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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
UNISIG SUBSET-036. Annexes designated as “informative”, either provide background information, or out-
line 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 UNISIG 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 UNISIG 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 UNISIG 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 architec-
ture 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 prin-
cipal 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
maintained, 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
normative 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 specifi-
cation only when incorporated herein by amendment or revision. For undated references, the latest edition of
the publication referred to apply.
. UNISIG Specifications:

A. UNISIG SUBSET-036, FFFIS for Eurobalise

B. UNISIG SUBSET-023, Glossary of UNISIG Terms and Abbreviations

3  Terminology and Definitions

3.1 Acronyms and Abbreviations

In general, the acronyms and abbreviations of UNISIG SUBSET-036, and of UNISIG 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 UNISIG SUBSET-036, and of UNISIG SUBSET-023, apply.

3.3 Influence of Tolerances

The general requirement stated in UNISIG 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
UNISIG SUBSET-036 are not to be regarded as significant digits. The tolerances state the accuracy, and thus
the significance of the digits. Thus, they (the expressed number of digits) do not imply a certain required accu-
racy or resolution. The required resolution and accuracy must be evaluated by other means. A general princi-
ple 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 reason 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%t0 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. Monitor-
ing 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 vol-
ume 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 sup-
ports are allowed within 0.7 m underneath the Balise.

/ Antenna \
X center z

< >

Balise
center I—n:r

04m/0.7m

N Min. 1 m

No metallic objects are
allowed in this zone.

Min. 1 m

Antenna Min. 1 m

A

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. Field conformity in the main lobe zone, and in the side-lobe zone, for the Tele-powering field
received by the Balisg;

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

1.3. Compliance of the electrical characteristics of the Up-link signal;
Verification of Balise controlling interface for controlled Balises:

2.1. Up-link data signal characteristics at Interface ‘C1’;

2.2. Biasing signal characteristics at Interface ‘C6’;

2.3. Return Loss at the source end (LEU output) of Interfaces ‘C1” and ‘C6’;

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

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

. Verification of internal functionality:

3.1. 1/O characteristics;

3.2. Balise impedance with respect to the Tele-powering source;

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

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

Verification of cross-talk immunity with nearby cables (transversal cables according to the specific
installation 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

421 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.

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.

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.

All input and output ports of the devices in accordance with clause H3 on page 316 and H4 on page 322
shall be equipped with suitable baluns (these are part of the defined devices).

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.

It is important 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.

The calibrations and tests shall be performed with Balise telegram of type 1 defined in clause A2 of Annex
A on page 161, unless otherwise explicitly stated. The Balise, the Reference Loop and the “cable” (during
cross-talk tests) shall transmit the same telegram.

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

The cable carrying the 27 MHz signal to the Test Antenna (see clause H3 of Annex H on page 316) shall
be identical throughout the entire test process.

It is essential that the Reference Loops used during the tests fulfil the requirements of clause B2 of Annex
B on page 168, 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 173.

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 327 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.

All distances are in millimetres unless explicitly otherwise stated.

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.

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

The defined installation case with metallic plane in the extreme vicinity of the Balise may require specifi-
cally tuned Balises (see UNISIG SUBSET-036). In such a case, the metallic plane is considered an inte-
gral part of the Balise. However, please observe that field conformity requirements apply to free air condi-
tions.

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

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.

If not otherwise explicitly stated, the defined “Case 1” metallic plane condition applies for Balise testing
(when metallic plane conditions apply).

Applicable sources of data for controlled Balises versus test cases are clarified in sub-clause C7.3 on page
214.1

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.
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4.2.2 Up-link Field Conformity

42.2.1 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:

« Calibration of 4.2 MHz Balise loop current ligop.
< 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 316.

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 322.

The calibrations and tests shall be performed with a Balise telegram of type 1 defined in clause A2 of Annex A
on page 161. Both the Balise and the Reference Loop shall transmit the same telegram. In all tests and cali-
brations with controlled Balise, telegrams transmitted via the Balise controlling interface shall be used (with
nominal 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 297 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 23.

Power
Meter 3
T I:)Ic
11.| Attenuator »| Balun |14.
j I
RF Reference Loop | 7.
3 Amplifier
Interface ‘A’
?
sow | —
2. | Attenuator Activation Test Antenna 6.
sow |1 Antenna
T C.S. i 4.2 MHz
Signal
13.] Generator Filter | 12.
Pmz2 12. 3
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 P,,rfor each measurement point, defined in clause C1 of
Annex C on page 205, which shall be compared with the corresponding value P4pa for the Balise. The refer-
ence value P4p, is reflecting the flux received by the Test Antenna, and measured by Power Meter 2 (Py,) and
then compensated, and called P4r.. The calibration is performed with the current 1,,/B through the Reference
Loop. The current through the Reference Loop is monitored by Power Meter 3 (P).

42223 Calibration Procedure

1. 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
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 axes of the positioning system. Position the Activation Antenna, in
position [X =440, Y = 220, Z = 0] relative to the Reference Loop. This position shall be fixed during
the calibration.

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

3. Adjust the Signal Generator amplitude in order to achieve a current of approximately |,,/B through the
Reference Loop.
For calibration and compensation of the Current Sense Balun see clause H5 of Annex H on page 327.
Record the reading of Power Meter 3 and call it Py.

4. Record the reading of Power Meter 2 (called Py,) and Power Meter 3 (called Py3).

Repeat
foreach = 5. Compensate the Py, reading with the difference between the Pys; reading and the power level
position Py, for 1,2/B measured in step 3. 2 Call the new value Pr..

ParL = Pm2 + (P - Pms),  all values in dBm.

6. Perform steps 4 and 5 for all the [X, Y, Z] positions listed in clause C1 of Annex C on page 205.

2 The reason for this compensation is that the relative accuracy for the value of P4, 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

42231

Test Configuration

Balise Up-link Conformity Measurements in the Main Lobe Zone

A proposed test set-up is shown in Figure 3 below. Clause F1 of Annex F on page 297 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
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 Power Meter 3. See
also sub-clause 4.2.1 on page 23.

15. Power
Meter 3

4. JAttenuator

T

RF
Amplifier

T

2. JAttenuator

T

1. Signal
Generator

Pms 12.
<+ }
Filter [{¢———] Pre-amplifier
Filter | 12.
4.2 MHz T
Test Antenna
27 MHz -
18. -
Activation Balise
Antenna
C.S.
P2 Power
Meter 2
10.

16.

Interface ‘A’

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



Page 29 of 341
SUBSET-085, Issue 3.0.0
February 24, 2012

42232 Test Abstract

This measurement procedure will give a value P4pa for each measurement point, defined in clause C1 of Annex
C on page 205, which shall be compared with the corresponding reference value P4,r. for the Reference Loop
measured in sub-clause 4.2.2.2.3 on page 27. The value P44 is reflecting the 4.2 MHz flux received by the
Test Antenna, measured by Power Meter 3 (Py3) and subsequently compensated as defined by the test proce-
dure. The Balise is Tele-powered by an Activation Antenna with a 27 MHz flux that results in the correspond-
ing 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 ly,. This is accomplished by adjusting the Signal Generator until Power Meter 3 (Py3) gives a
reading equal to the value of P4,r. measured in sub-clause 4.2.2.2.3 on page 27 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 (Py2) and Power Meter 3 (Pys).

5. Compensate the Py reading with the difference between the Py, reading and the Pcg measured
in step 3. Call the new value Pyyga. 3

Psea = Pms + (Pcs - Pwmz), all values in dBm.

6  Calculate the difference between P4ypa and Pyor. from sub-clause 4.2.2.2.3 on page 27, and call
it Pyopier,

P42 DIFF = P4ZBA - P42RL

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 205. 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 Pssa, between the different positions,

needs to be very good, and this procedure compensates for power amplifier drift and impedance changes in the Activa-
tion 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 29 (Pspier) shall be compared with the
requirements in UNISIG 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 UNISIG SUBSET-036:

e For the field generated by the Balise — 1.5 dB.

The value P4ypirr 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 P4opier - the lowest Paopiee is less than 3 dB

(P42DIFFMAX - P42DIFFMIN) <3dB
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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 26. The calibration procedure is the same as in sub-
clause 4.2.2.2.3 on page 27 except for the geometrical test points. Perform the calibration procedure with the
geometrical test points listed in clause C2 of Annex C on page 206.

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 UNISIG 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 P,,r, 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 UNISIG SUBSET-036,
are +5 dB to -¥. 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 Reference 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:

e 35 dB below RO (P4r. 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 N\ 35dB
— P
~_
N
Reference Loop
field strength
Contact zone Side lobe Cross-talk
Zone protected 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 =-200to-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 28. The test procedure is the same as in sub-clause
4.2.2.3.3 on page 29, except for the geometrical test points and that it is not needed to calculate the difference
between Pr. and P4pa. Perform the test procedure with the geometrical test points listed in clause C2 of
Annex C on page 206. 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 P42s4 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

UNISIG 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 UNISIG SUBSET-036, and recalled in sub-clause
4.2.2.6 on page 31. The result of the Balise measurements for the Up-link in sub-clause 4.2.2.7 on page 31
shall be compared with the Reference Field. The tolerances for conformity are stated in UNISIG SUBSET-036
to be from -¥ to 5 dB above the Reference Field. See Figure 5.

. Maximum Balise respons
\ 35dB

Reference field

]

Reference Loop
field strength

Contact zone Side lobe Cross-talk
zone protected zone

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

42.29.1

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 297 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 23.

11.

13.

10. Power
Meter 3
T PIc
Attenuator P Balun 14,
T Pin
X
RF Reference Loop | 7
Amplifier
T Interface ‘A’
18.
Attenuator sow | —
A Activation Reference Loop | 19.
50 W Antenna
. C.S. Y
Signal Balun | 8.
Generator
l 4.2 MHz
Filter] 12.
Pme2 12. ¢
<4—
Power . - ifi 16.
15| Meter2 | €] Filter | «—— Pre-amplifier

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

This calibration procedure will give a reference value P,,rfor each measurement point, defined in clause C3 of
Annex C on page 207, which shall be used to define the Reference Field in the Cross-talk protected zone. The
reference value P4, is reflecting the flux received by the Reduced Size Reference Loop, item 19, measured by
Power Meter 2 (Py), and subsequently compensated and called P4,r, . 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 I,,/B through the transmitting Reference Loop (item 7). The
current through the receiving Reference Loop (item 19) is monitored by Power Meter 3 (P,c).

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

42.2.9.3 Calibration Procedure

1. 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.

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

3. Adjust the Signal Generator amplitude in order to achieve a current of approximately I,,/B through the
transmitting Reference Loop.
For calibration and compensation of the Current Sense Balun see clause H5 of Annex H on page 327.
Record the reading of Power Meter 2 and call it Psg. Calculate the difference between Psg and the value
P4orL for position [X = 1000, Y = 0, Z = 220] measured in sub-clause 4.2.2.5 on page 31. Call it Porgset.

Poreser = Psg - Ps2r. (Measured in sub-clause 4.2.2.5)

Repeat 4. Record the reading of Power Meter 2 (called Pyy).
for each =
positon | 5. Compensate the Py, reading with the offset value calculated in step 3. * Call the new value

P42RL-

PsorL = Pm2 - PorrseT, all values in dBm.

6. Perform 4 and 5 for all the [X, Y, Z] positions listed in clause C3 of Annex C on page 207.

7. 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 Pr_prer. This value is used in the Balise measurement below.

4 The reason for this compensation is that the value of Psr. 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 UNISIG 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 P,yr, 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
UNISIG SUBSET-036, are +5 dB to -¥. 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. Simi-
lar curves shall be plotted for all quadrants. The Reference Field is the curve formed by the highest of:

e 60 dB below RO (P4r, value for position [X =0, Y =0, Z = 220])
« Reference Loop field strength (measured in sub-clause 4.2.2.9)

Y

Reference Loop
field strength

Reference field

\

RO

60 dB

\

Contact zone Side lobe
zone

Cross-talk

protected zone

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

The co-ordinates that shall be evaluated are:

X'=1300 to 3000, Y =0, Z = 220 X =-13001t0 -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

4.2.2.11.1  Test Configuration

A proposed test set-up is shown in Figure 8 below. Clause F1 of Annex F on page 297 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 23.

Pm2 12. 16. 12.
Power <
Meter 2 |g——] Filter | < Pre <—| Filter |¢—| Balun| 8.
Amplifier
15, 42MHz 4
Reference Loop 19.
27 MHz
4. |Attenuator |—
T Interface ‘A’
18. -
3 RE Activation
“| Amplifier i
b > Antenna Balise
T C.S.
2. JAttenuator
Pms Power
T »| Meter3 10.
1. Signal
Generator

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

42.2.11.2 Test Abstract

This measurement procedure will give a value P4pa for each measurement point, defined in clause C3 of Annex
C on page 207, which shall be compared with the Reference Field defined in sub-clause 4.2.2.10. The value
Poga is reflecting the 4.2 MHz flux received by the Reference Loop, item 19, measured by Power Meter 2 (Py,)
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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42.2.11.3 Test Procedure

1.

4.

Repeat

for each _

position

4.2.2.

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 34, 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
correctly aligned to the X, Y, and Z axes of the positioning system. Position the Activation Antenna in
position [X = 440, Y = 220, Z = O] 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.

Adjust the Signal Generator amplitude in order to achieve a 4.2 MHz current in the Balise of approxi-
mately ly,. This is accomplished by adjusting the Signal Generator until Power Meter 2 (Py) gives a
reading equal to the value of Pg prer measured in sub-clause 4.2.2.9.3 on page 34 for position [X =0,
Y =0, Z=220]

Position the RL_probe in the first position listed in clause C3 of Annex C on page 207.
" 5. Record the reading of Power Meter 2 (called Py,).

6. Compensate the Py, reading with the offset value calculated in sub-clause 4.2.2.9.3 on page 34.
5 call the new value Pga.

Pasea = Pm2 - PorrseTs all values in dBm.

Perform 5 and 6 for all the [X, Y, Z] positions listed in clause C3 of Annex C on page 207. Note that
the Activation Antenna position shall be fixed relative to the Balise.

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

UNISIG 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 UNISIG SUBSET-036 and recalled in sub-
clause 4.2.2.10 on page 35. The result of the Balise measurements for the Up-link in sub-clause 4.2.2.11.3 on
page 37 shall be compared with the Reference Field. The tolerances for conformity are stated in UNISIG
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\
X

Contact zone Side lobe Cross-talk
zone protected zone

*5 dB

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 Pssa shall be compared with the corresponding values measured

with the Test Antenna.
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423 Tele-powering Field Conformity

42.3.1 General

This sub-clause defines the test procedure for Tele-powering flux conformity testing. It also includes the vari-
ous 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 f.
< 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 316.

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 322.

The calibrations and tests shall be performed with a Balise telegram of type 1 defined in clause A2 of Annex A
on page 161. 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, 1/0 Characteristics tests (see sub-clause 4.2.4 on page 47) 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

42321 Calibration Configuration

A proposed calibration set-up is shown in Figure 10 below. Clause F1 of Annex F on page 297 gives an exam-
ple of suitable test equipment. See also sub-clause 4.2.1 on page 23.

P2 Power
—p] Meter 2 10.
C.S.
27 MHz
4. | Attenuator »| Test Antenna 5.
=0 W 4.2 MHz
T Interface ‘A’
17.
3 RF 50 W
| Amplifier /
4.2 MHz
Reference Loo
T Antenna o
2. | Attenuator i P,
T Balun 8.
1. Signal ¢
Generator Attenuator | 9.
l i Pwms
Power
Meter 3 10.

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

This calibration procedure will give a reference value P,;r_ for each measurement point, defined in clause C1 of
Annex C on page 205, which shall be compared with the corresponding value P,;ga for the Balise. The refer-
ence value P,z is proportional to the square of the current needed for obtaining a flux level of fy; through the
Reference Area. The current is measured by Power Meter 2 (Pw2), subsequently compensated, and called Pyzg,.

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 47. The following test conditions specified in clause B5 of Annex B on page 190 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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42.3.2.3 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 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. Position 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 fy;. The power, P, is determined by:
oo @pffy)
L= 2
50 |50 + Zloopl 52
50

where:  f=27.095 MHz
Zio0p = Rioop * j Xioop W (actual impedance in the absence of any antenna)
P. = Power measured out of the Reference Loop [W]
B = Reference Loop matching transfer ratio.

Pm3 =10 log(PL 1000) - Attenuation [dBm]

where:  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 Py;. Call the calculated value Ppsger.

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

4. Adjust the input power to the Test Antenna in order to achieve approximately fy; through the
Reference Loop.

Record the reading of Power Meter 3 (called Py3).
Repeat
foreach © 5. Record the reading of Power Meter 2 (called Pyy).
position 6. Compensate the Py, reading with the difference between the Py reading and the power level
Pmsrer calculated in step 2. " Call the new value P,7g,.

P27R|_ = PMZ + (PMSREF - PMg), all values in dBm.
7. Perform steps 4, 5, and 6 for all the [X, Y, Z] positions listed in clause C1 of Annex C on page 205.

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, Z=220]

Assuming that Z,p is small compared to 50 W, ,=7.7 nVs, and that the Attenuation equals 20 dB, then the power
level PM3 will be —4.6 dBm for the Standard Size Reference Loop. For the Reduced Size Reference Loop, the corre-
sponding value for f3;=4.9 nVs is -8.6 dBm.

The reason for this compensation is that the relative accuracy for the value of P,7r. 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

42331 Test Configuration

A proposed test set-up is shown in Figure 11 below. Clause F1 of Annex F on page 297 gives an example of
suitable test equipment. See also sub-clause 4.2.1 on page 23.

Power
10. Meter 2
50 Ohm
Pm2
4. C.S. T 4.2 MHz
3.1 Amplifier [—»] Attenuator [—————%|  Test Antenna 5.
T 17.
12. | Filter [¢&—— Interface ‘A’
2. | Attenuator l l 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

42.3.3.2 Test Abstract

This measurement procedure will give a value P,7ga for each measurement point, defined in clause C1 of Annex
C on page 205, which shall be compared with the corresponding reference value Po;g. for the Reference Loop
measured in sub-clause 4.2.3.2.3 on page 41. The value P,7ga is proportional to the square of the 27 MHz
current needed for obtaining a flux level of fy; through the Balise. The current is measured with Power Me-

ter 2 (Pwm2), compensated, and called Py7ga..

To find out when the Balise receives a flux of fy; the Balise response is measured with a fixed 4.2 MHz An-
tenna. 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 4, 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 meas-
urement position.

It is allowed to modify the fy; 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 indi-
vidually for each position.
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42333 Test Procedure

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 sys-
tem.

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 P,7g.for position [X =0, Y = 0, Z = 460]
measured in sub-clause 4.2.3.2.3 on page 41. 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
related 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 P,7g. for position
[X=0,Y =0, Z=220] measured in sub-clause 4.2.3.2.3 on page 41.

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

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

. 6. Record the reading of Power Meter 2 and Power Meter 3.
Compensate the Py, reading with the difference between the Pys reading and the power level
P, recorded in step 4.8 Call the new value Py7ga.

