5, and the result is a set of Psr. Values that shall be used to form
a “Reference Field”. This Reference Field gives the limits for the Balise output field strength in the Side Lobe
Zone. The tolerances for conformity with the Reference Field, stated in SUBSET-036, are +5 dB to -co. The
Balise shall consequently give test results that show lower values than the Reference Field increased by 5 dB.
The Reference Loop output shall also be translated +5 cm and —5 cm along the X and Y axes to form the Refer-
ence Field. See Figure 4 that shows a Reference Field in one quadrant. Similar curves shall be plotted for all
quadrants. The Reference Field is the curve formed by the highest of:

35 dB below RO (Par. Value for position [X =0, Y =0, Z = 220])
Reference Loop output displaced -5 cm

Reference Loop output

Reference Loop output displaced +5 cm

_— RO

Reference field

5cm|' 35dB

Reference Loop
field strength

Side lobe Cross-talk
zone protected zone

Contact zone

Figure 4 Up-link Reference Field in the Side Lobe Zone

The co-ordinates that shall be evaluated are:
X =2501t01300,Y =0,Z =220 X =-250t0-1300, Y =0,Z =220
X =0, Y =200 to 1400, Z = 220 X =0,Y =-200 to -1400, Z = 220

4.2.2.7 Balise Up-link Conformity Measurements in the Side Lobe Zone

Use the same test set-up as in sub-clause 4.2.2.3.1 on page 29. The test procedure is the same as in sub-clause
4.2.2.3.3 on page 30, except for the geometrical test points and that it is not needed to calculate the difference
between Psr. and P42sa. Perform the test procedure with the geometrical test points listed in clause C2 of An-
nex C on page 202. Exclude the geometrical points: [X =200, Y =0, Z = 220], [X =-200, Y = 0, Z = 220],
[X=0,Y =150, Z=220],and [X =0, Y =-150, Z = 220].

Plot the value Pa2ga as a function of the position in four graphs, one for each quadrant.
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4.2.2.8  Evaluation of Up-link Conformity in the Side Lobe Zone

SUBSET-036 specifies that the Balise shall be conform with the “Reference Field” in the Side Lobe Zone. The
Reference Field for the Up-link is defined in SUBSET-036, and recalled in sub-clause 4.2.2.6 on page 32. The
result of the Balise measurements for the Up-link in sub-clause 4.2.2.7 on page 32 shall be compared with the
Reference Field. The tolerances for conformity are stated in SUBSET-036 to be from -« to 5 dB above the
Reference Field. See Figure 5.

RO
— i, Maximum Balise responsg
\: 35 dB

Reference field Reference Loop
field strength

Side lobe Cross-talk
zone protected zone

Contact zone

Figure 5. Maximum Balise response (4.2 MHz) in the Side Lobe Zone
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4.2.2.9

42291

Calibration Configuration

Calibration of 4.2 MHz Balise Loop Current in the Cross-talk Protected Zone

A proposed calibration set-up is shown in Figure 6 below. Clause F1 of Annex F on page 289 gives an example
of suitable test equipment. A Reduced size Reference loop is used as field probe for these tests, instead of the
Test Antenna, because of the very low field intensity to be measured. Power Meter 2 could alternatively be
replaced by a narrow band measuring device, because it shall be able to accurately measure signal levels down to
—75 dBm. In this case, the measurement bandwidth of this device shall be 1.2 MHz. See also sub-clause 4.2.1

on page 24.

11.

13.

Power
Meter 3

T P

Attenuator »| Balun 14.
T i I:)in
RF Reference Loop | 7
Amplifier
T Interface ‘A’
18.
Attenuator 500 | —
Activation Reference Loop | 19.
T 50 Q) Antenna
. C.S. Y
Signal Balun | 8.
Generator
i 4.2 MHz
Filter| 12.
Pm2 12. ¢
Power <——| Filter| «—— Pre-amplifier 16.
151 Meter 2 Hiter

Figure 6: Test set-up for calibration of Up-link in the Cross-talk protected zone
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4.2.2.9.2 Calibration Abstract

This calibration procedure will give a reference value Psor. for each measurement point, defined in clause C3 of
Annex C on page 203, which shall be used to define the Reference Field in the Cross-talk protected zone. The
reference value Pary is reflecting the flux received by the Reduced Size Reference Loop, item 19, measured by
Power Meter 2 (Pm2), and subsequently compensated and called P42r.. The compensation is done to give corre-
sponding values between measurements with a Test Antenna and a Reference Loop used as measuring devices.
The calibration is performed with the current 1,,/B through the transmitting Reference Loop (item 7). The cur-
rent through the receiving Reference Loop (item 19) is monitored by Power Meter 3 (Pic).

The orientation of the receiving Reference Loop is with its longest size parallel to the X axis. Locate the Activa-
tion Antenna in position [X = 440, Y = 220, Z = 0] relative to the Reference Loop, item 7.

42293 Calibration Procedure

Repeat
for each
position

6.
7.

Position the Reference Loop, item 19 (below called RL_probe), in the position [X = 1000, Y =0,

Z = 220] relative to the Reference Loop. This position has previously been measured in the Side Lobe
Zone and is only measured to refer the values measured with the RL_probe to the values previously
measured with the Test Antenna. Be sure to position the electrical centre of the RL_probe aligned with
respect to the electrical centre of the Reference Loop. Also check that the X, Y, and Z axes of the Refer-
ence Loop are correctly aligned to the X, Y, and Z axes of the positioning system.

Set the Signal Generator to generate an FSK signal that carries telegram type 1.

Adjust the Signal Generator amplitude in order to achieve a current of approximately 1,2/B through the
transmitting Reference Loop.

For calibration and compensation of the Current Sense Balun see clause H5 of Annex H on page 3109.
Record the reading of Power Meter 2 and call it Psg. Calculate the difference between Psg and the value
Paore for position [X = 1000, Y = 0, Z = 220] measured in sub-clause 4.2.2.5 on page 32. Call it Pogeser.

Poreset = Psg - Paor. (measured in sub-clause 4.2.2.5)

- 4. Record the reading of Power Meter 2 (called Pw).

.. 5. Compensate the Py, reading with the offset value calculated in step 3. 4 Call the new value
E PaorL.

Pare = Pm2 - POFFSET, all values in dBm.

Perform 4 and 5 for all the [X, Y, Z] positions listed in clause C3 of Annex C on page 203.

Position the RL_probe, in position [X =0, Y =0, Z = 220] relative to the Reference Loop. Record the
reading of Power Meter 2 and call it Prprer. This value is used in the Balise measurement below.

4

The reason for this compensation is that the value of P42rc shall be compared with the corresponding values measured

with the Test Antenna.
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4.2.2.10 Up-link Reference Field in the Cross-talk Protected Zone

The output signal in the Cross-talk protected zone for Up-link is defined in SUBSET-036. The output signal
from the Reference Loop is measured in sub-clause 4.2.2.9, and the result is a set of Pr. Values that shall be
used to form a “Reference Field”. This Reference Field gives the limits for the Balise output field strength in the
Cross-talk protected zone. The tolerances for conformity with the Reference Field, stated in SUBSET-036, are
+5 dB to -0. The Balise shall consequently give test results that show lower values than the Reference Field
increased by 5 dB. See Figure 7 that shows a Reference Field in one quadrant. Similar curves shall be plotted
for all quadrants. The Reference Field is the curve formed by the highest of:

e 60 dB below RO (Pr. value for position [X =0, Y =0, Z = 220])
o Reference Loop field strength (measured in sub-clause 4.2.2.9)

RO
/—\ Reference field
60 dB
Reference Loop \
field strength "
Contact zone Side lobe Cross-talk
zone protected zone

Figure 7: Up-link Reference Field in the Cross-talk protected zone

The co-ordinates that shall be evaluated are:
X =1300to 3000, Y =0, Z=220 X =-1300 to -3000, Y =0, Z =220
X =0, Y =1400 to 3000, Z = 220 X =0,Y =-1400 to -3000, Z = 220
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4.2.2.11 Balise Up-link Conformity Measurements in the Cross-talk Protected Zone

422111  Test Configuration

A proposed test set-up is shown in Figure 8 below. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. Power Meter 2 could alternatively be replaced by a narrow band measuring device,
because it shall be able to accurately measure signal levels down to —75 dBm. In this case, the measurement
bandwidth of this device shall be 1.2 MHz. See also sub-clause 4.2.1 on page 24.

Pm2 12. 16. 12.
Power <—
Meter 2 jg——] Filter | < Pre <4—| Filter |¢—| Balun] 8.
Amplifier
15, 42MHz 4
Reference Loop 19.
27 MHz -
4. |Attenuator |— ’
T Interface ‘A’
18.
3 RF ——
“| Amplifier —>ACt'Vat'0n Balise
—1 Antenna

T C.S.

2. lAttenuator

T Pms Power
——»| Meter 3

10.

1. Signal
Generator

Figure 8: Test set-up for Balise measurement of Up-link in the Cross-talk protected zone

422112 Test Abstract

This measurement procedure will give a value P4sa for each measurement point, defined in clause C3 of Annex
C on page 203, which shall be compared with the Reference Field defined in sub-clause 4.2.2.10. The value
Passa is reflecting the 4.2 MHz flux received by the Reference Loop, item 19, measured by Power Meter 2 (Pwm2)
and subsequently compensated as defined by the test procedure. The compensation is performed to give corre-
sponding values between measurements with a Test Antenna and a Reference Loop used as measuring devices.
The Balise is Tele-powered by an Activation Antenna with a 27 MHz flux that results in the corresponding Up-
link Balise current I..
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422113 Test Procedure

1. Position the Reference Loop, item 19 (below called RL_probe), in position [X =0, Y =0, Z = 220] rela-
tive to the Balise. This position has previously been measured in sub-clause 4.2.2.9.3 on page 35, and is
used for the adjustment of Balise current. Be sure to position the electrical centre of the RL_probe
aligned with the electrical centre of the Balise. Also check that the X, Y, and Z axes of the Balise are cor-
rectly aligned to the X, Y, and Z axes of the positioning system. Position the Activation Antenna in posi-
tion [X =440, Y = 220, Z = 0] relative to the Balise. This position shall be fixed during the test.

2. Set the Signal Generator to the frequency 27.095 MHz, and to CW.

3. Adjust the Signal Generator amplitude in order to achieve a 4.2 MHz current in the Balise of approxi-
mately lyz. This is accomplished by adjusting the Signal Generator until Power Meter 2 (Pwm2) gives a
reading equal to the value of Pr prer measured in sub-clause 4.2.2.9.3 on page 35 for position [X =0,
Y =0, Z=220].

4, Position the RL_probe in the first position listed in clause C3 of Annex C on page 203.
~ 5. Record the reading of Power Meter 2 (called Pwmy).

E)ip::éh 6. Compensate the Py reading with the offset value calculated in sub-clause 4.2.2.9.3 on page 35. °
position Call the new value Pszga.

Paga = Pm2 - POFFSET, all values in dBm.

7. Perform 5 and 6 for all the [X, Y, Z] positions listed in clause C3 of Annex C on page 203. Note that the
Activation Antenna position shall be fixed relative to the Balise.

4.2.2.12 Evaluation of Up-link Conformity in the Cross-talk Protected Zone

SUBSET-036 specifies that the Balise shall be conform with the “Reference Field” in the Cross-talk protected
zone. The Reference Field for the Up-link is defined in SUBSET-036 and recalled in sub-clause 4.2.2.10 on
page 36. The result of the Balise measurements for the Up-link in sub-clause 4.2.2.11.3 on page 38 shall be
compared with the Reference Field. The tolerances for conformity are stated in SUBSET-036 to be from - to
5 dB above the Reference Field. See Figure 9.

RO

Reference Loop 60 dB
field strength

/ Maximum Balise
response
Reference field 7\

\
Contact zone Side lobe Cross-talk
zone protected zone

*SdB

Figure 9 Maximum Balise response (4.2 MHz) in the Cross-talk protected zone

5 The reason for this compensation is that the value of Pazsa shall be compared with the corresponding values measured
with the Test Antenna.
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4.2.3 Tele-powering Field Conformity

4231 General

This sub-clause defines the test procedure for Tele-powering flux conformity testing. It also includes the various
test set-ups that are recommended. The test procedures include two different steps with partially different test
set-ups. The steps are:

e Calibration of 27 MHz Tele-powering flux ¢.
e Balise conformity measurements.

There are two versions of the Test Antenna used in this test procedure. The first is the Standard Test Antenna, or
simply Test Antenna. The second is the Modified Test Antenna. This device has no 27 MHz loop but is apart
from this identical to the Standard Test Antenna. Both versions are described in clause H3 of Annex H on page
308.

There are also two versions of Activation Antennas. The first is the standard Activation Antenna with a 27 MHz
loop. The second device is modified so that the 27 MHz loop is replaced by a 4.2 MHz loop. This device is only
used as a measurement probe, and is identical to the Activation Antenna apart from the change of loops. This
device is named 4.2 MHz Antenna. Both versions are described in clause H4 of Annex H on page 314.

The calibrations and tests shall be performed with a Balise telegram of type 1 defined in clause A2 of Annex A
on page 158. Both the Balise and the Reference Loop shall transmit the same telegram. In general, for all tests
and calibrations with controlled Balise, telegrams transmitted via the Balise controlling interface shall be used
(with nominal Balise controlling interface conditions). However, for free air conditions (but not other condi-
tions), and in case of a controlled Balise, I/0 Characteristics tests (see sub-clause 4.2.4 on page 48) shall be
performed both when the telegram is sent through the Balise controlling interface, and from the internal default
telegram.

Balise conformity measurements shall be performed during free air conditions only.
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4.2.3.2  Calibration of 27 MHz Tele-powering flux in the Main Lobe Zone

4.2.3.2.1 Calibration Configuration

A proposed calibration set-up is shown in Figure 10 below. Clause F1 of Annex F on page 289 gives an exam-
ple of suitable test equipment. See also sub-clause 4.2.1 on page 24.

P2 Power
—p] Meter 2 10.
C.S.
27 MHz
4. | Attenuator »| Test Antenna S.
0 0 4.2 MHz
T Interface ‘A’
17.
5 RE 50 Q
“ | Amplifier
T 4.2 MHz Reference Loop | 7.
Antenna
2. | Attenuator i ¢pL
T Balun 8.
1. Signal ¢
Generator Attenuator | 9.
i ¢ Pm3
Power
Meter 3 10.

Figure 10: Test set-up for calibration of 27 MHz Tele-powering flux
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4.2.3.2.2 Calibration Abstract

This calibration procedure will give a reference value Po7r. for each measurement point, defined in clause C1 of
Annex C on page 201, which shall be compared with the corresponding value P27ga for the Balise. The reference
value Pa7r is proportional to the square of the current needed for obtaining a flux level of ¢q1 through the Refer-
ence Area. The current is measured by Power Meter 2 (Pwz2), subsequently compensated, and called P2rre.

The calibration procedure for one of the geometrical positions, [X =0, Y =0, Z = 220], shall be performed also
under other test conditions than free air, and without the 4.2 MHz Antenna. The result shall be used in sub-
clause 4.2.4 on page 48. The following test conditions specified in clause B5 of Annex B on page 186 shall be
used:

Debris: Salt Water, debris class (A or B) defined by the manufacturer.

Clear Water, debris class (A or B) defined by the manufacturer.

Iron Ore (Magnetite), debris class (A or B) defined by the manufacturer.
Metallic object:  Metallic plate underneath the Balise, Case 1.

Steel Sleepers
Other Sleepers (mounting assemblies)
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42323 Calibration Procedure

Position the (Standard) Test Antenna in position [x = 0, y =0, z = 220] relative to the Reference Loop.
Be sure to position the electrical centre of the Test Antenna aligned with the electrical centre of the Ref-
erence Loop. Also check that the X, Y, and Z axes of the Reference Loop are correctly aligned to the X,

Y, and Z axes of the positioning system. Pasition the 4.2 MHz Antenna in position [X =0, Y =0,
Z =100] relative to the Reference Loop. This position shall be fixed during the test.

2. Determine a suitable power level, P, for a flux of ¢a1. The power, Py, is determined by:
_ (z'ﬂ‘f'%l)j
5. [|50 +5§Ioop|] B
where:  f=27.095 MHz

where:

Zioop = Risop *+ j Xioop © (actual impedance in the absence of any antenna)
PL = Power measured out of the Reference Loop [W]
B = Reference Loop matching transfer ratio.

Pm3=10-log(PL-1000) — Attenuati; [dBm]

Attenuation equals the attenuation of items 8 and 9 together with the cable from the Reference
Loop to the power meter sensor head. ©

Measure the Attenuation and calculate the value of Pys. Call the calculated value Pysrer.

3. Set the Signal Generator to the frequency 27.095 MHz, and to CW.

Repeat
for each *
position

£4.

Adjust the input power to the Test Antenna in order to achieve approximately ¢q41 through the
Reference Loop.
Record the reading of Power Meter 3 (called Pwms3).

Record the reading of Power Meter 2 (called Pwmy).

Compensate the Pm2 reading with the difference between the Pus reading and the power level
Pwmsrer calculated in step 2.7 Call the new value Pazre.

PorL = Pm2 + (PM3REF - Pm3), all values in dBm.

7. Pérform steps 4, 5, and 6 for all the [X, Y, Z] positions listed in clause C1 of Annex C on page 201.

8. Perform steps 4, 5, and 6 for the different test conditions specified in sub-clause 4.2.3.2.2 at position
[X=0,Y=0,2Z=220].

6 Assuming that Zioop is small compared to 50 Q, $d1=7.7 nVs, and that the Attenuation equals 20 dB, then the power level
PMm3 will be —4.6 dBm for the Standard Size Reference Loop. For the Reduced Size Reference Loop, the corresponding
value for ¢a1=4.9 nVs is —8.6 dBm.

7 The reason for this compensation is that the relative accuracy for the value of P27re between the different positions needs
to be very good, and this procedure compensates for signal generator adjustment error.
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4.2.3.3  Balise Tele-powering Conformity Measurements in Main Lobe Zone

4.2.33.1 Test Configuration

A proposed test set-up is shown in Figure 11 below. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. See also sub-clause 4.2.1 on page 24.

Power
10. Meter 2
50 Ohm
Pm2
4 C.S. T 4.2 MHz
RF 27 MHz
3.1 Amplifier || Attenuator [————>]  Test Antenna 5.
T 17. ,
12. Filter [&——— Interface ‘A’
2. Attenuator i i 4.2 MHz
P Antenna
T M3 Balise
15 Power
1 Signal | Meter 3
Generator

Figure 11: Test set-up for Balise conformity Tele-powering

4.2.33.2 Test Abstract

This measurement procedure will give a value P27sa for each measurement point, defined in clause C1 of Annex
C on page 201, which shall be compared with the corresponding reference value Pa7r. for the Reference Loop
measured in sub-clause 4.2.3.2.3 on page 42. The value P27ga is proportional to the square of the 27 MHz cur-
rent needed for obtaining a flux level of ¢q: through the Balise. The current is measured with Power Meter 2
(Pm2), compensated, and called P27ga .

To find out when the Balise receives a flux of ¢q1 the Balise response is measured with a fixed 4.2 MHz Anten-
na. In the first measurement position the 4.2 MHz response is measured with the same 27 MHz current that in
the Test Antenna gave a flux of ¢q1 through the Reference Loop. For each new position of the Test Antenna the
27 MHz power in the Test Antenna is adjusted to give a 4.2 MHz response that is equal to the first measurement
position.

It is allowed to modify the ¢a1 test level so that it is ensured that the Balise is operating in a linear region (at least
+1.5 dB wide) suitable for the test. In case there is no such region, a smaller region can be selected individually
for each position.
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42.3.3.3 Test Procedure

1.

2.

4,

Repeat
for each
position

8.

Position the Standard Test Antenna in position [X =0, Y =0, Z = 220] relative to the Balise. Be sure to
position the electrical centre of the Test Antenna aligned with the centre of the Balise. Also check that
the X, Y, and Z axes of the Balise are correctly aligned to the X, Y, and Z axes of the positioning system.
Position the 4.2 MHz Antenna in position [X =0, Y =0, Z = 100] relative to the Balise. This position
shall be fixed during the test.

Set the Signal Generator to the frequency 27.095 MHz, and to CW.
Verify if hysteresis effects exist by the following procedure;

Increase the power from zero until Power Meter 2 reads Po7g for position [X =0, Y =0, Z = 460]
measured in sub-clause 4.2.3.2.3 on page 42. Observe Power Meter 3 reading. Increase the power
until Power Meter 2 reads 3 dB more. Decrease the power back again. Check that Power Meter 3
reads the same value as before the increase of power.

If hysteresis exists, the power adjustments below shall either start from zero for each new point, or the re-
lated uncertainty must be included in the measurement inaccuracy if not staring from zero.

Adjust the input power to the Test Antenna in order to achieve the chosen value of the reference flux
through the Balise. This adjustment can be stopped when a linear region around the reference flux level
is reached. This is accomplished when the reading of Power Meter 2 is equal to P27r. for position
[X=0,Y =0, Z=220] measured in sub-clause 4.2.3.2.3 on page 42.

Record the reading of Power Meter 3, and call it Pa,.

#5. Adjust the input power to the Test Antenna in order to achieve a Power Meter 3 reading equal to
{ P42.

6. Record the reading of Power Meter 2 and Power Meter 3.
Compensate the Py reading with the difference between the Pws reading and the power level P4,
recorded in step 4. 8 Call the new value Py7ga.

E

Po7ea = Pm2 + (P42 - PM3) all values in dBm.

7. Calculate the difference between Pa7sa and Po7re from sub-clause 4.2.3.2.3 on page 42, and call it
P2rpirr.

P27 piFr = P27BA - P27rL

kS

Perform steps 5, 6, and 7 for all the [X, Y, Z] positions of the Test Antenna listed in clause C1 of Annex
C on page 201. Note that the 4.2 MHz Antenna position shall be fixed relative to the Balise.

8

The reason for this compensation is that the relative accuracy for the value of P27ea between the different positions needs

to be very good, and this procedure compensates for signal generator adjustment error.
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4.2.3.4  Evaluation of Tele-powering Conformity in the Main Lobe Zone

The results from the measurements in sub-clause 4.2.3.3.3 on page 44 (P27oirr) shall be compared with the re-
quirements in SUBSET-036 regarding conformity in the main lobe zone. The field received by the Balise shall
be compared with the “Reference Field”. The requirement stated in SUBSET-036 is:

e For the field received by the Balise + 1.5 dB.

The measurement errors shall be subtracted from the requirements before the comparison with the requirements.
The value Parpirr reflects the absolute difference between the Reference Loop and the Balise. The requirement
states the relative conformity. Therefore, the comparison with the requirement shall be relative.

The Balise is conform for the field received by the Balise if:
The highest Pa7pier - the lowest P2rpiee is less than 3 dB

(P27piFrmax — P27pirrming) < 3 dB
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4.2.3.5  Calibration of 27 MHz Tele-powering flux in the Side Lobe Zone

Use the same test set-up as in sub-clause 4.2.3.2.1 on page 40. The calibration procedure is the same as in sub-
clause 4.2.3.2.3 on page 42, except for the geometrical test points. Perform the calibration procedure with the
geometrical test points listed in clause C2 of Annex C on page 202.

The calibration measurements shall be limited to a maximum Tele-powering signal level of the reference value
RO in Figure 12 below, augmented by 35 dB (in the notch and in the most extreme regions of the side-lobe zone).
During this specific test, it is allowed that the input power to a Test Antenna implemented in accordance with
clause H3 on page 308 is increased to a maximum level resulting in a current sense output of 15 dBm.

4.2.3.6  Tele-powering Reference Field in the Side Lobe Zone

The input signal in the Side Lobe Zone for Tele-powering is defined in SUBSET-036 to have the same toleranc-
es as for the Up-link. The input signal response is reflected by the current needed in a Test Antenna to give a
flux of ¢q1 in the Reference Loop / Balise. In sub-clause 4.2.3.5 the current is measured in the Side Lobe Zone
and the result is a set of Po7re values that shall be used to form a “Reference Field”. This Reference Field gives
the limits for the Balise response of Tele-powering flux in the Side Lobe Zone. The tolerances for conformity
with the Reference Field, stated in SUBSET-036, are -5 dB to +e0. The Balise shall consequently give test re-
sults that show higher values, than the Reference Field lowered by 5 dB, or considered acceptable if the Balise
has not started transmitting at the Reference Field level lowered by 5 dB (caused by test tool limitations). The
Reference Loop response shall also be translated +5 cm and -5 c¢m along the X and Y axes to form the Reference
Field. See Figure 12 that shows a Reference Field in one quadrant. Similar curves shall be plotted for all quad-
rants. The Reference Field is the curve formed by the lowest of:

35 dB above RO (P27re value for position [X =0, Y =0, Z =220])
Reference Loop response displaced -5 cm

Reference Loop response

Reference Loop response displaced +5 cm

Contact zone Side lobe Cross-talk
zone protected zone

Reference Loop
response

A
5cm

I j 35dB
Reference field
\

Figure 12: Tele-powering Reference Field in the Side Lobe Zone

RO

The co-ordinates that shall be evaluated are:
X =2501t01300,Y =0,Z =220 X =-250t0-1300, Y =0,Z =220
X =0,Y =200 to 1400, Z = 220 X =0,Y =-200 to -1400, Z = 220
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4.2.3.7  Balise Tele-powering Conformity Measurements in the Side Lobe Zone

Use the same test set-up as in sub-clause 4.2.3.3.1 on page 43. The test procedure is the same as in sub-clause
4.2.3.3.3 on page 44, except for the geometrical test points, and that it is not needed to calculate the difference
between Po7r. and P27ea. Perform the test procedure with the geometrical test points listed in clause C2 of An-
nex C on page 202. Exclude the geometrical points: [X =200, Y =0, Z = 220], [X =-200, Y =0, Z = 220],
[X=0,Y =150,Z=220],and [X =0, Y =-150, Z = 220].

Plot the value P27sa as a function of the position in four graphs, one for each quadrant.

Please observe the limitations of the test tool expressed in sub-clause 4.2.3.6.

4.2.3.8  Evaluation of Tele-powering Conformity in the Side Lobe Zone

SUBSET-036 specifies that the Balise shall be conform with the “Reference Field” in the Side Lobe Zone. The
Reference Field for the Tele-powering is defined in SUBSET-036 and recalled in sub-clause 4.2.3.6 on page 46.
The result of the Balise measurements for the Tele-powering in sub-clause 4.2.3.7 on page 47 shall be compared
with the Reference Field. The tolerances for conformity are stated in SUBSET-036 to be the same as for the Up-
link, which means that the 27 MHz field needed to power the Balise may be from 5 dB below the Reference
Field up to oo. See Figure 13

Contact zone Side lobe Cross-talk
zone protected zone

Reference Loop
response

\

Reference field

‘{__,’-"'i\/linimum current needed
to activate Balise
\

Figure 13: Minimum current (27 MHz) needed to activate the Balise in the Side Lobe Zone

RO
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424 I/0O Characteristics

4241 General

This sub-clause defines the test procedure for Input to Output Characteristics testing. It also includes the various
test set-ups that are recommended.

In case of a controlled Balise, it shall be checked that the Balise shows the same behaviour both when the tele-
gram is sent trough the Balise controlling interface, and from the internal default telegram. This check shall be
performed in free air, and with nominal Balise controlling interface conditions as defined by sub-clause 4.2.8.3
on page 90. In all other tests with controlled Balise, telegrams transmitted via the Balise controlling interface
shall be used (with nominal Balise controlling interface conditions).

Hysteresis effects shall be considered when testing the Balise 1/0 characteristics.

1/0 Characteristics measurements shall be performed during free air conditions, and in the presence of a defined
amount of debris and metallic objects.

When testing the Water Class A debris case, adequate protection shall be added to the Test Antenna in order to
avoid immersion of the loop element into water. This protection shall not alter the electrical characteristics of
the Test Antenna. See sub-clause H3.2.1 on page 309.

Amplification of Up-link signals received by the Test Antenna, and/or the use of additional filters is allowed if
improved accuracy is deemed necessary. If applicable, this shall be considered in calibrations as well as during
measurements, it shall be stable, and it shall not affect general performance such as bandwidth etc.
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4.2.4.2  Calibration of 4.2 MHz for Balise Input to Output Characteristics

42421 Calibration Configuration

A proposed calibration set-up is shown in Figure 14 below. Clause F1 of Annex F on page 289 gives an exam-
ple of suitable test equipment. If Power Meter 2 is substituted, by for instance a spectrum analyser, then the
measurement bandwidth of this device shall be 1.2 MHz. The Test Antenna (item 5) and the cable from the Test
Antenna to Power Meter 1 (the sensor head), shall be the same as in the calibration procedure in sub-clause
4.2.3.2 on page 40. See also sub-clause 4.2.1 on page 24.

10, Power
Meter 1
T Pm1
11.| Attenuator »| Balun 14.
RE Reference Loop | 7.
3. Amplifier
T Interface ‘A’
CS
50 Q —
2. | Attenuator 27 MH
T 50 Q 2 Test Antenna 3.
_ 15 Piz 1 4.2 MHz
13.| Signal 5 <« :
Generator ower :
Meter 2 <4+—| Filter

Figure 14: Test set-up for calibration of 4.2 MHz Balise Loop Current
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42422 Calibration Abstract

This calibration procedure will give a reference value Pri used in sub-clause 4.2.4.3 on page 51. The reference
value Pazry is reflecting the flux received by the Test Antenna, measured by Power Meter 2 (Pm2). The calibra-
tion is performed with the current 1,2/B through the Reference Loop. The current through the Reference Loop is
monitored by Power Meter 1 (Pm1). The calibration procedure shall be performed also under other test condi-
tions than free air. The following test conditions specified in clause B5 of Annex B on page 186 shall be used:

Debris: Salt Water, debris class (A or B) defined by the manufacturer.
Clear Water, debris class (A or B) defined by the manufacturer.
Iron Ore (Magnetite), debris class (A or B) defined by the manufacturer.

Metallic object: ~ Metallic plate underneath the Balise, Case 1.
Steel Sleepers
Other Sleepers (mounting assemblies)

42423 Calibration Procedure

Position the Standard Test Antenna in position [X =0, Y =0, Z = 220] relative to the Reference Loop.
Be sure to position the electrical centre of the Test Antenna aligned with the electrical centre of the Ref-
erence Loop. Also check that the X, Y, and Z axes of the Reference Loop are correctly aligned to the X,
Y, and Z axes of the positioning system.

Set the Signal Generator to generate the FSK signal that carries telegram type 1.

Calculate the exact power level P that gives l1,2/B in the Reference Loop. For calibration and compensa-
tion of the Current Sense Balun see clause H5 of Annex H on page 319.

Adjust the Signal Generator amplitude in order to achieve a current of approximately 1,,/B through the
Reference Loop, measured by Power Meter 1.

Record the reading of Power Meter 1 (called Pui1) and Power Meter 2 (called Pwmy).

Compensate the Pm2 reading with the difference between the Py reading and the exact power level, Py
for 1,2/B, from the Current Sense Balun calibration in step 3. ° Call the new value Py

Pare = Pm2 + (P|c - PMl) all values in dBm.

The calibration procedure (steps 4 trough 6) shall be repeated for the test conditions defined in sub-clause
4.2422.

9

The reason for this compensation is that the absolute accuracy for the value of P42rL needs to be good, and this procedure
compensates for power amplifier drift and adjustment errors.
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4.2.4.3  Balise Input to Output Characteristics Measurements

42431 Test Configuration

A proposed test set-up is shown in Figure 15 below. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. If Power Meter 2 is substituted, by for instance a spectrum analyser, then the measure-
ment bandwidth of this device shall be 1.2 MHz. The filter (item 12), the Test Antenna (item 5) and the

4.2 MHz cables from the Test Antenna to the measurement point (i.e., the sensor head), shall be the same as in
the calibration procedure in sub-clause 4.2.4.2 on page 49. See also sub-clause 4.2.1 on page 24.

Power
Pes Meter 1 10.
C.S.
27 MHz
4. | Attenuator P Test Antenna 5.
T 4.2 MHz
Interface ‘A’
3 RF
1 Amplifier
Balise
T 12. Filter
2. |Attenuator
T ¢ Pa2
- Power 15,
1. Signal Meter 2
Generator

Figure 15: Test set-up for Input to Output Characteristics Measurements

Please observe that it needs to be verified that 27 MHz suppression in Up-link signal measurements is sufficient
for achievement of the required accuracy. If not, additional filtering must be introduced (e.g., several filters in
cascade).
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42432 Test Abstract

This measurement procedure will result in curves of the Balise response, which shall be compared with the re-
quirement in SUBSET-036. The Balise response is measured for both increasing and decreasing Tele-powering
flux levels. A (Standard) Test Antenna is used to generate the 27 MHz flux from below ¢a1, up to ¢as, and back
down below ¢q1 again. The flux is proportional to the current in the Test Antenna and reflected by Power Me-
ter 1. The 4.2 MHz response is measured with the Test Antenna and Power Meter 2. The corresponding

4.2 MHz current in the Balise is calculated and plotted. The Test procedure shall be performed in free air and for
the following test conditions specified in clause B5 of Annex B on page 186 °:

Debris: Salt Water, debris class (A or B) defined by the manufacturer.
Clear Water, debris class (A or B) defined by the manufacturer.
Iron Ore (Magnetite), debris class (A or B) defined by the manufacturer.

Metallic object:  Metallic plate underneath the Balise, Case 1.

Steel Sleepers
Other Sleepers (mounting assemblies)

10 Testing in the presence of the LZB loop cable is judged not relevant since the resulting impact on the 1/0 characteristic
itself is negligible compared with the other test conditions specified in this sub-clause. However, there are other critical
mechanisms related to an LZB cable carrying undesired currents. This is detailed in sub-clause 4.2.5.5 on page 63.
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42.4.3.3 Test Procedure

1. Determine suitable Pcs power levels relevant for transfer characteristic measurements. The measurement
shall be performed for the Test Antenna position [X =0, Y =0, Z = 220].
Use the measured value P27r. for the above position, and the actual test condition from sub-clause
4.2.3.2.3 on page 42 as reference for the ¢a1 Tele-powering flux level. The table below gives the Pcs off-
set values to be used for the 27 MHz flux levels. The measurements shall start with the lowest flux, and
with increasing flux reach ¢a4, then the flux shall be decreased again to the lowest flux in the table. This
procedure will also show if the Balise response has hysteresis.

Flux bd1 dd2 o

O?f‘;zt -3dB|-1dB| 0dB |+1 dB|+2 dB|+3 dB|+4 dB|+5 dB|+6 dB|+9 dB|+12 dB|+18 dB|+24 dB| ¢us

2. Set the Signal Generator to the frequency 27.095 MHz, and to CW.
3. Position the Test Antenna in position [X =0, Y =0, Z = 220] relative to the Balise.

4, Adjust the Signal Generator amplitude in order to achieve a Pcs reading that corresponds to the sum of
present Pcs offset and P27rL. Record the exact Pcs reading.

5. Record the 4.2 MHz power level Pay.

6. Calculate the flux ¢, and the Balise loop current lioop USING:
@ = 10Pes ~Parr)+20) o @4 [nVs]
||00p=10((P42—P42RL)+20) X IUZ [mA]

Where Pury is the calibration power, for the position [X =0, Y =0, Z = 220], and the actual test condi-
tion, achieved from Sub-clause 4.2.4.2.3 on page 50.

7. With increasing flux, repeat steps 4, 5, and 6 for all flux levels.
8. With decreasing flux, repeat steps 4, 5, and 6 for all flux levels.
9. Plot l100p as a function of ¢ for both increasing flux and decreasing flux.

The test procedure (steps 1 through 9) shall be repeated for the test conditions defined in sub-clause 4.2.4.3.2.
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4244 Evaluation of 1/0 Characteristics

SUBSET-036 specifies that the Balise response shall be inside the area limited by the shaded areas in Figure 16,
and considering the measurement errors. Furthermore, the Balise response shall be inside this area for all the
geometrical positions of the main lobe zone considering the actual Balise conformity performance. The latter
requirement means that the upper restriction shall be further limited by the difference between the actual Balise
conformity tolerance for the geometrical test point in question, and the worst case maximum Balise conformity
deviation for any geometrical point. Similarly, the lower restriction shall be further limited by the difference
between the actual Balise conformity tolerance for the geometrical test point in question, and the worst case
minimum Balise conformity deviation for any geometrical point.

In other words, A, B, C, and D used in the equations below shall be expressed according to:

A = Papirrmax - Paopirr
B = Ps2piFr - Pa2piFFmin
C = Popirr - Pazpirr + max{Pazpieri - P2roirri}

D = P27pirrmax - P27pirr

where P27pier and Pa2pier are the Balise conformity deviations in the actual geometrical test point (in this case
[X=0,Y =0,Z=220]). Paoirrmax, P27oieemin, Pazpirrmax, and Pazpiremin are worst case Balise conformity
deviations evaluated in sub-clause 4.2.2.4 on page 31. The difference Papieri - P27pirsi is the difference of the
conformity deviations for Up-link and Tele-powering for each individual geometrical test point (index i). The
maximum of this difference for all geometrical test points shall be evaluated and considered regarding the con-
stant C above. The reason is that the border of the shaded area is not a horizontal or vertical line for this region.

Please observe that A, B, C, and D above are expressed in dB.

AN lioop

lu3

P1lx, y1 /

luz flux
lu1 { o
>
T
[01 O] dd1 dd3 Dd4

®d2

Figure 16: Input-to output transfer characteristics for a Balise

The co-ordinates of the points P4, P2, and P3 respectively are:

*  Pipy1 = [$ar 1007, 1,1 10%%°]
o Py = [paz 1007, 12 1052
° P3[x, v = [¢d3 100/20’ |u3 10»A/20]
SUBSET-036 also specifies that the response may not decrease more than 0.5 [dB/dB] with increasing flux

values when the Balise is operating in saturated mode (i.e., when the flux through the reference area of the Balise
is high). The values for lui, luz, luz, ¢a1, $a2, duz, and ¢as are found in SUBSET-036.
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4.2.5 Cross-talk Immunity with Cables

4251 General

This sub-clause defines measurement methods for verifying potential cable related cross talk for the Balise.

It includes the test set-up that is required. For the Test set-up two calibrations are needed. One to calibrate the
Activation Antenna to give a Tele-powering flux equal to ¢4 —6 dB, and one to find out how much 4.2 MHz
current that flows in the Balise when it receives that flux.

4.25.2  Calibration of 27 MHz Tele-powering flux

42521 Calibration Configuration

A proposed calibration set-up is shown in Figure 17 below. Clause F1 of Annex F on page 289 gives an exam-
ple of suitable test equipment. See also sub-clause 4.2.1 on page 24.

P Power 10
—»| Meter1 '
C.S.
27 MHz .
4. | Attenuator »| Activation Antennal 18,
T Interface ‘A’
3 RF L/
| Amplifier
T Reference Loop | 7.
L n
2. | Attenuator
T Balun 8
1. Signal i
Generator Attenuator | 31.
i i PMZ
Power
Meter 2 10.

Figure 17: Test set-up for calibration of 27 MHz Tele-powering flux



Page 56 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

4.25.2.2 Calibration Abstract

This calibration procedure will give a reference value P27aa. The reference value Pazaa is used when activating
the Balise with a flux level of ¢44 —6 dB through the Reference Area.

42523 Calibration Procedure

1. Position the Activation Antenna in position [X =0, Y =0, Z = 220] relative to the Reference
Loop.

2. Determine a suitable power level, Pmg, for a flux of ¢as —6 dB. The power for ¢as (PL), and the
power for ¢gs —6 dB (Pm2), are determined by:

(Z'Tf‘f'¢d4)2

50. {|50 + ZloodJ2 . 82

50

Pm2=10-log(PL-1000) — Attenuation —6dB [dBm]

where:  f=27.095 MHz
Zioop = Rioop + j Xioop Q2 (actual impedance in the absence of any antenna)
PL = Power measured out of the Reference Loop [W]
B = Reference Loop matching transfer ratio
Pm2 = The power for ¢qs —6 dB
Attenuation = Attenuation of Balun (item 20) + Attenuator (item 31) together with
the cable from the Reference Loop to the power meter sensor head [dB] *

The flux level absolute accuracy should be £ 1 dB. The relative accuracy when this flux level
shall be re-created needs to be + 0.2 dB.

Measure the Attenuation and calculate the value of Puo.
3. Set the Signal Generator to the frequency 27.095 MHz, and to CW.

4, Adjust the input power to the Activation Antenna in order to achieve ¢q4s — 6 dB through the Reference
Loop.
Record the reading of Power Meter 1 and call it Py7aa.

1 As an example, assuming that Zioop is small compared to 50 Q, ¢pas=200 nVs, B=1, and that the Attenuation equals 20 dB,
then the power level Pmz will be 17.6 dBm for the Standard Size Reference Loop. For the Reduced Size Reference Loop,
the corresponding value for ¢ds is 130 nVs, which gives Pm2=13.9 dBm.
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4.25.3  Calibration of Balise response

4.253.1 Calibration Configuration

Proposed calibration set-ups are shown in Figure 18 and Figure 19 below. Clause F1 of Annex F on page 289
gives an example of suitable test equipment. See also sub-clause 4.2.1 on page 24.

Power ¢ )
- et
Meter 2 Filter|—{Attenuator— Balun || Reference Loop | 7.
10. 12. 31. 8. R
27 MHz U
4. | Attenuator : ctivation Antenna| 18.
T 10. CS.
Power | Interface ‘A’
3 RF Meter 1
" | Amplifier
T 1.
Signal Balise
2. | Attenuator | «—{ Generator

Figure 18: Test set-up 1 for calibration of 4.2 MHz Up-link current
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4.253.2

8.
Power  L¢ |Filter| Attenuatort— Balun |H Reference Loop
Meter 2
50Q |
Activation Antenna
4. 50
,—» Attenuator CS.
3 RF
| Amplifier 14.
f > B?'“” — Reference Loop
2. | Attenuator C.S.
13.| Signal Power | 19,
Generator Meter 1

Figure 19: Test set-up 2 for calibration of 4.2 MHz Up-link current

Calibration Abstract

18.

Interface ‘A’

This calibration procedure will give a value of the Up-link current in the Balise. The current is measured at a
flux level of ¢4s —6 dB through the Reference Area. The procedure to measure the current is divided in two

parts.

First, the Balise is Tele-powered with a flux of ¢g¢s —6 dB and the Up-link signal from the Balise is measured
with a Reference Loop. The test set-up in Figure 18 is used for this first part.

Then, the Balise is replaced with a second Reference Loop that acts as a transmitter of the Up-Link signal. The
current in the transmitting Loop is increased until the receiving Loop measures the same Up-link signal level as
from the Balise. The current in the transmitting Loop is measured with a Current Sense Balun. The test set-up
in Figure 19 is used for this second part.
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42533 Calibration Procedure

1.

Position the Activation Antenna in position [x = 0, y =0, z = 220] relative to the Balise, see Figure 18 on
page 57 for calibration set-up.

Position the Reference Loop in position [x =0,y =0, z = 460] relative to the Balise.
Set the Signal Generator to the frequency 27.095 MHz, and to CW.

Adjust the input power to the Activation Antenna in order to achieve approximately ¢44 -6 dB through the
Balise. This is performed by increasing the power from the signal generator until Power Meter 1 reads
P27aa, Which is the calibration value for ¢4 -6 dB measured in sub-clause 4.2.5.2.3 on page 56.

Record the reading of Power Meter 2 and call it Pazrer.

Change the calibration set-up by replacing the Balise with a Reference Loop that shall transmit the
4.2 MHz signal. See Figure 19 on page 58 for calibration set-up.

Set the Signal Generator to transmit the 4.2 MHz FSK signal carrying telegram type 1.

Adjust the input power to the transmitting Reference Loop in order to achieve the same current in the
Reference Loop as in the Balise. This is performed by increasing the power from the signal generator un-
til Power Meter 2 reads Paorer.

Power Meter 1 now shows a value that corresponds to the current in the Reference Loop. This current is
equal to the 4.2 MHz current that flows in this particular Balise at a Tele-Powering flux of ¢q4s -6 dB. To
calibrate the Current Sense balun and to calculate the actual current from Power Meter 1 reading, see
clause H5 of Annex H on page 319. Calculate the current and call it Igar .
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4254 Cross-talk Measurements

4.254.1 Test Configuration, Up-Link Cross-talk from Balise to cable

A proposed test set-up is shown in Figure 20 below. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. In the configuration below the distances A, B and C refer to distances in the “track”, see
also sub-clause 4.2.5.4.2 on page 61. The Spectrum Analyser shall be able to measure signal levels down to

-85 dBm. See also sub-clause 4.2.1 on page 24.

y-axis X-axis
—_— —_—
B A
«—»
Balise 7y Balise
® z-axis ®
. C - C
X-axis T y-axis
L y Ll A
500 500
Y Y
L L
Cable parallel with track Cable crossing track
{ Bar Profile
27 MHz 8 i
4. | Attenuator Reference _——3 .
- position -
Pwn l\:owerl 10 v
> eter ' 40
P FelF'f' —
mpimer Activation
1 c.s. Antenna _ Spectrum | 45
> 18. Z-axIs Analyser
2. | Attenuator g T
T Pm2
1| signal | Balise | A
Generator Filter | 12. c
: R2 !
3 A
R1 32.(1 )— 500
\
600 600
< » <

Figure 20: Up-link Test Configuration, Balise to cable

The tool used for simulating the cables should be positioned 200 mm or more above the floor in order to mini-
mise the potential disturbance from reinforcement rods.
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42542 Test Procedure, Up-link Cross-talk from Balise to cable

One case of cross-talk with cable for the Up-Link is when a Balise in one track is activated by a vehicle, and at
the same time another vehicle is present over a cable crossing both tracks. See figure below.

Antenna 1 Antenna 2

Cable case 2

Sea,

Cable case 1

Two different cases are specified in SUBSET-036. The first case, in this document called case 1, is a cable
crossing the track without Balise in the area from 493 mm below top of rail and further down. The second case,
in this document called case 2, is a cable crossing the track without Balise in the area from 93 mm to 493 mm
below the top of rail. The maximum 4.2 MHz current defined in SUBSET-036 is:

incasel 10 mA
incase2 2mA

The distances A, B, and C shown in Figure 20 on page 60 are defined by the supplier of the Balise, and it shall
be stated by the supplier for which installation case (1 or 2) the distances are valid. This gives the allowed cur-
rent induced in a cable. The distances A, B, and C refer to directions in the track. A is in the x-direction, B is in
the y-direction, and C is in the z-direction.

The test set-up shown in Figure 20 on page 60 shall be used. The resistors R1 and R2 shall be 400 Q. In case no
A, B, and C are given by the supplier, use A, B, and C = 1000 mm, and installation case 2, which allows a max-
imum current of 2 mA in a cable. This test measure the current induced from the Balise in a cable with the char-
acteristic impedance 400 Q. The Balise under test may be a “strong” or a “weak” Balise. Therefore, the meas-
ured result shall be compensated to reflect a Balise with the strongest allowed signal. Cables out in reality may
have other impedance than in this test set-up. Therefore, the measured current shall be compensated to reflect
the current in a “worst case” cable. This compensation needs to take into account standing waves and other
phenomena.

For a Reduced size Balise that may be mounted both longitudinal and transversal, the supplier of the Balise shall
give two sets of A, B, and C, one for each mounting. The measurement procedure shall in this case be per-
formed with both sets of A, B, and C values.

Cable parallel with track:

1. Position the Activation Antenna in position [x =0, y = 0, z = 220] relative to the Balise. This position
shall be fixed relative to the Balise during the test. Throughout this test “position the Balise” means
“position the Balise and the Activation Antenna”. Please note that the same Activation Antenna and the
same Balise shall be used also in the calibration in sub-clause 4.2.5.2.3 on page 56.

2. Position the Balise at the distance B and C = supplier minimum distance in y and z direction from the
iron bars simulating the cable.

3. Set the Signal Generator to the frequency 27.095 MHz, and to CW.

4. Adjust the input power to the Activation Antenna in order to achieve approximately ¢q42 — 6 dB through

the Balise. This is performed by increasing the power from the signal generator until Power Meter 1
reads P27aa, Which is the calibration value for ¢q44 -6 dB measured in sub-clause 4.2.5.2.3 on page 56.
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5. Record the reading of the Spectrum Analyser and call it Psisc.

6. Position the Balise at regular intervals of +20 mm further away from the iron bars, up to the distance B
= supplier minimum distance +500 mm. For each position, record the reading of the Spectrum Analys-
er, and call it Pazigc.

Cable crossing track:

1. Position the Activation Antenna in position [x =0, y = 0, z = 220] relative to the Balise. This position
shall be fixed relative to the Balise during the test. Throughout this test “position the Balise” means
“position the Balise and the Activation Antenna”.

2. Position the Balise at the distances A and C = supplier minimum distances in the x and z directions from
the iron bars.

3. Set the Signal Generator to the frequency 27.095 MHz, and to CW.

4, Adjust the input power to the Activation Antenna in order to achieve approximately ¢q42 — 6 dB through

the Balise. This is performed by increasing the power from the signal generator until Power Meter 1
reads P27aa, Which is the calibration value for ¢qs -6 dB measured in sub-clause 4.2.5.2.3 on page 56.

5. Record the reading of the Spectrum Analyser, and call it P42isc.

6. Position the Balise at regular intervals of +20 mm further away from the iron bars, up to the distance A
= supplier minimum distance +500 mm. For each position, record the reading of the Spectrum Analyser
and call it P4oigc.

The results from the test are a set of Pa2isc values. Calculate the current that corresponds to the maximum value
and call it ls2sc. For the suggested current probe, the current of 1 mA will give a voltage of 1 mV into 50 Q.
Therefore, the current is calculated with the following equation:

l1o8c = +/Pazigc x50 Where P is measured in [W], and | is measured in [A]

Compensate the current for the difference between the actual Balise current and the company specific maximum
Balise current possible (Iymax) for the Balise type under test (lumax < lys). The actual Balise current IgaL is meas-
ured in sub-clause 4.2.5.3.3 on page 59. Call the compensated value ls2sccomp.

l428C % ymax

| s2BCcCOMP = I
BAL

To reflect the current induced in real cables, the value l428ccomp shall be compensated for the difference between
the test set-up impedance and the “worst case” real impedance using the following equation.

I _ I4ZBCCOMP X Zsetup
42BCWORST — 7

Where Zse[up = 800 Q

worst_ case

The value lizscworst shall be lower than the current allowed for the specified installation case 1 or 2, which
allows 10 mA or 2 mA respectively.

Note that Zworst_case 1S a fictitious impedance that includes the cable impedance and effects of standing waves,
metallic objects etceteras, and that it is used to transform the current induced in the test set-up to real conditions.
The value of Zworst_case cONsequently depends on cable installation rules (and thus is manufacturer dependent),
and shall be stated by the Balise manufacturer.
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4255  LZB Cable Testing

42551 General

The following considerations apply:

e The test object is the Balise combined with appropriate fixation devices for the cable, and company
specific installation rules.

e The test tools of Annex J need adaptations to cope with the actual test object for properly fitting the
test object to the tools.

e Testing related to the Balise is optional (applicable only when the Balise is intended to be used in the
presence of LZB cables).

In general the optional testing applies to:

e Measurement of 4.2 MHz Up-link induction from the Balise into a simulated LZB loop with an im-
pedance of 75 Q.

o Balise behaviour when subjected to 27 MHz induction from an On-board equipment into a simulated
LZB loop with an impedance of 75 Q.

Requirements are defined in SUBSET-036.

The tools described in Annex J should be the basis for further adaptations that are needed for properly fitting the
test object to the tools. Please observe that the 75 Q set-up impedance must always remain for the purpose of
testing of Up-link induction.
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42552 Test set-up, Up-link Induction from the Balise

The test set-up according to Figure 21 below applies. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. Additional details related to the vertically positioned LZB loop is found in sub-clause
J2.2 on page 325. See also sub-clause 4.2.1 on page 24.

Signal
Generator (1)

Power Meter
v (10)
Attenuator (2)
C.S.
y
RF Amplifier Attenu- |27 MHZ | Test Antenna | 42 MHz
®3) »| ator (4) > (5) 50 Q

z
, 1200 mm
X &

A A= R e
Possible Balise positions Current probe
(32)

500 mm | PCB with components

@--!L

ow impedance
ion
Low impedance
connection
fa

Filter (12)

L
Yt

!

LZB - cable

%
S

Power Meter
> 200 mm (10)

Ground

Figure 21: Test set-up, Up-link induction from the Balise
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42553 Test procedure, Up-link Induction from the Balise

The following procedure applies:

1.

Position the Test Antenna such that it is in position [X=0, Y=0, Z=460] with respect to the position where
the reference marks of the Balise is to be placed.

Calibrate the flux such that ¢44 — 10 dB is obtained through the Balise. The proper calibration procedure
is found in sub-clause 4.2.3.2.3 on page 42.

Insert the Balise, and appropriate fixation devices for the cable according to company specific installation
rules. The reference position of the tool (X = 0) is at the midpoint of the longer upper horizontal cable
segment of the tool.

Measure and record the current through the LZB loop when the LZB loop segment is positioned accord-
ing to the nominal company specific installation rules.

Verify that the limit defined in SUBSET-036 is not exceeded.

Repeat steps 4 and 5 at the worst case installation conditions derived from the associated manufacturer
dependent installation tolerances.

42554 Test set-up, Tele-powering Induction from the On-board Equipment

The test set-up according to Figure 22 below applies. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. Additional details related to the vertically positioned LZB loop is found in sub-clause
J2.4 on page 330. See also sub-clause 4.2.1 on page 24.

Generator (1) Generator (13)

Signal Signal Attenuator RF Amplifier Attenuator
(27) (28) (29)

A
\ 4
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Power Meter 1

4 (10) < cs 27 MHz
Attenuator (2) v
Test Antenna (5) Filter Pre Amplifier
v Powerll?)/leter 2 74 —|—> (12) > (16)
RF Amplifier (10) 4.2 MHz Antenna
@) Y
J\ |L| Filter
A { ] [ ] (12)
) S—
Attenuator (4) v ]
¥ Possible Balise positions Vector Signal
Balun (20) 7 Analyser (15)

I X
27 MHz N-connector é)—»

> 200 mm
Ground

W
N
-

Figure 22: Test set-up, Tele-powering injection from the LZB Cable
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4.2.5.5.5

Test procedure, Tele-powering Induction from the On-board Equipment

The following procedure applies:

1.

6.

Position the Test Antenna such that it is in position [X =0, Y =0, Z = 460] with respect to the posi-
tion where the reference marks of the Balise are to be placed, and the 4.2 MHz Antenna such that it is
in position [X =0, Y = 0, Z = 100] with respect to the position where the reference marks of the
Balise are to be placed.

Calibrate the 4.2 MHz Antenna with respect to the response from the Up-link signal using a Reference
loop temporarily positioned at the intended position of the Balise. This is performed through driving
the current 1, -10 dB through the Reference Loop and recording the reading of the vector signal ana-
lyser.

Remove the Reference Loop and insert the Balise, appropriate fixation devices for the cable, but with-
out possible RF chokes or similar devices, according to company specific installation rules. The ref-
erence position of the tool (X = 0) is at the midpoint of the longer upper horizontal cable segment of
the tool.

Calibrate the 27.095 MHz CW current through the LZB loop (using Power Meter 2) such that the cur-
rent defined in SUBSET-036 is obtained through the tool.

Measure and record the Up link signal possibly generated by the Balise (using the 4.2 MHz Antenna
and the vector signal analyser).

Verify that the Balise is not activated (see the related definition of SUBSET-036).

Please observe that the balun shall be the same unit as the one used during tuning of the LZB loop.

7.
8.

9.

Temporarily insert a Reference Loop at the position where the Balise is supposed to be positioned.

Perform a calibration of 27.090 MHz CW flux generated by item 13 in accordance with sub-clause
4.2.7.5 on page 78. Please observe that there shall be no (intentional) current through the LZB tool.

Insert the Balise instead of the Reference Loop.

10. Apply the defined calibrated 27.100 MHz CW current through the LZB loop (using Power Meter 2)

such that the current defined in SUBSET-036 is obtained through the tool.

11. For the condition CW Tele-powering, nominal start-up ramp, and flux level 2 (all according to sub-

clause 4.2.7.2.3 on page 73), perform the following tests:
e Test of Centre Frequency (sub-clause 4.2.7.6 on page 80)

e Test of Frequency Deviation (sub-clause 4.2.7.6 on page 80)

12. Repeat step 11 using toggling Tele-powering transmitted by the Test Antenna.

Please observe that item 1 shall be set to generate the frequency 27.100 MHz and item 13 shall be set to generate
the frequency 27.090 MHz in steps 7 through 13.
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4.2.6 Balise Impedance

4.26.1 General

426.11 Introduction

This sub-clause defines the test procedure for Balise Impedance Tests and the related calibrations that
are required. A set of recommended test equipment is also included.

The Test Procedure includes a number of different steps with partially different test set-ups. The main
steps are:

e Calibration of 27 MHz Tele-powering flux ¢.
o Calibration of Network Analyser set-up.
o Balise Impedance measurements.

The calibration of 27 MHz Tele-powering is performed in order to define a specific magnetic flux through the
Balise active Reference Area.

Verification of 4.2 MHz Balise Up-link current can be omitted, because it can be assumed that the input-to-
output characteristics of the Balise to be submitted to the Impedance Test are compliant with the requirements of
SUBSET-036.

The calibration of 27 MHz Tele-powering defines the measurement point for the Impedance Test of
the Balise to be within the flux interval ¢4s +0/-3 dB as shown in Figure 23 below.

Balise loop current

JAN

|u3

|u2

li

! > Tele-powering

Dy Doz Do ®y-3dB Dy magnetic flux

Figure 23: Balise Impedance Calibration Point
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4.26.1.2 Impedance Requirements

When the Balise receives a flux ¢4 from the Antenna Unit, a voltage is induced in the Balise receiver
loop. The Balise loads the induced voltage, which in turn generates a current lrefiected in the receiver loop.
This current may influence the Antenna Unit. This interaction can be expressed as the impedance Z refiected
(the induced voltage w¢q divided by the current Ireflected).

SUBSET-036 states that the absolute value of the complex impedance Ziefiected Of the Standard Size Balise
shall be higher than 60 Q when the Balise receives a flux reaching ¢qs +0/-3 dB.

SUBSET-036 states that the absolute value of the complex impedance Zefiected OF the Reduced Size Balise
shall be higher than 40 Q when the Balise receives a flux reaching ¢qs +0/-3 dB.

4.2.6.2 Test Conditions

The test should be performed in a laboratory environment where no other H-field exists except the one
that is to be present for test purposes. The Reference Loops and Balises shall be separated more than 1 m
from any metallic object during the measurements.

Calibrations and measurements shall be performed for the following position of the Test Antenna,
relative to the Reference Loop:

[X=0,Y=0,2Z=220]

The positioning system should have accuracy in displacement in the X, Y, and Z directions of better
than 2 mm. It is also essential that the positioning system does not disturb the field distribution.
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4.2.6.3  Calibration of 27 MHz Tele-powering flux

4.2.6.3.1 Calibration Configuration

See sub-clause 4.2.3.2.1 on page 40.

After calibration of the 27 MHz Tele-powering flux, the Balise Impedance Measurements are performed using
the test configuration shown in Figure 24 on page 70. For this configuration the Signal Generator (item 1) in
Figure 10 on page 40 for 27 MHz is substituted by the network analyser (item 22).

42.6.3.2 Calibration Procedure

1. Position the Test Antenna in position [X =0, Y =0, Z = 220] relative to the Reference Loop.

2. Determine the power level for where it is relevant to perform the calibration using the follow-
ing equation:

be B./50-PL '(|50+Zloop|]

2-n-f 50

where:  f=27.095 MHz
Zioop = Rioop + j Xioop Q2 (actual impedance in the absence of any antenna)
PL = Pms + Attenuation
B = Reference Loop matching transfer ratio
Pwms = Power measured by Power Meter 3 12
Attenuation = Attenuation of Balun (item 20) + Attenuator (item 9)

3. Set the Signal Generator to the frequency 27.095 MHz, and to CW.

4, Adjust the power level such that the requested flux level is obtained. As an example, the input power to
the Test Antenna should be approximately +21 dBm measured by Power Meter 3 (or +17.5 dBm for the
Reduced Size type). For this power measurement, the attenuator, item 9, should be capable of handling a
power dissipation of 20 W.

5. Record the exact reading of Power Meter 3.

6. Record the reading of Power Meter 2. This power value shall be maintained to the same level
during the impedance measurements according to sub-clause 4.2.6.4 on page 70 (when the
network analyser substitutes the signal generator for 27 MHz).

12 As an example, assuming that Zioop is small compared to 50 Q and that B equals one, then a power level Pz of +21 dBm
should be selected for the Standard Size Reference Loop. This corresponds to a flux of approximately 150 nVs. This is a
relevant calibration point for the Standard Size Reference Loop. For the Reduced Size Reference Loop, the correspond-
ing values are +17,5 dBm and 100 nVs respectively. If the assumptions are not fulfilled, then the power levels have to be
modified.
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4.2.6.4  Balise Impedance Measurements

4.2.6.4.1 Test Configuration

A proposed test set-up is shown in Figure 24 below. Clause F1 of Annex F on page 289 gives an example of
Suitable test equipment. “Reference Load” refers to “open”, “short”, and “50 Q reference” normally used during
a full one port calibration of the network analyser. Item 7 is substituted by a Balise during the Balise Impedance
Measurement described in sub-clause 4.2.6.4.3 on page 71. Please note that no balun shall be used when con-
necting the Reference Load to the Reference Loop. See also sub-clause 4.2.1 on page 24.

23 10. Power
4 Directional Meter 2
: In Coupler out o yy
Attenuator J1 J2
27 MHz CS.
J3 J4 y
RF. . Forw. Refl. Test Antenna 5.
Amplifier
3. ] 50 Q
Adjustable 4.2 MHz
Attenuator | Interface ‘A’
46,
T y Balise
RFout R A
22. Ref L
Network Analyser 7. eterence Loop

Reference Load

Figure 24: Test set-up for Balise Impedance Measurements
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42.6.4.2 Calibration Procedure

The network analyser (item 22) is used to measure the input impedance of the Test Antenna. The
following set-up should be used:

Network analyser set-up:

Measurement Type: S11 (A/R)

Format: Smith Chart

Sweep Type: Power Sweep

Centre: X dBm (X related to the flux)
Span: 0dBm

Cont. Wave: 27.095 MHz

A “full one port calibration” shall be performed by connecting “open”, “short”, and “50 Q reference” to
the output port of the Reference Loop. Please note that high power will occur in this point, and that the
calibration load might be damaged. *3

1.
2.
3.

Position the Test Antenna in position [X =0, Y =0, Z = 220] relative to the Reference Loop.
Connect the Reference Loop according to the set-up in Figure 24 on page 70.

Switch on the input power to the Test Antenna. Adjust the power in order to achieve the same
power level recorded with Power Meter 2 as during the calibration of 27 MHz Tele-powering flux
(see sub-clause 4.2.6.3 on page 69) using the adjustable attenuator.

Perform a “full one port calibration” as described above (with Reference Loads connected to the
output of the Reference Loop).

Switch off the power.

Disconnect the Reference Loop.

42643 Tests Procedure

For the Balise Impedance Measurements, the same test set-up as shown in Figure 24 on page 70 shall be
maintained. The only difference is that the Balise now replaces the Reference Loop (and the Reference

Load).
1.
2.
3.

Maintain the network analyser set-up and calibration as used in sub-clause 4.2.6.4.2.
Position the Test Antenna in position [X =0, Y =0, Z = 220] relative to Balise.

Adjust the input power to the Test Antenna in order to achieve the same power level recorded by
Power Meter 2 as during the calibration of 27 MHz Tele-powering flux (see sub-clause 4.2.6.3 on
page 69).

Measure the input impedance of the Test Antenna (Zi,) with the network analyser and record the
value.

Calculate the final value for the Balise impedance using the following:

Zpalise = Zin + Zloop

where Zjqoop is the free air impedance of the Reference Loop (marked on the device).

13 A suitable solution is to use a power attenuator with low VSWR (< 1.05) in front of the 50 Q calibration load during the

network analyser calibration. The use of a potential attenuator only applies to the case when calibrating with the 50 Q
reference load.
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4.2.7 Up-link Signal Characteristics

4271  General
42711 Introduction
This sub-clause defines measurement methods for verifying Up-link FSK performance of Balises, as defined by

SUBSET-036. It also includes recommended test set-ups.

The measurement conditions according to 4.2.7.2.3 on page 73 include several different levels of 27 MHz Tele-
powering flux. To achieve these levels, a calibration in accordance with sub-clause 4.2.7.5 on page 78 is re-
quired before testing.

The general test set-up for all tests is found in sub-clause 4.2.7.1.2 below, and the specific set-up recommended
for calibration is found in sub-clause 4.2.7.5.1 on page 78.

42712 Test set-up for Up-link FSK measurements

A proposed test set-up is shown in Figure 25 below. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. The Reference Signal Generator is only applicable for controlled Balises. See also sub-
clause 4.2.1 on page 24.

Oscillo- P Power 10
37 | scope |e— (Lv Meter 1 :
27 MHz C.S.
29.| Attenuator Test Antenna 5.
7 4.2 MHz
Interface ‘A’
- 120 Filter Y4
28, Amplifier v Balise
Pre- 4
6. Amplifier
27. |Attenuator ! Signal
13.
12. . Generator
T Filter
| 4
13. Signa
Generator 15 | Vector
Signal
Analyser

Figure 25: Test set-up for Up-link FSK measurements

If the received 4.2 MHz signal is judged being too low for accurately performing the measurements, it is pre-
ferred to complement the test set-up with a 4.2 MHz Antenna at sufficiently low height used for reception of the
Up-link signal. In such a case, the calibration principle should be in accordance with sub-clause 4.2.3.2 on page
40.
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4272 Nominal Test Conditions

4.2.7.2.1 Metallic objects and Debris

No metallic objects shall be present.

No debris shall be applied.

4.2.7.2.2 Test Distance

The vertical distance between the Test Antenna and the Balise shall be 460 mm +£2 mm from the centre of the
Test Antenna loop to the Reference marks of the Balise.

42723 Tele-powering flux characteristics

The Tele-powering flux shall have the following characteristics:
The frequency shall be 27.095 MHz £200 ppm.
Three different modulations shall apply:

o« CW
e Toggling AM
¢ Non-toggling AM

CW is defined as no modulation (constant amplitude).

Unless otherwise stated, measurements shall be performed for “CW” and for “Toggling AM” 27 MHz Tele-
powering signal.

“Toggling AM” is defined according to SUBSET-036. The modulation depth shall be at 52 % +2 %, and the
pulse width variation shall be 0.81 ps +£0.01 us during these tests. The current specification (SUBSET-036)
allows for various rise and fall times.

“Non-toggling AM” is defined according to SUBSET-036. The modulation depth shall be 52 % +2 %, and
within the range 85 % to 100 % during these tests. These conditions are intended to be “worst case” of those
defined in SUBSET-036.

In addition to the above defined modulation characteristics, the flux shall also be modulated to simulate a train
passage according to the following:

Flux

Peak level —

Time
Ton Toff

Figure 26: Simulated train passage

The start-up and end ramps shall have a slope of 10 nVs/ms for a standard size Balise, and 5 n\VVs/ms for a re-
duced size Balise.

Please consider that the slopes are typical test cases only, not implying any On-board limitations.
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Unless otherwise explicitly stated, “CW” measurements shall start 150 us after the 27 MHz Tele-powering flux
has reached the level ¢4 on the start up ramp, or when the flux has reached the defined peak level, whichever
comes last.

Unless otherwise explicitly stated, “Toggling AM” measurements shall start 250 ps after the 27 MHz Tele-
powering flux has reached the level ¢q1 on the start up ramp, or when the flux has reached the defined peak level,
whichever comes last.

Calibrate triggering level with the actual test object, using the current sense output from the Test Antenna.
Dynamic properties of the signal shall be measured at the current sense output of the test antenna.
The duration, Ton, shall be sufficient for the measurements performed.

The off-time between successive activation periods, T, shall be sufficient to give a duty cycle of less than 1 %.
The duty cycle shall be calculated based on the 50 % points on the flux level curve.

The Tele-powering flux shall be defined at three different levels:

Level Value
1 o1 +0.8 dB +0.5 dB
2 a2 +1 dB
3 a2 +10 dB +1 dB

Table 1: Tele-powering Flux Levels

42724 Telegram Contents

The Balise shall transmit a randomised 341 bit telegram that is valid (fulfilling the coding requirements accord-
ing to SUBSET-036), and which consists of 50 % +2 % of logical “one”. The telegram shall comprise an even
distributed run length, based upon a truncated close to exponential distribution of transitions. This is Telegram
Type 1 according to clause A2 of Annex A on page 158.

4.2.7.25 Balise controlling interface characteristics

If the Balise is controlled by a Reference Signal Generator, the signals in the Balise controlling interface shall
either have their nominal parameter values (“enabled Reference Signal Generator™) or be according to “disabled
Reference Signal Generator” conditions. “Disabled Reference Signal Generator” means that no signals are pre-
sent at the Balise controlling interface.

Unless otherwise stated, for controlled Balises, measurements shall be performed both with the Reference Signal
Generator enabled, and with it disabled.
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4.2.7.3  Specific Test Conditions

4.2.7.3.1 Metallic objects
e The “Metallic plane underneath the Balise” condition is defined in sub-clause B5.3.3 of Annex B on page
195. The Test Antenna shall be subjected to free air conditions.

e The “Steel sleeper underneath the Balise” condition is defined in sub-clause B5.3.4 of Annex B on page 196.
The Test Antenna shall be subjected to free air conditions.

42.7.3.2 Debris

The design of the Debris Box, and the utilisation, is according to sub-clause B5.2.1 of Annex B on page 187

e The “Salt water” condition is defined in sub-clause B5.2.4.1 of Annex B on page 189. The Test Antenna
shall be subjected to free air conditions. The manufacturer of the Balise shall define which debris class (A or
B) that is applicable.

e The “Clear water” condition is defined in sub-clause B5.2.4.2 of Annex B on page 189. The Test Antenna
shall be subjected to free air conditions. The manufacturer of the Balise shall define which debris class (A or
B) that is applicable.

e The “Iron ore (Magnetite)” condition is defined in sub-clause B5.2.4.3 of Annex B on page 189. The Test
Antenna shall be subjected to free air conditions. The manufacturer of the Balise shall define which debris
class (A or B) that is applicable.

42733 Test Distance

See sub-clause 4.2.7.2.2 on page 73.

42734 Tele-powering flux characteristics

See sub-clause 4.2.7.2.3 on page 73.

42735 Telegram Contents

The telegrams to be tested shall be of the short (341 bits) and long (1023 bits) length, and be valid (fulfilling the
coding requirements according to SUBSET-036). Eighteen different characteristics shall be defined according to
clause A2 of Annex A on page 158.

4.2.7.3.6 Balise controlling interface characteristics

Extreme Balise controlling interface conditions are defined by sub-clause 4.2.8.3 on page 90.

For controlled Balises, two conditions are applicable, both with a physical connection between the Balise and the
Reference Signal Generator. The first is with the Reference Signal Generator enabled (producing valid Balise
controlling interface signals). The second is with the Reference Signal Generator disabled (producing no signals
at the Balise controlling interface).

Unless otherwise stated, for controlled Balises, measurements shall be performed both with the Reference Signal
Generator enabled, and with it disabled.
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4.2.7.4  Toggling AM Test Conditions

4.2.74.1 Metallic objects and Debris

See sub-clause 4.2.7.2.1 on page 73.

4.2.7.4.2 Test Distance

See sub-clause 4.2.7.2.2 on page 73.

42743 Tele-powering flux characteristics

“Toggling AM” is defined according to SUBSET-036. The following characteristics apply:
The carrier frequency shall be 27.095 MHz +200 ppm.
Rise and fall times of the modulation pulses shall be in accordance with Figure 27 and Table 2 below.
Modulation pulse width shall be 2.1 ps 0.1 ps.
Toggling shall be 0.81 pus +0.01 ys (i.e., one pulse is nominally 2.1 ps and the other is 2.9 ps).
Modulation depth shall be at 52 % %2 %, and within the range 85 % to 100 %.

b
100 % of actual
modulation ---50 %
depth
---10 %

Figure 27: Definition of Modulation Pulse parameters (for testing)

Parameter Nominal value Tolerance
t1 fast 300 ns +10 %
t2 fast 950 ns +10 %

t1 slows.; 450 ns +10 %
t2 slowsz. 1500 ns 10 %
t1 slowz.g 500 ns 10 %
t2 slowz.g 1750 ns 10 %

Table 2: Modulation Pulse parameter values (for testing)
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In addition to the above defined modulation characteristics, the flux shall also be modulated to simulate a train
passage according to the following:

Flux

Peak level —1—

Time

Ton Toff

Figure 28: Simulated train passage

The start-up and end ramps shall have a slope of 2 nVs/ms and 80 nVs/ms for a Standard Size Balise. For the
Reduced Size Balise, 1 nVs/ms and 40 nVs/ms apply.

Please consider that the slopes are typical test cases only, not implying any On-board limitations.

Measurements shall start 250 ps after the 27 MHz Tele-powering flux has reached the level ¢q1 on the start up
ramp.

Calibrate triggering level with the actual test object, using the current sense output from the Test Antenna.
Dynamic properties of the signal shall be measured at the current sense output of the test antenna.
The duration, Ton, shall be sufficient for the measurements performed.

The off-time between successive activation periods, T, shall be sufficient to give a duty cycle of less than 1 %.
The duty cycle shall be calculated based on the 50 % points on the flux level curve.

The Tele-powering flux peak level shall be defined at ¢4, +10 dB +1 dB.
42744 Telegram Contents
See sub-clause 4.2.7.2.4 on page 74.