Po7ea = Pma + (Ps2 - Pms)  all values in dBm.

. 7. Calculate the difference between P,7ea and P,7r. from sub-clause 4.2.3.2.3 on page 41, and call
’ it Porpier,

P27 DIFF = P27BA - P27RL

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 205. 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 P,7sa 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 43 (P,7pier) shall be compared with the
requirements in UNISIG 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 UNISIG 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 require-
ments. The value P,7pirr reflects the absolute difference between the Reference Loop and the Balise. The re-
quirement 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 Py7pier - the lowest Pa7pie is less than 3 dB

(P27DIFFMAX - P27DIFFMIN) <3dB



Page 45 of 341
SUBSET-085, Issue 3.0.0
February 24, 2012

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 39. The calibration procedure is the same as in sub-
clause 4.2.3.2.3 on page 41, except for the geometrical test points. Perform the calibration procedure with the
geometrical test points listed in clause C2 of Annex C on page 206.

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 accor-
dance with clause H3 on page 316 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 UNISIG SUBSET-036 to have the same
tolerances as for the Up-link. The input signal response is reflected by the current needed in a Test Antenna to
give a flux of fy; 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 P,;z, 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 con-
formity with the Reference Field, stated in UNISIG SUBSET-036, are -5 dB to +¥. The Balise shall conse-
quently give test results that show higher values, than the Reference Field lowered by 5 dB, or considered ac-
ceptable 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 cm 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 quadrants. The Reference Field is the curve formed by the lowest of:

e 35 dB above RO (P,7r. 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

. f 35dB
Reference field
— RO

Figure 12: Tele-powering 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 =-200to-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 42. The test procedure is the same as in sub-clause
4.2.3.3.3 on page 43, except for the geometrical test points, and that it is not needed to calculate the difference
between P,z and Py7ga. Perform the test procedure with the geometrical test points listed in clause C2 of
Annex C on page 206. 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 P,7ga 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

UNISIG 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 UNISIG SUBSET-036 and recalled in sub-
clause 4.2.3.6 on page 45. The result of the Balise measurements for the Tele-powering in sub-clause 4.2.3.7
on page 46 shall be compared with the Reference Field. The tolerances for conformity are stated in UNISIG
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 ¥. See Figure 13

Contact zone Side lobe Cross-talk
zone protected zone

Reference Loop
response

Reference field

£Minimum current needeq
o . .
- 4 to activate Balise

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

RO
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4.2.4 I/O Characteristics

42.4.1 General

This sub-clause defines the test procedure for Input to Output Characteristics testing. It also includes the vari-
ous 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 91. 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/O characteristics.

1/0 Characteristics measurements shall be performed during free air conditions, and in the presence of a de-
fined 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 317.

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

4.2.4.2.1 Calibration Configuration

A proposed calibration set-up is shown in Figure 14 below. Clause F1 of Annex F on page 297 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 39. See also sub-clause 4.2.1 on page 23.

10, Power
Meter 1
T Pmi1
11.] Attenuator » Balun 14.
RE Reference Loop | 7.
3 Amplifier
T Interface ‘A’
CS
50 W — ]
2. | Attenuator 27 MH
T 50 W z Test Antenna S.
_ 15 Puz 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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42.4.2.2 Calibration Abstract

This calibration procedure will give a reference value P4 used in sub-clause 4.2.4.3 on page 50. The refer-
ence value Pyyr, is reflecting the flux received by the Test Antenna, measured by Power Meter 2 (Py2). The
calibration is performed with the current I,,/B through the Reference Loop. The current through the Reference
Loop is monitored by Power Meter 1 (Py1). The calibration procedure shall be performed also under other test
conditions than free air. The following test conditions specified in clause B5 of Annex B on page 190 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)

42.4.2.3 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 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.

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

3. Calculate the exact power level P that gives I /B in the Reference Loop. For calibration and compen-
sation of the Current Sense Balun see clause H5 of Annex H on page 327.

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

5. Record the reading of Power Meter 1 (called Py1) and Power Meter 2 (called Pyy).

6. Compensate the Py, reading with the difference between the Py reading and the exact power level, Py,

for 1,,/B, from the Current Sense Balun calibration in step 3. ® Call the new value Pr..

ParL = Pm2 + (Prc - Pm1)  all values in dBm.

The calibration procedure (steps 4 trough 6) shall be repeated for the test conditions defined in sub-clause
42422

®  The reason for this compensation is that the absolute accuracy for the value of Psr. needs to be good, and this proce-
dure compensates for power amplifier drift and adjustment errors.



Page 50 of 341
SUBSET-085, Issue 3.0.0
February 24, 2012

4.2.4.3  Balise Input to Output Characteristics Measurements

4.2.43.1 Test Configuration

A proposed test set-up is shown in Figure 15 below. Clause F1 of Annex F on page 297 gives an example of
suitable test equipment. If Power Meter 2 is substituted, by for instance a spectrum analyser, then the meas-
urement 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 48. See also sub-clause 4.2.1 on page 23.

Power
Pes Meter 1 10.
C.S.
27 MHz
4. | Attenuator »| Test Antenna 5.
T 4.2 MHz
Interface ‘A’
3 RF
| Amplifier
Balise
T 12. Filter
2. |Attenuator
T L 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
requirement in UNISIG 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 fg;, up
to fy4, and back down below fy; again. The flux is proportional to the current in the Test Antenna and reflected
by Power Meter 1. The 4.2 MHz response is measured with the Test Antenna and Power Meter 2. The corre-
sponding 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 190 *°:

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)

0 Testing in the presence of the LZB loop cable is judged not relevant since the resulting impact on the 1/O characteristic

itself is negligible compared with the other test conditions specified in this sub-clause. However, there are other criti-
cal 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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42433 Test Procedure

1. Determine suitable Pcs power levels relevant for transfer characteristic measurements. The measure-
ment shall be performed for the Test Antenna position [X =0, Y =0, Z = 220].
Use the measured value P,7g._ for the above position, and the actual test condition from sub-clause
4.2.3.2.3 on page 41 as reference for the fy; 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 fy4, 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 fdl fdz fd4

o?r?ét -3dB|-1dB| 0dB |+1 dB|+2 dB|+3 dB|+4 dB|+5 dB|+6 dB|+9 dB|+12 dB|+18 dB|+24 dB| f,,

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 Pcg reading that corresponds to the sum of
present Pcs offset and Py;r . Record the exact Pcs reading.

5. Record the 4.2 MHz power level Py,.

6. Calculate the flux f, and the Balise loop current ljo0, USING:
F = lO((PCS_PNRL)’ZO) . Fdl [nVs]

Iloop :lO((PAZ_PAZRL)’ZO) . |U2 [mA]
Where P4r, is the calibration power, for the position [X =0, Y =0, Z = 220], and the actual test

condition, achieved from Sub-clause 4.2.4.2.3 on page 49.

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 I,,0p 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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4.2.4.4 Evaluation of 1/0O Characteristics

UNISIG 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 = Pypirrmax - Pa2pire
B = Psapirr - Pazpirrmin
C = P2rpirr - Pazoier + max{Pazpirri - P27oieri}

D = Papirrmax - P27pirr

where P,7pire and P4opiee are the Balise conformity deviations in the actual geometrical test point (in this case
[X =0,Y=0,Z= 220]) Po7oirrMaxs P27pirrmMiNG Pa2DiFrmax, and Paspiermin @re worst case Balise Conformity
deviations evaluated in sub-clause 4.2.2.4 on page 30. The difference Pspieri - P27piesi 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
constant 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
sppin 72 fp0mm—m—m——
/NP
Pl[X, y] ," %—7
Plx, y1

<

luz ' flux
lut 1 =
S~
T ”
[0, O] Fdi Fg3 Fad4

Fd2

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

The co-ordinates of the points P, P,, and Ps respectively are:

o Pipy = [Fa 2002, 1,, 10%%)
o Papy; = [Fa2 2002, 1, 10%%°)
* Papy = [fas 102, 1,5 107
UNISIG 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 Iy, Iy, lua, a1, Fa2, Fas, and Fyy are found in UNISIG 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 fy, —6 dB, and one to find out how much 4.2 MHz
current that flows in the Balise when it receives that flux.

4.2.5.2  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 297 gives an exam-
ple of suitable test equipment. See also sub-clause 4.2.1 on page 23.

a Power | 19
—»| Meter1
C.S.
27 MHz L
4. | Attenuator »| Activation Antennal 18,
T Interface ‘A’
3 RF ,
| Amplifier
T Reference Loop | 7.
l L PL
2. | Attenuator
T Balun 8
1. Signal i
Generator Attenuator | 31.
l i Pm2
Power
Meter 2 10.

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

This calibration procedure will give a reference value P,;aa. The reference value Pa7a4 is used when activating
the Balise with a flux level of £y, —6 dB through the Reference Area.

4.25.2.3 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, Py, for a flux of f44 —6 dB. The power for fy,; (P.), and the
power for £y, —6 dB (Pw.), are determined by:
(2 p f fo)
2
50 |50 + Zloopl B2
50

PL=

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

where:  f=27.095 MHz
Zioop = Rioop + ] Xioop W (actual impedance in the absence of any antenna)
P. = Power measured out of the Reference Loop [W]
B = Reference Loop matching transfer ratio
Pwm2 = The power for fy, -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 Py,.
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 fy, — 6 dB through the Reference
Loop.
Record the reading of Power Meter 1 and call it Py7aa.

1 Asan example, assuming that Zjo0p is small compared to 50 W, f3,=200 nVs, B=1, and that the Attenuation equals
20 dB, then the power level Py, will be 17.6 dBm for the Standard Size Reference Loop. For the Reduced Size Refer-
ence Loop, the corresponding value for fus is 130 nVs, which gives Pvm2=13.9 dBm.
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4.2.5.3  Calibration of Balise response

42531 Calibration Configuration

Proposed calibration set-ups are shown in Figure 18 and Figure 19 below. Clause F1 of Annex F on page 297
gives an example of suitable test equipment. See also sub-clause 4.2.1 on page 23.

Power .
4_ | = —
Meter 2 Filter|—Attenuator}— Balun Reference Loop | 7.
10. 12. 31 8. K
27 MHz vano A
4. | Attenuator P Activation Antennal 1g,
T 10. CS.
Power Interface ‘A’
3 RF Meter 1
" | Amplifier
? 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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18.

Interface ‘A’

8.
Power ¢ IFilter|Attenuatorf— Balun |H Reference Loop
Meter 2
10. 12 31. I }
50 W
Activation Antenna
4. 50 W
’—b Attenuator CS.
3 RF
" | Amplifier 14.
f . B?'“” 4" Reference Loop
2. | Attenuator C.S.
13.| Signal Power | 1q,
Generator Meter 1

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

42532

Calibration Abstract

This calibration procedure will give a value of the Up-link current in the Balise. The current is measured at a
flux level of 4, —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 4, —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 56 for calibration set-up.

2. Position the Reference Loop in position [x =0, y = 0, z = 460] relative to the Balise.
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 fy, -6 dB through
the Balise. This is performed by increasing the power from the signal generator until Power Meter 1
reads Py7aa, Which is the calibration value for f3, -6 dB measured in sub-clause 4.2.5.2.3 on page 55.

5. Record the reading of Power Meter 2 and call it Porer.

6. 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 57 for calibration set-up.

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

8. 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
until Power Meter 2 reads Psogree.

9. 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 3, -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 327. Calculate the current and call it Iga, -
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4254 Cross-talk Measurements

4.25.4.1 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 297 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 60. The Spectrum Analyser shall be able to measure signal levels down to
-85 dBm. See also sub-clause 4.2.1 on page 23.

y-axis X-axis
—_— —_—
B A
—p < >
Balise 7y Balise }
® Z-axig
. C ®. C
X-axis T y-axis
L X L ¥
500 500
v Y.
L A )
Cable parallel with track Cable crossing track !
i
! BarProfile
27 MHz 8 1
4. | Attenuator Refe_rte_nce ,,,,,,, I
osition
7 \ Pu1 P 35
Power v
»| Meter 1 10.
3. RF g A0
Amplifier Activation
y
‘ c.s. Antenna _ Spectrum | 35
L3 18. z-axis Analyser
2. | Attenuator -
T Pm2
Generator Filter | 12. c
' R2
S A
R1 32.{1 )— 500
A4
. 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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4.2.5.4.2 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

\Q

P jéﬁh]lj - i Cable case 2

S e

Cable case 1

Balise

Two different cases are specified in UNISIG 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 sec-
ond 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 UNISIG SUBSET-036 is:

incasel 10 mA
incase2 2mA

The distances A, B, and C shown in Figure 20 on page 59 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
current 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 59 shall be used. The resistors R1 and R2 shall be 400 W. 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
maximum current of 2 mA in a cable. This test measure the current induced from the Balise in a cable with the
characteristic impedance 400 W. The Balise under test may be a “strong” or a “weak” Balise. Therefore, the
measured 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
performed 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 55.

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 fy, — 6 dB through

the Balise. This is performed by increasing the power from the signal generator until Power Meter 1
reads Py7aa, Which is the calibration value for fy, -6 dB measured in sub-clause 4.2.5.2.3 on page 55.
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Record the reading of the Spectrum Analyser and call it P4 pc.

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 Ana-
lyser, and call it P4yjpc.

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 fy, — 6 dB through

the Balise. This is performed by increasing the power from the signal generator until Power Meter 1
reads Py7aa, Which is the calibration value for fy, -6 dB measured in sub-clause 4.2.5.2.3 on page 55.

5. Record the reading of the Spectrum Analyser, and call it P4yjc.

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 Ppc.

The results from the test are a set of P4 c values. Calculate the current that corresponds to the maximum
value and call it 14,8c. For the suggested current probe, the current of 1 mA will give a voltage of 1 mV into
50 W. Therefore, the current is calculated with the following equation:

I8¢ = +/Pazige - 50 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 maxi-
mum Balise current possible (lumax) for the Balise type under test (lumax £ lu3). The actual Balise current Iga is
measured in sub-clause 4.2.5.3.3 on page 58. Call the compensated value ls2sccome-

I428C ) Iumax

l42BCCOMP = I
BAL

To reflect the current induced in real cables, the value l4sccome Shall be compensated for the difference be-
tween the test set-up impedance and the “worst case” real impedance using the following equation.

_ I4ZBCCOMP ) Zsetup

ls28cworsT = 7 Where Zgewp = 800 W

worst _ case

The value lsscworst 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 Zorst_case 1S @ 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 condi-
tions. The value of Zyorst_case CONsequently depends on cable installation rules (and thus is manufacturer de-

pendent), 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 W.

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

Requirements are defined in UNISIG 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 W set-up impedance must always remain for the purpose
of testing of Up-link induction.
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4.255.2 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 297 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 333. See also sub-clause 4.2.1 on page 23.

Signal
Generator (1)
Power Meter
) (20)
Attenuator (2)
C.S.
v
RF Amplifier Attenu- |27 MHZ | Test Antenna | 4.2 MHz
3 »| ator (4) > ©) 0w
z
' 1200 mm .
X % S
N R N S
Possible Balise positions Current probe
(32)
g 3
é S _g, g
500 mm 28 PCB with components g 2 ¢
2 ()
E g g2
3 [=]
g ° 28
B - Filter (12)

!

LZB - cable

2
S

Power Meter
> 200 mm (10)

Ground

Figure 21: Test set-up, Up-link induction from the Balise
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4.255.3 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 4, — 10 dB is obtained through the Balise. The proper calibration procedure
is found in sub-clause 4.2.3.2.3 on page 41.

Insert the Balise, and appropriate fixation devices for the cable according to company specific installa-
tion 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 UNISIG SUBSET-036 is not exceeded.

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

4.255.4 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 297 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 338. See also sub-clause 4.2.1 on page 23.

Generator (1) Generator (13) 27) (28) (29)

Signal Signal Attenuator RF Amplifier Attenuator

Power Meter 1

v

Attenuator (2)

(10 CSs 27 MHz

Test Antenna (5) Filter Pre Amplifier
v Power Meter 2

RF

(12) v (16)
— (10)
Amplifier | 4.2 MHz Antenna

®3)
J\ / / Fi'Iter

[ (12)

A

Attenuator (4)

Balun (20)

N [I] i

Vector Signal
7 Analyser (15)

—_— X
27 MHz N-connector %—»

Ground

Figure 22: Test set-up, Tele-powering injection from the LZB Cable
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4.2.55.5

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 Refer-
ence 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 analyser.

Remove the Reference Loop and insert the Balise, appropriate fixation devices for the cable, but
without possible RF chokes or similar devices, 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.

Calibrate the 27.095 MHz CW current through the LZB loop (using Power Meter 2) such that the
current defined in UNISIG 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 UNISIG 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 79. 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 UNISIG 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 81)
e Test of Frequency Deviation (sub-clause 4.2.7.6 on page 81)

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 gener-
ate the frequency 27.090 MHz in steps 7 through 13.
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4.2.6 Balise Impedance

42.6.1 General

426.1.1 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 f.
e Calibration of Network Analyser set-up.
< 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 UNISIG 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 fy; +0/-3 dB as shown in Figure 23 below.

Balise loop current

JaN

|u3

|u1 -
|
|

| | ! > Tele-powering

+ | .
Fo. Fas Fo Fu-3dB  Fu magnetic flux

Figure 23: Balise Impedance Calibration Point
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4.2.6.1.2 Impedance Requirements

When the Balise receives a flux f4 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 lieqecteq in the receiver
loop. This current may influence the Antenna Unit. This interaction can be expressed as the impedance
Zefiected (the induced voltage wfy divided by the current Ireflected).

UNISIG SUBSET-036 states that the absolute value of the complex impedance Zecteq Of the Standard
Size Balise shall be higher than 60 W when the Balise receives a flux reaching 4 +0/-3 dB.

UNISIG SUBSET-036 states that the absolute value of the complex impedance Ziefiecteq Of the Reduced
Size Balise shall be higher than 40 W when the Balise receives a flux reaching fy, +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,Z=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 39.

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 69. For this configuration the Signal Generator (item 1) in
Figure 10 on page 39 for 27 MHz is substituted by the network analyser (item 22).

4.2.6.3.2 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:

. B 4/50 PL |50+ Ziooy|

2pf 50

where:  f=27.095 MHz
Zio0p = Rioop * j Xioop W (actual impedance in the absence of any antenna)
P = Pus + Attenuation
B = Reference Loop matching transfer ratio
Pms = Power measured by Power Meter 3 *2
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 69 (when the
network analyser substitutes the signal generator for 27 MHz).

2 As an example, assuming that Zjep is small compared to 50 W and that B equals one, then a power level Pyg 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 corresponding 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

42.6.4.1

Balise Impedance Measurements

Test Configuration

A proposed test set-up is shown in Figure 24 below. Clause F1 of Annex F on page 297 gives an example of
suitable test equipment. “Reference Load” refers to “open”, “short”, and “50 W reference” normally used dur-
ing a full one port calibration of the network analyser. Item 7 is substituted by a Balise during the Balise Im-
pedance Measurement described in sub-clause 4.2.6.4.3 on page 70. Please note that no balun shall be used
when connecting the Reference Load to the Reference Loop. See also sub-clause 4.2.1 on page 23.

23 10. Power
A Directional Meter 2
' In Coupler out - y
Attenuator » J1 J2
¥ 27 MHz CS.
J3 J4 \4
RF. . Forw. Refl. Test Antenna 5.
Amplifier
3. 1 50 W
Adjustable 4.2 MHz
Attenuator Interface ‘A’
46.
T A Balise
RFout R A
22.
Network Analyser 7. | Reference Loop

Reference Load

Figure 24: Test set-up for Balise Impedance Measurements
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4.2.6.4.2 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: 0 dBm

Cont. Wave: 27.095 MHz

LI TS

A “full one port calibration” shall be performed by connecting “open”, “short”, and “50 W 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.

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 69.

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 68) 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.

4.2.6.4.3 Tests Procedure

For the Balise Impedance Measurements, the same test set-up as shown in Figure 24 on page 69 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 68).

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 t Zjoop

where Zy,q, is the free air impedance of the Reference Loop (marked on the device).

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

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

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

UNISIG 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 79 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 79.

4.2.7.1.2 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 297 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 23.

Oscillo- Pras Power 10
37 scope  |e— er Meter 1 :
27 MHz C.S.
29.| Attenuator Test Antenna 5.
1 4.2 MHz
Y Interface ‘A’
oF 121 Filter Y4
28. Amplifier v Balise
1 Pre- )
16. Amplifier
27. | Attenuator $ Signal
13.
12. . Generator
1 Filter
Y
13. Signal
Generator 15. V_ector
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 39.
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4.2.7.2 Nominal Test Conditions

4.2.7.2.1 Metallic objects and Debris

No metallic objects shall be present.

No debris shall be applied.

42722 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.

4.2.7.2.3 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:

e 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 UNISIG 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 (UNISIG
SUBSET-036) allows for various rise and fall times.

“Non-toggling AM” is defined according to UNISIG 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 UNISIG 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 nVVs/ms for a
reduced size Balise.



Page 74 of 341
SUBSET-085, Issue 3.0.0
February 24, 2012

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 ys after the 27 MHz Tele-powering flux
has reached the level fy; 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 f4; 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, T, 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 fy +0.8 dB £0.5 dB
2 fyo +1 dB
3 fe +10 dB £1 dB

Table 1: Tele-powering Flux Levels

4.2.7.2.4 Telegram Contents

The Balise shall transmit a randomised 341 bit telegram that is valid (fulfilling the coding requirements ac-
cording to UNISIG 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 161.

4.2.7.2.5 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 “dis-
abled Reference Signal Generator” conditions. “Disabled Reference Signal Generator” means that no signals
are present at the Balise controlling interface.

Unless otherwise stated, for controlled Balises, measurements shall be performed both with the Reference Sig-
nal 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
199. 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
200. 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 191

e The “Salt water” condition is defined in sub-clause B5.2.4.1 of Annex B on page 193. 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 193. 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 193. 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.

42.7.3.3 Test Distance

See sub-clause 4.2.7.2.2 on page 73.

4.2.7.3.4 Tele-powering flux characteristics

See sub-clause 4.2.7.2.3 on page 73.

4.2.7.3.5 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 UNISIG SUBSET-036). Eighteen different characteristics shall be de-
fined according to clause A2 of Annex A on page 161.

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 91.

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 Sig-
nal Generator enabled, and with it disabled.
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4.2.7.4  Toggling AM Test Conditions

4.2.7.4.1 Metallic objects and Debris

See sub-clause 4.2.7.2.1 on page 73.

42.7.4.2 Test Distance

See sub-clause 4.2.7.2.2 on page 73.

4.2.7.4.3 Tele-powering flux characteristics

“Toggling AM” is defined according to UNISIG 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 ps £0.01 ps (i.e., one pulse is nominally 2.1 pys and the other is 2.9 us).
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 1 450 ns -10 %
t2 slows 4 1500 ns -10%
t1 slows, g 500 ns -10%
t2 slows, 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 ——

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 f4; 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, T, 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 f;, +10 dB +1 dB.

4.2.7.4.4 Telegram Contents

See sub-clause 4.2.7.2.4 on page 75.

4.2.7.4.5 Balise controlling interface characteristics

See sub-clause 4.2.7.2.5 on page 75.
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4.2.7.5  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 297 gives an exam-
ple of suitable test equipment. See sub-clause 4.2.1 on page 23.

P Power
Meter 1 10.
C.S.
27 MHz
29.] Attenuator Test Antenna 5.
0w 4.2 MHz
Interface ‘A’
¥
28 RF
| Amplifier Reference Loop | 7.
v
27. | Attenuator Balun 8.
. Attenuator | o
13. Signal
Generator L Pum2
y
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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42.75.2 Calibration Abstract

This calibration procedure will give a reference value Po;aa. The reference value Py7aa is used when activating
the Balise with flux levels according to Table 1 on page 75 through the Reference Area.

42.75.3 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, Py,, for a flux of f4 (one of the values from Table 1). The power for
Ty, PL, is determined by:
2pf )
PL= ( P d)z
£0 |50 + Zloop| 52
50

where:  f=27.095 MHz
Zioop = Rioop * j Xioop W (actual impedance in the absence of any antenna)
P. = 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. **
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 f4 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 75.

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

¥ Asan example, assuming that Zi,op is small compared to 50 W, 3 = 200 nVs, B = 1, and that the Attenuation equals
20 dB, then the power level Py will be 23.6 dBm for the Standard Size Reference Loop. For the Reduced Size Refer-
ence Loop, the corresponding value for 4 = 130 nVs gives Pyz = 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 86.

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” (f,)
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 fmax. In the same manner, find the minimum and maximum value of the average
frequencies of the “1” (fy) bits, fymin and fymax.

5. Evaluate “Centre frequency” respectively “Deviation” according to “(f_+fy)/2 = 4.234 MHz —175 kHz”
respectively “(fy-fL)/2 = 282.24 kHz -7 %", using the worst case combinations of f i, and f,nax respec-
tively fumin and fymax.  This means that:

e (fimaxtfumax)/2 < 4.234 MHz +175 kHz = 4.409 MHz
e (fimintfumin)/2 > 4.234 MHz -175 kHz = 4.059 MHz
e (fumax-fLmin)/2 < 282.24 kHz +7 % = 302.00 kHz
e (fumin-TLma)/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 86.

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
‘ Ton Tost

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, Taip = 25 ps. The start-up and end ramps shall have the same
slope as those for the main lobe.

42.7.8 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 87.

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(bitlSOO) - T(bito)
When the exact timing of bity or bit;seo can not be determined from measurement data due to a sequence of

consecutive ‘0" or ‘17, the timing of these bit transitions shall be calculated through linear interpolation be-
tween 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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4.2.79  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 87.

The analyser shall be configured for measuring carrier amplitude and phase over at least 1500 bits. A band-
width 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,
identification of the exact instants of bit transition, evaluation of the overall time interval error considering the
combination 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 tran-
sitions 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 UNISIG 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 re-
quirement 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 88.

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 spec-
trum 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 fy; flux level if Tele-powering is CW, and 250 ps after the passage of the fy;
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.

5 Either true RMS average or arithmetic average of the demodulated sine amplitude (normalised to RMS value) is al-

lowed 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 Figurer2page 72. Test cases are according to sub-clause
4.2.7.16.7 on page 88.

The analyser shall be configured for measuringi@aamplitude and phase over a period of 20 m&ard-
width of 4 MHz shall be used to avoid errors dusgectrum truncation.

As an alternative to using the Vector Signal Analyisicluded in the test set-up according to FidB®n page
67, direct sampling and digitising may be perfornfétican be proven that the related software atgms
required for analysis of the acquired data is irespondence with the specification. The samplatg should
be at least 100 MHz, and the amplitude resolutfmukd be at least 12 bits.

A sliding 400 ps to 800 ps wide window shall beiged in the measured data. Initially the windowlsktart
at a time when steady state conditions have oatdoranput flux.

The average (RMS) amplitude value shall be evatbiater a 1.77 ps long window at the centre of théng
window. The amplitude jitter shall be defined las tifference between this RMS value over the eeintierval
and the averag® amplitude value over the entire sliding window.

The amplitude jitter shall be less than +1.5/-2B0fat all positions of the sliding window.

4.2.7.12 Test of Signal Bandwidth

The proposed test set-up is according to Figurer2page 72. Test cases are according to sub-clause
4.2.7.16.8 on page 89.

The 10 dB signal bandwidth shall be measured dyragth the analyser in the spectrum analyser e
shall be less than 1 MHz.

In a first step, the signal power shall be measimeddl MHz wide band centred around the alreadigrd@ned
centre frequency. This shall be performed throegdiuation of the RMS averaged spectrum of theadjgn
using a Resolution Bandwidth of approximately 4-&ka Span of 4 MHz (corresponding to a signal mco
length of 80(ns), and an averaging factor of 10. The signal pshall then be obtained by integration of this
spectrum within the above defined 1 MHz band. €héer, the same process shall be repeated, butheat

1 MHz window centred respectively 1 MHz above, 4nidHz below, the already determined centre frequenc
The sum of the signal power within the latter twliz windows shall be at least 10 dB below the algn
power of the 1 MHz window that was centred aroumeldentre frequency (the first measurement).

4.2.7.13 Test of Delay Time and Balise controlling interfd&rameter Variation

The proposed test set-up is according to Figurer?page 72. Test cases are according to sub-clause
4.2.7.16.9 on page 89.

The test shall verify that the Balise functionsreotly, and that the delay of the signal from ttedi® control-
ling interface to the Interface ‘A’ is less than 1€ for the specified conditions of the input sigomthe Balise
controlling interface defined in sub-clause 4.26791on page 89.

The start of the telegram sent from the Referengeab Generator to the Balise controlling interfaball be
indicated by the trigger output signal from thedRehce Signal Generator. The received telegrafhtsha
analysed, and the delay of the signal betweenvihértterfaces shall be evaluated. It shall alsedrdied that
the whole sent telegram has been received correctly

8 Either true RMS average or arithmetic averagéefdemodulated sine amplitude (normalised to Ril8e) is al-

lowed for the longer window.
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4.2.7.14 Test of Compatibility

The proposed test set-up is according to Figurer2page 72. Test cases are according to sub-clause
4.2.7.16.10 on page 89.

It shall be verified that for a “Non-toggling AM"72MHz input Tele-powering signal, the Balise does n
transmit an Up-link signal for a longer period iofi¢ than 80 ps.

4.2.7.15 Test of Balise start with Toggling AM and steepeFpbwering slope

The proposed test set-up is according to Figurer2page 72. Test cases are according to sub-clause
4.2.7.16.11 on page 89.

It shall be verified that for a “Toggling AM” 27 MHinput Tele-powering signal with steep Tele-powgri

slope, the Balise starts each time a simulated passage is performed. For each simulated pasgeify

that the Balise starts no later than 250 us dftempassage of the flux levia), (for the purpose of this test,
through verifying that the Up-link signal level eeds |;). Measurement tolerances shall be considered when
selecting the actual test limits.
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4.2.7.16 Test Matrices

4.2.7.16.1 General
The following test matrices define the applicalelstcases. See also sub-clauses 4.2.7.2 on pagel 732.7.3
on page 76, i.e., sub-clause 4.2.7.4 on page F/applies where explicitly stated.

Unless otherwise explicitly stated, all conditi@arge 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 racgra@iog to sub-clause 4.2.7.2.3 on page 73.

Measurements during nominal conditions shall béopered for all flux levels according to Table 1 page
75. For other conditions, only flux level 3 applie

The following combinations of Test Conditions angléigrams shall be tested:

Test Condition Telegram Telegram

Type 4 Type 5
Nominal X X
Lower temperature limit X

Upper temperature limit

Metallic Plate X
Steel Sleeper X
Salt Water X
Clear Water X
Iron Ore X

Table 3: Test Conditions versus Telegrams for Cent  re Frequency and Frequency Deviation

4.2.7.16.3 Start-up after Side Lobe

Measurements shall be performed for all flux lexagsording to Table 1 on page 75.

The following combinations of Test Conditions angléigrams 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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4.2.7.16.4 Mean Data Rate

Measurements shall start at least 10 ms after THdl2z Tele-powering flux has reached the ldyglon a
start-up ramp according to sub-clause 4.2.7.2.8age 73.

Measurements shall be performed for flux level Goading to Table 1 on page 75.

The following combinations of Test Conditions angléigrams shall be tested:

Test Condition Telegram Telegram Telegram
Type 2 Type 3 Type 5
Nominal X X X

Metallic Plate

Steel Sleeper X
Salt Water X
Clear Water X
Iron Ore X

Table 5: Test Conditions versus Telegrams for Mean Data Rate

4.2.7.16.5 MTIE (Maximum Time Interval Error)

Measurements shall be done after a start-up racgra@iog to sub-clause 4.2.7.2.3 on page 73.
Measurements shall be performed for flux level Goading to Table 1 on page 75.

The following combinations of Test Conditions angléigrams 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

Salt Water

Clear Water

X
X
X
Steel Sleeper 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-pomg only, and for flux level 3 according to Taldlen
page 75.

The following combinations of Test Conditions angléigrams 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 Ampl itude Jitter

4.2.7.16.7 Amplitude Jitter during steady state flux

Measurements shall be performed for all Tele-pawgefiux levels according to Table 1 on page 75.
A start-up ramp according to sub-clause 4.2.7.8.page 73 is not applicable.

The following combinations of Test Conditions angléigrams shall be tested:

Test Condition Telegram Telegram
Type 1 Type 5
Nominal X X

Metallic Plate

Steel Sleeper X
Salt Water X
Clear Water X
Iron Ore X

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

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

A start-up ramp according to sub-clause 4.2.7.8.page 73 is not applicable.

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

4.2.7.16.9 Delay Time and Balise controlling interface Paramedr Variation

This test is applicable to controlled Balises omlyd shall be performed with a Reference SignaleGsor
connected (“enabled Reference Signal Generator”).

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

A start-up ramp according to sub-clause 4.2.7.8.page 73 is not applicable.

The signals in the Balise controlling interfacelkhave their parameter values set to the nominales ac-
cording to sub-clause 4.2.8.3 on page 91, excephferface ‘C1’ and Interface ‘C6’ signal levelsat shall be
set to their defined minimum values.

4.2.7.16.10 Compatibility

Measurements shall be performed with ‘Non-togghxM’ Tele-powering only, at flux level 3 (accordirig
Table 1 on page 75), and with telegram type 1 only.

This test shall be performed with start-up and exrdps at slopes that are 1/1000 of the nominaksloefined
in sub-clause 4.2.7.2.3 on page 73, and at thermadreiopes defined in sub-clause 4.2.7.2.3 on @&geThe
requirement on duty cycle according to sub-clauge7£.3 on page 73 is not applicable to this meamsant (it
is of a one-shot nature).

Measurements shall start in the window from thet sththe ramp to the flux level reachifg, —10 dB.

Measurements at the modulation depth 52286 shall be performed with a modulation pulse kviot 2.1ms
+0.1 s, and measurements at the modulation depth 85166 shall be performed with a modulation pulse
width of 3.4nms+0.1ns. In order to consider the possibility of a cer@mount of toggling (as opposed to
random jitter that might contain a pattern simtiatoggling), the test with short pulses shall befgrmed

with toggling pulse widths of 2.4 and 2.2rs, and the test with long pulses shall be performigid toggling
pulse widths of 3.3rs and 3.4vs. This allows for additional0.05ns random jitter that is caused by imperfec-
tions in the test set-up.

4.2.7.16.11 Test of Balise start with Toggling AM and steep Teal-powering slope
Measurements shall be performed with ‘Toggling AMle-powering conditions in accordance with therdef
tions of sub-clause 4.2.7.4 on page 77.

A total of eight combinations of modulation pulsserand fall times, modulation depth, and slop&eadé-
powering flux shall be tested.

Two hundred and fifty consecutive simulated tra@isgages shall be performed for each test caseharBl-
ise shall start each time.
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4.2.8 Balise controlling interface performance measuremets

4.2.8.1 Introduction
This sub-clause defines the measurement methodeifidying Up-link FSK performance versus the Balis

controlling interface performance, and the Baligetmlling interface performance of the Up-link ¢ailed
Balise.

Measurements of FSK Up-link performance are defineslb-clause 4.2.7 on page 72.

For the purpose of testing, the source impedanteedfool generating the Interface 'C' signals khpuovide a
minimum Return Loss of 23 dB unless otherwise exp}istated.

4.2.8.2 General Test Conditions
4.2.8.2.1 General
The following conditions apply for all measuremeuntdess nothing else is indicated.

4.2.8.2.2 Climatic Conditions

Ambient Temperature |25°C + 10°C

Relative Humidity 25%1to 75 %

Atmospheric Pressure 86 kPa to 106 kPa

4.2.8.2.3  Metallic Object and Debris

No metallic objects shall be present.

No debris shall be applied.

4.2.8.2.4 Test Distance

The vertical distance between the Test Antennatla@dalise shall be 220 mm 2 mm from the centrthef
Test Antenna loop to the reference marks of thésBalr the Reference Loop.

4.2.8.2.5 Tele-powering Flux Characteristics

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

Additionally (for some specific tests) the flux drelso be modulated to simulate a train passagerding
to sub-clause 4.2.7.2.3 on page 73.

Transient measurements shall start &@fter the 27 MHz flux has reached the Idyglon the start up ramp.
The transient measurements are performed for "igddp-link telegram switching" (see sub-clause8.26
on page 106).
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For the following tests, the Tele-powering flux Bl calibrated at three different levels:

Level Value
1 fq1 0.8 dB + 0.5 dB
2 fgz+10dB + 1 dB
3 faa—1dB+1dB

Table 9: Tele-powering Flux Levels

4.2.8.2.6  Telegram Contents
For the purpose of the tests, the Balise shalktrana valid randomised 341 bits telegram (i.dfilling the

coding requirements of UNISIG SUBSET-036). Thisgeam shall be of types 1 through 5 of Table 24 in
clause A2 on page 161.

4.2.8.3 Electrical Data Requirements

4.2.8.3.1 Interface ‘Al’

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

Characteristics Nominal value Tolerance Notes
range

Modulation FSK
Centre frequency 4.234 MHz +175kHz  See sub-cldua&.6 on page 81.
Frequency deviation 282.24 kHz 7 % See sub-cldk&.6 on page 81.
Bandwidth <1 MHz See sub-clause 4.2.7.12 on {8dge
Amplitude jitter <+1.5/-2.0 dB See sub-clause 4.21 on page 84.
Mean data rate 564.48 kbits/g +2.5% See sub-ckadse.8 on page 82.
MTIE (and carrier phase MTIE1 or See sub-clause 4.2.7.9 on page 83.
jitter) MTIE2

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

The electrical characteristics of the signal inllterface ‘C1’ are summarised in Table 11 belogfgiring to

the LEU output).