42745 Balise controlling interface characteristics

See sub-clause 4.2.7.2.5 on page 74.
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4.2.75  Calibration of 27 MHz Tele-powering flux

4.2.75.1 Calibration Configuration

A proposed calibration set-up is shown in Figure 29 below. Clause F1 of Annex F on page 289 gives an exam-
ple of suitable test equipment. See sub-clause 4.2.1 on page 24.

Pwn Power
Meter 1 10.
C.S.
27 MHz
29.| Attenuator Test Antenna 5,
y 00 4.2 MHz
/ Interface ‘A’
12
28 RF
| Amplifier Reference Loop | 7.
27. | Attenuator Balun 8.
] Attenuator 9.
13. Signal
Generator ¢ P2
A4
Power
Meter 2 10.

Figure 29: Test set-up for calibration of 27 MHz Tele-powering flux

Please observe the note regarding the test set-up in sub-clause 4.2.7.1.2 on page 72.
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4.2.75.2 Calibration Abstract

This calibration procedure will give a reference value P27aa. The reference value Pazaa is used when activating
the Balise with flux levels according to Table 1 on page 74 through the Reference Area.

4.2.75.3 Calibration Procedure

1. Position the Test Antenna in position [x =0, y = 0, z = 460] relative to the Reference Loop.
2. Apply debris according to one of the relevant conditions (including the no debris condition).
3. Determine a suitable power level, Pwmy, for a flux of ¢4 (one of the values from Table 1). The power for
dd, P, is determined by:
2
PL = (2-7-f - )2
5. |50 + Ziood B2
50

where:  f=27.095 MHz
Zioop = Risop *+ j Xioop © (actual impedance in the absence of any antenna)
PL = Power measured out of the Reference Loop [W]
B = Reference Loop matching transfer ratio.

Pm2 =10-log(PL-1000) — Attenuation [dBm]

where:  Attenuation equals the attenuation of items 9 and 8 together with the cable from the Reference
Loop to the power meter sensor head. 4

Measure the Attenuation and calculate the value of Pyp..

4, Set the Signal Generator to the frequency 27.095 MHz, and to CW. Ramping the signal according to
Figure 26 on page 73 is not applicable to the calibration procedure.

5. Adjust the input power to the Test Antenna in order to achieve approximately ¢4 through the Reference
Loop (through observing the reading of Power Meter 2).
Record the reading of Power Meter 1 and call it Po7aa. This is the future reference for the specific flux
level within the continued testing of signal characteristics.

6. Repeat steps 3 through 5 for all flux levels in Table 1 on page 74.

7. Repeat steps 2 through 6 for all relevant debris conditions.

14 As an example, assuming that Zioop is small compared to 50 Q, ¢a = 200 nVs, B = 1, and that the Attenuation equals
20 dB, then the power level Pyv2 will be 23.6 dBm for the Standard Size Reference Loop. For the Reduced Size Refer-
ence Loop, the corresponding value for ¢a = 130 nVs gives Pm2 = 19.9 dBm.
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4.2.7.6  Test of Centre Frequency and Frequency Deviation

This test shall verify Centre Frequency and Frequency Deviation.

The proposed test set-up is according to Figure 25 on page 72. Test cases are according to sub-clause 4.2.7.16.2
on page 85.

Measure the carrier amplitude and phase of the Up-link signal over a 1 ms time frame. A bandwidth of more
than 2 MHz shall be used, and it is recommended that 8 MHz should be used to avoid errors due to spectrum

truncation.

1. Evaluate Up-link frequency during the measured period, determining the times during which “0” (fL)
respectively “1” (fy) are transmitted.

2. Apply a window, 16 bits long, to the first 16 bits of the measured data.

3. For the bits within the window, find the average frequency for each bit.

4, For the bits within the window, find the minimum and maximum value of the average frequencies of the
“0” (fL) bits, fLmin and fumax. In the same manner, find the minimum and maximum value of the average
frequencies of the “1” (f) bits, fumin and frmax.

5. Evaluate “Centre frequency” respectively “Deviation” according to “(f_+fn)/2 = 4.234 MHz £175 kHz”
respectively “(fu-fL)/2 = 282.24 kHz +7 %”, using the worst case combinations of fi min and fimax respec-
tively fumin and fumax. This means that:

o (fLmax+fumax)/2 < 4.234 MHz +175 kHz = 4.409 MHz
o (fumintfumin)/2 > 4.234 MHz -175 kHz = 4.059 MHz
o (fhmax-TLmin)/2 < 282.24 kHz +7 % = 302.00 kHz
o (fumin-fLmax)/2 > 282.24 kHz —7 % = 262.48 kHz
6. Step the window forward 1 bit through the measured data.
7. Repeat steps 3 through 6 until the end of the measured data is reached.

A time period of not more than the time equivalent to one period of the carrier (236 ns) should be ignored around
the bit transition.
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4.2.7.7  Test of Start-up after Side Lobe

This test shall verify Centre Frequency and Frequency Deviation for start-up after a preceding side lobe.

The proposed test set-up is according to Figure 25 on page 72. Test cases are according to sub-clause 4.2.7.16.3
on page 85.

The test shall be performed according to sub-clause 4.2.7.6, but with an extra burst of 27 MHz signal preceding
the one used for the test:

Flux

Flux level ——
Tside

Side lobe  —
level

Time

l Ton Toff

Taip

Figure 30: Simulated train passage with side lobe

The flux level for the side lobe (“Side lobe level”) shall be 17 dB below that of the main lobe (“Flux level”).

The timing of the side lobe shall be Tsige = 1 ms, Tgip = 25 ps. The start-up and end ramps shall have the same
slope as those for the main lobe.

4.2.7.8 Test of Mean Data Rate

The proposed test set-up is according to Figure 25 on page 72. Test cases are according to sub-clause 4.2.7.16.4
on page 86.

The analyser shall be configured for measuring demodulated FSK over 1500 symbols with a resolution of
4 samples/symbol. A bandwidth of 8 MHz should be used to avoid errors due to spectrum truncation.

1500
T(bitys00) - T(bit,)
When the exact timing of bito or bitiseo can not be determined from measurement data due to a sequence of con-

secutive ‘0’ or ‘1’, the timing of these bit transitions shall be calculated through linear interpolation between the
timing of the closest bit transitions, where this can be determined from measurement data.

The mean data rate shall be 564.48 kbit/s + 2.5 %.

The mean data rate is defined as
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4.2.7.9  Test of MTIE (Maximum Time Interval Error)

The proposed test set-up is according to Figure 25 on page 72. Test cases are according to sub-clause 4.2.7.16.5
on page 86.

The analyser shall be configured for measuring carrier amplitude and phase over at least 1500 bits. A bandwidth
of 8 MHz should be used to avoid errors due to spectrum truncation.

The actual signal timing of the bits shall be evaluated for the measured data. The measurement method shall be
based on phase demodulation of the Up-link signal performed in a sufficient amount of points during a one bit
window, evaluation of the best linear fit of these phase samples (linear regression) during the bit window, identi-
fication of the exact instants of bit transition, evaluation of the overall time interval error considering the combi-
nation of data rate and carrier phase errors, and a verification of the MTIE1 or MTIE2 requirements. The bit
transitions are defined as where the two best fit lines of successive “one” and “zero” (or “zero” and “one”) bits
meet. In the event of many successive “ones” or “zeroes”, the distance between discernible bit transitions is split
into a suitable amount of equally long bits, and consequently the overall time interval error is assigned (split) in
equal parts to the same number of bits.

The data shall comply with either MTIE1 requirement or MTIE2 requirement according to SUBSET-036. This
shall be verified for all possible 1000 bit windows in the measurement data. It shall also be verified that the
mean data rate calculated according to the formula given in sub-clause 4.2.7.8 complies with the requirement
given there for all possible 1500 bit windows in the measurement data.

If the MTIE2 requirement is chosen, the “mean data rate” referred to in the requirement shall be derived from the
same set of measurement data as the bit timings.

4.2.7.10 Test of Amplitude Jitter during start-up ramp

The proposed test set-up is according to Figure 25 on page 72. Test cases are according to sub-clause 4.2.7.16.6
on page 87.

The analyser shall be configured for measuring carrier amplitude and phase over a time sufficient to cover the
entire start-up ramp of the 27 MHz signal. A bandwidth of 4 MHz shall be used to avoid errors due to spectrum
truncation.

As an alternative to using the Vector Signal Analyser included in the test set-up according to Figure 25 on page
72, direct sampling and digitising may be performed if it can be proven that the related software algorithms
required for analysis of the acquired data gives the same end results. The sampling rate should be at least

100 MHz, and the amplitude resolution should be at least 12 bits.

A sliding 50 ps to 100 ps wide window shall be defined in the measured data. Initially the window shall start
150 ps after the passage of the ¢q1 flux level if Tele-powering is CW, and 250 ps after the passage of the ¢a1 flux
level if Tele-powering is toggling.

The average (RMS) amplitude value shall be evaluated over a 1.77 ps long interval at the centre of the sliding
window. The amplitude jitter shall be defined as the difference between this RMS value over the centre interval
and the average > amplitude value over the entire sliding window.

The amplitude jitter shall be less than +1.5/-2.0 dB for all positions of the sliding window.

15 Either true RMS average or arithmetic average of the demodulated sine amplitude (normalised to RMS value) is allowed
for the longer window.
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4.2.7.11 Test of Amplitude Jitter during steady state flux

The proposed test set-up is according to Figure 25 on page 72. Test cases are according to sub-clause 4.2.7.16.7
on page 87.

The analyser shall be configured for measuring carrier amplitude and phase over a period of 20 ms. A band-
width of 4 MHz shall be used to avoid errors due to spectrum truncation.

As an alternative to using the Vector Signal Analyser included in the test set-up according to Figure 23 on page
67, direct sampling and digitising may be performed if it can be proven that the related software algorithms
required for analysis of the acquired data is in correspondence with the specification. The sampling rate should
be at least 100 MHz, and the amplitude resolution should be at least 12 bits.

A sliding 400 ps to 800 ps wide window shall be defined in the measured data. Initially the window shall start at
a time when steady state conditions have occurred for input flux.

The average (RMS) amplitude value shall be evaluated over a 1.77 ps long window at the centre of the sliding
window. The amplitude jitter shall be defined as the difference between this RMS value over the centre interval
and the average ¢ amplitude value over the entire sliding window.

The amplitude jitter shall be less than +1.5/-2.0 dB for all positions of the sliding window.

4.2.7.12 Test of Signal Bandwidth

The proposed test set-up is according to Figure 25 on page 72. Test cases are according to sub-clause 4.2.7.16.8
on page 88.

The 10 dB signal bandwidth shall be measured directly with the analyser in the spectrum analyser mode and
shall be less than 1 MHz.

In a first step, the signal power shall be measured in a 1 MHz wide band centred around the already determined
centre frequency. This shall be performed through evaluation of the RMS averaged spectrum of the signal, using
a Resolution Bandwidth of approximately 4.8 kHz, a Span of 4 MHz (corresponding to a signal record length of
800 ps), and an averaging factor of 10. The signal power shall then be obtained by integration of this spectrum
within the above defined 1 MHz band. Thereafter, the same process shall be repeated, but with the 1 MHz win-
dow centred respectively 1 MHz above, and 1 MHz below, the already determined centre frequency. The sum of
the signal power within the latter two 1 MHz windows shall be at least 10 dB below the signal power of the

1 MHz window that was centred around the centre frequency (the first measurement).

4.2.7.13 Test of Delay Time and Balise controlling interface Parameter Variation

The proposed test set-up is according to Figure 25 on page 72. Test cases are according to sub-clause 4.2.7.16.9
on page 88.

The test shall verify that the Balise functions correctly, and that the delay of the signal from the Balise control-
ling interface to the Interface ‘A’ is less than 10 us for the specified conditions of the input signal on the Balise
controlling interface defined in sub-clause 4.2.7.16.9 on page 88.

The start of the telegram sent from the Reference Signal Generator to the Balise controlling interface shall be
indicated by the trigger output signal from the Reference Signal Generator. The received telegram shall be ana-
lysed, and the delay of the signal between the two interfaces shall be evaluated. It shall also be verified that the
whole sent telegram has been received correctly.

16 Either true RMS average or arithmetic average of the demodulated sine amplitude (normalised to RMS value) is allowed
for the longer window.
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4.2.7.14  Test of Compatibility

The proposed test set-up is according to Figure 25 on page 72. Test cases are according to sub-clause
4.2.7.16.10 on page 88.

It shall be verified that for a “Non-toggling AM” 27 MHz input Tele-powering signal, the Balise does not trans-
mit an Up-link signal for a longer period of time than 80 ps.

4.2.7.15 Test of Balise start with Toggling AM and steep Tele-powering slope

The proposed test set-up is according to Figure 25 on page 72. Test cases are according to sub-clause
4.2.7.16.11 on page 88.

It shall be verified that for a “Toggling AM” 27 MHz input Tele-powering signal with steep Tele-powering
slope, the Balise starts each time a simulated train passage is performed. For each simulated passage, verify that
the Balise starts no later than 250 ps after the passage of the flux level ¢a1 (for the purpose of this test, through
verifying that the Up-link signal level exceeds I,1). Measurement tolerances shall be considered when selecting
the actual test limits.
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4.2.7.16 Test Matrices

42.7.16.1  General
The following test matrices define the applicable test cases. See also sub-clauses 4.2.7.2 on page 73 and 4.2.7.3
on page 75, i.e., sub-clause 4.2.7.4 on page 76 only applies where explicitly stated.

Unless otherwise explicitly stated, all conditions are nominal in the herein defined test matrices.

4.2.7.16.2  Centre Frequency and Frequency Deviation

Measurements shall be done after a start-up ramp according to sub-clause 4.2.7.2.3 on page 73.

Measurements during nominal conditions shall be performed for all flux levels according to Table 1 on page 74.
For other conditions, only flux level 3 applies.

The following combinations of Test Conditions and Telegrams shall be tested:

Test Condition Telegram Telegram
Type 4 Type 5

Nominal X X

Lower temperature limit

Upper temperature limit

Metallic Plate

Steel Sleeper

Salt Water

Clear Water

XX [X|X|X[X]|X

Iron Ore

Table 3: Test Conditions versus Telegrams for Centre Frequency and Frequency Deviation

4.2.7.16.3  Start-up after Side Lobe

Measurements shall be performed for all flux levels according to Table 1 on page 74.

The following combinations of Test Conditions and Telegrams shall be tested:

Test Condition Telegram Telegram
Type 4 Type 5
Nominal X X

Table 4: Test Conditions versus Telegrams for Start-up after Side Lobe
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42.7.16.4  Mean Data Rate

Measurements shall start at least 10 ms after the 27 MHz Tele-powering flux has reached the level ¢q; on a start-
up ramp according to sub-clause 4.2.7.2.3 on page 73.

Measurements shall be performed for flux level 3 according to Table 1 on page 74.

The following combinations of Test Conditions and Telegrams shall be tested:

Test Condition Telegram Telegram Telegram
Type 2 Type 3 Type 5

Nominal X X X
Metallic Plate X

Steel Sleeper X

Salt Water X

Clear Water X

Iron Ore X

Table 5: Test Conditions versus Telegrams for Mean Data Rate

427165 MTIE (Maximum Time Interval Error)

Measurements shall be done after a start-up ramp according to sub-clause 4.2.7.2.3 on page 73.
Measurements shall be performed for flux level 3 according to Table 1 on page 74.

The following combinations of Test Conditions and Telegrams shall be tested:

Test Condition Telegram Telegram Telegram Telegram Telegram
Type 1 Type 2 Type 3 Type 4 Type 5

Nominal X X X X X

Lower temperature limit

Upper temperature limit

Metallic Plate

Steel Sleeper

Salt Water

Clear Water

X|IX|[X|X|X|X|X

Iron Ore

Table 6: Test Conditions versus Telegrams for MTIE
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4.2.7.16.6  Amplitude Jitter during start-up ramp

Measurements shall be performed with ‘CW’ Tele-powering only, and for flux level 3 according to Table 1 on
page 74.

The following combinations of Test Conditions and Telegrams shall be tested:

Test Condition Telegram Telegram
Type 1 Type 5

Nominal X X
Metallic Plate X

Steel Sleeper X

Salt Water X

Clear Water X

Iron Ore X

Table 7: Test Conditions versus Telegrams for Amplitude Jitter

4.2.7.16.7  Amplitude Jitter during steady state flux

Measurements shall be performed for all Tele-powering flux levels according to Table 1 on page 74.
A start-up ramp according to sub-clause 4.2.7.2.3 on page 73 is not applicable.

The following combinations of Test Conditions and Telegrams shall be tested:

Test Condition Telegram Telegram
Type 1 Type 5

Nominal X X
Metallic Plate X

Steel Sleeper X

Salt Water X

Clear Water X

Iron Ore X

Table 8: Test Conditions versus Telegrams for Amplitude Jitter
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4.2.7.16.8  Signal Bandwidth

Measurements shall be performed with ‘CW’ Tele-powering only, at flux level 3 (according to Table 1 on page
74), and with telegram type 1 only.

A start-up ramp according to sub-clause 4.2.7.2.3 on page 73 is not applicable.

For controlled Balises, this test shall be performed with the Reference Signal Generator enabled only.

4.2.7.16.9  Delay Time and Balise controlling interface Parameter Variation

This test is applicable to controlled Balises only, and shall be performed with a Reference Signal Generator
connected (“enabled Reference Signal Generator™).

Measurements shall be performed with ‘CW’ Tele-powering only, at flux level 3 (according to Table 1 on page
74), and with telegram type 1 only.

A start-up ramp according to sub-clause 4.2.7.2.3 on page 73 is not applicable.

The signals in the Balise controlling interface shall have their parameter values set to the nominal values accord-
ing to sub-clause 4.2.8.3 on page 90, except for Interface ‘C1° and Interface ‘C6’ signal levels that shall be set to
their defined minimum values.

4.2.7.16.10 Compatibility

Measurements shall be performed with ‘Non-toggling AM’ Tele-powering only, at flux level 3 (according to
Table 1 on page 74), and with telegram type 1 only.

This test shall be performed with start-up and end ramps at slopes that are 1/1000 of the nominal slopes defined
in sub-clause 4.2.7.2.3 on page 73, and at the nominal slopes defined in sub-clause 4.2.7.2.3 on page 73. The
requirement on duty cycle according to sub-clause 4.2.7.2.3 on page 73 is not applicable to this measurement (it
is of a one-shot nature).

Measurements shall start in the window from the start of the ramp to the flux level reaching ¢q4: —10 dB.

Measurements at the modulation depth 52 % +2 % shall be performed with a modulation pulse width of 2.1 ps
0.1 ps, and measurements at the modulation depth 85 % to 100 % shall be performed with a modulation pulse
width of 3.4 us £0.1 us. In order to consider the possibility of a certain amount of toggling (as opposed to ran-
dom jitter that might contain a pattern similar to toggling), the test with short pulses shall be performed with
toggling pulse widths of 2.1 us and 2.2 ps, and the test with long pulses shall be performed with toggling pulse
widths of 3.3 us and 3.4 us. This allows for additional £0.05 ps random jitter that is caused by imperfections in
the test set-up.

4.2.7.16.11 Test of Balise start with Toggling AM and steep Tele-powering slope
Measurements shall be performed with ‘Toggling AM” Tele-powering conditions in accordance with the defini-
tions of sub-clause 4.2.7.4 on page 76.

A total of eight combinations of modulation pulse rise and fall times, modulation depth, and slope of Tele-
powering flux shall be tested.

Two hundred and fifty consecutive simulated train passages shall be performed for each test case, and the Balise
shall start each time.
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4.2.8 Balise controlling interface performance measurements

4.2.8.1 Introduction
This sub-clause defines the measurement methods for verifying Up-link FSK performance versus the Balise

controlling interface performance, and the Balise controlling interface performance of the Up-link controlled
Balise.

Measurements of FSK Up-link performance are defined in sub-clause 4.2.7 on page 72.

For the purpose of testing, the source impedance of the tool generating the Interface 'C' signals should provide a
minimum Return Loss of 23 dB unless otherwise explicitly stated.

4.28.2 General Test Conditions

42821 General

The following conditions apply for all measurements unless nothing else is indicated.

4.2.82.2 Climatic Conditions

Ambient Temperature 25°C+10°C

Relative Humidity 25%1to 75 %
Atmospheric Pressure 86 kPa to 106 kPa

4.2.82.3 Metallic Object and Debris

No metallic objects shall be present.

No debris shall be applied.

42824 Test Distance

The vertical distance between the Test Antenna and the Balise shall be 220 mm +2 mm from the centre of the
Test Antenna loop to the reference marks of the Balise or the Reference Loop.

42825 Tele-powering Flux Characteristics

The Tele-powering flux shall have the following characteristics:
e The frequency shall be 27.095 MHz + 5 kHz.
e The signal shall be CW, i.e., without modulation.

e Additionally (for some specific tests) the flux shall also be modulated to simulate a train passage according
to sub-clause 4.2.7.2.3 on page 73.

Transient measurements shall start 150 us after the 27 MHz flux has reached the level ¢q41 on the start up ramp.
The transient measurements are performed for "blocking Up-link telegram switching™ (see sub-clause 4.2.8.5.6
on page 105).
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For the following tests, the Tele-powering flux shall be calibrated at three different levels:

Level Value
1 da1 +0.8 dB £ 0.5 dB
2 da2 +10 dB + 1 dB
3 daus—1dB+1dB

Table 9: Tele-powering Flux Levels

42826 Telegram Contents

For the purpose of the tests, the Balise shall transmit a valid randomised 341 bits telegram (i.e., fulfilling the
coding requirements of SUBSET-036). This telegram shall be of types 1 through 5 of Table 24 in clause A2 on

page 158.

4.2.8.3  Electrical Data Requirements

4.28.3.1 Interface ‘A1’

The electrical characteristics of the signal in the Interface ‘A1’ are summarised in Table 10 below.

Characteristics Nominal value Tolerance Notes
range

Modulation FSK
Centre frequency 4.234 MHz +175 kHz | See sub-clause 4.2.7.6 on page 80.
Frequency deviation 282.24 kHz +7 % See sub-clause 4.2.7.6 on page 80.
Bandwidth <1MHz See sub-clause 4.2.7.12 on page 83.
Amplitude jitter <+1.5/-2.0dB See sub-clause 4.2.7.11 on page 83.
Mean data rate 564.48 kbits/s +2.5% See sub-clause 4.2.7.8 on page 81.
MTIE (and carrier phase MTIE1L or See sub-clause 4.2.7.9 on page 82.
jitter) MTIE2

Table 10: Electrical characteristics of the Interface ‘A1’ Up-link signal
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4.2.8.3.2 Interface ‘C1°

The electrical characteristics of the signal in the Interface ‘C1° are summarised in Table 11 below (referring to
the LEU output).

Characteristics Nominal value Tolerance Notes
range

Signal level V, > 14 Vpp Into a resistive 120 Q load
Signal level V, <18 Vpp Into a resistive 120 Q load
Waveform and bit encoding DBPL
Mean Data Rate 564.48 kbits/s + 200 ppm | Averaged over 1500 consecutive bits
Time Jitter <60 ns
Rise Time 10 % to 90 % >100 ns
Return Loss (at LEU output) >6dB With reference to 120 O

Table 11: Electrical characteristics of the Interface ‘C1’ Up-link signal

The signal into a resistive 120 Q load shall also fulfil the requirements according to Figure 31 and Table 12
below. The shaded areas constitute a mask into which the signal shall not enter (considering the actual mean
data rate and the actual V; signal level).

T Ty

A
\
A
\

A
I
|

Vl V2

Tj itter Tj itter

Figure 31: Interface ‘C1’ eye diagram
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Parameter Requirement
at the LEU output
T 1
2 e actualMean Data Rate
Tjit[er 60 ns
T1 06T
V1 0.74 o Vz

Table 12: Interface ‘C1’ eye diagram parameters

The test of the characteristics for the eye diagram, shall be performed with a waveform forming an exponential
signal with the following characteristic equation:

t
Vout =% -1.87-Vp-e T+Vyo | ,risingedge

t

Vout =% 1.87-Vy-e T -V , falling edge

with:
Vout and V2 in Volt
1 = 332 3 ns unless otherwise explicitly stated. For test purposes, the acceptable range is 330 ns
+30 ns

For the purpose of adjusting the V signal level during testing, the connected load impedance shall be

120 Q +1 Q resistive, with a maximum imaginary part of £j1 Q.

Please observe that the value 1.87 applies to the theoretical time constant 332.3 ns, and that this must be suitably
modified when other time constants apply, such that a continuous signal is still obtained.
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4.2.8.3.3 Interface ‘C6°

The electrical characteristics of the signal in the Interface ‘C6’ are summarised in Table 13 below (referring to
the LEU output).

Characteristics Nominal value Tolerance Notes
range
Nominal value 22 Vpp +1V/-2V [lInto aresistive 170 Q load
Waveform Sinusoidal
Frequency 8.820 kHz +0.1 kHz
Second harmonic amplitude <-20dBc
Harmonic content <-40 dBc Between 0.1 MHz and 1 MHz into a
restive 120 Q load impedance

Return Loss (at LEU output) >4dB With reference to 170 Q

Table 13: Electrical characteristics of the Interface ‘C6’ signal

For the purpose of adjusting the peak to peak voltage during testing, the connected load impedance shall be
170 Q £1 Q resistive, with a maximum imaginary part of +j1 Q.
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4.2.8.3.4 Interface ‘C4°

Blocking of Up-link telegram switching is an optional function. The signal on Interface ‘C4’ shall fulfil the
diagrams of Figure 32 below. Data and characteristics refer to the Balise itself (excluding the Interface ‘C’
cable).

Flux A
O R
0 p time
1zl A
|Z|inactive E
|Z|active
0 p time
Td T
P

Figure 32: Signal on Interface ‘C4’

The characteristics of this signal are summarised in Table 14 below.

Characteristics Min. Max.
|Z]inactive [Q] 150 300
|Z]active [Q2] 0.1 -|Z]inactive

T [us] 150 350
Td [ps] 150

Table 14: Characteristics of the Interface ‘C4’ signal

Please observe that Ty is allowed to be negative as defined above, because the Balise is allowed to start earlier
than at the ¢a1 level.

The modulus of the impedance shall be evaluated over the frequency range 8.720 kHz to 8.920 kHz.
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4.2.8.4  Calibration of the 27 MHz Tele-powering flux

42841 Calibration Abstract
This calibration procedure only deals with constant level of the 27 MHz Tele-powering flux, and not with a

ramping flux simulating a train passage. It gives a reference value P27BA that is used when activating the
Balise with flux levels according to Table 9 on page 90 through the Reference Area.

4284.2 Calibration Configuration

The recommended calibration set-up is shown in Figure 33 below. Clause F1 of Annex F on page 289 gives an
example of suitable test equipment. See also sub-clause 4.2.1 on page 24.

10.
Power
50 Q Meter 1
. s2mHz Acs. TPw

Attenuator ——®| Test Antenna 5.

13. f

Signal
Generator

Reference Loop | 7.

v g

Balun 8.

v

Attenuator | 9.

; Pm2

Power
Meter 2 10.

Figure 33: Test set-up for calibration of Tele-powering
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42.84.3 Calibration Procedure

1.

Position the (Standard) Test Antenna in position [X =0, Y =0, Z = 220] relative to the Reference Loop. Be
sure to position the electrical centre of the Test Antenna aligned with the electrical centre of the Reference
Loop. Also check that the X, Y and Z axes of the Reference Loop are correctly aligned to the X, Y and Z ax-
es of the positioning system.

Determine a suitable power level, Pmg, for a flux of ¢g1 +0.8 dB (one of the values from Table 9 on page 90).
The power for ¢, Py, is determined by

onfoo
50'[|50+Zloorlj ~82
50
where :
f=27.095 MHz,

Zioop = Rioop + J Xioop (actual impedance in the absence of any antenna),
PL = Power measured out of the Reference Loop [W],
B = Reference Loop matching transfer ratio.

The power for ¢, Pmz, is determined by:
Pwm2 =10-log (1000 - P, ) — Attenuation (dBm)

where  Attenuation equals the attenuation of the items 8 and 9 together with the cable from the Reference
Loop to the power sensor head. '’

Measure Attenuation, and calculate the value of Py2. Call the calculated value Pyzrer.
Set the Signal Generator to the frequency 27.095 MHz, and to CW.

Adjust the input power to the Test Antenna in order to achieve approximately ¢4 +0.8 dB through the Refer-
ence Loop (through observing Power Meter 2).

Record the reading of Power Meter 2 (called Pwm2). Record the reading of Power Meter 1 (called Pwm1).

Compensate the Pum1 reading with the difference between the Pm2 reading and the power level Pyzrer calcu-
lated in step 3 8. Call the new value P27grL.

Po7rt = P + (Pmzrer - Pmz ), all valuesin dBm.

Repeat steps 2 to 6 for all flux levels in Table 9 on page 90.

17

18

As an example, assuming that Zieop is sSmall compared to 50 Q, ¢a1 +0.8 dB = 8.5 nVs, B = 1 and Attenuation = 20 dB,
then the power level Pm2 will be —3.8 dBm in the Reference Loop. For the Reduced Size Reference Loop, the corre-
sponding value for ¢a1 +0.8 dB = 5.7 nVs is —7.2 dBm.

The reason for this compensation is that the relative accuracy for the value of P27rL between the different positions needs
to be very good, and this procedure compensates for signal generator adjustment error.
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4285 Functional Tests

4285.1 Test Set-up

The recommended test set-up is shown in Figure 34 below. Clause F1 of Annex F on page 289 gives an example
of suitable test equipment. See also sub-clause 4.2.1 on page 24.

1. ) 3 4
Signal _ | Attenuator | RF —p{ Attenuator
Generator Amplifier 7 MHz
37.
—» Oscillo-
scope
16. 12. 5. v
Low pass | 4.2 MHz Test
e — CsS.
Amplifier < filter |<€——— Antenna
L_p| Power
# Meter 1
Low pass
12. s N
filter 0
Reference | 42. —
P Receiver >
i (Up-link)

— Trigger for start of telegram

Reference 42.
Receiver
(Interface ‘C)

13. Signal
Generator

Figure 34: Test set-up for Up-link measurements
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4.2.85.2 Electrical Data versus Signal Level

4.2.85.2.1 Test Abstract

This test verifies that the Balise transmission characteristics on the Interface ‘A1’ are within the allowed toler-
ance ranges when the signals on the Interface ‘C1° and Interface ‘C6’ are set at the limit of the defined signal
level ranges. See sub-clause 4.2.8.3.2 on page 91, and sub-clause 4.2.8.3.3 on page 93. For the purpose of this
test, the edges of the Interface 'C1' signal shall be such that testing is performed both with T = 100 ns +10/-0 ns
and T =330 ns £30 ns.

4.2.85.2.2 Test Procedure

1. Position the Test Antenna in position [X =0, Y =0, Z = 220].
2. Set the Signal Generator (item 1) to the frequency 27.095 MHz, and to CW.

3. Adjust the input power to the Test Antenna in order to achieve approximately ¢q1 +0.8 dB through the Balise.
This is accomplished when the reading of the Power Meter 1 is equal to P27z measured in sub-clause
4.2.8.4.3 on page 96.

4. Set the Interface ‘C’ signal generator (item 13) to the following configuration:

Interface ‘C1’ Level (Vpp) following C1 test level (Table 15
on page 99)
Mean Data Rate 564.48 kbits/s £ 40 ppm
Telegram type 1, without jitter
Interface ‘C6’ Level (Vpp) following C6 test level (Table 16
on page 99)
Frequency 8.820 kHz £ 0.01 kHz

5. Check with the reference receiver for Up-link (item 42) that:
e The Balise transmits the selected telegram.

e The centre frequency, frequency deviation, mean data rate, and MTIE are within the required range (see
Table 10 on page 90).

6. Perform steps 3 through 5 for all the configurations listed in sub-clause 4.2.8.5.2.4 on page 99.
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4.2.85.23

428524

Test Signal Level Definition

Level at the LEU output

Minimum level (Vpp)

Maximum level (Vpp)

V. =14V +0.25/-0 V

V, =18V +0/-0.25 V

Table 15: Definition of the Interface ‘C1’ signal levels

Level at the LEU output

Minimum level (Vpp)

Maximum level (Vpp)

20V +0.3/-0 V

23V +0/-0.3V

Table 16: Definition of the Interface ‘C6’ signal levels

Test Matrix

Flux Interface ‘C1° level | Interface ‘C6’ level Slope

Level Min. Max. Min. Max. [ns]
1 X X 100
1 X X 100
1 X X 330
1 X X 330
2 X X 100
2 X X 100
2 X X 330
2 X X 330
3 X X 100
3 X X 100
3 X X 330
3 X X 330

Table 17: Test conditions versus signal level on Interface ‘C1’ and ‘C6’ at LEU output



Page 100 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

4.2.85.3 Electrical Data versus Mean Data Rate

4.2.85.3.1 Test Abstract

This test verifies that the Balise transmission characteristics on the Interface ‘A1’ are within the tolerance ranges
when the mean data rate of the signal on the Interface ‘C1’ is altered over the specified range (see sub-clause
4.2.8.3.2 on page 91). For the purpose of this test, the edges of the Interface 'C1' signal shall be such that testing
is performed both with T = 100 ns +10/-0 ns and t = 330 ns +30 ns.

4.2.85.3.2 Test Procedure

1.
2.

Position the Test Antenna in position [X =0, Y =0, Z = 220].
Set the Signal Generator (item 1) to the frequency 27.095 MHz, and to CW.

Adjust the input power to the Test Antenna in order to achieve approximately ¢q1 +0.8 dB through the Balise.
This is accomplished when the reading of the Power Meter 1 is equal to P27z measured in sub-clause
4.2.8.4.3 on page 96.

Set the Interface ‘C’ signal generator (item 13) to the following configuration:

Interface ‘C1° Level (Vpp) V=14V +0.25/-0 V
Mean Data Rate sub-clause 4.2.8.5.3.3 on page 101
Telegram type 1, without jitter

Interface ‘C6’ Level (Vpp) 20V +0.3/-0 V
Frequency 8.820 kHz + 0.01 kHz

Check with the reference receiver for Up-link (item 42) that:
e The Balise transmits the selected telegram.

e The centre frequency, frequency deviation, mean data rate, and MTIE are within the required range (see
Table 10 on page 90).

Perform steps 3 through 5 for all the configurations listed in sub-clause 4.2.8.5.3.3 on page 101.
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4.2.85.33

Test Matrix

Flux Mean data rate Slope

Level 564.38 kbits/s +40/-0 ppm 564.58 kbits/s +0/-40 ppm [ns]
1 X 100
1 X 100
1 X 330
1 X 330
2 X 100
2 X 100
2 X 330
2 X 330
3 X 100
3 X 100
3 X 330
3 X 330

Table 18: Test conditions versus mean data rate on Interface ‘C1’



Page 102 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

42854 Electrical Data versus Jitter Properties

428541 Test Abstract

This test verifies that the Balise transmission characteristics on the Interface ‘A1’ are within the tolerance range
when the signal on the Interface ‘C1’ is within the defined eye diagram (see sub-clause 4.2.8.3.2 on page 91).
For the purpose of this test, the edges of the Interface 'C1' signal shall be such that testing is performed both with
1 =100 ns +10/-0 ns and t = 330 ns £30 ns.

4.2.85.4.2 Test Procedure

1. Position the Test Antenna in position [X =0, Y =0, Z = 220].
2. Set the Signal Generator (item 1) to the frequency 27.095 MHz, and to CW.

3. Adjust the input power to the Test Antenna in order to achieve approximately ¢q1 +0.8 dB through the Balise.
This is accomplished when the reading of the Power Meter 1 is equal to P27z measured in sub-clause
4.2.8.4.3 on page 96.

4. Set the Interface ‘C’ signal generator (item 13) to the following configuration:

Interface ‘C1’ Level (Vpp) V=14V +0.25/-0 V
Mean Data Rate 564.48 kbits/s £ 40 ppm
Telegram type 4, jitter 60 ns

Interface ‘C6’ Level (Vpp) 20V +0.3/-0 V
Frequency 8.820 kHz + 0.01 kHz

Considering the initial DBPL coded message with the required mean data rate, a time jitter is randomly ap-
plied to each edge of this signal. The time jitter can vary from —30 ns to +30 ns (see Table 12 on page 92).

5. Check with the reference receiver for Up-link (item 42) that:
e The Balise transmits the selected telegram.

e The centre frequency, frequency deviation, mean data rate, and MTIE are within the required range (see
Table 10 on page 90).

6. Perform steps 3 through 5 for all Tele-powering flux levels defined in Table 9 on page 90.

4.2.85.43 Test Matrix

Tests shall be performed both with T = 100 ns +10/-0 ns and t© = 330 ns 30 ns.
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42855 Balise Testing under various Return Loss conditions

4.2.85.5.1 Test Abstract

This test shall verify that the Balise and its Interface ‘C’ cable correctly transmit the chosen telegram under
various Return Loss conditions on Interface ‘C1’ and Interface ‘C6’.

4.2.855.2  Test Set-up

A proposed partial test set-up is shown on the Figure 35 below including specific details on the Reference Signal
Generator (item 13). See sub clause 4.2.8.5.1 on page 97 for additional details on the complete test set-up.
Clause F1 of Annex F on page 289 gives an example of suitable test equipment (see also sub clause 4.2.1 on
page 24).

Check correctness o | Test
of telegram and 5 Antenna
C1 signal - C1 Return signal '
Amplifier
generator loss network
v
Filter 1
/RSG_CRL output
RSG + > Balise
13. Interface ‘C’ cable
(Length ~ 180m)
Filter 2
A
C6 signal Amplifier C6 Return
generator loss network

Figure 35: Signal generator (item 13) for Return Loss testing

The C1/C6 Return Loss network shall be capable of providing combinations of several complex Return Loss
conditions as indicated in Table 1. A minimum of three different Return Loss conditions shall be tested for
Interface ‘C1’ and for Interface ‘C6’ (e.g., a low ohm resistive, a capacitive and an inductive condition shall be
tested). For Interface ‘C1°, also a high ohm resistive condition applies.

The test tool shall allow achieving Interface ‘C1° Return Losses of 6 dB +0/-0.5 dB within the entire Inter-
face ‘C1’ signal bandwidth.

The test tool shall allow achieving Interface ‘C6’ Return Losses of 4 dB +0/-0.2 dB at the Interface ‘C6’ fre-
quency.

The test object is the Balise with its Interface ‘C’ cable. The cable type is manufacturer dependent but its length
should be around 180 m. The actual length of the Interface ‘C’ cable shall be such that potential symbol overlap
(due to reflections) is simulated in Interface ‘C1°.
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4.2.85.5.3 Test Procedure

1. Position the Test Antenna in position [X =0, Y =0, Z = 460].

2. Set the Tele-powering Signal Generator (item 1 in sub-clause 4.2.8.5.1) to the frequency 27.095 MHz, and to
Cw.

3. Adjust the input current into the Test Antenna in order to achieve approximately ¢q2 +10 dB through the
Balise. This is accomplished when the reading of the Power Meter 1 is equal to P7r. measured as in sub-
clause 4.2.8.4.3 on page 96. Calibration data is obtained from sub-clause 4.2.7.5 on page 78.

4. Set the C1/C6 Return Loss network to test case 1 of the matrix (see Table 19).
5. Set the C1 and C6 signal generators (item 13) to the following configuration:

Interface ‘C1’ Level (Vpp) V=16V +£0.25V
Mean Data Rate 564.48 kbits/s = 40 ppm
Telegram type 1

Interface ‘C6’ Level (Vpp) 22V 0.3V
Frequency 8.820 kHz + 0.01 kHz

Interface ‘C1” and Interface’C6’ signal levels shall be measured at the RSG_CRL output (see Figure 35) into
the specified resistive loads (120 Q and 170 Q respectively).

6. Check with the reference receiver for Up-link (item 42) that:
e The Balise transmits the selected telegram.

e The centre frequency, frequency deviation, mean data rate, and MTIE are within the required range
(see Table 9 on page 81).

7. Repeat steps 5 and 6 for each of the four test case of the test matrix.

Test ‘C1’ Return loss (within 0.2 MHz to 0.6 MHz) ‘C6’ Return loss (within 8.820 kHz £0.1 kHz)
case 6 dB +0/- 0.5 dB 4 dB +0/-0.2 dB

RSG_CRL RSG_CRL RSG_CRL RSG_CRL RSG_CRL RSG_CRL
angle of reflec- | angle of reflec- | angle of reflec- | angle of reflec- | angle of reflec- | angle of reflec-
tion coefficient tion coefficient tion coefficient tion coefficient tion coefficient tion coefficient

19 at 423 kHz 19 at 423 kHz 19 at 423 kHz 19 at 8.82 kHz 19 at 8.82 kHz 19 at 8.82 kHz

“Resistive” “Capacitive” “Inductive” “Resistive” “Capacitive” “Inductive”
1 180 °+10° 180°+10°
2 0°+10° “Direct connection” with Return Loss > 23 dB
and phase angle of 0 ° +10 °
3 -90°+10° -90°+10°
4 90°+10° 90°+10°

Table 19: Test conditions versus Return Loss on Interface ‘C1’ and ‘C6’ at LEU output

8. Repeat steps 5 and 6 for test case 1 of the test matrix above when transmitting the Interface 'C1' signal with
slopes such that T = 100 ns +10/-0 ns.

19 The reflection coefficient is defined as r=(Zn-1)/(Zn+1), where Zn=2/Z0, and Z0 is 120 Q and 170 Q for Interface ‘C1’
and Interface ‘C6’ respectively.
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4.2.85.6 Blocking of Up-link Telegram Switching

4.2.85.6.1 Test Abstract

At the beginning of a train passage, the Balise shall optionally alter its impedance to signal to the LEU not to
change the telegram until after a defined delay. This test verifies this functionality.

4.2.85.6.2  Specific Notes

The maximum length of the Interface ‘C’ cable is 10 m. The influence of the cable from the Balise to the test
equipment must be considered and compensated for. This should be automatically performed by the test tool
through a calibration procedure using well-known load impedance.

The measurements shall start as soon as the 27 MHz Tele-powering flux has reached the level ¢q41 — 10 dB on the
start up ramp. As far as the calibration of the measurement-triggering instant is concerned, see sub-clause
4.2.7.2.3 on page 73.
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4.2.85.6.3 Test Procedure

1. Position the Test Antenna in position [X =0, Y =0, Z = 460].
2. Set the Signal Generator (item 1) to the frequency 27.095 MHz, and to CW.

3. Adjust the input power to the Test Antenna in order to achieve approximately ¢q. +10 dB through the Balise.
This is accomplished when the reading of the Power Meter 1 is equal to P27z measured in sub-clause
4.2.8.4.3 on page 96. Calibration data is obtained from sub-clause 4.2.7.5 on page 78.

4. Set the Tele-powering signal generator (item 1) to simulate a train passage (see sub-clause 4.2.7.2.3 on page
73).

5. Set the Interface ‘C’ signal generator (item 13) to the following configuration:

Interface ‘C1’ Level (Vpp) Vo =18V +0/-0.25 V
Mean Data Rate | 564.48 kbits/s + 40 ppm
Telegram all ones, without jitter

Interface ‘C6’ Level (Vpp) 23V +0/-0.3V
Frequency 8.820 kHz £ 0.01 kHz

The Interface ‘C’ signal generator shall transmit a continuous stream of ones.

6. Check with the reference receiver for Up-link (item 42) that:

e The Balise transmits the selected telegram, and that the telegram is not disturbed while the signal is ac-
tive.

7. Check with the reference receiver for Interface ‘C’ (item 42) that:
e Tgand T are within the required ranges (see Table 14 on page 94).

¢ The input impedance when the signal is active is within the required range (see Table 14 on page 94).

Please note that a trigger is necessary in the test set-up in order to correlate Interface ‘C’ measurements with
Interface ‘A’ measurements, and that the Interface ‘C’ signal generator must transmit a continuous stream of
ones.

Please note that the blocking signal may be transmitted as soon as the Balise has decided to start-up. This is
allowed to happen before ¢a1. However, there is no requirement that the actual data transmitted earlier that
150 us after ¢a1 is correct. Consequently, the evaluation of step 6 is dependent on when the blocking signal is
transmitted relative to 150 ps after ¢q.
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4.2.85.7 Default Telegram Switching
428571 Test Abstract

This test concerns controlled Balises only. It shall verify that the Balise switches over to the Default Telegram
under the following failure conditions on Interface ‘C’:

e A cutcable.

e Absence of signal.

4.2.85.7.2 Test Procedure

Position the Test Antenna in position [X =0, Y =0, Z = 220].
Set the Interface ‘C’ signal generator (item 13) to nominal conditions, and select a telegram of type 1.

Set the Signal Generator (item 1) to the frequency 27.095 MHz, and to CW.

P w0 b PE

Adjust the input power to the Test Antenna in order to achieve approximately ¢q2 +10 dB through the Balise.
This is accomplished when the reading of the Power Meter 1 is equal to P27z measured in sub-clause
4.2.8.4.3 on page 96.

5. Check with the reference receiver for Up-link (item 42) that the Balise transmits the selected telegram.
6. Simulate a failure of type 1 with the Interface ‘C’ signal generator (see sub-clause 4.2.8.5.7.3 on page 108).

7. Check with the reference receiver for Up-link (item 42) that the Balise switched over to the default telegram.
Verify that a sequence of between 75 and 128 bits of only logical ‘1’ or only logical ‘0’ is inserted immedi-
ately before transmission of the default telegram. The sequence of logical ‘1’ or logical ‘0’ shall be ended no
later than a time corresponding to 341 bits after the event that caused the switch to the default telegram. 2°

8. Remove the failure.

9. Check with the reference receiver for Up-link (item 42) that the Balise continues to send the default telegram
during the entire simulated Balise passage.

10. Switch off the Tele-powering for 10 ms.

11. Switch on the Tele-powering. Perform steps 5 through 10 for all the failures listed in sub-clause 4.2.8.5.7.3
on page 108.

20 The point of time for the event that caused the switch is defined such that a stable failure condition is achieved. This
means that potential transition regions when changing input signal from fully correct to fully fail shall be excluded from
the time corresponding to the 341 bits. Furthermore, the failure condition must be stable for the entire duration of the
simulated failure. As for the verification of the length of the sequence of equal bits (75 - 128) preceding the default tele-
gram, consider that the data transmitted by the Balise during the failure condition, up to the transmission of such se-
quence, can be unpredictable.
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4.2.85.7.3 Test Matrix

The failure conditions on Interface ‘C’ are given in Table 20 below.

Failure Description Duration
1 Cut cable 0.6 ms -0/+0.4 ms
2 The signal on Interface ‘C1’ is 0 V, 0.6 ms -0/+0.4 ms
The signal on Interface ‘C6’ is in nominal conditions

Table 20: Failure to be tested for the default telegram switching

Nominal conditions on Interface ‘C6’ are detailed in sub-clause 4.2.8.3.3 on page 93.
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4.2.9 Test for damaging

4291 General

This test aims at verifying that the Balise survives exposure of Tele-powering flux levels of up ¢qs as defined in
SUBSET-036. This test shall be preceded by the normal 1/O characteristic test of sub-clause 4.2.4 on page 48,
and be succeeded by a limited test to the extent defined herein.

It shall be verified that the Balise is properly working before the test.

4.2.9.2  Calibration of Tele-powering flux level
The results of the calibration from sub-clause 4.2.5.2 on page 55 shall be used, and shall be extrapolated up to
the ¢gs level.

The target value of the power level from the current sense output of the test antenna may be linearly extrapolated
from the ®y4 -6 dB level, but when adjusting this level in the presence of the Balise, a pulsed field should be
applied. The length of the pulses should be 10 ms and the duty factor should be 1:100.

4.2.9.3  Test Procedure, Test for damaging

1. Position the Balise with the same geometry of the test set-up used during calibration (with respect to the
Reference Mark of the Balise). It is allowed not to connect the Balise controlling interface.

2. Simulate a train passage according to Figure 26 on page 73, with the peak level ¢qs and the Toq duration 10 s
(Tofr is infinite).

3. Perform a limited 1/O characteristic test (at ¢a1, a2, and dqs) according to sub-clause 4.2.4 on page 48, and
verify compliance with the requirements. Testing shall be performed only during free air conditions, and
only for the Balise transmitting the Default Telegram (i.e., the Balise controlling interface is not connected).

4.3 Requirements for Test Tools

See Annex B on page 164, Annex D on page 211, and Annex H on page 301.
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5 Tests of the On-board Equipment

5.1 Reference Test Configurations

5.1.1 General

The following conditions should apply for the majority of the tests where no specific environmental or opera-
tional condition is required.

Ambient temperature 25°C+10°C

Relative humidity 25%1to 75 %

Atmospheric Pressure 86 kPa to 106 kPa

Debris in the air-gap None

Antenna Unit speed for dynamic laboratory verifications 0.1 m/sto 0.5 m/s

Antenna Unit speed for dynamic simulated verifications 0 km/h to 500 km/h or highest
speed declared by manufacturer

Tele-powering mode Cw

EMC noise within the Up-link frequency band Negligible

The environmental conditions of the table above should be maintained as far as reasonably possible. Monitoring
of the conditions should apply if it can not be guaranteed that the limits are fulfilled.

In order to minimise the possible influence from the surrounding environment, the requirements of sub-clause
4.1.1 on page 22 related to the metal free zone, shall be fulfilled.

5.1.2 Monitored Interfaces

The following test interfaces are foreseen for accessing the test data, for controlling the required operational
mode, and for simulating defined test inputs:

o Interface V1 (see Annex E). Itis used for reading the On-board test data reported by the BTM func-
tionality, and for controlling its operational mode. The Interface V1 can possibly be embedded in the
overall Test Interface of the On-board Equipment.

o Interface V (see Annex E) used for periodically sending the current time and odometer data to the
BTM functionality in accordance with the train movement (real or simulated) conditions.

o Interface V. (see Annex E) used for providing the On-board Equipment, embedding the BTM func-
tionality, with speed sensor signals in accordance with the train movement (real or simulated) condi-
tions.

These test interfaces might require company specific adapters in order to translate format and typology of the
information passed through them to the specific needs of the equipment under test.
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5.1.3

Test Tools and Procedures

For the purposes of uniform verifications, it is required that:

When the On-board equipment is set in “test mode”, some test related functions can be driven from
the unified Test Interface ‘V1’, ‘V2’, or V4’

Some operational and test related data are made available at the test Interface ‘V1’.

The following list gives a set of anticipated tests:

Verification of the Tele-powering signal characteristics;

Verification of the capability of the On-board equipment to handle extreme values of the electrical
characteristics of the Up-link signal;

Characterisation of the static Tele-powering and Up-link radiation patterns of the Antenna Unit;

Verification of reliable data communication, of correct Balise detection, of correct side lobe man-
agement, and of correct location reporting, by simulation of dynamic Up-link Balise signal patterns;

Verification of the correct handling of different telegram types in steady state as well as in presence
of telegram switching, or in presence of telegram errors;

Verification of the correct handling of different Balise sequence cases, including the simulation of a
Balise Group of eight Balises passed at the maximum allowed speed;

Verification of the correct handling of different telegrams sent by a Balise passed at very low speed;
Verification of the compatibility with KER Balises;

Evaluation of physical cross-talk protection margins according to the specified longitudinal and
transversal cases;

Verification of the Antenna Unit supervision function in presence of the defined metal masses;
Verification of the cross-talk immunity with nearby cables, including the LZB cable;

Verification of the correct function of the Basic Receiver with respect to various telegram types
transmitted one after the other.

The effects of the debris conditions, and of the metallic objects, listed in SUBSET-036, should also be individu-
ally considered in the transmission tests.

The following tools are anticipated for the Antenna Unit/BTM function tests:

Test Management System, used for co-ordinating the measurements, controlling the other tools of
the test set-up, and for logging and reporting the test results;

Antenna Positioning Tool;

Reference Loops (Standard and Reduced Size types) equipped with Baluns;
Time and Odometer Module for the simulation of the Antenna Unit movement;
Adapters for Test Interfaces (Company specific);

Telegram Generator;

Reference Signal Generators;

RF instruments and accessories of general use;

Reference Units for debris, metallic masses, and cables.
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5.2 Laboratory Tests
5.2.1 General

5211 Introduction

This sub-clause (5.2) defines a test procedure for Antenna Unit and BTM function tests. It also includes the
various test set-ups that are required. The test procedure includes the following steps with partially different test
set-ups and under different test conditions:

e Characterisation of radiation pattern and creation of signal pattern for dynamic tests.
e Transmission tests.

o Cross-talk tests.

e Up-link characteristics tests.

e Tests of handling various telegrams.

e Tele-powering characteristics tests.

o Balise sequence capability tests.

Each Antenna Unit - BTM function combination shall be tested with all the different Reference Loops.

Reference Loop currents and the flux values shall be in accordance with the input-to output characteristic defini-
tion of SUBSET-036.

It is essential that the Reference Loops used during the tests fulfil the requirements of clause B2 of Annex B on
page 164, and are characterised prior to testing. The procedure for characterisation of the equipment is defined
by sub-clause B2.6 of Annex B on page 169.

All distances are in millimetres unless explicitly otherwise stated.

RMS values are applicable unless otherwise stated. Integration time shall be selected in order to achieve suffi-
cient measurement accuracy.
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5.2.1.2

General Test Set-up

The recommended general test set-up is shown in Figure 36 below. Clause F1 of Annex F on page 289 gives an
example of suitable test equipment.

APT

Antenna Unit

Interface A i&

Reference Loop

Current Sense Balun

C.S.

Low Pass Filter

Low Pass Filter

Vector Signal
Analyser

34.
BTM
Interface V71’ < function
Adapter
Interface V1’
38.
\4
Laboratory Test
-1 Management Sys-
i’ tem 29.
Attenuator
Marker 1 y
»LTOM | 39. c
Interface V2’ RF 36.
Switch
Interface ‘Vy’
Adapter 10. P2 P1 45,
40 Power Low Pass
) Meter 2 Filter
A
31. Attenuator Attenuator
2.
13.
|EEbE:88 Attenuator RF Ampli-
> RSG 1 fier
RS232

A

4. Trigger

Figure 36: General Test set-up

14.

12.

12.

41.

Items 10 and 36 are computer controlled via the Laboratory Test Management System (the computer control is
intentionally not indicated in the figure). Additionally, the Laboratory Test Management System shall provide a

trigger signal to item 13 (that starts a pre-defined sequence).
The RS 232 link is a possible solution for transferring data files from the Laboratory Management System to the

RSG.
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5.2.1.3

Note 1:

Note 2:

Note 3:

Note 4.
Note 5:

Note 6:

Note 7:

Note 8:

Note 9:

Note 10:

Note 11:

Test Set-up Notes

The attenuator (item 29) is used for ensuring a well defined 50 Q source for driving the Reference
Loop.

It is important that all HF transmitter cabling is of low loss double shielded type (e.g., RG214).
Furthermore, the cables shall be “de-bugged” using suitable ferrite clamps, evenly spaced along
the cables, at distances less than 70 cm.

A Vector Signal Analyser might be needed for verification of correct settings of the Arbitrary
Generator.

Please note that attenuation in the RF switches, balun, attenuator, and cabling shall be considered.

The requirement on the RF switch is that the frequency range is DC to several hundred MHz, and
that the attenuation is less than approximately 0.2 dB at 30 MHz. At 2 MHz to 30 MHz, isolation
and VSWR should be better than 50 dB and 1:1.1 respectively. Switch time should be less than
20 ms. The switch shall be able to withstand a current of at least 2 A.

The two test-set-ups according to Figure 36 on page 113 and Figure 43 on page 133 may be com-
pressed into one uniform set-up provided that a “single pole four throw” RF switch is available
(substituting the switches [36] indicated in the figures). This would enable having all the equip-
ment (power meter [10], spectrum analyser [35], oscilloscope [37] and attenuator [31]) permanent-
ly connected, and selected by simply controlling the switch.

The attenuator (item 29) may optionally be replaced by one with lower attenuation during Cross-
talk tests if this is required in order to achieve sufficient signal levels for obtaining reliable test re-
sults. In this case special precautions must be considered in order to characterise the actual Refer-
ence Loop load conditions.

It is important to synchronise the observation of the BTM function reporting with the simulation of
the Balise passage.

Item 45 (the low pass filter) is used to filter out the 27 MHz power signal sent by the Reference
Loop towards the Power Amplifier. The recommended performance of the filter is found in clause
F2 of Annex F on page 291. The filter shall be connected directly at the output of the attenuator
close to the Reference Loop.

Item 12 (the low pass filters) are used to filter out the 27 MHz signal sent by the Reference Loop
towards the Vector Signal Analyser. The specifically recommended performance of the filters is
found in clause F3 of Annex F on page 294. The filters shall be located directly at the Current
Sense output of the Balun.

The RSG should be programmed in order to issue a trigger pulse in correspondence of the centre
of the dynamic up-link signal. This pulse triggers the Vector Analyser to measure the Up-link sig-
nal level, and the LTOM to record the corresponding time and odometer data.
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5.2.2 Test Conditions

5221 Nominal Conditions

52211 General

The nominal conditions defined in this sub-clause apply to all measurements unless otherwise explicitly stated.

5.2.2.1.2 Climatic Conditions

Ambient temperature: 25°C £ 10°C.
Relative humidity: 25 % to 75 %.
Atmospheric Pressure: 86 kPa to 106 kPa.

5.2.2.1.3 Metallic Objects and Debris

No metallic objects shall be present.
No debris shall be applied.

In order not to get any disturbance from the surrounding environment, there shall be a volume around the Anten-
na Unit and the Balise under test that is free from metallic objects. The minimum extent of this volume is de-
fined in 4.1.1 on page 22. This volume is also referred to as “free space* condition. The space below 0.4 m (but
above 0.7 m) underneath the Balise shall not contain any solid metal planes, and only a few metallic supports are
allowed within 0.7 m underneath the Balise.
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52214 Up-link signal Characteristics

The parameters of the 4.23 MHz FSK signal in the air gap shall be set to their nominal values as defined by
SUBSET-036.

o fL=3.951 MHz + 20 kHz

e fy=4.516 MHz + 20 kHz

e Centre Frequency = 4.234 MHz + 20 kHz

e Frequency Deviation = 282.24 kHz + 3 kHz

e Mean Data Rate = 564.48 kbits/s + 100 ppm

o MTIE characteristics in accordance with Figure 37 below.

¢ In a shift between two frequencies, the carrier shall have a continuous phase
e Amplitude jitter = less than +1.2 dB

[ns]T MTIE

Slope = 2-10*

50 ; t

20 [bit]

Figure 37: Nominal MTIE requirements

5.2.2.1.5 Tele-powering Characteristics

The 27 MHz Tele-powering signal shall be CW.

5.2.2.1.6 Telegram Contents

In general, the Reference Loop shall transmit a randomised 1023 bit telegram that is valid (fulfilling the coding
requirements according to the coding requirements of SUBSET-036), and which consists of 50 % + 2 % of logi-
cal “one”. The telegram shall comprise an evenly distributed run length, based upon a truncated close to expo-
nential distribution of transitions. This is Telegram Type 8 according to clause A2 of Annex A on page 158.

However, for the purpose of performing tests simulating that a Reduced Size Balise is installed in a line designed
for more than 300 km/h, Telegram Type 1 according to clause A2 on page 158 shall be used

5.2.2.1.7 Tilt, Pitch, and Yaw

Tilt, Pitch, and Yaw angles shall be set to 0 (zero).
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5.2.2.2  Specific Conditions

5.2.2.2.1 Climatic Conditions

Temperature extremes apply to the antenna under test in accordance with the requirements given in sub-clause
6.6 of SUBSET-036.

5.2.2.2.2 Tilt, Pitch, and Yaw

According to SUBSET-036, tilting shall be applied to both the Antenna Unit and the Reference Loop.

Therefore, tilt angles shall be set to worst case maximum angle according to Antenna Unit manufacturer specifi-
cation and the maximum tilting of the Reference Loop of + 2°. Both the Antenna Unit and the Reference Loop
are subject to tilting, and the worst case combination applies.

According to SUBSET-036, pitching shall be applied to both the Antenna Unit and the Reference Loop.

Therefore, pitch angles shall be set as defined below. Both the Antenna Unit and the Reference Loop are subject
to pitching, and the worst case combination applies.

¢ Reference Loop pitch angle maximum + 5°,
¢ Antenna Unit pitch angle at maximum according to supplier specification.

The influence of yaw angles should not be tested, because no major influence is anticipated.

52223 Metallic Objects

The test conditions are defined by sub-clause B5.3 of Annex B on page 193. The Antenna Unit shall be subject-
ed to free air conditions during all test conditions except for “Metallic Objects outside the Antenna Unit metal
free volume”. In the latter case, the Reference Loop shall be subjected to free air conditions.

Please observe that the testing height shall in some cases be limited in accordance with SUBSET-036 during
testing with metallic plane underneath the Reference Loop, and during testing with steel sleepers underneath the
Reference Loop.

The following applies to metallic plane underneath the Reference Loop:

. Standard Size:  Maximum test height reduced by (210 - Zb)
. Reduced Size:  Maximum test height reduced by (193 - Zb)

The following applies to steel sleepers underneath the Reference Loop:

. Maximum test height reduced by the value d
o Minimum test height reduced by 14 mm for Reduced Size (no reduction for Standard Size)
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52224 Debris

Test conditions, and the design and utilisation of the debris box, are defined by sub-clause B5.2 of Annex B on
page 187.

For the Reference Loop, the following conditions apply:

. Salt Water
. Clear Water
. Iron Ore (Magnetite)

The Antenna Unit shall be subjected to free air conditions during these conditions. During these tests, the max-
imum test height shall be reduced with 20 mm when testing debris Class A applied to the Standard Size Refer-
ence Loop. For the Reduced Size Reference Loop the reduction is 43 mm. Testing shall be performed for both
debris Class A and Debris Class B. The latter shall be tested without reduction of the maximum height.

For the Antenna Unit, the condition “Ice on the Antenna” applies. The Reference Loop shall be subjected to free
air conditions during this test condition. The supplier of the Antenna Unit shall specify the applicable thickness
of the ice layer.
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5.2.3 Evaluation of Radiation Pattern

5.2.3.1  General Description

The purpose of this test is to find the weakest possible Balise signal and activation flux, during static conditions,
where the Antenna Unit - BTM function combination has the ability to detect the Balise and to receive the in-
tended telegram for static geometrical points in the region above the Reference Loop (i.e., exploring the behav-
iour of the BTM function threshold Vi, and the Tele-powering flux). It shall also provide information on side
lobe characteristics. The results from this test shall be used as input for creating the signal pattern for a simulat-
ed dynamic Balise passage as defined in sub-clause 5.2.4 on page 123, and used during the applicable tests of
this document.

The procedure includes two steps. One is to measure the actual Tele-powering flux through the Reference Loop.
The other is to determine the required Up-link current through the Reference Loop corresponding to the BTM
function threshold (V). This corresponding current is denominated Iy, Tele-powering and Up-link characteri-
sation are performed in two different passes unless it can be shown that concurrent evaluation (keeping Tele-
powering signal on while simultaneously measuring Up-link performance) gives the same results (considering
the measurement accuracy as defined in sub-clause 3.3 on page 21).

During Tele-powering measurements, the actual flux ¢ through the Reference Loop is measured. Spot check
testing with toggling Tele-powering signal shall be performed in case this is supported by the equipment under
test. In case that differences are identified compared to when the CW signal was applied, then this shall be con-
sidered when calculating the signal pattern described in sub-clause 5.2.4 on page 123.

During Up-link testing, the Reference Loop shall be connected to a signal generator generating an FSK Up-link
signal that simulates a representative Balise passage (see Figure 38 below), and carrying a correct telegram with
a peak current level stepwise varied in order to reach I (as described below). The BTM function output re-
sponse shall be observed via Interface ‘Vi’. The BTM function is set in normal operational mode.

tour = 18.1 ms

ITH

: : . Time
5 ms; éESmgi
Figure 38: Up-link signal

The time tqr shall be selected so that ten complete 1023 bit telegrams are transmitted. The odometer input signal
shall be selected so that the flat part of the sequence according to Figure 38 above corresponds to approximately
0.5 m at a speed of 100 km/h (the entire sequence from start of rising edge to end of falling edge corresponds to
approximately 0.78 m).

During Up-link testing, a start value of 1,1 through the Reference Loop shall be selected. Thereafter, the current
level is either increased or decreased in steps until the BTM function threshold is reached. For increased current
levels, steps of 0.2 dB are applicable up to 1,1 + 7 dB, thereafter steps of 0.5 dB apply up to a maximum current
level of 1,1 +24 dB. For decreasing current levels, steps of 0.5 dB apply down to the level Iy,. Please observe
that potential hysteresis phenomena shall be evaluated and considered. In case of hysteresis, In shall always be
determined for increasing current levels.
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Actual Tele powering flux ¢, and the threshold current Iy, are recorded for each single geometrical test point
defined in clause C4 of Annex C on page 204. This procedure shall be repeated for all the test conditions defined
in sub-clause 5.2.2 on page 115 and limited by the test matrices of clauses C6 and C7 in Annex C on pages 206
and 208 respectively. It is important that the position [X =0, Y =0, Z = maximum height] is explored, because
this forms the reference for the calculations of sub-clause 5.2.4 on page 123. The threshold current for this posi-
tion will be denominated Ithrer.

Telegram Type 8 as defined by clause A2 of Annex A on page 158 shall be used during this process.
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5.2.3.2 Test Procedure, Evaluation of Radiation Pattern

Test set-up in accordance with sub-clause 5.2.1.2 on page 113 applies.

1.

10.

11.
12.

13.

14.

Position the Antenna Unit in the geometrical test point [X =0, Y = 0, Z = maximum height], and select
nominal test conditions defined by sub-clause 5.2.2.1 on page 115.

Set the RF switch in position P2.

Command the BTM function to its normal operational mode regarding CW Tele-powering, or to any
other mode equivalent to this (from the point of view of the Up-link diagram evaluation).

Record the value of power meter 2.

Temporarily command the BTM function to transmit toggling Tele-powering signal in case this is sup-
ported by the equipment under test, and record the value of power meter 2. Potential change of worst
case conditions shall be considered in calculations of sub-clause 5.2.4 on page 123.

Command the BTM function back to nominal conditions (CW signal).

Repeat step 4 for all remaining geometrical test points defined by clause C4 on page 204 and clause C6
on page 206.

Calculate and record the flux through the Reference Loop using the following equation:

150+ Z 00y

50 -Ppyy, - B-
PM2 50

(D:

2'T['f27

where:  Ppm2 is power recorded by power meter 2
B is the Reference Loop transfer matching ratio
Zioop is the actual impedance of the Reference Loop in the absence of any antenna
fo7 is the Tele-powering frequency (27.095 MHz)

Please observe that the attenuation and impedance of the RF switch, the attenuator, and the current sense
Balun have to be considered (characterised prior to testing). This is not considered in the equation above.

Set the RF switch in position P1.

Set the arbitrary generator to generate an Up-link signal in accordance with Figure 38 on page 119. The
initial current setting shall be the minimum controllable current (in the order of 1 mA). The current is
measured by the Vector Signal Analyser, and the related transfer response of the Current Sense Balun is
in accordance with sub-clause H5.4 on page 321. Please observe that the current measured by the Vector
Signal Analyser needs to be compensated for the B-factor of the Reference Loop (i.e., the measured target
current shall be the desired Reference Loop current divided by B). Set the time and odometer information
to comply with a speed of 100 km/h.

Position the Antenna Unit in the geometrical test point [X =0, Y =0, Z = maximum height].

Record the output from the BTM function (via Interface ‘V1”), and determine whether the Up-link signal
was above or below the BTM function threshold (V). That is correct Balise localisation and reception of
the intended telegram, out of those sent in the Up-link signal pattern, is reported.

In case that the signal was above the threshold, gradually decrease the current level in steps as defined by
sub-clause 5.2.3.1 on page 119 until the signal drops below the threshold. In case that the signal was be-
low the threshold, gradually increase the current level in steps as defined by sub-clause 5.2.3.1 on page
119 until the signal exceeds the threshold. Record the actual threshold value Ix. Please observe the note
regarding hysteresis in sub-clause 5.2.3.1 (this may always require determination of I, for increasing cur-
rent levels).

Repeat steps 12 and 13 for all remaining geometrical test points defined by clause C4 on page 204 and
clause C6 on page 206. In order to speed up the procedure, the iterative evaluation of the new threshold
value I can be done starting from an optimised value based on the values evaluated for the previous
nearby positions.
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15.  Repeat steps 1 through 14 for all specific test conditions defined by sub-clause 5.2.2.2 on page 117 and
clause C6 on page 206. Please observe that “nominal conditions” of step 1 is substituted by the relevant
“specific condition” for each subsequent pass.

16.  Repeat steps 1 trough 5 and 9 through 13 at the temperature extremes, and evaluate possible change of
performance. Potential change of performance shall be considered in calculations of sub-clause 5.2.4 on
page 123.

It must be verified that reliable Up-link measurements can be performed in the presence of the applicable
27 MHz Tele-powering signal.
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524 Creation of Signal Pattern for Dynamic Tests

5.24.1  General Description

The aim is to create a time varying 4.2 MHz current through the Reference Loop that simulates a Balise passage
without any physical movements of the equipment. In other words, it is a time dependent modulation of the Up-
link signal (in addition to the normal modulation forming the FSK signal). During the following applicable tests
of this document, the Reference Loop will be positioned in [X =0, Y =0, Z = maximum height]. This is the
geometrical reference point.

The recorded Tele-powering flux level (¢ in Figure 39 on page 125) shall be used for determining the response
from two different worst case Balises (ILow and lnicn in Figure 39 on page 125), utilising the lower and upper
limits of the transfer response curve defined by SUBSET-036.

Thereafter, considering data (Ix) obtained during the radiation pattern tests defined by sub-clause 5.2.3 on page
119, a signal pattern simulating a Balise passage shall be calculated. For all geometrical positions (and all appli-
cable Test Conditions) the actual current required for passing the BTM function threshold (Iw) shall be compared
with Iturer (See below). A special geometrical test point is [X =0, Y = 0, Z = maximum height] that serves as
reference. The corresponding threshold value is denominated I tHrer.

The ¢ and Iy patterns recorded along the X-axis for each lateral and vertical displacement, and for each Balise
type (illustrated in Figure 39 on page 125), will have to be stored in separate files in order to use them for simu-
lating dynamic signals of Balise passages.

The signal pattern to be calculated (and simulated) is the Up-link signal current through the Reference Loop,
constituting the sum of the weakest or strongest possible Balise and the difference between I and Iturer (con-
sidering the correct sign). Furthermore, realistic start-up behaviour of the Balise shall be simulated (including a
certain delay time Tya) for the weakest possible Balise. The latter includes that the Balise is inactive until a flux
level of ¢q1 is reached, and that a delay time Tya Of 150 ps is applicable. Each simulated Balise passage shall be
normalised with respect to lthrer.

In order to visualise that data has to be collected once only, followed by proper scaling to simulate a desired
velocity, the example of signal pattern generation is split up in two parts (see Figure 39 on page 125 and Figure
40 on page 126). The first part, required to be performed once only, deals with position related events (see Fig-
ure 39). The second part, to be repeated for each single velocity to be simulated, deals with time related events
(see Figure 40). The following examples of algorithms for signal pattern generation (see sub-clause 5.2.4.3 on
page 127) deals with the position related part only.

Figure 39 on page 125 and Figure 40 on page 126 visualise the process described above. The upper diagram in
Figure 39 is an example of flux level (¢) through the Reference Loop for various geometrical positions (as de-
termined from sub-clause 5.2.3 on page 119). The lower curve of the middle diagram (ILow) is the 4.2 MHz
current through a weakest possible Balise considering the lower limits of the transfer response characteristics of
SUBSET-036. A similar curve is shown with dotted lines for the strongest possible Balise (lnigr). The upper
curve of the middle diagram (l++) is the actual 4.2 MHz current through the Reference Loop that results in an
Up-link signal reaching the BTM function threshold (result from sub-clause 5.2.3 on page 119). The lower
diagram of Figure 39 constitutes the calculated current (l(x) versus position that is to be driven through a Refer-
ence Loop positioned directly underneath the Antenna Unit in position [X =0, Y =0, Z = maximum height] in
order to simulate a Balise passage. Finally, Figure 40 illustrates how to consider time-related events, thus calcu-
lating the current through the Reference Loop as a function of time (IcaLc). The time scale is dependent on the
velocity to be simulated. The Balise start up behaviour mentioned above is also indicated.
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Please note that the normalisation with respect to Iturer has to be performed. This is performed by calculating
the difference in threshold value between the geometrical reference point (Ithrer) and the threshold value for
each position.

Please note that Iturer is one single value taken at the reference position during free air conditions without any
tilting (i.e., nominal conditions).

Please also note that potential changes of worst case conditions due to changed performance at the temperature
extremes, and due to potential changes during toggling Tele-powering signal, shall be considered.

The Tele-powering radiation diagrams evaluated for all the tested conditions (in CW) shall be lowered by the
same amount (in dB) found in toggling mode in case this is supported by the equipment under test, when consid-
ering the weakest Balise. The temperature effect (increase or decrease effects) should cause (when it causes a
flux reduction) a lowering of the lowest Tele-powering radiation diagram in nominal conditions, for the case of
the weakest Balise. On the contrary, a flux increase should apply to the highest Tele-powering radiation diagram
in nominal conditions, for the strongest Balise. Similarly for the temperature effect on the up-link diagrams, an
increase of the reference current due to temperature should raise by the same amount the highest Up-link dia-
gram applicable to the weakest Balise, and a decrease should result in a lowering of the same amount of the
lowest Up-link diagrams applicable to the strongest Balise.

The time scale shall be determined using the following equation:

X
t==
\'

where v is the velocity to be simulated (supplier dependent).
The following cases shall as a minimum apply:

e Each 50 km/h from 20 km/h up to and including the maximum speed for the break points in the lateral devia-
tion versus speed diagrams defined by the supplier, and 300 km/h. This shall be performed for all the Anten-
na Unit heights defined by clause C4 on page 204.

e Low speed conditions (approximately 10 km/h) at minimum height and no lateral deviation.