Characteristics

Nominal value

Tolerance Notes
range

Signal level \{ > 14 Vpp Into a resistive 1280VIoad
Signal level \{ <18 Vpp Into a resistive 128VIoad
Waveform and bit encoding DBPL
Mean Data Rate 564.48 kbits/g + 200 ppm  Averaged 500 consecutive bits
Time Jitter <60 ns
Rise Time 10 % to 90 % > 100 ns
Return Loss (at LEU output) >6dB With reference to 12V

Table 11: Electrical characteristics of the Interf

ace ‘C1’ Up-link signal

The signal into a resistive 138 load shall also fulfil the requirements accordingrigure 31 and Table 12

below. The shaded areas constitute a mask intchathie signal shall not enter (considering thealatuean
data rate and the actuaj Signal level).

T

A

Lk

\
A
\

]

Vl V2

Tj itter

Figure 31: Interface ‘C1’ eye diagram
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Parameter Requirement
at the LEU output
T 1

2 - actuaMeanDataRate

Tjitter 60 ns
T 06-T
V1 0.74- V,

Table 12; Interface ‘C1’ eye diagram parameters

The test of the characteristics for the eye diagrsimall be performed with a waveform forming ana@gntial
signal with the following characteristic equation:

t
Vout :% - 187/ % t +V, risingedge

t
Vout :% 187/ t - Vy ,falling edge

with:
Voutrand Vs in Volt
t = 332 3 ns unless otherwise explicitly statedr tEst purposes, the acceptable range is 330 ns
+30 ns

For the purpose of adjusting theg $gnal level during testing, the connected loagedance shall be

120W+1 Wresistive, with a maximum imaginary partigf W.

Please observe that the value 1.87 applies tcdh#wrétical time constant 332.3 ns, and that thistrbe suita-
bly modified when other time constants apply, stickt a continuous signal is still obtained.
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4.2.8.3.3 Interface ‘C6’

The electrical characteristics of the signal in litterface ‘C6’ are summarised in Table 13 belosigiring to
the LEU output).

Characteristics Nominal value Tolerance Notes
range
Nominal value 22 Vpp +1V /-2 V|Into aresistive 178 load
Waveform Sinusoidal
Frequency 8.820 kHz + 0.1kHz
Second harmonic amplitude <-20 dBc
Harmonic content <-40 dBc Between 0.1 MHz andHzNhto a
restive 120N load impedance

Return Loss (at LEU output) >4 dB With reference to 17V

Table 13: Electrical characteristics of the Interf  ace ‘C6’ signal

For the purpose of adjusting the peak to peak geltturing testing, the connected load impedanck Iséa
170W+1 Wresistive, with a maximum imaginary partigf W.
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4.2.8.3.4 Interface ‘C4’

Blocking of Up-link telegram switching is an optalrfunction. The signal on Interface ‘C4’ shallfifuthe
diagrams of Figure 32 below. Data and charactesisefer to the Balise itself (excluding the Iriaee ‘C’
cable).

Flux A
fdl
0 p- time
1zl A
|Zlnactive
|ZL1ctive
0 p time
Td T
4 g P

Figure 32: Signal on Interface ‘C4’

The characteristics of this signal are summarisetiaible 14 below.

Characteristics Min. Max.

[Z}nactive [W] 150 300
[Zkective [W] 0.14Zjnactive

T [ns] 150 350

Td [ms] 150

Table 14: Characteristics of the Interface ‘C4’ si  gnal

Please observe that & allowed to be negative as defined above, becthesBalise is allowed to start earlier
than at thd 4, level.

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

4.2.8.4.1  Calibration Abstract
This calibration procedure only deals with constemél of the 27 MHz Tele-powering flux, and nothva

ramping flux simulating a train passage. It gisa®ference value P27BA that is used when actigdtie
Balise with flux levels according to Table 9 on pdi through the Reference Area.

4.2.8.4.2  Calibration Configuration

The recommended calibration set-up is shown infleéi@3 below. Clause F1 of Annex F on page 297sgare
example of suitable test equipment. See also kuwse 4.2.1 on page 23.

10.
Power
50W Meter 1
4 a2mHz fcs. TPw

Attenuator —» Test Antenna | 5.

n 1

Signal
Generatc

Reference Loop| 7.

v d

Balun 8.

v

Attenuator | 9.

+ P2

Power
Meter 2 10.

Figure 33: Test set-up for calibration of Tele-pow  ering
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4.2.8.4.3 Calibration Procedure

1.

Position the (Standard) Test Antenna in posif¥r 0, Y = 0, Z = 220relative to the Reference Loop. Be
sure to position the electrical centre of the Tasienna aligned with the electrical centre of theddrRence
Loop. Also check that the X, Y and Z axes of thefeRence Loop are correctly aligned to the X, Y Znd
axes of the positioning system.

Determine a suitable power level;;Pfor a flux off 4; +0.8 dB (one of the values from Table 9 on page 91
The power forf, B, is determined by

o lwer
L= 2
Eox |50+ Ziood 82
50
where :
f=27.095 MHz,

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

The power forf, Py, is determined by:
Py2 =1040g (1000F, ) - Attenuation (dBm)

where  Attenuationequals the attenuation of the items 8 and 9 tegethih the cable from the Reference
Loop to the power sensor head.

Measure Attenuation, and calculate the valuggf RCall the calculated valugbker
Set the Signal Generator to the frequency 2793, and to CW.

Adjust the input power to the Test Antenna ideorto achieve approximatdiy; +0.8 dB through the Ref-
erence Loop (through observing Power Meter 2).

Record the reading of Power Meter 2 (callgg)PRecord the reading of Power Meter 1 (callggd)P

Compensate thg /Preading with the difference between thg Peading and the power levelRer calcu-
lated in step 3% Call the new value bk,

Po7aL =Pui + (Puzrer -Puz2), all valuesn dBm.

Repeat steps 2 to 6 for all flux levels in Tablen page 91.

17

18

As an example, assuming thadgis small compared to 58, f 41 +0.8 dB = 8.5 nVs, B = 1 and Attenuation = 20 dB,
then the power levels2 will be —3.8 dBm in the Reference Loop. For tredRced Size Reference Loop, the corre-
sponding value fofg; +0.8 dB = 5.7 nVs is —7.2 dBm.

The reason for this compensation is that the ik atccuracy for the value ob®. between the different positions
needs to be very good, and this procedure compen&at signal generator adjustment error.



Page 98f 341
SUBSET-085, Issue 3.0.0
February 24, 2012

4.2.8.5 Functional Tests

4.2.8.5.1 Test Set-up

The recommended test set-up is shown in FigureeBwb Clause F1 of Annex F on page 297 gives amex
ple of suitable test equipment. See also sub-eldua1 on page 23.

1. 5 3. 4,
Signal Attenuator|— RE —p| Attenuator
Generato Amplifier
27 MHz
37.
—»] Oscillo-
scope
16. 12. 5. v
- Low pass 4.2 MHz Test
AmPprI(iefier <4 filter |<€4—1 Antenna \CS-
L_» Power
% Meter 1
12. LO\.N Pass 10.
filter
Reference| 42. Balise
:’" Receiver
: (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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4.2.8.5.2  Electrical Data versus Signal Level

4.2.8.5.2.1 Test Abstract

This test verifies that the Balise transmissionrabteristics on the Interface ‘Al’ are within thitoaved toler-
ance ranges when the signals on the Interfacea@d’Interface ‘C6’ are set at the limit of the defil signal
level ranges. See sub-clause 4.2.8.3.2 on pagen@2sub-clause 4.2.8.3.3 on page 94. For theopargf this
test, the edges of the Interface 'C1' signal dbeauch that testing is performed both with 100 ns +10/-0 ns
andt = 330 ns £30 ns.

4.2.8.5.2.2 Test Procedure

1. Position the Test Antenna in position [X = 05Y0, Z = 220].
2. Set the Signal Generator (item 1) to the frequ&7.095 MHz, and to CW.

3. Adjust the input power to the Test Antenna ideorto achieve approximatdiy; +0.8 dB through the Bal-
ise. This is accomplished when the reading ofRtbeer Meter 1 is equal tafg. measured in sub-clause
4.2.8.4.3 on page 97.

4. Set the Interface ‘C’ signal generator (item tt8)he following configuration:

Interface ‘C1’ Level (Vpp) following C1 test levéTable 15
on page 100)
Mean Data Rate 564.48 kbits/s + 40 ppm
Telegram type 1, without jitter
Interface ‘C6’ Level (Vpp) following C6 test levéTable 16
on page 100)
Frequency 8.820 kHz + 0.01 kHz

5. Check with the reference receiver for Up-linletih 42) that:
The Balise transmits the selected telegram.

The centre frequency, frequency deviation, meaa date, and MTIE are within the required range (see
Table 10 on page 91).

6. Perform steps 3 through 5 for all the configiorad listed in sub-clause 4.2.8.5.2.4 on page 100.



Page 100f 341
SUBSET-085, Issue 3.0.0
February 24, 2012

4.2.8.5.2.3 Test Signal Level Definition

Level at the LEU output

Minimum level (Vpp)

Maximum level (Vpp)

V,=14V +0.25/-0 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
4.2.8.5.2.4 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 |

nterface ‘C1’ and ‘C6’ at LEU output
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4.2.8.5.3 Electrical Data versus Mean Data Rate

4.2.8.5.3.1 Test Abstract

This test verifies that the Balise transmissionrabteristics on the Interface ‘Al’ are within tloterance
ranges when the mean data rate of the signal omtedace ‘C1’ is altered over the specified ranfgge sub-
clause 4.2.8.3.2 on page 92). For the purpodeiotést, the edges of the Interface 'C1' signall $fe such
that testing is performed both with= 100 ns +10/-0 ns artd= 330 ns £30 ns.

4.2.8.5.3.2 Test Procedure

1. Position the Test Antenna in position [X = 05Y0, Z = 220].
2. Set the Signal Generator (item 1) to the frequ&7.095 MHz, and to CW.

3. Adjust the input power to the Test Antenna ideorto achieve approximatdiy; +0.8 dB through the Bal-
ise. This is accomplished when the reading of thedP Meter 1 is equal to,fk. measured in sub-clause
4.2.8.4.3 on page 97.

4. Set the Interface ‘C’ signal generator (item tt8)he following configuration:

Interface ‘C1’ Level (Vpp) V¥=14V +0.25/-0 V

Mean Data Rate sub-clause 4.2.8.5.3.3 on pagg 102

Telegram type 1, without jitter
Interface ‘C6’ Level (Vpp) 20V +0.3/-0V
Frequency 8.820 kHz + 0.01 kHz

5. Check with the reference receiver for Up-linleiih 42) that:
The Balise transmits the selected telegram.

The centre frequency, frequency deviation, meaa date, and MTIE are within the required range (see
Table 10 on page 91).

6. Perform steps 3 through 5 for all the configiorad listed in sub-clause 4.2.8.5.3.3 on page 102.
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4.2.8.5.3.3 Test Matrix

Flux Mean data rate Slope

Level | 564.38 Kbits/s +40/-0 ppn] 56458 kbits/s +0/-40 ppm| ")
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’
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4.2.8.5.4  Electrical Data versus Jitter Properties

4.2.8.5.4.1 Test Abstract

This test verifies that the Balise transmissionrabteristics on the Interface ‘Al’ are within tloterance
range when the signal on the Interface ‘C1’ is witthe defined eye diagram (see sub-clause 4.2.8r8page
92). For the purpose of this test, the edgeseftriterface 'C1' signal shall be such that tessngerformed
both witht = 100 ns +10/-0 ns artd= 330 ns +30 ns.

4.2.8.5.4.2 Test Procedure

1. Position the Test Antenna in position [X = 05Y0, Z = 220].
2. Set the Signal Generator (item 1) to the frequ&7.095 MHz, and to CW.

3. Adjust the input power to the Test Antenna ideorto achieve approximatdiy; +0.8 dB through the Bal-
ise. This is accomplished when the reading of thedP Meter 1 is equal to,fk. measured in sub-clause
4.2.8.4.3 on page 97.

4. Set the Interface ‘C’ signal generator (item tt8)he following configuration:

Interface ‘C1’ Level (Vpp) ¥=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 withréggpired mean data rate, a time jitter is randcaply
plied to each edge of this signal. The time jittan vary from —30 ns to +30 ns (see Table 12 ge |98).

5. Check with the reference receiver for Up-linleiih 42) that:
The Balise transmits the selected telegram.

The centre frequency, frequency deviation, meaa date, and MTIE are within the required range (see
Table 10 on page 91).

6. Perform steps 3 through 5 for all Tele-powerfing levels defined in Table 9 on page 91.

4.2.8.5.4.3 Test Matrix

Tests shall be performed both witl= 100 ns +10/-0 ns artd= 330 ns £30 ns.
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4.2.8.5.5 Balise Testing under various Return Loss conditions

4.2.8.5.5.1 Test Abstract

This test shall verify that the Balise and its tfaee ‘C’ cable correctly transmit the chosen tedeg under
various Return Loss conditions on Interface ‘C1d dnterface ‘C6'.

4.2.8.5.5.2 Test Set-up

A proposed partial test set-up is shown on the fei@5b below including specific details on the Refere
Signal Generator (item 13). See sub clause 4.2.815 page 98 for additional details on the coneplest set-
up. Clause F1 of Annex F on page 297 gives an plaof suitable test equipment (see also sub cldisé
on page 23).

Check correctnesg Test

of telegram and 5 Antenna
C1 signad| e C1 Return signal '
Amplifier
generatoy loss networ
v
Filter 1
D/RSG_CRL output
RSG +)— Balise
13. Interface ‘C’ cable
(Length» 180m
Filter 2
A
C6 signal Amplifier C6 Return
generatoy loss networ

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

The C1/C6 Return Loss network shall be capable@figing combinations of several complex Returnd.os
conditions as indicated in Table 1. A minimum lofge different Return Loss conditions shall beek$or
Interface ‘C1’ and for Interface ‘C6’ (e.g., a lmlm resistive, a capacitive and an inductive caolishall be
tested). For Interface ‘C1’, also a high ohm rtégéscondition applies.

The test tool shall allow achieving Interface ‘@Qeturn Losses of 6 dB +0/-0.5 dB within the entirer-
face ‘C1’ signal bandwidth.

The test tool shall allow achieving Interface ‘G&turn Losses of 4 dB +0/-0.2 dB at the Interfd2@’ fre-
quency.

The test object is the Balise with its Interfacéc¢@ble. The cable type is manufacturer depenbetits
length should be around 180 m. The actual len§theointerface ‘C’ cable shall be such that pagdrdymbol
overlap (due to reflections) is simulated in Inded ‘C1’.
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4.2.8.5.5.3 Test Procedure

1. Position the Test Antenna in position [X = 05Y0, Z = 460].

2.

w

R

Set the Tele-powering Signal Generator (item 4ub-clause 4.2.8.5.1) to the frequency 27.095 Mirz
to CW.

. Adjust the input current into the Test Antennaider to achieve approximatély +10 dB through the

Balise. This is accomplished when the readindghefRower Meter 1 is equal tg;R. measured as in sub-
clause 4.2.8.4.3 on page 97. Calibration dat#tisimed from sub-clause 4.2.7.5 on page 79.

Set the C1/C6 Return Loss network to test casfettie matrix (see Table 19).

Set the C1 and C6 signal generators (item 18)ddollowing configuration:

Interface ‘C1’

Level (Vpp)

V,=16 V+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 dhiag¢ measured at the RSG_CRL output (see Figure 35)
into the specified resistive loads (1®0and 170N respectively).

6. Check with the reference receiver for Up-linleiih 42) that:
The Balise transmits the selected telegram.

The centre frequency, frequency deviation, meaa date, and MTIE are within the required range
(see Table 9 on page 81).

7. Repeat steps 5 and 6 for each of the four tes 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
Yat423kHz | fat423kHz | fat423kHz | °at8.82kHz | ®at8.82kHz | *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°Gt10°
3 -90° +10° -90° +10°
4 90° £10° 90° £10°

Table 19: Test conditions versus Return Loss on In

terface ‘C1’ and ‘C6’ at LEU output

8. Repeat steps 5 and 6 for test case 1 of thensix above when transmitting the Interface '€ighal with
slopes such that= 100 ns +10/-0 ns.

19 The reflection coefficient is defined as r=(Zn¢Zyi+1), where Zn=2/Z0, and Z0 is 1®0and 170N for Interface ‘C1’
and Interface ‘C6’ respectively.



Page 106f 341
SUBSET-085, Issue 3.0.0
February 24, 2012

4.2.8.5.6  Blocking of Up-link Telegram Switching

4.2.8.5.6.1 Test Abstract

At the beginning of a train passage, the Balisdl sipionally alter its impedance to signal to thHeU not to
change the telegram until after a defined delalyis Test verifies this functionality.

4.2.8.5.6.2 Specific Notes

The maximum length of the Interface ‘C’ cable isriO The influence of the cable from the Balis¢hi® test
equipment must be considered and compensated fus should be automatically performed by the test
through a calibration procedure using well-knowadémpedance.

The measurements shall start as soon as the 27Tdldzpowering flux has reached the lefigl— 10 dB on
the start up ramp. As far as the calibration eftireasurement-triggering instant is concernedsseelause
4.2.7.2.3 on page 73.
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4.2.8.5.6.3 Test Procedure

1. Position the Test Antenna in position [X = 05Y0, Z = 460].
2. Set the Signal Generator (item 1) to the frequé7.095 MHz, and to CW.

3. Adjust the input power to the Test Antenna ideorto achieve approximatdiy, +10 dB through the Bal-
ise. This is accomplished when the reading of thedP Meter 1 is equal to,fk. measured in sub-clause
4.2.8.4.3 on page 97. Calibration data is obtafnau sub-clause 4.2.7.5 on page 79.

4. Set the Tele-powering signal generator (itertoBimulate a train passage (see sub-clause 4.2 gh2page
73).

5. Set the Interface ‘C’ signal generator (item ti8he following configuration:

Interface ‘C1’ Level (Vpp) Y=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 transmibatinuous stream of ones.

6. Check with the reference receiver for Up-linleiih 42) that:

The Balise transmits the selected telegram, antdthieatelegram is not disturbed while the signalds
tive.

7. Check with the reference receiver for Interf@gitem 42) that:
Tqand T are within the required ranges (see Tablernlgage 95).

The input impedance when the signal is active thiwithe required range (see Table 14 on page 95).

Please note that a trigger is necessary in theseégsip in order to correlate Interface ‘C’ measunts with
Interface ‘A’ measurements, and that the Interf@esignal generator must transmit a continuousastn of
ones.

Please note that the blocking signal may be tramtasthas soon as the Balise has decided to starfFbjs is
allowed to happen befofg;. However, there is no requirement that the aalash transmitted earlier that
150ns afterf 4, is correct. Consequently, the evaluation of §tépdependent on when the blocking signal is
transmitted relative to 150 afterf 4;.
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4.2.8.5.7 Default Telegram Switching

4.2.8.5.7.1 Test Abstract

This test concerns controlled Balises only. Itlsherify that the Balise switches over to the Défalelegram
under the following failure conditions on Interfa€:

A cut cable.

Absence of signal.

4.2.8.5.7.2 Test Procedure

1
2
3.
4

10.
11.

Position the Test Antenna in position [X = 0=Y0, Z = 220].

. Set the Interface ‘C’ signal generator (item ttBhominal conditions, and select a telegram péty.

Set the Signal Generator (item 1) to the frequ@7.095 MHz, and to CW.

. Adjust the input power to the Test Antenna ideorto achieve approximatefy, +10 dB through the Bal-

ise. This is accomplished when the reading of thedP Meter 1 is equal to,fx. measured in sub-clause
4.2.8.4.3 on page 97.

Check with the reference receiver for Up-linteifn 42) that the Balise transmits the selectedjtala.
Simulate a failure of type 1 with the InterfaCésignal generator (see sub-clause 4.2.8.5.7.Bage 109).

Check with the reference receiver for Up-linfeifh 42) that the Balise switched over to the défibé-
gram. Verify that a sequence of between 75 andhit2®f only logical ‘1’ or only logical ‘0’ is iserted
immediately before transmission of the defaultgeden. The sequence of logical ‘1’ or logical ‘@'adl be
ended nozéater than a time corresponding to 34ildfier the event that caused the switch to thaudief
telegram:

Remove the failure.

Check with the reference receiver for Up-linteifa 42) that the Balise continues to send the tetiele-
gram during the entire simulated Balise passage.

Switch off the Tele-powering for 10 ms.

Switch on the Tele-powering. Perform steplsrbugh 10 for all the failures listed in sub-clads2.8.5.7.3
on page 109.

20

The point of time for the event that caused thichws defined such that a stable failure conditiachieved. This
means that potential transition regions when changiput signal from fully correct to fully fail sii be excluded from
the time corresponding to the 341 bits. Furtheemtire failure condition must be stable for thérerduration of the
simulated failure. As for the verification of thength of the sequence of equal bits (75 - 128}quting the default
telegram, consider that the data transmitted byBtese during the failure condition, up to themsmission of such
sequence, can be unpredictable.
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4.2.8.5.7.3 Test Matrix

The failure conditions on Interface ‘C’ are givenTable 20 below.

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

Table 20: Failure to be tested for the default tele  gram switching

Nominal conditions on Interface ‘C6’ are detailedsub-clause 4.2.8.3.3 on page 94.
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4.2.9 Test for damaging

4291 General

This test aims at verifying that the Balise sursiexposure of Tele-powering flux levels offug as defined in
UNISIG SUBSET-036. This test shall be precedethieynormal I/O characteristic test of sub-clauge44on
page 47, and be succeeded by a limited test texteait defined herein.

It shall be verified that the Balise is properlyrkiog before the test.

4.2.9.2 Calibration of Tele-powering flux level
The results of the calibration from sub-clause3t20n page 54 shall be used, and shall be exagubup to
thef 4s level.

The target value of the power level from the cutrsamse output of the test antenna may be linexthapo-
lated from the- 44 -6 dB level, but when adjusting this level in firesence of the Balise, a pulsed field should
be applied. The length of the pulses should bm&@nd 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 #s¢ $et-up used during calibration (with respe¢h&
Reference Mark of the Balise). It is allowed rmtbnnect the Balise controlling interface.

2. Simulate a train passage according to Figure 28age 73, with the peak leviels and the T, duration
10 s (T is infinite).

3. Perform a limited 1/0O characteristic test {af, f 4o, andf 44) according to sub-clause 4.2.4 on page 47, and
verify compliance with the requirements. Testihglsbe performed only during free air conditioaad
only for the Balise transmitting the Default Telagr (i.e., the Balise controlling interface is nohe
nected).

4.3 Requirements for Test Tools

See Annex B on page 168, Annex D on page 215, amdAH on page 309.
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5 Tests of the On-board Equipment

5.1 Reference Test Configurations

51.1 General

The following conditions should apply for the magpof the tests where no specific environmentabpera-
tional condition is required.

Ambient temperature 25°C £ 10°C

Relative humidity 25%1t0 75 %

Atmospheric Pressure 86 kPa to 106 kPa

Debris in the air-gap None

Antenna Unit speed for dynamic laboratory verificas 0.1 m/s to 0.5 m/s

Antenna Unit speed for dynamic simulated verificas 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 Neghigi

The environmental conditions of the table aboveukhbe maintained as far as reasonably possibleniter -
ing of the conditions should apply if it can notdugaranteed that the limits are fulfilled.

In order to minimise the possible influence frone gurrounding environment, the requirements ofdabse
4.1.1 on page 21 related to the metal free zorad| Isé fulfilled.

51.2 Monitored Interfaces

The following test interfaces are foreseen for asicey the test data, for controlling the requirpdrational
mode, and for simulating defined test inputs:

Interface \ (see Annex E). Itis used for reading the On-bdest data reported by the BTM func-
tionality, and for controlling its operational mod&he Interface Ycan possibly be embedded in the
overall Test Interface of the On-board Equipment.

Interface 4 (see Annex E) used for periodically sending theeent time and odometer data to the
BTM functionality in accordance with the train mavent (real or simulated) conditions.

Interface \4 (see Annex E) used for providing the On-board Bongint, embedding the BTM func-
tionality, with speed sensor signals in accordamitie the train movement (real or simulated) condi-
tions.

These test interfaces might require company speaifapters in order to translate format and typotdghe
information passed through them to the specifidsed the equipment under test.
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51.3 Test Tools and Procedures

For the purposes of uniform verifications, it isu&ed that:
When the On-board equipment is set in “test mosefhe test related functions can be driven from
the unified Test Interface ¥V, 'V 5, or ‘V,';
Some operational and test related data are madalaeaat the test Interface 1V

The following list gives a set of anticipated tests
Verification of the Tele-powering signal characs#ids;

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

Characterisation of the static Tele-powering andibl radiation patterns of the Antenna Unit;

Verification of reliable data communication, of oect Balise detection, of correct side lobe man-
agement, and of correct location reporting, by $atian of dynamic Up-link Balise signal pat-
terns;

Verification of the correct handling of differerglégram types in steady state as well as in presenc
of telegram switching, or in presence of telegranors;

Verification of the correct handling of differentaise sequence cases, including the simulation of
a Balise Group of eight Balises passed at the maxirallowed speed;

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

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

Verification of the Antenna Unit supervision furatiin presence of the defined metal masses;
Verification of the cross-talk immunity with nearbgbles, including the LZB cable;

Verification of the correct function of the Basie¢eiver with respect to various telegram types
transmitted one after the other.

The effects of the debris conditions, and of theattie objects, listed in UNISIG SUBSET-036, shoalido be
individually considered in the transmission tests.

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

Test Management System, used for co-ordinatingrté@surements, controlling the other tools of
the test set-up, and for logging and reportingtése results;

Antenna Positioning Tool;

Reference Loops (Standard and Reduced Size typegped with Baluns;
Time and Odometer Module for the simulation of #&rdenna 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, abtesa
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5.2 Laboratory Tests
521 General

5.2.1.1 Introduction

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

Characterisation of radiation pattern and creadiosignal pattern for dynamic tests.
Transmission tests

Cross-talk tests.

Up-link characteristics tests.

Tests of handling various telegrams.

Tele-powering characteristics tests.

Balise sequence capability tests.

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

Reference Loop currents and the flux values shealhkaccordance with the input-to output charastierdefi-
nition of UNISIG SUBSET-036.

It is essential that the Reference Loops used dutie tests fulfil the requirements of clause B2Apnhex B on
page 168, and are characterised prior to testifige procedure for characterisation of the equipneedefined
by sub-clause B2.6 of Annex B on page 173.

All distances are in millimetres unless explicittyerwise stated.

RMS values are applicable unless otherwise stdtaggration time shall be selected in order toiew suffi-
cient measurement accuracy.
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5.2.1.2 General Test Set-up

The recommended general test set-up is shown ir&ig6 below. Clause F1 of Annex F on page 29ggjiv
an example of suitable test equipment.

APT
34.
— BTM
Interface ‘Vi' | ¢ function |« Antenna Unit
Adapter
Interface V' Interface A z
\ 4 38. <$
Laboratory Tes Reference Looq 7.
» Management Sy$- ’'Y
i tem 29.
A
Attenuator Current Sense Balyn 14.
Marker 1 A 4 39
> LTOM . c ! C.S.
Interface \%' .
RF 36. Low Pass Filter| 1o
Switch
Interface ‘\&' Low Pass Filter| 1o
Adapter 10 P2 P1 45
40 Power Low Pass
M‘eter 2 Filter Vector Signal | 41
Analyser
A
31. | Attenuator Attenuator| 4. Trigger
A
2.
13.
IEEE 488 Attenuator] | RF Ampli- | 3
bus RSG 1 1 '
> — fier
RS 232

Figure 36: General Test set-up

Items 10 and 36 are computer controlled via theotatory Test Management System (the computer doistro
intentionally not indicated in the figure). Additially, the Laboratory Test Management System girallide
a trigger signal to item 13 (that starts a prerdsdi sequence).

The RS 232 link is a possible solution for transfey data files from the Laboratory Management &ysto
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 emgua well defined 50V source for driving the Refer-
ence Loop.

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

A Vector Signal Analyser might be needadvirification of correct settings of the Arbitrary
Generator.

Please note that attenuation in the RFche#, balun, attenuator, and cabling shall be densi
ered.

The requirement on the RF switch is thatftequency range is DC to several hundred MHz, and
that the attenuation is less than approximatelyd®@ 2t 30 MHz. At 2 MHz to 30 MHz, isola-

tion and VSWR should be better than 50 dB and Irdspectively. Switch time should be less
than 20 ms. The switch shall be able to withstamdrrent of at least 2 A.

The two test-set-ups according to Figur@®age 114 and Figure 43 on page 135 may be com-
pressed into one uniform set-up provided that adis pole four throw” RF switch is available
(substituting the switches [36] indicated in thgufies). This would enable having all the equip-
ment (power meter [10], spectrum analyser [35]illascope [37] and attenuator [31]) perma-
nently connected, and selected by simply contrgltime switch.

The attenuator (item 29) may optionallyéglaced by one with lower attenuation during Cross
talk tests if this is required in order to achiswudficient signal levels for obtaining reliable ttes
results. In this case special precautions musbheidered in order to characterise the actual
Reference Loop load conditions.

It is important to synchronise the obseovabf the BTM function reporting with the simulati
of the Balise passage.

Item 45 (the low pass filter) is used ttefi out the 27 MHz power signal sent by the Refeee
Loop towards the Power Amplifier. The recommengedormance of the filter is found in
clause F2 of Annex F on page 299. The filter shaltonnected directly at the output of the at-
tenuator close to the Reference Loop.

Item 12 (the low pass filters) are usefiltier out the 27 MHz signal sent by the Referehoep
towards the Vector Signal Analyser. The specifjcegcommended performance of the filters is
found in clause F3 of Annex F on page 302. Ther8ilshall be located directly at the Current
Sense output of the Balun.

The RSG should be programmed in ordesdiod a trigger pulse in correspondence of theeentr
of the dynamic up-link signal. This pulse triggéne Vector Analyser to measure the Up-link
signal level, and the LTOM to record the correspogdime and odometer data.
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522 Test Conditions

5.2.2.1 Nominal Conditions

5.2.2.1.1 General

The nominal conditions defined in this sub-clausplyto all measurements unless otherwise explisithted.

5.2.2.1.2 Climatic Conditions

Ambient temperature: 2%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 sunddng environment, there shall be a volume aroinedAn-
tenna Unit and the Balise under test that is fresfmetallic objects. The minimum extent of thidume is
defined in 4.1.1 on page 21. This volume is a¢derred to as “free space” condition. The spat@8.4 m
(but above 0.7 m) underneath the Balise shall aotain any solid metal planes, and only a few nfietalip-
ports are allowed within 0.7 m underneath the Ralis
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5.2.2.1.4  Up-link signal Characteristics

The parameters of the 4.23 MHz FSK signal in tmegap shall be set to their nominal values as ddfioy
UNISIG SUBSET-036.

f_ = 3.951 MHz+ 20 kHz

fy = 4.516 MHzt+ 20 kHz

Centre Frequency = 4.234 MHz20 kHz

Frequency Deviation = 282.24 kHz3 kHz

Mean Data Rate = 564.48 kbit#/900 ppm

MTIE characteristics in accordance with Figure 8lbly.

In a shift between two frequencies, the carrielldfave a continuous phase

Amplitude jitter = less thar1.2 dB

[ns]t MTIE

\

Slope = x0*

5C

20 [bit]

Figure 37: Nominal MTIE requirements

' t

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 aloarised 1023 bit telegram that is valid (fulfillinige coding
requirements according to the coding requiremehti\dSIG SUBSET-036), and which consists of 5Gt%
2 % of logical “one”. The telegram shall compréseevenly distributed run length, based upon acated
close to exponential distribution of transitioriBhis is Telegram Type 8 according to clause A2 ohéx A on
page 161.

However, for the purpose of performing tests sirtintathat a Reduced Size Balise is installed ima de-
signed for more than 300 km/h, Telegram Type 1 @iog to clause A2 on page 161 shall be used

5.2.2.1.7 Tilt, Pitch, and Yaw

Tilt, Pitch, and Yaw angles shall be set to 0 (xero
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5.2.2.2 Specific Conditions

5.2.2.2.1 Climatic Conditions

Temperature extremes apply to the antenna undeintascordance with the requirements given in clalrse
6.6 of UNISIG SUBSET-036.

5.2.2.2.2 Tilt, Pitch, and Yaw

According to UNISIG SUBSET-036, tilting shall bepied to both the Antenna Unit and the Referenoepl.o

Therefore, tilt angles shall be set to worst caagimum angle according to Antenna Unit manufactsyeci-
fication and the maximum tilting of the Referenamp of+ 2°. Both the Antenna Unit and the Reference
Loop are subject to tilting, and the worst case lmo@tion applies.

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

Therefore, pitch angles shall be set as definealbeBoth the Antenna Unit and the Reference Laspsab-
ject to pitching, and the worst case combinatiopliep.

Reference Loop pitch angle maximun®®.
Antenna Unit pitch angle at maximum according tpier specification.

The influence of yaw angles should not be testedalrsse no major influence is anticipated.

5.2.2.2.3  Metallic Objects

The test conditions are defined by sub-clause B6Ahnex B on page 197. The Antenna Unit shalsibe-
jected to free air conditions during all test cdiuttis except for “Metallic Objects outside the Amt@ Unit
metal free volume”. In the latter case, the RafeecLoop shall be subjected to free air conditions.

Please observe that the testing height shall irestases be limited in accordance with UNISIG SUBSB®
during testing with metallic plane underneath tlefeRence Loop, and during testing with steel slesspader-
neath the Reference Loop.

The following applies to metallic plane undernetith Reference Loop:

Standard Size: Maximum test height reduced by (2Z18)
Reduced Size: Maximum test height reduced by (1843) -

The following applies to steel sleepers undernéaghReference Loop:

Maximum test height reduced by the value d
Minimum test height reduced by 14 mm for Reducexk $no reduction for Standard Size)
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5.2.2.2.4 Debris

Test conditions, and the design and utilisatiothefdebris box, are defined by sub-clause B5.2rofék B on
page 191.

For the Reference Loop, the following conditionplgp

Salt Water
Clear Water
Iron Ore (Magnetite)

The Antenna Unit shall be subjected to free airditions during these conditions. During thesestetste
maximum test height shall be reduced with 20 mmmesting debris Class A applied to the Standazd Si
Reference Loop. For the Reduced Size Referencp ttaoreduction is 43 mm. Testing shall be pertatrfor
both debris Class A and Debris Class B. The Iatteil be tested without reduction of the maximusight.

For the Antenna Unit, the condition “Ice on the &mha” applies. The Reference Loop shall be sudajetct
free air conditions during this test condition. eT$upplier of the Antenna Unit shall specify thelagable
thickness of the ice layer.
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523 Evaluation of Radiation Pattern

5.2.3.1 General Description

The purpose of this test is to find the weakessints Balise signal and activation flux, duringt&taondi-
tions, where the Antenna Unit - BTM function comdiion has the ability to detect the Balise andet®ive
the intended telegram for static geometrical poimtthe region above the Reference Loop (i.e., @xpy the
behaviour of the BTM function threshold,Vand the Tele-powering flux). It shall also pdwiinformation on
side lobe characteristics. The results from tbés shall be used as input for creating the sigatiern for a
simulated dynamic Balise passage as defined irckulse 5.2.4 on page 124, and used during thecajsi
tests of this document.

The procedure includes two steps. One is to medhkgractual Tele-powering flux through the Refesen
Loop. The other is to determine the required W-lcurrent through the Reference Loop correspontiiripe
BTM function threshold (). This corresponding current is denominatgd Tele-powering and Up-link
characterisation are performed in two differentseasunless it can be shown that concurrent evatuéiteep-
ing Tele-powering signal on while simultaneouslyasigring Up-link performance) gives the same results
(considering the measurement accuracy as definedbrclause 3.3 on page 20).

During Tele-powering measurements, the actualfilthrough the Reference Loop is measured. Spokchec
testing with toggling Tele-powering signal shallperformed in case this is supported by the equippraeder
test. In case that differences are identified carag to when the CW signal was applied, then tiddl He
considered when calculating the signal patternriteest in sub-clause 5.2.4 on page 124.

During Up-link testing, the Reference Loop shallcbanected to a signal generator generating an BiSKnk
signal that simulates a representative Balise jges&ee Figure 38 below), and carrying a corréegtam

with a peak current level stepwise varied in ortdereach  (as described below). The BTM function output
response shall be observed via Interfacg. “Mhe BTM function is set in normal operationabde.

tgur=18.1 ms_.
>

Ih

: . Time
<5 m;é 5 m;i
Figure 38: Up-link signal

The time §,, shall be selected so that ten complete 1023 leijitems are transmitted. The odometer input
signal shall be selected so that the flat parhefdequence according to Figure 38 above corresporap-
proximately 0.5 m at a speed of 100 km/h (the erg@équence from start of rising edge to end dhfplédge
corresponds to approximately 0.78 m).

During Up-link testing, a start value gf through the Reference Loop shall be selected.reHiter, the cur-
rent level is either increased or decreased irsatagil the BTM function threshold is reached. Fareased
current levels, steps of 0.2 dB are applicableaulp,t+ 7 dB, thereafter steps of 0.5 dB apply up tosimum
current level of |, +24 dB. For decreasing current levels, steps®ti® apply down to the leve}l Please
observe that potential hysteresis phenomena sbaValuated and considered. In case of hysteigsiball
always be determined for increasing current levels.
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Actual Tele powering flux, and the threshold current &re recorded for each single geometrical testtpoin
defined in clause C4 of Annex C on page 208. Thiggdure shall be repeated for all the test coorhtide-
fined in sub-clause 5.2.2 on page 116 and limitethb test matrices of clauses C6 and C7 in AnnexC
pages 210 and 212 respectively. It is importaat the position [X = 0, Y = 0, Z = maximum heighg]ex-
plored, because this forms the reference for thailzions of sub-clause 5.2.4 on page 124. Thestiold
current for this position will be denominategyder.