I Of Figure 39 shall be calculated using the algorithm exemplified in sub-clause 5.2.4.3 on page 127.
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5.2.4.2  Example of Signal Pattern Generation
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Figure 39: Example of Signal Pattern Generation (position related events)
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Figure 40: Example of Signal Pattern Generation (time related events)

Ip1 is the current level corresponding to the point of time when the flux level exceeds ®q;. In general, the delay
Tywa is applicable after the point of time when the flux exceeds ®4. However, this only has potential impact on
the ability to detect (weakest possible) Balises, since it shortens the contact length. When dealing with the
strongest possible Balise, the focus is on cross-talk (where Balise Detection aspects are irrelevant from a contact
length point of view). Hence, it is adequate to ignore aspects related to Tya for the strongest possible Balise.
Consequently Tya should be ignored when generating signal patterns for the strongest possible Balise.
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5.2.4.3  Example of Algorithm for Signal Pattern Generation
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Figure 41: Algorithm for Signal Pattern Generation, weakest Balise

Please note that it is the principle that is shown in Figure 41 only, and that the algorithm deals with the position
related events illustrated in Figure 39 only. Also margins for variations over temperature, and for toggling Tele-
powering signal in case this is supported by the equipment under test, must be considered (see sub-clause 5.2.4.1

on page 123). Units are indicated to the right of the figure.
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Figure 42: Algorithm for Signal Pattern Generation, strongest Balise

Please note that it is the principle that is shown in Figure 42 only, and that the algorithm deals with the position
related events illustrated in Figure 39 only. Additional margins for variations over temperature, and for toggling
Tele-powering signal in case this is supported by the equipment under test, must be considered (see sub-clause

5.2.4.1 on page 123). Units are indicated to the right of the figure.
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5.25 Transmission Tests

5.25.1  General Description

The purpose of this test is to determine the capability of the Antenna Unit - BTM function combination with
respect to Balise Detection, reliable data transmission, side lobe management, and location accuracy during
simulated dynamic conditions. It also serves as a test of system dynamics (strongest and weakest possible sig-
nals will occur during the test).

Balise Detect is defined as when the field strength from the Balise is higher than Vi, during a minimum time
Toer. Toer may vary with speed. Reliable data transmission means that an extra time Tre. (resulting in multiple
good telegrams) has been considered in order to ensure reliable transmission (all in accordance with SUBSET-
036).

The input signal to the Reference Loop generating the Up-link signal shall be in accordance with results from
sub-clause 5.2.4 on page 123. The time scale shall be selected in order to comply with speeds at each 50 km/h
from 20 km/h up to the maximum specified velocity for the lateral deviation (Y position) to be simulated. The
odometer input signal shall be selected accordingly.

For each simulated case (simulating various lateral deviations and vertical heights), the BTM function output
signal shall be observed via Interface V; and evaluated. The BTM function shall be set in the normal operational
mode.

The criteria for the Antenna Unit - BTM function being able to correctly handle a certain sequence is that the
BTM function reports the correct telegram, the correct Balise location for the sequence in question, an adequate
reliable data transmission time, and that the BTM function reporting time requirements are fulfilled.

In order to evaluate the correctness of the reported Balise location, the Balise simulations should be precisely
allocated (exact distance from a chosen reference point) in a “virtual test line” used for each test sequence. The
evolution of each sequence will be controlled by the Laboratory Test Management System (the LTMS). The
LTMS will off-line scale each position based Balise pattern into a sequence of time based patterns according to
the desired Balise “positions” and to the chosen train speed (see Figure 40 on page 126). Then the LTMS down-
loads all the relevant data to the arbitrary generator, and finally looks at the real-time odometer data coming from
the LTOM. It issues a triggering pulse for the arbitrary generator when the odometer information of each Balise
starting is reached. The Balise centre positions reported by the BTM function will be checked against the refer-
ence position of the simulated sequence.

All Test Conditions according to sub-clause 5.2.2 on page 115 shall be considered. Certain tailoring is defined
by clause C6 of Annex C on page 206.

The present tests are performed with the antenna located in the reference position and in nominal environmental
conditions. The applicable specific test conditions are simulated by using the radiation diagrams corresponding
to such real conditions.
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5.25.2 Test Procedure, Transmission Tests

Test set-up in accordance with sub-clause 5.2.1.2 on page 113 applies. Steps 1 through 5 below constitute cali-
bration of the level of the generated Up-link signal for the test case in consideration. Succeeding steps form the
actual test procedure.

1.

For each individual test case (of those listed in clauses C4, C6 and sub-clause 5.2.2.2), calculate the posi-
tion related pattern exemplified in Figure 39 on page 125 (thus obtaining 1) using the radiation pattern
data obtained in sub-clause 5.2.3.2, properly scaled to the reference position used for the Antenna Unit
under test. Thereafter, calculate the time related pattern for weakest Balise passage, using the equation of
sub-clause 5.2.4.1 on page 123, and exemplified in Figure 40 on page 126 (thus obtaining lcaic). For the
purpose of the latter calculation, a speed of 26 km/h shall be applied.

Position the Antenna Unit at a position corresponding to X =0, Y = 0, and at maximum height defined by
the Antenna Unit supplier (i.e., the same reference position used for the evaluation of the radiation dia-
grams). Set the BTM function in “normal CW operational mode”, and use nominal test conditions (see
sub-clause 5.2.2.1 on page 115).

Set the RF switch in position P1.

Set the time and odometer input data (provided by the LTOM) to comply with the required speed of
26 km/h. Please note that there might be system-related properties setting certain limitations on proper-
ties such as acceleration etceteras.

Set the arbitrary generator to generate a nominal FSK Up-link signal and apply the time related pattern
obtained from step 1 above. Adjust the output level from the RSG_1 (by means of subsequent Balise
passage simulations) such that the correct level (within +0.3 dB) is obtained at the below defined two
points. The window used for the level measurements by the Vector Signal Analyser shall be such that a
duration of 2.4 ms £0.25 ms is used, and that this duration does not exceed a corresponding geometrical
distance of 20 mm. The current is measured by the Vector Signal Analyser, and the related transfer re-
sponse of the Current Sense Balun is in accordance with H5.4 on page 321. Please observe that the cur-
rent measured by the Vector Signal Analyser needs to be compensated for the B-factor of the Reference
Loop (i.e. the measured target current shall be the desired Reference Loop current divided by B). The
level of the up-link pattern shall be checked in the following points:

e The position in time where the peak current in the calculated pattern occurs.

e The position in time closest to where the current exceeds the receiver threshold (measured at
the reference position of the Antenna Unit) by 1 dB (but never lower than 0.5 dB above the
threshold). The first position in time after the centre of the main lobe should be selected for
this purpose.

In case there are problems fulfilling the target for both positions, the position close to the threshold has
priority. In case not fulfilling both targets, this observation shall be recorded in the test record, and it
shall be made clear that this is a test set-up imperfection. 2 22

Re-calculate the time based pattern to be used for testing according to the equation of sub-clause 5.2.4.1
on page 123, according to the example in Figure 40 on page 126 (IcaLc), and using one applicable veloci-
ty defined by sub-clause 5.2.4.1 on page 123.

2 Itis also important to verify, off-line, that the Tele-powering signal does not influence the actual Up-link

signal driven through the Reference Loop.

22 This check needs to be performed for the reference position only. The purpose is to identify potential test set-up imper-

fections.
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10.

11.

Set the time and odometer input data (provided by the LTOM) to comply with the desired speed (to be
defined by the manufacturer of the BTM function and defined by sub-clause 5.2.4.1 on page 123). Please
note that there might be system related properties setting certain limitations on properties such as acceler-
ation etceteras.

Perform a sequence of at least 10 subsequent sweeps with the data determined above and record the out-
put from the BTM function (via Interface ‘V1’), together with the reference location data provided by the
LTOM. Measure, by the Vector Signal Analyser, and record also the value of the up-link current peak at
each Balise passage simulation, evidencing the occurrence of cases of peak values slightly out of toler-
ance, possibly due to drifts of the RSG_1.%

Repeat steps 6 through 8 for all remaining applicable velocities defined by sub-clause 5.2.4.1 on page
123.

Repeat steps 1 through 9 or 6 through 9 (as appropriate) for all remaining combinations of longitudinal
ranges, lateral displacements and heights (as defined by the Antenna Unit supplier) using the cases de-
fined in clause C4, on page 204 and clause C6 on page 206. Please note that the physical location of the
Antenna Unit and the Reference Loop shall not be changed.

Repeat steps 1 through 9 or 6 through 9 (as appropriate) for all remaining specific test conditions defined
by sub-clause 5.2.2.2 on page 117 and clause C6 on page 206. Please note that the physical location of
the Antenna Unit and the Reference Loop shall not be changed, and that no debris or metallic objects
shall be present (the influence of such conditions is included in the data from the radiation pattern this is
the basis for the calculation of the signal pattern).

The Operator has the possibility to set the LTMS with the input parameter “Interface V1 Delay Time” that ac-
counts for the overall transit time of the BTM function report (regarding the “BALPASS variable”) through the
Interface ‘V1’. This includes from the instant in which the BTM function makes it available to the Interface
Adapter up to the instant in which the variable is available to the LTMS upper level processing. This time
(probably of the order of 1 s to 2 s) does not need to be very precise because of its use explained here below.

The LTMS performs the following steps in relation to the simulation of a certain Balise passage:

a)

b)

<)

d)

€)

It clears the reports table of the Interface V1 and the marker table of the LTOM (possibly present from the
previous simulation) and then sends a trigger command to the RSG.

It waits for the RSG answer. After receiving it, it waits for a time window given by the sum of the fol-
lowing terms:

RSG_delay + Interface_V1_delay + 1.3 m/speed + 100 ms. Please consider that the time accuracy of the
LTMS cannot be better than 100 ms to 200 ms.

When this time-out expires, it checks the validity of all the reports received at the Interface ‘V1’ using the
marker data provided by the LTOM for the Balise centre as a reference. Please consider that the LTOM
data are very precise even at 500 km/h. The check of the BTM reports includes presence of at least one
report, correct user bits, sufficient number of valid telegrams, validity of the “BTM Reporting Time” and
accuracy of the location data (expressed as time and/or distance). In case of multiple reports, the LTMS
accumulates the number of telegrams indicated in each report and uses this number for evaluation. It also
checks the validity of the user bits in each report indicating a non-zero number of telegrams. The “BTM
Reporting Time” is checked for all the reports present in the Interface “V1’ Table. The lower limit for the
“BTM Reporting Time” is LTOM _centre_time — 1.3 m/speed, and the upper limit is LTOM_centre_time
+1.3 m/speed +100 ms.

Then it waits for a time corresponding to the location of the next Balise simulation (at the simulated train
speed).

When the time arrives for the new Balise simulation, firstly it checks that no new report has been added to
the list examined in point 3 above. If this happen there is an error indication otherwise a new cycle is
started from step 1 above.

23 The measurement is performed within a time window corresponding to about 20 mm at the current test speed.
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5.2.5.3  Acceptance Criteria, Transmission Tests

The criterion is that the BTM function is able to correctly receive a Balise during the simulated sequence. This
means that the following properties are correctly reported:

e Telegram.
e Location.

e Overall number of non-overlapping good telegrams defined by the manufacturer considering the safety tar-
gets within the class of reception defined.

e BTM function reporting time (time for data being available to the ERTMS/ETC Kernel).
e Class of reception.
* Class A without any error correction.

*  Class By with error correction (where n is any number defined by the supplier).

It shall be checked that there is a logical consistency between the various fields of the data transmitted by the
BTM function. Missing or erroneous reporting means that the Balise could not be received. For low speed
conditions, the BTM function could perform reporting each 100 ms. In such case, the last report corresponding
to a given Balise passage simulation should be considered for the verifications defined above. See also bullet ‘¢’
of sub-clause 5.2.5.2 on page 130.

A BTM function report that is unduly given outside a Balise passage simulation (considering all relevant delays)
shall be regarded as a failure condition.

5.2.6 Electrical Tele-powering Characteristics

5.2.6.1  General Description

The purpose of this test is to systematically evaluate the performance of the Tele-powering signal generated by
the Antenna Unit - BTM function combination. The electrical characteristics of the signal (such as carrier fre-
quency and carrier noise) and modulation characteristics (in Interoperability mode if supported by the equipment
under test) are subject to testing.

The output signal shall be evaluated during static conditions in CW mode and Interoperability mode (if support-
ed) respectively. The output signal shall be measured using a Reference Loop.

The BTM function shall be forced to applicable modes using suitable commands inserted via Interface V.

Geometrical test points and applicable test conditions are defined by sub-clauses C7.1 on page 208 and C7.2 on
page 209.
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5.2.6.2  Test Set-up for Tele-powering verification

The recommended test set-up is shown in Figure 43 below. Clause F1 of Annex F on page 289 gives an example
of suitable test equipment.

APT
34.
BTM
Interface ‘V1’ | function > i
Adapter Antenna Unit
Interface “Vy’ 38, Interface A i&
\ 4
Laboratory Test Reference Loop | 7
-1 Management Sys-
- tem 29.
Attenuator Current Sense Balun| 14.
Marker 1 Yy
» LToM | 39. s
Interface V2 RF | 36, Low Pass Filter | {5,
Switch
40. | Interface ‘V2’ Low Pass Filter | 15
Adapter 37. P2 P1L 45,
Spectrum Oscillo- Low Pass
»| scope Filter i
Analyser P Vector Signal | 41
PL| [P2 a1 Analyser
35. RE ' ‘
Switch ”| Attenuator Attenuator | 4 Trigger
36. C
2.
13.
IEEE 488 Attenuator RF Ampli- | 3
s | RSG_1 fier '
RS 232

Figure 43: Test set-up for Tele-powering verification

Items 35, 36, and 37 are computer controlled via the Laboratory Test Management System (the computer control
is intentionally not indicated in the figure).
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5.2.6.3 Test Procedure, CW Mode

Test set-up in accordance with sub-clause 5.2.6.2 on page 133 applies.
The spectrum Analyser setting should be the following:

e Centre Frequency = 27.095 MHz

e Frequency Sweep =+ 100 kHz

e Resolution Band Width = 100 Hz

¢ Video Band Width = 100 Hz

The noise measured by the spectrum analyser with 100 Hz resolution band width shall be 90 dB below the carri-
er. The evaluation of carrier noise shall be performed within the frequency ranges f.-100 kHz to f.-10 kHz and
fc+10 kHz to f.+100 kHz. Spurious frequencies above -90 dBc are not allowed.

1. Position the Antenna Unit in the position [X =0, Y =0, Z = nominal height].
2. Set the RF switches so that the signal from the Reference Loop is connected to the spectrum analyser.

3. Command the BTM function to its normal operational mode regarding CW Tele-powering, or to any other
mode equivalent to this (from the point of view of the Tele-powering evaluation).

4. Measure and record the below defined properties of the Tele-powering signal.
e Frequency of the 27.095 MHz field.
e Carrier Noise of the 27.095 MHz field.

5. Repeat steps 1 through 5 for upper and lower temperature extremes.
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5.2.6.4

Test Procedure, Interoperable Mode

Test set-up in accordance with sub-clause 5.2.6.2 on page 133 applies.

This test is only applicable to equipment having the ability to operate in Interoperability mode.

1. Position the Antenna Unit in the position [X =0, Y =0, Z = nominal height].

2. Set the RF switches so that the signal from the Reference Loop is connected to the oscilloscope for verifying
all properties except for the Modulation Frequency. Verification of Modulation Frequency shall be per-
formed with the RF switches positioned such that the signal from the Reference Loop is connected to the
spectrum analyser.

3. Command the BTM function to its normal operational mode regarding toggling Tele-powering, or to any
other mode equivalent to this (from the point of view of the Tele-powering evaluation).

4. Measure and record the below defined modulation properties of the Tele-powering signal.

Toggling behaviour
Modulation Frequency
Pulse Width

Jitter

Modulation Depth

Overshoot

5. Repeat steps 1 through 5 for upper and lower temperature extremes.

Modulation characteristic requirements are defined by SUBSET-036.

Verification of Modulation Frequency shall be performed using the method described in sub-clause D6.2.2.3.2
on page 259.
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5.2.6.5  Acceptance Criteria, Electrical Tele-powering Characteristics

5.2.6.5.1 CW mode

The requirements according to sub-clause 6.2.1.2.1 of SUBSET-036 apply.

5.2.6.5.2 Interoperability mode

The requirements according to sub-clause 6.2.1.2.2 of SUBSET-036 apply.

5.2.7 Maximum Flux Level

5.2.7.1  General Description

The purpose of this test is to systematically evaluate the performance of the Tele-powering signal generated by
the Antenna Unit - BTM function combination. The maximum flux generated through a Reference Loop is
subject to testing.

The output signal shall be evaluated during static conditions in CW mode and Interoperability mode (if support-
ed by the equipment under test) respectively. The output signal shall be measured using a Reference Loop. The
Reference Loop should be subjected to various load conditions during maximum flux measurements.

The BTM function shall be forced to applicable modes using suitable commands inserted via Interface V1.

Geometrical test points and applicable test conditions are defined by sub-clauses C7.1 on page 208 and C7.2 on
page 209.

The maximum flux level test shall determine the flux level through the Reference Loop under various load con-
ditions, and for various geometrical test points. Three different load conditions apply, 60 Q (40 Q), j60 Q

(140 ©), and -j60 Q (-j40 ©2). The figures within parenthesis apply to the Reduced Size Reference Loop, and the
others to the Standard Size Reference Loop. Geometrical test points are defined by sub-clause C7.2 on page
209.

The following load tolerances apply:
e Real part of a resistive load 2 Q
e Imaginary part of a real load 12 Q
e Real part of an imaginary load for Standard Size RL 3Qt550
e Real part of an imaginary load for Reduced Size RL 2Qt045Q

e Imaginary part of an imaginary load 12 Q
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5.2.7.2  Test Set-up for Maximum Flux Level verification

The test set-up is shown in Figure 44 below. Clause F1 of Annex F on page 289 gives an example of suitable

test equipment.

34.

Interface ‘Vy’
Adapter

Interface ‘Vy’

38.

BTM
function

B

Antenna Unit

Laboratory Test
Management
System

Load |gm———

Interface A

Reference Loop | 7.

!

Current Sense Balun| 14.

l Ppumi
Power 10.
Meter 1

Figure 44: Test set-up for Maximum Flux Level Tests

Item 10, is computer controlled via the Laboratory Test Management System (the computer control is intention-

ally not indicated in the figure).
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5.2.7.3 Test Procedure, Maximum Flux Level

The test set-up in accordance with sub-clause 5.2.7.2 on page 137 applies.

1.

Connect the equipment as defined by sub-clause 5.2.7.2 on page 137, and ensure that the Current Sense
Balun is calibrated as defined by sub-clause H5.5 on page 322.

Connect a load to the Reference Loop forming a total impedance of 60 Q (40 Q) in the circuit (i.e., the
sum of the Reference Loop impedance and the external load and the Current Sense Balun shall be 60 Q or
40 Q).

Position the Antenna Unit in the geometrical test point [X =0, Y =0, Z = minimum height].

Command the BTM function to its normal operational mode regarding CW Tele-powering, or to any oth-
er mode equivalent to this (from the point of view of the maximum flux level evaluation).

Record the power level of power meter 1 (Ppmz1).

Calculate the flux through the Reference Loop using the following equation:

O = I:)PMl ‘B- (Zload + ZIoop)

ke Zal 2 hy

where:  Ppm1 is power in Watt recorded by power meter 1
B is the Reference Loop transfer matching ratio
Zioop IS the actual impedance of the Reference Loop in the absence of any antenna
Zioad IS the external load impedance connected to the Reference Loop
fo7 is the Tele-powering frequency (27.095 MHz)
k is the calibration factor determined by sub-clause H5.5 on page 322
Zp is defined in sub-clause H5.5 on page 322

Perform steps 5 and 6 for all the other geometrical test points defined by sub-clause C7.2 on page 209.

Repeat steps 2 through 7, but connect a load forming a total circuit impedance of j60 Q (j40 Q) to the
Reference Loop.

Repeat steps 2 through 7, but connect a load forming a total circuit impedance of -j60 Q (-j40 Q) to the
Reference Loop.

10. Repeat steps 2 through 9 for the specific condition “Metallic Plane underneath the Reference Loop” de-

fined by sub-clause 5.2.2.2.3 on page 117.

Please observe that the actual load values defined in this test procedure constitute the total load of the circuit. It
means that a certain load defined above (e.g., 60 Q) is the sum of the external load connected to the Reference
Loop, the influence of the Current Sense Balun, and the actual Reference Loop impedance. Hence, the Refer-
ence Loop impedance has to be measured separately, and the impedance of the combination of the Current Sense
Balun and the external load has to be measured separately, and the total impedance has to be calculated (and
shall be for instance 60 Q). This has to be characterised prior to the test.

5.2.7.4  Acceptance Criteria, Maximum Flux Level

The requirement is that the flux level never exceeds ¢ua.
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5.2.8 Electrical Up-link Signal Characteristics

5.2.8.1  General Description

The purpose of this test is to systematically evaluate the BTM function capability with respect to extremes of the
electrical characteristics of the Up-link signal (such as centre frequency, frequency deviation, data rate, phase
jitter, and amplitude jitter). Suitable test patterns shall be generated by the arbitrary generator in order to test the
properties mentioned above.

The input signal to the Reference Loop generating the Up-link signal shall be an FSK signal with “imperfec-
tions” as described above. Furthermore, an additional modulation in accordance with sub-clause 5.2.4 on page
123 shall be present in order to simulate a Balise passage. Test data from sub-clauses 5.2.3 on page 119 and
5.2.4 on page 123 shall be used for creation of the simulated Balise passage. The BTM function shall be set in
normal operational mode.

Only a limited amount of combinations of lateral deviation and vertical height will be considered (see sub-clause
C7.2 on page 209). The BTM function output signal shall be observed via Interface V: and evaluated.

The criteria for the Antenna Unit - BTM function being able to correctly handle a certain sequence are defined in
paragraph 5 of sub-clause 5.2.5.1 on page 129.

Test Conditions shall be in accordance with sub-clause C7.1 on page 208.

5.2.8.2  Test Procedure, Electrical Up-link Characteristics

Test set-up in accordance with sub-clause 5.2.1.2 on page 113 applies.
Suitable test patterns for the arbitrary generator shall be developed that simulates the following extremes of the
Up-link signal:
e Centre frequency = 4.234 MHz £175 kHz.
e Frequency Deviation = 282.24 kHz +7 %.
e Mean Data Rate = 564.48 kbit/s +2.5 %.
e Limits of MTIE requirement 1 and requirement 2 according to SUBSET-036.
o Amplitude Jitter = +1.5/-2.0 dB.
Please note that the test patterns shall be designed in order to comply with testing of the Up-link signal from the

Balise as defined in sub-clause 4.2.7 on page 72. One main aspect as listed above shall be evaluated at a time.
Start-up and steady state behaviour shall be considered where applicable.

Apart from these modifications of the FSK signal and the selection of geometrical test points and test conditions,
the test procedure is identical to the procedure defined in sub-clause 5.2.5.2 on page 130 (Transmission Tests).

Geometrical test points and test conditions are defined by clause C7.1 on page 208, and clause C7.2 on page 209.
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5.2.8.3  Test Cases

Parameter Case 1 Case 2 Case 3 Case 4 Case 5
Centre Frequency 4.409 MHz Nominal Nominal Nominal Nominal
Frequency Deviation Nominal 302.0 kHz Nominal Nominal Nominal
Mean Data Rate Nominal Nominal 578.6 kbits/s Nominal Nominal
MTIE Nominal Nominal Nominal MTIE2 limits 24 Nominal
Amplitude Jitter Nominal Nominal Nominal Nominal +1.5/-2.0dB *®
Parameter Case 6 Case 7 Case 8 Case 9

Centre Frequency 4.059 MHz Nominal Nominal Nominal

Frequency Deviation Nominal 262.4 kHz Nominal Nominal

Mean Data Rate Nominal Nominal 550.4 kbits/s Nominal

MTIE Nominal Nominal Nominal MTIEL limits 24

Amplitude Jitter Nominal Nominal Nominal Nominal

Table 21: Test Cases

Nominal characteristics for the respective parameter are defined in sub-clause 5.2.2.1.4 on page 116.

Please observe that the implementation of the test patterns shall consider potential inaccuracy of the RSG/LRRT
and the rest of the test set-up such that it is guaranteed that the specified limits are never exceeded. Air-gap

properties shall be verified using the already used 4.2 MHz antenna (used during Balise testing).

5.2.8.4

See sub-clause 5.2.5.3 on page 132.

Acceptance Criteria, Electrical Up-link Characteristics

24 As defined in Part 1 of this Norm. Three different cases using triangular simulated jitter patterns apply. The first should

be with a period of 3 bits, the second with a period of 25 bits, and the third with a period of 1000 bits.

%5 The jitter should be such that it is correlated with the bit transitions. Low and high jitter frequencies should apply. Low
jitter frequency is such that three jitter periods occur within an entire telegram. High frequency jitter is such that the am-
plitude changes every three data bits.
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529 Cross-talk Immunity

5.2.9.1  General Description

Cross-talk tests shall determine whether there are any potential cross-talk situations within the defined geomet-
rical region and during the test conditions defined by sub-clause 5.2.2 on page 115. Where applicable, certain

cross-talk margins should be evaluated. Specific cable related cross-talk is not included in this sub-clause, but
separately dealt with in 5.2.10 on page 144.

The Tele-powering flux shall be measured using a Reference Loop. The recorded flux level (¢) shall after this
be used for determining the response from a strongest worst case Balise (Inicn) utilising the upper limits of the
transfer response curve defined by SUBSET-036. Thereafter, the Reference Loop shall be connected to a signal
generator generating an FSK Up-link signal that simulates a representative Balise passage (see Figure 45 below),
and carrying a correct telegram with a peak current level as determined above (lricr). The BTM function output
response shall be observed via Interface ‘V1’. The requirement is that no Balise detection is reported. Thereaf-
ter, the peak current level shall be gradually increased until Balise detection occurs, or until a peak current value
of lys +20 dB is reached. The procedure is similar to the method described in sub-clause 5.2.3.1 on page 119.
The difference is that current levels up to the maximum peak current level lyz +20 dB are quantitatively tested to
evaluate the margin for cross-talk.

tgr = 18.1 ms

IHIGH

Figure 45: Up-link signal for Cross-talk tests

The time tqyr shall be selected so that ten complete 1023 bit telegrams are transmitted. The odometer input signal
shall be selected so that the flat part of the sequence according to Figure 45 above corresponds to approximately
0.5 m at a speed of 100 km/h (the entire sequence from start of rising edge to end of falling edge corresponds to
approximately 0.78 m).

This procedure shall be performed for all the geometrical positions defined by clause C5 on page 205, and for all
test conditions defined by sub-clause 5.2.2 on page 115. Certain tailoring is defined by clause C6 on page 206.
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5.2.9.2  Test Procedure, Cross-talk Immunity

Test set-up in accordance with sub-clause 5.2.1.2 on page 113 applies.

1.

10.

11.

12.

13.

14.

Position the Antenna Unit in the first geometrical test point defined by clause C5 on page 205 and select
nominal test conditions defined by sub-clause 5.2.2.1 on page 115.

Set the RF switch in position P2.

Command the BTM function to its normal operational mode regarding CW Tele-powering, or to any
other mode equivalent to this (from the point of view of the Cross-talk evaluation).

Record the value of power meter 2.

Repeat step 4 for all remaining geometrical test points defined by clause C5 on page 205 and clause C6
on page 206.

Calculate the flux for all geometrical test points using the equation defined in sub-clause 5.2.3.2 on page
121.

Determine the corresponding worst case (strongest) response from the Balise (lnicH) as described in sub-
clause 5.2.9.1 on page 141.

Set the RF switch in position P1.

Set the arbitrary generator to generate an Up-link signal in accordance with Figure 45 on page 141. The
initial current setting shall be the I3 current. The current is measured by the Vector Signal Analyser, and
the related transfer response of the Current Sense Balun is in accordance with sub-clause H5.4 on page
321. Please observe that the current measured by the Vector Signal Analyser needs to be compensated
for the B-factor of the Reference Loop (i.e., the measured target current shall be the desired Reference
Loop current divided by B). Set the time and odometer information to comply with a speed of 100 km/h.

Position the Antenna Unit in the first geometrical test point defined by clause C5 on page 205 and select
nominal test conditions defined by sub-clause 5.2.2.1 on page 115.

Record the output from the BTM function (via Interface ‘V1’) and determine whether Balise detection
occurred or not. That is, Balise detect or Balise localisation is reported.

In case that Balise detect did not occur, increase the peak current level in steps of 0.5 dB until Balise
detect occurs or until ly3 + 20 dB is reached. Repeat steps 11 and 12 until the margin is determined.

Repeat steps 11 and 12 for all remaining geometrical test points defined by clause C5 on page 205 and
clause C6 on page 206, using the appropriate Inicn for each separate point.

Repeat steps 1 through 13 for all specific test conditions defined by sub-clause 5.2.2.2 on page 117 and
clause C6 on page 206. Please observe that “nominal conditions” of step 1 is substituted by the relevant
“specific condition” for each subsequent pass.

It must be verified that reliable Up-link measurements can be performed in the presence of the applicable
27 MHz Tele-powering signal.
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5.2.9.3  Acceptance Criteria, Cross-talk Immunity

5.2.9.3.1 General

The requirement is that no cross-talk occurs. There is no explicit requirement on a certain margin, but the de-
fined test procedure makes it possible to perform this evaluation. The evaluation of the cross-talk margin must
be separated into the two cases defined by SUBSET-036.

5.2.9.3.2 One Balise and one Antenna Unit

This case is applicable for lateral deviations of 1400 mm or more.

The cross-talk margin in dB is evaluated as follows:

M argin = {® < ®,,}=20-log :£+20-Iog%

u3

M argin :{CD>CDd3}:20-Iog||£

u3

Where: ¢ is the actual flux level in nVs for the geometrical position in question
dq3 is in NVs, and defined by the transfer characteristics of the Balise
Ict is the actual current in mA for when cross-talk occurs
luz is in mA, and defined by the transfer characteristics of the Balise
Margin is the cross-talk margin in dB

5.2.9.3.3 One Balise and two Antenna Units
This case is applicable for lateral deviations of 3000 mm or more, and for longitudinal deviations as defined by
the manufacturer of the Antenna Unit.

The cross-talk margin in dB is evaluated as follows:

. |
M argin = 20 - log <~
I u3
Where: lcr is the actual current in mA for when cross-talk occurs

luz is in mA, and defined by the transfer characteristics of the Balise
Margin is the cross-talk margin in dB
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5.2.10 Cross-talk Immunity with Cables

5.2.10.1 General
This sub-clause defines measurement methods for verifying potential cable related cross talk for the Antenna
Unit. The tests are divided in two parts:
e Up-Link Cross talk from cable to Antenna
e Tele-powering Cross talk from Antenna to cable
It also includes the test set-ups that are required.

All distances are in millimetres unless explicitly otherwise stated.
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5.2.10.2 Cross-talk Measurements

5.2.10.21

Test Configuration, Up-Link Cross-talk from cable to Antenna Unit

A proposed test set-up is shown in Figure 46 below. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. See also sub-clause 4.2.1 on page 24.

X-axis
/ Antenna\
1]
4#’ Minimum height (for th
_ H Inimum neig or the
® y-axis Antenna Type in question)
7-axis D IE TOp of Rail (fICtIVG)
13| Signal T e
Generator
ISOO
T
2|Atenvator { T
l Reference 8., ol Bar Profile
position ~TTTTTTTCC
RF 35
3. Amplifier Jv
BTM V1h (Yes or no) A0
function - 4
45. Filter
Power
y z-axis Meter 1 10
4.| Attenuator T
IDMl
4.2 MHz { Antenna 5
\ 4
20] Balun <—-1 Filter | 12.
> | R2
H
R1
32. — 500
600 600

A

Figure 46: Up-link Test Configuration, cable to Antenna Unit
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5.2.10.2.2  Test Configuration, Tele-powering Cross-talk from Antenna Unit to cable

A proposed test set-up is shown in Figure 47 below. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. See also sub-clause 4.2.1 on page 24.

X-axis
/ Antenna \
R —

D
. > Minimum height (for the
® y-axis Antenna Type in question)
s — & Top of Rail (fictive)
T VE
(B .
500
A\ 4
=l
8 """ Bar Profile
Reference _ T i _
position
J 35
y
BTM A0
function D
Power
Z-axIs Meter 1 10.
T Pm1
{ Antennas
\>
< ! R2
H
R1
32. — 500
600 ’ 600 .

Figure 47: Tele-powering Test Configuration, Antenna Unit to cable
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5.2.10.2.3  Test Procedure, Up-link Cross-talk from cable to Antenna Unit

The test set-up shown in Figure 46 on page 145 shall be used. The resistor R1 shall be 350 Q and R2 shall be
400 Q. The distance D is the position in the x direction, and shall be in the range from —1000 mm to 1000 mm.
This test determines the signal received in an Antenna induced from a cable with the current 2 mA and 10 mA
for E =93 mm and E = 493 mm respectively. See Figure 46 on page 145 for definition of E.

1.

Position the Antenna at position D = -1000 mm and E = 93 mm and set the BTM function in normal
operational mode.

Set the Signal Generator to generate a 4.2 MHz FSK signal carrying telegram type 1, and the current ‘I’
to 2 mA. For telegram type 1 see clause A2 of Annex A on page 158. For the suggested current probe,
a current of 1 mA will give a voltage of 1 mV into 50 Q. Therefore, the current is calculated using the
following equation:

| =./Pyy x50 Where P is measured in [W], and | is measured in [A]
Verify that the response from the Antenna Unit is below V1 (determined by the BTM function) by
observing output data via Interface V; (i.e., that Balise detect or Balise localisation is not reported).

Position the Antenna at regular intervals of +40 mm, up to the distance D = 1000 mm. For each posi-
tion, verify that the response is below V.

Position the Antenna at position D = -1000 mm and E = 493 mm.

Set the Signal Generator to generate a 4.2 MHz FSK signal carrying telegram type 1, and the current ‘I’
to 10 mA. For telegram type 1 see clause A2 of Annex A on page 158.

Verify that the response from the Antenna Unit is below Vy (determined by the BTM function) by
observing output data via Interface V1 (i.e., that Balise detect or Balise localisation is not reported).

Position the Antenna at regular intervals of +40 mm, up to the distance D = 1000 mm. For each posi-
tion, verify that the response is below V.



Page 148 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

5.2.10.2.4  Test Procedure, Tele-powering Cross-talk from Antenna Unit to cable

The test set-up shown in Figure 47 on page 146 shall be used. The resistor R1 shall be 400 O, and R2 shall be

400 Q. The distance D is the position in the x direction, and shall be in the range from —1000 mm to 1000 mm.
This test determines the current induced in a cable from an Antenna Unit for E =93 mm and E = 493 mm. See
Figure 47 on page 146 for definition of E.

1. Position the Antenna at position D = -1000 mm and E = 93 mm.

2. Command the BTM function to its normal operational mode regarding CW Tele-powering, or to any
other mode equivalent to this (from the point of view of the Cross-talk evaluation).

3. Record the reading of Power Meter 1 and call it P27iach.

4, Position the Antenna at regular intervals of +40 mm, up to the distance D = 1000 mm. For each posi-
tion, record the reading of Power Meter 1 and call it P27 1ach.

5. Position the Antenna at position D = -1000 mm and E = 493 mm.

6. Record the reading of Power Meter 1 and call it P271acL.

7. Position the Antenna at regular intervals of +40 mm, up to the distance D = 1000 mm. For each posi-

tion, record the reading of Power Meter 1 and call it P271acL.

The results from the test are a set of P271acn Values and a set of Pa7iacL. Calculate the current that corresponds to
the maximum value of each set of data, and call them lz7acr and lo7aci respectively. For the suggested current
probe, the current of 1 mA will give a voltage of 1 mV into 50 Q. Therefore, the currents are calculated with the
following equations:

ly7acH = +/P271acH X 50 Where P is measured in [W], and | is measured in [A]
ly7acL =+ Po71acL X 50 Where P is measured in [W], and | is measured in [A]

The value l27ach shall be lower than 25 mA.

The value l27acL shall be lower than 10 mA.
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5.2.10.3 LZB Cable Testing

5.2.10.3.1 General

In general, two different test set-ups apply for the tests with LZB cable:

e Measurement of 27 MHz Tele-powering induction from a Eurobalise On-board Equipment.

e Measurement on the Eurobalise On-board Equipment when 4.2 MHz current is injected into the tool.
Requirements are defined in SUBSET-036.

Please observe that the 75 Q set-up impedance must always remain for the purpose of testing of Tele-powering
induction.

5.2.10.3.2  Reference Axes and Origin of Co-ordinates

Regarding measurements with 4.2 MHz Up-link current, directions for the Antenna Unit shall be defined accord-
ing to three reference axes related to the horizontally placed LZB Test Loop described in sub-clause J2.3 on page
327.

o A reference axis in parallel with the longer side of the LZB Test Loop (the X-axis).

o Arreference axis at right angles to the X-axis. This axis is in parallel with the short side and crosses
the long side of the LZB Test Loop in the middle. The level of this axis is the centre of the LZB cable
(the Y-axis).

o A reference axis directed upwards, at right angles to the LZB Test Loop plane (the Z-axis).

LZB Test Loop

z A

Figure 48: Reference Axes
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5.2.10.3.3

Test set-up for 27 MHz Induction

The test set-up according to Figure 49 below applies. Clause F1 of Annex F on page 289 gives an example of
suitable test equipment. Additional details related to the vertically positioned LZB loop is found in sub-clause
J2.4 on page 330. See also sub-clause 4.2.1 on page 24.

5.2.10.3.4

BTM Function

Power Meter v
X
(10) Antenna Unit
h\ Y

Short Circuit ! )

<

N-connector

A > e %

> 200 mm
Ground

Figure 49: Test set-up, Tele-powering induction from the antenna

Test procedure for 27 MHz Induction

The recommended test set-up of sub-clause 5.2.10.3.3 should be used. The following procedure applies:

1.

o > 0N

6.

Position the On-board Antenna Unit at the position X =0, Y =-300, and at the height representing the
minimum antenna height defined by the supplier combined with an LZB cable position 105 mm below
the Top of Rail. The reference position of the tool (X =0, Y =0, Z = 0) is at the midpoint of the long-
er upper horizontal cable segment of the tool.

Set the On-board equipment into normal operation.
Measure the 27 MHz current induced into the LZB loop.
Repeat step 3 for increasing Y co-ordinates in steps of 20 mm up to a maximum of Y = 300.

Repeat steps 1 trough 4 for an antenna height considering the case of the LZB cable positioned 75 mm
below the Top of Rail.

Verify that the limits defined in SUBSET-036 are not exceeded.

Please observe that the balun shall be the same unit as the one used during tuning of the LZB loop.
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5.2.10.35  Test set-up for 4.2 MHz Injection

A recommended test set up is in accordance with Figure 50 below. Clause F1 of Annex F on page 289 gives an
example of suitable test equipment. Additional details related to the horizontally positioned LZB loop is found
in sub-clause J2.3 on page 327. See also sub-clause 4.2.1 on page 24.

RSG (13)

Attenuator (2) |
I

Power
Amplifier (28)
BTM function Part of the LZB |
Loop tool Attenuator (4) |
: |
\ Antenna Unit ~ / l Filter (12)
520 mm LZB Loop (44) Balun Attenuator
;' 1 (11
Filter (12) Vector Signal
Current

e Analyser (41)

A
v

1550 mm

Figure 50: Test set-up for 4.2 MHz Injection

5.2.10.3.6  Test procedure for 4.2 MHz Injection
The recommended test set-up of sub-clause 5.2.10.3.5 should be used. The following procedure applies:

1. Generate an Up-link signal including telegram 17 (defined in Table 25 on page 161), modulated in ac-
cordance with sub-clause 5.2.9.1 on page 141, by the RSG. Adjust the output level (IhigH in sub-
clause 5.2.9.1) to result in 0.3 mA through the LZB Loop. Please observe that Tele-powering shall be
switched off during the adjustments of the current.

2. Position the On-board antenna at the position X =0, Y =-300, and at the height representing the min-
imum antenna height defined by the supplier combined with an LZB cable position 75 mm below the
Top of Rail. The reference position of the tool (X = 0) is at the midpoint of one of the longer cable
segment of the tool.

3. Set the On-board equipment into normal operation.
4. Verify that the On-board equipment does not detect the signal.

5. Repeat steps 2 trough 4 for increasing Y co-ordinates in steps of 20 mm up to a maximum of Y = 300.
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5211 Balise Detectability Supervision

5.2.11.1 General Description

This test may be performed in a dynamic way if the Antenna Unit - BTM function combination requires this to
operate properly. In this case, time and odometer information may be required. Antenna mounting conditions
shall be specified by the supplier.

The test shall be performed with the Reference Loop substituted by the metallic profile defined by “Metallic
masses in the track” according to sub-clause 5.2.2.2.3 on page 117. The Antenna Unit shall first be positioned
directly above the metallic profile ([X = 0, Y = 0]) at the minimum height specified by the supplier. No other
debris or metallic objects shall be present during this test.

In case the alarm is not triggered, then the distance ‘d’ (according to sub-clause 5.2.2.2.3 on page 117) shall be
gradually increased in steps of 20 mm until an alarm is achieved. A maximum of three 20 mm steps shall be
taken during this process.. In case the alarm is triggered the same procedure shall be performed but for decreas-
ing ‘d’ distances in the same manner.

5.2.11.2 Acceptance Criteria, Balise Detectability Supervision

The requirement is that no alarm is triggered at Antenna Unit heights higher than specified by the supplier.
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5.2.12 Handling of various Telegrams

5.2.12.1 General Description
The purpose of this test is to systematically evaluate the BTM function capability with respect to handling of
various types of telegrams (including telegram switching).

The input signal to the Reference Loop generating the Up-link signal shall be in accordance with results from
sub-clause 5.2.4 on page 123. The time scale shall be selected in order to comply with the maximum specified
velocity for the lateral deviation (Y position) to be tested (except for during tests of telegram switching at very
low speed). The odometer input signal shall be selected accordingly. The BTM function shall be set in normal
operational mode.

Only a limited amount of combinations of lateral deviation and vertical height will be considered (see sub-clause
C7.2 on page 209). The BTM function output signal shall be observed via Interface V1 and evaluated.

The criteria for the Antenna Unit - BTM function being able to correctly handle a certain sequence are defined in
paragraph 5 of sub-clause 5.2.5.1 on page 129.

Test Conditions shall be in accordance with sub-clause C7.1 on page 208.

Telegrams shall be selected among those defined by clause A2 of Annex A on page 158. Telegram switching
shall be tested both at high speed, and very low speed conditions (contact time more than 100 ms).

5.2.12.2 Test Procedure, Handling of various Telegrams

Test set-up in accordance with sub-clause 5.2.1.2 on page 113 applies.

Suitable test patterns for the arbitrary generator shall be developed that perform transmission of the various
telegram types defined by clause A2 of Annex A on page 158. One single telegram type shall be evaluated at a
time. Test of telegram switching shall be performed during simulation of maximum speed as well as during very
low speed conditions.

Apart from these modifications of the FSK signal and the selection of geometrical test points and test conditions,
the test procedure is identical to the procedure defined in sub-clause 5.2.5.2 on page 130 (Transmission Tests).

Geometrical test points and test conditions are defined by sub-clause C7.1 on page 208 and C7.2 on page 209.

5.2.12.3  Acceptance Criteria, Handling of various Telegrams

See sub-clause 5.2.5.3 on page 132.
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5.2.13 Handling of Balise Sequences

5.2.13.1 General Description

The purpose of this test is to verify that the BTM function correctly reports a sequence of Balises within a Balise
group. The BTM function shall be set in normal operational mode.

The input signal to the Reference Loop generating the Up-link signal shall be in accordance with results from
sub-clause 5.2.4 on page 123, but consist of a sequence of eight consecutive Standard Size Balises positioned at
the minimum specified distance between each other. The time scale shall be selected in order to comply with the
maximum specified velocity for the lateral deviation (Y position) to be tested. The time and odometer input
signal shall be selected accordingly. Different telegrams and different lengths of telegrams shall be mixed within
the sequence of eight Balises. Telegrams shall be selected among those defined by clause A2 of Annex A on
page 158.

Only a limited amount of combinations of lateral deviation and vertical height will be considered. The BTM
function output signal shall be observed via Interface V1 and evaluated.

The criteria for the Antenna Unit - BTM function being able to correctly handle a certain sequence are defined in
paragraph 5 of sub-clause 5.2.5.1 on page 129. See also paragraph 6 of sub-clause 5.2.5.1 on page 129

Geometrical test points and Test Conditions are defined by sub clauses C7.1 on page 208 and C7.2 on page 209.

5.2.13.2 Test Procedure, Handling of Balise Sequences

Test set-up in accordance with sub-clause 5.2.1.2 on page 113 applies.
Suitable test patterns for the arbitrary generator shall be developed that simulates a sequence of eight Standard
Size Balises carrying a mix of different telegrams. The following order of telegrams applies:
o Balise 1 - Telegram type 8.
o Balise 2 - Telegram type 1.
o Balise 3 - Telegram type 9.
o Balise 4 - Telegram type 2.
o Balise 5 - Telegram type 10.
e Balise 6 - Telegram type 3.
o Balise 7 - Telegram type 11.
o Balise 8 - Telegram type 4.

Apart from these modifications of the FSK signal and the selection of geometrical test points and test conditions,
the test procedure is identical to the procedure defined in sub-clause 5.2.5.2 on page 130 (Transmission Tests).
The additional modulation simulating the Balise passage includes eight consecutive patterns as defined in sub-
clause 5.2.4 on page 123. The distance between the centres of consecutive Balises shall be set according to:

e 2.6 m when simulating a speed of 180 km/h
e 3.0 m when simulating a speed of 300 km/h

e 5.0 m when simulating a manufacturer dependent speed above 300 km/h
Geometrical test points and Test Conditions are defined by sub clauses C7.1 on page 208 and C7.2 on page 209.

5.2.13.3  Acceptance Criteria, Handling of Balise Sequences

See sub-clause 5.2.5.3 on page 132. Additionally, the simulated order of Balises must not be mixed.
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5.2.14 Fundamental concepts of Basic Receiver

5.2.14.1 General Description

The purpose of this test is to check the fundamental concepts of the Basic Receiver defined in sub-clause 4.3.4 of
SUBSET-036.

For the purpose of the tests, the specific set of test telegrams defined in clause A3 on page 162 shall be used. It
should be observed that a complete test of all the requirements of the Basic Receiver is more extensive, and that
this procedure focuses on the most important and fundamental requirements defined sub-clause 4.3.4 of
SUBSET-036.

The test telegrams can not prove the safety of the receiver, but they do detect violation of the most obvious and
critical properties (such as inversion of telegram, as well as the proper handling of synchronisation bits, check
bits and extra bits).

The test telegrams of clause A3 on page 162 are 1023 or 341 bits long. All test telegrams may be transmitted
cyclically without interruptions between the last and the first bits of the telegram.

Two of the test telegrams are valid inverted telegrams. The Basic Receiver shall reject the other six test tele-
grams. In fact (apart from the extra-bits test, where the exact number of required extra bits is slightly arbitrary),
any safe receiver shall reject the defined test telegrams.

The input signal to the Reference Loop generating the Up-link signal shall be in accordance with results from
sub-clause 5.2.40n page 123. The time scale shall be selected in order to comply with the maximum specified
velocity for the lateral deviation (Y position) to be tested. The odometer input signal shall be selected according-
ly. The BTM function shall be set in normal operational mode.

Only a limited amount of geometrical test points shall be considered (see sub-clause C7.2 on page 209). The
BTM function response shall be observed via Interface V1 and evaluated.

5.2.14.2  Test Procedure, Fundamental concepts of Basic Receiver

Test set-up in accordance with sub-clause 5.2.1.2 on page 113 applies.

Suitable test patterns for the arbitrary generator shall be developed that perform transmission of the various
telegram types defined by clause A3 on page 162. One single telegram shall be evaluated at a time.

Apart from these modifications of the FSK signal and the selection of geometrical test points and test conditions,
the test procedure is identical to the procedure defined in sub-clause 5.2.5.2 on page 130 (Transmission Tests).

Geometrical test points and test conditions are defined by sub-clauses C7.1 on page 208 and C7.2 on page 209.
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5.2.14.3  Acceptance Criteria, Fundamental concepts of Basic Receiver

The telegrams in accordance with clause A3 on page 162 shall be handled as follows:

e The telegram defined as identity S1 shall be either reported as a correctly decoded telegram, or be re-
jected.

e The telegram defined as identity S2 shall be either reported as a correctly decoded telegram, or be re-
jected.

e The telegram defined as identity S3 shall be rejected.
e The telegram defined as identity S4 shall be rejected.
e The telegram defined as identity S5 shall be rejected.
e The telegram defined as identity S6 shall be rejected.
e The telegram defined as identity S7 shall be rejected.
e The telegram defined as identity S8 shall be rejected.

5.3 Requirements for Test Tools

See Annex B on page 164, Annex D on page 211, and Annex H on page 301.
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Annex A (Normative), Reference Test Telegrams

Al General

The telegrams entered into the Balise via its Interface ‘C1°, stored within the Balise (Default Telegram), or en-
tered into the reference loop shall in general contain meaningful user data, consistent with the real, or partly
simulated, movement of the antenna. They shall normally contain variables and data compliant with the
ERTMS/ETCS language and must be encoded according to the coding requirements defined in SUBSET-036.
The exception from these rules is that during testing of the fundamental concepts of the Basic Receiver, the
specific telegrams of clause A3 on page 162 shall be used, which do not fulfil these criteria

Both lengths of telegrams (341 bits and 1023 bits) are used.

Regarding the test telegrams considered in clause A2 on page 158, a complete list of application related data is
given in Table 22. An explanation of their different typologies is given in Table 24. The finally encoded data
corresponding to each telegram is given in Table 25, while the final set of “User Data” is given in Table 23.
Hexadecimal notation is used for describing both final test telegrams and User Data.

Table 26 gives the characteristics of each test telegram used for testing the Basic Receiver properties. Table 27
gives the final telegram bits in the same way as in Table 25 for normal test telegrams.

For each telegram of Table 25 and Table 27, the corresponding bit sequence can be obtained from the hexadeci-
mal representation by replacing each hexadecimal digit with its four-bit binary digit notation (MSB on the left-
most position). For the short telegrams, the last 3 bits of the corresponding hexadecimal notation of Table 25
and Table 27 shall be ignored. For the long telegrams, the last bit of the corresponding hexadecimal notation of
Table 25 and Table 27 shall be ignored. The telegram transmission starts from the first leftmost bit of the string
S0 obtained, and continues from left to right. According to sub-clause 4.3.1.2 of SUBSET-036, the first transmit-
ted bit is the MSB of the telegram (bit 340 or bit 1022), while the last transmitted bit is the LSB (bit 0).

The checksum, included in Table 25 and Table 27 related to each telegram, is used for protecting the telegram
notation with respect to possible corruption originating from text editing tools. The checksum is built-up by
grouping the consecutive hexadecimal digits of each string in a string of hexadecimal two-digit numbers (where
the leftmost digit is the most significant one), and by summing up all the two-digit numbers so obtained.
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A2

Test Telegrams

Tel. ID| Size | Type Balise description

M_BALISE | M_PIG | M_DUP |[M_MCOUNT |M_PACKET |L_PACKET |NID_TRAIN |L_XTEXT [ X_TEXT

8 bits 4 bits | 2 bits 8 bits 8 bits 8 bits 20 bits 8 bits variable

1 Short 2 1000 0000b | 0001b 00b od 71d (fixed) [ xxxxxxx 1d XXXXXXX | XXXXXXX
2 Short 2 1000 0000b | 0010b 00b 0d 71d (fixed) | XXXXXXX 2d XXXXXXX | XXXXXXX
3 Short 3 1000 0000b | 0001b 00b od 71d (fixed) [ xxxxxxx 3d XXXXXXX | XXXXXXX
4 Short 3 1000 0000b | 0010b 00b od 71d (fixed) [ Xxxxxxx 4d XXXXXXX | XXXXXXX
5 Short 4 1000 0000b | 0000b 00b od 71d (fixed) [ xxxxxxx 5d XXXXXXX | XXXXXXX
6 Short 4 1000 0000b | 0000b 00b od 71d (fixed) [ Xxxxxxx 6d XXXXXXX | XXXXXXX
7 Short 5 1000 0000b | 0000b 00b od 71d (fixed) [ xxxxxxx 7d XXXXXXX | XXXXXXX
8 Short 5 1000 0000b | 0000b 00b od 71d (fixed) [ Xxxxxxx 8d XXXXXXX | XXXXXXX
9 Long 9 1000 0000b | 0001b 00b od 71d (fixed) [ xxxxxxx ad XXXXXXX | XXXXXXX
10 Long 9 1000 0000b | 0010b 00b od 71d (fixed) [ Xxxxxxx 10d XXXXXXX | XXXXXXX
11 Long 10 | 1000 0000b | 0001b 00b od 71d (fixed) [ Xxxxxxx 11d XXXXXXX | XXXXXXX
12 Long 10 | 1000 0000b | 0010b 00b od 71d (fixed) [ xxxxxxx 12d XXXXXXX | XXXXXXX
13 Long 11 | 1000 0000b | 0000b 00b od 71d (fixed) [ xxxxxxx 13d XXXXXXX | XXXXXXX
14 Long 11 | 1000 0000b | 0000b 00b od 71d (fixed) [ xxxxxxx 14d XXXXXXX | XXXXXXX
15 Long 12 [ 1000 0000b | 0000b 00b od 71d (fixed) [ xxxxxxx 15d XXXXXXX | XXXXXXX
16 Long 12 [ 1000 0000b | 0000b 00b od 71d (fixed) [ xxxxxxx 16d XXXXXXX | XXXXXXX
17 Short 1 1000 0000b | 0000b 00b od 71d (fixed) [ xxxxxxx 17d XXXXXXX | XXXXXXX
18 Long 8 1000 0000b | 0000b 00b od 71d (fixed) [ xxxxxxx 18d XXXXXXX | XXXXXXX

Table 22: User data of the Test Telegrams (before coding)
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Tel. ID

Hexadecimal contents

801001 1C D8 0000 42 91 D3 08 59 4D 17 9D D5 88 1A 3F FF FF FF FF FF FF FF CO

8020 01 1C 7800 00 81 1C 15 0D 4D 7F FF FF FF FF FF FF FF FF FF FF FF FF FF CO

801001 1D 380000 C4 17 8C 99 5E 09 CD 8D DB D4 17 1C 54 DC 92 9C D1 3F FF CO

802001 1C A80001 01 CA D8 52 0B 49 0D CA FF FF FF FF FF FF FF FF FF FF FF CO

800001 1D 380001 44 0B CC 8B CE 10 94 52 D5 48 0B D1 57 4E 9B DA C9 BF FF CO

800001 1D 28 00 01 83 DB 9B 88 9E 9D DB 52 98 D8 59 90 OF 51 95 11 FF FF FF CO

8000 01 1C 68 00 01 CO D6 10 54 7F FF FF FF FF FF FF FF FF FF FF FF FF FF FF CO

800001 1D 18 00 02 03 9A CF D6 DO 1A 8F DE 95 95 9A 90 CB 1E 1C 7F FF FF FF CO

Ol | Nl | B~ |lW|IDN]|PF

8010 01 1C B8 00 02 42 19 89 DC CF D8 11 1D 19 3F FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC

10

8020 01 1E 04 00 02 87 58 8B D6 48 9C D8 99 51 D4 55 8D 49 5A 18 53 D4 D3 4B D7 5A 9C 1C 0D 8C D4 54 91 CD
DA 3F FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC

11

8010 01 1E AC 00 02 D1 C9 53 D5 9C D2 1C 4B 14 0C 0B C9 58 9C CD 8D 8D 14 4E 1A 1E 4D DO DA 89 1D DA
OE 99 59 1E 8F 89 5A 0D 56 4C 91 91 8B 96 11 08 0A 49 55 4E 49 DD D7 1D 95 4A CF 1A D8 95 92 9C 4B 19 DD 54
8B DC 4D 0B 11 53 D5 17 OF 7F FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC

12

8020 01 1D B8 00 03 06 08 16 54 0B 8B 98 1C 52 CD 55 DD CC D3 D5 D8 1E 12 11 5B 4C 89 1D 8F D5 3F FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC

13

80 00 01 1E D4 00 03 54 5B 16 5B D2 8B CE 4C 5D 57 4D C8 51 58 09 0D 4D 09 9A 57 9E 59 4A 5E 1C 1E 9B 17 4E
92 D357 55 9C 14 9B 4D 57 CC DD 49 CA CF 17 5D D2 55 8C 54 54 4A 97 10 94 1C CC 4D 5D 09 9D 17 5B 5A 13
9C 54 1D D6 DA 09 D9 49 8F 14 57 D5 9D CA 19 15 D8 D5 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC

14

8000 01 1D C8 00 03 86 5B 51 12 C8 8C 57 5D 9C 5E 12 16 0D 4B 55 8F 5B CE OF 49 C8 9A 09 CA 10 D7 3F FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC

15

80 00 01 1E BC 00 03 D2 DA OA DE 0B D9 88 0B 52 98 48 9B 10 8D DA 52 D7 9C 91 8C 88 94 1A 53 88 0B 53 0A
93 DD 14 0A CE 92 19 51 99 0C CB CE 8A D2 57 OF 57 4A 88 54 90 8A 09 1B 17 DA 49 53 D7 DD 55 CF OE D2 10
91 5E 1A 52 5D 12 15 58 93 1B 8C 15 CC 3F FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC

16

80 00 01 1E 88 00 04 OF 96 1B 0D 15 1D 5A 97 10 CF 8F CD 92 0A 54 12 1A 4E CE CE 89 15 19 4E 8A 8F D8 D9 D6
0B 96 11 0C 50 12 1B 8E 5E 0C DD C8 DB 13 1B 54 9E 8C 14 CE CF 97 59 9B 13 0B 1A 19 5E 4A 1B 9D 15 4E 3F
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC

17

80 00 01 1C D8 00 04 42 95 8F 5C 99 95 11 D8 8B 89 4D BF FF FF FF FF FF FF FF CO

18

80 00 01 1E 58 00 04 8C 90 5C 1A D2 13 4A D4 8C D4 0B 4F 18 DB D6 17 15 1C 8B 90 5A 91 OF 4D CE 1E 9D 12
9A 4B 14 1C 88 C9 0C 1D 0C 0B 93 4F 8C 95 9B 53 8D 49 DD 5D 0C 1D 54 7F FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC

Table 23: User data of the Test Telegrams (after encoding) in Hex format
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Type Description
1 Short Telegram with 50 % (+ 2 %) of logical "1" and with an evenly distributed run length
2 Short Telegram with 10 % to 40 % of logical "0" and with an evenly distributed run length
3 Short Telegram with 60 % to 90 % of logical "0" and with an evenly distributed run length
4 Short Telegram with 45 % to 55 % of logical "0" and with high frequency of transitions
5 Short Telegram with 45 % to 55 % of logical "0" and with low frequency of transitions
8 Long Telegram with 50 % (+ 2 %) of logical "1" and with an evenly distributed run length
9 Long Telegram with 10 % to 45 % of logical "0" and with an evenly distributed run length
10 Long Telegram with 55 % to 90 % of logical "0" and with an evenly distributed run length
11 Long Telegram with 45 % to 55 % of logical "0" and with high frequency of transitions
12 Long Telegram with 45 % to 55 % of logical "0" and with low frequency of transitions
Table 24: Typologies of the Test Telegrams
ID | Size | Type? Check Hexadecimal value
sum
1 Short 2 18D0 75 BB BF 37 1E 7F 76 B9 25 D3 FD ED 46 BA D7 69 85 7B ED 37 F6 A5 F2 F4
3E FD 8C DF 5A 40 DA 7F BB 71 22 C5 BF 22 CD A3 9B 07 78
2 Short 2 1C2D DD 77 C157 C7 E7 F9 79 54 67 A8 B9 BE B1 FE 5F A8 37 D3 B7 A8 CD 2C EF
F7 58 DC E6 D6 40 7C E7 B3 25 F8 B3 7B EF 6B 7C DA A8 EO
3 Short 3 1058 OE 50 48 31 9E 85 A1 6B E4 A5 A4 88 A8 06 0A 70 18 A5 73 FO 2B 10 31 08 40
7230 C0 90 40 72 80 89 22 04 E5 OE 6C 51 57 03 44 80
4 Short 3 O0DFB 3B 47714918 C902 16 1584 09 0C 49 31 CO C9 0OA E7 17 0C A0 44 53 12 66 08
0583944048 77 B180 8A 58 F2 37 02 07 49 71 30
5 Short 4 12A1 E8 AB AD 7C AA CD 7566 23 49 71 75 3E 09 19 2E DA 8A 4D 5F 6C 4F 5B A5
51 09 56 CE 5E 404D 77 AA52 B598 32 6A 47 51 76 ED 28
6 Short 4 12D9 6D F2 AC D9 28 F5 5B 6F 4B 7F 1522 AB 70 2C A9 6A D2 1B 52 72 OF 5A 16
99 2A 9D 99 26 40 5B 89 AD 2C A9 53 D3 4B B9 D5 5A 2D 38
7 Short 5 1633 B2 9B EB C1 99 DF 37 80 69 28 BC 6E 06 60 2C 3F 94 37 3F 87 87 79 F7 BB E2
08 1CFEDE 40711611 C02F D2 7C FOE3 C9EB 4D 68
8 Short 5 1710 DE FE F381 A7 7C 9F BE 05 E4 03 CD B3 BD 62 C7 03 DB B1 8E E3 10 FO 87
6757 78 20 E0 40 43 8C 10 1E 01 E4 BC 91 60 D3 82 1D FO
9 Long 9 4483 98 3B E6 32 7B 23 75 ED 96 19 46 9A 3D OE F2 A6 3D 2D 7C 37 88 CD F7 77 C3
DD EB D1 82 65 A7 F5 22 D4 BB D4 75 3A DC 4D 34 2F 5E 63 91 C7 B3 92 96
BA 7D 7B EC DB 14 2F 24 5C 87 F8 EA 7D 3E OD 2B F6 F2 F1 AB 99 5B 7E DF
453C413C AE77 C23BE97C475A 7D F2 C55D 49 AAF3 3067 74 FC 4A
C759 F2 D9 ED 5E F9 13 E2 E6 17 8592 CD 7B OF D9 10 1B 51 67 29 2F B5 DF
89 B8 ACDEDAT7C
10 | Long 9 473B BE 09 4B AD 38 41 5F E7 42 D4 6B A0 79 61 36 1B 64 27 9C DF 2B ED 3D E5
BC D9 E2 F6 DF 78 CC 52 E2 B3 16 BC B9 5D CD 8E 73 D7 5B F6 08 B9 OE F5
A3 E5 03 5B 3D D7 B3 15 E4 0C FB 45 55 D6 8F 75 5F 6D 75 1A 4F 7F 69 7C F6
7B 6D 8A 19 3F 4C 07 B7 A9 6E FC 73 F4 C6 EF D4 D8 70 DB F7 EF 79 90 C9
A1 258E 67 6E CADOE1LC269 CE D925 AE OF F1 21 90 11 CD A9 7D BF A5
60 F6 F5 F4 BD 0B D8

% See definitions in Table 24.
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Size

Type 26

Check
sum

Hexadecimal value

11

Long

10

36DA

70880588 701348 B443 COF0090A45D4 CC 190254 BB8123A891 CC
2A 413503 DAF165 AE5A014B A8 7AC11C56 1C 1D 6A 22 EE6A 5D 15
37 E8 443D 52 62 1D 41 9E 2B 05 9F 0B 99 F2 8D 95 91 82 97 D6 10 1C 45 39
83 CD5A 1D 46 F151 C096 8A 513293 C174818E A96B 1203 9B 4E C84C
F4 B8 6B 3F 68 40 FO 12 C3 2E 86 BE 38 BO FB 90 3F 09 55 15 86 41 20 6C FA
E7 2986 20

12

Long

10

3834

70 DA 90 A3 DA 44 AF 4B CAE8 DO F7 08 69 A2 85 7B DC A4 12 C4 88 22 BA
F8 29 C1 0C 6090 F2 1E 23 09 58 21 A0 B8 91 DE 1A EO 21 D2 63 84 51 FD 47
24 A3 8474 DC A5ED 37089C 77 12 03 EE 4D B2 97 30 8540 C4 85 02 E6 E3
48 B588 2B 4631 34 F8 87 09 3F 0C 11 50 CB 28 70 9F 70 11 1E 9542 10 E4 3A
3C 74835113 A72C 12 D769 629508 47 10 10 9F 4F 1F 52 30 DO 3D OE 4A
1074 A6

13

Long

11

42E1

A1 E4F4351A 93 5B 15 44 A2 AB 75 B5 B7 56 B6 80 D5 66 DF 95 EA D3 30
3E47CD 15BB BC 73 85 AC B6 7A 6F 31 DD 37 E8 9B DB 61 EA 24 BD 92 A2
2A 53 A4 69 6A 2A 64 3C CA F6 F6 5D 86 2A 61 7D A7 45 71 38 52 5D 3F C4
835A A4 AE 12 AD 15 6E 71 A6 6B 53 96 35 DA 01 F6 6A 93 B4 BC 14 E1 6C
DA 7TA DA 24 64 D1 0C 6B D2 8D E5 96 EA 18 F4 C4 F8 97 90 12 1C 94 E9 16
F9 8A A3 BC 2956 63 CC

14

Long

11

4054

12194F 8C C4 FB B542 95 6A 9A D2 1A 5B 51 61 C6 A8 E3 FB 88 BA E2 AE
42 730C D9 9B E6 09 7D 92 B5 AE 45 A2 AD C6 61 5F 9C D5 5B CA 49 B2 0C
5A B522 A509 78 71 ED 4E CO B7 B1 4B 24 FF OF 40 B1 52 21 D6 0D 96 F2 B7
56 D4 BE 53 ED 29 B1 5D 2F 41 19 34 09 2B 76 AD 51 BC 97 0B A2 75 9A 60 33
A9 89 CE A5 F6 8E 29 7B 53 CF DA 6D D2 DE B6 A8 90 14 2B 2B C8 0A 55 45
E7 40 AA 95 99 5E

15

Long

12

45ED

3821 B1BBBEC3B873C386FCOD F626B4C954C7C772CDF1C926
F4 B8 F8 2A 07 AE 36 E8 78 FO 46 AF 46 88 60 B0 9558 82 4C 43 9B E3 A1 E4
3C2F2F 2D F3E5E5F506 D9 A4 25 F2 FB BD 14 F2 1C 27 C7 CAF9 77 D4
840971 0F BD C638 A786 F31F E212 D3 0F C101 DC 3198 B3 83 76 38 7TE
8E0C C40C B9BEF82D C8C484 07 CB 1340 C990 12 DB 38 88 B9 10 FO 94
F58C F6 F9 26

16

Long

12

4234

OE 6C 0C BD B1 B6 03 86 CD E6 59 DF 21 45 7F 50 10 FC CF 02 63 4F CE 32 F2
085164037697 6EDAB0CFIC A2F4E3DBCBE757 A8B87E 46 F8 47 4B
COE3EF06 D076 7E81 F9B87883039BFC EAF5F7 1877 7446 FC 5C 59
52 CF2EE3 78 D312 A6 DC 22 1B 3A CE 57 C4 FO 49 6E 1D C3 82 1A 60 B8
EF 7CF30742 7B 7F 30 FF 7D EE 11 F4 BC B9 C4 10 34 22 13 09 A3 AD F6 A6
4C 2B 9E 3C 36

17

Short

15B6

BF 6563 7E 56 AA5C 65 D8 E6 51 F2 DB 38 ED CD 15 82 44 20 29 10 DE 35
0D 55 A9 8C 38 40 63 61 DA C6 AE C6 68 A6 93 27 BB F1 80

18

Long

3DFB

2468 68 D4 F1 DE B6 13 DD 24 C3 4D AF A1 DF6A AACD411C0A512071
SE E7 78 D328 7F 91 1D C2 2A 82 57 31 45 37 60 FF 42 E9 B6 A8 36 94 B6 71
EF 19 6A 52 17 B6 C4 F6 AF CB C8 9B CE 1A 7D 63 32 83 OE AA CB 7A 81 9A
9D OF 8D OF 8E 81 3576 F6 CF 70 59 A5 DO CD 09 34 76 46 15 23 04 C4 37 8F
BC7D0OCCI9BB130525C072C18271E5CD C710167942EB9A 143B
8992 A162 DD 9E

19

Short

Telegram 4 with 2 bit errors in random position

20

Short

Telegram 4 with a 20 bit burst error in random position

21

Short

Telegram 4 with 2 pairs of consecutive bit slip/insertions in random position

22

Long

10

Telegram 11 with 2 bit errors in random position

23

Long

10

Telegram 11 with a 50 bit burst error in random position

24

Long

10

Telegram 11 with 2 pairs of consecutive bit slip/insertions in random position

Table 25: Encoded Test Telegrams
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A3 Specific Test Telegrams

ID Description

S1 |Valid inverted short-format telegram.

S2 | Valid inverted long-format telegram.

S3 | Long-format telegram with erroneous control bit b107, which shall be rejected by the Basic Receiv-
er.

S4 | Short-format telegram with erroneous bit b108, which shall be rejected by the Basic Receiver.

S5 | Inverted long-format telegram with erroneous control bits, which shall be rejected by the Basic
Receiver.

S6 | Repeated short-format telegram with invalid synch bits, which shall be rejected by the Basic Receiv-

er.

S7

Long-format telegram with invalid word in check bits, which shall be rejected by the Basic Receiv-

er.

S8

Test pattern for short-format extra bits checks, which shall be rejected by the Basic Receiver. The
test pattern consists of a repeated short-format telegram, where bits 461..1022, but not bit 922, are
inverted. Both bits 0..460 and bits 461..921 constitute error-free telegrams with 120 extra bits.

Table 26: Characteristics of the Specific Test Telegrams

Check sum

Hexadecimal value

S1

1458

21 FD 51 D840 6E F3 AC 30 C153 B3 8E 911334 E1 12 2C 03 DE 30 9E 10 2F 7F
4B CC FD BF A3 65 64 AB 8E OF D3 5A 56 33 44 B2 A8

S2

4068

71 C6 74 E5B50C 1C 6C 2A 91 6D 53 74 49 2A AD DB F6 95 18 39 23 30 5D AE 06
26 C32F 8054 D3 EE 88 TEEC AD E6 23 17 DC FD DF 71 09 36 C5 1E F4 4E 7D
23 DF 24 5A D550 47 67 CAFC D7 13 F7 AB 6B 1C 58 B8 23 AF B9 D6 84 27 8A
E4 9B 86 63 4B 84 83 5F 64 AE 6C 1248 71 5C D7 41 80 90 6B 82 23 1C 28 FA 9B
D7 E8 C094 51 D5 F1 30 EO 70 61 5E 6F E6 28 1D F7 CB 73 41 FE 29 61 BB EO B2

S3

42F1

82 6F BD 12 DA BD 29 45 90 C5 A5 CB 2E 29 80 A7 E1 19 A6 6E 9F 8C D2 D4 OE
E8 51 6E 32 65 AB 5D CE F7 AA3C F529 67 36 C4 1F EC 55 C2 6D 50 C2 76 D3
DF 5A 16 D3 50 B2 76 4D C9 F9 47 60 3F A3 BE AC 8D 8B EF 51 A5 5B D7 CB B3
954F 2A 11 EC 26 C1 B8 EO E4 87 1E 6C CE 79 60 E9 CF 95 D5 1C 38 FO 4A D7 51
16 73 7B 46 5F 1B 67 79 5A FO 4E 5B 65 84 1C DC 1A 4E 59 D9 5F 7E 52 F7 E7 B2
8A

S4

11BB

F79A E52B 6A 6804 42 2E DC 455593 F8 7211 7B 36 3B D7 71 97 0B 33 8D 4C
D11C 24 C044 7104 31 44 D5 68 55 44 36 5B 60 A8

S5

411A

71 C6 74 E5 B50C 1C 6C 2A 91 6D 53 74 49 2A AD DB F6 95 18 39 23 30 5D AE 06
26 C32F 8054 D3 EE 88 TEEC AD E6 23 17 DC FD DF 71 09 36 C5 1E F4 4E 7D
23 DF 24 5A D550 47 67 CAFC D7 13 F7 AB 6B 1C 58 B8 23 AF B9 D6 84 27 8A
E4 9B 86 63 4B 84 83 5F 64 AE 6C 12 48 71 5C D7 41 80 90 6B 82 23 1C 28 FA 9B
D7 E8 C0 94 51 D5 F1 30 EO 70 61 5E 5F E6 1B E5 B6 35 43 ED 86 E9 97 84 F5 B8
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Check sum

Hexadecimal value

S6

3CA8

F79AE52B6A 680442 2EDC 455593 F8 7211 7B 36 3B D7 71 97 0B 33 8D 4C
D11C 244045 F5B3 14 A4 27 OE8BA FF 6D A4 35 EFBC D7 295B 534022 1176
E2 2A AC 9F C3 90 8B D9 B1 DE BB 8C B8 59 9C 6A 66 88 E1 22 02 2F AD 98 A5
21387457 FB 6D 21 AF 7D E6 B9 4A DA 9A 01 10 8B B7 11 55 64 FE 1C 84 5E
CDB8EF5DC65C2CCE35334470910117D6C C52909 C3A2BF DB 690D
TA

S7

3FD9

8E 39 8B 1A 4A F3 E3 93 D5 6E 92 AC 8B B6 D5 52 24 09 6A E7 C6 DC CF A2 51
FOD93CDO0O7F AB2C 117781135219 DC E8 2302 20 8E F6 C9 3A E1 0B B1 82
DC 20 DB A5 2A AF B8 98 35 03 28 EC 08 54 94 E3 A7 47 DC 50 46 29 7B D8 75
1B 64 799C B4 7B 7C A0 9B 51 93 ED B7 8E A3 28 BE 7F 6F 94 7D DC E3 D7 05
64 28 17 3F 6B AE 2A OE CF 1F 8F 9E A1 90 19 C7 4F 6E 71 5B 8A BA E3 37 B7 12
AE

S8

425C

DE 02 AE 27 BF 91 0C 53 CF 3E AC 4C 71 6E EC CB 1E ED D3 FC 21 CF 61 EF DO
80 B4 3302405C 9A 9B 54 71 FO 2C A5 A9 CC BB 4D 56 F0 15 71 3D FC 88 62 9E
79 F562 63 8B 77 61 A708 91 60 1E F1 84 FO 81 7B FA 5E 67 ED FD 1B 2B 255C
70 7TEQA D2 B19A 259548 7F 54 76 10 1B BC EB 0C 30 54 EC E3 A4 44 CD 38 44
8B 00 F7 8C 27 84 0B DF D2 F3 3F 6F C8 D9 59 2A E3 83 F4 D6 95 8C D1 2C AA

Table 27: Encoded Specific Test Telegrams



Page 164 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

Annex B (Normative), Air-gap Reference Equipment

Bl General

This Annex establishes the unified test method, and the specification of the specific reference equipment for the
tests that have to be done on products in order to establish Interoperability. It also specifies the use of the test
equipment as the common reference for Eurobalise. This Annex is needed for Interoperability between different
products that are part of the Eurobalise Sub-system.