Telegram Type 8 as defined by clause A2 of Annednfpage 161 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 Rage 114 applies.

1. Position the Antenna Unit in the geometrical teshp[X = 0, Y = 0, Z = maximum height], and select
nominal test conditions defined by sub-clause 5120A page 116.

2. Set the RF switch in position P2.

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

4. Record the value of power meter 2.

Temporarily command the BTM function to transmiggting Tele-powering signal in case this is sup-
ported by the equipment under test, and recordahes of power meter 2. Potential change of worst
case conditions shall be considered in calculatafrssib-clause 5.2.4 on page 124.

6. Command the BTM function back to nominal conditig@¥V signal).

7. Repeat step 4 for all remaining geometrical tegttpalefined by clause C4 on page 208 and clause C6
on page 210.

8. Calculate and record the flux through the Referdromg using the following equation:

150+ Zjg0y|

50xP5,, XB x
PM2 50

F =

2 5,

where: B is power recorded by power meter 2
B is the Reference Loop transfer matching ratio
Zioop is the actual impedance of the Reference Loopénatbsence of any antenna
f,7 is the Tele-powering frequency (27.095 MHz)

Please observe that the attenuation and impedditice BF switch, the attenuator, and the currensse
Balun have to be considered (characterised pritesiing). This is not considered in the equation
above.

9. Set the RF switch in position P1.

10. Set the arbitrary generator to generate an Updigkal in accordance with Figure 38 on page 1206e T
initial current setting shall be the minimum coitixble current (in the order of 1 mA). The currént
measured by the Vector Signal Analyser, and thegedltransfer response of the Current Sense Balun i
in accordance with sub-clause H5.4 on page 328askelobserve that the current measured by therVecto
Signal Analyser needs to be compensated for thecExf of the Reference Loop (i.e., the measured tar
get current shall be the desired Reference Loopenudivided by B). Set the time and odometerrinfo
mation to comply with a speed of 100 km/h.

11. Position the Antenna Unit in the geometrical teshp[X = 0, Y = 0, Z = maximum height].

12. Record the output from the BTM function (via Inezé ‘V;’), and determine whether the Up-link signal
was above or below the BTM function thresholg,)V That is correct Balise localisation and recapti
of the intended telegram, out of those sent inUpdink signal pattern, is reported.

13. In case that the signal was above the thresho&tjugily decrease the current level in steps aselkfi
by sub-clause 5.2.3.1 on page 120 until the signgds below the threshold. In case that the sigiaal
below the threshold, gradually increase the curierel in steps as defined by sub-clause 5.2.3.1 on
page 120 until the signal exceeds the threshoktoRl the actual threshold valye IPlease observe
the note regarding hysteresis in sub-clause 5.2(8id may always require determination @ffor in-
creasing current levels).
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14. Repeat steps 12 and 13 for all remaining geométiesa points defined by clause C4 on page 208 and
clause C6 on page 210. In order to speed up theegdure, the iterative evaluation of the new tho&sh
value |, can be done starting from an optimised value bageithe values evaluated for the previous
nearby positions.

15. Repeat steps 1 through 14 for all specific testit@ns defined by sub-clause 5.2.2.2 on page 1B a
clause C6 on page 210. Please observe that “nbronditions” of step 1 is substituted by the relet
“specific condition” for each subsequent pass.

16. Repeat steps 1 trough 5 and 9 through 13 at thpaeture extremes, and evaluate possible change of
performance. Potential change of performance $tfeationsidered in calculations of sub-clause 8.4
page 124.

It must be verified that reliable Up-link measurertsecan be performed in the presence of the afgidica
27 MHz Tele-powering signal.
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524 Creation of Signal Pattern for Dynamic Tests

5.2.4.1 General Description

The aim is to create a time varying 4.2 MHz currtembugh the Reference Loop that simulates a Babse
sage without any physical movements of the equipmbnother words, it is a time dependent modolatf
the Up-link signal (in addition to the normal moditibn forming the FSK signal). During the followimppli-
cable tests of this document, the Reference Lodibeipositioned in [X = 0, Y = 0, Z = maximum haig}
This is the geometrical reference point.

The recorded Tele-powering flux levélif Figure 39 on page 126) shall be used for ddaténg the response
from two different worst case Balisesd; and lLien in Figure 39 on page 126), utilising the lower apger
limits of the transfer response curve defined by&I8& SUBSET-036.

Thereafter, considering data,lobtained during the radiation pattern tests aefiby sub-clause 5.2.3 on page
120, a signal pattern simulating a Balise passhgl e calculated. For all geometrical positi¢aisd all
applicable Test Conditions) the actual current ireglfor passing the BTM function thresholg)khall be
compared withrer (Se€ below). A special geometrical test poiXis 0, Y = 0, Z = maximum height] that
serves as reference. The corresponding thresladle ¥s denominatedyrer

Thef and |, patterns recorded along the X-axis for each |lagard vertical displacement, and for each Balise
type (illustrated in Figure 39 on page 126), walvie to be stored in separate files in order tatlusem for simu-
lating dynamic signals of Balise passages.

The signal pattern to be calculated (and simulatetfye Up-link signal current through the Refereehoop,
constituting the sum of the weakest or strongessipte Balise and the difference betwegrahd kyrer (COn-
sidering the correct sign). Furthermore, realistart-up behaviour of the Balise shall be simuddtecluding

a certain delay time]) for the weakest possible Balise. The latterudek that the Balise is inactive until a
flux level off 4, is reached, and that a delay timg, ©f 150ns is applicable. Each simulated Balise passage
shall be normalised with respect {pder.

In order to visualise that data has to be colleotetk only, followed by proper scaling to simulatdesired
velocity, the example of signal pattern generatsosplit up in two parts (see Figure 39 on page dr26 Figure
40 on page 127). The first part, required to béopmed once only, deals with position related ¢és€ree
Figure 39). The second part, to be repeated fdn sangle velocity to be simulated, deals with tirelated
events (see Figure 40). The following examplesligérithms for signal pattern generation (see dabse
5.2.4.3 on page 128) deals with the position relgtt only.

Figure 39 on page 126 and Figure 40 on page 12ahsgge the process described above. The upperasia
Figure 39 is an example of flux levél) through the Reference Loop for various geometpoeaitions (as
determined from sub-clause 5.2.3 on page 120). |Gwer curve of the middle diagramgly) is the 4.2 MHz
current through a weakest possible Balise congiddtie lower limits of the transfer response chigréstics of
UNISIG SUBSET-036. A similar curve is shown withttéd lines for the strongest possible Baliggs().
The upper curve of the middle diagramflis the actual 4.2 MHz current through the Refeeehoop that
results in an Up-link signal reaching the BTM fuootthreshold (result from sub-clause 5.2.3 on pE®.
The lower diagram of Figure 39 constitutes thewdaked current (})) versus position that is to be driven
through a Reference Loop positioned directly undath the Antenna Unit in position [X =0, Y = 07Z
maximum height] in order to simulate a Balise pgesaFinally, Figure 40 illustrates how to consitiere-
related events, thus calculating the current thindihg Reference Loop as a function of timg,d). The time
scale is dependent on the velocity to be simulafute Balise start up behaviour mentioned abowatsis indi-
cated.
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Please note that the normalisation with respebiter has to be performed. This is performed by catoula
the difference in threshold value between the ge&ooa¢ reference point flirer) and the threshold value for
each position.

Please note thatrer is one single value taken at the reference posdioing free air conditions without any
tilting (i.e., nominal conditions).

Please also note that potential changes of wos& canditions due to changed performance at thpasature
extremes, and due to potential changes during itogJlele-powering signal, shall be considered.

The Tele-powering radiation diagrams evaluatedfbthe tested conditions (in CW) shall be lowebgdhe
same amount (in dB) found in toggling mode in d&ge is supported by the equipment under test, vdoen
sidering the weakest Balise. The temperatureteffiecrease or decrease effects) should cause (Witanses
a flux reduction) a lowering of the lowest Tele-mwimg radiation diagram in nominal conditions, foe case
of the weakest Balise. On the contrary, a fluxéase should apply to the highest Tele-poweringatih
diagram in nominal conditions, for the strongesligga Similarly for the temperature effect on tiglink
diagrams, an increase of the reference currentaltenperature should raise by the same amouritighest
Up-link diagram applicable to the weakest Baliged a decrease should result in a lowering of theesa
amount of the lowest Up-link diagrams applicabléh® strongest Balise.

The time scale shall be determined using the faflgvequation:

X
t=—
v

where v is the velocity to be simulated (suppliependent).
The following cases shall as a minimum apply:

Each 50 km/h from 20 km/h up to and including theeximum speed for the break points in the lateral
deviation versus speed diagrams defined by thelisnppnd 300 km/h. This shall be performed fdrtiaé
Antenna Unit heights defined by clause C4 on pdie 2

Low speed conditions (approximately 10 km/h) atimiumm height and no lateral deviation.

I of Figure 39 shall be calculated using the algponiexemplified in sub-clause 5.2.4.3 on page 128.
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5.2.4.2 Example of Signal Pattern Generation
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Figure 39: Example of Signal Pattern Generation (p  osition related events)
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)
Calculated current for
/ a Balise passage
i X-position
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/ Time
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Calculated current for
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Figure 40: Example of Signal Pattern Generation (ti  me related events)

Ip1is the current level corresponding to the pointiroe when the flux level excee#ts;,. In general, the delay
Tral is applicable after the point of time when thefaxceed$ 4;. However, this only has potential impact on
the ability to detect (weakest possible) Balises;esit shortens the contact length. When dealiiiy the
strongest possible Balise, the focus is on crdgsfiehere Balise Detection aspects are irrelevamrnfa contact
length point of view). Hence, it is adequate todge aspects related t@,ffor the strongest possible Balise.
Consequently Jz should be ignored when generating signal pattiamthe strongest possible Balise.
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5.2.4.3 Example of Algorithm for Signal Pattern Generation

CStart (x=0,Y=0z=max]) _>

No
Yes /F= 0
Yes No
l (0B
d, =200 £
g =0 ' IF 2
i I
lLow =4 + 20><Iog|“—2 [dBw]
I
|
I dB
d=20 ><Iogi [dB]
| THREF
!
lx) =0 lx) =I'Low - d [0Ba]
|
I
()
Ty mA
!
»| next positior
Figure 41: Algorithm for Signal Pattern Generation , weakest Balise

Please note that it is the principle that is shawRigure 41 only, and that the algorithm dealshvitie posi-
tion related events illustrated in Figure 39 onAiso margins for variations over temperature, gordoggling
Tele-powering signal in case this is supportedheyegquipment under test, must be considered (&eelsuse
5.2.4.1 on page 124). Units are indicated to ihletrof the figure.
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<start ([x:o,Y:o,z:m@

No
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|

lhon =0, + 20>409|L3 [dBui]

]

I dB
d=20 ><Iogi [dB]
| THREF
I(x) =lyen - d [dBua]
|
]
I
(x)
_ — [mA]
i
next positio
Figure 42: Algorithm for Signal Pattern Generation , strongest Balise

Please note that it is the principle that is shawRigure 42 only, and that the algorithm dealshwitie posi-
tion related events illustrated in Figure 39 onAdditional margins for variations over temperatuaed for
toggling Tele-powering signal in case this is supgub by the equipment under test, must be considses
sub-clause 5.2.4.1 on page 124). Units are inglictd the right of the figure.
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525 Transmission Tests

5.2.5.1 General Description

The purpose of this test is to determine the cédipabf the Antenna Unit - BTM function combinatiomith
respect to Balise Detection, reliable data transimis side lobe management, and location accuracygl
simulated dynamic conditions. It also serves testof system dynamics (strongest and weakesthbp®sig-
nals will occur during the test).

Balise Detect is defined as when the field strerigiin the Balise is higher than\during a minimum time
Toer- Tper May vary with speed. Reliable data transmissieams that an extra timegd, (resulting in multi-
ple good telegrams) has been considered in ordardore reliable transmission (all in accordandh wi
UNISIG SUBSET-036).

The input signal to the Reference Loop generatiregUp-link signal shall be in accordance with resfrom
sub-clause 5.2.4 on page 124. The time scale lsbaklected in order to comply with speeds at &8dkm/h
from 20 km/h up to the maximum specified velociiy the lateral deviation (Y position) to be simel&t The
odometer input signal shall be selected accordingly

For each simulated case (simulating various latdegiations and vertical heights), the BTM functmutput
signal shall be observed via Interfaceand evaluated. The BTM function shall be sehimormal opera-
tional mode.

The criteria for the Antenna Unit - BTM functionibg able to correctly handle a certain sequenteasthe
BTM function reports the correct telegram, the ectiBalise location for the sequence in questioradequate
reliable data transmission time, and that the BTkfion reporting time requirements are fulfilled.

In order to evaluate the correctness of the reddtdise location, the Balise simulations shoulgbecisely
allocated (exact distance from a chosen refereaicg)pn a “virtual test line” used for each testjsence. The
evolution of each sequence will be controlled by lthaboratory Test Management System (the LTMS)e Th
LTMS will off-line scale each position based Balsttern into a sequence of time based pattermsdiog to
the desired Balise “positions” and to the chosamtspeed (see Figure 40 on page 127). Then tMSLT
down-loads all the relevant data to the arbitraayeagator, and finally looks at the real-time od@nelata
coming from the LTOM. It issues a triggering pulsethe arbitrary generator when the odometerrinftion
of each Balise starting is reached. The Balis¢reguositions reported by the BTM function will bleecked
against the reference position of the simulatediesece.

All Test Conditions according to sub-clause 5.h2age 116 shall be considered. Certain tailosragfined
by clause C6 of Annex C on page 210.

The present tests are performed with the antersadd in the reference position and in nominal remvi
mental conditions. The applicable specific testditions are simulated by using the radiation daags corre-
sponding to such real conditions.
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5.2.5.2 Test Procedure, Transmission Tests

Test set-up in accordance with sub-clause 5.24 2age 114 applies. Steps 1 through 5 below datesti
calibration of the level of the generated Up-linggnal for the test case in consideration. Succegdteps form
the actual test procedure.

1. For each individual test case (of those listed@auses C4, C6 and sub-clause 5.2.2.2), calculate th
position related pattern exemplified in Figure 39pmge 126 (thus obtaining,) using the radiation
pattern data obtained in sub-clause 5.2.3.2, pippealed to the reference position used for the An
tenna Unit under test. Thereafter, calculate ithe telated pattern for weakest Balise passagegusi
the equation of sub-clause 5.2.4.1 on page 124ezemplified in Figure 40 on page 127 (thus obtain-
ing lcac). For the purpose of the latter calculation, eespof 26 km/h shall be applied.

2. Position the Antenna Unit at a position correspogdd X = 0, Y = 0, and at maximum height defined
by the Antenna Unit supplier (i.e., the same refeegposition used for the evaluation of the radrati
diagrams). Set the BTM function in “normal CW agtonal mode”, and use nominal test conditions
(see sub-clause 5.2.2.1 on page 116).

Set the RF switch in position P1.

4. Set the time and odometer input data (providedhbyLfTOM) to comply with the required speed of
26 km/h. Please note that there might be systéabeckproperties setting certain limitations onpgae
ties such as acceleration etceteras.

5. Set the arbitrary generator to generate a nomi8&l Bp-link signal and apply the time related patter
obtained from step 1 above. Adjust the outputlléreen the RSG_1 (by means of subsequent Balise
passage simulations) such that the correct leviéhifw+0.3 dB) is obtained at the below defined two
points. The window used for the level measurementhe Vector Signal Analyser shall be such that a
duration of 2.4 ms £0.25 ms is used, and thatdbhration does not exceed a corresponding geomietrica
distance of 20 mm. The current is measured by#wtor Signal Analyser, and the related transfer re
sponse of the Current Sense Balun is in accordaitikeH5.4 on page 329. Please observe that the cur
rent measured by the Vector Signal Analyser neatie tompensated for the B-factor of the Reference
Loop (i.e. the measured target current shall bel&ésired Reference Loop current divided by B). The
level of the up-link pattern shall be checked ia thllowing points:

The position in time where the peak current indhkeulated pattern occurs.

The position in time closest to where the curreeeds the receiver threshold (measured at
the reference position of the Antenna Unit) by 1(dBt never lower than 0.5 dB above the
threshold). The first position in time after thentre of the main lobe should be selected for
this purpose.

In case there are problems fulfilling the targetboth positions, the position close to the thrésihas
priority. In case not fulfilling both targets, thobservation shall be recorded in the test reeord,it
shall be made clear that this is a test set-up fifegon. > 2

6. Re-calculate the time based pattern to be useg$ting according to the equation of sub-clauset5L2
on page 124, according to the example in Figurerdpage 127 da.c), and using one applicable veloc-
ity defined by sub-clause 5.2.4.1 on page 124.

2 |t is also important to verify, off-line, that tieele-powering signal does not influence the adulink
signal driven through the Reference Loop.

22 This check needs to be performed for the refergmsition only. The purpose is to identify potehtest set-up imper-
fections.
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7. Set the time and odometer input data (providedhbyLiTOM) to comply with the desired speed (to be
defined by the manufacturer of the BTM function alefined by sub-clause 5.2.4.1 on page 124).
Please note that there might be system relatedepiep setting certain limitations on propertiestsas
acceleration etceteras.

8. Perform a sequence of at least 10 subsequent switbphe data determined above and record the
output from the BTM function (via Interface ;V, together with the reference location data piled by
the LTOM. Measure, by the Vector Signal Analyserd record also the value of the up-link current
peak at each Balise passage simulation, eviders@gccurrence of cases of peak values slightlypbut
tolerance, possibly due to drifts of the RSG® 1.

9. Repeat steps 6 through 8 for all remaining applécablocities defined by sub-clause 5.2.4.1 on page
124.

10. Repeat steps 1 through 9 or 6 through 9 (as apitepfor all remaining combinations of longitudina
ranges, lateral displacements and heights (asatkbg the Antenna Unit supplier) using the cases de
fined in clause C4, on page 208 and clause C6 ga pa0. Please note that the physical locatichef
Antenna Unit and the Reference Loop shall not lznged.

11. Repeat steps 1 through 9 or 6 through 9 (as aptepfor all remaining specific test conditions de
fined by sub-clause 5.2.2.2 on page 118 and cl@ésen page 210. Please note that the physical loca
tion of the Antenna Unit and the Reference Looglsia be changed, and that no debris or metabic o
jects shall be present (the influence of such @@ is included in the data from the radiatiottera
this is the basis for the calculation of the sigoattern).

The Operator has the possibility to set the LTM&wle input parameter “Interfacq Delay Time” that
accounts for the overall transit time of the BTN dtion report (regarding the “BALPASS variable”ydlgh
the Interface ‘Y. This includes from the instant in which the BTivhction makes it available to the Inter-
face Adapter up to the instant in which the vagablavailable to the LTMS upper level processifigis time
(probably of the order of 1 s to 2 s) does not rteduk very precise because of its use explaineel redow.