The specification of the Reference Loops that correspond to the definitions in SUBSET-036 is one of the main
purposes of this Annex. The Reference Loops are used for absolute level measurements.

For the test, it is also necessary to define a Test Antenna that is activating the Balise during the tests. It shall also
be able to receive the signal from the Balise. This Test Antenna is used for relative measurements, and not used
for absolute level measurements. All absolute measurements are related to the Reference Loops.

In addition to this, a special Activation Antenna is required for activating the Balise during cross-talk and Up-
link tests. This device shall not have a loop for receiving Up-link signals.

In general, this document defines the minimum requirements of the Reference Equipment. Better accuracy is
always advantageous, and will reduce necessary margins in the measurement process during Product Qualifica-
tion.

B2 Reference Loops

B2.1 Size of Reference Loops

The Standard Size and Reduced Size Balises have the below stated Reference Areas for the measurement of field
strength from the Antenna Unit to the Balise. These Reference Areas are also valid for the measurement of
output field strength from the Balise.

Standard Size (width x length) = 358 mm x 488 mm
Reduced Size (width x length) =200 mm x 390 mm
Reduced Size, Transversal (width x length) =390 mm x 200 mm

The Reference Loops shall be made in such a way that the output signal is proportional to the magnetic flux
through this Reference Area for the respective loop size of the Reference Area.

The loop shall be protected with an insulating plate. The total thickness of this plate shall be 25 mm to 28 mm,
and the physical interface with the environment in the other directions (X and Y) shall be 19 mm to 25 mm out-
side the Reference Area (i.e., the length and the width of the Reference Loop shall be 38 mm to 50 mm larger
than the Reference Area). This plate defines the position and the distance from the Reference Area to where the
physical interface with the environment is located. The exact location of this physical interface has to be defined
during testing of the debris influence on the flux through the Reference Area and the influence on the output
field from the encirculating current.

The Reference Loop shall have visible markings that define the reference position for the Reference Loop. It
shall be located in the centre of the plate £10 mm. This reference position shall be used to indicate the electrical
centre of the Reference Loop (i.e., centre of the Reference Area). A positive direction in each of the X, Y, and Z
directions relative to the Reference Loop shall be defined.
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B2.2 Field Requirements

B2.2.1 Magnetic Field (H-field)

The Reference Loop shall be tested relative to another Reference Loop of the same kind. Tests shall be per-
formed in free air with the two Reference Loops in horizontal orientation, and top side facing each other (i.e., the
positive z-direction of each Reference Loop is facing each other). The longest sides shall be parallel, and the X-
direction is defined as the direction of the longest side of the loop. The Y-axis is in the horizontal plane and in
right angle to the X-axis. The mutual inductance shall be measured between the two Reference Loops, both with
the x-axis in parallel and in anti parallel, and the result shall be compared with the theoretically calculated val-
ues. The measurements shall be made for the vertical distances (Z), and the lateral (Y) and longitudinal (X)
horizontal displacements between the Reference Loops according to the table below.

In the table below, the mutual inductance M is defined in a slightly different form. The attenuation (A) is given
in dB according to following formula:

-Al20
A=-20-log oM or inverted: M= ZSQ-10
250

(O]

The measured mutual impedance expressed in form of A (see above) between two Reference Loops, shall not
deviate more than + 0.5 dB from the following theoretical calculated values. For the Reduced Size Transversal
Reference Loops, the values for the Reduced Size Reference Loops are valid. The calculation is made according
to the definition of the Reference Areas. Furthermore, the matching transfer ratio B (see sub-clause B2.3 on
page 167) and the electrical centre shall be evaluated for each individual Reference Loop.

Table 28 below shows the calculated values for the mutual impedance between two identical Reference Loops.

Height, Lateral, Longitudinal, | Standard size, | Standard size, | Reduced size, | Reduced size,
z y X Tele-powering Up-link Tele-powering Up-link
[mm] [mm] [mm] [-dB] [-dB] [-dB] [-dB]
220 0 0 1.43 17.55 10.85 26.97
220 0 150 3.33 19.45 13.37 29.49
220 0 -150 3.33 19.45 13.37 29.49
220 0 250 6.48 22.60 17.86 33.98
220 0 -250 6.48 22.60 17.86 33.98
220 100 100 3.62 19.74 1452 30.64
220 100 -100 3.62 19.74 1452 30.64
220 -100 100 3.62 19.74 14.52 30.64
220 -100 -100 3.62 19.74 1452 30.64
220 150 200 7.74 23.86 21.22 37.34
220 150 -200 7.74 23.86 21.22 37.34
220 -150 200 7.74 23.86 21.22 37.34
220 -150 -200 7.74 23.86 21.22 37.34
220 150 0 4.35 20.47 16.58 32.70
220 -150 0 4.35 20.47 16.58 32.70
220 200 0 6.63 22.75 21.28 37.40
220 -200 0 6.63 22.75 21.28 37.40
340 0 0 7.48 23.60 18.39 34.51
340 0 275 12.22 28.34 24.71 40.83
340 0 -275 12.22 28.34 24.71 40.83
340 225 225 15.35 31.47 29.90 46.02
340 225 -225 15.35 31.47 29.90 46.02
340 -225 225 15.35 31.47 29.90 46.02
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Height, Lateral, Longitudinal, | Standard size, | Standard size, | Reduced size, | Reduced size,
z y X Tele-powering Up-link Tele-powering Up-link
[mm] [mm] [mm] [-dB] [-dB] [-dB] [-dB]
340 -225 -225 15.35 31.47 29.90 46.02
340 275 0 14.48 30.60 29.23 45.35
340 -275 0 14.48 30.60 29.23 45.35
460 0 0 12.63 28.75 24.46 40.58
460 0 250 15.70 31.82 28.34 44.46
460 0 -250 15.70 31.82 28.34 44.46
460 0 350 18.72 34.84 32.11 48.23
460 0 -350 18.72 34.84 32.11 48.23
460 200 200 17.22 33.34 30.56 46.68
460 200 -200 17.22 33.34 30.56 46.68
460 -200 200 17.22 33.34 30.56 46.68
460 -200 -200 17.22 33.34 30.56 46.68
460 300 300 23.04 39.16 37.92 54.04
460 300 -300 23.04 39.16 37.92 54.04
460 -300 300 23.04 39.16 37.92 54.04
460 -300 -300 23.04 39.16 37.92 54.04
460 250 0 16.75 32.87 30.13 46.25
460 -250 0 16.75 32.87 30.13 46.25
460 350 0 20.73 36.85 35.26 51.38
460 -350 0 20.73 36.85 35.26 51.38
Table 28: Mutual Impedance between Reference Loops
B2.2.2 Electric Field (E-field)

The E-field rejection of the Reference Loop shall be more than 25 dB.

25 dB E-field rejection corresponds to 0.5 dB accuracy for a TEM wave (25 dB E-field rejection means that the
Reference Loop will give 25 dB lower signal than from an H-field when E/H=377 Q).

This requirement means that an electrical field of 315 V/m shall generate less signal on the Reference Loop
output than a magnetic flux of 10.3 nVs through the Standard Size Reference Loop. In the same way, it means
that 445 V/m shall generate less signal on the Reference Loop output than a magnetic flux of 6.5 nVs through the
Reduced Size and Transversal Reference Loop.

In the real test situation, the E-field is much less than 377 Q x H. If the accuracy of the Reference Loop shall

comply with the required accuracy, then this must be valid with good margins in the near field zone.

The Reference Loop shall be tested in a pure E-field environment (i.e., negligible magnetic field).
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B2.3 Compensation for the Impedance of the Reference Loop

The nominal impedance for the equipment connected to the Reference Loop shall be 50 Q (i.e., the source im-
pedance of the generator and the load impedance of the power meter shall be 50 © when connected to the Refer-
ence Loops).

The Reference Loop should be connected to a 50 Q load when it is used for Tele-powering flux measurements.
Then the voltage Vi shall be measured over this 50 Q resistance. If the Reference Loop has a serial impedance
(the shunting impedance must be negligible) of Z4 for the actual frequency, and if the Reference Loop has the
matching transfer ratio of B, then the flux through the reference area can be calculated according to:

® _Yn'B l+z—d
T e 50

If the Reference Loop is fed with a voltage source with the voltage 2xVs and with the serial resistance of 50 Q,
then the current encircling the reference area can be calculated according to:

IU _——
50- 1+ﬂ
50

where Z, is the serial impedance of the Reference Loop.

The impedance of the Reference Loop may be influenced by the test object, or by the environment. In this case
the measurement result must be compensated (if the compensation is not negligible) with respect to the actual
impedance during the test (i.e., the impedance must then be measured). This has to be performed for each indi-
vidual set up with the Reference Loop.

Another possibility is to directly measure the actual current into the Reference Loop, utilising a special Balun
with current sense capabilities, and to measure the output voltage from the Reference Loop with a “high imped-
ance” device (i.e., the impedance of the Reference Loop shall be negligible compared to the measuring device).
However, please observe that the B-factor must be considered also in this case (e.g., in order to obtain a current
of Iy encircling the reference area, the current measured by such a current sense balun shall be 1,x/B)

If the shunting impedance is not negligible, the designer of the Reference Loop must give and verify the formula
for how the influence of this shall be compensated.

The B-factor is a matching transfer ratio that provides a compensation of a specific design solution so that the
characteristics of Table 28 on page 166 are obtained. In general, this considers compensation if the electrical
size of a specific solution is not exactly equal to the defined reference area (but still is within the acceptable

tolerances for the Reference Loop), and compensation for other imperfections (such as stray capacitance etc.).
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B2.4 Frequency Characteristics of the Reference Field

Up-link:

Tele-powering:

When the Reference Loop is supplied with a sinusoidal signal from a constant and perfect 50 Q
source, then the amplitude of the Magnetic Field (H-field) shall be within +0 dB and -0.5 dB
over the frequency band 3.89 MHz to 4.59 MHz. The requirement is applicable under free air
conditions anywhere within the Main Lobe Zone defined by SUBSET-036.

When the Reference Loop is supplied with a sinusoidal signal from a constant and perfect 50 Q
source, then the amplitude of the Magnetic Field (H-field) shall be within +0 dB and -1.0 dB
over the frequency band 3.5 MHz to 5.0 MHz. The requirement is applicable under free air
conditions anywhere within the Main Lobe Zone defined by SUBSET-036.

When the Reference Loop is supplied with a sinusoidal signal from a constant and perfect 50 Q
source, then the variation of the group delay shall not be more than 35 ns over the frequency
band 3.5 MHz to 5.0 MHz. The requirement is applicable under free air conditions anywhere
within the Main Lobe Zone defined by SUBSET-036.

When a homogeneous and constant Magnetic Flux (¢) is passing through the Reference Loop,
then the output voltage shall be as follows for the frequency range 27.095 MHz —10 kHz to
27.095 MHz +10 kHz:

o With a perfect 50 Q load Output Voltage variation max. +0.2 dB

o For resistive loads within
the Load Range 20 Q to 200 Q Output Voltage variation max. +0.5 dB

e For complex loads within
the Load Range 20 Q to 200 Q Output Voltage variation max. 1.0 dB %

The requirement is applicable under free air conditions anywhere within the Main Lobe Zone
defined by SUBSET-036.

B2.5 Influence of Debris

B2.5.1 The flux through the Reference Area

When performing tests during influence of the various conditions defined by sub-clause B5 on page 186, the
impedance of the Reference Loop will be changed. After having performed compensation for this change of
impedance, the accuracy of the measured induced voltage shall not be degraded more than 1 dB.

B2.5.2 The field from the Balise

When performing tests during influence of the various conditions defined by sub-clause B5 on page 186, the
impedance of the Reference Loop will be changed. After having performed compensation for this change of
impedance, the accuracy of the measured current shall not be degraded more than 1 dB.

27 It shall be possible to achieve better accuracy if special precautions are taken (e.g., by measuring the frequen-
cy and taking the actual Reference Loop impedance into account).
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B2.6 Conformity Testing of Reference Loops

B2.6.1 Test Procedure

The theoretically calculated mutual inductance between two identical Reference Loops for a number of positions
is defined in sub-clause B2.2.1 on page 165, and shall be compared to measured values in order to determine the
measurement accuracy of the Reference Loops. The following Test Procedure should be used:

For each position described in B2.2.1 on page 165, the following procedure should be performed for the Refer-
ence Loops.
1. Measure the Up-link and Tele-powering attenuation between the two Reference Loops of the same
kind.

2. Measure the impedance of the Reference Loop that transmits the 27.095 MHz and 4.23 MHz sig-
nals respectively.

3. Calculate the compensation factor for the impedance in the Reference Loop, and add this compen-
sation factor to the measured attenuation. The compensation shall be based on the actual imped-
ance of the transmitting Reference Loop (for each individual test point), and free air impedance of
the receiving Reference Loop.

4, Compare this compensated result with the theoretically calculated value.

5. Rotate one of the Reference Loops 180° in the X-Y plane, and repeat steps 1 through 4. This step
evaluates potential systematic asymmetry of the Reference Loops.



Page 170 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

B2.6.2 Measurement set-up

A proposed test set-up is shown in Figure 51 below. 2 Clause F1 of Annex F on page 289 gives an example of
suitable test equipment.

Reference Loop

_r %\./7- Port 1

Point 2

y

Port 2

Network Analyser
with S-parameter test
set (Pos. 22)

Reference Loop

bl

Ferrite Block

50 Q, RG 214
coaxial cable

Figure 51: Measurement set-up

28 The Reference Loops shall be placed on a non-disturbing positioning system, and connected to the network analyser with
a 50 Q coaxial cable with ferrite devices. The cables shall be separated through placing the Reference Loops so that the
cables will not be parallel to each other. The positioning system should have an accuracy in displacement in the X, Y,
and Z directions of about 1 mm. It is essential that the positioning system does not disturb the field distribution. Ferrite
devices shall be used in order to reduce the RF field effect on the measurements. The Baluns shall be placed at the end of
the cables, i.e., at the Reference Loop and the network analyser connector. The ferrite blocks shall be placed regularly
along the cables evenly spaced at approximately every 70 cm. The core material in the Ferrite Blocks shall be “Amidon
43” or equivalent. It is essential that the cables are of double screened type (e.g., RG 214 coaxial cable).
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B2.6.3 Instrument set-up and Calibration

A network analyser with S-parameter test set should be used to measure the attenuation between the Reference
Loops, and also the impedance of one Reference Loop for the different positions.
The following instrument set-ups and calibrations should be used:

e Transmission measurements:

Centre frequency: Up-link - 4.23 MHz, Tele-powering - 27.095 MHz
Frequency span: 2 MHz

Trace 1 input: S21 (Transmission, Port 1 - Port 2)

Display function: Log/Mag

Marker: Up-link - 4.23 MHz, Tele-powering - 27.095 MHz

The measurement shall be normalised with points 1 and 2 in Figure 51 connected together.

e Impedance measurements:

Centre frequency: Up-link - 4.23 MHz, Tele-powering - 27.095 MHz
Frequency span: 2 MHz

Trace 2 input: S11 (Reflection, Port 1)

Display function: Smith Chart

Marker: Up-link - 4.23 MHz, Tele-powering - 27.095 MHz

A “full one port calibration” shall be performed at port 1 at the end of the cable, i.e., at point 1 defined in Figure
51.

B2.6.4 Compensation for the impedance of the Reference Loop

The measured values of the Reference Loop impedance and the attenuation between the two Reference Loops
shall be recorded. The compensation factor for the mutual inductance between the Reference Loops is calculated
from the measured impedance according to the following equation:

0% LOG (50 +re)? +im?

50

where re = Real part of the Reference Loop impedance.
im = Imaginary part of the Reference Loop impedance.
The transmitting Reference Loop shall be compensated according to the equation above, considering the actual

impedance of each individual test point. The receiving Reference Loop shall be compensated based on the im-
pedance during free air conditions.

The compensated value of the attenuation between the two Reference Loops is calculated by adding the compen-
sation factor to the measured attenuation between the two Reference Loops. Compare the measured value with
the theoretically calculated.

The model of Figure 52 below is assumed as the basis for the process:
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50 I "
2U V, _@ . D 50 |V,
Zl J(DM ZZ J‘
—>
Zin

Figure 52: Equivalent circuit diagram

Measure Z; during free air conditions (i.e., long distance between the two Reference Loops), and Zi, for each
individual test position. The following equations apply:

1) V=17 —joMl,

U2
3 P =—
) =
V
4 I, =—2 =V, =50l
) 2 50 2 2
Vl - Iz
5) zin=|—3{1}:>zin:zl—1m|v||—
1 1
joMI
6) {4and2}=1, =201
50+27,
»’M?
7) {Band6}=2Z;, =27+ N.B.Dependenton M!
50+2,
2,/50P
B == Bl=h=t
50+ Z;, 50+ Z;,
z
V, +1,Z VZ(“SS]
9) {2)=joM=-2"1222 _ fandg}= joM=———>2(50+Z,,)
Iy 2,/50P;
50V, (1+ iéj(u i‘g j
10) {9}= joM =
2,/50P;

11)  ~vjeMs= S0Vk wherek:(l+%)(1+ Z‘”]

2,/50P 50
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B2.6.5 Test Environment

The test should be performed in a laboratory environment where no other H-field exists except the ones that are
to be measured. The Reference Loops shall be separated more than 0.5 m from any metallic object during the
measurements.

B2.6.6 Calculation of correction factors

Three Reference Loops of the same kind should be crosswise tested against each other in accordance with the
Test Procedure described in sub-clause B2.6.1 on page 169. Thereafter, the differences between the measured
and the theoretical values should be allocated to each individual Reference Loop. This shall be performed apply-
ing the following equation system to the measured values:

_ 312 +8;3 7853489

! 2
o = a1 tayz—a13—ag
, =
2
_Qy3tay—a1, 3y
€g = 5

where:  a;2 = measured attenuation between Reference Loop 1 and Reference Loop 2
a1z = measured attenuation between Reference Loop 1 and Reference Loop 3
ap3 = measured attenuation between Reference Loop 2 and Reference Loop 3
ao = theoretical attenuation between two Reference Loops
€1 = error of Reference Loop 1
g2 = error of Reference Loop 2
g3 = error of Reference Loop 3

An alternative is to make a measurement between two Reference Loops only, where one of these is an already
characterised device, and the other is the device to be calibrated.

Finally an attempt should be performed in order to minimise the mean value and the standard deviation of the
calculated errors for each individual Reference Loop.

The method for doing this is to simulate a (small) movement of the electrical centre point (in X, Y, and Z) of the
Reference Loop, add the corresponding compensation factors to the measured values, and to evaluate the com-
pensated results. The compensation factors shall be calculated from the derivatives of the field distribution (in
dB/cm) for each individual test point. The matching transfer ratio (‘B’) of the Reference Loop (that is nominally
1.00) may also be changed. The method for this is introducing a compensation factor that is added to the meas-
ured values, and that minimises the overall mean value of the errors. In this case, the compensation factor is
identical for all geometrical positions (for one specific Reference Loop), and constitutes a change of the ‘B’
factor defined in sub-clause B2.3 on page 167. The derivatives of the field distribution are found in the Table 29
below. In order to evaluate potential systematic asymmetry, one of the Reference Loops should be rotated 180°
in the X-Y plane and the results should be taken into consideration.

Applications suitable for performing the process are embedded in sub-clause B2.7 on page 176.
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Height | Lateral | Longitu- | Standard Standard Standard Reduced Reduced Reduced
z y dinal Size, Size, Size, Size, Size, Size,

[mMm] | [mm] X x-derivative | y-derivative | z-derivative | x-derivative | y-derivative | z-derivative
[mm] [dB/cm] [dB/cm] [dB/cm] [dB/cm] [dB/cm] [dB/cm]
220 0 0 0 0 0.55 0 0 0.70
220 0 150 0.25 0 0.49 0.34 0 0.63
220 0 -150 0.25 0 0.49 0.34 0 0.63
220 0 250 0.40 0 0.44 0.60 0 0.53
220 0 -250 0.40 0 0.44 0.60 0 0.53
220 100 100 0.18 0.27 0.47 0.24 0.54 0.54
220 100 -100 0.18 0.27 0.47 0.24 0.54 0.54
220 -100 100 0.18 0.27 0.47 0.24 0.54 0.54
220 -100 -100 0.18 0.27 0.47 0.24 0.54 0.54
220 150 200 0.33 0.42 0.36 0.48 0.86 0.26
220 150 -200 0.33 0.42 0.36 0.48 0.86 0.26
220 -150 200 0.33 0.42 0.36 0.48 0.86 0.26
220 -150 -200 0.33 0.42 0.36 0.48 0.86 0.26
220 150 0 0 0.40 0.45 0 0.81 0.41
220 -150 0 0 0.40 0.45 0 0.81 0.41
220 200 0 0 0.56 0.38 0 1.14 0.12
220 -200 0 0 0.56 0.38 0 1.14 0.12
340 0 0 0 0 0.46 0 0 0.55
340 0 275 0.36 0 0.36 0.48 0 0.40
340 0 -275 0.36 0 0.36 0.48 0 0.40
340 225 225 0.30 0.44 0.25 0.39 0.66 0.13
340 225 -225 0.30 0.44 0.25 0.39 0.66 0.13
340 -225 225 0.30 0.44 0.25 0.39 0.66 0.13
340 -225 -225 0.30 0.44 0.25 0.39 0.66 0.13
340 275 0 0 0.54 0.25 0 0.79 0.09
340 -275 0 0 0.54 0.25 0 0.79 0.09
460 0 0 0 0 0.40 0 0 0.45
460 0 250 0.25 0 0.34 0.32 0 0.36
460 0 -250 0.25 0 0.34 0.32 0 0.36
460 0 350 0.36 0 0.27 0.45 0 0.27
460 0 -350 0.36 0 0.27 0.45 0 0.27
460 200 200 0.20 0.27 0.29 0.25 0.36 0.28
460 200 -200 0.20 0.27 0.29 0.25 0.36 0.28
460 -200 200 0.20 0.27 0.29 0.25 0.36 0.28
460 -200 -200 0.20 0.27 0.29 0.25 0.36 0.28
460 300 300 0.31 0.41 0.14 0.38 0.52 0.04
460 300 -300 0.31 0.41 0.14 0.38 0.52 0.04
460 -300 300 0.31 0.41 0.14 0.38 0.52 0.04
460 -300 -300 0.31 0.41 0.14 0.38 0.52 0.04
460 250 0 0 0.34 0.29 0 0.44 0.27
460 -250 0 0 0.34 0.29 0 0.44 0.27
460 350 0 0 0.47 0.18 0 0.59 0.09
460 -350 0 0 0.47 0.18 0 0.59 0.09

Table 29: Derivatives of the field distribution
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B2.6.7 Labelling and Marking of Reference Loops

In the event that the electrical centre point evaluated as defined by B2.6.6 is different from the geometrical cen-
tre point, then the electrical centre point shall be clearly marked on the Reference Loop. The geometrical centre
point is already marked during the manufacturing process of the Reference Loop.

Each individual Reference Loop should be equipped with a label where the following information is defined:

o Type of Reference Loop (Standard or Reduced Size)
e Part Number

o Serial Number

e Revision Status

e Impedance in free air

e B-factor
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B2.7 Application for Reference Loop Calibration

B2.7.1 General

The herein included embedded objects constitute Excel applications that are to be used for the purpose of evalu-
ating the calibration of the Reference Loops, and determining the applicable B-factors and (if necessary) posi-
tioning correction parameters.

Instructions for use of the applications are included in the Excel charts.

For informative purposes, the hereafter following sub-clause B2.7.2 and sub-clause B2.7.3 include bitmap pic-
tures of the charts of the embedded objects.

Please observe that that both the bitmaps and the embedded objects are filled with fictitious data (included in the
yellow cells).

el

Example_Std Ref Lo
op_Calibration.xls

ol

Exanmple Red Ref L
oop_Calibration.xls
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B2.7.2

Standard Size Reference Loop

Tested units in this shest Free air impedance (72)
‘Standard size Reference Loops Tele-powering Up-lik
Numiner | Reew S| re(onml | im(ohml | rsgohml | imonm
1 RiA X1 &l 03 07 13
2 R18 SK2 32 07 08 07
3 Ri& X3 34 16 07 10

* The lefters in the parentheses defines which measurement series the data is taken in the calumn.

*0 deg means that the reference loaps are in parallelto each ciher, ie. the connectors are st the same direction for bath ref. loops.
* 180 deg means that the reference loops are in anti-paraliel to each other, i e. the connectors are in the opposte direction for the both ref. lnops:

Ditferencas in x, v, and 7 postions indicate how far from the Reference Mark the Elsctrical Certre is cated.
B factors indicate the actual haiching Transter Ratio of the device.

Please ohserve also "defintions and “instructions” further down.

Ret.Loop1 &2, 0dea Calculated Derivatives hieasures! Transmiting reference loop impedance (Z,) Compensation Compensated Difference: Fos. and batch. Difference:
Fosttioning parameters sitenustion attenuation Reterence loop: number 1 factor stterustion measured.calcuisted Correction cted
Height, | Lateral | Long., | Tele- Up- B3 - - (B)Tele- | (e | (8) Tele- | (e Tele- | a)Upelink | () Uik | Up- Tele- Tele- Up- Teke- Up- Tele- Up- Tele- Up-
z y 5 |powering, | ink, | devistion | devition | devietion [powering, | ink, [ powering | powering [ resistance | reactance | ink, powering, | powering, | ik, | powering ink | pewering tink  [powering [ ik

imml ] Imm] =) 6] fooicm) | (obro] | [ooiom) | [oB) (6] | resistance | reactance )] (o8] (681 (o8] (o8] 198] 18] 68] 18] (o8]
220 200 [ 663 | 2278 0.00 056 033 840 | 2400 570 030 050 120 023 148 692 2372 029 047 025 145 ooi | odg
220 50 [ 435 | 2047 0.00 040 045 630 | 270 760 050 080 120 028 177 453 2142 018 -095 028 145 010 | 020
220 50 200 74| 23sE 0.33 042 036 930 | 2810 510 030 00 120 028 138 792 2152 013 098 02 145 a0 | oag
220 150 -200 774 | 2388 0.33 042 036 940 | 2520 510 030 080 120 0.8 138 802 2492 028 108 02 145 000 | 008
220 00 100 362 | 974 018 027 047 570 | 2080 840 050 050 120 030 189 381 2060 019 086 028 145 003 | 028
220 o0 100 362 | 974 018 027 047 560 | 20a0 840 060 080 120 030 1869 371 2060 003 086 038 145 018 | 028
220 o 250 645 | 2260 0.40 000 044 820 | 2380 580 030 080 120 028 149 671 2352 023 092 028 145 005 | 023
220 o 150 333 | 1948 0.25 000 049 540 | 2060 50 060 050 120 030 195 345 2030 042 085 02 145 016 | 030
220 o [ 43 | 755 0.00 000 055 -390 | -18860 12.00 080 090 120 030 241 149 830 006 075 028 145 022 | 040
220 [ 150 33| 1948 0.25 a0o 049 540 | 2060 870 060 0g0 120 030 193 347 2030 04 048 02 145 014 | oau
220 0 250 645 | 2260 0.40 000 044 820 | 2390 570 030 080 120 0.8 148 672 2362 024 102 02 145 004 | 013
220 100 100 362 | 974 018 027 047 560 | 2080 840 050 050 120 030 189 ER 2060 009 086 028 145 019 | 028
220 100 100 362 | 974 018 027 047 5E0 | 2080 840 050 080 120 030 1869 371 2050 003 076 038 145 013 | 038
220 150 200 774 | 2388 0.33 042 036 830 | 2500 510 020 080 120 028 138 792 2472 018 086 028 145 010 | 028
220 150 200 774 | 238 0.33 042 036 630 | 280 510 020 050 120 023 138 ET) 2452 043 088 02 145 oi0 | 049
220 150 [ 435 | 2047 0.00 040 045 620 | 2160 760 040 080 120 028 177 443 2132 008 -085 028 145 020 | 030
220 200 [ 663 | 2275 .00 use 035 830 | 2390 570 020 00 120 028 148 652 2362 049 087 02 145 009 | o2
340 275 i 1448 | 3060 0.00 054 025 | 4590 | 3200 340 020 070 120 026 111 479 | Te 031 114 028 145 003 | oo
340 225 25 535 | aar 0.30 044 025 | 680 | 3300 340 020 080 120 028 111 569 | 3272 034 125 028 145 006 | oo
340 225 225 | 4535 | 3tar 0.30 044 025 | 680 | 3300 340 020 080 120 023 11 AsEs | s272 034 125 038 145 006 | o0
340 o 15 | 1222 | 2834 0.35 000 036 | 4370 | 2980 370 030 080 120 028 116 254 | 2952 032 118 028 145 004 | 003
340 o [ 745 | 2360 0.00 000 046 00 | zd60 520 040 080 120 028 140 E 2452 042 082 025 145 016 | 023
340 o 275 1222 | 2834 0.35 000 03% | 4370 | 2970 370 0.20 080 120 028 116 254 | 2942 032 -1.08 028 145 004 | 007
340 25 25 1535 | mar 0.30 04q 025 | 80 | 3300 340 020 00 120 028 111 Ases | 3272 034 128 02 145 0os | oo
340 225 5 | 535 | 3147 0.30 044 025 | 680 | 3300 340 020 080 120 028 111 AsE9 | 272 034 125 028 145 008 | o0
340 215 0 1445 | 3060 0.00 054 n2s | asen | 3210 350 020 080 120 028 113 97T | s 029 122 025 115 om | o7
460 350 o m73 | w85 0.00 047 015 | 2200 | 3860 310 030 070 120 028 105 2114|3834 041 143 035 145 013 | 03¢
460 300 300 2304 | 3948 0.31 041 014 | 2460 [ 140 310 020 070 120 026 106 2359 | 4nsd 050 168 028 145 02 | 05
460 300 00 | 204 | 39ds 0.31 041 0id | 2470 [ 4120 310 020 070 120 026 108 2354 | 40w 050 178 025 145 032 | 063
460 250 [ 675 | -32er 0.00 034 029 | 4820 | 3440 330 0.20 080 120 028 109 EEET 3412 036 125 028 145 008 | 0
460 200 200 72 | s3ae 0.20 027 029 | 860 | sam0 330 020 070 120 026 109 st 3464 029 130 02 145 oo | s
460 200 o0 | 722 | 3334 0.20 027 029 | 870 | 3430 330 0.20 070 120 026 109 ATE 3464 039 130 028 145 01| s
460 o 350 | 1872 | 3484 0.35 000 027 | 2030 | 3660 320 020 070 120 0.6 108 1922 | 3634 050 150 025 115 02 | 03
460 o 250 | 4570 | 3t82 0.25 000 03| 720 | 3330 330 020 070 120 028 109 811 3304 041 122 035 145 013 | 007
460 o 0 1263 | 2875 0.00 000 n40 | 4400 [ 3040 370 030 080 120 028 116 284 | 2982 021 107 028 145 007 | 008
460 o 250 570 | ez 0.25 000 03 | A7a0 [ 3530 330 020 070 120 026 108 601 3304 0.3 122 025 145 003 | 007
460 o 350 1872 | 3484 0.35 000 027 | 2020 | 3650 320 020 080 120 028 108 912 | 3622 040 138 028 145 012 | 02
460 200 200 72 | s3ae 0.20 027 029 | 870 | sam0 320 020 050 120 028 108 Are2 | 3a62 040 128 02 145 012 | o3
460 200 o0 | 722 | 3334 0.20 027 029 | 870 | 3430 330 0.20 070 120 026 109 ATE 3464 039 130 028 145 01| s
460 250 0 1675 | m2sT 0.00 034 029 | 4810 | 3440 330 020 080 120 028 109 Aarm 5412 026 125 025 115 002 | oo
460 300 300 704 | 3918 031 041 014 | 2480 | 4120 310 020 070 120 0.6 105 2374 | anmd 070 178 02 145 042 | 063
460 300 300 | 2304 | 3916 0.31 041 014 | 2470 [ a120 310 020 080 120 028 106 2364 | 40w 060 176 028 145 03 | a6
460 350 [ w73 | wes 0.00 047 016 | 2230 | 3660 310 020 070 120 026 108 FENEE 051 ERT] 025 145 025 | 03

Difference in x-position [cm] 000 [std. dew: 015 025 015 | 028

Difference in y-position [on] 000 Max: 006 075 022 | o040

Difference in z-position [cm] 000 070 178 042 | 063

B-factoz, up-linik: 028 115 dB Max. 064 102 064 | 102

B factor, tele-poweriny 057 028 9B [Average 030 ERE 002 | oo




Page 178 of 333

SUBSET-085, Issue 4.0.04
February 24, 201223

Fef Loop 1 &2, 180 deg Calculated Derivatives Measured Transmitting reference loop impedance (Z,) Compensation Compensated Difference: Fos. and Match. Difference:
Postlioring parameters ttenuation sttenustion Reference loop: number 1 factor iteruation measurestcalouated Corretion cted
Heirt, | Lstera | Lorg. | Tele- Up- - - % | (@Tele- | @ Up- | () Tele- | CabTele | o) Updink | (o Upink | Up- Tele- Tele- Up- Tele- Up- Tele- Up- Tele- | k-
z ¥ " o Ering, lirk, devistion | devistion | devistion |powering, ik, poweting | poweting | resistance | reactance link, pOvVEHnG, o ering, link, povvering link ot Ering link: ot Eing link
[mm] [min] [mim] [6B] [05] [cbicm] | [ebvem] | [dbiem] [05] [4B] resistancs | reactance [¢B] [6B] [6B] [cB] [05] [2B] [€5] [68] [€8] [cB]
220 -200 o 663 -22.75 0.00 056 038 -830 -2380 570 040 080 120 028 148 582 2362 018 -0.87 028 115 o00s 028
220 -150 1] -4.35 -20.47 0.00 040 045 -6.20 -2 60 TED 0.50 080 1.20 028 177 443 2132 -0.08 -0.85 025 145 020 030
220 150 200 T4 -23.86 0.33 042 0.36 -930 -2510 510 030 080 120 028 138 782 -24 82 018 -0.88 028 115 010 018
220 5 | 20 | v4 | 2aee | a3 042 0% | 92,0 | zmm 510 030 080 1.20 0.2 138 78 | mr2 | 008 088 0.2 145 0 | 029
220 -100 -100 -3.62 -19.74 048 027 047 -560 -2080 850 080 030 120 030 190 -370 -20.50 -0.08 -078 028 115 o0zo 033
220 100 100 382 | 974 | as 027 047 | 60 | 2080 540 050 030 1.20 0.30 139 371 2060 | 009 -0s8 0.28 145 03 | 029
220 o 250 -6.48 -2260 0.40 0.00 0.44 -8.20 -2390 570 030 080 120 028 148 672 -23 B2 -0.24 -1.02 028 115 004 013
220 o 150 -3.33 -19.45 0.25 0.00 049 -540 -20 60 870 060 080 120 030 183 347 -20.30 014 -0.85 028 115 014 030
220 o o -1.43 -17.55 0.00 0.00 0ss -380 -18 60 12.00 080 080 120 030 241 148 -18.30 -0.08 -075 028 115 022 040
220 o -150 -3.33 -19.45 0.25 0.00 049 -530 -2060 880 080 080 120 030 185 -335 -20.30 -0.02 -0.85 028 115 026 030
220 o -250 645 -2260 0.40 0.00 044 -810 -2380 580 030 080 120 028 148 561 2352 013 -0.82 025 115 015 023
220 100 -100 -3.62 -19.74 048 027 047 -560 -2080 840 050 080 120 030 183 37 -20 60 -0.03 -0.88 028 115 o019 028
220 100 100 382 | 974 | as 027 047 | 60 | 2080 540 050 030 1.20 0.30 139 371 2060 | 009 -0s8 0.28 145 03 | 029
220 150 200 T4 -23.86 033 042 038 -940 -25.20 510 020 080 120 028 138 -8.02 -24 92 -0.28 -1.08 028 115 0.00 003
220 150 -200 T4 -23.86 0.33 042 0.38 -9.30 -2510 510 0.20 080 120 028 138 792 24852 018 -0.98 o028 118 AL 019
220 150 o -4.35 -20.47 0.00 040 045 -620 -21 60 T80 040 080 120 028 177 443 -2132 -0.08 -0.85 028 115 ozo 030
220 200 o 663 -22.75 0.00 056 038 -830 -24.00 570 030 080 120 028 148 582 2372 018 -0.87 028 115 o00s 018
340 275 o -14.48 -30.60 0.00 054 025 -15.80 -3210 350 0.20 080 120 028 113 1477 3182 029 -1.22 025 115 -0 -0.07
340 225 225 -15.35 -31.47 0.30 044 n2s -16.90 -3310 340 020 080 120 028 111 1579 -3282 044 -1.35 028 115 -016 -0.20
340 225 225 | 535 | atar | o0a0 044 025 | 680 | 3300 340 020 080 1.20 0.2 141 4569 | a1z | o 25 0.2 145 | 008 | a0
340 o -275 -12.22 -28.34 0.36 0.00 038 -13.60 -29.70 380 020 080 120 028 118 1242 -29.42 -0.20 -1.08 028 115 008 007
340 o 1) T4 -23.60 0.00 000 048 -8.00 -24 50 520 040 080 120 028 140 160 2452 012 -0.92 028 115 018 023
340 275 -12.22 -28.34 0.36 0.00 038 -13.70 -29.80 370 020 080 120 028 116 1254 -29.52 -0.32 -1.18 028 115 -004 -0.03
340 225 -15.35 -31.47 0.30 044 025 -16.50 -33.00 340 020 080 120 028 111 -1563 3272 034 -1.25 028 115 -008 010
340 -225 -15.35 -31.47 0.30 044 025 -16.70 -32.40 340 0.20 080 1.20 028 141 1558 3262 -0.24 -1.15 025 145 0.04 000
340 o -14.48 -3060 0.00 054 n2s -15.80 -32.00 350 020 080 120 028 113 1467 3172 018 -1.12 028 115 o00s 003
460 0 2073 | 685 | oo 047 01s | 2240 | 3850 310 020 070 1.30 0.26 106 2104 | 24 | 04 38 0.2 145 | 003 | o
460 300 -23.04 -39.16 031 041 014 -24.70 -41.10 310 020 080 130 028 108 -2364 -40.82 -0.60 -1.66 028 115 -032 -0.51
460 30 | 2304 | 3946 | 0at 0.4 014 | 2450 | 4100 310 020 00 120 0.2 106 2544 | 4072 | s 158 0.28 105 | 042 | o4t
460 o -16.75 -32.87 0.00 034 09 -18.10 -34 .30 330 030 080 120 028 103 17m -34 .02 -0.26 -1.15 028 115 002 000
460 200 -17.22 -33.34 0.20 027 029 1860 -34.90 330 020 070 120 026 103 175 -34 B4 029 -1.30 028 115 -om 015
460 -200 -17.22 -33.34 0.20 027 029 -18.60 -34 80 330 020 070 120 0.28 108 1751 -34 54 -0.29 -1.20 028 115 -om -0.05
460 -350 -18.72 -34.84 0.36 0.00 027 -20.20 -36.50 320 020 080 120 028 108 1812 -36.22 -0.40 -1.38 028 115 -012 023
460 -250 -15.70 -31.82 0.25 0.00 034 1740 -33.30 330 0.20 070 120 026 103 16 -33.04 031 -1.22 025 115 -003 -0.07
460 o -12.63 -28.75 0.00 0.00 040 -14.00 -3010 370 030 080 1.30 028 116 1284 -2882 021 -1.07 028 115 o007 008
460 250 | 570 | a2 | 025 0.00 034 | 720 | 3830 330 020 00 1.20 0.2 108 61| mam | o4 20 0.28 145 | 043 | 00s
460 350 -18.72 -34.54 0.36 0.00 027 -20.30 -36 B0 320 020 070 120 028 108 -19.22 -36.34 -0.50 -1.50 028 115 -022 -0.35
480 200 -17.22 -33.34 0.20 027 029 -18.70 -35.00 320 0.20 080 120 028 108 1782 3472 040 -1.38 o028 118 -012 023
460 -200 -17.22 -33.34 0.20 027 09 -18.60 -34 90 330 020 080 120 028 103 175 -34 B2 -0.29 -1.28 028 115 -0m 013
460 o -16.75 -32.87 0.00 034 029 -18.20 -3940 330 020 080 120 028 103 171 3412 -0.36 -1.25 028 115 -008 010
460 300 -23.04 -3916 031 041 014 -24.80 -41.40 310 0.20 080 1.20 028 108 -2374 4112 -0.70 -1.88 025 145 -042 -0.81
460 -300 -23.04 -39.16 031 041 014 -24.70 -41.20 310 020 070 120 026 108 2364 -40.94 -0.60 -1.78 028 115 -032 063
460 0 073 | 685 | oo 047 018 | 2230 | mem0 310 020 080 1.20 0.2 106 2124 | ez | 080 a7 0.2 15| 0z | a2
Difference in x-position [em]: 000 std. dew: 016 038 046 028
Difference in y-position [cm] 000 [Max: 002 -075 0.26 040
Difference in 2-position [em): 000 070 EED 042 | et
B-factor, up-link: 028 115 dB | 068 121 0.68 121
B-factor, tele-powetiny 057 028 dB | Average 027 145 a0t 000
Rl Loon 38 1, 0 den Calculsted Dertvatives hieasured Transmitting reference loop impedance (Zy) Compensation Compensated Difference: Fos. and Match Cifference:
Posttioning parameters attenuation attenuation Retference loop: number 3 factor attenuation measured-calculated Correction cted|
Hegt, | Letera | Long, | Tele- Up- z - % | (MTee | (k- | (D1ek- | () Tele | (21 Updin [ (3 Upink [ Up- Tele- Tele- p- Tele- Up- Tele- Up- Tl | k-
z ¥ X Py ering, link, devigtion | devigtion | devidtion |powering, linke, powering | powering | resistance | reactance link, povvering, povyering, link, Povering ik povyering link oy ering linke
mm) | om | g 1] we) | woem | peem | oen) | (oe) (881 | resistance | resctance 8] 8] =) (o8] 8] ) 18] Bl w8 | (@)
220 200 0 683 | 2275 | om0 0356 0z | 80 | 2400 570 030 00 120 026 146 2574 | 02t -0 027 115 005 | 047
220 -150 o -4.35 -20.47 0.00 040 045 -620 -21 60 T80 040 080 120 028 175 -21.34 -010 -0.87 027 118 017 023
220 150 200 T4 -23.86 0.33 042 0.38 -9.30 -2510 510 0.20 080 120 028 137 -24 54 019 -0.98 027 1.8 008 018
220 -150 -200 T4 -23.86 033 042 038 -930 -2510 510 030 080 120 028 137 -24 84 -019 -0.98 027 118 008 018
220 -100 -100 -3.62 -19.74 048 027 047 -560 -2080 840 050 080 120 028 187 -2062 011 -0.88 027 118 018 028
220 100 100 362 -19.74 048 027 047 -560 20490 540 050 080 120 028 187 2062 -0 -0.88 027 116 016 028
220 o 250 648 -2260 0.40 0.00 044 -810 -2380 580 030 080 120 026 148 -2354 014 -0.84 027 118 013 022
220 [ 150 ;| 945 | 028 0.00 043 | 40 | 2060 580 050 030 1.20 0.2 133 2032 | a4 -0ar 0.7 1.5 03 | 029
220 o o -1.43 -17.55 0.00 0.00 0ss -390 -18 60 12.00 080 030 120 028 239 -18.32 -0.08 -077 027 118 o019 033
220 o 150 -3.33 -19.45 0.25 000 049 -5.30 -20 60 880 050 050 120 028 193 -2032 004 -0.87 027 1.8 023 029
220 o -250 -6.48 -2260 0.40 0.00 0.44 -810 -2380 580 030 080 120 028 148 -23.54 014 -0.94 027 118 013 022
220 100 -100 -3.62 -19.74 018 027 047 -560 -2080 840 040 080 120 028 187 2062 0 -0.88 027 118 018 028
220 100 100 -3.62 -19.74 048 027 047 -560 -2080 840 040 080 1.20 028 187 -2052 041 -0.78 027 116 016 038
220 150 200 T4 -23.86 0.33 042 0.36 -930 -2510 510 020 080 120 026 137 -24 84 018 -0.88 027 118 008 018
220 150 20 | 7r4 | 2386 | 033 042 0% | a0 | 2540 510 020 080 1.20 0.26 137 2484|043 038 0.7 1.5 0ms | 018
220 150 o -4.35 -2047 0.00 040 045 -6.20 -21 60 T80 040 080 120 026 175 -21.34 -0.10 -0.87 027 118 017 023
220 200 0 68 | 2275 | om0 0356 0z | 80 | 2400 570 020 00 1.20 0.6 146 2874 | 02t 033 027 1.5 006 | 047
340 275 o -14.48 -3060 0.00 054 025 -15.90 -32.00 340 020 080 120 028 103 3174 -0.33 -1.14 027 118 -008 002
340 225 225 -15.35 -31.47 0.30 044 025 -16.50 -33.00 340 020 080 120 026 103 3274 -0.36 -1.27 027 118 -008 011
340 225 -225 -15.35 -31.47 0.30 044 025 -16.80 -33.00 340 020 080 120 0.28 108 3274 -0.36 -1.27 027 118 -009 011
340 o -275 -12.22 -28.34 0.36 0.00 0.36 -13.70 -2870 370 030 080 120 026 114 -29.44 034 -1.10 027 118 -007 006
340 o o T4 -2360 0.00 0.00 0.46 -3.00 -24 80 520 030 080 120 026 138 -24 54 014 -0.84 027 116 013 022
340 25 -12.22 -28.34 0.36 0.00 0.36 -13.70 -2870 370 020 080 120 026 114 -29.44 034 -1.10 027 118 -007 006
340 28 | 53 | aar | 040 044 025 | 680 | 3300 340 020 00 1.20 0.6 108 274 | o a2t 027 106 | 003 | ot
340 -225 -15.35 -31.47 0.30 044 025 -16.50 -33.00 340 020 080 120 028 103 -32.74 -0.36 -1.27 027 118 -009 011
340 o -14.48 -30.60 0.00 054 025 -15.90 -3200 350 0.20 080 120 028 111 374 0.3 -1.14 027 1.8 -004 002
460 o -20.73 -36.85 0.00 047 018 -22.20 -38 B0 320 020 070 130 025 108 -38.35 -0.41 -1.50 027 118 -014 -0.34
460 300 -23.04 -39.16 031 041 014 -24 50 4110 310 020 070 1.30 n2s 105 4085 051 -1.69 027 118 -024 053
460 -300 -23.04 -39.16 031 041 014 -24 60 4110 310 0.20 070 120 025 105 -4085 -0.51 -1.69 027 116 -0.24 -0.53
460 o -16.75 -32.87 0.00 034 029 -18.10 -3940 330 020 080 1.30 026 108 3414 027 -1.27 027 118 0.00 011
460 200 | vz | w4 | 020 027 02 | 860 | a0 330 020 080 1.20 0.26 108 454 | 00 20 0.7 105 | 003 | o4
460 -200 -17.22 -33.34 0.20 027 09 -18.60 -34 90 330 020 080 120 028 108 -34 B4 -0.30 -1.30 027 118 -003 014
480 -350 -18.72 -34.84 0.36 000 027 -20.20 -36.50 320 0.20 070 1.30 025 108 3625 042 Sl 027 1.8 018 025
460 -250 -15.70 -31.82 0.25 0.00 034 1710 -33.30 330 020 080 130 028 108 -3304 -0.32 -1.22 027 118 -00s -0.08
460 o -12.63 -28.75 0.00 0.00 040 -14.00 -3010 370 030 080 1.30 026 114 2984 023 -1.08 027 118 004 007
460 250 -15.70 -31.82 0.25 0.00 034 1740 -33.30 340 0.20 080 1.20 0.26 103 -33.04 -0.31 -1.22 027 116 -0.04 -0.06
460 350 -18.72 -34.84 0.36 0.00 027 -20.20 -36.50 320 020 070 120 n2s 108 -36.25 042 -1 027 118 -018 025
460 200 | vz | w4 | 020 027 02 | 860 | s 320 020 070 1.20 0.25 106 465 | om a1 0.7 105 | 005 | a5
460 200 -200 -17.22 -33.34 0.20 027 09 -18.60 -34 .90 330 020 080 120 026 108 -34 B4 -0.30 -1.30 027 118 -003 014
460 20 0 675 | 3287 | oo 034 029 | 4840 | w440 330 020 00 1.20 0.6 108 3414 | oor a2t 027 1.5 000 | -0t
460 300 300 -23.04 -39.16 031 041 014 -24.80 -41.20 310 020 070 120 025 105 -4095 -0.71 -1.79 027 118 -044 -0.63
460 300 -300 -23.04 -39.16 031 04 014 -24.70 -41.20 310 020 070 120 025 105 -4095 081 -1.79 027 118 -034 063
480 350 ) -20.73 -36.85 0.00 047 0138 -22.20 -38.70 310 0.20 070 120 025 105 -3845 -0.42 -1.60 027 118 -015 -0.44
Difference in x-position [em]: 000 015 028 015 028
Difference in y-position [cm] 000 004 077 023 039
Difference in z-position [cm]; 0.00 071 179 044 063
B-factor, up-link: 087 -1.16 dB | 068 102 0.68 102
E-facios, tele-powerin, 057 037 dE | |Average 0.2 18 om 000
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Ref Loop 3 &1, 180 deg Caloulated Derivatives Measurest Transmiting reference laop impedance (Z,) Compensation Compensated Difference: Fos. and aich. Difference:
Fosflioning parameters attenustion attenustion Reterence loop: number 3 factor sttenustion measuredceleulated Carreetion cted|
Height, | Lateral | Long. Tele- Up- = - *- () Tele- | (@Up- | 0 Tele- | thiTels- [ () Up-link [ (oo Upeink [ U= Tele- Tele- Up- ele- Up- Tele- Up- Tele- Up-
z y % |powering, | Wk, | devistion | devistion | devistion [powerng, | ik, powering | powering | resistancs | reactance | link, poveering, | powerng, | ik, | powering lirk powering ik [powering [ ik
{imm] [mim] [ ) 6] Iooim] | [dbiom) | [dbiom] 6] 168] | resistance | reactance 8] 6] 18] 6] 5] 18] 18] 8] 02 (6]
220 200 il 663 2275 000 056 035 -820 -24.00 570 030 0&0 120 026 148 674 2374 011 089 027 116 016 017
230 50 [ 435 047 000 040 045 620 2160 750 0350 080 120 0.6 175 445 13 010 067 037 116 017 028
220 150 200 774 2386 033 042 036 -830 2510 510 030 080 120 026 147 753 2484 013 088 027 116 008 018
220 50 -200 774 2386 0.33 042 036 820 2510 510 030 080 120 0.6 137 753 2484 003 088 027 116 [XE) 018
220 100 100 362 1974 018 027 047 560 2050 650 050 050 120 038 189 371 2062 003 -068 027 116 018 028
220 100 100 362 1974 018 027 047 550 2090 840 050 050 120 028 157 373 2062 0.1 088 027 116 016 028
220 0 250 548 2260 040 000 044 -820 2380 570 030 080 120 026 145 674 2354 0.6 054 027 116 00t 022
220 0 150 333 1945 025 000 043 540 2060 80 050 050 120 028 153 347 032 014 087 027 116 013 028
230 0 i 143 755 000 000 055 -380 1860 1210 070 050 120 038 4 138 1832 0ng 077 037 116 031 038
220 0 -150 333 1945 025 000 043 -530 2060 890 050 050 120 028 185 335 203 002 067 027 116 025 028
230 o 250 645 7260 040 0o 044 810 2380 580 030 080 120 036 148 662 2354 014 084 037 116 013 023
220 100 100 362 1974 018 027 047 560 2050 850 040 050 120 028 189 371 2062 003 068 027 116 018 028
220 100 100 362 1974 018 027 047 550 2090 840 040 050 120 028 157 373 2062 0.1 088 027 116 016 028
220 150 200 774 7366 033 042 036 -930 2520 510 020 080 120 026 137 793 24594 013 -1.08 027 116 005 008
220 150 -200 774 2386 033 042 036 -930 2510 510 020 0z 120 026 157 758 2484 013 098 027 118 00z 018
220 150 i 435 2047 000 040 045 620 2160 760 040 080 120 026 175 445 2134 010 067 027 116 017 029
220 200 i 663 2275 000 056 035 -830 2400 570 020 080 120 026 146 684 2374 021 089 027 116 006 017
340 15 [ 1448 | 3060 000 054 035 Asen | 3240 350 020 080 120 036 111 473 B 031 134 037 116 004 | oo
340 225 226 1538 | 3147 030 044 025 680 | 3310 340 020 080 120 026 109 1561 3284 046 137 027 116 018 | 0z
40 25 25 1535 | 3147 0.30 044 025 680 | 3500 340 020 070 120 025 108 571 3275 036 128 027 116 008 | o4z
340 0 275 272 | 2834 036 000 036 4360 | 2970 380 020 080 120 026 116 1244 2944 022 110 027 116 005 008
340 o [ 748 2360 0.00 000 045 900 2480 520 030 050 120 026 138 762 2454 014 084 027 118 XE} 022
340 775 272 | 2834 036 000 036 370 | 2970 370 020 080 120 026 114 1258 2944 034 110 027 116 007 | 008
340 226 1538 | 3147 030 044 025 4680 | 3300 340 020 00 120 026 108 1871 3274 036 127 027 116 008 | o1
340 735 1535 | -3tar 030 044 035 670 | 3280 340 020 080 120 0.6 108 561 3264 0.6 147 037 116 00 00
340 i 1448 | 3060 000 054 025 4560 | 3200 as0 020 080 120 026 111 14689 3174 021 104 027 116 006 002
450 [ 2073 | 3685 0.00 047 013 2240 | 3650 320 020 070 120 025 108 2104 3625 0.3 140 027 116 0 | 04
460 300 2304 | 3916 031 041 014 2460 | 4110 310 020 070 130 035 105 7355 4085 051 169 027 116 024 | 53
450 -300 2304 | 398 0.31 a4 014 2450 | 4100 310 020 070 120 0.5 105 2345 4075 0.4 159 027 116 014 | 043
460 i 1675 | 3287 000 034 023 4810 | 3430 330 030 080 120 026 108 702 3404 0.7 147 027 116 aon | .00
460 200 1722 | 3334 020 027 023 4860 | 3480 330 020 00 120 026 108 1752 3454 030 120 027 116 005 | -noe
460 -a00 73 | 3334 020 027 033 850 | 5480 330 020 080 120 0.6 108 1742 3454 0.0 1.0 037 116 007 | oo
460 -350 1872 | 3484 036 000 027 2010 | 3850 320 020 070 120 025 106 1904 3625 032 141 027 116 005 | 0z
aBil 250 T 025 0o 034 A7A0 | 3330 340 020 080 120 036 108 B 3304 031 EER) 037 116 004 | 006
460 i 1263 | 2875 000 000 040 1400 | 3010 370 030 080 120 026 114 1268 2984 023 108 027 116 004 007
450 250 1570 | 3182 0.25 000 034 A7A0 | 3830 330 020 030 130 0.6 108 1602 3304 032 122 027 116 005 | 008
460 350 1872 | 3484 036 000 037 020 | 3850 320 020 070 120 035 106 1314 3625 042 141 027 116 015 | 28
450 200 1722 | 3334 020 027 029 4570 | -z4s0 320 020 0z 120 026 108 1764 e 042 130 027 118 015 | o4
460 200 772 | 3334 020 027 023 4860 | 3450 330 020 080 120 026 108 1752 3464 030 -130 027 116 003 | 14
460 i 1675 | 3287 000 034 023 4810 | 3440 330 020 080 120 026 108 1702 3414 027 127 027 116 oo | 011
anil 300 3304 | 3916 031 o4 014 2460 | 130 310 020 080 120 0.6 105 2375 4104 071 168 037 116 044 | o7z
460 -300 2304 | 3916 031 04 014 2470 | 4120 a10 020 080 120 026 105 2368 4094 061 178 027 116 034 | 062
450 [ 2073 | 3685 0.00 047 013 2230 | 3670 320 020 080 120 0.6 108 2124 3644 051 EE 027 116 024 | 043
Difference in x-position [em] 00 Std. dev: 016 037 016 027
Difference in y-position [om] 00 Max: 0ng 077 031 038
Difference in z-position [em]: 00 071 188 044 | o7z
B-factor, uplink: 037 -L16 dB 075 11 075 111
B-factor, tele-powsting 087 027 dB Average 026 18 it 000
Ret.Loop 2 & 3,0 cea Calculated Derivatives hieasures! Transmitting reference loop impedance (Z,) Compensation Compensated Difference: Fos_and Match Difference:
Fosiioring parameters attenuation attenuation Reference loop: number 2 factor stteruation measured.calcusted Correction cte|
Height, | Leteral | Long, Tele- Up- = - - OTeke- [ mUp- [ OTele [ OTele- [ 0Upeink | o elink Up- Tele- Tele- Up- Teke- Up- Tele- Up- Tele- Up-
z y 5 |powering, | Wk, | devistion | devistion | devistion [powering, | ik, powering | pewering | resistance | reactanes | link, powering, | powering, | ik, | powering fink powering tink  [powering [ ik
imm] ] Imm] =) 5] Idoicm] | [@iom] | [dbiom] JC2) (6] | resistance | reactance ] (6] )] 2 6] 198] 16] ) 18] (o8]
220 200 [ 63 2275 0.00 056 038 830 -24.00 590 070 050 a7 028 150 2372 017 047 a2t 143 004 018
220 150 i 435 2047 000 040 045 620 2160 780 080 050 070 035 179 13 006 085 021 113 015 028
220 150 200 774 2386 033 042 036 -930 2510 520 050 050 a7 028 138 2182 017 098 021 143 004 017
220 150 200 774 7386 033 042 036 -930 2510 540 070 050 070 028 142 7482 014 096 021 113 007 017
220 100 -100 362 1974 048 027 047 550 2050 870 080 100 070 030 182 2060 006 086 021 143 015 027
230 B 100 362 1374 048 027 047 -560 2030 860 040 100 a7 030 191 2060 007 066 0 143 014 027
220 0 250 648 2260 040 000 044 6810 2380 550 070 050 070 028 150 2352 012 082 021 1413 003 021
220 [ 150 333 1945 0.25 000 043 530 2060 200 030 100 oz 0.30 157 2030 000 085 a2 143 a2t 028
220 0 i 143 755 000 000 055 -380 1860 1230 100 100 070 030 244 1830 007 075 021 113 025 038
220 o 150 EXs) 1945 025 000 049 530 2050 900 0350 100 a7 030 195 2020 0.0 075 021 113 020 038
220 0 250 548 2260 040 000 044 -810 2380 530 070 050 070 035 150 2352 012 092 021 113 003 021
220 100 100 362 1974 018 027 047 650 2080 860 050 1m0 060 030 191 2050 00s 078 021 113 024 037
230 100 100 362 1374 048 027 047 -550 B [ 040 100 060 030 191 2050 003 076 0 143 034 037
220 150 200 774 2386 033 042 036 -830 2510 520 050 050 070 028 138 248 017 -086 021 143 004 017
220 150 -200 774 2386 0.33 042 036 820 -25.00 520 060 030 060 028 138 2472 007 085 a2 143 014 027
220 150 i 435 2047 000 040 045 610 2150 780 070 050 060 038 179 2173 004 075 021 143 025 038
220 200 [ 63 2275 0.00 056 033 820 2390 550 060 050 060 028 148 2362 009 087 (] 143 012 026
340 275 i 1448 | 3060 000 054 035 4560 | 5200 350 060 050 070 035 11 3172 021 112 021 113 000 001
340 225 226 1538 | 3147 030 044 025 4680 | 3300 350 060 050 070 028 111 3272 034 128 021 113 013 | -z
340 735 735 1535 | 3147 030 044 035 4660 | 3280 350 060 080 070 0.6 11 3264 034 147 0 113 013 | oo
340 0 275 1222 | 2834 036 000 036 4360 | 2970 380 060 050 070 028 118 2942 020 -1.08 021 143 00t 005
340 o [ EXD) 7360 000 0o 045 800 24,80 540 070 050 a7 038 142 2452 010 082 0 143 Xk 021
340 275 1222 | 2834 036 000 036 1360 | 2970 380 060 050 070 028 118 2942 020 -1.08 021 1413 001 005
340 28 1538 | 3147 0.30 044 025 580 | 3300 350 060 030 oz 0.6 111 3274 034 127 (] 143 043 | o4
340 225 1535 | 3147 030 044 035 4670 | 3300 360 060 080 070 026 113 3274 022 127 021 113 om | o4
340 [ 1448 | 3080 000 054 025 4580 | -m240 3850 050 0z a7 026 113 E 013 124 021 143 00z | o1
460 i 073 | 3685 000 047 015 2210 | 3860 330 060 080 070 026 108 3834 023 143 021 113 008 | 036
460 300 2304 | 3916 031 04 014 2460 | 4110 320 060 080 070 026 107 4084 043 168 021 143 02 | s
aBil 300 3304 | 3916 031 04 014 2450 | 10 320 060 080 a7 036 107 405 033 168 0 143 016 | 58
460 i 1675 | 3287 000 034 023 810 | 3440 340 060 050 070 028 110 3412 025 125 021 1413 004 | 1z
450 200 722 | 3334 0.20 027 023 860 | 340 340 060 080 oz 0.6 110 e 028 130 a2 143 007 | a7
460 200 772 | 3334 020 027 023 860 | 3480 340 060 050 070 035 110 3452 035 118 021 113 007 | nos
450 350 1872 | 3484 038 000 027 2020 | @850 330 060 050 a7 026 108 3624 040 -140 021 113 018 | 27
460 250 1570 | 3182 025 000 034 A7a0 | 3330 350 060 050 070 035 11 3302 023 120 021 113 008 | 007
460 i 1263 | 2875 000 000 040 A1400 | 3010 380 070 050 070 028 118 2982 021 107 021 113 000 008
anil 250 BRI T 025 000 034 A7A0 | 3330 340 060 080 50 0.6 110 3304 030 EE) 0 143 008 | s
460 60 1872 | 3484 036 000 027 2020 | 3650 330 060 080 070 026 108 3624 040 140 021 143 018 | e
450 200 722 | 3334 0.20 027 023 860 | 340 330 060 080 oz 0.6 108 e 030 130 a2 143 008 | o7
460 200 200 722 | 3334 020 027 023 1860 | 3480 340 060 080 070 036 110 3454 035 120 021 143 007 | -nor
450 250 [ 1675 | 3asr 0.00 034 029 510 | 3430 340 060 030 oz 0.6 110 404 025 147 (] 143 004 | 004
460 300 300 2304 | 3916 031 04 014 2460 | 4120 320 060 080 070 026 107 40594 063 178 021 113 045 | 06
460 00 300 2304 | 3918 031 o4 014 2470 | 4120 320 060 00 070 026 107 4094 053 178 021 113 038 | -6
460 350 i 073 | 3885 000 047 015 200 | 3860 320 060 080 a7 036 107 3834 040 143 0 113 018 | 03
Difference in s-position [em] 00 017 028 017 028
Difference in y-position [em]. 000 007 075 0z 038
Difference in z-position [em] 00 063 178 048 | 65
B-factor, up-link: 038 -113 dB 076 103 076 103
E-factoz, tele-powering 098 -021 dB Average 022 113 -om 000
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Ref_Loop 2 & 3, 180 deg Caloulated Derivatives Measurest Transmiting reference laop impedance (Z,) Compensation Compensated Difference: Fos. and aich. Difference:
Fosflioning parameters attenustion sttenuation Reterence loop: number 2 factor sttenustion messured.calculsted Correction cted
Height, | Leteral | Long., | Tele- Up- = - *- ek | (Up- | (el | M7ele- | (9 Updrk | (Upiink | Up- Teie- Tele- Up- Tele- Up- Tele- Up- Tele- Up-
z y % |powering, | ink, | devistion | devistion | devistion [poweering, | lnk, | powering | powerng | resistance | resctance | ik, poveering, | powerng, | ik, | powering ik | powering ik [powering [ ik
fmm) i} from) = [05] [obiem) | [ooiem] | (ooiem] | (o8] (#6] | resistance | reactance 6] [05] = o] 5] 185 145 48] [45] o)
220 200 i 665 | 2275 0.00 056 035 820 | 2390 580 070 090 070 028 149 671 2362 005 057 021 143 015 | 026
220 50 o 435 | 2047 0.00 040 045 620 | 2160 730 080 080 070 023 178 442 2132 007 085 021 143 014 | 028
220 150 200 774 | 2388 0.33 042 036 830 | 2510 520 070 050 070 028 140 790 24582 016 096 021 143 005 | 047
230 50 200 T4 | 238 0.33 042 036 G20 | 250 530 070 080 7o 028 142 278 2472 004 086 021 143 017 | o027
220 100 100 362 | 1974 018 027 047 550 | 2080 870 090 090 070 028 193 357 2052 005 078 021 143 026 | 035
220 A0 100 362 | 1974 08 027 047 560 | 2090 850 090 100 7o 030 190 70 2060 003 056 021 143 013 | o027
220 o 250 45| 2260 0.40 000 044 820 | 2390 580 070 090 070 028 149 671 2362 023 102 021 143 002 | on
220 o 150 555 | 1948 0.25 000 049 540 | 2060 890 080 100 070 030 196 344 2030 011 0355 021 143 010 | 02
220 0 i 43| 758 0.00 000 055 380 | 1860 12.30 110 100 070 030 245 135 830 008 075 021 143 029 | 038
220 o 150 333 | 4945 0.25 000 049 530 | 2050 910 080 100 070 030 199 331 2020 002 075 021 143 025 | 038
220 o 250 645 | 2260 0.40 000 044 800 | 2370 600 070 080 7o 023 152 645 2342 000 082 021 143 021 031
220 100 100 362 | 974 018 027 047 550 | 2080 870 080 1.00 070 030 183 357 2050 005 076 021 143 026 | 037
220 100 100 362 | 1974 08 027 047 560 | 2090 60 050 100 7o 030 192 368 2060 006 056 021 143 015 | o027
220 150 200 774 | 2388 0.33 042 036 940 | 2520 520 060 090 070 028 140 800 2492 026 108 021 143 005 | 007
220 150 200 74| 23sE 0.33 042 036 920 | 2sm 530 060 0g0 aro 028 142 EF) 2472 004 08 021 143 017 | oor
220 150 i 435 | 2047 0.00 040 045 620 | 2160 780 080 050 070 028 180 440 2132 005 085 021 143 016 | 028
220 200 0 663 | 2275 0.00 06 035 830 | 2400 590 060 050 070 028 151 679 2372 016 097 021 143 005 | 048
340 75 o 1445|3060 0.00 054 025 | 4580 | 3240 360 060 080 070 028 114 475 | aiad 028 124 021 143 007 | ot
340 225 25 535 | aar 0.30 044 025 | 60 | 3320 350 060 050 070 028 113 As77_ | s 42 145 021 143 0 | o3
340 225 225 | 1535 | aiar 0.30 044 025 | 670 | m2a0 350 060 080 7o 028 113 AssT | a262 022 ERH 021 143 ool | 00z
340 o 75 | 1222 | 2834 0.35 000 03 | 4350 | 2960 390 060 090 070 028 119 231 2932 009 -098 021 143 012 | 0as
340 o [ 745 | 2380 0.00 000 046 900 | 2as0 540 070 050 7o 028 143 Er 2452 009 092 021 143 012 | on
340 275 1222 | 2834 0.35 000 03% | 4370 | 2980 380 060 080 070 026 118 252 | 2954 030 120 021 143 003 | 007
340 25 1535 | mar 0.30 044 025 | 680 | 3300 350 060 080 070 0.6 113 AsET | 3274 052 121 021 143 011 | e
340 25 | 4535 | 3tar 0.30 044 025 | 660 | 3280 350 060 080 070 0.8 113 547 | 251 042 105 021 143 009 | 008
340 0 1448 | 3060 0.00 054 025 | 4se0 | 32m0 350 060 050 070 028 113 467 | @172 019 142 021 143 00z | om
460 o ;73 | msss 0.00 047 015 | 2210 | 3850 330 070 080 7o 026 110 200 | 82 027 138 021 143 006 | 036
460 300 704 | 3918 0.31 041 014 | 2460 | 4140 310 060 080 070 026 106 2354 | 4089 050 168 021 143 029 | 055
460 00 | 2304 | 394 0.31 041 014 | 2440 [ 4100 320 070 050 7o 0.6 108 2332 | 4074 023 158 021 143 007 | 045
460 [ 675 | -32er 0.00 034 029 | 4800 | 3430 340 060 080 070 026 111 689 | 404 014 a7 021 143 007|004
460 200 7z | s 0.20 027 029 | 860 | 3am0 340 060 0g0 aro 028 111 Arag | sas2 027 128 021 143 0os | s
460 200 | 4722 | 3334 0.20 027 029 | 4850 | 3480 340 060 080 070 0.8 111 739 | s 047 118 021 143 004 | 005
460 350 | 1872 | 3484 0.35 000 027 | 2000 | 3640 330 060 080 070 026 110 830 | 3614 018 130 021 143 003 | a7
460 250 | 4570 | 3ts2 0.25 000 034 | 700 | 3320 350 060 080 7o 026 113 AsE7 | 294 047 142 021 143 004 | oo
460 [ 1263 | 2875 0.00 000 040 | 4390 | 3040 380 070 090 070 028 118 272 | 2982 009 107 021 143 012 | 008
460 250 570 | m82 0.25 000 034 | A7a0 [ 3340 340 060 050 7o 023 141 1509 [ 3342 029 130 021 143 008 | 07
460 350 872 | 3484 0.35 000 027 | 2030 | 3660 330 060 080 070 026 110 920 | 3634 045 -1.50 021 143 027 | a7
460 200 7z | s 0.20 027 029 | 80 | 3sm 340 060 00 aro 026 111 Arse | saTd 037 140 021 143 018 | wer
460 200 | 722 | 3334 0.20 027 029 | 850 | 3480 340 060 080 070 026 111 739 | 454 047 120 021 143 004 | 007
460 0 1675 | m2sT 0.00 034 029 | 4810 | 3440 340 060 050 070 028 111 699 | 3442 024 125 021 143 003 | a2
460 300 2304 | 3916 031 041 014 | 2490 | 4140 320 060 080 070 028 108 2382 | 414 075 198 021 143 057 | 085
460 300 | 2304 | 3916 0.31 041 014 | 2460 [ 140 320 060 080 070 026 108 2352 | 4nsd 048 168 021 143 02 | 0ss
460 [ w73 | wes 0.00 047 ofs | 220 | 670 320 060 080 oro 026 108 222 | a6dd 043 159 021 143 028 | 046
Difference in x-position [cm] 000 [std. dew: 018 029 016 | 029
Difference in y-position [on] 000 Max: 008 075 029 | 038
Difference in z-position [cm] 000 i 07s 198 057 | 085
B-factoz, up-link: 028 113 dB | Max. 086 122 086 | 122
E-factor, tele-poweting 098 021 dB | Average 020 104 a0t a0
Positioning parameters Standard Size 0 deg Standard Size 180 deg
Height, | Lsteral | Long, | Emord, | Evord, | Emorz, | Emor2, | Erors, | Enor, | Eword, | Everd, | Emorz, | Eworz, | Ewors, | Ermors,
zimm) |yl | x(mm] | Uplink | Telepr | Updink | Tele-pwr | Updink | Telepur | Updink | Telepwr [ Updink | Telepwr | Updink | Tele-por
0] [95] e8] o] ) [05] e8] 0] [o5] [0] [E=) B
220 200 [ 010 0.01 0.08 002 008 0.05 010 005 018 003 008 010
220 150 0 011 0.06 0.09 004 019 0.1 016 011 014 009 014 0.06
230 50 200 010 007 0.08 003 008 0.00 010 007 009 004 008 001 Definition
220 150 200 005 0.01 0.04 000 013 0.07 010 011 019 010 008 007
230 A0 00 015 005 014 004 013 0.1 046 008 023 015 012 042 The transmitting loop is kept in static position at the table
220 -100 100 015 011 014 008 013 0.05 045 011 0414 013 0.0s The receiving loop is mounted in the APT (and maoved around).
220 ] 250 012 0.05 011 om 010 0.08 012 003 om 010 002 In case of 180 deg rotation, the receiving loop is rotated.
220 o 150 016 0.04 014 012 014 0.09 016 009 014 014 0.05 Indexing of permutations is such that the first index is transrritting and the
220 o 0 021 0.07 018 015 019 0413 021 012 018 019 018 second is receiving (e.q., Ref loop 1 & 2 means loop 1 is transmitting and
220 o R 011 008 019 005 013 015 041 014 018 019 011 Inop 2 is receiving).
220 o -260 007 0.04 0.08 000 015 0.08 007 003 0416 015 008 The positioning coordinates refer to the coordinate system of the APT.
230 100 00 010 005 018 013 015 010 040 005 018 015 043 Each of the invalved loap has their own coordinate system.
220 100 100 020 0.06 043 0413 018 010 015 010 0414 013 0.06 Please observe that the upper sides of the loops shall phase each other. This
220 150 200 015 007 014 003 003 0.00 00§ 007 004 003 001 means that for a transmitting loap, its coordinate system ceincides with the
220 150 200 005 0.02 014 008 013 0.05 0.05 001 014 013 007 coordinate system of the APT. Hawever, for a recebing loop with 0 deg rotation,
220 150 0 011 0.08 049 014 019 011 01§ 011 014 014 007 its y axis is in the reverse direction of the APT coordinate system, but for a
220 200 i 010 0.01 018 007 008 005 010 005 008 008 001 receiving |oop with 180 deq rotation its v axis is in the same direction of the ATP
340 275 0 om -0.04 0.00 002 0.01 -001 -0.02 001 -0.05 -0.068 -005 coordinate system. Forthe x axis, the contrary applies. For a loop with 0 deg
340 225 25 004 001 005 005 005 008 004 007 018 016 012 rotation, the x axis coincide with the APT x axis, but is in reverse direction with
340 225 -225 -0.08 -0.01 -0.02 -0.05 -0.02 -0.08 -010 -0.07 000 002 -0.02 180 deg rotation. Finally, since the upper sides of the loops shall phase each
340 o 278 001 008 002 002 007 001 001 000 008 007 005 ather, the z axis of a receiving loop is in the reverse direction of the ATP
340 ] 0 012 0.03 011 007 010 0.04 012 003 041 040 0.0s coordinate system regardiess of rotation of the receiving loop
340 o 275 004 008 0.03 002 002 001 008 001 -0.08 001 008 The deviation parameters (i.e., devk!, devY2, etc.) are always with respect to the
340 225 225 003 001 007 005 007 -008 003 002 007 007 007 coordinate system of each specific loap.
340 225 -225 -0.03 007 -0.07 o -0.07 -002 -0.04 -0.02 004 0.04 003 The deviation parameters (e.g., devil, devV2, etc.) are the differences between
340 275 o 003 004 010 002 oo 0.00 002 005 oot 0.00 0.00 the evaluated electrical centres and the reference marks for each individual loop.
460 -350 0 016 -0.08 -018 -0.03 -018 -0.04 041 000 043 013 -0.04 The evaluated difference parameters (e.q., "Difference in ¥ position”) are always
460 300 300 0% 008 027 043 028 016 025 014 026 028 041 with respect to the coordinate system of the APT.
460 -300 -300 -0.31 019 -032 043 -023 -0.06 -020 040 -0.21 024 -005 The use of "devI" should be minimised (at least only values less than 10 mm
460 250 0 0.04 -002 008 -0.08 008 0.02 002 -0.02 002 -002 002 shall be used). It is rather preferred to perform fine tuning using the B-factor.
460 200 200 001 0.02 014 002 003 005 002 001 013 002 004
460 200 200 012 003 003 007 002 0.00 002 0ot 003 002 006
460 0 -350 07 009 018 013 009 005 016 010 007 010 005
460 o 250 003 005 004 007 003 0.00 007 005 000 001 001
460 o o 005 005 0.03 002 003 001 005 000 003 003 004 In a first step, minimise the averages for O deg and 180 deg for each permutation
460 ] 250 -0.02 0.02 -0.05 -0.04 -0.04 -005 003 -0.05 -0.08 -0.09 0.00 of lnops using the B-factor (separate for Tele-powering and Up-link). The method
460 o 350 01 004 012 003 015 01 012 005 023 014 010 is to fill the cells for "Bup" and *Btele” on rows 377 through 379 with the same
460 200 200 006 004 007 008 010 001 005 006 018 -009 009 value as the average erors originally found in row 374 (either the O deg or the
460 200 -200 ol 003 -0.04 -0.07 003 0.00 -010 -0.04 -0.03 004 001 mean value between 0 deg and 180 deg)
460 250 i 008 003 002 001 002 -003 004 002 008 005 0.0z In  second step (if needed), continug fine tuning using the deviation parameters
460 300 300 031 019 032 -0.23 -033 -026 -034 045 -0.47 -0.38 -030 forxand y (i.e., devitl, dev¥2, etc. in rows 377 through 379). The method is to go
460 300 -300 030 014 031 013 034 021 035 020 028 027 015 through all x and y deviation parameters, and for each parameter minimise the
460 350 0 021 -0.03 043 043 023 -0.06 019 -0.09 023 023 015 "RMS SDEY" of cell K388, If absolutely needed, perform also optimisation using
Std. dev: 014 0.07 015 009 014 0.03 013 008 0.16 014 003 the "devZ" but observe the limitation above, and alse that the B-factor needs to be
Ma 0z 0.1 019 015 013 015 021 014 023 019 013 re-adjusted after this
0.3 019 032 -0.23 034 -026 -035 -0.20 -0.47 -0.38 -030 The process may be stopped when no maximum or minimum error
[Max Min: 051 0.30 .51 038 052 040 055 033 070 0.56 043 summarised in cells K385 and K386 exceed +- 0.5 dB
Average 000 -001 0.00 -0.01 0.00 0.00 0.00 001 000 0.00 0.00 Only yellow cells can be edited, and green cells form important output results
{other cells are locked)
After final elaboration, the reference loops shall be marked with the suitable "dev
-0.53 dB 017 dB denx1= 0.000 cm 0.000 cm devZ1 0000 erm parameters” of the yellow cells, and the appropriate B-factors in the green cells
-0.56 dB 011 dB devi2= 0.000 cm 0.000 cm 0.000 crm It shall be clear fram the marking what is "up" and "down" of a reference loop
-0.57 dB -0.10 dB de3= 0.000 cm 0.000 cm 0000 crm
Overvizw for the optinisation
[Eoe
ndard Siz (average) |0
Ditx, | Oy, | Difz, 5 5
o] [em] fem] Up-ink | Tele-purr e 023
[[Loop T o0 0.00 0.00 093 [T i 047
| Loop 2 0.00 0.00 0.00 094 099 Mz -Min 070
[ Loop 3 | 000 000 0.00 094 089 Fis soev | 042
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B2.7.3

Reduced Size Reference Loop

Tested urits in this sheet Fres air impedance (Z2)
Reduced size Reference Loops Tele-powering Up-ink
Number [ Rew S| re(Ohm] [ im[Ohm] | re[Shm] | im [Ohm] Ditferences in x, ¥, and  postions indicate how far from the Refsrence Mark the Electrical Certre is located.
1 R1A RK1 25 01 04 01 B factors indicate the actual Matohing Transfer Ratio of the device:
2 Ri& RX2 25 00 04 04
3 R18 RK3 25 02 05 02 Please hserve also "defintions" and "instructions" further down.
* The letters in the parentheses defines which measurement series the data is taken in the column.
"0 deg means that the reference loops are in parcllel to each other, ie. the connectors are st the same direction for both ref. loops
* 180 deg means that the reference lnops are in anti-paraliel 1o each other, |.2.1he connectors are in the opposfie direction for the both ref. ops:,
Ret Loop 1 & 2,0 deg Calculated Derivatives hieasures! Transmiting reference loop impedance (Z,) Compensation Compensated Difference: Pos._and Mach Difference:
Postlioning parameters attenuation attenustion Reference loop: number 1 factor atteruation measured-saloulsted Gorrection cted|
Height, | Lateral | Lomg, Tele- Up- = - % () Tele- | (@)Up- | (o) Tele- | (b Tele- | () Upelink | (e Upeink | Upe Tele- Tele- Up- Tele- Up- Tele- Up- Tele- -
z ¥ % |powering, | ok, | devistion | devistion | devistion |powering, | ik, powering | powering | resistance | reactance | fink, povering, | powering, | ik, | powering link powering link  [powering [tk
fimm) [ [ )] (6] Idojcrn] | [dofem) | [dbicm] 6] [66] | resistance | reactance )] (6] j:)] €2 (6] 6] [46] ) 6] 2]
220 200 i 2128 | 3740 012 114 000 2210 | 3850 250 010 040 010 014 085 2125 3838 003 096 018 147 021 031
220 150 [ 1858 | 5270 041 LE 000 A7a0 | msa0 270 020 040 a10 014 038 1852 3368 008 098 00 108 005 012
220 150 200 ;| 3734 026 086 045 2180 | 3840 250 010 040 010 014 085 2105 3876 017 082 -002 107 015 015
220 150 -200 21 | arae 026 036 045 2230 | 3870 250 020 040 010 014 088 2145 3858 023 122 022 131 -0m 008
230 B BT 1452 | 3064 054 054 034 550 | 3180 280 020 040 10 014 040 460 3168 005 102 -002 107 011 004
220 100 100 1452 | 3064 054 054 024 4540 | 3160 280 020 040 010 014 0m 1449 3146 00g 062 014 085 011 012
220 [ 250 1786 | 3398 0.53 000 060 570 | 3500 250 010 040 alo 014 056 784 T 002 088 016 043 014 | 004
220 0 150 1337 | -2949 063 000 034 1430 | 3050 300 020 040 010 014 053 1337 3036 000 067 -018 091 018 | 004
220 o [ 1085 | 2887 070 000 000 g0 | 280 350 020 040 a10 014 101 1089 2788 004 089 01§ 094 018 | o0os
220 0 150 1337 | 2949 063 000 034 440 | 3060 300 020 040 010 014 053 1347 3045 010 087 001 108 011 01
220 0 -250 1786 | 3388 053 000 060 4800 | 3530 250 010 040 010 014 036 1814 3516 025 118 014 123 014 | o004
230 100 BT 1452 | 3064 054 054 034 550 | 3180 250 020 040 10 014 0 459 3168 007 102 010 113 003 017
220 100 100 1452 | 3064 054 054 024 4540 | 3170 280 020 040 010 014 0m 1449 3156 00g 082 -002 107 00t 015
220 150 200 2122 | T 0.26 056 043 2220 | 3630 250 010 040 alo 014 085 2135 363 013 102 (X 127 005 025
220 150 200 ;| 373 026 086 045 2230 | 3880 250 010 040 010 014 085 2145 3868 033 132 042 151 013 019
220 150 [ 1658 | 5270 041 031 000 750 | msan 270 020 040 a10 014 038 1662 3368 004 096 018 127 014 030
220 200 i 2128 | 3740 012 114 000 7220 | 3870 250 010 040 010 014 085 2135 3858 007 118 045 154 037 037
340 215 i 2823 | 4535 008 078 000 @030 | 4680 240 020 040 010 014 053 2947 4676 024 141 043 152 013 011
340 735 735 -38a0 | 4602 013 066 033 3100 | 4750 240 020 040 010 014 083 3017 4738 0.7 134 035 137 002 003
340 225 225 2880 | 4602 043 066 033 3140 | 4780 240 020 040 010 014 083 3027 47 68 037 164 045 157 011 007
340 o 275 71 | 4083 040 0o 045 2560 | 4240 240 020 040 aio 014 083 2507 426 036 143 0 130 015 | 13
340 0 i 1839 | 3451 055 000 000 41930 | 3560 260 020 040 010 014 086 1544 3545 005 085 -003 106 008 | o011
340 [ 275 2471 | 4083 0.40 000 043 2560 | 4200 250 020 040 alo 014 035 2475 4135 004 103 003 106 007 | 003
340 725 725 2990 | 4602 013 066 033 3070 | 4740 240 020 040 010 014 083 2967 4776 003 124 013 122 016 | ooz
340 226 225 280 | 4602 013 086 03 3140 | 4770 240 020 040 010 014 053 3027 4758 037 154 033 142 004 | iz
340 775 i 873 | 4535 008 078 000 3010 | 4870 240 020 040 010 014 083 2937 4658 004 EE] 035 134 02 013
460 360 i 5% | 5138 008 058 000 3630 | 5300 240 020 040 010 014 083 3547 5285 021 148 027 136 006 | 12
aBil 300 300 7E | 5404 004 052 035 E 240 020 040 aio 014 083 Erd 55806 005 162 032 13 017 | st
460 300 300 7E2 | 5404 004 052 035 3940 | 5620 240 020 040 010 014 083 3857 -56.06 065 202 041 150 024 | sz
450 250 [ 3043 | 4625 027 044 000 30 | 4770 240 020 040 alo 014 033 3027 4755 014 131 014 128 000 | 008
460 200 200 3056 | 4668 028 036 035 3140 | -as00 240 020 040 010 014 083 3057 4788 00 118 008 147 007 | 001
450 200 -200 056 | 4888 028 038 025 5170 | 4820 240 020 040 a10 014 053 3087 4505 0.5 138 021 130 010 | oo
460 0 -350 3211 | 4833 027 000 045 3340 | 5010 240 020 040 010 014 083 3257 4396 046 173 031 140 015 | o
460 0 -250 2834 | 4446 036 000 032 2950 | 4500 240 020 040 010 014 083 2867 4586 033 140 0z0 123 013 | 011
aBil o [ 3446 | 4058 045 0o 000 EE D 250 020 040 aio 014 085 2455 4176 003 EED) 005 114 004 | o
460 0 250 2834 | 4446 036 000 032 2920 | 4580 240 020 040 010 014 083 2837 4568 003 120 004 1413 001 007
450 [ 350 3241 | 48.23 027 000 045 3300 | 4970 240 020 040 alo 014 033 3247 4955 006 133 008 147 002 | 018
460 200 200 3056 | 4668 028 036 035 3160 | 4810 240 020 040 010 014 083 3077 4796 021 128 016 135 004 | 003
450 200 -200 056 | 4888 028 038 025 5160 | 4830 240 020 040 a10 014 053 3077 4816 0.21 148 0z 138 00z | oo
460 250 i 3013 | 4625 027 044 000 3140 | 4770 240 020 040 010 014 083 3027 4758 014 131 024 133 a1t 002
460 300 300 a7E2 | 5404 004 052 035 3930 | 610 240 020 040 010 014 083 3847 5596 055 182 034 143 021 | -4
aBil 300 300 7E | 5404 004 052 035 3830 | 5640 240 020 040 aio 014 083 3847 55396 055 182 053 162 002 | a0
460 350 i 5% | 5138 008 058 000 3650 | 5300 240 020 040 010 014 083 3567 5285 041 148 041 150 000 001
Difference in s-position [em] 025 std. dev: 018 031 014 020
Difference in y-position [cm] 012 Max: 017 062 037 037
Difference in z-position [om]: 030 065 202 024 | sz
B-factor, up-link: 034 -150 dB [Max- 082 120 061 083
B-Factor, tele-poweriny 095 041 dB [Average 016 126 000 | .oof
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Fef Loop 1 &2, 180 deg Calculated Derivatives Measured Transmitting reference loop impedance (Z,) Compensation Compensated Difference: Fos. and Match. Difference:
Postlioring parameters ttenuation sttenustion Reference loop: number 1 factor iteruation measurestcalouated Corretion cted
Heirt, | Lstera | Lorg. | Tele- Up- - - % | (@Tele- | @ Up- | () Tele- | CabTele | o) Updink | (o Upink | Up- Tele- Tele- Up- Tele- Up- Tele- Up- Tele- | k-
z ¥ " o Ering, lirk, devistion | devistion | devistion |powering, ik, poweting | poweting | resistance | reactance link, pOvVEHnG, o ering, link, povvering link ot Ering link: ot Eing link
[mm] [min] [mim] [6B] [05] [cbicm] | [ebvem] | [dbiem] [05] [4B] resistancs | reactance [¢B] [6B] [6B] [cB] [05] [2B] [€5] [68] [€8] [cB]
220 -200 o -21.28 -37.40 012 114 000 -22.00 -38 B0 250 020 040 o1o 014 085 2115 3846 013 -1.08 037 146 043 038
220 -150 1] -16.58 -32.70 o041 RE:) 0.00 -17.40 -3380 270 0.20 0.40 o10 014 088 1652 3366 008 -0.88 012 121 018 025
220 150 200 -21.22 -37.34 0.26 086 048 -21.80 -38.50 250 020 040 o010 014 085 -2105 -38.36 017 -1.02 023 132 033 028
220 5 | 20 | ez | arae | oz 086 048 | 2240 | 3860 250 020 040 [ 0.4 085 2125 | s | oo ERF 0.2 135 0z | 022
220 -100 -100 -14.52 -3064 054 054 024 -15.50 -31.80 280 020 0.40 o010 014 091 -14.58 -31 66 -0.07 -1.02 001 110 -008 008
220 100 100 | 482 | 3084 | 054 054 024 | 4540 | a0 200 020 040 [ 0.4 031 449 | ms 003 032 0.00 109 00z | 0416
220 o 250 -17.86 -33.98 053 0.00 060 -18.80 -3510 280 020 040 o010 014 086 -17.94 -34 95 -0.08 -0.98 -003 1.08 -0 008
220 o 150 -13.37 -29.48 083 0.00 034 -14.30 -30 60 300 020 040 o1o 014 083 1337 -30.46 0.00 -0.87 -010 083 -010 00
220 o o -10.85 -26.87 070 0.00 000 -11.90 -2800 350 020 0.40 o010 014 101 -1088 -27 86 -0.04 -0.89 -015 0s4 -018 005
220 o -150 -13.37 -29.48 083 0.00 034 -14.30 -30 60 300 020 040 o010 014 083 1337 -30.46 0.00 -0.87 -008 1.01 -008 003
220 o -250 -17.86 -33.88 053 0.00 060 -18.80 -35.20 260 0410 040 o410 014 086 1804 3506 018 -1.08 o000 109 -047 001
220 100 -100 -14.52 -3064 054 054 024 -15.50 -31.70 280 020 040 o010 014 081 -14.58 -31.56 -0.07 -0.82 -004 1.08 -011 013
220 100 100 | 482 | 3084 | 054 054 024 | 4550 | a0 200 020 040 [ 0.4 031 459 | ws | o7 032 005 104 | 042 | omt
220 150 200 -21.22 -37.34 0.26 086 048 -22.30 -38 B0 250 010 040 o010 014 08s -2145 -38.46 -0.23 -1.12 01s 124 -008 012
220 150 -200 -21.22 -37.34 0.26 088 043 -22.20 -3860 250 010 040 ol 014 088 -21.35 3846 013 -1.12 olE 127 008 018
220 150 o -16.58 -32.70 o041 o081 000 -17.50 -3380 270 020 040 o010 014 088 1662 -33 66 -0.04 -0.98 00s 114 001 017
220 200 o -21.28 -37.40 042 114 000 -22.30 -38 60 250 010 040 o010 014 085 2145 -38.46 017 -1.08 026 135 o00s 028
340 275 o -28.23 -45.35 003 0738 0.00 -30.40 -46 90 240 0.20 040 o410 014 083 -2857 4676 -0.34 -1 030 139 -004 -0.02
340 225 225 -29.80 -46.02 043 066 033 -31.20 -47 B0 240 020 040 o010 014 083 -30.37 4746 047 -1.44 026 135 -020 -0.03
340 225 225 | a0 | ae0z | o043 056 03 | 140 | 470 240 010 040 [ 0.4 083 G027 | a7s | a7 54 0.z 13 | 008 | e
340 o -275 -2471 -40.83 0.40 0.00 048 -25.70 -42.20 250 020 040 o010 014 08s 2485 -42.08 014 -1.23 o010 119 -004 -0.04
340 o 1) -18.39 -34.51 0.55 000 000 -19.30 -3560 280 0.20 0.40 oan 014 088 1844 -3546 005 -0.95 -003 1.08 -008 011
340 275 -2471 -40.83 0.40 0.00 048 -25.70 -4210 250 020 040 o010 014 08s 2485 -4198 014 -1.13 008 147 -007 003
340 225 -29.80 -46.02 013 066 033 -30.60 -47 50 240 020 040 o1o 014 083 2877 4736 013 -1.34 032 141 048 007
340 -225 -23.80 -46.02 043 066 033 -30.80 -47 60 240 0.20 0.40 o10 014 083 -3007 -47 .46 047 -1.44 035 144 018 000
340 o -28.23 -45.35 0.08 078 000 -30.00 -46 80 240 020 040 o010 014 083 2817 -46 66 008 -1.31 037 146 043 015
460 0 32 | stas | ooe 053 0 | 800 | 5340 240 020 040 [ 0.4 083 517 | sam 003 158 0.3 1.45 045 | 043
460 300 -37.92 -54.04 0.04 052 038 -38.50 -56.00 240 020 0.40 o010 014 083 =37 67 -55 86 025 -1.82 033 148 064 -0.34
460 0 | a2 | 5404 | ooe 052 0z | 900 | sem0 240 020 040 [ 0.4 023 817 | ssms | 02 a2 0.41 150 06 | 032
460 o -3013 -46.25 027 044 000 -30.90 -47.70 240 020 040 o010 014 083 -3007 -47.56 008 -1.31 021 130 027 -0.01
460 200 -30.56 4668 0.28 036 025 -31.30 4810 240 020 040 o1o 014 083 -3047 -47 96 003 -1.28 o019 128 o029 000
460 -200 -30.56 -46.68 0.28 036 025 -31.50 -48.20 240 020 0.40 o010 014 083 3067 -48.08 011 -1.38 021 130 o010 -0.08
460 -350 -32.11 -48.23 0.27 0.00 04s -33.30 -48.90 240 020 040 o010 014 083 -3247 4876 -0.36 -1.53 021 1.30 -018 023
460 -250 -28.34 -44.46 0.36 0.00 032 -29.40 -46 .00 240 0.20 040 o410 014 083 -2857 4586 023 -1.40 013 122 -010 018
460 o -24 45 -40.58 045 0.00 000 -25.90 -41.90 250 020 040 o010 014 085 2455 4176 -0.03 -1.18 00s 114 -004 -0.04
460 250 | 2834 | adas | 036 0.00 0z | 2900 | 4880 240 020 040 [ 0.4 023 2847 | 4sEE | 043 20 0.1 120 | 0m | 000
460 350 -3211 -48.23 027 0.00 045 -33.10 -49.80 240 020 040 o010 014 083 3227 -49 B8 018 -1.43 018 127 002 018
480 200 -30.56 4668 0.28 038 025 -31.70 -48.20 240 0.20 040 ol 014 083 3087 48108 0.3 -1.38 o1e 128 -018 013
460 -200 -30.56 -46.68 0.28 036 025 -31.60 -48.20 240 020 040 o010 014 083 3077 -48 .08 -0.21 -1.38 018 127 -003 011
460 o -3013 -46.25 0.27 044 000 -31.20 -47.70 240 020 040 o010 014 083 -30.37 4756 024 -1.31 017 1.26 -008 -0.05
460 300 -37.82 -54.04 0.04 052 035 -39.60 -5610 240 0.20 0.40 o10 014 083 3877 -5596 -0.85 -1.82 034 143 -051 043
460 -300 -37.92 -54.04 004 052 038 -39.40 -56.00 240 020 040 o010 014 083 -3857 -55 86 065 -1.82 037 146 -028 037
460 0 2 | 5138 | ooe 053 0w | eq0 | s 240 020 040 [ 04 083 587 | sams | 060 EF 0.31 140 | 0w | oo
Difference in x-position [em]: 003 std. dew: 022 038 0.24 048
Difference in y-position [cm] 003 [Max: 025 -083 0.64 039
Difference in 2-position [em): 030 @ 085 32 051 | 048
B-factor, up-link: 084 -1.50 dB | [Max: 110 103 115 088
B-factor, tele-powetiny 093 041 dB | Average 014 126 003 000
Rl Loon 38 1, 0 den Calculsted Dertvatives Measurert Transmiting reference loop impedance (Z,) Compensation Compensated Difference: Pos. and Match Tifference;
Posttioning parameters attenuation attenuation Retference loop: number 3 factor attenuation measured-calculated Correction cted|
Hegt, | Letera | Long, | Tele- Up- z - % | (MTee | (k- | (D1ek- | () Tele | (21 Updin [ (3 Upink [ Up- Tele- Tele- p- Tele- Up- Tele- Up- Tl | k-
z ¥ X Py ering, link, devigtion | devigtion | devidtion |powering, linke, powering | powering | resistance | reactance link, povvering, povyering, link, Povering ik povyering link oy ering linke
ml | fom | pomp =) we) | woem | peem | oen) | (oe) (881 | resistance | resctance Bl wel ) o6l we) ) 105] (o8] w8 | (@)
220 200 0 2128 | aran | od2 144 000 | 2240 | 380 250 010 040 [ 04 085 2125 | mas 003 108 0.29 126 0z | 020
220 -150 o -16.58 -32.70 o041 o081 000 -17.50 -3380 270 010 040 o010 014 088 1662 -33 66 -0.04 -0.98 004 1.01 0.00 005
220 150 200 -21.22 -37.34 0.26 088 043 -22.20 -38.50 250 010 040 ol 014 088 -21.35 -38.36 013 -1.02 021 118 008 018
220 -150 -200 -21.22 -37.34 0.26 086 048 -22.00 -38.50 250 010 040 o010 014 08s 115 -38.36 oo7 -1.02 01s 112 022 010
220 -100 -100 -14.52 -3064 054 054 024 -15.40 -31.70 280 020 040 o010 014 081 1448 -31.56 003 -0.82 -007 080 -004 -0.02
220 100 100 -14.52 -30.64 0.54 054 024 -15.50 =370 280 0.20 040 o410 014 041 1458 -31.56 -0.07 -0.82 -004 083 -010 001
220 o 250 -17.86 -33.98 053 0.00 L= -18.80 -3510 260 010 040 o010 014 086 1804 -34 96 018 -0.88 00s 1.02 -013 004
220 [ 150 | A3a | 2343 | 063 0.00 034 | 440 | 3050 300 020 040 [ 0.4 033 4347 | w0 | a4 -0ar 006 0.51 016 | o3
220 o o -10.85 -26.97 0.70 0.00 000 -11.90 -27 .90 350 020 040 o010 014 101 -1083 2776 -0.04 -079 -016 082 -019 002
220 o 150 -13.37 -29.49 083 000 034 -14.30 -30.50 300 0.20 0.40 oan 014 083 1337 -30.36 000 -0.87 -0 .88 -0 0.0
220 o -250 -17.86 -33.98 053 0.00 060 -18.80 -3510 280 010 040 o010 014 086 -17.94 -34 95 -0.08 -0.98 -004 053 -0 -0.05
220 100 -100 -14.52 -3064 054 054 024 -15.40 -31 60 280 020 040 o1o 014 081 1448 3146 003 -0.82 003 1.00 o007 018
220 100 100 -14.52 -30.64 0.54 054 024 -15.50 -31 60 280 0.20 0.40 o10 014 o0&t 1458 3146 -0.07 -0.82 o007 1.04 0.00 021
220 150 200 -21.22 -37.34 0.26 086 048 -22.30 -38 60 250 010 040 o010 014 085 2145 -38.46 023 -1.12 038 135 01s 023
220 150 2 | 2tz | a4 | oz 086 04 | 2220 | 3850 250 010 040 [ 0.4 085 235 | wmm | o4 -0z 0.31 128 0ia | 026
220 150 o -16.58 -32.70 041 081 000 -17.50 -33.70 270 010 0.40 o010 014 088 -1662 -3356 -0.04 -0.868 ozo 147 018 031
220 200 0 2128 | aran | od2 144 om0 | 2230 | 3es0 250 010 040 [ 0.4 035 245 | mm | 47 038 0.50 147 0z | 08t
340 275 o -29.23 -45.35 0038 079 000 -30.50 -46 80 240 010 040 o010 014 083 2967 -46 BE. -0.44 -1.31 0s0 147 0.08 016
340 225 225 -29.80 -46.02 013 066 033 -31.30 -47 B0 240 020 040 o1o 014 083 -3047 4746 057 -1.44 048 145 -008 000
340 225 -225 -29.80 -48.02 043 086 039 -31.20 -47.50 240 010 0.40 o010 014 083 3037 -47.36 -0.47 -1.34 042 139 -00s 005
340 o -275 -2471 -40.83 0.40 0.00 048 -25.70 -4210 240 020 040 o010 014 083 2487 4196 016 -1.13 010 1.07 -008 -0.07
340 o o -18.39 -34.51 055 0.00 0.00 -19.30 -35 60 260 0.20 040 o410 014 086 1844 3546 -0.05 -0.85 -001 086 -008 001
340 25 -2471 -40.83 0.40 0.00 048 -25.80 -4210 240 020 040 o010 014 083 2497 4196 -0.26 -1.13 016 113 -010 000
340 26 | 0m | a0z | 043 086 0z | 000 | 4750 240 020 040 [ 0.4 023 007 | 473 | 47 S 0.5 132 0z | 002
340 -225 -29.90 -468.02 043 086 039 -30.80 -47 .50 240 020 040 o010 014 083 -2997 -47.36 -0.07 -1.34 030 127 023 -0.08
340 o -28.23 -45.35 0.0 079 0.00 -30.40 -48.70 240 0.20 040 ol 014 083 -29.27 4656 004 -1.21 035 132 0.31 011
460 o -35.26 -51.38 0038 058 000 -36.20 -53.00 240 020 040 o010 014 083 -3537 -52.86 011 -1.48 037 134 028 014
460 300 -37.92 -54.04 004 052 038 -39.10 -55 890 240 020 040 o010 014 083 -38.27 5576 035 -192 045 142 010 -0.30
460 -300 -37.82 -54.04 0.04 052 035 -38.80 -56.00 240 0.20 040 o410 014 083 -3807 5586 015 -1.82 040 137 025 046
460 o -3013 -46.25 0.27 044 000 -31.10 -47 B0 240 020 040 o010 014 083 -30.27 4746 014 -1.21 021 118 o007 003
460 200 | 0% | s | 028 036 025 | 3160 | 4810 240 020 040 [ 0.4 083 077 | 47ms | oo 28 0.23 120 0 | 008
460 -200 -30.56 -46.68 0.28 036 025 -31.50 -4810 240 020 040 o010 014 083 3067 -47.98 011 -1.28 019 118 008 012
480 -350 -3211 -48.23 0.27 000 045 -33.30 4950 240 0.20 0.40 oan 014 083 3247 4966 036 -1.43 022 119 014 024
460 -250 -28.34 -44.46 0.36 0.00 032 -29.40 -45 80 240 020 040 o010 014 083 2857 -45 BB -0.23 -1.20 01s 112 -008 -0.09
460 o -24 45 -40.58 045 0.00 000 -25.90 -4 80 250 020 040 o1o 014 085 2455 -41 66 -0.03 -1.08 008 105 -om 003
460 250 -28.34 -44.46 0.36 0.00 032 -29.40 -45 80 240 0.20 0.40 o10 014 083 -2857 -45 66 023 -1.20 019 116 -0.04 -0.04
460 350 -32.11 -48.23 0.27 0.00 04s -33.30 -489.80 240 020 040 o010 014 083 -3247 -49 66 -0.36 -1.43 029 1.26 -007 018
460 200 | 0% | s | 028 036 025 | 5180 | 4810 240 020 040 [ 0.4 083 097 | 47ms | 04 28 0.30 12| om | oo
460 -200 -30.56 -46.68 0.28 036 025 -31.70 -4810 240 020 0.40 o010 014 083 -3087 -47.96 -0.31 -1.28 026 123 -00s -0.05
460 0 013 | 625 | o021 044 0 | 31a0 | 4wq0 240 020 040 [ 0.4 023 G047 | a7m | s 130 020 127 | 004 | oos
460 300 -37.92 -54.04 004 052 038 -39.80 -5610 240 020 040 o010 014 083 -3897 -5596 -1.05 -1.82 0ss 152 -050 -0.40
460 -300 -37.92 -54.04 004 052 038 -39.70 -56.00 240 020 040 o1o 014 083 -38 87 -55 86 085 -1.82 043 146 -045 -0.36
480 ) -35.26 -51.38 0.038 058 0.00 -36.80 -53.00 240 0.20 0.40 o010 014 083 3597 -52.86 071 -1.48 043 145 -0.23 -0.03
Difference in x-position [em]: -0.07 Std. dew: 024 028 018 018
Difference in y-position [cm] -0.10 007 -079 033 051
Difference in z-position [cm]; 095 -1.05 -1.92 -050 046
B-factor, up-link: 034 -148 dB | 112 113 0.83 097
E-facios, tele-powerin, 094 051 dE | |Average 0.2 120 000 000
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Fef Loop 3 &1, 180 deg Calculated Derivatives Measured Transmitting reference loop impedance (Z,) Compensation Compensated Difference: Fos. and Match. Difference:
Postlioring parameters ttenuation sttenustion Reference loop: number 3 factor iteruation measurestcalouated Corretion cted
Heirt, | Lstera | Lorg. | Tele- Up- - - % | (Tele- | @Up- | O Tele- | ChTele- | @) Updink | (@ Upink | Up- Tele- Tele- Up- Tele- Up- Tele- Up- Tele- | k-
z ¥ " o Ering, lirk, devistion | devistion | devistion |powering, ik, poweting | poweting | resistance | reactance link, pOvVEHnG, o ering, link, povvering link ot Ering link: ot Eing link
[mm] [min] [mim] [6B] [05] [cbicm] | [ebvem] | [dbiem] [05] [4B] resistancs | reactance [¢B] [6B] [6B] [cB] [05] [2B] [€5] [68] [€8] [cB]
220 -200 o -21.28 -37.40 012 114 000 -22.10 -38.50 250 020 040 o1o 014 085 2125 -38.36 003 -0.88 037 134 040 038
220 -150 1] -16.58 -32.70 o041 RE:) 0.00 -17.40 -3370 270 0.20 0.40 o10 014 088 1652 -3356 008 -0.88 ol0 1.07 016 021
220 150 200 -21.22 -37.34 0.26 086 048 -22.00 -38.40 250 020 040 o010 014 085 2115 -38.26 oo7 -0.82 014 11 021 018
220 5 | 20 | ez | arae | oz 086 04 | 2220 | 3850 250 010 040 [ 0.4 085 235 | wmm | o4 -0z 034 130 0z | 029
220 -100 -100 -14.52 -3064 054 054 024 -15.50 -31.70 280 020 0.40 o010 014 091 -14.58 -31.56 -0.07 -0.82 003 1.00 -003 008
220 100 100 | 482 | 3084 | 054 054 024 | 4540 | w160 200 020 040 [ 0.4 031 1449 | 348 003 -0s2 007 0 | 003 | o008
220 o 250 -17.86 -33.98 053 0.00 060 -18.80 -35.00 280 010 040 o010 014 086 -17.94 -34 86 -0.08 -0.88 -012 085 -020 -0.03
220 o 150 -13.37 -29.48 083 0.00 034 -14.30 -30.50 300 020 040 o1o 014 083 1337 -30.36 0.00 -0.87 -018 081 -018 -0.06
220 o o -10.85 -26.87 070 0.00 000 -11.90 -27 90 350 020 0.40 o010 014 101 -1088 2776 -0.04 -078 -018 082 -018 002
220 o -150 -13.37 -29.48 083 0.00 034 -14.90 -30.50 300 020 040 o010 014 083 1347 -30.36 010 -0.87 -002 0ss -012 008
220 o -250 -17.86 -33.88 053 0.00 060 -18.80 -35.20 260 0410 040 o410 014 086 1804 3506 018 -1.08 013 A0 -004 002
220 100 -100 -14.52 -3064 054 054 024 -15.50 -31.70 280 020 040 o010 014 081 -14.58 -31.56 -0.07 -0.82 008 1.03 -om 011
220 100 100 | 482 | 3084 | 054 054 024 | 4550 | w160 200 020 040 [ 0.4 031 4459 | w48 | o7 -0s2 004 08 | o | ot
220 150 200 -21.22 -37.34 0.26 086 048 -22.20 -38 B0 250 010 040 o010 014 08s -21.35 -38.46 013 -1.12 018 115 005 003
220 150 -200 -21.22 -37.34 0.26 088 043 -22.30 -38.70 250 010 040 ol 014 088 -2145 -38.56 0.23 -1.22 039 1.38 018 013
220 150 o -16.58 -32.70 o041 o081 000 -17.50 -3380 270 010 040 o010 014 088 1662 -33 66 -0.04 -0.98 014 111 o010 015
220 200 o -21.28 -37.40 042 114 000 -22.30 -38 60 250 010 040 o010 014 085 2145 -38.46 017 -1.08 042 1.39 025 033
340 275 o -28.23 -45.35 003 0738 0.00 -30.40 -46 90 240 0410 040 o410 014 083 -2857 4676 -0.34 -1 044 141 o411 000
340 225 225 -29.80 -46.02 043 066 033 -31.10 -47 B0 240 020 040 o010 014 083 -30.27 4746 037 -1.44 032 129 -00s 015
340 225 225 | a0 | ae0z | o043 056 0 | ala0 | 4iq 240 010 040 [ 0.4 083 07| 47s | 4T 54 045 1.45 0 | 009
340 o -275 -2471 -40.83 0.40 0.00 048 -25.80 -42.20 250 020 040 o010 014 08s -2495 -42.08 -0.24 -1.23 023 120 -0m -0.03
340 o 1) -18.39 -34.51 0.55 000 000 -19.30 -3560 280 0.20 0.40 oan 014 088 1844 -3546 005 -0.95 -0o 0.8 -008 0o
340 275 -2471 -40.83 0.40 0.00 048 -25.70 -42.00 250 020 040 o010 014 08s 2485 -41.86 014 -1.03 003 1.00 -0 -0.03
340 225 -29.80 -46.02 013 066 033 -30.80 -47 30 240 020 040 o1o 014 083 -3007 4716 017 -1.14 029 1.26 012 012
340 -225 -23.80 -46.02 043 066 033 -31.00 -47 50 240 0.20 0.40 o10 014 083 3017 -47.36 -0.27 -1.34 045 142 018 008
340 o -28.23 -45.35 0.08 078 000 -30.20 4670 240 020 040 o010 014 083 2837 4656 014 -1.21 040 137 027 016
460 0 32 | stas | ooe 053 om0 | a0 | 5300 240 020 040 [ 0.4 083 557 | sams | 040 148 041 13 00| o0
460 300 -37.92 -54.04 0.04 052 038 -39.30 -56.00 240 020 0.40 o010 014 083 -3847 -55 86 -0.55 -1.82 038 135 -017 -0.47
460 0 | a2 | 5404 | ooe 052 0z | 930 | 8640 240 020 040 [ 0.4 023 E T T 32 054 150 00| aa
460 o -3013 -46.25 027 044 000 -31.10 -47 B0 240 020 040 o010 014 083 3027 -47 46 014 -1.21 024 121 o010 000
460 200 -30.56 4668 0.28 036 025 -31.60 -48 .00 240 020 040 o1o 014 083 -3077 47 86 021 -1.18 018 115 -003 003
460 -200 -30.56 -46.68 0.28 036 025 -31.60 -4810 240 020 0.40 o010 014 083 3077 -47.98 01 -1.28 029 1.6 008 -0.02
460 -350 -32.11 -48.23 0.27 0.00 04s -33.90 -48.90 240 010 040 o010 014 083 -3257 4876 046 -1.53 035 132 -011 021
460 -250 -28.34 -44.46 0.36 0.00 032 -29.50 -45 490 240 0.20 040 o410 014 083 -28 67 4576 -0.33 -1.30 024 121 -009 040
460 o -24 45 -40.58 045 0.00 000 -25.90 -41 80 250 020 040 o010 014 085 2455 -41 66 -0.03 -1.08 008 1.08 -om 003
460 250 | 2834 | adas | 036 0.00 0z | 2900 | 4870 240 020 040 [ 0.4 023 2847 | 45m | 043 -0 0.0 1| e | om
460 350 -3211 -48.23 027 0.00 045 -33.20 -49.70 240 020 040 o010 014 083 3237 -49.56 -0.26 -1.33 016 113 -010 -0.20
480 200 -30.56 4668 0.28 038 025 -31.70 4810 240 0.20 040 ol 014 083 3087 47968 0.3 -1.28 020 147 -0 0
460 -200 -30.56 -46.68 0.28 036 025 -31.70 -48.20 240 020 040 o010 014 083 -3087 -48 .08 -0.31 -1.38 031 128 0.00 011
460 o -3013 -46.25 0.27 044 000 -31.20 -47.70 240 020 040 o010 014 083 -30.37 4756 024 -1.31 026 123 003 -0.08
460 300 -37.82 -54.04 0.04 052 035 -39.40 -5540 240 0.20 0.40 o10 014 083 -3857 5576 -0.65 -1.72 041 138 -0.24 -0.35
460 -300 -37.92 -54.04 004 052 038 -39.60 -55 890 240 010 040 o010 014 083 3877 5576 -0.85 -192 056 153 -028 019
460 0 2 | 5138 | ooe 053 0 | e | 5310 240 020 040 [ 04 083 577 | s2m | 080 58 044 141 007 | 47
Difference in x-position [em]: 021 std. dew: 020 039 045 048
Difference in y-position [cm] 003 [Max: 007 -078 0.40 038
Difference in 2-position [em): 095 085 32 028 | 047
B-factor, up-link: 084 -148 dB | 092 113 0.68 085
B-factor, tele-powetiny 094 051 dB | Average 0.2 120 aon_| -nof
Ref. Loon 28 3, 0 den Calculsted Dertvatives Measurert Transmiting reference loop impedance (Z,) Compensation Compensated Difference: Pos. and Match Tifference;
Posttioning parameters attenuation attenuation Retference loop: number 2 factor attenuation measured-calculated Correction cted|
Height, Lateral Long., Tele- Up- z- - e ) Tele- 0 Up- () Tele- ) Tele- (0 Up-inke | 1) Up-link - Tele- Tele- Un- Tele- Up- Tele- - Tele- Un-
z ¥ X Py ering, link, devigtion | devigtion | devidtion |powering, linke, powering | powering | resistance | reactance link, povvering, povyering, link, Povering ik povyering link oy ering linke
ml | fom | pomp =) we) | woem | peem | oen) | (oe) (881 | resistance | resctance Bl wel ) o6l we) ) 105] (o8] w8 | (@)
220 200 0 2128 | aran | od2 144 om0 | 2200 | 38s0 260 000 040 -040 018 036 2144 | 014 -0 0.25 121 0z | 02
220 -150 o -16.58 -32.70 o041 o081 000 -17.40 -33.70 280 000 040 -010 018 080 -16.50 -33.54 008 -0.84 002 0ss o009 013
220 150 200 -21.22 -37.34 0.26 088 043 -22.20 -3860 250 000 040 -010 n1e 088 -21.35 3844 013 -1.10 024 120 011 009
220 -150 -200 -21.22 -37.34 0.26 086 048 -21.80 -38.30 280 000 040 -010 018 086 -2094 -38.14 028 -0.80 o007 1.03 035 022
220 -100 -100 -14.52 -3064 054 054 024 -15.40 -31 60 280 000 040 -010 018 081 1448 3144 003 -0.80 -011 08s -008 004
220 100 100 -14.52 -30.64 0.54 054 024 -15.50 =370 280 0.00 040 -010 018 041 1458 3154 -0.07 -0.80 -003 083 -009 003
220 o 250 -17.86 -33.98 053 0.00 L= -19.00 -35.20 260 000 040 -010 018 086 1814 -3504 028 -1.08 012 1.08 -018 002
220 [ 150 | A3a | 2343 | 063 0.00 034 | 450 | 3060 300 000 040 040 015 033 4357 | w44 | oz 035 002 0% | 0z | o0t
220 o o -10.85 -26.97 0.70 0.00 000 -11.90 -2800 350 010 040 -010 018 101 -1083 -27 84 -0.04 -0.87 -015 082 -018 -0.08
220 o 150 -13.37 -29.49 083 000 034 -14.30 -30.50 310 000 0.40 -0.10 0.1g 095 13385 -30.34 002 -0.85 014 052 012 003
220 o -250 -17.86 -33.98 053 0.00 060 -18.70 -35.00 270 000 040 -010 018 088 1782 -34 84 004 -0.88 -009 087 -00s 000
220 100 -100 -14.52 -3064 054 054 024 -15.50 -31.70 280 000 040 -010 018 081 -14.58 -31.54 -0.07 -0.80 004 1.00 -003 010
220 100 100 -14.52 -30.64 0.54 054 024 1560 =370 280 0.00 0.40 -010 018 o0&t 1468 -31.54 047 -0.80 013 1.09 -0.04 018
220 150 200 -21.22 -37.34 0.26 086 048 -22.50 -3870 250 000 040 -010 018 085 2165 -38.54 043 -1.20 043 144 00s 024
220 150 2 | 2tz | a4 | oz 086 04 | 2200 | 3860 250 000 040 040 015 085 2145 | w4l | 02 -0 0.31 127 007 | 046
220 150 o -16.58 -32.70 041 081 000 -17 60 -3380 270 000 0.40 -010 018 088 1672 -3364 014 -0.94 024 120 010 026
220 200 0 2128 | aran | od2 144 0 | 2280 | mem0 250 000 040 040 018 035 2165 | s | a7 4 057 15 03 | o038
340 275 o -29.23 -45.35 0038 079 000 -30.70 -47.00 250 000 040 -010 018 08s -2985 -46 84 -0.62 -1.49 0ss 151 -008 00
340 225 225 -29.80 -46.02 013 066 033 -31.50 -47 80 250 000 040 -010 018 085 -3065 47 B4 075 -1.62 056 152 -018 011
340 225 -225 -29.80 -48.02 043 086 039 -31.30 -47 B0 240 000 0.40 -010 018 083 3047 -47 44 -0.57 -1.42 042 138 -015 -0.05
340 o -275 -2471 -40.83 0.40 0.00 048 -2560 -42.00 250 000 040 -010 018 085 2475 4184 -0.04 -1.01 00s 1.01 001 000
340 o o -18.39 -34.51 055 0.00 0.00 -19.40 -35 60 260 0.00 040 -010 018 086 -18.54 3544 015 -0.83 o000 086 -015 002
340 25 -2471 -40.83 0.40 0.00 048 -25.80 -42.20 250 000 040 -010 018 085 -2505 4204 034 -1.21 023 119 -012 003
340 26 | 0m | a0z | 043 086 0z | 000 | 4750 250 000 040 040 018 035 5005 | a7s | ods a2 0.7 15 0z | oo
340 -225 -29.90 -468.02 043 086 039 -30.50 -47.20 250 000 040 -010 018 08s -2985 -47.04 025 -1.02 023 119 048 017
340 o -28.23 -45.35 0.0 079 0.00 -30.00 -48 B0 250 000 040 -010 n1e 088 -2915 4644 008 -1.09 032 .28 040 019
460 o -35.26 -51.38 0038 058 000 -36.10 -53.00 240 000 040 -010 018 083 3527 -52.84 -0.01 -1.48 03s 131 034 015
460 300 -37.92 -54.04 004 052 038 -39.10 -55 890 240 000 040 -010 018 083 -38.27 5574 035 -1.70 043 144 013 027
460 -300 -37.82 -54.04 0.04 052 035 -38.70 5540 240 0.00 040 -010 018 083 37 &7 5574 005 -1.70 034 130 033 -0.40
460 o -3013 -46.25 0.27 044 000 -31.00 -47 B0 240 000 040 -010 018 083 -3017 47 44 -0.04 -1.18 oz0 118 018 003
460 200 | 0% | s | 028 036 025 | 3160 | 4810 250 000 040 040 015 085 075 | 4784 | ods 28 0.25 121 006 | 006
460 -200 -30.56 -46.68 0.28 036 025 -31.40 -48.00 250 000 040 -010 018 08s -3055 -47 84 om -1.18 016 112 017 -0.05
480 -350 -3211 -48.23 0.27 000 045 -33.20 -49.70 240 000 0.40 -0.10 0.1g 083 -32.37 4954 0.26 -1.31 o1g 1.4 -008 01T
460 -250 -28.34 -44.46 0.36 0.00 032 -29.40 -45 80 250 000 040 -010 018 08s -2855 -45 B4 -0.21 -1.18 012 1.08 -009 010
460 o -24 45 -40.58 045 0.00 000 -25.50 -4 80 250 000 040 -010 018 085 2465 -41 64 018 -1.08 003 105 -010 001
460 250 -28.34 -44.46 0.36 0.00 032 -29.50 -45 490 250 0.00 0.40 -010 018 085 -2865 4574 -0.31 -1.28 024 1.20 -008 -0.09
460 350 -32.11 -48.23 0.27 0.00 04s -33.50 -48.90 250 000 040 -010 018 085 -3265 4974 054 -1.51 034 1.30 -020 021
460 200 | 0% | s | 028 036 025 | 5190 | 4830 250 000 040 040 015 085 5105 | 4sd4 | s 148 035 130 044 _| 4%
460 -200 -30.56 -46.68 0.28 036 025 -31.80 -48.20 250 000 0.40 -010 018 08s -3095 -48.04 -0.39 -1.368 026 122 -013 014
460 0 013 | 625 | o021 044 0 | 3140 | 47a0 240 000 040 040 018 023 G057 | A7ed | s 13 0.3 12 | an | o
460 300 -37.92 -54.04 004 052 038 -39.70 -56.00 240 000 040 -010 018 083 -3887 5584 -0.85 -1.80 062 158 -033 -0.22
460 -300 -37.92 -54.04 004 052 038 -39.70 -56.00 240 000 040 -010 018 083 -38 87 5584 085 -1.80 043 145 -046 -0.36
480 ) -35.26 -51.38 0.038 058 0.00 -37.00 -53.00 240 0.00 0.40 -010 018 083 3617 -52.84 081 -1.45 052 148 -039 001
Difference in x-position [em]: 018 Std. dew: 030 028 0.22 017
Difference in y-position [cm] 014 028 -0.80 048 038
Difference in z-position [cm]; 095 085 -1.80 046 040
B-factor, up-link: 034 -148 dB | 123 100 0.94 078
E-facios, tele-powerin, 094 052 dE | |Average 0.2 120 000 | 001
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Ref_Loop 2 & 3, 180 deg Caloulated Derivatives Measurest Transmiting reference laop impedance (Z,) Compensation Compensated Difference: Fos. and aich. Difference:
Fosflioning parameters attenustion sttenuation Reterence loop: number 2 factor sttenustion messured.calculsted Correction cted
Height, | Leteral | Long., | Tele- Up- = - *- ek | (Up- | (el | M7ele- | (9 Updrk | (Upiink | Up- Teie- Tele- Up- Tele- Up- Tele- Up- Tele- Up-
z y % |powering, | ink, | devistion | devistion | devistion [poweering, | lnk, | powering | powerng | resistance | resctance | ik, poveering, | powerng, | ik, | powering ik | powering ik [powering [ ik
fmm) i} from) = [05] [obiem) | [ooiem] | (ooiem] | (o8] (#6] | resistance | reactance 6] [05] = o] 5] 185 145 48] [45] o)
220 200 i 212 | arao 012 114 o0 | 22a0 [ 3840 250 0.00 040 010 016 05 2125 | 82 003 054 035 134 041 050
220 50 o 658 | 3270 0.41 051 000 | 4740 | 3360 270 0.00 040 010 018 088 652 | 3344 005 074 011 107 017 | 033
220 150 200 @ | s 0.26 086 045 | 2210 | 3840 250 000 040 010 016 085 2125 | 382 003 090 027 124 024 | 033
230 50 200 | ma2 | AT 0.26 056 0ds | 2200 | 3640 250 0.00 040 010 046 055 215 | e 007 080 024 120 030 | 029
220 100 00| 1452 | 3084 0.54 054 024 | 4540 | 3160 290 0.00 040 010 016 091 1949 | 3144 003 -0.80 T 095 002 | 014
220 A0 100 482 | 3064 0.54 054 024 | 4540 [ w160 280 010 040 010 016 091 448 [ w144 003 050 001 047 004 | 06
220 o 250 785 | 3398 0.53 000 us0 | 880 | 3500 270 0.00 040 -010 016 058 Ara2 | ad 006 086 004 1.00 002 | 014
220 o 150 33| 2949 063 000 054 | 430 | 3040 300 010 040 010 016 083 A3a7 | an2d 000 075 008 090 006 | 044
220 0 i 085 | o887 0.70 000 000 | 180 | 27s0 350 010 040 010 016 11 079 | iTe 005 077 015 052 008 | 004
220 o As0_ | 1337 | 2949 063 000 034 | 4430 | 3050 300 010 040 010 016 083 337 | 3034 000 085 009 057 008 | om
220 o 250 | 4786 | 3388 053 000 0s0 | 4880 | 3540 270 000 040 010 018 088 782 | sdad 006 096 001 085 00 | oot
220 100 00| 1452 | 3084 0.54 059 024 | 4550 | 170 290 0.00 040 010 016 081 959 | 3154 007 090 001 097 006 | 008
220 100 100 482 | 3064 0.54 054 024 | 4550 | w160 280 0.00 040 010 016 091 450 | s1dd 007 050 003 099 004 | o048
220 150 200 n2: | 3T 0.26 086 045 | 2230 | 3860 260 0.00 040 -010 016 086 2144 | 3844 022 140 031 127 003 | 07
220 150 20 | m22 | ara .28 06 045 | 2240 | 3870 250 000 040 010 01g s 2155 | 3854 033 120 027 123 0o | 003
220 150 i 1658 | 3270 041 081 000 | 760 | 3380 270 000 040 010 016 088 672 | 3364 014 094 015 141 001 016
220 200 0 28 | arao 012 114 o0 | 22a0 | 3870 260 000 040 010 016 086 2154 | a8sd 026 14 043 139 017 | o024
340 75 o 133 | 4535 .05 078 000 | 3050 | 700 250 0.00 040 010 018 085 2985 | -4bad 042 143 045 141 003 | 008
340 225 25 280 | 4602 013 066 03 | a0 | ar70 250 000 040 010 016 085 3035 | 4754 045 152 043 139 003 | a4
340 225 225 | 2980 | 4602 013 066 03 | 50 | arTo 250 0.00 040 010 046 055 3035 | 475 045 152 038 135 006 | o7
340 o 75 | 471 | 4083 0.40 000 045 | 2580 | 4220 250 0.00 040 010 016 085 2995 | 4204 024 121 012 108 012 | i3
340 o [ 1839 | w1 .55 000 oo | g0 [ ssen 260 000 040 010 016 056 844 | 3544 005 093 000 096 005 | o002
340 275 47| 4083 0.40 000 045 | 2570 | 4200 250 0.00 040 -010 016 085 2485 | 4184 014 101 016 142 002 | 040
340 25 280 | 4602 013 066 039 | 3100 | 4740 250 000 040 010 016 085 015 | 4724 025 122 040 136 015 | 013
340 25 | e | aen2 013 066 039 | a090 | 4730 250 000 040 010 016 085 3005 | 474 015 112 037 133 022 | 020
340 0 223 | 4535 0.09 079 oo0 | 3010 | 4660 250 000 040 010 016 085 2925 | 4544 002 108 042 138 040 | 028
460 o 3536 | 5138 0.08 059 000 | 3ed0 | 5290 240 000 040 010 018 083 3557 | s27d 031 136 04z 138 01 002
460 300 s | 5404 0.04 052 03 | 3930 | 5600 240 0.00 040 010 016 053 3847 | 5589 055 -1.80 049 145 006 | 036
460 00 | aa2 | 5404 0.04 052 03 | 3920 | se00 240 0.00 040 010 016 053 3857 | 855 045 150 045 142 [
460 [ 3013|4825 0.27 044 000 | 3140 | 4750 250 0.00 040 -010 016 085 3025 | 4734 042 -1.09 025 121 013 | o012
460 200 056 | -aess .28 036 025 | 3160 | 4800 240 000 040 010 01g 03 077 | 47ad 021 148 0% 122 005 | o00s
460 200 | 3056 | 4668 0.25 036 025 | 3160 | 4800 250 000 040 010 016 085 3075 | 4784 019 118 034 120 004 | 003
460 350 | 321 | 4823 0.27 000 045 | 3330 | 4980 240 000 040 010 016 0853 3247 | 4964 036 141 025 121 01| oz
460 250 | 3834 | -a44b 0.35 000 032 | 2040 | 4590 250 000 040 010 018 085 2855 | 4574 021 128 017 143 005 | e
460 [ 2445 | 058 0.45 000 000 | 2540 | 4180 250 0.00 040 010 016 085 2955 | 4164 009 108 008 105 0o | oo
460 250 B | e 0.35 000 032 | 2040 [ 4580 250 0.00 040 010 016 055 2855 | 4564 021 ERT] 018 145 002 | 003
460 350 ;| 4823 0.27 000 045 | 3330 | 4970 240 0.00 040 -010 016 083 3247 | 4954 036 131 028 124 008 | 007
460 200 056 | -aess .28 036 025 | 3170 | 4820 240 000 040 010 01g 03 3057|4804 031 138 027 123 0o | 03
460 200 | 3056 | 4668 0.25 036 025 | 3170 | 4820 240 000 040 010 016 083 F067_| 4804 031 138 025 121 008 | s
460 0 3013|4625 .27 044 o0 | a0 | ars0 250 000 040 010 016 085 5045 | 4764 052 139 027 123 005 | 016
460 300 e | 5404 0.04 052 03 | 3850 | 5590 240 0.00 040 010 018 083 3867|5574 075 170 051 147 024 | 03¢
460 00 | e | 404 0.04 052 03 | 3950 | ssa0 240 000 040 010 016 0853 3867 | 5574 075 170 045 144 02 | oot
460 [ ErEEEE 0.08 058 o0 | o660 | oS30 240 0.00 040 010 046 053 sar | s2m 07 B 045 141 026 | 016
Difference in x-position [cm] 004 [std. dew: 022 030 015 | 019
Difference in y-position [on] 002 Max: 007 074 041 050
Difference in z-position [cm] 095 i 075 180 0z | 03
B-factoz, up-link: 084 148 dB | Max. 082 105 065 | 089
E-factor, tele-poweting 094 052 dB | Average 0.2 147 a0t 002
Positioning parameters Reduced Size 0 deg Reduced Size 180 deg
Height, | Lsteral | Long, | Emor, | Evord, | Emorz, | Emor2, | Emors, | Enor, | Eword, | Everd, | Emor2, | Eworz, | Ewors, | Ermors,
zimm) |yl | x(mm] | Uplink | Telepr | Updink | Tele-pwr | Updink | Telepur | Updink | Telepwr [ Updink | Telepwr | Updink | Tele-por
0] [95] e8] o] ) [05] e8] 0] [o5] [0] [E=) B
220 200 [ 012 0.07 019 014 0.07 025 014 024 026 025 024 016
220 150 0 002 002 010 007 003 0.02 0.06 008 018 010 015 008
230 50 200 011 006 0.04 009 005 002 008 018 022 021 01 003 Definition
220 150 200 002 007 011 005 011 029 041 005 011 016 018 015
230 A0 00 001 003 0.08 007 ol 0.00 0.01 005 007 000 007 002 The transmitting loop is kept in static position at the table
220 -100 100 005 -0.08 007 -0.05 -0.04 -0.04 004 -0.02 0412 005 0.04 -0m The receiving loop is mounted in the APT (and maoved around).
220 ] 250 003 -008 0.01 -0.08 001 -007 005 014 012 0.03 001 005 In case of 180 deg rotation, the receiving loop is rotated.
220 o 150 004 005 0.00 042 T 010 009 010 011 0.00 003 005 Indexing of permutations is such that the first index is transrritting and the
220 o 0 007 -010 -0.02 -0.09 -0.04 -0.08 002 015 003 -0.04 0.01 -0.04 second is receiving (e.q., Ref loop 1 & 2 means loop 1 is transmitting and
220 o R 005 -005 0.04 008 005 005 005 005 002 -0.03 003 005 Inop 2 is receiving).
220 o -260 000 -0.10 0.05 -0.04 -0.04 -001 002 -0.07 -0.01 0.00 003 The positioning coordinates refer to the coordinate system of the APT.
230 100 00 013 005 0.04 003 005 0.00 008 003 004 002 002 Each of the invalved loap has their own coordinate system.
220 100 100 003 0.03 0.06 -0.01 012 -003 002 -0.09 003 009 -0 Please observe that the upper sides of the loops shall phase each other. This
220 150 200 012 007 03 002 01 0.07 001 006 013 004 01 means that for a transmitting loap, its coordinate system ceincides with the
220 150 200 014 015 0.05 004 012 0.03 013 013 002 001 0.02 coordinate system of the APT. Hawever, for a recebing loop with 0 deg rotation,
220 150 0 0417 009 043 004 013 0.08 0.08 008 009 007 008 its y axis is in the reverse direction of the APT coordinate system, but for a
220 200 i 025 0% 012 012 026 0.08 019 008 010 014 07 receiving |oop with 180 deq rotation its v axis is in the same direction of the ATP
340 275 0 013 0416 -0.02 003 003 -0.10 0.03 002 -0.05 -0.06 -0.03 0.08 coordinate system. Forthe x axis, the contrary applies. For a loop with 0 deg
340 225 25 007 008 004 004 007 015 005 01 004 -0.08 010 008 rotation, the x axis coincide with the APT x axis, but is in reverse direction with
340 225 -225 om 041 -0.08 000 0.04 015 -0.04 000 042 -0.08 -008 002 180 deg rotation. Finally, since the upper sides of the loops shall phase each
340 o 278 040 01 003 004 003 0.05 0.03 004 007 008 005 ather, the z axis of a receiving loop is in the reverse direction of the ATP
340 ] 0 005 0.01 0.08 -0.08 -0.04 -007 0.0s -0.04 008 -0.04 -0.02 coordinate system regardiess of rotation of the receiving loop
340 o 275 003 003 0.00 -0.08 003 007 008 010 009 003 002 -0m The deviation parameters (i.e., devk!, devY2, etc.) are always with respect to the
340 225 225 002 0.06 0.0t 010 0.00 012 0.03 021 005 024 0.09 009 coordinate system of each specific loap.
340 225 -225 018 015 0.08 011 011 0.38 -0.06 007 008 041 014 041 The deviation parameters (e.g., devil, devV2, etc.) are the differences between
340 275 o 002 0.08 010 015 003 035 002 015 014 035 015 011 the evaluated electrical centres and the reference marks for each individual loop.
460 -350 0 -0.06 -001 -0.07 007 -0.09 027 042 022 000 023 002 042 The evaluated difference parameters (e.q., "Difference in ¥ position”) are always
460 300 300 027 007 02 010 003 0.03 023 027 01 037 0z 044 with respect to the coordinate system of the APT.
460 -300 -300 -0.29 019 -023 -0.05 047 0.44 047 007 045 003 024 -0.08 The use of "devI" should be minimised (at least only values less than 10 mm
460 250 0 0.04 -004 004 008 001 012 008 012 008 01§ 0.06 002 shall be used). It is rather preferred to perform fine tuning using the B-factor.
460 200 200 002 0.02 0.01 005 007 0.00 004 011 004 018 001 013
460 200 200 008 009 001 001 004 018 007 007 001 003 005 001
460 0 -350 020 01 013 005 004 -003 012 007 01 -0.08 009 004
460 o 250 005 005 006 007 004 002 006 007 042 -0.03 004 002
460 o o 003 002 001 007 000 -003 003 003 001 -0.02 000 002 In a first step, minimise the averages for O deg and 180 deg for each permutation
460 ] 250 -0.01 0.03 -0.06 -0.01 -0.03 -0.06 0.00 -0.01 000 -0.01 -003 -0.02 of lnops using the B-factor (separate for Tele-powering and Up-link). The method
460 o 350 006 007 010 005 041 015 015 000 002 002 008 010 is to fill the cells for "Bup" and *Btele” on rows 377 through 379 with the same
460 200 200 005 001 008 004 007 011 005 011 008 -0.04 005 0.00 value as the average erors originally found in row 374 (either the O deg or the
460 200 -200 000 008 -010 000 008 013 -0.03 oo -0.08 -0.04 007 -0m mean value between 0 deg and 180 deg)
460 250 i 004 0.08 002 002 009 013 0.0z 0ot 007 -0.07 010 0.0z In  second step (if needed), continug fine tuning using the deviation parameters
460 300 300 -0.34 019 015 -0.02 -0.07 -031 -030 -0.25 019 -025 -008 001 forxand y (i.e., devitl, dev¥2, etc. in rows 377 through 379). The method is to go
460 300 -300 015 0.00 015 001 KE 045 014 15 022 014 004 014 through all x and y deviation parameters, and for each parameter minimise the
460 350 0 -0.01 0.08 0.03 -0.08 -0.02 031 -0.05 -0.05 -0.03 025 013 002 "RMS SDEY" of cell K388, If absolutely needed, perform also optimisation using
Std. dev: 012 0.03 0.08 0.07 009 0.17 010 012 011 013 010 0.10 the "devZ" but observe the limitation above, and alse that the B-factor needs to be
Ma 025 036 019 015 026 044 013 027 026 037 024 047 re-adjusted after this
-0.34 019 024 042 021 -045 -030 -0.25 022 -025 024 044 The process may be stopped when no maximum or minimum error
[Max Min: 058 045 0.43 027 047 089 043 052 048 063 043 050 summarised in cells K385 and K386 exceed +- 0.5 dB
Average 000 0.00 0.00 000 0.00 0.00 -002 001 002 002 0.01 -0 Only yellow cells can be edited, and green cells form important output results

(other cells are locked)
After final elaboration, the reference loops shall be marked with the suitable "dev

-0.75 dB -0.20 dB denx1= 0.140 cm -0.035 cm devZ1 0400 crm parameters” of the yellow cells, and the appropriate B-factors in the green cells
-0.75 dB 021 dB devi2= -0.110 cm -0.080 cm 0.400 crm It shall be clear fram the marking what is "up" and "down" of a reference loop
-0.73 dB -031 dB de3= 0.070 cm -0.060 cm 0550 cm
Overvizw for the optinisation
[Eoe
Reduced Siz (average) | 04
Ditx, | Oy, | Difz, 5 5
o] [em] fem] Up-ink | Tele-purr i 044
[[Loop T [0 -004 0.40 092 [T i 045
| Loop 2 011 -008 0.40 082 098 Mz -Min 089
[ Loop 3 | 07 008 0.55 092 [ Fis soev | 0
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B3 Test Antenna

B3.1 Size of the Test Antenna

The size of the Test Antenna loop shall be 200 mm x 200 mm for the Tele-powering signal. The size of the Up-
link Test Antenna loop shall be 40 mm x 40 mm. The two loops shall be in the same plane and have the same
geometrical centre to within £2 mm. A shielding plate shall be positioned parallel to the loops, and at 400 mm
distance from the centre of the loops. The size of the shielding plate shall be 600 mm x 600 mm.

The Tele-powering loop of the Test Antenna shall be tuned with serial capacitors to the actual frequency band.
The loop impedance for the Up-link loop shall be high enough at the Tele-powering frequency band so that the
field generated from this not intended current is negligible. Vice versa, the loop impedance for the Tele-
powering loop shall be high enough at the Up-link frequency band so that the induced voltage from the Tele-
powering loop is negligible.

The cable to the Test Antenna shall be of double shielded low loss type (e.g., RG 214). Furthermore, the cable
shall be “de-bugged” using suitable ferrite clamps evenly spaced along the cable at distances of less than 70 cm.

B3.2 Field Requirements

The E-field rejection shall be more than 25 dB.

The Test Antenna shall be able to generate an H-field that gives more than 20 nVs in the Standard Size Refer-
ence Loop, and more than 7.5 nVs in the Reduced Size Reference Loop. This shall be valid when the Test An-
tenna is positioned anywhere within the Main Lobe Zone defined by SUBSET-036.

B3.3 Impedance
The nominal source impedance for the Tele-powering loop is 50 Q. The input impedance of the Tele-powering
loop is to be defined by the supplier.

The nominal load impedance for the Up-link loop is 50 Q. The source impedance of the Up-link loop is to be
defined by the supplier.
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B4 Activation Antenna

B4.1 Size of the Activation Antenna

The size of the Activation Antenna loop shall be 200 mm x 200 mm for the Tele-powering signal.

The Activation Antenna shall be tuned with serial capacitors to the actual frequency band. The loop impedance
shall be high enough at the Up-link frequency band so that the field generated from this not intended current is
negligible compared to the current in the Balise under test.

The cable to the Activation Antenna shall be of double shielded low loss type (e.g., RG 214). Furthermore, the
cable shall be “de-bugged” using suitable ferrite clamps evenly spaced along the cable at distances of less than
70 cm.

B4.2 Field Requirements

The E-field rejection shall be more than 25 dB.

The Activation Antenna shall be able to generate an H-field that gives more than 150 nVs in the Standard Size
Reference Loop, and more than 60 nVs in the Reduced Size Reference Loop. This shall be valid when the Acti-
vation Antenna is positioned 220 mm above the Reference Loop, and at the same time having a maximum longi-
tudinal deviation of up to 250 mm relative to the Reference Loop. The Reference Area shall be parallel to the X-
axis, and the lateral deviation shall be zero as defined by SUBSET-036.

B4.3 Impedance

The nominal source impedance for the equipment to be connected to the Activation Antenna is 50 Q. The input
impedance of the loop is to be defined by the supplier.

B5 Conditions to be tested

B5.1 General

In general, when stating that something is related to the Reference Loop in the following sub-clauses, it also
applies to the Balise and vice versa (if a specific test includes a Balise rather than a Reference Loop).

This sub-clause includes all different debris and metallic object cases defined by SUBSET-036. However, in the
specific tests defined by this specification, a relevant selection might apply (i.e., only a few cases are judged
being relevant for test purposes).
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B5.2 Debris

B5.2.1 General

The design of the Debris Box, and the utilisation, is according to Figure 53 and Figure 54 below. The size of the
Debris Box is 1220 mm x 950 mm (X-direction x Y-direction).

B5.2.2 Liquid Debris

B Plastic bag

Defined depth of debris

Cable Debris Box Balise

Figure 53: Application of liquid debris

There are two shaded areas in Figure 53 above, one to the left of the Balise (rectangular shape) and one to the
right of the Balise (triangular shape). These are areas with material constituting free air conditions (or simply
air). The rectangular area to the left of the Balise is the volume where the balun is positioned during calibrations
with the Reference Loops. To ensure that the situation is not changed when real Balises are tested, this volume
should constitute “free air conditions” also during Balise testing. The triangular area to the right of the Balise
represents the unavoidable gap occurring when applying the plastic bag over the Balise. In order to achieve
reproducibility, the plastic bag shall meet the foundation (exemplified by sand in the figure) at 45° angle.

Furthermore, in order to practically cope with irregular Balise surfaces, and to allow the use of a plastic bag with
sufficient strength/thickness, it is allowed that the distance between the bottom of the debris layer and the lowest
point of the top surface of the Balise (excluding fixation holes) is maximum 2 mm. It is also allowed that the
plastic bag is not firmly attached to the edges of the debris box.
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B5.2.3 Non-liquid Debris

. _

Defined layer of debris

/
Cable Debris Box Balise

Enlarged area

a
A
Balise
I .

— et

Figure 54: Application of non-liquid debris

The maximum distance between the bottom of the debris layer and the lowest point of the top surface of the
Balise (excluding fixation holes) is the distance a in Figure 54. This distance shall be less than 2 mm for debris
Class B, and less than 5 mm for debris Class A. Provided that this is fulfilled, the debris material may be housed
in specific boxes of a material constituting free air conditions.

The maximum gap between the Balise and debris layer beside the Balise is the distance b in Figure 54. This
distance shall not exceed 2 mm. Provided that this is fulfilled, the debris material may be housed in specific
boxes of a material constituting free air conditions.

The distance between the bottom of the debris layer on top of the Balise and the bottom of the debris layer beside
the Balise is the distance c in Figure 54. This distance shall be 70 mm for debris Class B and 110 mm for debris
Class A.”

The debris layer on top of the Balise shall be larger than the Balise/Reference Loop top surface with a tolerance
of less than 2 mm.

The debris layer beside the Balise shall end less than 100 mm from the edge of the debris box.
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B5.2.4 Reference Loop and Balise

B5.2.4.1 Salt Water

Salt water with 0.1 % NaCl concentration shall be used.

Two test cases apply, 100 mm salt water depth above the top surface of the Reference Loop for debris Class A,
and 10 mm for debris Class B. The volume underneath the Reference Loop shall be filled with a material consti-
tuting free air conditions.

B5.2.4.2 Clear Water

Two test cases apply, 200 mm clear water depth above the top surface of the Reference Loop for debris Class A,
and 100 mm for debris Class B. The volume underneath the Reference Loop shall be filled with a material con-
stituting free air conditions.

B5.2.4.3 Iron Ore (Magnetite)

Two test cases apply, a 20 mm thick layer of iron ore (Magnetite) on top of the Reference Loop for debris
Class A, and 2 mm for debris Class B. The volume underneath the Reference Loop shall be filled with a materi-
al constituting free air conditions. The following details apply to this debris condition:

Contents of Fe30a: 92.5%1t097.5 %
Contents of Fe (enriched material): less than 71 %
Moisture: less than 4 %
Bulk Density: 3.2:10% kg/m®

B5.2.4.4 Iron Ore (Hematite)

A 20 mm thick layer of iron ore (Hematite) on top of the Reference Loop is applicable for both debris Class A
and debris Class B. The volume underneath the Reference Loop shall be filled with a material constituting free
air conditions. The following details apply to this debris condition:

Contents of Fe;Oa: 90 % to 95 %
Contents of FezOa: negligible
Contents of Fe (enriched material): less than 68 %
Moisture: less than 4 %
Bulk Density: 2.7-10% kg/m®

B5.2.4.5 Fresh Snow

Snow with a depth of 300 mm on top of the Reference Loop is applicable for both debris Class A and debris
Class B. The temperature of the fresh snow shall be approximately 0 °C. Artificially created (using convention-
al methods) snow is acceptable. The volume underneath the Reference Loop shall be filled with a material con-
stituting free air conditions.
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B5.2.4.6 Wet Snow

Snow with a depth of 300 mm on top of the Reference Loop is applicable for both debris Class A and debris
Class B. The temperature of the wet snow shall be approximately 0 °C, and the water contents shall be 20 % by
volume. Artificially created (using conventional methods) snow is acceptable. When creating wet snow, fresh
snow with a temperature of 0 °C shall be mixed with clear water also having a temperature of 0 °C (20 % by
volume of water). The volume underneath the Reference Loop shall be filled with a material constituting free air
conditions.