The LTMS performs the following steps in relatiantthe simulation of a certain Balise passage:

a) It clears the reports table of the Interfaceavid the marker table of the LTOM (possibly presesm
the previous simulation) and then sends a triggemsand to the RSG.

b) It waits for the RSG answer. After receiving ttwiaits for a time window given by the sum of tioe f
lowing terms:
RSG_delay + Interface_V1_delay + 1.3 m/speed +m60 Please consider that the time accuracy of the
LTMS cannot be better than 100 ms to 200 ms.

C) When this time-out expires, it checks the validifyll the reports received at the Interface ‘Viing
the marker data provided by the LTOM for the Batisatre as a reference. Please consider that the
LTOM data are very precise even at 500 km/h. Ttexk of the BTM reports includes presence of at
least one report, correct user bits, sufficient henof valid telegrams, validity of the “BTM Repiorg
Time” and accuracy of the location data (expressetime and/or distance). In case of multiple respo
the LTMS accumulates the number of telegrams irtecan each report and uses this number for
evaluation. It also checks the validity of therusiés in each report indicating a non-zero nurrdfer
telegrams. The “BTM Reporting Time” is checked ddirthe reports present in the Interface ‘V1' Ta-
ble. The lower limit for the “BTM Reporting Times LTOM_centre_time — 1.3 m/speed, and the up-
per limit is LTOM_centre_time +1.3 m/speed +100 ms.

d) Then it waits for a time corresponding to the laabf the next Balise simulation (at the simulated
train speed).

e) When the time arrives for the new Balise simulatimstly it checks that no new report has beenealdd
to the list examined in point 3 above. If this pap there is an error indication otherwise a neslecg
started from step 1 above.

% The measurement is performed within a time windowesponding to about 20 mm at the current tes¢dp
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5.2.5.3 Acceptance Criteria, Transmission Tests

The criterion is that the BTM function is able wriectly receive a Balise during the simulated sege. This
means that the following properties are correctyorted:

Telegram.
Location.

Overall number of non-overlapping good telegranfied by the manufacturer considering the safety
targets within the class of reception defined.

BTM function reporting time (time for data beingasable to the ERTMS/ETC Kernel).
Class of reception.
* Class A without any error correction.

* Class B with error correction (where n is any number defirby the supplier).

It shall be checked that there is a logical corsisf between the various fields of the data tratisthby the
BTM function. Missing or erroneous reporting me#mat the Balise could not be received. For loeesp
conditions, the BTM function could perform repogieach 100 ms. In such case, the last reportspwneling
to a given Balise passage simulation should beideres for the verifications defined above. See &lullet
‘c’ of sub-clause 5.2.5.2 on page 131.

A BTM function report that is unduly given outsideBalise passage simulation (considering all releda-
lays) 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 estduhe performance of the Tele-powering signakgatied by
the Antenna Unit - BTM function combination. THearical characteristics of the signal (such asiea
frequency and carrier noise) and modulation chargstics (in Interoperability mode if supportedthg
equipment under test) are subject to testing.

The output signal shall be evaluated during stadiitions in CW mode and Interoperability modes(ip-
ported) respectively. The output signal shall lmmsured using a Reference Loop.

The BTM function shall be forced to applicable m®dsing suitable commands inserted via Interface V

Geometrical test points and applicable test coomstiare defined by sub-clauses C7.1 on page 21Zaon
page 213.
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5.2.6.2

Test Set-up for Tele-powering verification

The recommended test set-up is shown in Figuresft8b Clause F1 of Annex F on page 297 gives amex
ple of suitable test equipment.

APT

34.
— BTM
Interface ' |4 function |« Antenna Unit
Adapter
Interface ‘W’
nterface ‘i | 38. Interface A i&
Laboratory Tes Reference Loof 7.
» Management Sy$- 'y
i tem 29.
A
Attenuator Current Sense Balyn 14.
Marker 1 VL 39
1 LTOM - ! Cs.
Interface ‘o' .
RF 36. Low Pass Filter| 1o
Switch
40. | Interface ‘%’ Low Pass Filter| 1o
Adapter 37. P2 P1 45,
Spectrun Oscillo- Low Pass
P1f | P2 Analyser
31. -
35. RF |,
Switch Attenuator Attenuator Trigger
36 C A
2.
13.
|EEE 488 Attenuator RF Ampli- | 3
22| RSG_L fier '
RS 232 >
Figure 43: Test set-up for Tele-powering verificati  on

Items 35, 36, and 37 are computer controlled walt@boratory Test Management System (the compoter ¢
trol 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 5.216 2age 135 applies.

The spectrum Analyser setting should be the folgui

Centre Frequency = 27.095 MHz
Frequency Sweep £100 kHz
Resolution Band Width = 100 Hz
Video Band Width = 100 Hz

The noise measured by the spectrum analyser widiHkOresolution band width shall be 90 dB below the
carrier. The evaluation of carrier noise shalpbeformed within the frequency range460 kHz to §10 kHz
and £+10 kHz to £+100 kHz. Spurious frequencies above -90 dBc atatowed.

1.
2.
3.

Position the Antenna Unit in the positipd = 0, Y = 0, Z = nominal height
Set the RF switches so that the signal from ther@ete Loop is connected to the spectrum analyser.

Command the BTM function to its normal operatiomalde regarding CW Tele-powering, or to any other
mode equivalent to this (from the point of viewtloé Tele-powering evaluation).

. Measure and record the below defined properti¢senf ele-powering signal.

Frequency of the 27.095 MHz field.
Carrier Noise of the 27.095 MHz field.
Repeat steps 1 through 5 for upper and lower temtyer extremes.
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5.2.6.4 Test Procedure, Interoperable Mode

Test set-up in accordance with sub-clause 5.216 2age 135 applies.
This test is only applicable to equipment having dlility to operate in Interoperability mode.
1. Position the Antenna Unit in the positipd = 0, Y = 0, Z = nominal height

2. Set the RF switches so that the signal from ther@ate Loop is connected to the oscilloscope fofyirg
all properties except for the Modulation Frequen¥grification of Modulation Frequency shall be per
formed with the RF switches positioned such thatdignal from the Reference Loop is connectedeo th
spectrum analyser.

3. Command the BTM function to its normal operatiomalde regarding toggling Tele-powering, or to any
other mode equivalent to this (from the point @wiof the Tele-powering evaluation).

4. Measure and record the below defined modulatiopgntees 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 temtyer extremes.
Modulation characteristic requirements are defingtNISIG SUBSET-036.

Verification of Modulation Frequency shall be penfed using the method described in sub-clause P8.2.
on page 267.
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5.2.6.5 Acceptance Criteria, Electrical Tele-powering Clteastics

5.2.6.5.1 CW mode

The requirements according to sub-clause 6.2.bf2NISIG SUBSET-036 apply.

5.2.6.5.2  Interoperability mode

The requirements according to sub-clause 6.2.bfANISIG SUBSET-036 apply.

527 Maximum Flux Level

5.2.7.1 General Description

The purpose of this test is to systematically estduhe performance of the Tele-powering signakgatied by
the Antenna Unit - BTM function combination. Theximum flux generated through a Reference Loop is
subject to testing.

The output signal shall be evaluated during stadiitions in CW mode and Interoperability modes(ip-
ported by the equipment under test) respectiv@lye output signal shall be measured using a Refereoop.
The Reference Loop should be subjected to varimag tonditions during maximum flux measurements.

The BTM function shall be forced to applicable m®dsing suitable commands inserted via Interface V

Geometrical test points and applicable test coomstiare defined by sub-clauses C7.1 on page 21Zaon
page 213.

The maximum flux level test shall determine theflevel through the Reference Loop under varioasllo
conditions, and for various geometrical test poinfsree different load conditions apply, B0(40W), j6OW
(j40 W), and -j60W (-j40 W). The figures within parenthesis apply to the lRedl Size Reference Loop, and
the others to the Standard Size Reference Loopm@kical test points are defined by sub-claus® Gi.page
213.

The following load tolerances apply:
Real part of a resistive load E')'s
Imaginary part of a real load H®
Real part of an imaginary load for Standard Size RL3Wto 5.5W
Real part of an imaginary load for Reduced Size RL 2 Wto 4.5W

Imaginary part of an imaginary load =.\)'s
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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. Gdthkof Annex F on page 297 gives an example tdisliei
test equipment.

34.

Interface V' | -t—— BTM «—| Antenna Unit

Adapte function

Interface A
Interface ‘'
38.
Laboratory Tes Reference Looq 7.

Management

System l

Load  |e——— Current Sense Balri4.

l Prm1

Power 10.
Meter 1

Figure 44: Test set-up for Maximum Flux Level Test s

Item 10, is computer controlled via the Laboratdéest Management System (the computer control éint
tionally 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 2.217 page 139 applies.

1. Connect the equipment as defined by sub-clausé.3.8n page 139, and ensure that the Current Sense
Balun is calibrated as defined by sub-clause H&.page 330.

2. Connect a load to the Reference Loop forming d totpedance of 6@V (40W) in the circuit (i.e., the
sum of the Reference Loop impedance and the extirad and the Current Sense Balun shall b&60
or 40W).

3. Position the Antenna Unit in the geometrical teshp[X = 0, Y = 0, Z = minimum height].

4. Command the BTM function to its normal operatiomadde regarding CW Tele-powering, or to any
other mode equivalent to this (from the point @wiof the maximum flux level evaluation).

5. Record the power level of power meter (.
6. Calculate the flux through the Reference Loop usirgfollowing equation:

E = v PPMl B >{Zload + Zloop)
\/k #ZA| x2 W27

where: Bwm1 is power in Watt recorded by power meter 1
B is the Reference Loop transfer matching ratio
Zoop i the actual impedance of the Reference Loopéraibsence of any antenna
Zoad IS the external load impedance connected to tlier&ece Loop
fo7 is the Tele-powering frequency (27.095 MHz)
k is the calibration factor determined by sub-ct&aH$%.5 on page 330
Za is defined in sub-clause H5.5 on page 330

7. Perform steps 5 and 6 for all the other geomettisti points defined by sub-clause C7.2 on page 213

8. Repeat steps 2 through 7, but connect a load f@raitotal circuit impedance of j6d (j40 W) to the
Reference Loop.

9. Repeat steps 2 through 7, but connect a load f@raitotal circuit impedance of -j6@' (-j40 W) to the
Reference Loop.

10.Repeat steps 2 through 9 for the specific conditMetallic Plane underneath the Reference Loop” de-
fined by sub-clause 5.2.2.2.3 on page 118.

Please observe that the actual load values defintds test procedure constitute the total loathefcircuit. It
means that a certain load defined above (e.gW)a8 the sum of the external load connected tcdRéference
Loop, the influence of the Current Sense Balun, thedactual Reference Loop impedance. Hence, ¢ferR
ence Loop impedance has to be measured sepamatdiyhe impedance of the combination of the Current
Sense Balun and the external load has to be mehseparately, and the total impedance has to balastd
(and shall be for instance &@. 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 exsded
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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 estduhe BTM function capability with respect torexnes of
the electrical characteristics of the Up-link sibfgich as centre frequency, frequency deviatiama date,
phase jitter, and amplitude jitter). Suitable festterns shall be generated by the arbitrary geaem order to
test the properties mentioned above.

The input signal to the Reference Loop generatiregUp-link signal shall be an FSK signal with “innfee-
tions” as described above. Furthermore, an additimodulation in accordance with sub-clause SoB.page
124 shall be present in order to simulate a Bigsssage. Test data from sub-clauses 5.2.3 onlj2égand
5.2.4 on page 124 shall be used for creation ofitnelated Balise passage. The BTM function sbalet in
normal operational mode.

Only a limited amount of combinations of lateralid¢ion and vertical height will be considered (seb-
clause C7.2 on page 213). The BTM function ousiigimal shall be observed via Interfaceand evaluated.

The criteria for the Antenna Unit - BTM functionibg able to correctly handle a certain sequencelefiaed
in paragraph 5 of sub-clause 5.2.5.1 on page 130.

Test Conditions shall be in accordance with subs#aC7.1 on page 212.

5.2.8.2 Test Procedure, Electrical Up-link Characteristics

Test set-up in accordance with sub-clause 5.2/ RQage 114 applies.
Suitable test patterns for the arbitrary genershail be developed that simulates the followingeies of the
Up-link signal:
Centre frequency = 4.234 MHA75 kHz.
Frequency Deviation = 282.24 kH7Z %.
Mean Data Rate = 564.48 kbit#8.5 %.
Limits of MTIE requirement 1 and requirement 2 adiog to UNISIG SUBSET-036.
Amplitude Jitter = +1.5/-2.0 dB.
Please note that the test patterns shall be designarder to comply with testing of the Up-linigaial from

the Balise as defined in sub-clause 4.2.7 on p28geOhe main aspect as listed above shall be aeal 2 a
time. Start-up and steady state behaviour shatbheidered where applicable.

Apart from these modifications of the FSK signatidhe selection of geometrical test points anddesti-
tions, the test procedure is identical to the pdace defined in sub-clause 5.2.5.2 on page 13InEnéssion
Tests).

Geometrical test points and test conditions ariddfby clause C7.1 on page 212, and clause C7paga
213.
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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 Noalin Nominal
Mean Data Rate Nominal Nominal 578.6 Kkbits/s Norhina Nominal
MTIE Nominal Nominal Nominal MTIE2 limit$* Nominal
Amplitude Jitter Nominal Nominal Nominal Nominal #1-2.0 dB*®
Parameter Case 6 Case 7 Case 8 Case 9

Centre Frequency 4.059 MHZz Nominal Nominal Nominal

Frequency Deviation Nominal 262.4 kHz Nominal Noalin

Mean Data Rate Nominal Nominal 550.4 kbits/s Norhina

MTIE Nominal Nominal Nominal MTIEZ limit$*

Amplitude Jitter Nominal Nominal Nominal Nominal

Table 21: Test Cases

Nominal characteristics for the respective paramate defined in sub-clause 5.2.2.1.4 on page 117.

Please observe that the implementation of theptserns shall consider potential inaccuracy of the
RSG/LRRT and the rest of the test set-up suchith@guaranteed that the specified limits are nexeeeded.
Air-gap properties shall be verified using the athgused 4.2 MHz antenna (used during Balise @stin

5.2.8.4 Acceptance Criteria, Electrical Up-link Charactecs

See sub-clause 5.2.5.3 on page 134.

24 As defined in Part 1 of this Norm. Three differeases using triangular simulated jitter patteqmsly. The first
should be with a period of 3 bits, the second &itheriod of 25 bits, and the third with a period 600 bits.

% The jitter should be such that it is correlatethwihe bit transitions. Low and high jitter frequies should apply.
Low jitter frequency is such that three jitter pels occur within an entire telegram. High frequgitter is such that
the amplitude changes every three data bits.
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5.2.9 Cross-talk Immunity

5.2.9.1 General Description

Cross-talk tests shall determine whether ther@ayeotential cross-talk situations within the defi geomet-
rical region and during the test conditions defibgdub-clause 5.2.2 on page 116. Where applicebitain
cross-talk margins should be evaluated. Spedfidecrelated cross-talk is not included in this-slatuse, but
separately dealt with in 5.2.10 on page 146.

The Tele-powering flux shall be measured using fe@f@ace Loop. The recorded flux leve) hall after this

be used for determining the response from a stsingerst case Balised&y) utilising the upper limits of the
transfer response curve defined by UNISIG SUBSE®@-0Bhereafter, the Reference Loop shall be comdect
to a signal generator generating an FSK Up-linkaighat simulates a representative Balise padsage

Figure 45 below), and carrying a correct telegraith & peak current level as determined aboyed). The

BTM function output response shall be observednierface ‘Vi’. The requirement is that no Balise detection
is reported. Thereafter, the peak current levalldke gradually increased until Balise detecticouss, or

until a peak current value afsl+20 dB is reached. The procedure is similar erttethod described in sub-
clause 5.2.3.1 on page 120. The difference isdinaent levels up to the maximum peak currentllye

+20 dB are quantitatively tested to evaluate theginaor cross-talk.

tgr=18.1 ms_.

lhigh

: 5 m;f
Figure 45: Up-link signal for Cross-talk tests

The time §,, shall be selected so that ten complete 1023 leigitems are transmitted. The odometer input
signal shall be selected so that the flat parhefdequence according to Figure 45 above corresporap-
proximately 0.5 m at a speed of 100 km/h (the erg@quence from start of rising edge to end dhfplédge
corresponds to approximately 0.78 m).

This procedure shall be performed for all the geoiced positions defined by clause C5 on page 20@! for
all test conditions defined by sub-clause 5.2.Dage 116. Certain tailoring is defined by clau$eo@ page
210.
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5.2.9.2 Test Procedure, Cross-talk Immunity

Test set-up in accordance with sub-clause 5.2 Rage 114 applies.

1.

10.

11.

12.

13.

14.

Position the Antenna Unit in the first geometritegt point defined by clause C5 on page 209 arattsel
nominal test conditions defined by sub-clause 51202 page 116.

Set the RF switch in position P2.

Command the BTM function to its normal operatiomadde regarding CW Tele-powering, or to any
other mode equivalent to this (from the point @wiof the Cross-talk evaluation).

Record the value of power meter 2.

Repeat step 4 for all remaining geometrical tegttpalefined by clause C5 on page 209 and clause C6
on page 210.

Calculate the flux for all geometrical test pointsng the equation defined in sub-clause 5.2.3.gage
122.

Determine the corresponding worst case (strongesponse from the Baliseydy) as described in sub-
clause 5.2.9.1 on page 143.

Set the RF switch in position P1.

Set the arbitrary generator to generate an Updigkal in accordance with Figure 45 on page 148e T
initial current setting shall be thgslcurrent. The current is measured by the Vectgn&iAnalyser,

and the related transfer response of the CurremeSBalun is in accordance with sub-clause H5.4 on
page 329. Please observe that the current mealsytée Vector Signal Analyser needs to be compen-
sated for the B-factor of the Reference Loop (ilee, measured target current shall be the desieget R
ence Loop current divided by B). Set the time addmeter information to comply with a speed of

100 km/h.

Position the Antenna Unit in the first geometritedt point defined by clause C5 on page 209 arettsel
nominal test conditions defined by sub-clause 51202 page 116.

Record the output from the BTM function (via Insé ‘V;’) and determine whether Balise detection
occurred or not. That is, Balise detect or Bdl®alisation is reported.

In case that Balise detect did not occur, incréfaseeak current level in steps of 0.5 dB untili&al
detect occurs or until4 + 20 dB is reached. Repeat steps 11 and 12thetinargin is determined.

Repeat steps 11 and 12 for all remaining geométiesa points defined by clause C5 on page 209 and
clause C6 on page 210, using the appropriatg lor each separate point.

Repeat steps 1 through 13 for all specific testt@ns defined by sub-clause 5.2.2.2 on page hiB a
clause C6 on page 210. Please observe that “nbronditions” of step 1 is substituted by the relet
“specific condition” for each subsequent pass.

It must be verified that reliable Up-link measurertsecan be performed in the presence of the afidica
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. &li®no explicit requirement on a certain margin, the
defined test procedure makes it possible to perthimevaluation. The evaluation of the cross-talrgin
must be separated into the two cases defined bBIGNEUBSET-036.