B5.2.4.7 Ice

Ice with a depth of 100 mm on top of the Reference Loop is applicable for both debris Class A and debris
Class B. The ice shall not include pores other than those normally present when freezing water (starting from a
water temperature of 20 °C) and caused by the gas present in the water. The ice shall be made from clear water.
The volume underneath the Reference Loop shall be filled with a material constituting free air conditions.

B5.2.4.8 Ballast

Ballast with a depth of 100 mm on top of the Reference Loop is applicable for both debris Class A and debris
Class B. The ballast shall be crushed stone free from iron that is normally present in Railway environment. The
volume underneath the Reference Loop shall be filled with a material constituting free air conditions.

B5.2.4.9 Dry Sand

Sand with a depth of 20 mm on top of the Reference Loop is applicable for both debris Class A and debris
Class B. The sand shall be dry and free from iron. The volume underneath the Reference Loop shall be filled
with a material constituting free air conditions.

B5.2.4.10 Wet Sand

Sand with a depth of 20 mm on top of the Reference Loop is applicable for both debris Class A and debris
Class B. The sand shall be free from iron, and the water contents shall be 20 % by volume (clear water). The
volume underneath the Reference Loop shall be filled with a material constituting free air conditions.

B5.2.4.11 Mud without Salt Water

A 50 mm thick layer of mud on top of the Reference Loop is applicable for both debris Class A and debris

Class B. The mud shall be free from iron, the water contents shall be 20 % by volume (clear water), and the mud
shall be of terra-cotta type. The volume underneath the Reference Loop shall be filled with a material constitut-
ing free air conditions.

B5.2.4.12 Mud with Salt Water

Two test cases apply, a 50 mm thick layer of salted mud on top of the Reference Loop for debris Class A, and
10 mm for debris Class B. The mud shall be free from iron, the water contents shall be 20 % by volume, the salt
concentration (NaCl) of the water shall be 0.5 % by weight, and the mud shall be of terra-cotta type. The vol-
ume underneath the Reference Loop shall be filled with a material constituting free air conditions.
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B5.2.4.13 Iron Dust

A 10 mm thick layer of iron dust on top of the Reference Loop is applicable for both debris Class A and debris
Class B. The iron dust (or braking dust) is a non-conductive mixture of grease and iron oxide, which is normally
encountered in Railway environment. The volume underneath the Reference Loop shall be filled with a material
constituting free air conditions.

B5.2.4.14 Coal Dust

A 10 mm thick layer of coal dust on top of the Reference Loop is applicable for both debris Class A and debris
Class B. The coal dust shall include approximately 8 % of sulphur, and be of the type normally present in the
nature (used for heating in some regions). The volume underneath the Reference Loop shall be filled with a
material constituting free air conditions.

B5.2.4.15 Oil and Grease

A 50 mm thick layer of grease or depth of oil on top of the Reference Loop is applicable for both debris Class A
and debris Class B. The grease shall be of ordinary ball bearing grease type, and the oil shall be standard miner-
al oil used for lubrication of engines. The volume underneath the Reference Loop shall be filled with a material
constituting free air conditions.

B5.2.5 Antenna

B5.2.5.1 Ice

Testing shall be performed with a layer of ice applied at the bottom of the Antenna Unit having a thickness of
minimum 10 mm and maximum down to top of the Balise. The ice shall not include pores other than those
normally present when freezing water (starting from a water temperature of 20 °C) and caused by the gas present
in the water. The ice shall be made from clear water. The actual thickness is to be defined by the supplier of the
Antenna.

B5.2.5.2 Fresh Snow

Testing shall be performed with a layer of fresh snow applied at the bottom of the Antenna Unit having a thick-
ness of minimum 20 mm and maximum down to top of the Balise. The temperature of the fresh snow shall be
approximately 0 °C. Artificially created (using conventional methods) snow is acceptable. The actual thickness
is to be defined by the supplier of the Antenna.

B5.2.5.3 Wet Snow

Testing shall be performed with a layer of wet snow applied at the bottom of the Antenna Unit having a thick-
ness of minimum 10 mm and maximum down to top of the Balise. The temperature of the wet snow shall be
approximately 0 °C, and the water contents shall be 20 % by volume. Artificially created (using conventional
methods) snow is acceptable. When creating wet snow, fresh snow with a temperature of 0 °C shall be mixed
with clear water also having a temperature of 0 °C (20 % by volume of water). The actual thickness is to be
defined by the supplier of the Antenna.
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B5.2.5.4 Mud without Salt Water

Testing shall be performed with a layer of mud applied at the bottom of the Antenna Unit having a thickness of
minimum 10 mm and maximum of 50 mm. The mud shall be free from iron, the water contents shall be 20 % by
volume (clear water), and the mud shall be of terra-cotta type. The actual thickness is to be defined by the sup-
plier of the Antenna.

B5.2.5.5 Mud with Salt Water

Testing shall be performed with a layer of mud applied at the bottom of the Antenna Unit having a thickness of
maximum of 50 mm. The mud shall be free from iron, the water contents shall be 20 % by volume, the salt
concentration (NaCl) of the water shall be 0.5 % by weight, and the mud shall be of terra-cotta type. The actual
thickness is to be defined by the supplier of the Antenna.

B5.2.5.6 Iron Ore (Magnetite)

Testing shall be performed with a layer of Magnetite applied at the bottom of the Antenna Unit having a thick-
ness of maximum of 5 mm. The actual thickness is to be defined by the supplier of the Antenna. More details
on the material are found in sub-clause B5.2.4.3 on page 189.

B5.2.5.7 Iron Ore (Hematite)

Testing shall be performed with a layer of Hematite applied at the bottom of the Antenna Unit having a thickness
of maximum of 5 mm. The actual thickness is to be defined by the supplier of the Antenna. More details on the
material are found in sub-clause B5.2.4.4 on page 189.

B5.2.5.8 Iron Dust

Testing shall be performed with a layer of iron dust applied at the bottom of the Antenna Unit having a thickness
of minimum 2 mm, and maximum of 5 mm. The iron dust (or braking dust) is a non-conductive mixture of
grease and iron oxide, which is normally encountered in Railway environment. The actual thickness is to be
defined by the supplier of the Antenna.

B5.2.5.9 Coal Dust

Testing shall be performed with a layer of coal dust applied at the bottom of the Antenna Unit having a thickness
of maximum of 5 mm. The coal dust shall include approximately 8 % of sulphur, and be of the type normally
present in the nature (used for heating in some regions). The actual thickness is to be defined by the supplier of
the Antenna.

B5.2.5.10 Oil and Grease

Testing shall be performed with a layer of oil or grease applied at the bottom of the Antenna Unit having a thick-
ness of minimum 2 mm, and maximum of 20 mm. The grease shall be of ordinary ball bearing grease type, and
the oil shall be standard mineral oil used for lubrication of engines. The actual thickness is to be defined by the
supplier of the Antenna.
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B5.3 Metallic Objects

B5.3.1 Iron Bars outside the metallic free volume of the Balise

The configuration according to Figure 55 below applies.
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Figure 55: Iron bars close to the Reference Loop

The resistance ‘R’ shall be 200 Q.

The distance ‘a’ shall be 400 mm for the Standard Size Reference Loop, 315 mm for the longitudinally mounted
Reduced Size Reference Loop, and 410 mm for the transversally mounted Reduced Size Reference Loop.
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B5.3.2 Guard Rails

The configuration according to Figure 56 below applies.
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Figure 56: Guard Rails close to the Reference Loop

The resistance ‘R’ shall be 200 Q.

The distance ‘a’ shall be 300 mm for the Standard Size Reference Loop, 320 mm for the transversally mounted
Reduced Size Reference Loop, and 220 mm for the longitudinally mounted Reduced Size Reference Loop.
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B5.3.3 Metallic Plane underneath the Balise

The configuration according to Figure 57 below applies.
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Figure 57: Metallic plane underneath the Reference Loop

The metallic plane shall be centred with respect to the Reference Loop and in a plane parallel to the top of Rails.
The size along the x-axis shall be 1200 mm, and the size along the y-axis shall be 900 mm.

The following test cases shall be performed:

Size Case |[d[mm] | Zb[mm]
Standard 1 292 152
Standard 2 420 210
Standard 3 203 103
Reduced 1 283 143
Reduced 2 403 193
Reduced 3 193 103

The Rails are not part of the test set-up. They simply serve as height references.
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B5.3.4 Steel Sleepers

This condition is optional, and applies only to products intended to be used during such conditions.

The configuration according to Figure 58 below applies.

sleeper profile

Z-axis Reference Loop
or Balise

T [ N\

Figure 58: Steel sleeper underneath the Reference Loop

The steel sleeper shall be centred with respect to the Reference Loop. The size along the y-axis shall be
2000 mm.

The distance d is 45 mm for a Standard Size Reference Loop, and 60 mm for a Reduced Size Reference Loop.
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B5.3.5 Other Sleepers

The configuration according to Figure 59 below applies.

Even non-conductive sleepers may include metallic mounting assemblies. However, the total area of such as-
semblies must be limited. For test purposes, the assemblies should be placed directly underneath the Reference
Loop.

Reference Loop

or Balise
-axis
y a //
- — /
’/
x SN
b &
\ PR
\
. \
X-axis Simulated Mounting
—_— Assembly

Figure 59: Mounting assemblies underneath the Reference Loop

The mounting assemblies should be simulated using metallic plates, centred with respect to the Reference Loop,
and of the following dimensions for the respective Reference Loop size:

Size a [mm] b [mm]
Standard 100 300
Reduced 70 200

The thickness of the metallic plates shall be 2 mm.

For specific Balises, the test case may be modified, and shall be in accordance with the supplier’s specification.

B5.3.6 Loop Cable

See sub-clauses 4.2.5.5 on page 63 and 5.2.10.3 on page 149. See also Annex J on page 325.
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B5.3.7 Metallic objects outside the metal free volume of the Antenna Unit
Two different conditions apply. The first is a “box concept” with elongated openings in the corners (simulating

equipment boxes surrounding the Antenna), and the second is a homogenous metal plate with an aperture for the
Antenna. See Figure 60 and Figure 61 below.

Test Case 1:
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Figure 60: Metallic box around the Antenna

The thickness of the metallic plates should be at least 2 mm.
The distance ‘d’ is to be defined by the supplier of the Antenna and refers to the cuts in the metallic box.

The distance ‘A’ is 300 mm, the distances ‘B’ and ‘C’ shall be according to the suppliers specification, and the
distance ‘E’ is the Antenna height.
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Test Case 2:
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Figure 61: Metallic plate around the Antenna

The thickness of the metal plate should be at least 2 mm, and the outer dimension at least 2000 mm x 1000 mm.

The distance ‘d’ is to be defined by the supplier of the Antenna.
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B5.3.8 Metallic Masses in the Track

The configuration according to Figure 62 below applies.
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Figure 62: Metal masses in the Track

The metallic profile shall have a thickness of at least 2 mm, and a length of 1200 mm.

The following basic test cases apply:

Test case w [mm] d [mm]
1 120 92

2 200 50

3 800 0

The Rails are not part of the test set-up. They simply serve as height references.
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Annex C (Normative), Measurement Points

C1l Geometrical Test Points Main Lobe Zone

The following geometrical test points apply (relative distances between the Balise / Reference Loop and the

Antenna):

Z [mm] Y [mm] X [mm] Z [mm] Y [mm] X [mm]
220 -200 0 460 -350 0
220 -150 0 460 -300 300
220 -150 200 460 -300 -300
220 -150 -200 460 -250 0
220 -100 -100 460 -200 200
220 -100 100 460 -200 -200
220 0 250 460 0 -350
220 0 150 460 0 -250
220 0 0 460 0 0
220 0 -150 460 0 250
220 0 -250 460 0 350
220 100 -100 460 200 200
220 100 100 460 200 -200
220 150 200 460 250 0
220 150 -200 460 300 300
220 150 0 460 300 -300
220 200 0 460 350 0
340 275 0
340 225 225
340 225 -225
340 0 -275
340 0 0
340 0 275
340 -225 225
340 -225 -225
340 -275 0

Table 30: Geometrical Test Points within Main Lobe Zone
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C2 Geometrical Test Points Side Lobe Zone

The following geometrical test points apply (relative distances between the Balise / Reference Loop and the

Antenna):
Z Y X Z Y X Z Y X Z Y X
[mm] [ [mm] | [mm] | [mm] | [mm] | [mm] | [mMm] | [mm] | [mm] | [mm] [ [mm] | [mm]

220 0 200 220 0 -200 220 150 0 220 -150 0
220 0 250 220 0 -250 220 200 0 220 -200 0
220 0 300 220 0 -300 220 250 0 220 -250 0
220 0 350 220 0 -350 220 300 0 220 -300 0
220 0 400 220 0 -400 220 350 0 220 -350 0
220 0 450 220 0 -450 220 400 0 220 -400 0
220 0 500 220 0 -500 220 450 0 220 -450 0
220 0 550 220 0 -550 220 500 0 220 -500 0
220 0 600 220 0 -600 220 550 0 220 -550 0
220 0 650 220 0 -650 220 600 0 220 -600 0
220 0 700 220 0 -700 220 650 0 220 -650 0
220 0 750 220 0 -750 220 700 0 220 -700 0
220 0 800 220 0 -800 220 750 0 220 -750 0
220 0 850 220 0 -850 220 800 0 220 -800 0
220 0 900 220 0 -900 220 850 0 220 -850 0
220 0 950 220 0 -950 220 900 0 220 -900 0
220 0 1000 220 0 -1000 220 950 0 220 -950 0
220 0 1050 220 0 -1050 220 1000 0 220 -1000 0
220 0 1100 220 0 -1100 220 1050 0 220 -1050 0
220 0 1150 220 0 -1150 220 1100 0 220 -1100 0
220 0 1200 220 0 -1200 220 1150 0 220 -1150 0
220 0 1250 220 0 -1250 220 1200 0 220 -1200 0
220 0 1300 220 0 -1300 220 1250 0 220 -1250 0
220 1300 0 220 -1300 0

220 1350 0 220 -1350 0

220 1400 0 220 -1400 0

Table 31: Geometrical Test Points within Side Lobe Zone
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C3 Geometrical Test Points Cross-talk protected zone

The following geometrical test points apply (relative distances between the Balise / Reference Loop and the

RL_probe):
Z Y X 4 Y X Z Y X 4 Y X
[mm] [ [mm] | [mm] | [mm] [ [mm] | [mm] | [mm] | [mm] [ [mm] | [mm] | [mm] [ [mm]

220 0 1350 220 0 -1350 220 1400 0 220 -1400 0
220 0 1400 220 0 -1400 220 1450 0 220 -1450 0
220 0 1450 220 0 -1450 220 1500 0 220 -1500 0
220 0 1500 220 0 -1500 220 1550 0 220 -1550 0
220 0 1550 220 0 -1550 220 1600 0 220 -1600 0
220 0 1600 220 0 -1600 220 1650 0 220 -1650 0
220 0 1650 220 0 -1650 220 1700 0 220 -1700 0
220 0 1700 220 0 -1700 220 1750 0 220 -1750 0
220 0 1750 220 0 -1750 220 1800 0 220 -1800 0
220 0 1800 220 0 -1800 220 1850 0 220 -1850 0
220 0 1850 220 0 -1850 220 1900 0 220 -1900 0
220 0 1900 220 0 -1900 220 1950 0 220 -1950 0
220 0 1950 220 0 -1950 220 2000 0 220 -2000 0
220 0 2000 220 0 -2000 220 2050 0 220 -2050 0
220 0 2100 220 0 -2100 220 2100 0 220 -2100 0
220 0 2200 220 0 -2200 220 2200 0 220 -2200 0
220 0 2300 220 0 -2300 220 2300 0 220 -2300 0
220 0 2400 220 0 -2400 220 2400 0 220 -2400 0
220 0 2500 220 0 -2500 220 2500 0 220 -2500 0
220 0 2600 220 0 -2600 220 2600 0 220 -2600 0
220 0 2700 220 0 -2700 220 2700 0 220 -2700 0
220 0 2800 220 0 -2800 220 2800 0 220 -2800 0
220 0 2900 220 0 -2900 220 2900 0 220 -2900 0
220 0 3000 220 0 -3000 220 3000 0 220 -3000 0

Table 32: Geometrical Test Points within Cross-talk Protected Zone
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C4 Test Points for Main Lobe Zone and Side-Lobe Zone

This clause applies for testing of the On-board Transmission Equipment only.

In general, the geometrical test points shall be chosen so that various Antenna Units can be verified with respect
to the required contact length and considering potential side lobes at different lateral deviations.

The Antenna Units shall be verified for minimum, nominal, and maximum heights. The nominal height is de-
fined as the sum of the mean value of the static position for the Antenna Unit in question, and the highest speci-
fied position of the Balise (93 mm below top of rail). This sub-clause defines the full set of geometrical test
points. Tailoring will be made during certain tests (see test matrices according to clauses C6 and C7 of Annex C
on pages 206 and 208 respectively).

Please observe that test heights are limited in some specific cases. See sub-clause 5.2.2.2 on page 117.
During testing, the X-positions should be selected according to:

From 0 mm to £ 500 mm, in steps of 20 mm (total of 51 points).

From + 550 mm to + 1300 mm, in steps of 50 mm (total of 32 points).

The first zone (from 0 to + 500 mm) is referred to as main lobe zone in the test matrices of clauses C6 and C7 of
Annex C on pages 206 and 208 respectively, and the second zone (from + 500 mm to + 1300 mm) is referred to
as side lobe zone.

The lateral positions (Y-positions) shall be according to definition of the Antenna Unit supplier (for each lateral
deviation, testing shall be performed at the X-positions defined above).

The geometrical test position [X =0, Y = 0, Z = maximum height] is denominated the geometrical reference
point (see sub-clauses 5.2.3.1 and 5.2.4.1 on page 119 and 123 respectively).

It is the responsibility of the supplier of the Antenna Unit to define the profile of maximum lateral deviation
versus vehicle speed. This profile shall take into consideration the requirements on Balise installation (specified
in SUBSET-036), and the installation dependent requirements for each Antenna Unit type in question (defined
by the supplier of the Antenna).
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C5 Test Points for Cross-talk protected zone

This clause applies for testing of the On-board Transmission Equipment only.

The following geometrical positions shall be tested:

Point X y Point X y
[mm] [mm] [mm] [mm]
CT1 0 +1400 CT2 0 -1400
CT3 0 +1600 CT4 0 -1600
CT5 0 +1800 CTé 0 -1800
CT7 0 +2000 CT8 0 -2000
CT9 0 +2200 CT10 0 -2200
CT11 0 +2400 CT12 0 -2400
CT13 0 +2600 CT14 0 -2600
CT15 0 +2800 CT16 0 -2800
CT17 0 +3000 CT18 0 -3000
CT19 0 +3200 CT20 0 -3200
CT21 0 +3400 CT22 0 -3400
CT23 0 +3600 CT24 0 -3600
CT25 +1400 0 CT26 -1400 0
CT27 +1600 0 CT28 -1600 0
CT29 +1800 0 CT30 -1800 0
CT31 +2000 0 CT32 -2000 0
CT33 +2200 0 CT34 -2200 0
CT35 +2400 0 CT36 -2400 0
CT37 +2600 0 CT38 -2600 0
CT39 +2800 0 CT40 -2800 0
CT41 +3000 0 CT42 -3000 0
CT43 +3200 0 CT44 -3200 0
CT45 +3400 0 CT46 -3400 0
CT47 +3600 0 CT48 -3600 0

Table 33: Geometrical test points for On-board Cross-talk verification

The Antenna Unit shall be positioned at the minimum and the maximum heights as defined by the supplier.
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C6 Test Matrix for Transmission and Cross-talk tests

C6.1 Test Conditions versus Test Zones

The following applies to tests defined by the sub-clauses 5.2.3 on page 119, 5.2.5 on page 129, and 5.2.9 on page
141. The test zones referred to in the table are defined in the clauses C4 on page 204 and C5 on page 205.

The following combinations of test conditions and test zones shall be tested:

Test Condition Sub-clause Main Lobe Side Lobe Zone | Cross-talk Zone
Zone
Nominal 5221 X X X
Tilt 52221 X X
Pitch 52221 X X
Iron Bars 52223 X X X
Guard Rails 52223 X X X
Metallic Plane, 52223 X X
Reference Loop
Steel Sleepers 52223 X
Other Sleepers 52223 X
Loop Cable 52223 X X
Metallic Objects; 52223 X X
Antenna
Salt Water 52224 X
Clear Water 52224 X
Iron Ore 52224 X
Ice on the Antenna 52224 X
Combination - X

Table 34: Transmission and Cross-talk Tests, Test Conditions versus Test Zones

During the first fourteen test conditions, one case is evaluated per test. During the last combined test condition,

the following case is applicable:

e Metallic Plane underneath the Reference Loop in combination with Metallic Objects outside the Anten-
na metal free volume (see sub-clause 5.2.2.2.3 on page 117).

Performance over temperature range is considered through spot check evaluation according to sub-clause 5.2.3.2
on page 121 (and sub-clause 5.2.4 on page 123).
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C6.2 Test Conditions versus Geometrical Test Points
The following applies to tests defined by the sub-clauses 5.2.3 on page 119, 5.2.5 on page 129, and 5.2.9 on page
141. The test zones referred to in the table are defined in the clauses C4 on page 204 and C5 on page 205.

During the testing, the number of test points within the contact and side lobe zone shall be according to Table 35
below. The reason is that the number of test points defined in sub-clause C4 on page 204 needs to be minimised.

Test Condition Sub-clause Full R1 R2
Nominal 5221 X

Tilt 52221 X

Pitch 52221 X

Iron Bars 52223 X

Guard Rails 5.2.2.2.3 X
Metallic Plane, 5.2.2.2.3 X
Reference Loop

Steel Sleepers 52223 X

Other Sleepers 52223 X

Loop Cables 52223 X
Metallic Objects; 52223 X
Antenna

Salt Water 52224 X
Clear Water 52224 X
Iron Ore 52224 X
Ice on the Antenna 52224 X
Combinations - X
(see sub-clause C6.1)

Table 35: Transmission and Cross-talk Tests, Geometrical Test Points within the Main Lobe
Zone

The following is applicable:

e ‘Full’ indicates all points according to sub-clause C4 on page 204.

e ‘RI’ indicates maximum and minimum height only. In addition to this, a further limitation is that minimum
height only applies within the side lobe zone.

e ‘R2’indicates maximum height only.
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C7 Test Matrix for Other Characteristics

C7.1 Test Conditions versus Characteristics

The following applies to tests defined by the sub clauses 5.2.8 on page 139, 5.2.12 on page 153, 5.2.6 on page
132, 5.2.7 on page 136, 5.2.13 on page 154, and 5.2.14 on page 155. The applicable geometrical test points are
further defined by clause C4 on page 204.

The following combinations of characteristics and test conditions shall be tested:

Test Condition Sub- Up-link Various Tele- Maximum Balise Basic
clause Electrical Telegrams powering Flux Level | Sequence | Receiver
Char. (Sub- Char. (Sub- (Sub- (Sub-
(Sub-clause clause (Sub-clause clause clause clause

5.2.8) 5.2.12) 5.2.6) 5.2.7) 5.2.13) 5.2.14)

Nominal® 5221 X X X X X X

Tilt 52221

Pitch 52221

Iron Bars 52223 X X X

Guard Rails 52223

Metallic Plane, 52223 X X X X X

Reference Loop

Steel Sleepers 52223 X X X

Other Sleepers 52223

Loop Cable 52223

Metallic Objects; 52223 X X X X

Antenna

Salt Water 52224

Clear Water 52224

Iron Ore 52224

Ice on the Anten- | 5.2.2.2.4 X

na

Table 36: Other Characteristics, Characteristics versus Test Conditions

Tele-powering Characteristics are evaluated at nominal temperature, and at upper and lower temperature ex-
tremes.

»  Applicable parts of nominal conditions apply (e.g., during tests of Up-link Electrical Characteristics the
conditions for the Up-link signal are modified in accordance with the test procedure, and during testing of
various telegrams other telegrams than type 8 are selected). Please refer to the specific test procedures for
more details.



Page 209 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

C7.2 Test Conditions versus Geometrical Test Points

The following applies to tests defined by the sub clauses 5.2.8 on page 139, 5.2.12 on page 153, 5.2.6 on page
132, 5.2.7 on page 136, 5.2.13 on page 154, and 5.2.14 on page 155. The applicable geometrical test points are
further defined by clause C4 on page 204.

During the testing, the number of test points within the Contact and Side Lobe Zone shall be according to Table
37 below. Testing within the cross-talk zone is not applicable for these tests. The reason is that the number of
test points defined in clause C4 on page 204 need to be minimised.

Test Case Sub-clause R3 R4 R5
Up-link Electrical 5.2.8 X

Characteristics

Various Telegrams 5.2.12 X

Tele-powering 526 X
Characteristics

Maximum Flux Level 5.2.7 X
Balise Sequence 5.2.13 X

Concepts of Basic 5.2.14 X

Receiver

Table 37: Other Characteristics, Geometrical Test Points

The following is applicable:

e ‘R3’ indicates nominal height with no lateral displacement only.
e ‘R4’ indicates nominal height at position [X=0, Y=0] only.
e ‘R5’ indicates minimum height with no lateral displacement and within the Main Lobe Zone only.
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C7.3 Source of data for Controlled Balises versus Test Cases

Sub- Test Case Int. ‘C’ | Default Comment
clause Telegram
422 Up-link Field Conformity X All calibrations and tests in free air
only.
Up-link calibrations for 1/0 Charac-
teristic measurements are explicitly
performed within 4.2.4.
4.2.3 Tele-powering Field Conformi- X All calibrations and tests for Field
ty Conformity in free air only. How-
ever, a few calibrations are made in
other conditions and used for 1/0
Characteristics measurements.
4.2.4 1/0 Characteristics, X X For “Default Telegram”, no connec-
Free Air tion to generator
4.2.4 1/0 Characteristics, X
Other Conditions
425 Cross-talk Immunity with ca- X No connection to generator
bles
426 Balise Impedance X No connection to generator
4.2.7 Up-link Signal Characteristics X X For “Default Telegram”, connection
to (disabled) generator required.
A few exceptions explicitly detailed
in specific test cases.
428 Balise controlling interface X
performance
4.2.9 Test for Damaging X No connection to generator

Table 38: Source of data for controlled Balises
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Annex D (Informative), Descriptions of Test Tools

D1 Description of Time and Odometer Module (LTOM)

D1.1 Operational Context

The LTOM is required to operate in different test configurations involving the equipment shown in Figure 63.
Balises and Reference Loops (used for their simulation) are typically kept in a defined position of the test bed.

In the tests of the On-board transmission equipment, the antenna is kept still over the Reference Loop that is
used for simulation of the Balise Up-link signal in the air-gap. In this case, the dynamic Up-link Balise signal,
corresponding to the simulated movement of the antenna in the whole speed range from 0 km/h to 500 km/h, is
generated by the RSG_1 as realistically as possible at each pre-defined position of the corresponding Balise.

During testing of the overall transmission sub-system, the APT moves the antenna back and forth over the Balise
at reduced speed. In order to submit the BTM functionality to realistic conditions, the alternate movement of the
antenna can be conveniently “translated” in a mono-directional movement by the LTOM, without losing the
control of its real position. The data transmitted by the Balise is consistently updated at each passage.

The LTOM is controlled by the LTMS (or by the operator) in setting up the required operational mode and in

providing the relevant input data for the current test step (e.g., speed patterns for each simulated trip, location of
Balises to be simulated, etc.). It reports back its current operating status as well as all the test related data that is
used as reference for the evaluation of the test results (e.g., time and odometer co-ordinates of the Balise centre).

Interface S1
Interface V3 Interface S3

Interface S4

Interface S5

Interface V2/V4
Interface T4

On-Board
Equipment

Interface V1

+ Interface Adapter

Balise or
Reference Loop
Balise Location and ’
Transmission System

Figure 63: LTOM operational context
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D1.2 Functional requirements

D1.2.1 Basic functions

The tool should perform, on external request, one or more basic functions of the following list:
e Accurate generation of the current master time.
e Controllable simulation of antenna movement with pre-defined speed/acceleration patterns.

e Accurate measurement of the current speed and distance of the antenna under test in real low speed
conditions.

¢ Reliable and accurate generation of the time and odometer co-ordinates for driving the BTM function-
ality under test, in real or in simulated movement condition.

¢ Reliable and accurate generation of the speed sensor signals expected by the On-board equipment in
conditions of low speed real movement of the antenna.

e Accurate distance based trigger for the RSG_1 in order to start the real-time simulation of the dynamic
signals of the Up-link Balise.

e Accurate distance based trigger for the RSG_C in order to start the real-time trigger of transient events
at the Balise Interface ‘C’.

¢ Recording and stamping with the current time and odometer co-ordinates of the feedback signals com-
ing from the RSG_1 or from the RSG_C at defined instants of the Balise passage simulation.

D1.2.2  Operational modes

D1.2.21 General

In order to keep consistency with the information continuously given at the Interface V2 or at the Interface V4,
there should be a suitable co-ordination between real and simulated movements at the instants when an opera-
tional mode switch occurs.

In addition to the LTMS control (“remote control”), the LTOM should also be controllable, for its basic opera-
tions, by the operator (“local control”) by means of a suitable Man Machine Interface. The Man Machine Inter-
face should permit the same basic operations that can be commanded by the LTMS and should present in an
easily understandable way the same output information required by the LTMS. This manual mode is typically
used for simplified verifications of the test set-up or of the equipment under test.

D1.2.2.2 Idle or static mode

It is the default mode at power on or on request of the LTMS or of the operator. In this mode, a standing still
condition is simulated. The Interface V2 is driven consistently.

D1.2.2.3 Self-test mode

This mode is aimed at installation and at maintenance support. The basic functionality of the tool is verified
with suitable self-test routines. This operational mode may be invoked at the beginning of the test session or
whenever it is deemed necessary by the LTMS or by the operator. The test mode can cause interruptions or

discontinuities at the LTOM outputs.
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D1.2.2.4 Dynamic simulated mode

This mode is required for those tests of the On-board equipment that are scheduled in distance based sequences.

In such cases the antenna is standing still in a defined position with respect to the Reference Loop. The LTOM
simulates the movement of the antenna, following pre-defined speed and acceleration patterns. The current time
and odometer co-ordinates are evaluated consistently with the current status of the simulated movement. They
are periodically broadcast to the Interface V2. The Interface V4 signals are also driven consistently with the
simulated movement.

The LTOM is also in charge of triggering the RSG_1 for starting the simulation of the Up-link signals corre-
sponding to a Balise group passage with a pre-defined speed. The simulation of each Balise group starts when a
very precise simulated position of the antenna is reached. During the Balise group simulation, the LTOM reads
the marker pulse (Balise Centre Marker), generated by the RSG_1 in correspondence of each simulated Balise
centre, stamps it with the current time and odometer value and reports it (as soon as possible) to the LTMS. This
data is homogeneous and comparable with the test outputs of the BTM functionality (reports at Interface V1 —
see clause E1 on page 267).

In order to allow the preparation of the next Balise group simulation, the RSG_1 issues another marker pulse
(End of Balise Group Marker) at the end of the current group. This pulse is read by the LTOM, converted into
appropriate format and passed on (as soon as possible) to the LTMS for allowing all the required actions for the
next simulation step.

D1.2.2.5 Real dynamic mode

This mode is required for those tests that use low speed, real movements of the antenna.

During this operation, the LTOM evaluates the longitudinal speed, the current distance from a reference position
and the running direction of the antenna, in order to get the current time and odometer co-ordinates. The inputs
for this evaluation are provided by speed sensor signals (Interface V3) of the APT in charge of performing the
required movement.

The LTOM keeps constant control of the real position of the antenna during all possible movements and consist-
ently drives both the Interface V2 and the Interface V4.

Despite of this, the LTOM may be requested to “translate” the data sent to the Interface V2, or the signals to the
Interface V4, in such a way that the forward/backward movements are understood as “mono-directional” ones by
the equipment under test. This allows the simulation of realistic conditions for subsequent Balise passages and
longer “virtual” journeys than actually allowed by the size limitations of the test bed.

Some distance-based events can also be triggered by the LTOM, during the movement, in correspondence with
pre-defined antenna positions (e.g., telegram switching or insertion of telegram errors, during a Balise/antenna
“contact”).

Additionally, suitable marker pulses, generated by the LTOM at defined antenna positions are read back by the
same LTOM, stamped with the current time and odometer data and reported to the LTMS as references for the
evaluation of some test results.

The LTOM should always be able to keep control of the longitudinal position of the antenna for all the various
movement conditions that are possible during a test session.
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D1.3 External interfaces

D1.3.1

Interface T4

The Interface T4 is used to exchange commands and data between the LTMS and the LTOM.

The LTMS commands are used to set the LTOM in the required operating mode.

The LTMS data is used either for setting up a defined configuration of the LTOM (e.g., parameters regarding
Interface V3 or Interface V4) or for describing specific conditions required for a test sequence (e.g., a distance-
based speed/acceleration profile or tables of distance-based triggers for starting the Balise group simulations).

The following list gives examples of possible commands and data from the LTMS to the LTOM:

Reset speed and position.

Reset speed, position, time and mode.

Local control.

Remote control.

Simulated dynamic mode.

Real dynamic mode without direction detection.
Real dynamic mode with direction detection.
Test mode.

Idle mode.

Status request.

Request for the current time and odometer co-ordinates.

Request for the time and odometer stamps corresponding to the recorded marker pulses (Markers
Events Table).

Clear the Marker Events Table.

Distance parameter corresponding to one period of the Interface V3 signals.
Distance parameter corresponding to one period of the Interface V4 signals.
Distance based pattern for speed and acceleration during a train trip simulation.
Set of distance based triggers for start of Balise group simulation.

Set of distance based triggers for Interface C event simulation.

A list of possible answers from LTOM to LTMS is:

Confirmation of successful execution of a received command.
Information about possible abortion or unsuccessful execution of a received command.

LTOM current Status (e.g., “not available” or “available” for communication, “not ready” for a new
command, “failure condition”).

Feedback data regarding the controlled test events (e.g., set of time and odometer co-ordinates corre-
sponding to the received input markers).

Table of the most recent time and odometer co-ordinates broadcast at the Interface V2.
Confirmation of correct reception of the set of distance-based triggers for Balise group simulation.
Confirmation of correct reception of the set of distance-based triggers for Interface C events.
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D1.3.2 Man Machine Interface
The Man Machine Interface should be realised in such a way as to allow the operator to send, in an easy way, the
same commands and data to the LTOM functions as from the LTMS.

The output data from the LTOM should also be graphically displayed in order to allow the operator to check the
correct execution of the test steps during both the remote and the local control.

The “local control” via the Man machine Interface should be automatically disabled during the “remote control”
operation.

D1.3.3 Interface V2
The Interface V2 is used by the LTOM for periodically broadcasting the current time and odometer co-ordinates
towards the BTM functionality under test.

The values given by the LTOM should represent realistic cases for the entire duration of the test session. This
requires that the Interface is fed regularly and without interruptions and that the transmitted values are self-
consistent during the whole duration of a test session.

The BTM functionality receives the LTOM information through a suitable Interface Adapter provided by each
manufacturer. This is in charge of converting the LTOM data (including possible sporadic cases of lack of conti-
nuity) to the specific requirements of the equipment under tests.

The following information is periodically broadcast by the LTOM:
e Current time since the start of the test session or since the last “reset”.

e Current distance of the antenna centre from the starting point of the test session or from the last “re-
set” position.

e Confidence level of the current time and odometer co-ordinates.
e Current value of the longitudinal speed (real or simulated).
o Data for checking the regularity and the integrity of the transmission.

The transmission period should be sufficiently short in relation to the worst-case train acceleration or decelera-
tion.

More details about this Interface are given in clause E2 on page 272.

D1.3.4 Interface V3

The LTOM receives real-time speed/distance signals from the APT containing the following information:
o Distance run by the antenna along the longitudinal direction from a given starting point;
e Instantaneous value of the longitudinal speed:;
e  Current direction of the movement.

These signals are read and analysed by the LTOM in order to evaluate the current longitudinal position of the
antenna, the time and odometer values for the Interface V2 and for the shape of the speed sensor signals pro-
duced at the Interface V4.

This interface consists of a pair of square wave signals whose repetition period represents a given distance unit
run by the antenna. This parameter is characteristic of the used APT speed sensors. Typically the signal period
should correspond to a distance value ranging between 0.1 mm and 1 mm. The phase difference (+90 ° or —90 °)
between the two square waves informs about the APT running direction.
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D1.35 Interface V4

The LTOM generates a pair of real-time speed signals, coherent with the real longitudinal speed used in the tests,
for feeding the On-board equipment under test in a similar way as with the real sensors in the same speed condi-
tions.

The requirements of consistence and continuity, already seen for the data at the Interface V2, apply also in this
case.

More details about this Interface are given in clause E3 on page 274.

D1.3.6 Interface S1

During the simulation of a defined train trip, the LTOM issues a suitable distance-based trigger pulse towards the
RSG_1 (Balise Group Triggering Pulse) in order to command the generation of the real-time signal correspond-
ing to a defined group of Balises. The various Up-link waveforms, corresponding to each Balise, must be pre-
pared in advance within the RSG_1 (e.g., off-line and/or during the time in which the simulated train “runs”
from the previous “Balise group” to the next one). For each Balise group, the triggering pulse corresponds to a
pre-defined position of the simulated antenna movement just prior to the location of the Balise group (e.g., at

1 m in advance of the centre of the first Balise of the group).

D1.3.7 Interface S2

During the simulation of the current Balise group, a suitable marker pulse (Balise Centre Marker) is generated by
the RSG_1 in correspondence to the location of the centre of each simulated Balise. This pulse is rapidly re-
ceived by the LTOM, and used for evaluating the time and odometer co-ordinates corresponding to the simulated
Balise centre. These co-ordinates include information about time, location and speed of the antenna during the
Balise passage. This set of data is sent back, as quickly as possible, to the LTMS for the purpose of evaluation
of the test results.

D1.3.8 Interface S3

Immediately after completing the simulation of the current Balise group (e.g., about 1 m after the last Balise
centre of the group), the RSG_1 issues a marker pulse (End of Group Marker), to inform the LTMS, via the
LTOM, about the conclusion of the current Balise group simulation. This information is used by the LTMS for
the analysis of the BTM functionality reported data and for initiating a new test step.

The marker pulse is received by the LTOM, stamped with the current time and odometer co-ordinates and sent
back, as quickly as possible, to the LTMS.

D1.3.9 Interface S4

The LTOM issues suitable distance-based trigger pulses towards the RSG_C (Interface ‘C’ Event Trigger) in
order to command the generation of defined transient events at the Interface ‘C’ signals, during low speed pas-
sages of the antenna over the Balise. The triggering pulse may command the RSG_C to switch from one tele-
gram to another or to insert a pre-defined error pattern in the current telegram, or to simulate a given transient
fault.

Trigger pulses of this type may also be generated at periodical distances, during the antenna movement. These
pulses fed back into the LTOM, via the Interface S5, allow it to record time and odometer co-ordinates as well as
antenna speed at such regular positions. This information is then forwarded to the LTMS as reference data for
the verification of the BTM function reports.
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D1.3.10

Interface S5

A suitable marker pulse (Interface ‘C” Event Marker) is generated by the RSG_C with close time correspond-
ence to the transient event generated at the Interface ‘C’, in response to the Interface S4 trigger.

Alternatively, the same trigger pulses generated at even distance at the Interface S4 are read back by the LTOM
from this interface.

These marker pulses are rapidly received by the LTOM, stamped with the current time and odometer co-
ordinates and sent back as soon as possible to the LTMS for enabling evaluation of the test results.

D1.4 Required performance

The following performance is required of the basic functions of the LTOM:

For the real antenna movement in the longitudinal direction, the maximum distance of interest is about
5 m. It can be covered in both forward and backward direction. The relevant speed can range from
0 m/s up to 0.5 m/s with a maximum acceleration of the order of +0.3 m/s2.

The maximum distances for the simulated train trips can be up to 43000 km. The relevant speed can
range from 0 km/h up to 500 km/h with any acceleration ranging from —2.5 m/s? up to +2.5 m/s?, in
steps of 0.02 m/s?.

The Balise group simulation can be organised, within the RSG_1, in groups of 1 to 8 Balises, spaced
in a range of 2.3 m to 5.0 m. Some limitation in the minimum distance (and therefore in the minimum
time) between successive group simulations might be imposed by practical limitations of the RSG_1.

The LTOM shall support static tests where the equipment under test undergoes only time-based condi-
tions (e.g., continuous Balise signal simulation at standing still with telegram switching events).

The maximum time duration of a continuous test session is longer than 20 hours. During the whole
test session, the time and odometer information delivered towards the equipment under test needs to
be continuous and consistent with the real/simulated movements of the antenna.

The time and odometer accuracy/resolution of the information delivered at the LTOM output interfac-
es (T4, V2, V4, and S1 through S5) for the whole range of test speed should be better than £5 mm in
distance and +25 ps in time.

In order to avoid possible reactions of the equipment under test, disrupting the correct development of
the test procedures, the data provided at the Interface V2 and the signals at Interface V4 should always
be consistent and within the specified accuracy for the whole duration of the test session. For special
purposes, aimed at simplification of the test procedures, it can be possible to restart (“Reset”) the
LTOM at its zero position.

In case of “Reset” the Interface V2 Adapter or the Interface V4 Adapter, should be in charge, if need-
ed, of smoothing possible discontinuities to the requirements of the specific equipment under test.
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D2 Description of Reference Signal Generator (RSG)

D2.1 Operational Context

The RSG is used for generating waveforms fulfilling the characteristics that are described in the applicable test
procedures and in SUBSET-036.

The RSG is intended for use in the simplified environment illustrated by Figure 64 below.

Telegram Generator
(OLTG)

Laboratory Time
and Odometer
Module (LTOM)

Laboratory Reference
Receiver Tool (LRRT)

Up-Link 1\ ™

s Balise

"‘-.,‘ Antenna + _,!f

INE BTM function

Balise Location and N

Transmission System — <-=-msmememd

Laboratory Test
Management
System (LTMS)

REFERENCE
SIGNAL
GENERATOR

o

Test Antennas,
Reference Loops

Figure 64:. RSG Operational Context

The RSG environment is composed of:

e Laboratory Test Management System (LTMS). The LTMS is in charge of managing all the sce-
narios for the different test procedures.

e Telegram Generator (OLTG). The data (Eurobalise telegrams) used for the generation of telegrams
transmitted via the Interface ‘A1’ and Interface ‘C1’ are generated with the specific Telegram Genera-

tor.

e Time and Odometer Module (LTOM). The LTOM is in charge of delivering the current time and
position to the BTM function. It is also in charge of the stamping (in time and position) the theoreti-
cal Balise centre for simulated Balise passages. The Balise centre information is provided by the RSG
(a position/time marker pulse).

e Test Antennas and Reference Loops. The Test Antennas (a set of various antennas including test
antennas and activation antennas) and Reference Loops (standard size and reduced size) are used to

transmit the air-gap signals.

e Reference Receiver (LRRT). The LRRT is in charge of the reception of Up-link telegrams at Inter-
face ‘Al°.
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The RSG is used to test the following Eurobalise devices:

e Antenna and BTM functionality. During static conditions, the RSG generates the (Up-link) signal
for Interface ‘A1°. In order to simulate a dynamic sequence, the RSG generates a signal simulating
the signal transmitted by a Balise being passed by a train, including the radiation pattern of the specif-
ic On-board antenna. In this sequence, the RSG supplies the following signals :

FSK Up-link signal.
Balise Passage signal (PB2), and the radiation pattern.
End of transmission marker for a group of Balises.

Marker for the passage of the train over the centre of a Balise, and a telegram-switching marker.

e Up-link Balise. In order to test the performance of the Up-link Balise, the RSG generates the Inter-
face ‘C’ signals and the Tele-powering signal (Interface ‘A4”). The amplitude of the Tele-powering
signal is modulated by a signal simulating the train passing over the Balise. A marker indicates the
expected start of transmission of a telegram.

Tele-powering signal.

Balise Passage signal (PB1) and a marker that indicates that the signal has reached the flux level
da1 (as a result of the measurement of the Test Antenna current).

Interface ‘C’ signals.
Interface ‘C’ signals with various generated Return Loss conditions.

Start of transmission marker on Interface ‘C’.

D2.2 Functional requirements

D2.2.1

D22.1.1

Basic functions

General

The RSG is functionally divided into the following three parts:

e RSG_1. Generates the Up-link FSK test waveforms (including dynamic patterns).

e RSG_2. Generates the Tele-powering test waveforms (including dynamic patterns).

e RSG_C. RSG_C. Generates the Interface ‘C’ test waveforms (including alteration of the source im-
pedance during Return Loss testing).
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D2.2.1.2

RSG_1

The following Table 39 lists various test cases requiring the RSG_1 functionality. For each case, the required
operational mode is indicated.

Item

Test Case

Operational mode

Calibration of 4.2 MHz Balise loop current

Continuous mode

Calibration of Balise input to output characteristics

Continuous mode

Cross-talk immunity tests (Up-link)

Continuous mode

Cross-talk immunity with cables

Continuous mode

g (b w DN

Evaluation of radiation pattern

Continuous mode
Single mode

Transmission tests

Continuous mode
Single mode

Electrical Up-link characteristics

Continuous mode
Single mode

Cross-talk immunity tests

Continuous mode
Single mode

Cross-talk immunity with cables

Continuous mode
Single mode

10

Test of handling of various telegrams

Continuous mode
Single mode
Switching mode

11

Balise Sequence capability tests

Sequence mode

Table 39: Test cases versus functionality
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D2.2.1.3

RSG_2

The following Table 40 lists various test cases requiring the support of the RSG_2 functionality. For each case
the required operational mode is indicated.

Item Test Case Operational mode

1 Calibration of 27 MHz Tele-powering flux Continuous mode CW

2 Balise Up-link conformity measurements Continuous mode CW

3 Balise Tele-powering conformity measurements Continuous mode CW

4 Balise Input to Output characteristics Continuous mode CW

5 Cross-talk immunity with cables Continuous mode CW

6 Measurements of Balise Up-link electrical characteristics | Continuous mode CW
Single mode CW
Single mode Toggling
Single mode Non-toggling

7 Delay time and Interface ‘C’ parameter variation Continuous mode CW

8 Interface ‘C’ performance measurements Continuous mode CW
Single mode CW

9 KER compatibility Single mode CW

10 | Calibration of Balise response Continuous mode CW

Table 40: Test cases versus functionality
D2.2.1.4 RSG C

The following Table 41 lists various test cases requiring the RSG_C functionality. For each case the required
operational mode is indicated.

ltem Test Case

Operational mode

1 Up-link signal characteristics

Continuous mode

2 Delay time and Interface ‘C’ parameter varia-
tion.

Continuous mode

3 Interface ‘C’ performance measurements

Continuous mode
Modified telegram mode

Default telegram switching

Switching mode

Blocking of telegram switching

Continuous mode

KER compatibility

Continuous mode

~N|[o |0 b~

Return Loss testing

Continuous mode

Table 41: Test cases versus functionality
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D2.2.2  Operational modes

D2.2.2.1 RSG_1

D2.2.21.1 General

RSG_1 functionality intends to provide, under local or remote control, generation of signals in one of the follow-
ing modes.

D2.2.2.1.2 Continuous mode

This includes continuous generation of an FSK signal simulating the transmission of one telegram. The func-
tionality does not need a trigger to start the generation.

D2.2.2.1.3 Single mode
This includes generation of an FSK signal (simulating the transmission of one telegram) modulated with the
radiation pattern, or with the signal that simulates a Balise passage (PB2). The generation is triggered (either a

software trigger by the LTMS, or a hardware trigger by the LTOM). The RSG provides the Balise centre marker
to the LTOM.

D2.2.2.1.4 Switching mode
This includes generation of an FSK signal (simulating the transmission of one telegram) modulated with the
radiation pattern, or with a signal that simulates a Balise passage (PB2). It simulates a telegram switch. For the

telegram-switching test, the functionality provides a second marker, the telegram-switching marker, which indi-
cates the beginning of the second telegram.

D2.2.2.15 Sequence mode
This includes generation of a sequence of Balise passages with a specific telegram for each Balise passage. The

generation is triggered by the LTOM. The RSG provides the Balise centre marker for each Balise passage and
an end of group marker.

D2.2.2.2 RSG_2

D2.2.2.2.1 General

The RSG_2 functionality intends to provide, under local or remote control, generation of signals in one of the
following modes.

D2.2.2.2.2 Continuous mode CW

This includes continuous generation of a Continuous Wave (CW) Tele-powering signal at a frequency of
27.095 MHz.
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D2.2.2.2.3 Single mode CW
This includes generation of a 27.095 MHz Tele-powering signal, but the flux is modulated to simulate a train

passage (PB1). The generation is triggered (either by a software trigger from the LTMS, or by a hardware trig-
ger from the LTOM). The RSG provides a marker which indicates that the signal has reached the flux level ¢q:.

D2.2.2.2.4 Single mode non-toggling
This includes generation of a 27.095 MHz Tele-powering signal that is modulated with a Non-toggling AM
signal. The flux is also modulated to simulate a train passage (PB1). The generation is triggered (either by a

software trigger from the LTMS, or by a hardware trigger from the LTOM). The RSG provides a marker which
indicates that the signal has reached the flux level ¢g.

D2.2.2.25 Single mode toggling
This includes generation of a 27.095 MHz Tele-powering signal that is modulated with a Toggling AM signal.
The flux is also modulated to simulate a train passage (PB1). The generation is triggered (either by a software

trigger from the LTMS, or by a hardware trigger from the LTOM). The RSG provides a marker which indicates
that the signal has reached the flux level ¢g.

D2.2.2.3 RSG_C

D2.2.2.3.1 General

The RSG_C functionality intends to provide, under local or remote control, generation of signals in one of the
following modes.

D2.2.2.3.2 Continuous mode

This includes the continuous generation of a signal simulating the transmission of one telegram. The RSG pro-
vides a marker that indicates the beginning of the telegram.

D2.2.2.3.3 Switching mode

This includes the continuous generation of a signal simulating the transmission of one telegram. A simulated
telegram switch changes to another telegram after reception of a pulse command from the LTOM. The RSG
provides a marker that indicates the beginning of new the telegram.

D2.2.2.34 Modified telegram mode

This includes the continuous generation of a signal simulating the transmission of one telegram. A simulated
event in a telegram (errors or other simulated failures) occurs after reception of a pulse command from the
LTOM. The RSG provides a marker that indicates the resumption of the telegram after the simulated event.
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D2.3 External interfaces

D23.1 RSG_1

D2.3.11 Interface with the LTMS
The LTMS needs specific commands in order to control the RSG for simulating the required signal. The re-

quired signal is defined in the test scenario loaded in the LTMS and adjusted via the measurements of the signal
generated by the RSG. Therefore, power meters connected to the reference loop perform measurements.

D2.3.1.2 Interface with the LTOM

D23.1.2.1 Triggering pulse

During the simulation of a defined case, the LTOM issues a suitable trigger pulse towards the RSG in order to
command the generation of signals.

D2.3.1.2.2 Balise centre marker

Correlated with the centre of each Balise, a marker is generated by the RSG. The pulse is received by the LTOM
and used to evaluate the time and odometer co-ordinates of the simulated Balise centre.

D2.3.1.2.3 End of group marker

In order to allow down-loading of new waveforms, immediately after completing the simulation of the current
Balise group, the RSG issues a suitable marker signal. It is received by the LTOM.

D23.1.24 Telegram switching marker

Correlated with any telegram switching, or other similar events during the simulated Up-link Balise signal, a
suitable marker pulse is generated by the RSG.

D2.3.2 RSG_2

D2.3.2.1 Interface with the LTMS
The LTMS needs specific commands in order to control the RSG for simulating the required signal. The re-

quired signal is defined in the test scenario loaded in the LTMS and adjusted via the measurements of the signal
generated by the RSG. Therefore, power meters connected to the test antennas do measurements.

D2.3.2.2 Test Antenna

The Test Antenna requires the source impedance of the generator of 50 Q. The generator tolerates fluctuating
impedance caused by the variation of the test object impedance.
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D2.3.2.3 Current Sense (CS) from Test Antenna
The needed input power and modulation depth is dependent on the dynamic impedance of the test object. The

correct flux level is related to the measurement performed at the current sense output, considering a specific
calibration procedure.

D2.3.24 Interface with the LRRT

The marker of the level ¢q1, provided by the RSG, indicates that the RSG reaches the flux level ¢a1 (the interface
denomination is Interface S6).

D233 RSG_C

D2.3.3.1 Interface with the LTMS

The LTMS needs specific commands in order to control the RSG for simulating required signals.

D2.3.3.2 Interface with the LTOM

D2.3.3.2.1 Start of transmission marker

It indicates the start of the transmission of a new message. It is also used for some tests to start the LRRT meas-
urements.

D2.3.3.2.2 Switching trigger

This trigger, provided by the LTOM, allows the switch from a first telegram to a second telegram (or simulated
error). The telegram switching must be effected, after reception of trigger, immediately after the preceding
telegram has been completed.
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D2.4 Required performance

D2.4.1 RSG_1

From the list of the required functionality summarised in sub-clause D2.2.1.2, the following minimum perfor-
mance can be extracted when considering the requirements of SUBSET-036:

e Output Level Requirements. The RSG should be able to increase or decrease its output power in
steps of 0.2 dB. The RSG should be able to reach the peak current level 1,3+ 20 dB in the applicable
Reference Loop. The accuracy should be better than 0.05 dB, and the resolution should be better than
0.1dB.

e Up-link Requirements. The RSG should be able to generate the Up-link signal with the following
characteristics.

Characteristics Nominal value Min/max values Accuracy | Resolution
Centre Frequency 4.233 MHz 4.033 MHz / 4.433 MHz 20 kHz 1 kHz
Frequency Deviation 282.24 kHz 268.13 kHz / 296.36 kHz 3.0 kHz 10 Hz
Mean data Rate 564.48 kbit/s 550.36 kbit/s / 578.59 kbit/s 0.01 % 0.01 kbit/s
Amplitude Jitter 0dB +1.5/-2.0dB 0.15dB 0.15dB
MTIE See sub-clause 5.2.2.1.4 See SUBSET-036

Table 42: Up-link characteristics
e Radiation Pattern or Balise Passage Requirements. The RSG should be able to generate these sig-
nals with an accuracy of better than 0.01 ms.

e Operational mode. The RSG should be able to operate in four different modes (see sub-clause
D2.2.2.1).

D2.4.2 RSG 2
From the list of required functionality summarised in sub-clause D2.2.1.3, the following minimum performance
can be extracted when considering the requirements of SUBSET-036:

e Output Level Requirements. The RSG should be able to increase or decrease its output power in
steps of 0.2 dB. The RSG shall be able to generate a flux level from ¢q1 —5 dB to ¢gs.

e Tele-powering Requirements. The RSG should be able to generate the Tele-powering signal with
the following characteristics:

Characteristics Nominal value Min/max values Accuracy Resolution
CW frequency 27.095 MHz 27.090 MHz / 27.100 MHz 0.5 kHz 0.1 kHz
Carrier Noise <110 dBc/Hz

Table 43: CW characteristics



Page 227 of 333

SUBSET-085, Issue 4.0.04

February 24, 201223

Characteristics Nominal value Min/max values Accuracy Resolution
AM frequency 50.0 kHz 49.990 kHz / 50.010 kHz 1Hz 1Hz
Modulation depth 100 % 50 % / 100 % 5% 1%
Pulse width 2.0pus/3.5us 0.15 ps 0.1 ps
Pulse width jitter <+0.1ps
Amplitude variation <05%
Table 44: Non-toggling modulation characteristics
Characteristics Nominal value Min/max values Accuracy Resolution
AM frequency 50.0 kHz 49.990 kHz / 50.010 kHz 1Hz 1Hz
Modulation depth 100 % 50 % / 100 % 2% 1%
Pulse width 20ps/35ups 0.15 ps 0.1ps
Pulse width variation 0.8pus/15us 0.1ps 0.1ps
Amplitude variation <05%

Table 45: Toggling modulation characteristics

better than 0.01 ms.

D2.2.2.2).

Balise Passage Requirements. The RSG should be able to generate this signal with an accuracy of

Operational mode: The RSG should be able to operate in four different modes (see sub-clause
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D2.4.3 RSG_C

From the list of required functionality summarised in sub-clause D2.2.1.4, the following minimum performance
can be extracted when considering the requirements of SUBSET-036:

The Interface C1 signal is a Differential Bi-phase level coded signal simulating the transmission of one telegram.

Characteristics Nominal value Min/max values Accuracy Resolution
Signal level (V2) 16.0 Vpp 14 Vpp / 18.0 Vpp 0.1 Vpp 0.1 Vpp
Mean data rate 564.48 kbit/s 564.36 kbit/s / 564.60 kbit/s 20 ppm 0.01 kbit/s
Time jitter 0ns <+60ns 10 ns
Normal Return Loss >23dB
Extreme Return Loss 6 dB 55dB/6dB

Table 46: Interface ‘C1’ characteristic

The RSG should also be able to simulate the extremes of the Eye Diagram parameters and respect minimum rise
time and fall time requirements (see SUBSET-036).

The RSG shall be able to simulate various Return Loss conditions used for testing the source impedance effect of
the Interface ‘C1°.

Characteristics Nominal value Min/max values Accuracy Resolution
Signal level 22.0 Vpp 20.0 Vpp /23.0 Vpp 0.15 Vpp 0.1 Vpp
Frequency 8.820 kHz 8.72 kHz /1 8.92 kHz 10 Hz 1Hz
Second Harmonic <-20dBc
Harmonic content <-40 dBc (0.1 MHz to 1 MHz)
Normal Return Loss >23dB
Extreme Return Loss 4 dB 3.8dB/4dB

Table 47: Interface ‘C6’ characteristics

The RSG shall be able to simulate various Return Loss conditions used for testing the source impedance effect of
the Interface ‘C6°.
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D3 Description of Antenna Positioning Tool (APT)

D3.1 Operational Context

The APT is required to operate in different test configurations involving the equipment shown in Figure 65.

The APT is used to locate either the On-board Antenna or the Test Antenna tools in various, X, Y, and Z posi-
tions and with different angular displacements relative to the Balise under test, or to the Reference Loop tools.
Balises or Reference Loops are typically kept in a defined fixed position that constitutes the origin of the spatial
reference system used for defining the movements.

The APT is automatically controlled in its basic X, Y, and Z movements either in response to the operator’s
commands via Man Machine Interface in “local control”, or in response to LTMS commands in “remote con-
trol”. Angular displacements, less frequently changed, can be controlled either in a similar automatic way or
manually.

The antenna positioning may be performed in a quasi-static way (e.g., move for a defined step towards the target
position, stop and evaluate the current position error, move again one step, and so on up to minimise the position
error) or continuously.

The APT shall also allow for static tests where the antenna is held still for indefinite time in a given position,
during manual tests or during adjustments of the test set-up.

Finally, the APT shall also allow for continuous movements in the longitudinal direction, at nearly constant
speed or with pre-defined speed patterns, in order to simulate the train movement at low speed. For this case, the
tool should provide the LTOM with real-time speed/distance signals or data allowing continuous and accurate
monitoring of longitudinal speed and position of the carried antenna.

The minimum volume of interest for the movement is about 3.6 m in the longitudinal direction by 1.5 m in the
lateral direction by 0.4 m in the vertical direction. The required positioning accuracy is higher in the central
volume (“main lobe zone”), and less demanding outside. A rotation of the table along the three axes (vertical,
longitudinal, and lateral ones) shall also be possible from 0 ° to £15 ° with sufficient accuracy and resolution.

Man Machine
Interface

Interface V2/V4
Interface T4

Interface T2

. Test
Antenna

On-Board Balise or N
Antenna
Reference Loop H

BTM + Interface

Adapter

Interface V1

Balise Location and
Transmission System

Figure 65: APT operational context
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D3.2 Functional requirements

D3.2.1

Basic functions

The APT is basically composed of the following sub-assemblies:

Fixed, highly stable, mechanical frame holding the whole system.
Accurately moving (along X, Y, and Z axes) and rotating head (around X, Y, and Z axes).

Set of mechanical Interface Adapters for fixing various types of On-board antennas and of Test An-
tennas to the moving head.

Movement actuators and relevant transducers.
Electronic drives for the actuators.
Controller/supervisor of the drives.

Interface to the LTMS.

Interface to the LTOM.

Diagnostic tools for verification of the positioning accuracy and for alignment of the moving head
with the fixed test bed holding the Balise or the Reference Loop.

The tool should perform, on external request, one or more basic functions of the following list:

Interfacing with the operator.

Interfacing with the LTMS.

Interfacing with the LTOM.

Self-checking of all the basic functions of the tool.
Searching for the Positioning Reference Point.
Recovery of the lost Positioning Reference Point.
Detection and reporting of the current position.
Positioning the moving head along the X-axis.
Positioning the moving head along the Y -axis.
Positioning the moving head along the Z-axis.

Rotating the moving head around the X-axis (Tilting).
Rotating the moving head around the Y-axis (Pitching).
Rotating the moving head around the Z-axis (Yawing).
Positioning the moving head to a given point (X, Y, Z) with any combination of angular displacement.

Continuously moving the moving head along the X-axis, at given longitudinal, vertical and angular
displacements.
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D3.2.2  Operational modes

D3.2.21 General

The two basic operational modes are “remote control”, via Interface T2 under full supervision of the LTMS, and
“local control”, via a suitable Man Machine Interface under control of the operator.

The Man Machine Interface should permit the same basic operations that can be commanded by the LTMS and
should present in an easily understandable way the same output information. This manual mode is typically used
for simplified verifications of the test set-up or for aligning the Balise or Reference Loop to the required test
position.

Independently of the internal reference system used by the APT controlling logic, all data regarding positioning
of the Balise, and of the antenna, shall be translated in such a way that the operator and the LTMS can always
refer to the reference axes, origins of co-ordinates, and angular displacements defined in Clause 4.5.1 of
SUBSET-036.

D3.2.2.2 Idle mode

This is the default mode at power on or on request from the LTMS or the operator. In this mode, a safe standing
still condition is achieved. This mode is typically used when test staff is working in the area of the test bed. Itis
recommended, for this operational mode, that high safety level is ensured against unwanted movements of the
moving head.

D3.2.2.3 Self test mode

This mode is aimed at installation and at maintenance support. The basic functionality of the tool is verified
with suitable self-test routines. This operational mode may be invoked at the beginning of the test session or
whenever it is deemed necessary by the LTMS or by the operator. The test may consist, for example, in auto-
matically positioning the antenna at pre-stored checkpoints and in verifying, with the help of absolute position
sensors or precision tools, the correctness of the reached positions.

D3.2.2.4 Recovery of the lost position

If the APT looses, for any reason, the control of the current antenna position, it can start a recovery procedure
after informing the operator (through the MMI) and/or the LTMS with a suitable error code. This procedure
includes the return to the nearest “home position” equipped with absolute position sensors, the detection of such
position and the re-initialisation of the software. The help of the operator can be invoked and guided if some
action must be performed manually.
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D3.2.2.5 Quasi static antenna positioning

This mode is required for all Balise tests and for most tests of the On-board equipment.

The antenna positioning is done with discrete steps along the X, Y, and Z axes, possibly following a time-
optimised path. Typically, only the initial and the final positions are of interest in this type of operation. The
intermediate ones have no specific interest for the measurements and for the required accuracy.

However, in some cases, when objects exposed to the moving antenna might be present the test bed, it could be
necessary to put some constraints to the free movement towards a given final position. A case when this is abso-
lutely needed is, for example, in those tests that require the debris box in the test bed.

Some tests require measurements with the antenna in very numerous different positions. In such cases, the posi-
tioning time takes an important part of the overall test time, therefore it is recommended to use positioning algo-
rithms that combine the movements along the various axes in such a way as to minimise the travelling time.

Depending on the construction of the moving head and on the type of mechanical Interface Adapters used for
fixing the Antenna, it may be necessary that the positioning algorithms provide means to compensate for the X,
Y, and Z position errors introduced by angular displacement (Tilting and Pitching) around axes not coincident
with the antenna Reference Axes.

D3.2.2.6 Continuous longitudinal antenna movement

This mode is required for those tests that use low speed, real movements of the antenna.

Keeping constant the lateral, vertical, and angular displacements, it shall be possible to run a continuous longitu-
dinal movement at nearly constant speed in order to simulate a Balise passage at low speed. It should be possi-
ble to achieve constant speed of 0.2 m/s? to 0.5 m/s? for the whole main lobe zone centred over the Balise under
tests (e.g., for X included between -0.5 m and 0.5 m).

A typical continuous movement is characterised by a constant acceleration phase lasting for about 0.3 m to
0.5 m, a constant speed phase lasting for about 1 m to 2 m, and by a constant deceleration phase lasting for about
0.3mto0.5m.

Also in this case, it may be necessary that the movement control algorithms provide means to compensate for the
X, Y, and Z position errors introduced by angular displacement (Tilting and Pitching) around axes not coincident
with the antenna Reference Axes.
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D3.3 External interfaces

D3.3.1 Interface T2

The Interface T2 is used to exchange commands and data between the LTMS and the APT.

The LTMS commands are used to set the APT in the required operating mode and to get the desired antenna
position or movement.

The following list gives examples of possible commands and data from the LTMS to the APT:
e Switch to local control.
e Switch to remote control.
e Emergency Stop.
e Send APT configuration data.
e Go to the idle status.
e Return to “home”.
e Perform self-test.
e Report current position.
e (o to the next position X, Y, and Z with the given angular displacements and movement constraints.

e Move from the current position along the X-axis (or Y-axis or Z-axis) by a given step value with the
given angular displacements and movement constraints.

e Perform a continuous longitudinal movement within the defined X co-ordinate range, with the given
lateral, vertical, and angular displacements and at a required top speed.

A list of possible answers from APT to LTMS is:
e Confirmation of successful execution of a received commands.
¢ Information about possible abortion or unsuccessful execution of a received command.
e APT current Status (e.g., “not ready” for a new command, “failure condition”).

e Report about the current position and angular displacements.

D3.3.2 Man Machine Interface

The Man Machine Interface should be realised in such a way as to allow the operator to send, in an easy way, the
same commands and data to the APT functions as from the LTMS.

The output data from the APT should also be graphically displayed in order to allow the operator to easily check
the correct execution of the test steps during both the remote and the local control. Acoustical warnings should
be issued when the operator is required to perform critical actions.

The “local control” via the Man machine Interface should be automatically disabled during the “remote control”
operation.

Nonetheless, an Emergency Stop command should be easily available to the operator to quickly overrun any
other command or internal operational condition in case of dangerous situations.
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D3.3.3 Interface V3

The APT sends real-time information to the LTOM about the current distance run by the antenna along the lon-
gitudinal direction from a given starting point, the instantaneous value of the longitudinal speed and the current
direction of the movement.

This information is processed by the LTOM in order to monitor the current longitudinal position and speed of
the antenna and to control accordingly the required test procedures.

More details on this interface are given in sub-clause D1.3.4 on page 215.

D3.4 Required performance

D3.4.1 Test bed characteristics

The following performance is required of the basic functions of the APT:

e The minimum volume of interest for the positioning is about 3.6 m in the longitudinal direction, by
1.5 min the lateral direction, by 0.5 m in the vertical direction. The required positioning accuracy is
higher in the central volume (“main lobe zone”), and less demanding outside. A rotation of the table
along the three axes (X, Y, and Z) shall also be possible. In particular the Pitching angle should range
from 0 ° to +5 °, the Tilting angle from 0 ° to £10 °, and the Yawing angle from 0 ° to £5 °. These
angular displacements may occur in any possible combination.

e A continuous longitudinal movement of the antenna in both forward and backward direction should be
possible in a range of 2 m to 4 m, at a nearly constant speed of 0.1 m/s to 0.5 m/s, with a maximum
acceleration of the order of +0.3 m/s?.

e The available power for movement control should be sufficient for ensuring the required accelera-
tion/deceleration values.

e The quasi-static positioning in X and Y directions may be limited to only positive co-ordinates. Tests
requiring negative co-ordinates can be done by properly rotating the Balise and the antenna. For such
needs, the Yaw angle can also be set to +180 °. In a similar way, by rotating the Balise and antenna
by a Yaw angle of £90 °, it is possible to transform a transversal movement into a longitudinal one.
This allows some economy both in the APT and in the requirements on the size of the test room.

¢ In order not to get disturbances of the tests from the surrounding environment, there shall be a space
free from metallic objects around the Balise, and in the whole space occupied by the antenna in the
various test positions, as indicated in sub-clause 4.1.1 of this specification.

e The vertical and angular positioning of the antenna may be done with some manual intervention co-
ordinated and assisted by the APT logic.

e The mechanical frame holding the moving parts shall have enough inertia and stability to easily ab-
sorb possible counter-effects of the movement and to minimise vibrations of the carried antenna.

e The maximum payload of the APT should be of about 30 kg, including the weight of the antenna, the
possible mechanical frames for its mounting, the debris (see sub-clause 5.2.3) or the metallic objects
(see sub-clause 5.3.7) used in the tests. The maximum size of the antenna is about
640 mm x 640 mm x (h = 200) mm. The size and the shape of the Test Antenna are given in sub-
clause J3.3.

e Enough free space should be required around the nominal Balise area, in order to allow for the instal-
lation of the debris box (see sub-clause D5.2), or the reference units simulating the effect of guard
rails, metallic sleepers, metallic plates, cables or metallic masses in the tracks, as defined in sub-clause
D5.3.

e Suitable protections (preferably APT independent) shall be used for avoiding dangerous situations for
both personnel and equipment in case of failure or malfunction of the APT controlling devices.
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D3.4.2 Positioning Accuracy
Three main areas are identified for the antenna positioning/movement in a plane parallel to the XY plane, at a
given height Z:

e The “main lobe zone”, a square delimited by the lines X =+500 mm and Y= 400 mm;

o The “side-lobes zone” a square delimited by the lines X = £1400 mm and Y = £1400 mm, with the
exclusion of the main lobe zone;

o The “cross-talk protected zone”, a square delimited by the lines X ==+ 3600 mm and Y = 3600 mm,
with the exclusion of the contact and the side lobe zones.

The X, Y, and Z co-ordinates are referred to the Balise Reference System defined in sub-clause 4.5.1 of
SUBSET-036.

The positioning accuracy and resolution depend on the considered zone. Finer resolution and better accuracy are
required for the inner zones. The whole ranges for the antenna positioning parameters with the respective reso-
lution/accuracy requirements are summarised in the following Table 48. Similar indications for the Balise posi-
tioning are summarised in Table 49 as well.

It should be observed that, in the event of achieving better accuracy in Balise positioning than the maximum
tolerances stated by Table 49, this will increase the allowed maximum tolerances of Table 48 accordingly. This
is applicable to positions in the main lobe zone and to angular displacements.

Parameter Range of variation Minimum Maximum
Resolution Tolerance
y4 0 mm to +400 mm 10 mm +1 mm
X - main lobe zone -500 mm to +500 mm 5mm +1 mm
X - side-lobe zone -1400 mm to +1400 mm 10 mm +2 mm
X - cross-talk prot. zone -3600 mm to +3600 mm 50 mm +10 mm
Y - main lobe zone -400 mm to +400 mm 5mm 1 mm
Y - side-lobe zone -1400 mm to +1400 mm 10 mm 2 mm
Y - cross-talk prot. zone -3000 mm to +3000 mm 50 mm +10 mm
Ti tilting -10 ° to +10° 1° +0.25°
(0 ° to 20 ° with adapter)
Pi pitching -5°to +5° 1° +0.25°
(0 ° to 10 ° with adapter)
Yo yawing 5°t0+5° 1° +0.25°
(0 °to 10 ° with adapter)
-90 ° to +90 ° (manually) 90 ° +0.25°
-180 ° to +180 ° (manually) 90° $0.25°

Table 48: Antenna positioning ranges, resolution, and accuracy
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Parameter Range of variation Minimum Maximum
Resolution | Tolerance
Y4 -210 mm to —93 mm 10 mm +1 mm
X -3000 mm to +3000 mm 500 mm +1 mm
Y -1400 mm to +1400 mm 200 mm +1 mm
Ti tilting -2°to+2° 1° +0.25°
Pi pitching -5°to+5° 1° +0.25°
Yo yawing -10°to+10° 1° +0.25°
-90 °to +90 ° 90° +0.25°
-180 ° to +180 ° 90° +0.25°

Table 49: Balise positioning ranges, resolution, and accuracy
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D4 Description of Off-line Telegram Generator (OLTG)

D4.1 Operational Context
The OLTG is the tool used for generation of test telegrams, and for checking received telegrams, in accordance
with the coding requirements of SUBSET-036. This includes:

e Generation of test telegrams to be used at Interface ‘C’ and Interface ‘A’.

e Checking of telegrams received at Interface ‘A’ and Interface ‘V’.

e Generation of telegrams for the internal Up-link Balise memory (the Default Telegram).

The OLTG is intended for use in the simplified environment illustrated by Figure 66 below.

Telegram
Generator (OLTG)

Reference Receiver
(LRRT)

/~ Programming
\._ Equipment _/

-

Laboratory Test
Management System
(LTMS)

Up-link
telegrams Telegrams at
Interface V1’

\\ Interface ‘A’

Antenna +
BTM function

Telegrams at

Interface ‘A’

Up-link
Telegrams at Interface ‘C’ Balise

Reference Signal
Generator (RSG)

Balise Location and
Transmission System

...............

Figure 66: OLTG Operational Context

The OLTG environment includes the following:

e Antenna and BTM functionality. The tests of the Antenna and BTM functionality need the OLTG
for generation of test telegrams intended for transmission via the Interface ‘A1’ (Up-link functionali-
ty). It can also be used for checking the actually received telegrams via Interface ‘V’.

e Up-link Balise. The tests of the Up-link Balise performance need the OLTG for generation of tele-
grams intended for transmission via Interface ‘C1°. The same applies for telegrams stored in the in-
ternal Balise memory (the Default Telegram). The OLTG can also be used for checking the actually

transmitted telegrams via Interface ‘A1l’.

e Operator. Human operator to operate the OLTG.
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e Test Management System (LTMS). The LTMS is in charge of the management of all the test pro-
cedures and test tools.

e Reference Signal Generator (RSG). The RSG is in charge of the transmission of Up-link telegrams
at Interface ‘A1’ and Interface ‘C1°.

e Reference Receiver (LRRT). The LRRT is in charge of the reception of Up-link telegrams at Inter-
face ‘Al’.

e Programming Equipment. The (company specific) programming equipment is in charge of the pro-
gramming the internal Balise memory with the intended Default Telegram.

D4.2 Functional requirements

D4.2.1 Basic functions

The following functions should be implemented in the OLTG:
¢ Encoding function. This function is used to transform the user data into a Eurobalise telegram.

e Decoding function. Considering that the OTGL should be used as reference tool for the coding strat-
egy verification, this function is integrated in order to check the integrity of telegrams against the cod-
ing requirements possibly generated by other sources. This function is also used to verify that a string
of bits (341 bits or 1023 bits) fulfils the coding requirements.

e MMI functions. These functions are used as interface between the OLTG and other tools or the op-
erator.

The Man Machine Interface should be graphically based, and provide the following functionality.

For the encoding function:
e Entering user data to be encoded.
e Storing user data in a file.
e Encoding more than one telegram.
e Storing encoded telegrams in a file.

For the decoding function:
e Loading files containing the encoded telegram.
e On the screen displaying the CRC checking of the telegrams and the user data after decoding.

e Storing user data in a file.
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D4.2.2 Functional architecture

The Telegram Generator could be composed of five main parts (see Figure 67).

Graphical User Interface (GUI). Manages the calls of the different software functions.

User Data Interface. For entering and storing the user data and displaying the result of decoding. The user
data can be typed by the operator or loaded from a file.

Encoding/Decoding. Encodes the user data and decodes the encoded telegram.

Encoded Telegram Interface. Displays the encoded telegram resulting from the above operation and the
encoded telegram loaded from a file by the “Printout/File Interface”.

Printout/File Interface. Prints the encoded telegram, or stores/loads it to/from a file.

User Data User Data File

v
User Data
Interface

Y

GUI

Encoding /
Decoding

A

Y

Encoded Telegram

Interface
Printout/File
Interface
!
v !
Telegram File Printer

Figure 67: Functional Architecture of the OLTG
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D4.3 External Interfaces

D4.3.1 User Data

D4.3.1.1 General

User Data interfacing should be provided on various levels:
1. High level description using packets and variables according to ERTMS/ETCS language.
2. Using hexadecimal representation of User Bits.
Interfacing by means of information from file, and interactive interfacing via the MMI should be supported.

The OLTG should provide handling of several consecutive telegrams stored within the same file.

D4.3.1.2 Packet and variables representation

User Data is entered and displayed in accordance with the packets and the variables defined by the
ERTMS/ETCS language. During interactive input (i.e., not from file), some variables are possible to automati-
cally determine. This should be supported by the OLTG. Automatic padding (with “ones”) should be supported
when required.

D4.3.1.3 Hexadecimal representation

In this case the representation should be in accordance with the format of Table 20 in sub-clause A2 on page
129.

D4.3.2  Telegram File
The OLTG should provide encoded telegram data consistent with the input User Data. This encoded data should
be stored on file and displayed via the Graphical User Interface.

Additionally, the OLTG should be able to provide decoded User Data, based on encoded telegrams (from file).
This decoded data should be stored on file and displayed via the Graphical User Interface.

The format of the encoded telegram file should be in accordance with the representation exemplified in Table 22
in sub-clause A2 on page 131.

D4.3.3 Printout

The OLTG should support printing of all relevant input and output information.
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D5 Description of Test Management System (LTMS)

D5.1 Operational Context

The LTMS is in charge of automatic control and management of the Eurobalise laboratory tests regarding track-
side Balise, On-board Transmission Equipment, and overall transmission systems (combinations of Balises and

On-board Transmission Equipment). It controls all the instruments and the tools required for a given test proce-
dure, collects and analyses the relevant measurement data, and summarises the test results in final Test Bulletins.

A simplified context diagram for the tool is given in Figure 68. It shows the external interfaces used for com-
mands and data exchange with the controlled equipment. The commands are specific for each controlled device.
The exchanged data is generally of two distinct types. One is configuration settings exchanged at the start up of
a test procedure. The other is on-line raw test data resulting from the execution of the test routines.

V4 V2
TEST
OPERATOR

V3
POWER
METERS
INTERFACE
V1

Adapter *

Network
Analyser

Environmental
Sensors e
* Company Specific

Figure 68: LTMS operational context
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The tool interacts with the Test Operator, via a Graphical Man Machine Interface, for all the needs of personali-
sation, control, and monitoring of the test procedures.

The tool fulfils the following basic operations:

e Guiding the operator during the preparation of the test set-up and displaying the progress status of the
test procedure as well as the results of the current step.

e Controlling the APT for getting the positions required for each test step.

e Controlling the LTOM for the current speed measurement, or simulation, as well as for initial settings
and synchronisation.

e Controlling the RGS for simulating the required signals at Interface ‘A’ and/or at Interface ‘C’.

e Controlling the LRRT, the Power Meters, and the Network Analyser for measuring the characteristics
of the signals at Interface ‘A’ or at Interface ‘C’.

e Controlling the operational mode of the Antenna/BTM functionality under test, and collecting the rel-
evant test data.

e Controlling the environmental sensors for periodical measurements of ambient temperature and hu-
midity within the test bed.

¢ Analysing and checking the correctness of the measurement results.

¢ Recording results and conditions of each test step in a structured way, and printing of the summary
Test Bulletins.

D5.2 Functional requirements

D5.2.1 Basic Functions
The LTMS is used for automatic management of those procedures that require long sequences of elementary test
steps.

The LTMS is basically composed of a Personal Computer equipped with I/O Interface Boards, for interfacing the
tools and the instruments indicated in Figure 68. Such tools and instruments typically perform the front-end
functions required for each test procedure, which can generically be distinguished in generation of input signals
for the equipment under test and measurement of its output signals. The LTMS co-ordinates the operation of
such instruments according to the needs of each test procedure, and records in a structured way all the relevant
data.

The operator controls the operational mode of the tool. In particular, he commands the start or the abortion of a
defined test sequence. The tool provides an on-line operational guide to the operator when manual intervention
is required during the progress of the test. Visual or acoustic warnings are issued in order to alert, in case of
critical occurrences or when a manual intervention is needed.

Specific self-tests of the various interconnected tools may be invoked for allowing procedures for re-calibration
or trouble-shooting.

The tool should perform, in various combinations, the following basic functions:
e Support to editing, debugging and personalisation of the test procedures.
e Interfacing with the Test Operator.
e Interfacing with the RSG.
e Interfacing with the APT.
e Interfacing with the LTOM.
e Interfacing with the LRRT.
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o Interfacing with Power Meters.

e Interfacing with the Network Analyser.

e Interfacing with the BTM functionality.

e Interfacing with the temperature and humidity sensors.

e Interfacing with the software tool that handles and stores the raw test data and produces the summary
Test Bulletins.

e Closed-loop control of the Up-link current level.
e Closed loop control of the Tele-powering current level.

e Execution of an expandable set of pre-compiled test procedures.

D5.2.2  Operational Modes

D5.2.21 General

In order to ensure flexibility of use, combined with guarantee of correct handling of the test results, the LTMS
should allow a selective operator access, via a suitable password handling, to the editing and the updating re-
sources of the tool.

The tool should allow the following possibilities for a generic operator:

e Logging-in for entering basic information regarding Test Operators and Test Set-up that are reported
in the Test Bulletins.

e Open/Close a given test procedure.

e Start the execution of a pre-selected test procedure.

e Abort the execution of the test procedure in execution.

o Restart the execution of a given test procedure from the step at which it was possibly interrupted.
For authorised operators the following additional possibilities should be allowed:

e Editing a test procedure by introducing pauses, deletion, replacement, insertion or skip of individual
test steps.

e Updating input data for a given test procedure.

e Step by step execution of the test procedure for troubleshooting purposes.

D5.2.2.2 Idle and self-test mode

This is the default mode of the tool at power on or at the conclusion of a given test procedure. In this mode, all
the controlled tools should be kept inactive. The local control condition should be enabled for each of them and
their outputs set to a safe status.

Under command of the operator, the tool should allow the individual verification of correct behaviour of the
external interfaces and of the interconnected tools and instruments.
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D5.2.2.3 Test procedure control

D5.2.2.3.1 Conformity tests for Reference Loops

The mutual impedance between two Reference Loops of the same typology is measured in a number of different
reciprocal positions during free space conditions. The measurements are compared with the expected data that
are derived both from theoretical evaluations and from analogous measurements on validated Reference Loops.
In these measurements, the LTMS is required to control:

e The APT for locating one of the two Reference Loops under test in the required test positions.

e The Network Analyser, with S-parameter Test Set, for generation of the input test signal and for
measurement of the respective test output.

e The software tool for handling and storing the test data, as well as for checking the fulfilment of the
conformity requirements, and for evaluating the Reference Loop compensation factors (B factor see
sub-clause H2.4 on page 307).

The procedure applies to both typologies of Reference Loops (i.e., Standard and Reduced sizes), and to both
transmission channels (i.e., Up-link transmission and Tele-powering).

D5.2.2.3.2 Calibration measurements for Balise tests

D5.2.2.3.2.1 Tele-powering flux

These measurements provide basic reference data from the combined use of the Test Antenna, which generates
the Tele-powering field in the air-gap, and of the Reference Loop that receives the concatenated flux. The re-
sulting test data is a set of values for the 27 MHz current to be driven into the Test Antenna in order to get a
given concatenated flux into the Reference Loop, for all required positions of the Test Antenna and for all debris
conditions over the Reference Loop. The recorded values are used for checking, by comparison, the transmis-
sion properties of the Balise in the same test conditions.

The following tools are controlled by the LTMS for this test:

e The APT for locating the Test Antenna very accurately to the required test positions referred to the
centre of the Reference Loop. Two main zones of the test bed are involved in this test: “Main Lobe
Zone” and “Side Lobe Zone”.

e The RSG for generating a controlled current into the Test Antenna in order to get a defined flux level
into the Reference Loop. The flux level is measured indirectly by means of a Power Meter connected
at the Reference Loop output. The LTMS closes the control loop of the 27 MHz current including
RSG, Test Antenna, Reference Loop, and Power Meter.

e The Power Meter for measuring the current level entering into the Test Antenna and the output power
delivered by the Reference Loop for each test condition.

e The Environmental Sensors for measuring, at regular intervals, the ambient temperature and humidity
near the test bed.

e The software tool for handling and storing the Tele-powering calibration data that are used by other
Balise test procedures.
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D5.2.2.3.2.2 Up-link Balise signal

These measurements provide basic reference data from the combined use of the Reference Loop, which gener-
ates the Up-link field in the air-gap, and of the Test Antenna that receives a signal induced at its receiving coil.
The resulting test data is a set of values for the Up-link power received by the Test Antenna for all the required
test positions and debris types over the Reference Loop, when a given Up-link current is driven into the same
Reference Loop. The recorded values are used for checking, by comparison, the transmission properties of the
Balise in the same test conditions.

The following tools are controlled by the LTMS for this test:

e The APT for locating the Test Antenna in the same positions used for the Tele-powering flux meas-
urements as well as in additional positions of the “Cross-Talk protected Zone”.

e The RSG for driving a controlled Up-link current into the Reference Loop. The current is measured
by means of a probe whose output is read by the Power Meter. The LTMS closes the control loop of
the 4.2 MHz current including RSG, Reference Loop, current probe, and Power Meter.

e The Power Meter for measuring the current entering into the Reference Loop as well as the Up-link
signal received by the Test Antenna at each test condition.

e The Environmental Sensors for measuring, at regular intervals, the ambient temperature and the hu-
midity near the test bed.

e The software tool for handling and storing the Up-link calibration data that are used by other Balise
test procedures.

D5.2.2.3.3 Balise Conformity tests

D5.2.2.3.3.1 Tele-powering flux

The amplitude of the 27 MHz current, needed for concatenating a defined flux level with the Balise active area,
is measured for each position of the Test Antenna. In such positions, the achievement of the desired flux level is
indirectly verified by measuring the Up-link signal received, from the Balise under test, by a 4.2 MHz Antenna
kept in a fixed central position. The results are compared with the Tele-powering calibration data determined for
the applicable Reference Loop.

The following tools are controlled by the LTMS for this test:

e The APT for locating the Test Antenna at defined test positions referred to the centre of the Balise un-
der test. The same test positions as those used for the Tele-powering calibration measurements are
used for this test as well.

e The RSG for driving the Test Antenna with a 27 MHz current that produces the same Tele-powering
flux that was used during the Tele-powering calibration phase for the same test condition. The LTMS
closes the controlling loop of the 27 MHz current including RSG, Test Antenna, Current Probe, and
Power Meter.

e The Power Meter for measuring the 27 MHz current entering into the Test Antenna and the Up-link
signal received, from the Balise under test at each test condition, by the 4.2 MHz Antenna.

e The Environmental Sensors for measuring, at regular intervals, the ambient temperature and the hu-
midity near the test bed.

e The software tool for handling and storing the Tele-powering conformity results and for checking the
fulfilment of the respective requirements.
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D5.2.2.3.3.2 Up-link signal

An Activation Antenna located in fixed position is driven by the RSG in order to power the Balise. Its input
current is controlled in such a way as to concatenate a suitable Tele-powering flux into the Balise, producing the
same Up-link signal that was measured during the Up-link calibration measurements with the Test Antenna in
central position. Keeping the 27 MHz current constant during all other measurements, the Up-link signal re-
ceived by the Test Antenna in all the test positions is measured and checked against the reference Up-link cali-
bration data.

The following tools are controlled by the LTMS for this test:

e The APT for locating the Test Antenna very accurately in the same positions as those used for the Up-
link calibration measurements.

e The RSG for driving the Activation Antenna with a controlled 27 MHz current that produces the same
Up-link signal as in the calibration phase with the Test Antenna in central position. The LTMS closes
the control loop of the 27 MHz current including RSG, Activation Antenna, Test Antenna, and Power
Meter. When applicable, the RSG is also controlled for generation of the Interface ‘C’ signals, pre-
senting the required electrical characteristics and carrying the chosen test telegram.

e The Power Meter for measuring the current level entering into the Activation Antenna and the Up-link
signal received, from the Balise under test, by the Test Antenna at each test condition.

e The Environmental Sensors for measuring, at regular intervals, the ambient temperature and the hu-
midity near the test bed.

e The software tool for handling and storing the Up-link conformity results and for checking the fulfil-
ment of the respective requirements.

D5.2.2.3.4 Input to Output Characteristics

The Test Antenna that is driven by the RSG with a suitable 27 MHz current, corresponding to different flux
levels, is used for powering the Balise. The Up-link signal received by the same Test Antenna is measured and
recorded for each flux level condition. The flux levels are determined on the basis of Tele-powering calibration
measurements giving, for the actual position of the Test Antenna and for a known flux level, the 27 MHz current
to be driven into its Tele-powering coil. The measured Up-link signal power is translated into Up-link current
encircling the applicable Reference Area on the basis of the Up-link calibration measurements. The set of rec-
orded values of flux level versus the corresponding Up-link signal current is used for plotting the Balise 1/0
characteristics. The software tool for handling and storing the I/O characteristic results is also used for checking
the fulfilment of the respective requirements.

The same tools of the Up-link conformity tests are controlled by the LTMS also for this test with the exception
of the Activation Antenna that is replaced by the activation coil of the Test Antenna. This test is performed only
at the central position of the Test Antenna.
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D5.2.2.35

The electri

Electrical characteristics of the Up-link signal

cal characteristics of the Up-link signal are evaluated in the elementary test steps listed hereafter. The

Test Antenna powers the Balise, to the required flux levels, from its central position for all the test steps. The
Up-link signal received by the same antenna is processed by the LRRT and the final test results are stored and
formatted by the LTMS.

The following characteristics of the Up-link Balise signal are verified, both in static and in dynamic, simulated

conditions
[ )
[ )

Centre frequency and frequency deviation.

Mean data rate.

Maximum time interval error (MTIE).

Amplitude jitter.

Signal bandwidth.

Balise start-up behaviour.

Balise behaviour in “non-toggling” Tele-powering mode.

Time delay between Interface ‘C’ data signal and air-gap Up-link signal.

Blocking signal at Interface ‘C’ during the Balise start-up.

The same characteristics of the Up-link Balise signal are verified, in different conditions, regarding to the Inter-

face ‘C’ si
[ )
[ )

gnals:
Nominal and worst case electrical characteristics of the Interface ‘C’ signals.
Different Return Loss conditions.

Transient failure conditions for the Interface ‘C’ signals leading to the transmission of the default tel-
egram.

The following tools are controlled by the LTMS for this test:

The APT, the RSG, The Test Antenna, and the Power Meter in a similar way as for the Balise 1/0
Characteristic tests.

The RSG for generating the required signals at Interface ‘C’, with the required electrical characteris-
tics, and carrying the required test telegram.

The LRRT for processing and checking the characteristics of the Up-link signal received by the Test
Antenna, in order to get final test data for LTMS recording and formatting.

The Environmental Sensors for measuring, at regular intervals, the ambient temperature and the hu-
midity near the test bed.
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D5.2.2.3.6 Tele-powering radiation patterns for the On-board equipment

This test consists in determining the level of Tele-powering flux concatenated with the applicable Reference
Loop when the antenna under test is kept still in defined positions along the longitudinal direction, with different
vertical, lateral and angular displacements. The test should be organised in such a way as to cover the different
areas of the test bed: “main lobe zone”, “side-lobe zone™ and “cross-talk protected zone”.

The output 27 MHz power from the Reference Loop, measured in correspondence to a given position of the
antenna under test, is used for the evaluation of the corresponding concatenated flux level. The set of flux levels
measured along the longitudinal direction within the main lobe zone is used for generating distance-based radia-
tion diagrams of the antenna that are used for the transmission tests. The measurement results in the cross-talk
and side-lobe zones are used for the evaluation of the physical cross-talk protection margins of the On-board
equipment.

The following tools are controlled by the LTMS for this test:

e The APT for positioning the Antenna under test in the required positions over horizontal planes of the
test bed referred to the centre of the Reference Loop.

e The LTOM for providing the BTM function with the current time and odometer information con-
sistent with the antenna movement.

e The Interface V1 Link, for controlling the required operational mode of the BTM function and for col-
lecting the reported test data.

e The Power Meter for measuring the 27 MHz power delivered by the Reference Loop in correspond-
ence of the various positions of the antenna under test.

e The Environmental Sensors for measuring, at regular intervals, the ambient temperature and the hu-
midity near the test bed.

e The software tool for handling and storing, for each tested condition, the Tele-powering flux values
together with the corresponding geometrical co-ordinates of the antenna under test. Such data are
used by other test procedures regarding the On-board equipment.

D5.2.2.3.7 Up-link radiation pattern for the On-board equipment

The test consists in determining, for each position of the antenna under test, the 4.2 MHz current level that is
needed in the applicable Reference Loop for reaching the threshold level of the BTM receiver functionality. The
correct signal detection is evaluated from observation of the BTM function data reported at the Interface V1.
The test requires simplified simulation of Balise passages at a given constant speed, with controllable Up-link
current driven into the Reference Loop. For each position, the Up-link current is increased from zero up to the
level at which the BTM function is able to correctly receive the transmitted Up-link data. The set of Up-link
threshold currents measured along the longitudinal direction within the main lobe zone is used for generating
distance-based reception diagrams of the antenna that are used for the transmission tests. The measurement
results in side-lobe and cross-talk zones are used for the evaluation of the physical cross-talk protection margins
of the On-board equipment.

The LTOM is controlled consistently with the simulated Balise passages, both during each measurement phase
and outside the measurement, in order to respect normal constraints about real or simulated speed conditions and
the minimum distances allowed between consecutive Balises and Balise groups.

The test is performed for the same longitudinal positions used for the Tele-powering radiation diagrams and for
the same lateral, vertical and angular displacements.
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The following tools are controlled by the LTMS for this test:

e The APT for positioning the Antenna under test in the same positions as those used for the Tele-
powering radiation diagrams.

e The LTOM for providing the BTM function with the current time and odometer information con-
sistent with the real and the simulated antenna movements.

e The Interface V1 Link, for controlling the required operational mode of the BTM function and for col-
lecting the reported test data.

e The RSG for providing an Up-link FSK current burst, carrying the required test telegram, with con-
trolled amplitude and dynamic characteristics.

e The Power Meter for measuring the Up-link current level in the Reference Loop, during the initial cal-
ibration phase.

e The Environmental Sensors for measuring, at regular intervals, the ambient temperature and the hu-
midity near the test bed.

e The software tool for handling and storing, for each tested condition, the Up-link threshold current to-
gether with the corresponding geometrical co-ordinates of the antenna under test. Such data are used
by other test procedures regarding the On-board equipment.

D5.2.2.3.8 Transmission tests for the On-board equipment

This test consists in simulating, by the use of the RSG and the applicable Reference Loop, a dynamic Up-link
Balise signal, according to the requirements of each test scenario, while keeping the antenna under test in a fixed
central position. The time envelope of these signals as well as its electrical characteristics and the carried data
telegram is generated by the RSG for each test condition (off-line) before running the tests. The correct behav-
iour of the On-board equipment under test is assessed on the basis of the BTM function data reported at the
Interface V1.

In general the test consists in simulating a “virtual test line” with Balises located in pre-defined realistic posi-
tions. Different test telegrams, representing realistic application cases, are used for the different Balise simula-
tions. The various test scenarios are organised in order to verify the achievable transmission performance (“con-
tact length” or “contact time” or “number of received valid telegrams) in combination with different operational
conditions including:

e The two different types of Reference Loops and the relevant installation conditions.
e The applicable mode of Tele-powering (CW or Toggling).

e The speed regime (from standing still to the maximum allowed speed).

e The installation conditions for the antenna.

e The worst case combination of debris conditions.

e The quality of the Up-link Balise signal (electrical characteristics).

e The possible Balise layouts (Balise sequences within a group).

e The typology of data and of Balise telegrams.

e The presence of data error conditions in the telegrams.

The signal patterns, corresponding to a complete test scenario, are evaluated and pre-loaded into the RSG for
their real-time handling during the initial configuration phase of the scenario itself.

The LTMS controls the LTOM for simulation of the required speed pattern during the whole “test trip” as well
as for triggering the RSG for starting the Balise signal simulations at the exact time and odometer co-ordinates
required by the test scenario.

All the BTM function reports at Interface V1 are checked against the expected results and reported with all in-
formation about test conditions, in the final Test Bulletins.
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The following tools are controlled by the LTMS for this test:

The APT for positioning the antenna under test in a fixed central position.

The LTOM for simulating the required distance-based speed pattern and for generating the time and
odometer information for the BTM function consistently with the simulated speed. It also issues trig-
gering pulses to the RSG for the generation of the relevant Balise signal, according to pre-defined dis-
tance-based Balise layouts.

The RSG for providing the Up-link FSK signal, emulating the required test telegrams, with accurately
controlled amplitude envelope and electrical characteristics.

The Interface V1 Link for controlling the required operational mode of the BTM function and for col-
lecting its reported data.

The Power Meter for measuring the 4.2 MHz current level into the Reference Loop during the initial
calibration phase.

The Environmental Sensors for measuring, at regular intervals, the ambient temperature and the hu-
midity near the test bed.

The software tool for handling and storing, for each tested condition, the set of reported Up-link tele-
gram data, the respective Balise location data, and the number of received telegrams for each simulat-
ed Balise passage. Such data are used for off-line evaluation of the achievable transmission reliability
performance of the On-board equipment.

D5.3 External Interfaces

D5.3.1

Man Machine Interface (MMI)

The Man Machine Interface should allow the operator to perform, in an easy way, the following actions:

To recall one or more test procedure from the set of pre-compiled ones.

To support the updating of the test step sequence of a given procedure to better fit to the specific
needs of the test set-up (e.g. introduction of break points, skipping or insertion or replacement of spe-
cific steps).

To save any newly updated test procedure.

To personalise the actual test cases of interest with input data provided directly by the operator (e.g.
lateral or vertical displacement of the On-board antenna).

To choose the applicable values for the input parameters required for a specific test procedure.
To command the step by step execution of the test procedure.

To command the full execution of the test procedure.

To abort the on going execution of the test procedure.

To re-start an interrupted procedure from the test in which it was possibly interrupted.

To follow the current status and the regularity of execution of the on-going test as well as the sum-
mary of the test results in progress.
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D5.3.2 Interface V1
The Interface V1 regards commands and data exchange between the LTMS and the On-board equipment under
test.

The dialog over this interface is mastered by the LTMS for commands issued by the LTMS. As far as the re-
ports of the On-board equipment to the LTMS are concerned, the dialog can be started by the BTM function at
any time, independently from the LTMS status. The LTMS should guarantee that no reported data is lost even
when it is occasionally occupied in long general management tasks. More details on the exchanged commands
and data and can be found in clause E1 on page 267.

D5.3.3 Interface T1

The interface T1 regards commands and data exchange between the LTMS and the LRRT.

The dialog over this interface is always mastered by the LTMS. The LRRT only answers to LTMS when re-
quested. More details on the exchanged data can be found in sub-clause D6.3.1 on page 264.

D5.3.4 Interface T2

The interface T2 regards commands and data exchange between the LTMS and the APT.

The dialog over this interface is always mastered by the LTMS. The APT only answers to LTMS when request-
ed. More details on the exchanged data can be found in sub-clause D3.3.1 on page 233.

D5.3.5 Interface T3

The interface T3 regards commands and data exchange between the LTMS and the RSG.

The dialog over this interface is always mastered by the LTMS. The RSG only answers to LTMS when request-
ed. More details on the exchanged data can be found in sub-clauses D2.3.1.1 on page 224, D2.3.2.1 on page
224, and D2.3.3.1 on page 225.

D5.3.6 Interface T4

The Interface T4 is used to exchange commands and data between the LTMS and the LTOM.

The dialog over this interface is always mastered by the LTMS. The LTOM only answers to LTMS when re-
quested. More details on the exchanged data can be found in sub-clause D1.3.1 on page 214.

D5.3.7 Interface T5

The Interface T5 is used to exchange commands and data between the LTMS and the Power Meter.

The dialog over this interface is always mastered by the LTMS. The Power Meter only answers to LTMS when
requested. More details on the exchanged data can be found in the instrument user manuals.

D5.3.8 Interface T6

The Interface T6 is used to exchange commands and data between the LTMS and the Network Analyser.

The dialog over this interface is always mastered by the LTMS. The Network Analyser only answers to LTMS
when requested. More details on the exchanged data can be found in the instrument user manuals.
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D5.3.9

Interface T7

The Interface T7 is used to exchange commands and data between the LTMS and the Temperature and Humidity

Sensors.

The dialog over this interface is always mastered by the LTMS. The sensors only answer to the LTMS when
requested. More details on the exchanged data can be found in the sensor user manual.

D5.4 Required Performance

The following performance is required to the basic functions of the LTMS:

The tool must allow for uninterrupted test procedures lasting from few minutes to about 20 hours.

The reaction time of the tool to test related events should not exceed 0.2 s, during normal conditions,
when the management of the on-going test procedure is the main task of the tool. This reaction time
can sporadically be extended to 1 s to 2 s when the test procedure is managed in coincidence with oth-
er general tasks of the tool. Sufficient provisions should be put in place in such case in order not to
lose incoming test data or inputs of any kind.

The memory capability of the tool should guarantee that no test related data (e.g., the data reported
from the BTM function via the Interface V1) is lost during the admitted latency time of the tool.

In order to minimise the test time regarding long repetitive procedures, the overall closed loop opera-
tions regarding Up-link or Tele-powering current adjustment should be done within a maximum time
of 2s.

The recording of the test related data should be suitably protected after test corruption or manipulation
of any kind.
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D6 Description of Reference Receiver Tool (LRRT)

D6.1 Operational Context

The LRRT is used for analysing the electrical characteristics of the signals exchanged between Eurobalise units
(track-side Balise and On-board equipment) and tools at their standard interfaces (i.e., Interface ‘A’ and Inter-
face ‘C), in order to verify the fulfilment of the relevant requirements.

The analysis is typically done off-line, after memorising a defined time record of the signal under test. The main
characteristic of this tool is that the signal acquisition and its first level analysis (e.g., demodulation) is per-
formed whenever is possible by commercial instruments used as front-end RF devices. When this is not practi-
cally possible, the tool itself performs specific signal analysis algorithms.

A context diagram of the laboratory test environment involving the LRRT is given in Figure 69.
According to the actual test step, the signals submitted to the LRRT analysis can be:

1. The Up-link signal Al that is generated by the Balise under test and is picked up by the Test Antenna.
For purposes of calibration of the set-up, the Up-link signal A1 may also be generated by the RSG,
transmitted in the air-gap via the Reference Loop and picked up by the Test Antenna;

2. The Tele-powering signal A4 that is generated by the On-board equipment under test and is picked up
by the Reference Loop. For purposes of calibration of the set-up, the Tele-powering signal A4 may
also be generated by the RSG, transmitted in the air-gap via the Test Antenna and picked-up by the
Reference Loop;

3. The Interface ‘C’ signals (data signal C1 and biasing signal C6) measured over the respective refer-
ence resistive loads, and the blocking signal C4, received via a suitable current/voltage probe from the
Balise under test during its start-up transient.

In order to allow fast verification of the test set-up, or to run simplified tests, the LRRT can be controlled in local
mode, via a graphical Man Machine Interface (MMI), by the Operator.

The LRRT is controlled, in remote mode, by the LTMS by exchange of data and commands via the Interface T1.
In dynamic simulated test cases, the tool receives fast triggering signals from the RSG (Interface S6) for starting
the measurements at suitable instants, correlated with the RSG output signals.

/
/ Cl1,C6,C4
T1

Ad-gl

On-board
Equipment +
Interface Adapier

Figure 69: LRRT operational context
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D6.2 Functional Requirements

D6.2.1

Basic Functions

The tool performs the following basic functions that correspond to distinct or to overlapping operational modes.
The basic functions of the LRRT are:

1.
2.
3.

Interfacing with the Test Operator via the MMI.
Interfacing with the LTMS via the Interface T1.

Performing all the required verifications of the electrical characteristics of the Up-link signal (A1)
generated by the Balise under test, using the test antenna.

Performing all the required verifications of the electrical characteristics of the Tele-powering signal
(A4) generated by the on-board equipment under test.

Performing all the required verification of the electrical characteristics of the Interface ‘C’ signals
generated both by the LEU (C1 and C6 signals shall be monitored at the LEU end of the Interface ‘C’
cable) and by the Balise under test (C4).

For each operational mode, the tool performs one, or a combination of, the following elementary functions:

Sampling the input signal with adequate sampling rate and recording of a signal record with the re-
quired duration, time and frequency resolution, and accuracy.

Performing spectral or modulation analysis of the recorded signal in the required frequency range with
different levels of frequency resolution.

Performing frequency-based separation of signals simultaneously present on the same medium.

Performing different kinds of demodulation on the recorded signal, either for reconstructing the inten-
tional modulating signal or for verifying the fulfilment of other requirements.

Extracting additional information (e.g., modulation clock reconstruction) from the demodulated sig-
nal, necessary for the complete signal analysis.

Performing a logical analysis on the extracted data.

Performing self-check routines for verification of correct insertion of the front-end instruments re-
quired for a given test set-up.

Implementing the commands of the LTMS and reporting back the measurement results.

Displaying the measurement results with reference to the relevant tolerance ranges.

The LRRT is basically composed of a Personal Computer controlling commercial instruments that perform the
required front-end functions of signal acquisition and preliminary analysis.

The LRRT performs some specific analysis on the acquired signals that are not possible with general purposes
commercial instruments. Finally, it checks the achieved performance versus the respective requirements and
formats the results for a friendly presentation to the Operator.
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The following list gives a set of commercial front-end instruments needed for the complete set of required verifi-
cations:

e A Vector Signal Analyser for acquisition, spectral analysis and demodulation of the Up-link signal
Al.

e A Spectrum Analyser for the evaluation of the frequency characteristics of the Tele-powering signal
A4 and of the Biasing signal C6 of the Interface ‘C’. It may also be used for the evaluation of Return
Loss of the biasing signal in Interface ‘C6’.

e A Digital Storage Oscilloscope for the evaluation of some time characteristics of the Tele-powering
signal A4, of the data signal C1, of the Biasing signal C6, and of the Blocking signal C4 of the Inter-
face ‘C’.

e A Network Analyser for the evaluation of the Return Loss of the Data signal C1, and of the Biasing
signal C6 of the Interface ‘C’.

D6.2.2  Operational Modes

D6.2.2.1 Idle and self-test mode

This is the default mode of the tool at power on or at the conclusion of a given test procedure. In this mode, all
the controlled instruments should be kept or restored to their local control.

Under command of the Operator, the tool should allow the individual verification of correct behaviour of the
external interfaces and of the interconnected instruments.

D6.2.2.2 Up-link signal analysis (LRRT_1)

D6.2.2.2.1 General

The Up-link signal Al is read from the receiving loop of the Test Antenna, is pre-analysed by the Vector Signal
Analyser, and is finally processed and checked by the LRRT function LRRT_1 with reference to the applicable
requirements.

D6.2.2.2.2 Signal power

The Vector Signal Analyser, under proper control of the LRRT_1 functionality, evaluates the power of the Up-
link signal within the frequency band of interest. The instrument should be configured as a scalar spectrum
analyser for this measurement. Additionally, it should be possible to set the “centre frequency” within the range
of 4.24 MHz +1.5 MHz, the “frequency span” between 0.8 MHz and 8.0 MHz, the “frequency resolution” be-
tween 10 Hz and 10 kHz, and the “averaging factor” between 1 and 10.

D6.2.2.2.3 Signal bandwidth

The signal bandwidth verification of the Up-link signal is performed by the LRRT _1 functionality on the basis of
three signal power measurements, performed by means of the Vector Signal Analyser as mentioned above. The
power at the centre frequency of the signal, measured within a span of 1 MHz, is compared with the power,
measured at +1 MHz from the centre frequency with the same 1 MHz span.

This test should be preceded by evaluation of the average centre frequency of the actual Up-link signal under
consideration.
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D6.2.2.2.4 Centre frequency and frequency deviation
The centre frequency and the frequency deviation of the Up-link signal are evaluated on the basis of a phase
demodulated signal record provided by the front-end Vector Signal Analyser.
The following settings of the Vector Signal Analyser should be possible:
e Analogue phase demodulation.
e Centre frequency selectable between 4.0 MHz and 4.5 MHz.
e Frequency span selectable between 1.0 MHz and 8.0 MHz.
e Time duration of the recorded signal selectable between 1 ms and 4 ms.

This test should be preceded by evaluation of the average centre frequency of the actual Up-link signal under
consideration. This average centre frequency is then used for the required setting of the analogue phase demodu-
lation.

Both static and dynamic simulated conditions should be allowed. For the last one, the signal acquisition and
analysis should be started immediately after an external trigger pulse.

The LRRT_1 functionality should perform the following additional analysis over the demodulated data from the
Vector Signal Analyser:

o Detection of the exact time intervals corresponding to each demodulated symbol (clock recovery).

o Linear fitting of the phase demodulated signal over each symbol duration and evaluation of the corre-
sponding average centre frequency and frequency deviation.

e Evaluation of the centre frequency and frequency deviation by searching worst case combinations of
maximum and minimum bit frequency within a sliding window.

o Verification of compliance with the relevant centre frequency and frequency deviation requirements.

D6.2.2.2.5 Mean data rate

The mean data rate of the Up-link signal is evaluated by the LRRT_1 functionality on the basis of data provided
by the front-end Vector Signal Analyser configured as Analogue Phase Demodulator. For other settings, the
Vector Signal Analyser should be configurable in a similar way as for the centre frequency and frequency devia-
tion test, both in relation to static conditions and to dynamic simulated ones.

This test should be preceded by evaluation of the average centre frequency of the actual Up-link signal under
consideration. This average centre frequency is then used for the analogue phase demodulation.

The LRRT_1 functionality should perform the following additional analysis over the demodulated data from the
Vector Signal Analyser:

1. Linear fitting of the phase demodulated signal and detection of the exact instants of symbol transi-
tions.

2. Identification of the exact time interval corresponding to each symbol by splitting the time between
two consecutive transitions into an integer number of symbols.

3. Evaluation of the time duration corresponding to a defined number of consecutive symbols (selectable
between 100 and 2000 symbols) starting at any possible symbol transition within the stored record.

4. Evaluation of the average data rate over the defined bit sequence.

5. Shift of the bit sequence by a pre-defined number of bits (expressed in percentage of overlapping with
the previous window, selectable between 1% and 100%) and repetition of steps 4 and 5 until the
whole duration of the acquired signal is analysed.

6. Verification of fulfilment of the data rate requirement for all evaluated sequences and printout of the
final average data rate over the analysed signal record.
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D6.2.2.2.6 Maximum Time Interval Error - MTIE

Both typologies of MTIE verifications (i.e. MTIEL and MTIE2) allowed for the Up-link signal should be sup-
ported. The MTIE verifications are performed by the LRRT_1 functionality on the basis of data provided by the
front-end Vector Signal Analyser configured as Analogue Phase Demodulator. For other settings, the Vector
Signal Analyser should be configurable in a similar way as for the centre frequency and frequency deviation test,
both in relation to static conditions and to dynamic simulated ones.

This test should be preceded by the evaluation of the average centre frequency of the actual Up-link signal under
consideration and by the Mean Data Rate verification. This average centre frequency is then used for the ana-
logue phase demodulation. The Mean Data Rate is used for the MTIE2 verification.

The LRRT_1 functionality should perform the following additional analysis over the demodulated data from the
Vector Signal Analyser:

1. Linear fitting of the phase demodulated signal and detection of the exact instants of symbol transi-
tions.

2. ldentification of the time interval corresponding to each symbol on the basis of the reconstructed
symbol transitions as well as on the reference average data rate that is the nominal Balise data rate for
the MTIEL verification, or the previously measured average data rate for the MTIE2 verification.

3. Evaluation of the time jitter for each reconstructed symbol with reference to the reference data rate.
The overall time error evaluated between two subsequent symbol transitions is equally shared among
all the equal symbols included between them.

4. Evaluation of the maximum time error of each symbol duration within an observation window of vari-
able length (ranging between 1 symbol up to the half of the maximum window length). The initial po-
sition of this observation window is shifted bit by bit from the first bit of the analysed window, up to
its last bit minus the actual length of the observation window.

5. Verification of fulfilment of the MTIE requirement for all evaluated observation windows and
printout of the final pattern of evaluated MTIE data versus the respective length of the observation
window.

D6.2.2.2.7 Amplitude jitter

The verification of the amplitude jitter, possibly present over the Up-link signal, is performed by the LRRT 1
functionality on the basis of data provided by the front-end Vector Signal Analyser configured as Analogue
Amplitude Demodulator. For other settings, the Vector Signal Analyser should be configurable in a similar way
as for the centre frequency and frequency deviation test, both in relation to static conditions and to dynamic
simulated ones.

The LRRT_1 functionality should perform the following additional analysis over the amplitude-demodulated
data from the Vector Signal Analyser:

1. Evaluation of the average (RMS) amplitude of the demodulated signal within an observation window
of duration selectable between 50 us and 800 us and within a shorter window of 1.77 us duration at its
centre. The amplitude jitter expresses, in dB, the ratio between the signal amplitude averaged over the
shorter window and the signal amplitude averaged over the longer observation window. This jitter
evaluation is repeated for all possible longer successive windows, each one shifted by 1.77 us from
the previous one. The algorithm should cover with continuity the whole duration of the recorded sig-
nal.

2. Verification of fulfilment of the amplitude jitter requirement for all evaluated windows and printout of
the final pattern of evaluated amplitude jitter versus the instant of each observation window centre.
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D6.2.2.2.8 Delay time between Interface ‘C1’ and Interface ‘A1’

The time delay between the data carried by the Up-link signal and the corresponding data at the Balise Inter-
face ‘C1’ is evaluated by the LRRT 1 functionality on the basis of data provided by the front-end Vector Signal
Analyser configured as Analogue Phase Demodulator. For other settings, the Vector Signal Analyser should be
configurable in a similar way as for the centre frequency and frequency deviation test, both in relation to static
conditions and to dynamic simulated ones.

Delay evaluation refers to the Balise internal delay excluding the delay in the Interface ‘C’ cable.

This test should be preceded by the evaluation of the average centre frequency of the actual Up-link signal under
consideration. This average centre frequency is then used for the analogue phase demodulation.

The Vector Signal Analyser should start acquisition and demodulation of the Up-link signal soon after receiving
a triggering pulse generated by the RSG with a known time relation with an easily detectable symbol (“reference
symbol”) of the stream transmitted to the Balise Interface ‘C1°. Additionally, during dynamic simulated tests,
the RSG should be kept synchronised with the rising Tele-powering ramp, in order to get simultaneity of the
Vector Signal Analyser trigger with the expected start-up of the Balise.

The LRRT_1 functionality should perform the following additional analysis over the phase-demodulated data
provided by the Vector Signal Analyser:

1. Average data rate evaluation for the whole duration of the recorded signal.
2. ldentification of the exact start and end time of each symbol, based the detected bit transitions.

3. Verification of correct correspondence between the symbols contained in a window of defined length
(selectable between 100 and 1500 symbols) and the ones sent to the Interface ‘C1°.

4. Identification of the “reference symbol”, corresponding to the RSG acquisition trigger, evaluation of
its delay with respect to the triggering instant, and verification of compliance with the corresponding
requirement.

D6.2.2.2.9 KER compatibility

The correct answer of the Balise, when it is being energised by Tele-powering signal in “non toggling” mode, is
evaluated by the LRRT_1 functionality on the basis of data provided by the front-end Vector Signal Analyser
configured as Analogue Amplitude Demodulator. For other settings, the Vector Signal Analyser should be con-
figurable in a similar way as for the centre frequency and frequency deviation test, both in relation to static con-
ditions and to dynamic simulated ones. The Digital Storage Oscilloscope could alternatively be used for this
verification.

The LRRT_1 functionality should perform the following additional analysis over the data provided by the Vector
Signal Analyser:

1. Filtering the received signal over a defined bandwidth selectable between 0.5 MHz and 2.0 MHz.

2. Evaluation of the average amplitude of the demodulated signal in a moving window of defined length
(1 ps — 10 ps) over the whole duration of the acquired signal.

3. Evaluation of the overall duration of possible Up-link signal bursts from the Balise for the entire dura-
tion of the acquired signal. Possible noise from the test equipment shall be disregarded. This can be
done by comparison with what is received without the presence of the Balise.

4. Verification of fulfilment of the Up-link signal requirement with non-toggling Tele-powering and
printout of the time pattern of the average amplitude of the Up-link signal.
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D6.2.2.3 Tele-powering signal analysis (LRRT_2)

D6.2.2.3.1 Carrier frequency and phase noise in CW

The carrier frequency and its frequency noise are evaluated by the LRRT_2 functionality on the basis of meas-
urement data provided by the Network Analyser configured as a Spectrum Analyser. The instrument evaluates
the power spectrum of the Tele-powering signal with specific settings selected for the measurement. Such set-
tings include centre frequency (typically set at the nominal Tele-powering frequency), frequency span (selectable
between 10 kHz and 200 kHz around the centre frequency), bandwidth resolution (selectable between 1.0 Hz and
100 Hz).

Because of the high level of accuracy required for the carrier noise evaluation, it is necessary that the measure-

ment be performed with minimised environmental noise within the frequency band of interest. When this is not
possible, the measurement should be corrected for the background noise measured at the frequencies of interest,
with all the transmitting equipment turned off but keeping the same geometry of the test set-up that is used dur-
ing the carrier noise measurement.

The LRRT_2 functionality controls the following steps:

Noise pre-calibration measurement with the equipment under test switched off (if applicable).
Evaluation of the power spectrum of the Tele-powering signal with the chosen settings.
Post-calibration noise measurement with the equipment under test switched off (if applicable).

Verification of fulfilment of the carrier frequency requirement.

A N

Evaluation of the carrier power and of the worst case power level within the chosen frequency span,
outside a 20 kHz frequency band centred on the carrier frequency.

6. Evaluation of the carrier noise (dBc/Hz), after subtracting (if applicable) the environmental noise
spectrum resulting from the averaging the spectra recorded during the pre and post calibration steps,
from the Tele-powering power spectrum. A further scaling of the Tele-powering worst case noise
power is needed in order to translate the measurement result from the chosen bandwidth resolution to
the required 1 Hz resolution.

7. Verification of fulfilment of the carrier frequency and noise requirements and printout of the noise
spectrum data obtained from the noise calibration steps and during the Tele-powering signal analysis.

D6.2.2.3.2 Toggling modulation frequency

The toggling modulation frequency of the Tele-powering signal is evaluated by the LRRT_2 functionality on the
basis of measurement data provided by the Network Analyser configured as a Spectrum Analyser. The instru-
ment evaluates the toggling modulation frequency by measuring the frequency of a selectable number of har-
monics present in the power spectrum of the Tele-powering signal.

This verification should be based on the measurement of the frequency of a certain number of signal harmonics
centred around the Tele-powering carrier frequency. In order to get enough accuracy, each harmonic frequency
measurement should be based on an individual power spectrum evaluation performed with appropriate span and
frequency resolution settings.
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The LRRT_2 functionality controls the following steps:

1.

D6.2.2.3.3

Measurement of the frequency corresponding to the peak level of the power spectrum centred on a
given nominal frequency of the signal harmonic under consideration.

Repetition of the step 1 for the desired set of signal harmonics under consideration.

Evaluation of the toggling frequency based on the average frequency distance between successive sig-
nal harmonics.

Verification of fulfilment of the toggling frequency requirement and printout of the whole set of
measured harmonic frequencies.

Pulse width, jitter, modulation depth, and overshoot

The time and amplitude characteristics of the toggling modulation pulses: time duration, off-edge jitter, modula-
tion depth, and overshoot are elaborated and verified by the LRRT_2 functionality on the basis of a Tele-
powering signal record acquired by means of the Digital Storage Oscilloscope with a suitable sampling rate.

The LRRT_2 functionality performs the following analysis over the acquired signal record:

1.
2.

AM-demodulation based on the previously evaluated centre frequency.

Evaluation of the average pulse width and width deviation based on the analysis of the AM-
demodulated signal.

Evaluation of the falling-edge jitter based on the previously evaluated modulation frequency and on
the analysis of the AM-demodulated signal.

Evaluation of the modulation depth, individually for the short and long pulse (when toggling modula-
tion), based on the analysis of the AM-demodulated signal.

Evaluation of initial and residual overshoot of the carrier amplitudes based on the analysis of the AM-
demodulated signal.

Verification of fulfilment of the electrical characteristic requirement of the toggling signal and
printout of the AM-demodulated signal as well as of whole set of evaluated characteristics.
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D6.2.2.4 Interface ‘C’ signal analysis (LRRT C)

D6.2.2.4.1 Electrical characteristics of the Interface ‘C1’ signal

The analysis of the electrical characteristics of the Interface C1 signal is performed by the LRRT_C functionality
on the basis of a suitably long record of voltage acquired by the Digital Storage Oscilloscope over the reference
resistor loading the LEU output.

The LRRT_C functionality performs the following evaluations over the acquired signal:
1. Separation, by frequency filtering, of the C1 signal from the C6 signal.

2. Scanning, sample by sample, the C1 signal in order to find its amplitude value just in advance of each
signal transition. The set of values so obtained forms the basis for the verification of the requirements
regarding maximum and minimum signal values.

3. DBPL decoding, applying to a selectable window of 1000-2000 symbols, and data rate evaluation and
verification procedures similar to those used for the Up-link Balise signal. These procedures, supple-
mented by the narrow data rate tolerance constitute an indirect verification of correct DBPL coding as
well.

4. Time jitter evaluation and verification over the same signal record used for the mean data rate verifi-
cation. A recovered data clock is reconstructed on the basis of the evaluated mean data rate value.
The time differences between the active edges of the recovered data clock and the actual zero crossing
instants of the C1 signal are evaluated, after some iterations aimed at finding the best phase of the re-
covered clock that minimises the average value of such time differences. The maximum jitter value
found among all the transitions of the analysed signal record is then verified versus the maximum jit-
ter requirement.

D6.2.2.4.2 Return Loss of the Interface ‘C1°

The Return Loss on the Interface ‘C’1 is verified by the LRRT C functionality on the basis of the measurement
data provided by the Network Analyser, controlled according to the procedure described in sub-clause G1.4 on
page 296.

D6.2.2.4.3 Electrical characteristics of the Interface ‘C6’ signal

The analysis of the electrical characteristics of the Interface ‘C6’ signal is performed by the LRRT_C functional-
ity on the basis of a suitably long record of voltage acquired by the Digital Storage Oscilloscope over the refer-
ence resistor loading the LEU output.

The LRRT_C functionality, after filtering the C6 signal from the C1 signal, reconstructs the time pattern of the
C6 signal amplitude by means of rectification, peak detection, and filtering performed over the acquired C6
signal record. The maximum and minimum values of the amplitude pattern are checked against the respective
requirements.

The LRRT_C functionality verifies the frequency and the harmonic contents of the C6 signal on the basis of
measurement data provided by the Network Analyser configured as Spectrum Analyser.

The frequency of the C6 signal should be measured from the Interface ‘C’ signal spectrum by using appropriate
values of bandwidth resolution and frequency span that allow adequate frequency measurement accuracy and
separation between the C1 and the C6 signal harmonics. The peak detection facility of the Spectrum Analyser
should be used for detecting the fundamental frequency of the C6 signal.

In order to distinguish the higher order harmonics of the C6 signal from those of the C1 signal within the fre-
quency range of interest, narrow span settings centred over exact multiples of the previously detected fundamen-
tal harmonic should be individually used for all possible higher harmonic frequencies. The overall harmonic
contents should be finally evaluated for the entire region of interest by summing up the individual harmonics
power and checked against the allowed limits, together with the individual content of the second harmonic.
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D6.2.2.4.4 Return Loss of the Interface ‘C6°

The Return Loss on the Interface ‘C6’ is verified by the LRRT C functionality on the basis of the measurement
data provided by the Network Analyser, controlled according to the procedure described in sub-clause G1.7 on
page 299.

D6.2.2.4.5 Electrical characteristics of the Interface ‘C4’ signal

Records of suitable duration of the signals at the Balise Interface ‘C’ are acquired simultaneously by means of a
High Vertical/Horizontal Resolution Digitiser Board. Acquisition is performed from a certain time in advance of
a trigger pulse generated during the rising ramp of the Balise Tele-powering flux burst, at the instant of crossing
over the ¢a1 level.

The Interface ‘C1’ signal shall be a telegram constituted by an indefinite string of ‘ones’, which corresponds to a
continuous square wave at 564.48 kHz. This means that all harmonics of the Interface ‘C1’ signal are above
564.48 kHz, so a low pass filter can easily filter them out. Additionally, the Interface ‘C6’ signal should be
synthesized with sufficient vertical resolution (e.g., better than 12 bits) in order to minimise low frequency har-
monics due to quantisation effects.

It is assumed that one polarity of the output of the RSG_C connected to the Balise terminal can be safely con-
nected to the common ground of the signal-acquiring instrument.

Finally, it is assumed that a calibrated resistor of approximately 20 Q, used for current sensing, can be connected
in series with the hot terminal of the Balise without impairing the amplitude driving capabilities of the RSG_C.

The Interface ‘C6’ signal is separated from the corresponding Interface ‘C1’ signal via suitable low pass filtering
both during the transient condition and during steady state conditions just before and after transient. The follow-
ing applies:

e  Fifth order Butterworth low pass filters (passive H/W) with 100 kHz cut-off frequency used for filtering
out the Interface ‘C1’ signal, so allowing the digitiser board to use the best possible vertical resolution.

e Low pass FIR filters with “Top Flat Windowing” with 50 kHz cut-off frequency for filtering out the
quantisation noise in the acquired signal.

The acquired signals are used for identification of a suitable linear circuit that model the behaviour of the input
circuitry of the Balise during various instants of the explored transient.

In order to get good time resolution, this identification process must be performed within a very short sub-
window (e.g., 40 ps) and consecutively repeated many times in order to cover the entire transient duration.

The modulus of the identified circuit impedance at sinusoidal regime is evaluated for the minimum, the nominal,
and the maximum frequency allowed for the Interface ‘C6’ signal (8720 Hz, 8820 Hz, and 8920 Hz).The identi-
fication algorithms are based on the pure differential equation describing two possible types of linear circuits
used for modelling the input of the Balise (serial RL circuit or parallel RC circuit). Such algorithms provide the
best approximation of serial RL or parallel RC circuits during the sinusoidal steady state condition preceding and
following the impedance transient as well as during the transient condition.
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The starting instant of the Interface ‘C4’ signal is defined as the instant at which the modelled input impedance
of the Balise crosses down below the limit defined in SUBSET-036 at the Balise end of the cable. This instant is
used for determining the time delay from the triggering event of the signal acquisition.

The ending instant of the Interface ‘C4’ pulse signal is defined as the instant at which the modelled input imped-
ance of the Balise steadily crosses over the limit defined in SUBSET-036 at the Balise end of the cable. This
value is used in conjunction with the starting instant defined above for determination of the low impedance tran-

sient duration.
In summary, the LRRT_C functionality verifies the following characteristics:

e Time delay of the blocking pulse with respect to the external triggering instant

e Time duration of the blocking pulse
e Impedance level during steady state conditions and during the blocking pulse
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D6.3 External Interfaces

D6.3.1 Interface T1

The Interface T1 is used for exchanging commands and settings data from the LTMS to the LRRT and test re-
sults from the LRRT to the LTMS.

The LTMS commands and data to the LRRT regard:

Self-test and calibration of the LRRT functions.

Start-up or Restart after a malfunction.

Switching from On-line to Off-line mode and vice-versa.

Activate or deactivate one or more basic function (LRRT_1, LRRT_2 or LRRT_C).

Request for the operational status of the tool.

© gk~ w D

Input parameters and instrument settings for each required measurement.
The LRRT data to the LTMS regard:

1. Acknowledgement of an LTMS command.

2. Status of the tool (e.g., busy, ready, active, error codes).

3. Results from the required measurement.

The following Table 50 gives a possible list of LTMS commands for the basic functions of the LRRT.

LRRT_Mng

LRRT 1

LRRT 2

LRRT C

General re-start

LRRT_1 Self-test

LRRT_2 Self-test

LRRT_C Self-test

LRRT_Mng status

LRRT_1 Re-start

LRRT_2 Re-start

LRRT_C Re-start

Activate LRRT_1

LRRT_1 Status

LRRT_2 Status

LRRT_2 Status

Activate LRRT_2

LRRT_1 Close

LRRT_2 Close

LRRT_C Close

Activate LRRT_C

Signal power

Carrier frequency and
noise

Signal C1 level

Open EXCEL file

Signal bandwidth

Signal spectrum

C1 data rate

Input from file

Centre freq. and freq.

deviation

Modulation frequency

C1 jitter

Output to file

Mean data rate

Modulation depth

C1 Return Loss

Print from file

MTIE1

Pulses average width

C6 Amplitude

MTIE2

Pulse width deviation

C6 Frequency

Amplitude jitter

Pulse jitter

C6 Harmonics

Delay C1/Al

Amplitude overshoot

C4 characteristics

KER Compatibility

Table 50: LTMS commands to LRRT
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D6.3.2 Fast trigger Interface S6

This interface is used for quickly triggering the front-end instruments to start acquisition and analysis of the
corresponding input signals. In such cases the time delay of the instrument to start the required operation plays
an important role for the accuracy of the corresponding measurement. The instruments are pre-set to the re-
quired configuration by the corresponding LRRT functionality, prior to the estimated occurrence of the trigger
event.

The S6 interface is typically a short positive pulse of 1 us — 10 us duration. It is typically generated by the RSG
at pre-defined instants correlated to Balise Tele-powering or to Interface ‘C’ transients.

D6.3.3 Man Machine Interface - MMI

For each measurement or combination of measurements, a suitable graphical interface should allow the operator,
when the tool is in local control, to send the same commands and data as those handled by the LTMS. The same
MMI should allow an easy display of test results and possibly of some intermediate test data. Off-line zooming
and re-scaling of the measurement results presented in graphical form should also be allowed.

The MMI should also support test data saving in files and print out of the Test Bulletins.
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D6.4 Required Performance

D6.4.1

LRRT 1

Signal power; accuracy better than 0.5 dB.

Signal bandwidth: frequency resolution better than 10 kHz.

Centre frequency and frequency deviation: accuracy better than 5 kHz.
Mean data rate: accuracy better than 100 ppm.

MTIE1 and MTIE2: accuracy better than 50 ns.

Amplitude jitter: accuracy better than 0.2 dB.

Interface C1/A1 delay time: accuracy better than 100 ns.

KER compatibility: accuracy better than 1 dB.

LRRT 2

Carrier frequency: accuracy better than 50 Hz.

Carrier noise: background noise collected by the Reference Loop less than —120 dBm.
Carrier noise: frequency resolution better than 1 Hz.

Carrier noise: input signal dynamics higher than 110 dB.

Modulation frequency: accuracy better than 1 Hz.

Toggling signal: time resolution better than 10 ns.

Toggling signal: amplitude accuracy better than 0.02 dB.

LRRT_C

Interface C1 signal level: accuracy better than 100 mV.
Interface C1 mean data rate: accuracy better than 10 ppm.
Interface C1 time jitter: accuracy better than 10 ns.
Interface C1 Return Loss: accuracy better than 0.5 dB.
Interface C6 signal level: accuracy better than 100 mV.
Interface C6 frequency: accuracy better than 100 ppm.
Interface C6 harmonics power: better than 0.5 dBm.
Interface C6 Return Loss: accuracy better than 0.5 dB.
Interface C4: Impedance accuracy better than 10 %.

Interface C4 Time accuracy/resolution better than 10 ps.
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Annex E (Informative), Test Interfaces for the On-board
Equipment

El Interface V1

E1.1 General

The Interface V1 defines the data exchanged between the LTMS and the BTM functionality of the On-board
ERTMS/ETCS Equipment, in order to facilitate the tests defined in Clause 5 of this specification. This Interface
may require the use of a company specific Interface V1 Adapter in order to translate the required test data to
formats and timings compatible with those internal to the equipment under test.

E1.2 Operational Data

E1.2.1 Mode Selection (TESTCONF)

The test configuration data, included in the variable TESTCONF, is transmitted from the LTMS to the BTM
functionality via the Interface V1. It is used to set the On-board Equipment under test in a defined operational
mode, among the following ones:

e Test Mode

e CWI/Toggling Mode

e Down-link transmission enabled/disabled
e  Tele-Powering on/off

The variable TESTCONF is a string of 7 ASCII characters organised according to the structure shown in Table
51.

Char # | Meaning Value

Char1 | Test mode: “0” = off
on/off “1”=on

Char 2 | Separator.

Char 3 | Tele-powering Mode: “0”=CW
CW/Toggling “1» = Toggling

Char 4 | Separator.

Char5 | Down-Link: “0” = off
on/off “1”=on

Char 6 | Separator.

Char 7 | Tele-powering: “0” = off
on/off “1”=on

Table 51: TESTCONF variable structure




Page 268 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

The LTMS sends a new TESTCONF variable each time it requires a new operating mode for the On-board
Equipment under test. The LTMS waits for a maximum time of 1 second for receiving an answer, via the
BTMSTAT variable, from the Equipment under test, confirming the switch to the requested operational mode. It
also waits for a maximum time of 5 second for receiving a positive answer, via the ANTTEST variable, from the
same equipment confirming the correct status of the transmission units (Antenna, Transmitter, Receiver etc.).

The LTMS also checks that a coherent variable ALIVE is periodically and regularly transmitted approximately
every 5 seconds from the equipment under test.

E1.2.2 Mode Status (BTMSTAT)

The status variable BTMSTAT is sent by the On-board Equipment under test to the LTMS, as a response to a
new configuration request issued by the LTMS by means of a new TESTCONF variable. This response shall be
issued within an overall delay time of 1 second since the mode selection order was issued.

The variable BTMSTAT is a string of 11 ASCII characters organised according to the structure shown in Table
52.

Char # Meaning Value

Char 1 to Char 3 Header: Company Acronym “XYZ2”

Char 4 Separator.

Char 5 Test mode: “0” = off
on/off “1”=on

Char 6 Separator.

Char 7 Tele-powering Mode: “0”=CW
CW/Toggling “1” = Toggling

Char 8 Separator.

Char 9 Down-Link: “0” = off
on/off “1”=on

Char 10 Separator.

Char 11 Tele-powering: “0” = off
on/off “1”=on

Table 52: BTMSTAT variable structure
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E1.2.3  Link Status (ALIVE)
The status variable ALIVE is periodically sent by the On-board Equipment under test to the LTMS approximate-
ly every 5 seconds to confirm that the equipment and its link with the LTMS are correctly working.

The correct behaviour of the link is indicated by a modulo 10 counter that is regularly incremented by 1 at each
transmission. The status of this counter is contained in the ALIVE variable sent to the LTMS.

The ALIVE variable is a string of 4 ASCII characters organised according to the structure shown in Table 53.

Char # Meaning Value
Char 1 to Char 3 Header: Company Acronym “XYZ”
Char 4 Mod. 10 counter: current value “0”, <17, “27,..,“9”.70” ...

Table 53: ALIVE variable structure

E1.3 Test Data

E1.3.1 Self-test Report (ANTTEST)

The ANTTEST variable is used to inform the LTMS about the status of the On-board transmission Equipment
under test. This equipment sporadically transmits this variable to the LTMS in case of failure detection or, inde-
pendently on its internal status, after a request of “Test Mode on” is received from the LTMS, via a new
TESTCONEF variable. In this latter case, the ANTTEST response is expected within a maximum delay time of 5

seconds.
The ANTTEST variable is a string of 5 ASCII characters organised according to the structure shown in Table 54.

Char # Meaning Value
Char 1 to Char 3 Header: Company Acronym “XYZ2”
Char 4 Separator.
Char 5 Health Status: “0” = failure
failure/no-failure “1” = no-failure

Table 54: ANTTEST variable structure



Page 270 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

E1.3.2 Balise Passage Report (BALL_PASS)

After receiving an Up-link Balise signal, the following set of data shall be passed on by the On-board Equipment
under test to the LTMS:

e Set of User Data extracted from the received telegrams (validated and decoded);

e Balise location data (given by the absolute time and/or distance from a defined reference point) refer-
ring to the Balise Reference Position either passed or preliminarily estimated,;

¢ Overall number of non-overlapping good telegrams received between two subsequent reports to the
LTMS (not the number accumulated during the Balise passage) considering the safety targets within
the class of reception defined. The number of non-overlapping telegrams is defined as a number of
valid bits received between two continuous reporting instants, divided by 1023 for a long telegram or
by 341 for a short telegram. This resulting number is subsequently multiplied by a suitable correction
factor, selected by each company under their responsibility, in order to include possible shortcomings
determined by safety related verifications in the telegram acceptance.

e Percentage of number of non-overlapping good telegrams within a reporting period compared with the
maximum number of non-overlapping telegrams within the same reporting period (considering the
correction factor above).

e BTM function reporting time (time for data being available to the Kernel).
o Class of reception.
* Class A, when no error correction is implemented.

* Class B, when error correction is implemented (the suffix n is any identification number defined
by the supplier).

The LTMS checks the logical consistency between the various fields of the BAL_PASS variable transmitted by
the BTM functionality, via the Interface V1 Adapter. Missing or erroneous reporting leads to the conclusion that
the Balise Up-link signal is not correctly received.

For low speed conditions, the On-board Equipment could perform periodical reporting via the Interface V1
Adapter. The reporting period, within a Balise contact condition, could range between 50 ms and 600 ms.

The interface V1 Adapter converts the data, received from the On-board Equipment under test, to the format
prescribed for the BAL_PASS variable and then transmits it to the LTMS. The LTMS should have an internal
buffering capability, in order to allow the LTMS to possibly postpone the on-line data elaboration, when it has to
handle more urgent tasks than the Interface V1 communication. The buffering is dimensioned so that at least 20
seconds of test data can be received without losses, even when the On-board Equipment continuously receives
Balise data for a prolonged time (e.g. when the Antenna is standing still over the Balise). The buffering can be
of circular type. This implies that, during a continuous flow of test data, some of the data older than 20 seconds,
can sporadically be lost by the LTMS.
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The BAL_PASS variable is a string of 263 ASCII characters organised according to the structure shown in Table
55. All the numbers are in decimal notation except those differently specified.

Char # Meaning Value
Char 1 to Char 3 Header: Company Acronym “XYZ”
Char 4 Separator.
Char 5 to Char 212 Decoded User Bits: “Hp” = Hex(bit 0 to bit 3)
Hexadecimal notation with AS.CII characters “0”, “Hy” = Hex(bit 4 to bit 7)
“17,927,....,%9”, “A”, .“F”, in correspondence
with the actual value of each group of 4 bits. “Hp” = Hex(bit 8 to bit 11)
For short telegrams, the 6 unused bits
(bit211+bit216) are set to the 0 value. “Hppg” = Hex(bit 829 to bit 832)
For long telegrams, the 2 unused bits (bit 831 and bit
832) are set to the 0 value.
For short telegrams, the unused characters are filled
with the “blank™ character.
In case of Balise detection without valid data recep-
tion, the whole field must be filled with the ASCII
character “X”.
Char 213 Separator.
Char 214 to Char 224 | Balise Time Location: “HH” — hours
TBAL gives the absolute time of the Balise centre “MM” — minutes
passage. «§S” _ seconds
TBAL is a string of 11 ASC_:II_ characters identifying |« » _ jacimal point
hours, minutes, seconds, milliseconds and tenths of o
milliseconds. “mmm” — milliseconds
I this variable is not used, the corresponding fields |~ —hundreds of microsecond
must be filled with ASCII “space” characters.
Char 225 Separator.
Char 226 to Char 235 | Balise Distance Location: “mmmmmmmmmm” — millimetres
MBAL gives the absolute distance of the Balise
centre passage, from a reference position.
MBAL is a string of 10 characters identifying the
distance in millimetres.
If this variable is not used, the corresponding fields
must be filled with the ASCII “space” characters.
Char 236 Separator.
Char 237 to Char 247 | BTM Reporting Time: “HH” — hours
TBTM gives the absolute time of when the “MM” — minutes
BALL__PASS variable is made available for external “§S” _ seconds
reporting. . .
. . e «.” — decimal point
TBTM is a string of 11 ASCII characters identifying | o
hours, minutes, seconds, milliseconds and tenths of | “mmm” —milliseconds
milliseconds. “w” — hundreds of microsecond
Char 248 Separator.
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Char # Meaning Value
Char 249 to Char 254 | Overall number of non-overlapping good telegrams: | “M” — thousands
TEL is a string of 6 ASCII characters giving the “H” — hundreds
decimal number of received telegrams. “D” _tens
Alternatively, the variable “Percentage of good «UJ” _ units
telegrams” may be reported. decimal point
“.” — decimal poin
If this variable is not used, the corresponding fields | P
shall be filled with ASCII “space” characters. T —tenth
Char 255 Separator.
Char 256 to Char 257 | Class of Reception: “A” - No error correction
RXCL is a string of 2 ASCII characters giving the “B1” — Error correction of type 1
implemented Class of reception. “B2” _ Error correction of type 2
“Bn” — Error correction of type n
Char 258 Separator
Char 259 to Char 263 | Percentage of good telegrams: “H” — hundreds
PTEL is a string of 5 ASCII characters giving the “D” —tens
decimal number of percentage of good received «U” _ units
telegrams. . .
) . “” — decimal point
Alternatively, the variable “Overall number of non- s
overlapping good telegrams” may be reported. T” —tenth
If this variable is not used, the corresponding fields
shall be filled with ASCII “space” characters.

E2

E2.1 General

Table 55: BAL_PASS variable structure

Interface V2

The Interface V2 defines the data exchanged between the LTOM and the On-board Transmission Equipment

under test, in order to facilitate the tests defined in Clause 5 of this specification. This Interface may require the
use of a company specific Interface V2 Adapter in order to translate the required test data to formats and timings
compatible with those internal to the equipment under test.

This interface is mostly used when the antenna/BTM functionality is tested as stand-alone equipment. The val-
ues given by the LTOM must represent realistic cases for the entire duration of the test session. This requires
that the Interface is fed, as far as possible, regularly and without interruptions and that the transmitted values are
self-consistent and do not present any lack of continuity for all possible operational modes.
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E2.2

Interface V2 Data

The following data is periodically transmitted by the LTOM:

e Current distance of the On-board Antenna centre from the starting point of the test session or from the

last “reset” point.

e Current time since the start of the test session or since the last “reset” instant.

e Confidence level of the current time and odometric co-ordinates (for any manufacturer specific use).

e Current speed (real or simulated) of the on-board Antenna.

¢ Data allowing the check of regularity and integrity of the transmitted data (Sequence Number and

CRC code).

The data is transmitted every 50 ms in a serial way according to the telegram structure reported in Table 56.

The whole telegram transmission must be sufficiently short (i.e., less than 2 ms) in relation to the worst-case
train acceleration or deceleration, in order to minimise time delay errors.

The periodicity of the transmission must be sufficiently stable (i.e., uncertainty less than 5 ps), both in the short
and in the long term, so as to allow time or distance evaluations, based on the transmitted data, of long test runs
with good accuracy levels (e.g., better than 0.1 ms for time based events and 10 mm for distance based ones).

The Sequence Number consists of a modulo 255 counter variable, incremented by 1 at each telegram transmis-
sion. It is used by the On-board Equipment (or Interface V2 Adapter) to check the correct operation of the
LTOM functionality and the regularity of the Interface V2 link.

The integrity of the whole set of transmitted data is allowed by a CRC protection code characterised by the fol-
lowing generator polynomial:

%32 4+ %30 4+ %27 + %25 4+ %224 %20 4+ x13 4+ x12 4 x11 4 %10 4 %8 4 X7 + X6 + X5 + x4 + X0

No handshaking procedure is foreseen between the LTOM and the equipment under test, for managing possible
transmission error occurrences.

# | Variable Format Resolution Comment

1 | Distance Unsigned integer lcm Absolute current position of the antenna (since
4 bytes the last re-start)

2 | Distance Error Unsigned integer lcm Intended for company specific use
4 bytes

3 | Speed Signed integer 0.01 m/s Speed and direction of the antenna motion
2 bytes

4 | Time Unsigned integer 0.1 ms Absolute current time (since the last re-start)
4 bytes referred to the start of the telegram transmis-

sion

5 | Time Error Unsigned integer 0.1 ms Intended for company specific use
1 byte

6 | Sequence Number | Unsigned integer - Intended for Transmission regularity checks
1 byte

7 | CRC 4 bytes - Intended for data integrity checks

Table 56: Telegram format for the Interface V2
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E3 Interface V4

E3.1 General

The Interface V4 defines the information associated to the signals generated by the LTOM for feeding the On-
board Transmission Equipment under test, in order to facilitate the tests defined in Clause 5 of this specification.
This Interface may require the use of a company specific Interface V4 Adapter in order to translate the required
test signals to levels and shapes compatible with those required by the equipment under test.

This interface is mostly used when the antenna/BTM functionality is tested as an integrated functionality of the
overall ERTMS/ETCS On-board Equipment. The Interface V4 signals must represent realistic cases for the
entire duration of the test session. This requires that the Interface is fed, as far as possible, regularly and without
interruptions and that the signals are always self-consistent and do not present any lack of continuity for all
possible operational modes.

E3.2 Interface V4 Signals

A pair of synchronised square-wave signals, whose period corresponds to a pre-defined longitudinal distance run
by the On-board antenna and whose phase difference corresponds to the running direction, constitute the Inter-
face V4.

The LTOM generates these real-time speed signals, coherent with the longitudinal speed (real or simulated) used
in the tests, for feeding the On-board equipment in a similar way as with the speed sensors used in real operation.

The LTOM can be configured in such a way that the period of the square waves corresponds to a pre-defined
distance, ranging between 1 mm and 50 mm, with resolution of 1 mm.

The phase difference between the two signals is typically 90 degrees for a positive speed and —90 degrees for a
negative speed.

In order to allow the best accuracy during fast acceleration/deceleration transients, the signal frequency updating
shall be performed by the LTOM at each waveform transient (i.e. 4 times per period).
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E4 Physical and Link Control

E4.1 Architecture

The following general architecture applies for connecting the On-board system under test to the test environment
via Interface ‘V’.

ERTMS/ETCS ERTMS/ETCS
On-board
. Kernel
Constituent

Interface ‘V;’

Interface |¢q——p| LTMS
Adapter

BTM function

Antenna Unit

2"

Figure 70: Architecture

On-board
Transmission
Equipment

4— ] LTOM
Interface V5’

The data to be exchanged between the On-board system and the test environment (in this case the LTMS and
LTOM respectively) is defined in Clause E1 on page 267 and Clause E2 on page 272.

In general, interaction via Interface ‘V;’ is defined through the following variables:

e Mode Selection

e Mode Status

e Link Status

e  Self Test Report

e Balise Passage Report

The variables are of various lengths, and no checksum mechanism is defined on that level. The variables are
transmitted on a one by one basis at various repetition rates or instants.

Interaction via Interface ‘V>’ is defined through the following variables:

e Distance

e Distance Error

e  Speed

e Time

e Time Error

e  Sequence Number

Also in this case, the variables are of various lengths, but a 32-bit CRC is defined (together with a defined gener-
ator polynomial). All these variable are transmitted as one complete package each 50 ms.

Further details are found in Clause E1 on page 267 and Clause E2 on page 272.
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E4.2 Physical Control

E4.2.1 General

Interface “V1’ and Interface “V,’ shall use two physically separated transmission channels.

The channel for Interface “V1’ shall constitute full duplex communication, and the channel for Interface 'V’
shall constitute simplex communication. No handshaking shall be used.

The media for Interface ‘V1’ shall be two twisted shielded pairs of wires, and the media for Interface ‘V>’ shall
use one twisted shielded pair of wires. The nominal characteristic impedance of the cable shall be 120 Q.

The interfaces shall fulfil the requirements of the RS485 standard.

The connector layout and the disposition of the connector in the interface adapter are company specific.

E4.2.2 Interface ‘V1’, Mechanical Data

DSUB connectors with 9 pins/sockets shall be used.

Connector layout:

Positive LTMS Transmit terminal

Interface Adapter side *° LTMS side
Pin Signal Pin Signal

Positive Adapter Transmit terminal 1 | Ground

Negative Adapter Transmit terminal 2 | Ground

Ground 3 | Unconnected

Positive LTMS Transmit terminal 4 | Positive Adapter Transmit terminal

Negative LTMS Transmit terminal 5 | Negative Adapter Transmit terminal
6 | Unconnected
7 | Unconnected
8
9

Negative LTMS Transmit terminal

Table 57: Pin Configuration for Interface ‘V:’

The cable connector in the LTMS end of the cable shall be of female type.
The cable connector in the Interface Adapter end of the cable shall be of male type.

Note:  Adequate termination shall be performed in the LTMS (a load resistor shall be connected between pins
4 and 5 of the LTMS cable connector).

30 The actual configuration with respect to pinning and disposition of the connector in the Interface Adapter are company
specific.
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Figure 71: Physical Configuration for Interface ‘V,’

The load resistance R shall be 110 Q +10 Q.
The biasing resistors Rg shall be 650 Q +30 Q.

Please observe that the actual configuration with respect to pinning and disposition of the connector in the Inter-
face Adapter are company specific. The load and biasing resistors indicated inside the Interface Adapter may
also be external to the Interface Adapter (similarly to the LTMS side).
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E4.2.3

DSUB connectors with 9 pins/sockets shall be used.

Interface ‘V2’, Mechanical Data

Connector layout:

Interface Adapter side 3!

LTOM side

Pin

Signal

Pin

Signal

Ground

Ground

Ground

Unconnected

Positive LTOM Transmit terminal

Unconnected

Negative LTOM Transmit terminal

Unconnected

Unconnected

Unconnected

Positive LTOM Transmit terminal

Ol | Nl bW |IDN]|EF

Negative LTOM Transmit terminal

Table 58: Pin Configuration for Interface ‘V,’

The cable connector in the LTOM end of the cable shall be of female type.

The cable connector in the Interface Adapter end of the cable shall be of male type.

Note: Adequate termination shall be performed in the Interface Adapter.

31 The actual configuration with respect to pinning and disposition of the connector in the Interface Adapter are company
specific.
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Figure 72: Physical Configuration for Interface ‘V>’

The load resistance R shall be 110 Q +10 Q.
The biasing resistors Rg shall be 650 Q +30 Q.

Please observe that the actual configuration with respect to pinning and disposition of the Interface Adapter are
company specific. The load and biasing resistors indicated inside the Interface Adapter may also be external to
the Interface Adapter.
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E4.3 Link Control

E4.3.1 General

The used communication channels shall be RS485. The applicable port configuration shall be:
e Data Rate 115.2 kbit/s
o Idle state of the channels at the high level (logical ‘one’)
e No Parity
e One start bit (a ‘zero”)
o 8 data bits (direct NRZ encoding)

¢ One stop bit (a ‘one’)
E4.3.2 Interface ‘Vy1’

The variables defined in Clause E1 on page 267 shall be transmitted on a one by one basis. Each variable shall
be preceded by a unique header, a sequence number, and information on length of data, and shall be succeeded
by a 32-bit CRC. This is illustrated as follows.

Header | Seq. Number | Length of Data | Variable CRC
(1 byte) (1 byte) (2 bytes) (X bytes) | (4 bytes)

The header before the package of variables (and before the ‘Length of Data’ and ‘Seq. Number’ fields) shall be
one byte long and consist of a unique value for each variable as defined below.

The ‘Length of Data’ field shall be two bytes long and include the number of data bytes in the “Variable’ field
(which in this case is as recalled below). The most significant byte shall be transmitted first.

The ‘Seq. Number’ field shall be one byte long and include a counter (individual for each variable) that is incre-
mented by one each time the variable is transmitted. The variable shall be a modulo 256 counter (counting 0 to
255), which is initialised to zero at power on or if the interface adapter is reset.

The “Variable’ of the succeeding field has the following length, and shall be announced by the below defined
header:

e Mode Selection (TESTCONF) Header =0 Length of Data = 7 (decimal)
e Mode Status (BTMSTAT) Header =1 Length of Data = 11 (decimal)
e Link Status (ALIVE) Header = 2 Length of Data = 4 (decimal)
e Self Test Report (ANTTEST) Header =3 Length of Data = 5 (decimal)

e Balise Passage Report (BAL_PASS) Header =4 Length of Data = 263 (decimal)
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The concluding ‘CRC’ shall be calculated over the overall bit stream of each transmission (i.e., the fields ‘Head-

er’, ‘Seq. Number’, ‘Length of Data’, and ‘Variables’), before the inclusion of start and stop bits, using the fol-

lowing generator polynomial:
X32+X30+X27+X25+X22+X20+X13+X12+X11+X10+X8+X7+X6+X5+X4+XO

For the purpose of initialisation of the 32 bit shift register for the generator polynomial, the pattern 0x00FF0000
(most significant bit ...... least significant bit) applies.

A further clarification of the CRC generation is shown in the examples in the figure below.

Header Seqt.)(la\lrum— Length Variable CRC
All value are in Hex format
Example 1 02 25 0004 1234 5678 0803 42A4
Example 2 02 25 0004 90AB CDEF 3215 C066

The data flow is from most significant byte to least significant byte of each variable. The most significant bit is
transmitted first for each byte.

If the LTMS detects the loss of data packages (using the ‘Seq. Number) or detects corruption of data (through
evaluation of the CRC), it shall terminate the test that is in progress, and re-start the test.

E4.3.3 Interface ‘V2’

The package of variables shall be succeeded by a 32-bit CRC. This is illustrated as follows.

Variables CRC
(16 bytes) | (4 bytes)

The ‘Variables’ of the succeeding package shall be transmitted in the following order:

1. Distance 4 bytes
2. Distance Error 4 bytes
3. Speed 2 bytes
4. Time 4 bytes
5. Time Error 1 byte
6. Sequence Number 1 byte

The concluding ‘CRC’ shall be calculated over the overall bit stream (i.e., the field ‘Variables’), before the in-
clusion of start and stop bits, using the following generator polynomial:
%32 4+ %30 4+ %27 + %25 + %224+ x20 4+ x13 4+ x12 4 x11 4 %10 1 %8 + X7 + X6 + X5 + x4 + X0

For the purpose of initialisation of the 32 bit shift register for the generator polynomial, the pattern 0OxO0FF0000
(most significant bit ...... least significant bit) applies.

A further clarification of the CRC generation is found in sub-clause E4.3.2.

The data flow is from most significant byte to least significant byte of each variable. The most significant bit is
transmitted first for each byte.
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In the event that the interface adapter detects unacceptably frequent corruption of Interface ‘V,’ data, it should
inform the LTMS. This should be performed through the sporadic transmission of a Self-test Report (variable
ANTTEST) via Interface ‘V1’. In this case the ANTTEST variable should be assigned the value *“2” (with the
meaning “Adapter Failure”). After this, the LTMS shall terminate the test that is in progress, and re-start the
test.
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E4.4 Interface ‘V1’ Link Synchronisation

E4.4.1 General

There are four different scenarios where the synchronisation mechanism applies:
e During an initial switching ON sequence. There are two possibilities:
e Case 1 — The BTM is switched on before the Interface V1’ driver
e Case 2 — The Interface ‘Vi’ driver is switched on before the BTM
e During re-starting scenarios. There are two possibilities:
e Case 3 — The Interface Vi’ driver is re-started but the BTM remains on
e Case 4 — The BTM is re-started but the Interface ‘Vi1’ driver remains on

The general mechanism used by the Interface V1’ driver to synchronise with the BTM is that for each
BTMSTAT, ALIVE, ANTTEST, or BALPASS variable, whose internal sequence number (i.e., the sequence
number stored by the Interface “V1’ driver that is received from the BTM) is equal to 0, the Interface “V1’ driver
updates itself with the sequence number (SN) received from the BTM. See also sub-clause E4.4.6 on page 287.

In general, when stating “BTM” in this sub-clause, it implies “BTM and/or company specific Interface “V’
adapter”.

E4.4.2 Case 1 — The BTM is switched on before the Interface ‘Vi1’ driver

Case 1 is the normal situation. As shown in Figure 73, the Interface ‘V1’ driver internally synchronises with the
ALIVE variable, thus modifying its sequence number.

ETh Wl
! :
| 1
| 1
BTh is switched on ALVED !
1
ALME 1 |
1
Interface Y1 driver iz switched on
ALMWE 2
A WM expects sequence number equal to O for ALNE
ALME 3 ALMNE 2 W1 corrects te sequence number when receives the

first ALIE from BThM
ALMNE 3

Figure 73: Casel
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E4.4.3 Case 2 — The Interface ‘V1’ driver is switched on before the BTM

Case 2 is not a normal case because the BTM is normally switched on before the Interface V1’ driver. Howev-
er, it might happen, and then the BTM shall be able to synchronise with the Interface V4’ driver. As shown in
Figure 74, the Interface ‘V1’ driver waits for some time to receive the ALIVE status from the BTM. It gives a
time out error after some time as no ALIVE variable has been received.

BTM W1

Irterface %1 driver iz switched on

b TitmiE QL EFFOF]
BTM iz switched on Irterface W1 driver shows atime out errar after
ALMNE O weaiting for ALNE status from BT

\*—p Time out error!
ALNE D
ALVE 1
\b ALIVE 1

Figure 74. Case 2
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E4.4.4 Case 3 — The Interface ‘V1’ driver is re-started but the BTM remains on

This case could happen sometimes. If a test procedure has finished and a new one is started, the BTM remains
on whereas the Interface ‘V1’ driver is closed in the first test procedure and re-opened again in the second one.
The Interface V1’ driver needs to synchronise with the BTM.

As shown in Figure 75, the Interface V1’ driver is re-started at some point of time. The first time the Interface
V1’ driver receives a variable from the BTM, the Interface V.’ driver internally synchronises with the variable
in a similar way as in Case 1. This normally happens with ALIVE, BTMSTAT, ANTTEST (when transmitted

sporadically), and BALPASS variables.

When the Interface V1’ driver sends a TESTCONF variable after being re-started, the BTM is the one that syn-
chronises with the Interface “V1’ driver as shown in Figure 76. The BTM does not answer with a BTMSTAT
variable the first time. This is due to synchronisation mechanism. The BTM needs a second TESTCONF varia-
ble to continue the communication.

ETh W
! 1
: :
! I
BTM is switched on ALVE D Interface %1 driver is switched on
ALWE D
ALWE 1
ALMWE
ALNE 2
ALINE 2
AlLMNE 3 , Interface W1 driver stops
I
ALME 4 !
Xﬁl
1
ALVE 5 Interface %1 driver is switched on
ED'!;&E:Q: W1 expects sequence number equal to O for ALIVE
ALWE B ALNVE S\ corrects ts sequence number when i
— receives the first ALMNE from BTM
T alvES

Figure 75: Case 3, ALIVE variable
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ETM W1
BTh iz switched on I |

TESTCOMF O Irterface W1 driver iz switched an

TESTCOMF O
BTMSTAT O
BTMSTAT O

Irterface Y1 driver stops

Interface 1 driver iz switched on
TESTCOMF

BTM synchronises with %1 and corrects  TES 1 /

gissicgence nutnket withaut sending an TESTCONF 0 HTMETAT T put There is & BTMSTAT
TESTCONF 1 time aut error because

/ BTM doesnt answer
BTH answers with 2 BTMSTAT now TESTCOMF 4

that it is synchronised BTMSTAT 1

\\’ EII'\_M;'_‘L#I:{" %1 alzo synchronizes with

BTMETAT 1 the newy BTMSTAT
SEQUENCE NUMBER

Figure 76: Case 3, TESTCONF variable

It should be considered that the BTM behaviour depends on each single implementation. This description only
intends to clarify the behaviour of the Interface V1’ driver.

In this case (Case 3), there might be various BTMs that answer with BTMSTAT and/or ANTEST to the first
TESTCONF. This is also a correct implementation as long as the sequence number is correctly updated.

Refer to the description of the synchronisation mechanism in sub-clause E4.4.6 on page 287 to understand all the
possible situations.

E4.45 Case 4 — The BTM is re-started but the Interface ‘V1’ driver remains on

This case is an abnormal situation from the test procedure point of view. If the Interface V1’ driver is active,
this is because the test procedure is under execution. While the test procedure is running the BTM cannot be
restarted. If the BTM is restarted during a test procedure, this is due to a BTM failure. In that case, the test
procedure should stop and re-start again with a correctly operating BTM.

The BTM, and the Interface ‘V1’ driver, are re-started and synchronise according to Case 1.
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E4.4.6 Behaviour of the Interface V1’ driver

The following behaviour is implemented in the Interface ‘V1’ driver.

1.  The Interface ‘V1’ driver sends a TESTCONF variable and waits for the corresponding BTMSTAT var-
iable from BTM.

If BTMSTAT is received, the Interface ‘V1’ driver:
o Displays the received status in the button indicators.

e The first time (Interface ‘V1’ SN = 0), it does not check the SN of BTMSTAT answer, but it
updates its own SN with the new one coming from the BTM. No error is displayed. In all the
subsequent cases it checks the incoming SN and, if different from its own, it displays ”Stat Se-
guence Number” error.

o If BTMSTAT has a status different from the requested TESTCONF status, there is an error
message “BTMSTAT error”, and the button indicators appear grayed.

e If BTMSTAT is received outside the Time out, it displays “Stat Time out” error.
If BTMSTAT is not received, the Interface “V1’ driver:

o Displays the error “Stat Time out”.

o Displays the error “BTMSTAT error”.

2. In particular, when the Interface V1’ driver sends a TESTCONF variable with test mode ON, it waits
also for the corresponding ANTTEST variable from the BTM.

If ANTTEST is received, the Interface <V’ driver:

e Displays the three characters of the company acronym plus the received value of “Health Sta-
tus” in the ANTTEST display.

e The first time (Interface “V1” SN = 0), it does not check the SN of “Health Status™ answer, but
it updates its own status with the new one coming from the BTM. No error is displayed. In all
the subsequent cases, it checks the incoming SN and, if different from its own, it displays “Ant
Test Sequence Number” error.

e If “Health Status” is not equal to 1, “Ant Test health” error is displayed.

e |If ANTTEST is received outside the Time out (only with the Test Mode ON), it displays the
error “Ant Test Time out”.

If ANTTEST is not received, the Interface V1’ driver:

o Displays the error “Ant Test Time out”.

3. The Interface V1’ driver checks continuously if ANTTEST is received from the BTM. In case of spo-
radic reception, it:
e Displays the three characters of the company acronym plus the received value of “Health Sta-
tus” in the ANTTEST display.

e The first time (Interface ‘V1” SN = 0), it does not check the SN of the “Health Status” answer,
but it updates its own status with the new one coming from the BTM. No error is displayed.
In all the subsequent cases, it checks the incoming SN and, if different from its own, it displays
“Ant Test Sequence Number” error.

o [f “Health Status” is not equal to 1, “Ant Test health” error is displayed.
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4. The Interface V1’ driver waits continuously for BTM alive status.

When ALIVE is received by the Interface ‘V1’ driver, it:

Displays the three characters of the company acronym plus the “Mod 10 counter” in the
ALIVE display.

The first time (Interface V1’ SN = 0) it does not check the SN of “Alive”, but it updates its
own status with the new one coming from the BTM. No error is displayed. In all the subse-
quent cases, it checks the incoming SN and, if different from its own, it displays “Alive Se-
quence Number” error.

The first time (Interface V1’ SN = 0) it does not check the “Mod 10 counter” of Alive, it but it
updates its own status with the new one coming from the BTM. No error is displayed. In all
the subsequent cases, it checks the incoming “Mod 10 counter” of “Alive” and, if different
from its own, it displays “Alive Modulo 10” error.

The first time (Interface ‘V1> SN = 0) it does not check if it is received within Alive period +
tolerance. No error is displayed. In all the subsequent cases, it checks if it is received within
the Alive period + tolerance.

If ALIVE is not received or is received outside the Alive period + tolerance, “Alive period” error is dis-

played.

5. The Interface ‘V1’ driver checks continuously if BALPASS is received from the BTM. When
BALPASS is received, the Interface V.’ driver:

Displays the received variable in the BALPASS table.

The first time (Interface V1> SN = 0) it does not check the SN of BALPASS, but it updates its
own status with the new one coming from the BTM. No error is displayed. In all the subse-
quent cases, it checks the incoming SN and, if different from its own, displays “BalPass Se-
quence Number” error.
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Annex F (Informative), Test Tools and Instruments

F1 Recommended Test Tools and Instruments

The following list includes suitable test equipment. Other equipment with similar performance may substitute
these. “Item” refers to numbers in the Test and Calibration configurations.

Item: | Equipment: Type: Comment:
1 Signal Generator HP 8647A
2 Attenuator 6 dB
3 RF Power Amplifier Amplifier Research 150 W
150A100B
4 Attenuator 3dB 100 W
5 (Standard) Test Antenna see clause H3 on
page 308
6 Modified Test Antenna see clause H3 on
page 308
7 Reference Loop various, see sub-clause
H2.1 on page 301
8 Reference Loop Balun see clause H5 on
page 319
9 Attenuator 20dB
10 Power Meter R&S NRVD
Power Sensors R&S NRV-Z5
11 Attenuator 10dB
12 Low Pass Filter Mini Circuits, See also clause F3 on page 294.
BLP-10.7
13 Reference Signal Generator see clause D2 on
page 218
14 Current Sense Balun see clause H5 on Has to be calibrated
page 319
15 Vector Signal Analyser HP 89410A Set for 1.2 MHz bandwidth. Has to
be calibrated against a power meter.
16 Pre-amplifier Mini Circuits, 15542
ZFL-500
17 4.2 MHz Antenna see clause H4 on
page 314
18 Activation Antenna see clause H4 on
page 314
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Item: | Equipment: Type: Comment:
19 Reduced Size Reference Loop | see sub-clause H2.1 on
page 301
20 General purpose Balun see clause H5 on
page 319
21 Deleted
22 Network Analyser HP 3577A Including S-parameter test set
HP 35677A.
23 Directional Coupler DDC-2112 R5-40 RF Power Inc.
24 Deleted
25 Deleted
26 Deleted
27 Adjustable Attenuator AC401/AC501 Pascall
28 RF Power Amplifier ENI 325LA 30w
29 Attenuator 3dB 30W
30 Deleted
31 Attenuator 20 dB 20 W, VSWR < 1:1.05
32 Current probe Tektronix CT-2 Has to be calibrated
33 Attenuator 10 dB 20 W, VSWR < 1:1.05
34 Interface V. adapter Supplier specific
35 Spectrum Analyser HP 8594E
36 RF Switch CX-600N Toyo Tsusho
37 Oscilloscope TDS 754A Tektronix
38 Laboratory Test Management see clause D5 on
System page 241
39 Laboratory Time and Odome- see clause D1 on
ter Module page 211
40 Interface V. Adapter Company specific
41 Vector Signal Analyser HP 89441A
42 Laboratory Reference Receiv- see clause D6 on
er page 253
43 Network Analyser HP 8751A Including S-parameter test set
HP 87511A.
44 LZB Loop See Annex J
45 High Power Low Pass Filter See clause F2 on
page 291
46 Adjustable Attenuator Step size <0.5 dB
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F2 Recommended High Power Low Pass Filter

F2.1 Characteristics

The following characteristics apply:

Capability of handling a continuous power higher than 50 W at 27 MHz, and a pulsed power higher than
100 W at 4 MHz for about 100 ms each second.

Input and output Voltage Standing Wave Ratio better than 1.4:1, within the band 3 MHz to 6 MHz.
Input and output Voltage Standing Wave Ratio better than 1.2:1, within the band 3.8 MHz to 4.6 MHz.
Attenuation, within the band 3 MHz to 6 MHz, less than 0.3 dB.

Attenuation ripple within the band 3 MHz to 6 MHz, less than 0.1 dB.

Group delay variation within the band 3 MHz to 6 MHz, less than £10 ns.

Attenuation above 27 MHz higher than 60 dB.
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F2.2 Suggested Implementation
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Figure 77: High Power Low Pass Filter

In general, the recommended characteristics for the included components are:

Each capacitance shall be implemented using at least two ceramic NPO capacitors in parallel. The volt-
age rate shall be at least 100 V, and the Q-value shall be better than or equal to 100.

Each inductance is a custom made inductor wound on a toroid ferrite core. The recommended core de-
vice is type T-50-6 supplied by Amidon Corporation (Ac = 0.121 cm?, V¢ = 0.367 cm?, AL = 46 uH/100
turns). The wire area shall be at least 0.6 mm?2,
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F2.3 Inductor characteristics
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Figure 78: Frequency characteristics of the 0.8 uH Inductor (measurement)
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Figure 79: Frequency characteristics of the 1.5 puH Inductor (measurement)
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F3 Specific Low Pass Filter Characteristics

The following specific characteristics apply to the low pass filter (Mini Circuits, BLP-10.7):
e Input and output Voltage Standing Wave Ratio better than 1.2:1, within the band 1 MHz to 6 MHz. %

e Group delay variation within the band 3 MHz to 6 MHz, lower than +10 ns.

Apart from the above, the general recommended characteristics for item 12 in clause F1 on page 289 apply.

The applicable temperature range where characteristics shall be fulfilled is from 0 °C to 40 °C.

32 The Mini Circuit data sheet guarantees a VSWR better than 1.7:1 over the entire temperature and frequency ranges.
Measurements of several items confirm a value better than 1.2:1 over the applicable limited temperature and frequency

ranges.
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Annex G (Informative), Recommended Test Procedures

G1 Testing of LEU output Return Loss

G1l.1 Test Abstract

The Return Loss properties of the LEU are checked in accordance with the requirements given in SUBSET-036
in order to ensure correct interaction with the Balise.

The measurement of the Interface ‘C1° Return Loss of the LEU is carried out, during its normal operation, by the
use of a Network Analyser injecting suitable test signals and measuring the corresponding reflected power. The
measurements shall be preceded by a suitable calibration procedure as defined herein. Thereafter, the Return
Loss shall be directly measured.

In the case of Interface ‘C6’, the approach has to be modified since the S-parameter test sets that are available do
not cover its very low operating frequency (8.8 kHz).

Tailoring of these test methods is allowed if it can be shown that the same results are obtained, and if the same
properties are explored

G1.2 Test Set-up for Interface ‘C1°

Interface ‘C’

 — 20 dB Network Analyser
LEU Interface C Adapter|.g > . )
P Attenuator | ] with S-parameter
test set
31.
43.

Figure 80: Test set-up for testing Interface ‘C1’ Return Loss

The Network Analyser can be any set of commercial instrument ensuring the operation defined in the next sub-
clause. In particular the used Port of the Network Analyser shall be able to handle signal levels higher than or
equal to 10 dBm. Suggested suitable equipment is found in clause F1 on page 289.

The 20 dB Attenuator can be any commercial RF device capable of handling an input power higher than 2 W. It
is connected to the Port 1 terminal of the S Parameter Test Set.

The Interface ‘C* Adapter shall fulfil the following functions:

e Adaptation of the non standardised mechanical and electrical properties of the LEU Interface ‘C’ to
the characteristics of the 20 dB Attenuator;

e Adaptation of the input impedance of the 20 dB Attenuator (typically 50 Q) to the 120 Q loading im-
pedance of the LEU, as required for the test.
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The following Figure 81 suggests a possible solution for the Interface ‘C” Adapter.

LEU <“—>»| 700/1W 4—p| Coax Cable

Connector and connector
and Cable to the 20 dB
— —p| Attenuator

Figure 81: Interface C Adapter

The link between the LEU output and the Network analyser (all included) shall not be longer that three meters.
The 70 Q resistor may be split into two separate resistors connected to the two polarities of the LEU output.

G1.3 Calibration of the test set-up for Interface ‘C1’

The S11 “full one port calibration” of the network analyser shall be performed by connecting “open”, “short”,
and “120 Q reference” to the point where the LEU output port is to be connected (i.e., the 20 dB Attenuator and
the Interface ‘C’ Adapter shall be included in the calibration).

The following settings shall be used for both the calibration and the subsequent measurements:

Power Level: +15 dBm

Internal attenuators: 30dB

Resolution bandwidth: 2 Hz

Measurement: S11 refl.

Display Format: LogMAG (i.e. 20*log(S11)
Vertical scale: 2 dB/div

Sweep: 200 kHz to 600 kHz
Number of test points: >50 (evenly spaced)
Averaging factor: >5

After completion of the calibration, record the calibration status into a suitable media for possible uses later on.

Gl4 Test Procedure for Interface ‘C1°

Connect the LEU to the calibrated network analyser, set in the same state as after the previous calibration, and
switch it on. Perform the test using a long telegram (i.e., the telegram N. 18 of Table 23 on page 159).

1. Command the LEU to transmit the current telegram.
2. Restart the averaging process and wait for the completion of the new test step.

3. Record the final diagram generated by the Network Analyser (see example in Figure 82) on a suitable
medium.

4. The Network Analyser directly provides the related absolute value of the Reflection Coefficient (in
dB) within the required frequency range. Check that, in all its points, the diagram is below the al-
lowed value of Return Loss (with inverted sign). Exclude from this check possible unrealistic values
coming from interference with harmonics of the LEU signal (e.g., in small regions around 282 kHz
and 565 kHz).
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Figure 82: Example of test report

G1.5 Test Set-up for Interface ‘C6’

Interface ‘C’

LEU  |g—p]Interface C Adapter|gep|  20dB <] SpectrumAnalyser
P Attenuator P y

31. 43.

Figure 83: Test set-up for testing Interface ‘C6’ Return Loss

The Spectrum Analyser can be any commercial instrument ensuring the operation defined in the next sub-clause.
In particular the used input port of the Spectrum Analyser shall be able to handle signal levels higher than or
equal to 10 dBm. Suggested suitable equipment is found in clause F1 on page 289. Item 43 is suggested to be a
Network Analyser configured as a Spectrum Analyser.

The 20 dB Attenuator is the same as defined above for the test of the Interface ‘C1° (see sub-clause G1.2 on page
295). It is connected to the input of the analyser (e.g., Port R of the Network Analyser).
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The Interface C Adapter is mechanically and electrically similar to the one used for the test of Interface ‘C1’ (see
sub-clause G1.2 on page 295). The exception is that the 70 Q resistors shall be replaced by impedance compo-
nents whose characteristics are as indicated in the following Table 59. See also allowance in sub-clause G1.2
regarding splitting of impedance into two separate parts.

Step Impedance Value Toler- Connection | Nominal values for the overall imped-
number type ance ance to be used for the evaluation
1 Resistors 60Q/1W <1% | Asin Figure 81 R1~60Q
2 Resistor 180Q/1W <1% | AsinFigure 81 R, ~ 180 Q
3 Resistor + 120Q2 /1 W- <1% | AsinFigure 81 R3~ 120 Q2
Capacitor | 1 ee nErs0v | <1% | RICin series X3~ -109.4 Q

Table 59: Impedance values used for the test

Please observe that the actual impedance values should be measured before testing, and that the actual imped-
ance should be used in the subsequent calculation according to sub-clause G1.7 on page 299 (otherwise the
accuracy might not be sufficient).

The link between the LEU output and the Network analyser (all included) shall not be longer than three meters.

G1.6 Calibration of the test set-up for Interface ‘C6’

It is required that all the components used for the test are measured within the 8 to 9 kHz range prior to the test.
Their values shall be used in the evaluation defined hereafter instead of the nominal values of Table 59.

The measurement of the impedance of R, Rz, Z3, and Z, shall be done according to the following procedure
(refer to the diagram in Figure 84). The impedance can be measured by the use of the same Network Analyser
recalled above or by other equivalent instruments.

Interface C 20 dB
LEU ~| Adapter [ Attenuator Analyser
Zpg —i A

Figure 84: Layout for Test Impedance Calibration

Stepl. Measure the impedance Zo (= Ro + jXo) at the connector of the Interface C Adapter on the Analyser
side, with a 50 Q termination connected to the output port of the attenuator (simulating the Analyser
impedance).

Step2.  Measure the impedance Zr (i.e. the value of Ry, Rz and Z3 (= Rs + j X3) at the connector of the Inter-
face C Adapter on the Analyser side, with a short-circuit placed at its LEU side connector.
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The following settings are recommended for the measurement layout of Figure 4, using the Network Analyser:

Measurement: Spectrum R.
Format: VOLT (RMS)
Centre freq. 8.82 kHz
Span 1 kHz

Freq. Resolution: 3 Hz

Ref. value: 500 mV

Vert. scale: 50 mV/div

After completion of the calibration, record the calibration status into a suitable medium for possible uses later on.

This test procedure requires the solution of a system of two non-linear equations that can be performed either
analytically or by the use of a suitable mathematical tool. A simple evaluation program within the MAPLE
environment is a suggested solution.

Gl.7 Test Procedure for Interface ‘Cé6’

Connect the LEU, via the Interface C Adapter and the attenuator, to the input R of the network Analyser and
switch it on. Perform the test for a long telegram (i.e., telegram number 18 from the list of Table 23 on page
159).

1.

Set the test impedance of the Interface *C’ Adapter according to the indication of Table 59 for the current
test step.

Command the LEU to transmit the test telegram.
Wait until the peak value of the spectrum is stable.

Record the final peak value of the spectrum in correspondence with the actual Interface ‘C6’ frequency (to
be found within 8.82 kHz + 0.1 kHz) on a suitable medium. Multiply the obtained values by the actual at-
tenuation (nominally 10), in order to compensate for the 20 dB attenuation, and to obtain the values V; (1%
step), V2 (2" step), and V3 (3" step) to be used in the Equation 1 and Equation 2 below.

Repeat steps 1 to 4 for the new test impedance, until the three test cases are completed.

Calculate the Rs and Xs values of the LEU output impedance at the Interface ‘C6’ frequency, by solving the
system of Equation 1 and Equation 2, using the RMS voltage values (V1, V2 and V3 in Volt units) measured
respectively at the 1%, 2" and 3" step. The actual load impedance values (R1, Rz and Rs/X3 in Ohm) apply
for each calculation.

Use the Equation 3 for calculating the final Return Loss value. Check that the obtained value is above the
minimum specified limit.
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The following equivalent circuit and related equation system (applicable to Interface ‘C6’ measurements) shall
be used for the calculations:

Rs+jXs R1; R2; RatjXs

—_ o1

<> D Ro+jXo

O)
N

Figure 85: Equivalent circuit for evaluation of the Return Loss at Interface ‘C6’

2 2 2
Equation 1 K, = V12 _ (R, +Rg +Ro)2 +(Xs +X0)2
V2 (R1+R3+R0) +(XS+X0)
0

Equation 2 k, = V12 - (R3 +Rs+R ) +2(XS+X0 +X23)
Vs (Ry+Rs+Ry)” +(Xs +Xp)

Re —170)% + X2
(S ) S

Equation 3 RetLossce =—10-l0g s (Rg +170)% + X2

G2 Harmonic contents on the Interface ‘C6’ LEU output

In SUBSET-036, it is explicitly specified that harmonics within the frequency band 0.1 MHz to 1 MHz shall be
below a certain value. For the purpose of LEU testing, this is judged being sufficiently verified through ful-
filling the eye diagram for Interface 'C1".

For the purpose of measuring the eye digram, filtering of the signal at the LEU output should be performed using
a filter blocking the Interface ‘C6’ signal with the following characteristics:

e Type: Notch filter

e Attenuation relative to Interface ‘C1’ pass band:
o  Atlnterface ‘C6’ fundamental frequency >50dB
o At third Interface ‘C6’ overtone <2dB
o  Atfifth Interface ‘C6’ overtone and up to 100 kHz <1 dB
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Annex H (Informative), Air-gap Reference Equipment

H1 General

This informative Annex includes recommended implementations of the air-gap reference equipment. It includes
specific implementations for the Reference Loops, Test Antennas, Activation Antennas, and Baluns suitable for
performing the tests defined within this specification. Other implementations are allowed, but the requirements
of Annex B shall be fulfilled, and the accuracy shall be at least as good as achieved with the implementations
recommended within this Annex.

H2 Reference Loops

H2.1 Reference Loop Design

H2.1.1  Overall Design

The Reference Loop is a conductor formed as a loop surrounding the active Reference Area. For several rea-
sons, the Reference Loop shall be tuned. This provides better measurement accuracy, it decreases the sensitivity
to E-field, and ensures that the current follows the border of the Reference Area.

The Reference Loop has to be tuned for two frequency bands. For measuring the output from the Antenna, the
Reference Loop shall be tuned to 27.095 MHz. When generating a field equivalent to a Balise output field, the
Reference Loop shall be tuned to 4.23 MHz. In these cases, tuning means that the input reactance of the Refer-
ence Loop shall be minimised (close to zero).

The Standard Size Reference Loop shall be designed according to the overall configuration shown in Figure 86.
The metallic parts of the Reference Loop shall be made of solid copper. These parts shall be insulated from each
other, and connected via printed circuit boards with the components according to Figure 88.

The Reduced Size Reference Loop shall include four sections, instead of eight as for the Standard Size Refer-
ence Loop. See Figure 87.

C1, L, and C; shall be mounted on the small PCB. L; in Figure 88 is the inductance of one of the Reference
Loop sections. The total Reference Loop inductance L has to be determined (measured) before the tuning pro-
cess. L isthen 1/4:th of L for the Reduced Size Reference Loop, and 1/8:th of L for the Standard Size Refer-
ence Loop. The component values shall be chosen so that the impedance of C, can be neglected for low fre-
quencies, and the impedance of C1 can be neglected for high frequencies. These assumptions give the following
equations for the two resonance frequencies:

o= |1 (4BMH)  e,= |2 (27,005 MHY)
1 2
(Ly+L,)-Cy L,-L,-C,

This Reference Loop will provide a 1 dB bandwidth of approximately 2 MHz for each frequency band. The
inductance L shall be an air wound coil with an inductance approximately equal to L1. C; and C; shall be porce-
lain or ceramic chip capacitors (with a temperature coefficient close to zero).
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—pi4— 3 mm
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\ Non-conducting joint

PCB with components (see separate figure)

TNC connector

Copper 5 mm x 20 mm
358 mm

ntersection connected
to TNC ground

TNC signal pin
connected to PCB

PCB with components

Figure 86: Standard Size Reference Loop, overall configuration
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L TNC connector
Non-conducting joint
PCB with components (see separate figure)
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|Cy | ;
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Figure 88: Printed Circuit Board (PCB) components within dashed box

H2.1.2 Loop Structure Mechanics

The following separate sections of the Loop (denominated “loop element”) are included:

The right angle loop elements for the standard size loop (four in total).

The straight loop elements for the standard size loop without holes for the TNC connector (three in total).
The straight loop element for the standard size loop with holes for the TNC connector.

The right angle loop elements for the reduced size loop without holes for the TNC connector (three in total).
The right angle loop element for the reduced size loop with holes for the TNC connector.

See Figure 86 on page 302 and Figure 87 on page 303.
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H2.1.3 Non-conductive Joints

There is a non-conductive washer used within the non-conductive joints between the Loop Elements.

The same washer is used for both types of Reference Loops. Seven washers are used in the Standard Size Refer-
ence Loop, and three in the Reduced Size Reference Loop.

The washers shall be mounted to the Loop Elements using M5 screws (four screws in each washer).

H2.1.4 Printed Circuit Board

Two types of printed circuit boards (PCBs) exist. One type shall be used where connection to the TNC connect-
or is required, and the other type shall be used in all the other positions.

The PCBs shall be mounted to the loop elements using screws. Underneath the screw heads, a flat washer shall
be mounted in order to ensure reliable electrical connection, and also to ensure that the PCB is not scratched
during the assembly process. Screws and washers shall be made of nickel-plated brass.

The surface of the PCB facing the Loop Element shall be plated and connected to the component side through
many plated via holes. This together with the screw mounting will ensure a low impedance connection.

H2.1.5 PCB Components

The components shown within the dashed box of Figure 88 on page 303 shall be determined in accordance with
sub-clause H2.3. It is important that the components are of low loss type, and that they are stable with respect to
temperature variations and ageing.

The following types of components are recommended:

e L shall be an air wound fixed RF inductor. The recommendation is the 132 Series from Coilcraft.

e C; shall be a combination of three ceramic capacitors of low temperature coefficient type. The recommenda-
tion is the ATC700 Series from American Technical Ceramics Corp.

e C;shall be a combination of three porcelain capacitors of low temperature coefficient type. The recommen-
dation is the ATC710 (or ATC700) series from American Technical Ceramics Corp.

Considering experience, the following guidelines apply for the Standard Size Reference Loop:

e The total inductance L is approximately 960 nH for both 4.23 MHz and 27.095 MHz. Consequently, the
loop element inductance L is approximately 120 nH. Considering this, the Coilcraft inductor 132-09 with an
inductance of 138 nH should be selected for the component L.

e Using the appropriate equation in sub-clause H2.3 gives a theoretical capacitance for C; of 5.46 nF. Consid-
ering this, a parallel combination of two 2.2 nF and one 1.0 nF capacitor should be used. The recommended
types are ATC700B222GP50X and ATC700B102GP50X.

e Using the appropriate equation in sub-clause H2.3 gives a theoretical capacitance for C, of 537 pF. Consid-
ering this, a parallel combination of two 220 pF and one 100 pF capacitor should be used. The recommended
types are ATC710B221FP200X and ATC700B101GP500X.
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Considering experience, the following guidelines apply for the Reduced Size Reference Loop:

e The total inductance L is approximately 640 nH at 4.23 MHz and 540 nH at 27.095 MHz. Consequently, the
loop element inductance L is approximately 160 nH at 4.23 MHz and 135 nH at 27.095 MHz. Considering
this, the Coilcraft inductor 132-09 with an inductance of 138 nH should be selected for the component L.

¢ Using the appropriate equation in sub-clause H2.3 gives a theoretical capacitance for C; of 4.73 nF. Consid-
ering this, a parallel combination of two 2.2 nF and one 330 pF capacitor should be used. The recommended
types are ATC700B222GP50X and ATC700B331GP200X.

e Using the appropriate equation in sub-clause H2.3 gives a theoretical capacitance for C, of 505 pF. Consid-
ering this, a parallel combination of two 220 pF and one 68 pF capacitor should be used. The recommended
types are ATC710B221FP200X and ATC700B680GP500X.

It must be observed that the tuning process according to sub-clause H2.3 shall be followed, and that the compo-
nent values above are guidelines only. The PCBs also have space available for one extra tuning capacitor (in
parallel with the above described combinations for C1 and C2 respectively).

H2.1.6  Encapsulation

The Reference Loop shall be protected with an insulating plate. The total thickness of this plate shall be 27 mm,
and the physical interface with the environment in the other directions (x and y) shall be 22 mm outside the
Reference Area.

This means that the outer dimensions of the encapsulated Reference Loop shall be:

Standard Size Reference Loop: Width x Length = 402 mm x 532 mm
Reduced Size Reference Loop: Width x Length = 244 mm x 434 mm

The Reference Loop shall have visible markings that define the geometrical centre position of the Reference
Area. It shall be located in the centre of the plate +10 mm.

H2.2 Utilisation of the Reference Loops

The Reference Loop shall be connected to the measuring equipment or signal source using a double shielded
RG214 cable. At the end of the cable, close to the Reference Loop, there shall be a Balun connected. The cable
shall be de-bugged using ferrite blocks evenly spaced at distances less than 70 cm. The core material in the
ferrite blocks shall be “Amidon 43”. The Balun design is described in clause H5 of this Annex.

It is important that the signal source feeding the Reference Loop (via the Balun) has a well-defined impedance.
The same applies to the measuring equipment connected to the Reference Loop (via the Balun). The signal
source and the measuring equipment nominal impedance shall both be 50 Q.

This Reference Loop design will provide the following maximum impedance for the respective frequency bands:

e Standard Size Reference Loop 4.23 MHz max. 2Q
e Standard Size Reference Loop 27.095 MHz max. 5Q
e Reduced Size Reference Loop 4.23 MHz max. 1Q
e Reduced Size Reference Loop 27.095 MHz max. 5Q

Detailed instructions for utilisation of the Reference Loops are given in applicable sub-clauses of this specifica-
tion.
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H2.3  Tuning of the Reference Loops

As part of the manufacturing process, the Reference Loops have to be electrically tuned. The following proce-
dure shall be used. An acceptably tuned Reference Loop shall provide an absolute value of the reactance that is
less than the resistance (at 4.23 MHz and 27.095 MHz).

1. Temporarily short-circuit all components on the PCBs connecting the sections of the loop structure (e.g.,
use a special set of PCBs with short circuits instead of components).

2. Determine the total inductance of the loop structure. This is ‘L’ described in sub-clause H2.1.
3. Calculate L;. This is the inductance of each section of the loop structure.

Standard Size Reference Loop: L, :%

. L

Reduced Size Reference Loop: L, = 2

4, Determine L using the following equation: L,~L,
. . . . 1

5. Determine C; using the following equation: C,;

where f; = 4.23 MHz.

L, +L,

6. Determine C using the following equation: R T

where f; = 27.095 MHz.

7. Measure the actual impedance at 4.23 MHz with all the components determined above mounted on the
PCBs (and attached to the Loop Elements). If the absolute value of the reactance is not less than the re-
sistance, then C; has to be adjusted accordingly.

8. Measure the actual impedance at 27.095 MHz with all the components determined above mounted on the
PCBs (and attached to the Loop Elements). If the absolute value of the reactance is not less than the re-
sistance, then C; has to be adjusted accordingly.
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H2.4 Calibration of the Reference Loops

The Reference Loops will have imperfections caused by the manufacturing process. The calibration procedure
shall determine relevant calibration factors that are to be associated with each individual Reference Loop.

Three Reference Loops of the same kind shall be measured in accordance with sub-clause B2.6 of Annex B on
page 169. Thereafter, the differences between the theoretical and the measured values shall be allocated to each
individual Reference Loop using the following equations:

e, = d12 1813 7853 ~ 8o

! 2
- d1p tay3—a13— 39
, =
2
_3tay;—a;, 3
€5 = 5

where: a2 = measured attenuation between loop 1 and loop 2
a3 = measured attenuation between loop 1 and loop 3
az3 = measured attenuation between loop 2 and loop 3
ao = theoretical attenuation between two loops
€1 = error of loop 1
€2 = error of loop 2
g3 = error of loop 3

An alternative is to make a measurement between two Reference Loops, where one of these is an already charac-
terised device, and the other is the device to be calibrated.

The next step is to calculate the difference between the electrical centre of the device and the geometrical centre
(marked on the Reference Loop). The method for this is to minimise the standard deviation and the average of
the measurement errors for the Reference Loop in question. The minimisation is performed by means of simu-
lating a displacement in X, y, and z co-ordinates based on the derivatives of the field distribution (in dB/cm). A
change of the electrical size of the Reference Loop should also be simulated (this is the ‘B’-factor in sub-clause
B2.3 of Annex B on page 167). The results of this process shall be marked on the Reference Loop.

The impedance of the Reference Loop during free air conditions shall also be measured and marked on the Ref-
erence Loop.
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H3 Test Antennas

H3.1 General

In addition to the Standard Test Antenna, hereafter simply denominated Test Antenna, there is a need for a Mod-
ified Test Antenna. This modified design is identical to the standard design except for including a 200 mm by
200 mm 4.23 MHz loop only (no 27.095 MHz loop). See sub-clause H3.3 on page 312. The reason is that there
are certain tests required during Balise conformity tests that require that there is no distortion of the Tele-
powering field. In order to minimise the presumptive distortion, the 27.095 MHz loop is removed.

It shall be observed that the Test Antenna shall always have a 50 Q load on the current sense output.

The herein-described implementation provides the possibility to handle a maximum input power resulting in a
current sense output of up to 7.4 dBm.

The reference point of the Test Antennas is in the middle of the conductor of the 27 MHz loop element (z-
direction), and at the centre of the loop element in the x-y plane. In case there is only a 4.2 MHz loop element
(i.e., in the Modified Test Antenna), the definition applies to this loop element.
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H3.2  Test Antenna Design

H3.2.1  Overall Design

The overall mechanical configuration shall be according to Figure 89 below. Please note that the details are not
to scale. Details in red colour indicate water protection (see sub-clause 4.2.4.1 on page 48).

“Bottom” view
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Figure 89: Overall Mechanical Layout
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H3.2.2 Screen Plate

The screen plate (of dimensions 600 mm x 600 mm and 4 mm thick) shall be made of aluminium. The purpose
of the plate is to reduce environmental influence. The screen plate also holds the three ‘N female to N female’
adapters. The adapters shall be located directly above the respective transformer they are connected to (in both x
and y co-ordinates).

H3.2.3 Holder

The holders shall be made of plastic material (polyvinyl chloride), and rigidly support the antenna loops (mount-
ed on a fixing plate). The holders shall be positioned so that the Loops are at a 400 mm distance from the screen
plate, and centred with respect to this. The dimension of the holders should be ¢ 25 mm. The holders are built
up of two separate details.

H3.2.4  Loops

H3.2.4.1 General

The cross-section of the 27.095 MHz loop shall be 10 mm x 20 mm, and the inner radius in the corners shall be
approximately 10 mm. The cross-section of the 4.23 MHz loop shall be ¢ 2 mm, and the inner radius in the
corners shall be approximately 5 mm.

The loops shall be mounted on a fixing plate (of polyvinyl chloride), and the 27.095 MHz loop should be made
of solid copper. The 4.23 MHz loop should be made of solid brass.

H3.2.4.2 Capacitors

The capacitors in the 27.095 MHz loop (C in Figure 89) shall be mounted on small PCBs, which are directly
connected the loop by screw mounting. Each C should be a combination of fixed surface mounted devices, and
one variable capacitor (denominated C; and C,). It is important that the capacitors are of high-Q type, and that
they withstand at least 500 V. They shall also be able to withstand a current of at least 4 A.

The following types of components are strongly recommended:

e C; shall be a combination of four porcelain capacitors of low temperature coefficient type. The recommen-
dation is the ATC710 (or ATC700) series from American Technical Ceramics Corp.

e C;shall be a variable ceramic capacitor of low temperature coefficient type. The recommendation is the
Gigahertz Trimmer Capacitor series from Tekelec Temex.

Considering experience, the following guidelines apply:

e For C, a parallel combination of three 43 pF and one 39 pF capacitors should be used. The recommended
types are ATC700B430GP500X and ATC700B390GP500X.

e For C, a variable capacitor with a capacitance range of 0.8 pF to 8.0 pF should be used. The recommended
type is AT27291.

It must be observed that the tuning process according to sub-clause H3.4 on page 312 shall be followed, and that
the component values above are guidelines only. The PCBs also have space available for one extra tuning ca-
pacitor (in parallel with the above described combination of C; and C,).
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H3.2.4.3 Printed Circuit Board (PCB)

The capacitors (C in Figure 89) shall be mounted on PCBs.

The PCBs shall be mounted to the loop elements using screws. Underneath the screw heads a flat washer shall
be mounted in order to ensure reliable electrical connection, and also to ensure that the PCB is not scratched
during the assembly process.

The surface of the PCB facing the loop element shall be plated and connected to the component side through
many plated via holes. This together with the screw mounting will ensure a low impedance connection.

H3.2.4.4 27.095 MHz Transformer

The transformer shall have a primary winding of 6 turns. The secondary winding shall be the loop itself (1 turn).

It is important that all unshielded wires connected to the transformer are twisted (with a maximum open loop
area of much less than 0.5 cm?).

The core material should be “Philips violet” (material 4C65), and the inner diameter of the core shall be approx-
imately 25 mm (type RCC 36/25/15 is recommended). The 10 mm x 20 mm loop structure shall not interfere
with the inner diameter of the core.

H3.2.4.5 Current Sense Transformer and Current Probe

The transformer shall have a primary winding of 8 turns. The secondary winding shall be the loop itself (1 turn).
The primary winding shall be short-circuited, and the wire shall pass through the current probe (see Figure 90).

Current

8 turns :} Sense

Output

Figure 90: Current Sense Transformer

It is important that all unshielded wires connected to the transformer are twisted (with a maximum open loop
area of much less than 0.5 cm?).

The core material should be “Philips violet” (material 4C65), and the inner diameter of the core shall be approx-
imately 25 mm (type RCC 36/25/15 is recommended). The 10 mm x 20 mm loop structure shall not interfere
with the inner diameter of the core.

The current probe is a passive device. The recommended part is the High Frequency Current Probe CT-2 from
Tektronix.

The Current Probe provides a calibrated output voltage of approximately 1 mV/mA.



Page 312 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

H3.2.4.6 4.23 MHz Transformer

The transformer shall have a primary winding of 7 turns (the Modified Test Antenna 5 turns). The secondary
winding shall be the loop itself (1 turn).

It is important that all unshielded wires connected to the transformer are twisted (with a maximum open loop
area of much less than 0.5 cm?).

The core material should be “Philips pink” (material 4A11), and the core outer diameter shall be approximately
15 mm (type RCC 16/9.6/6.3 is recommended). The core shall have an A, value that is significantly higher than
the loop inductance (which has been estimated to be approximately 40 nH).

H3.25 Balun

There is a need for baluns as close as possible to the Test Antenna. The core shall have high impedance for the
frequency range 3 MHz to 30 MHz. The recommendation is to use the General Purpose Balun defined by sub-
clause H5.2 on page 319.

H3.3 Modified Test Antenna Design

The Modified Test Antenna does not include the 27.095 MHz loop. This is the main difference between the
(Standard) Test Antenna and the Modified Test Antenna. Consequently, parts such as 27.095 MHz transformer,
current sense transformer, current probe, and the related baluns are not required (and are removed). To improve
the measurement repeatability, the fixing plate is replaced with another fixing plate with a bigger 4.23 MHz loop
that is 200 mm x 200 mm.

The 4.23 MHz transformer shall have a primary winding of 5 turns. The secondary winding shall be the loop
itself (1 turn).

Apart from this, the Modified Test Antenna is identical to the Test Antenna. Because of not having a
27.095 MHz loop, the Modified Test Antenna is not tuned.

Because of the modular design of the Test Antenna, the Modified Test Antenna may be realised by simply sub-
stituting the original fixing plate with another fixing plate equipped with a bigger 4.23 MHz loop.

H3.4  Tuning of Test Antenna

As part of the manufacturing process, the Test Antenna has to be electrically tuned.

The tuning (using the capacitors mounted on the PCBs) shall be performed by means of maximising the signal
from the current sense output, when the Test Antenna is supplied with a constant 27.095 MHz signal, and when
keeping the Test Antenna subjected to free air conditions.
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H3.5 Performance Check of Test Antenna

After having performed tuning according to sub-clause H3.4 on page 312, and verified compliance with mechan-
ical tolerances, the Test Antenna shall be tested according the following when supplied with a constant
27.095 MHz signal. The actual impedance of the Reduced Size Reference Loop shall be taken into account.

e A Reduced Size Reference Loop shall be positioned at [x =0, y =0, z = 220 mm] relative to the Test Anten-
na, and connected to a resistive 50 Q load. The attenuation from the current sense output (loaded with 50 Q)
to the output of the Reduced Size Reference Loop shall be 30 dB + 2 dB.

¢ A Reduced Size Reference Loop shall be positioned at [x =0, y =0, z = 220 mm] relative to the Test Anten-
na. The variation in attenuation from the current sense output (loaded with 50 Q) to the output of the Re-
duced Size Reference Loop shall not exceed + 0.5 dB when the load of the Reduced Size Reference Loop is
within the resistance range 20 Q to 50 Q (resistive loads) *.

¢ A Reduced Size Reference Loop shall be positioned at [x =0, y = 0, z =460 mm] relative to the Test Anten-
na, and connected to a resistive 50 Q load. The attenuation from the input forward current into the Test An-
tenna to the output of the Reduced Size Reference Loop shall be 15 dB + 2 dB. It shall be observed that the
current sense output of the Test Antenna must be loaded with 50 Q.

3 The procedure for performing measurements with loads not equal to 50 Q requires special precautions. A
method and suitable equipment is described in sub-clause 4.2.6 on page 67.
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H4 Activation Antennas

H4.1 General

In addition to the Activation Antenna, there is a need for a modified design, hereafter called 4.2 MHz Antenna,

which is used as a probe during certain Balise conformity tests. This modified design is identical to the Activa-
tion Antenna except for including a 4.23 MHz loop instead of a 27.095 MHz loop. The reason is that there are

certain tests required during Balise conformity tests that require that there is no distortion of the Tele-powering
field when at the same time measuring the Up-link signal.

It shall be observed that the Activation Antenna shall always have a 50 Q load on the Current Sense output.

The herein-described implementation provides the possibility to handle a maximum input power resulting in a
current sense output of up to 7.4 dBm.

The reference point of the Activation Antennas is in the middle of the conductor of the 27 MHz loop element (z-
direction), and at the centre of the loop element in the x-y plane. In case there is only a 4.2 MHz loop element
(i.e., in the 27 MHz Antenna), the definition applies to this loop element.
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H4.2

H4.2.1

Activation Antenna Design

Overall Design

The overall mechanical configuration shall be according to Figure 91 below. Please note that the details are not

to scale.

200 mm
N
"Bottom” view c
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Transformer
27.095 MHz
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4 /
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Current Sense
Transformer
C
v o

Connector holder

N female N female
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4 o
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Fixing Plate

N
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N.B.: 2 pcs of Baluns are required
(one for 27.095 MHz transformer,
and one for current sense)

Figure 91: Overall Mechanical Layout
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H4.2.2 Spacer

The spacer shall be made of plastic material (polyvinyl chloride). The dimension of the Spacer should be
¢ 25 mm.

H4.2.3  Loop

H4.2.3.1 General

The cross-section of the 27.095 MHz loop shall be 10 mm x 20 mm, and the inner radius in the corners shall be
approximately 1 cm.

The loop shall be mounted on a fixing plate (of polyvinyl chloride), and the 27.095 MHz loop should be made of
solid copper.

H4.2.3.2 Capacitors

The capacitors in the 27.095 MHz Loop (C in Figure 91) shall be mounted on small PCBs, which are directly
connected to the loop by screw mounting. Each C should be a combination of fixed surface mounted devices,
and one variable capacitor (denominated C; and Cy). It is important that the capacitors are of high-Q type, and
that they withstand at least 500 V. They shall also be able to withstand a current of at least 4 A.

The following types of components are strongly recommended:

e C; shall be a combination of four porcelain capacitors of low temperature coefficient type. The recommen-
dation is the ATC710 (or ATC700) series from American Technical Ceramics Corp.

e C;shall be a variable ceramic capacitor of low temperature coefficient type. The recommendation is the
Gigahertz Trimmer Capacitor series from Tekelec Temex.

Considering experience, the following guidelines apply:

e For C; a parallel combination of three 43 pF and one 39 pF capacitors should be used. The recommended
types are ATC700B430GP500X and ATC700B390GP500X.

e For C; a variable capacitor with a capacitance range of 0.8 pF to 8.0 pF should be used. The recommended
type is AT27291.

It must be observed that the tuning process according to sub-clause H4.4 on page 318 shall be followed, and that
the component values above are guidelines only. The PCBs also have space available for one extra tuning ca-
pacitor (in parallel with the above described combination of C1 and Cy).

H4.2.3.3 Printed Circuit Board (PCB)

The capacitors (C in Figure 91) shall be mounted on PCBs.

The PCBs shall be mounted to the loop elements using screws. Underneath the screw heads a flat washer shall
be mounted in order to ensure reliable electrical connection, and also to ensure that the PCB is not scratched
during the assembly process.

The surface of the PCB facing the loop element shall be plated and connected to the component side through
many plated via holes. This together with the screw mounting will ensure a low impedance connection.
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H4.2.3.4 27.095 MHz Transformer

The transformer shall have a primary winding of 6 turns. The secondary winding shall be the Loop itself
(1 turn).

It is important that all unshielded wires connected to the transformer are twisted (with a maximum open loop
area of much less than 0.5 cm?).

The core material should be “Philips violet” (material 4C65), and the inner diameter of the core shall be approx-
imately 25 mm (type RCC 36/25/15 is recommended). The 10 mm x 20 mm loop structure shall not interfere
with the inner diameter of the core.

H4.2.3.5 Current Sense Transformer and Current Probe

The transformer shall have a primary winding of 8 turns. The secondary winding shall be the Loop itself
(1 turn). The primary winding shall be short-circuited, and the wire shall pass through the current probe (see
Figure 92).

Current

8 turns :} Sense

Output

Figure 92: Current Sense Transformer

It is important that all unshielded wires connected to the transformer are twisted (with a maximum open loop
area of much less than 0.5 cm?).

The core material should be “Philips violet” (material 4C65), and the inner diameter of the core shall be approx-
imately 25 mm (type RCC 36/25/15 is recommended). The 10 mm x 20 mm loop structure shall not interfere
with the inner diameter of the core.

The current probe is a passive device. The recommended part is the High Frequency Current Probe CT-2 from
Tektronix.

The current probe provides a calibrated output voltage of approximately 1 mV/mA.

H4.2.4 Connector Holder

The Connector Holder shall be made of plastic material (polyvinyl chloride).

H4.2.5 Balun

There is a need for baluns as close as possible to the Activation Antenna. The core shall have high impedance
for the frequency range 3 MHz to 30 MHz. The recommendation is to use the General Purpose Balun defined by
sub-clause H5.2 on page 319.
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H4.3 4.2 MHz Antenna Design

The 4.2 MHz Antenna does not include the 27.095 MHz loop but includes a 4.2 MHz loop. This is the main
difference between the Activation Antenna and the 4.2 MHz Antenna. Consequently, parts such as 27.095 MHz
transformer, current sense transformer, current probe, and the related baluns are not required, and are substituted
by a 4.2 MHz loop and a 4.2 MHz transformer (together with a General Purpose Balun).

Parts related to the 4.2 MHz transformer are identical to the same design for the Test Antenna. The transformer
shall have a primary winding of 7 turns. The secondary winding shall be the loop itself (1 turn). The core mate-
rial should be “Philips pink” (material 4A11), and the core outer diameter shall be approximately 15 mm (type
RCC 16/9.6/6.3 is recommended).

Because of not having a 27.095 MHz loop, the 4.2 MHz Antenna is not tuned.

H4.4  Tuning of Activation Antenna

As part of the manufacturing process, the Activation Antenna has to be electrically tuned.

The tuning (using the capacitors mounted on the PCBs) shall be performed by means of maximising the signal
from the current sense output, when the Activation Antenna is supplied with a constant 27.095 MHz signal, and
when keeping the Activation Antenna subjected to free air conditions.

H4.5 Performance Check of Activation Antenna

After having performed tuning according to sub-clause H4.4, and verified compliance with mechanical toleranc-
es, the Activation Antenna shall be tested according the following when supplied with a constant 27.095 MHz
signal. The actual impedance of the Reduced Size Reference Loop shall be taken into account.

e A Reduced Size Reference Loop shall be positioned at [x = 0, y = 0, z =220 mm)] relative to the Activation
Antenna, and connected to a resistive 50 Q load. The attenuation from the current sense output (loaded with
50 Q) to the output of the Reduced Size Reference Loop shall be 30 dB + 2 dB.

e A Reduced Size Reference Loop shall be positioned at [x = 0, y = 0, z =220 mm)] relative to the Activation
Antenna. The variation in attenuation from the current sense output (loaded with 50 Q) to the output of the
Reduced Size Reference Loop shall not exceed + 0.5 dB when the load of the Reduced Size Reference Loop
is within the resistance range 20 Q to 50 Q (resistive loads) 3.

e A Reduced Size Reference Loop shall be positioned at [x =0, y =0, z = 460 mm] relative to the Activation
Antenna, and connected to a resistive 50 Q2 load. The attenuation from the input forward current into the Ac-
tivation Antenna to the output of the Reduced Size Reference Loop shall be 15 dB + 2 dB. It shall be ob-
served that the current sense output of the Activation Antenna must be loaded with 50 Q.

3 The procedure for performing measurements with loads not equal to 50 Q requires special precautions. A
method and suitable equipment is described in sub-clause 4.2.6 on page 67.
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H5 Baluns

H5.1 General

This Annex is a Design Specification defining specific implementations of Reference Equipment Baluns. It
includes a General Purpose Balun to be used together with Test Antennas, Activation Antennas and various
instruments. A General Purpose Balun for Reference Loops, hereafter called Reference Loop Balun is also
included. This device is intended to be connected to a Reference Loop (it is equipped with a TNC connector).

This Annex also includes a balun with Current Sense capabilities, hereafter called Current Sense Balun. This
balun is mainly intended for use together with Reference Loops in order to enable a simplified test method (di-
rect measurement of current instead of calculations based on Reference Loop impedance).

Please note that the figures of this document defining the overall configurations are not to scale.

H5.2 General Purpose Balun Design

H5.2.1  Overall Design

The General Purpose Balun consists of a toroid on which an RG58 coaxial cable is wound a sufficient amount of
turns. This is placed inside a plastic box equipped with N connectors (one N male connector, and one N female
connector). The toroid shall provide high impedance for the frequency range 3 MHz to 30 MHz.

The General Purpose Balun shall be designed according to the overall configuration shown in Figure 93.

Plastic Box
Toroid

N-female 7 //

/ O\ N-male

© o

RG58 Coaxial Cable

Figure 93: General Purpose Balun, Overall Configuration
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H5.2.2  Toroid

The core material Amidon 77 is recommended, and the dimensions should be ¢ 35.6 mm x ¢ 22.9 mm x
12.7 mm (outer diameter x inner diameter x width). The recommended type is FT-140-77.

The RG58 coaxial cable should have 10 turns on the core. See Figure 93.

H5.3 Reference Loop Balun Design

H5.3.1  Overall Design

The differences between the Reference Loop Balun and the General Purpose Balun are as follows:

e A TNC male connector is used instead of the N male connector.
e The size of the plastic box is different.
e The device is equipped with support structures that fit together with a Reference Loop.

The Reference Loop Balun shall be designed according to the overall configuration shown in Figure 94.

S i— Plastic Box
Support /

Toroid
Structure %‘\ / N-female
7 B i

O

i =~/

/

RG58 Coaxial Cable

Figure 94: Reference Loop Balun, Overall Configuration

H5.3.2 Toroid

The core material Amidon 77 is recommended, and the dimensions should be ¢ 35.6 mm x ¢ 22.9 mm x
12.7 mm (outer diameter x inner diameter x width). The recommended type is FT-140-77.

The RG58 coaxial cable should have 10 turns on the core. See Figure 94.
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H5.4 Current Sense Balun Design

H5.4.1  Overall Design

In order to provide current sense capabilities, the current sense balun shall be equipped with an additional current
probe. This current probe shall be positioned inside a plastic box similar to the one used for the Reference Loop
Balun.

The differences between the Current Sense Balun and the Reference Loop Balun are as follows:

e An additional N female connector is included.
e The size of the plastic box is different.
e The device is equipped with a Current Probe.

The Current Sense Balun shall be designed according to the overall configuration shown in Figure 95.

Plastic Box
—] Toroid
Support — «—__
Structure ] % \ N-female
I \

TNC-male Q ! ' > Q

Current ﬂ‘
Probe
O 1 1 O

ﬁ‘ RG58 Coaxial Cable
_E —_—
RG316 Coaxial Cable

Figure 95: Current Sense Balun, Overall Configuration

The support for the current probe, and the current probe itself, shall be fixed in the box using suitable glue.

H5.4.2 Toroid

The core material Amidon 77 is recommended, and the dimensions should be ¢ 35.6 mm x ¢ 22.9 mm x
12.7 mm (outer diameter x inner diameter x width). The recommended type is FT-140-77.

The RG58 and RG 316 coaxial cables should have 10 turns on the core. See Figure 95.
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H5.4.3 Current Probe

The current probe is a passive device. The recommended part is the High Frequency Current Probe CT-2 from
Tektronix.

The current probe provides a calibrated output voltage of approximately 1 mV/mA.

H5.5 Calibration of the Current Sense Balun

The current probe from Tektronix is a factory calibrated device. The device is specified to provide 1 mV/mA
with an accuracy of £ 4 %.

This accuracy may not be sufficient for certain reference measurements. Therefore, it is recommended to cali-
brate the transfer function of the Current Probe using the below described procedure.

Power
Meter 1
Pic
CS Za Pm2
- D _>
Signal In c s Out " >
Generator |——»| Currentsense L1 Attenuator | Power
Balun I (A) Meter 2

Figure 96: Current Sense Balun, Calibration set-up

The following equations are applicable:

AP,
1) 15 ="M
1Z4l
2) k:i

where Py is the power reading of Power Meter 1, Pu2 is the power reading of Power Meter 2, A is the attenuation
of the attenuator, lo is the current through the Current Sense Balun during calibration, Z is the input impedance
of the attenuator, and k is the transfer ratio of the Current Sense Balun to be determined.

Thereafter, the following is valid for any current (below 2.5 A) through the Current Sense Balun loaded with an
impedance of less than 100 Q (connected to the output port):

P
3) I= |2
KZa|

where | is the actual current through the Current Sense Balun during actual measurements.
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Calibration Procedure:
a) Characterise the attenuator (determine A and Za).
b) Set the signal generator to 4.23 MHz and CW.

c) Adjust the output amplitude so that the current through the Current Sense Balun is approximately
50 mA. With a 20 dB attenuator this corresponds to a Power Meter 2 reading (Pm2) of approximately
+1dBm.

d) Record the exact reading of Power Meter 1 and Power Meter 2 (Pc should be approximately — 13 dBm
with the described design).

e) Calculate k using equation 2 above (observe separate k-factors for 4.23 MHz and 27.095 MHz).
f) Repeat steps a through e for the frequency 27.095 MHz.

The attenuation of the attenuator used in the set-up should be approximately 20 dB, and has to be carefully eval-
uated prior to calibration. The exact attenuation value and the input impedance have to be considered (A and Za
in the equations above).

In order to maintain the accuracy during the actual measurements, the same Power Meter 1 sensor shall to be
used as during the calibration (otherwise the change of impedance might decrease the accuracy).

Finally, it should be observed that this process ensures high accuracy for signals of frequencies in the Up-link
and Tele-powering signal bands only.
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Annex J (Informative), Test Tool for LZB Cable testing

J1 General

The herein described implementations are sufficiently detailed for mandatory On-board testing purposes. Op-
tional Balise testing may require adaptations because the test object is not only the Balise, but also fixation de-
vices, installation rules, and possible RF chokes or similar devices.

J2 Overall Designs

J2.1 General

The various tools used for LZB testing are loops surrounding defined areas. Some tools are tuned in order to be
able to provide the required impedance and to achieve uniformly distributed currents. The exception is the hori-
zontal loop used for 4.2 MHz On-board tests. In that case, the current distribution is sufficiently uniform without
tuning, and the actual impedance is of less importance (since the actual current is monitored).

J2.2 Vertical Loop used for 4.2 MHz Balise Tests

This tool has to be tuned at 4.24 MHz.
The overall impedance of the tool shall be 75 Q (provided through adding sufficient resistance after tuning).

This tool shall be designed according to the overall configuration shown in Figure 97. The assembly details shall
be made from non-conductive material.

The size of the loop shall be 1200 mm by 500 mm. The tool consists of 2 cable sections of 1200 mm each. The
cable sections are inter-connected to the large low impedance vertical segments via PCB's, which are equipped
with capacitors and a resistor. For measuring the current, the tool is equipped with a current probe. The recom-
mended type is a Tektronix CT-2 current probe.

The lower cable segment shall be positioned at least 200 mm above any ground structure (e.g., reinforced con-
crete floors) in order to avoid influence from the environment.

Technical data of the recommended cable forming the 2 cable sections:

Conductive material: Copper 7 x 0.6 mm &
PE — Isolation: Thickness 3.6 mm
PE — sheath: Thickness 1.7 mm
Outside diameter: 12.4 mm +0.3 mm
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Figure 97: Vertical Loop used for 4.2 MHz Balise Tests

Figure 98: Printed Circuit Board

20



Page 327 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

J2.3 Horizontal Loop used for 4.2 MHz On-board Equipment Tests

This tool is not tuned.

This tool shall be designed according to the overall configuration shown in Figure 99. The assembly plate shall
be made from non-conductive material.

The size of the loop shall be 1550 mm by 520 mm. The tool consists of one single piece of LZB loop cable. For
measuring the current, the tool is equipped with a current probe. The recommended type is a Tektronix CT-2
current probe.

The tool is equipped with an internal Balun. The recommended type is 0010 from North Hills Signal Processing
(50 ©2 balanced to 50 Q2 unbalanced Balun Transformer).

Technical data of the recommended cable forming the cable segment:

Conductive material: Copper 7 x 0.6 mm &

PE — Isolation: Thickness 3.6 mm
PE — sheath: Thickness 1.7 mm
Outside diameter: 12.4 mm £0.3 mm

M4 {30} tread depth 12! gangdup 12

3 3/

1807
1581

71.:;
e W

B2
B34

320+
300
260

421

1454
o

e an

g
3 EJ_.-"_

Figure 99 Horizontal Loop used for 4.2 MHz On-board Equipment Tests
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J2.4 Vertical Loop used for 27 MHz Tests

This tool has to be tuned at 27.095 MHz. Please observe that the tuning needs to be performed with the applica-
ble balun connected to the loop. However, the balun is not part of the tool itself. Therefore, the network analys-
er calibration (open, short and 50 Q) shall be performed with the balun.

The overall impedance of the tool shall be 75 Q (provided through adding sufficient resistance after tuning).

This tool shall be designed according to the overall configuration shown in Figure 104. The assembly details
shall be made from non-conductive material.

The size of the loop shall be 1200 mm by 500 mm. The tool consists of several cable sections of lengths as
defined in Figure 104. The cable sections are inter-connected via PCB's (see Figure 105), which are equipped
with capacitors and a resistor. For measuring the current, the tool is equipped with a current probe. The recom-
mended type is a Tektronix CT-2 current probe.

The lower cable segment shall be positioned at least 200 mm above any ground structure (e.g., reinforced con-
crete floors) in order to avoid influence from the environment.

Technical data of the recommended cable forming the cable sections:

Conductive material: Copper 7 x 0.6 mm &

PE — Isolation: Thickness 3.6 mm
PE — sheath: Thickness 1.7 mm
Outside diameter: 12.4 mm £0.3 mm
300 600 300
————— P e¢——»
N\ — —
| —
100 I [I) d] I 100
\ Current
probe All thick lines are
[ LZB Cable segments
400 3 400

\ N-connector

Q L — /\}
— —

— pe—————— >

400 400 400

Figure 104: Vertical Loop used for 27 MHz Tests
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20

Figure 105: Printed Circuit Board



Page 332 of 333
SUBSET-085, Issue 4.0.04
February 24, 201223

J3 Printed Circuit Board and Components

The cable sections are inter-connected via printed circuit boards. Each PCB is equipped with capacitors and a
resistor.

=

Figure 106: Printed Circuit Board components

The components shown in Figure 106 shall be stable with respect to temperature variations and ageing.

Considering experience, the following guidelines apply:

e For the tool of sub-clause J2.2 on page 325, C should be a parallel combination of capacitors providing
approximately 1.33 nF (to be precisely determined during the tuning process) for each PCB. For the tool
of sub-clause J2.4 on page 330, C should be a parallel combination of capacitors providing approximately
60 pF (to be precisely determined during the tuning process) for each PCB.

¢ R shall be added such that the total loop impedance is 75 Q for the loop described in sub-clause J2.2, and
75 Q for the loop described in sub-clause J2.4 (suitably split between all the PCB’s in both cases). Please
observe that high power may apply to the loop described in sub-clause J2.4, and that inductance “free” re-
sistors shall be used.
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J4  Tuning of the LZB Loop

As part of the manufacturing process, the loops described in sub-clauses J2.2 on page 325 and J2.4 on page 330
have to be electrically tuned. Please observe that tuning of the loop described in sub-clause J2.4 shall be per-
formed with the applicable balun connected to the loop. However, the balun is not part of the tool itself. There-
fore, the network analyser calibration (open, short and 50 Q) shall be performed with the balun.

The following procedure shall be used. An acceptably tuned tool shall provide a value of the imaginary part of
the reactance that is less than one tenth of the overall target impedance (at 4.24 MHz and 27.095 MHz respec-
tively).

1. For the tool of sub-clause J2.2, connect capacitors such that 1.33 nF is obtained on each PCB, and short
circuit all resistors. For the tool of sub-clause J2.4, connect capacitors such that 60 pF is obtained on each
PCB, and short circuit all resistors.

2. Measure the actual impedance at 4.24 MHz (for the tool of sub-clause J2.2) or at 27.095 MHz (for the
tool of sub-clause J2.4) with all the capacitors mounted on the PCB's. If the value of the imaginary part
of the reactance is not less than one tenth of the target impedance, then C has to be adjusted accordingly.

3. Add one or several resistors at each PCB such that the overall impedance is 75 Q for the loop described in
sub-clause J2.2, and 75 Q for the loop described in sub-clause J2.4. The total resistance should be as
evenly spread as possible between the four PCB’s.
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