5.2.9.3.2 One Balise and one Antenna Unit

This case is applicable for lateral deviations4®d mm or more.

The cross-talk margin in dB is evaluated as foltows

Margin ={F £F ,} = 20><Iog||£ + 2o>409%

u3

Margin ={F >F .} = 20><Iog|£

u3

Where: f is the actual flux level in nVs for the geomettipasition in question
fqazis in nVs, and defined by the transfer charadiesof the Balise
Ict is the actual current in mA for when cross-talkws
luzis in mA, and defined by the transfer charactmsstf 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@®@ mm or more, and for longitudinal deviationslaned by
the manufacturer of the Antenna Unit.

The cross-talk margin in dB is evaluated as foltows

. |
M argin = 20¥4og—-<-
I u3
Where: kris the actual current in mA for when cross-talkurs

luzis in mA, and defined by the transfer charactmsstf 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 fiyingrpotential cable related cross talk for theténna
Unit. The tests are divided in two parts:
Up-Link Cross talk from cable to Antenna
Tele-powering Cross talk from Antenna to cable
It also includes the test set-ups that are required

All distances are in millimetres unless explicityherwise stated.
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5.2.10.2 Cross-talk Measurements

5.2.10.2.1 Test Configuration, Up-Link Cross-talk from cable to Antenna Unit

A proposed test set-up is shown in Figure 46 bel@hause F1 of Annex F on page 297 gives an exanfple
suitable test equipment. See also sub-clause dr2phge 23.

X-axis
/ Antenna\
]
‘D—’ Mini height (for th
_ H Inimum neig or the
® y-axis Antenna Type in question)
S axis % IE Top of Rail (fictive)
13| Signal T e
Generato
2] Attenuator
Bar Profile
v -
y
3 RF 35
Amplifier A4
BTM Vi (ves or no) 40 )
function }p——— N 4
451 Filter
Power
y z-axis Meter 1 | 10
4] Attenuato T Y
Pw1
4.2 MHz { Antennas
A 4
20] Balun <—1 Filter | 12.
P I R2
——f <
R1
32. — 500
600 D 600 R
Figure 46: Up-link Test Configuration, cable to An  tenna 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 bel@hause F1 of Annex F on page 297 gives an exanfple
suitable test equipment. See also sub-clause dr2phge 23.

X-axis
/ Antenna\
—_—

T
A

|
i D
| 4———=—P! L .
Ay Minimum height (for the
@ yaxis Antenna Type in question)

Top of Rail (fictive)

\4
z-axis I I
E

500
v
=)
Bar Profile
Reference . >4 __
position ‘
35
v
BTM .40
function h "
Power
Z-axis Meter 1 10.
T y
PMl
{ Antennas
\>
<& | R2
H
R1 32. — 50C
600 ’ 600 _

Figure 47: Tele-powering Test Configuration, Anten  na Unit to cable
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5.2.10.2.3 Test Procedure, Up-link Cross-talk from cable to Atenna Unit

The test set-up shown in Figure 46 on page 147 bhalsed. The resistor R1 shall be 38@nd R2 shall be
400W. The distance D is the position in the x diractiand shall be in the range from —1000 mm to
1000 mm. This test determines the signal receivesth Antenna induced from a cable with the curmnA
and 10 mA for E = 93 mm and E = 493 mm respectivS8lge Figure 46 on page 147 for definition of E.

1. Position the Antenna at position D = -1000 mrd &= 93 mm and set the BTM function in normal
operational mode.

2. Set the Signal Generator to generate a 4.2 M3k stgnal carrying telegram type 1, and the current
‘I"to 2 mA. For telegram type 1 see clause A22ohex A on page 161. For the suggested current
probe, a current of 1 mA will give a voltage of ¥/rimto 50W. Therefore, the current is calculated
using the following equation:

| =Py 50 Where P is measured in [W], and | is measurdéjn
3. Verify that the response from the Antenna Usiibélow \, (determined by the BTM function) by
observing output data via Interface {.e., that Balise detect or Balise localisatismot reported).
4. Position the Antenna at regular intervals of #2id, up to the distance D = 1000 mm. For each-posi
tion, verify that the response is below.V
5. Position the Antenna at position D = -1000 mrd &= 493 mm.
6. Set the Signal Generator to generate a 4.2 M3k stgnal carrying telegram type 1, and the current

‘I"to 10 mA. For telegram type 1 see clause AZAahex A on page 161.

7. Verify that the response from the Antenna Usiibélow \, (determined by the BTM function) by
observing output data via Interface {.e., that Balise detect or Balise localisatismot reported).

8. Position the Antenna at regular intervals of #2id, up to the distance D = 1000 mm. For each-posi
tion, verify that the response is below.V
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5.2.10.2.4 Test Procedure, Tele-powering Cross-talk from Antena Unit to cable

The test set-up shown in Figure 47 on page 148 bhalsed. The resistor R1 shall be ¥30and R2 shall be
400W. The distance D is the position in the x diractiand shall be in the range from —1000 mm to

1000 mm. This test determines the current inditcedcable from an Antenna Unit for E = 93 mm and

E = 493 mm. See Figure 47 on page 148 for dedimitf E.

1. Position the Antenna at position D = -1000 mrd &= 93 mm.

2. Command the BTM function to its normal operagilomode regarding CW Tele-powering, or to any
other mode equivalent to this (from the point @wiof the Cross-talk evaluation).

Record the reading of Power Meter 1 and cdlfcp.

4. Position the Antenna at regular intervals of #21), up to the distance D = 1000 mm. For each-posi
tion, record the reading of Power Meter 1 and it} jach.

5. Position the Antenna at position D = -1000 mrd &= 493 mm.

6. Record the reading of Power Meter 1 and cd¥-icy.

7. Position the Antenna at regular intervals of #2id, up to the distance D = 1000 mm. For each-posi

tion, record the reading of Power Meter 1 and itdh7iacy .

The results from the test are a set ofR4 values and a set offc.. Calculate the current that corresponds
to the maximum value of each set of data, andtbath b;ac and brac. respectively. For the suggested cur-
rent probe, the current of 1 mA will give a voltagfel mV into 50W. Therefore, the currents are calculated

with the following equations:

l57acH = +/Po7iach ~ 50 Where P is measured in [W], and | is measurgéjn

l57acL =+/Po7iacL ~ 5 Where P is measured in [W], and | is measurgd]jn

The value J;acH shall be lower than 25 mA.

The value 4;5c. 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 far tbsts with LZB cable:
Measurement of 27 MHz Tele-powering induction frarkurobalise On-board Equipment.
Measurement on the Eurobalise On-board Equipmeetwh2 MHz current is injected into the tool.
Requirements are defined in UNISIG SUBSET-036.

Please observe that the Weset-up impedance must always remain for the perpbgesting of Tele-powering
induction.

5.2.10.3.2 Reference Axes and Origin of Co-ordinates

Regarding measurements with 4.2 MHz Up-link currdirections for the Antenna Unit shall be defireed
cording to three reference axes related to thezbntally placed LZB Test Loop described in sub-s&d2.3 on
page 335.

A reference axis in parallel with the longer sidé¢h@ LZB Test Loop (the X-axis).

A reference axis at right angles to the X-axis.isTxis is in parallel with the short side and sBss
the long side of the LZB Test Loop in the middiEhe level of this axis is the centre of the LZB ca-
ble (the Y-axis).

A reference axis directed upwards, at right antgegbe 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 appliélause F1 of Annex F on page 297 gives an ebeaafp
suitable test equipment. Additional details redai®the vertically positioned LZB loop is found sab-clause
J2.4 on page 338. See also sub-clause 4.2.1 enag

BTM Function

Power Meter v

(10) Antenna Uni % .X
‘ Y

Short Circui W) = = - [I]

N-connector

VARERN VARERN /\/

Ground

Figure 49: Test set-up, Tele-powering induction fr  om the antenna

5.2.10.3.4 Test procedure for 27 MHz Induction

The recommended test set-up of sub-clause 5.2316h®uld be used. The following procedure applies:

1.

o~ 0N

6.

Position the On-board Antenna Unit at the positon 0, Y = -300, and at the height representing
the minimum antenna height defined by the supgienbined with an LZB cable position 105 mm
below the Top of Rail. The reference positionhaf tool (X = 0, Y = 0, Z = 0) is at the midpoint of
the longer upper horizontal cable segment of tbe to

Set the On-board equipment into normal operation.
Measure the 27 MHz current induced into the LZBoloo
Repeat step 3 for increasing Y co-ordinates insstéf20 mm up to a maximum of Y = 300.

Repeat steps 1 trough 4 for an antenna heightaersg the case of the LZB cable positioned
75 mm below the Top of Rail.

Verify that the limits defined in UNISIG SUBSET-036e not exceeded.

Please observe that the balun shall be the samasittie one used during tuning of the LZB loop.
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5.2.10.3.5 Test set-up for 4.2 MHz Injection

A recommended test set up is in accordance withrgi§0 below. Clause F1 of Annex F on page 29&gan
example of suitable test equipment. Additionabhdstrelated to the horizontally positioned LZB pois found
in sub-clause J2.3 on page 335. See also subectald on page 23.

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 5.2516h®uld be used. The following procedure applies:

1. Generate an Up-link signal including telegram 1&fifced in Table 25 on page 164), modulated in
accordance with sub-clause 5.2.9.1 on page 148ébRSG. Adjust the output leveldy in sub-
clause 5.2.9.1) to result in 0.3 mA through the LA®p. Please observe that Tele-powering shall
be switched off during the adjustments of the aurre

2. Position the On-board antenna at the position X ¥ 6 -300, and at the height representing the
minimum antenna height defined by the supplier doedbwith an LZB cable position 75 mm below
the Top of Rail. The reference position of thd {9o= 0) is at the midpoint of one of the longer-c
ble segment of the tool.

3. Set the On-board equipment into normal operation.
4. Verify that the On-board equipment does not deteetsignal.

5. Repeat steps 2 trough 4 for increasing Y co-or@mat steps of 20 mm up to a maximum of
Y = 300.
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5.2.11  Balise Detectability Supervision

5.2.11.1 General Description

This test may be performed in a dynamic way ifAmeenna Unit - BTM function combination requiresstto
operate properly. In this case, time and odomriafermation may be required. Antenna mounting dtonls
shall be specified by the supplier.

The test shall be performed with the Reference Lsaadystituted by the metallic profile defined by “tdiic
masses in the track” according to sub-clause 232n page 118. The Antenna Unit shall first bsitioned
directly above the metallic profile (X = 0, Y =)G&t the minimum height specified by the suppliblo other
debris or metallic objects shall be present dutirig test.

In case the alarm is not triggered, then the dicstad’ (according to sub-clause 5.2.2.2.3 on paf®) shall be
gradually increased in steps of 20 mm until anralar achieved. A maximum of three 20 mm steps| sieal
taken during this process.. In case the alarmggered the same procedure shall be performetbbule-
creasing ‘d’ distances in the same manner.

5.2.11.2 Acceptance Criteria, Balise Detectability Supeonsi

The requirement is that no alarm is triggered ateAna Unit heights higher than specified by thepfep
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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 eatdihe BTM function capability with respect to déng of
various types of telegrams (including telegram ahitg).

The input signal to the Reference Loop generatiregUp-link signal shall be in accordance with restriom
sub-clause 5.2.4 on page 124. The time scale Bballected in order to comply with the maximurecgied
velocity for the lateral deviation (Y position) be tested (except for during tests of telegramchirig at very
low speed). The odometer input signal shall becsetl accordingly. The BTM function shall be sehormal
operational mode.

Only a limited amount of combinations of lateralidg¢ion and vertical height will be considered (seb-
clause C7.2 on page 213). The BTM function oussigimal shall be observed via Interfaceand evaluated.

The criteria for the Antenna Unit - BTM functionibg able to correctly handle a certain sequencelefiaed
in paragraph 5 of sub-clause 5.2.5.1 on page 130.

Test Conditions shall be in accordance with subs#aC7.1 on page 212.

Telegrams shall be selected among those definethbge A2 of Annex A on page 161. Telegram switghi
shall be tested both at high speed, and very l@gdponditions (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 Rage 114 applies.

Suitable test patterns for the arbitrary generahail be developed that perform transmission ofvéiréus
telegram types defined by clause A2 of Annex A agg@161. One single telegram type shall be evediuait a
time. Test of telegram switching shall be perfodnderring simulation of maximum speed as well asraur
very low speed conditions.

Apart from these modifications of the FSK signatidhe selection of geometrical test points anddesti-
tions, the test procedure is identical to the pdace defined in sub-clause 5.2.5.2 on page 131InSinéssion
Tests).

Geometrical test points and test conditions arinddfby sub-clause C7.1 on page 212 and C7.2 om DH8.

5.2.12.3 Acceptance Criteria, Handling of various Telegrams

See sub-clause 5.2.5.3 on page 134.
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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 BTtMction correctly reports a sequence of Balisg¢hiwia Bal-
ise group. The BTM function shall be set in norropérational mode.

The input signal to the Reference Loop generatiregUp-link signal shall be in accordance with restriom
sub-clause 5.2.4 on page 124, but consist of aeseguof eight consecutive Standard Size Balisesiquosd at
the minimum specified distance between each otfie time scale shall be selected in order to cgmijih
the maximum specified velocity for the lateral deidon (Y position) to be tested. The time and odminput
signal shall be selected accordingly. Differetédeams and different lengths of telegrams shaflhbesd
within the sequence of eight Balises. Telegranadl §fe selected among those defined by clause A&hakx
A on page 161.

Only a limited amount of combinations of lateraVidgion and vertical height will be considered. eTBTM
function output signal shall be observed via Irdeef\f and evaluated.

The criteria for the Antenna Unit - BTM functionibg able to correctly handle a certain sequencelefiaed
in paragraph 5 of sub-clause 5.2.5.1 on page B&@ also paragraph 6 of sub-clause 5.2.5.1 on#@ye

Geometrical test points and Test Conditions araddfby sub clauses C7.1 on page 212 and C7.2gm pa
213.

5.2.13.2 Test Procedure, Handling of Balise Sequences

Test set-up in accordance with sub-clause 5.2 Rage 114 applies.

Suitable test patterns for the arbitrary genershail be developed that simulates a sequence lof 8igandard
Size Balises carrying a mix of different telegranie following order of telegrams applies:

Balise 1 - Telegram type 8.

Balise 2 - Telegram type 1.

Balise 3 - Telegram type 9.

Balise 4 - Telegram type 2.

Balise 5 - Telegram type 10.

Balise 6 - Telegram type 3.

Balise 7 - Telegram type 11.

Balise 8 - Telegram type 4.
Apart from these modifications of the FSK signatidhe selection of geometrical test points anddestli-
tions, the test procedure is identical to the pdace defined in sub-clause 5.2.5.2 on page 131InSinéssion
Tests). The additional modulation simulating tredi® passage includes eight consecutive patterdsfaned

in sub-clause 5.2.4 on page 124. The distancesketthe centres of consecutive Balises shall bacsetding
to:

2.6 m when simulating a speed of 180 km/h
3.0 m when simulating a speed of 300 km/h

5.0 m when simulating a manufacturer dependentdsgbeve 300 km/h

Geometrical test points and Test Conditions araddfby sub clauses C7.1 on page 212 and C7.2gm pa
213.
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5.2.13.3 Acceptance Criteria, Handling of Balise Sequences

See sub-clause 5.2.5.3 on page 134. Additiontdéysimulated 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 fundameotacepts of the Basic Receiver defined in sulrszad.3.4
of UNISIG SUBSET-036.

For the purpose of the tests, the specific setgiftelegrams defined in clause A3 on page 166 bhalsed. It
should be observed that a complete test of ali¢hgirements of the Basic Receiver is more extensiad that
this procedure focuses on the most important anddmental requirements defined sub-clause 4.3.4 of
UNISIG SUBSET-036.

The test telegrams can not prove the safety ofé¢beiver, but they do detect violation of the mastious and
critical properties (such as inversion of telegrasiwell as the proper handling of synchronisakiits, check
bits and extra bits).

The test telegrams of clause A3 on page 166 arg @0341 bits long. All test telegrams may be sraiited
cyclically without interruptions between the lasdathe first bits of the telegram.

Two of the test telegrams are valid inverted tedegs. The Basic Receiver shall reject the othetesitele-
grams. In fact (apart from the extra-bits testewehthe exact number of required extra bits ish#lygarbi-
trary), any safe receiver shall reject the defite=d telegrams.

The input signal to the Reference Loop generatiregUp-link signal shall be in accordance with restriom
sub-clause 5.2.4on page 124. The time scale Bballected in order to comply with the maximunciss
velocity for the lateral deviation (Y position) be tested. The odometer input signal shall bes#leaccord-
ingly. The BTM function shall be set in normal oggonal mode.

Only a limited amount of geometrical test pointalsbe considered (see sub-clause C7.2 on page 718
BTM function response shall be observed via Interfe; and evaluated.

5.2.14.2 Test Procedure, Fundamental concepts of Basic Wecei

Test set-up in accordance with sub-clause 5.2 Rage 114 applies.

Suitable test patterns for the arbitrary generahail be developed that perform transmission ofvéiré@us
telegram types defined by clause A3 on page 166e shgle telegram shall be evaluated at a time.

Apart from these modifications of the FSK signadidhe selection of geometrical test points anddestli-
tions, the test procedure is identical to the pdace defined in sub-clause 5.2.5.2 on page 131InSinéssion
Tests).

Geometrical test points and test conditions ariddfby sub-clauses C7.1 on page 212 and C7.2 g 203.



Page 159f 341
SUBSET-085, Issue 3.0.0
February 24, 2012

5.2.14.3 Acceptance Criteria, Fundamental concepts of Basaeiver

The telegrams in accordance with clause A3 on pgé@eshall be handled as follows:

The telegram defined as identity S1 shall be eitbported as a correctly decoded telegram, or-be re
jected.

The telegram defined as identity S2 shall be eitbported as a correctly decoded telegram, or-be re
jected.

The telegram defined as identity S3 shall be regkct
The telegram defined as identity S4 shall be regkct
The telegram defined as identity S5 shall be regkct
The telegram defined as identity S6 shall be regkct
The telegram defined as identity S7 shall be regkct
The telegram defined as identity S8 shall be regkct

5.3 Requirements for Test Tools

See Annex B on page 168, Annex D on page 215, am@AH on page 309.
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Annex A (Normative), Reference Test Telegrams

Al General

The telegrams entered into the Balise via its fater ‘C1’, stored within the Balise (Default Telagr), or
entered into the reference loop shall in generataio meaningful user data, consistent with thé gpartly
simulated, movement of the antenna. They shathadly contain variables and data compliant with the
ERTMS/ETCS language and must be encoded accorditigetcoding requirements defined in UNISIG
SUBSET-036. The exception from these rules is dhiaing testing of the fundamental concepts ofhasic
Receiver, the specific telegrams of clause A3 aye66 shall be used, which do not fulfil thes¢ecra

Both lengths of telegrams (341 bits and 1023 its)used.

Regarding the test telegrams considered in cla@senApage 161, a complete list of application egladata is
given in Table 22. An explanation of their diffateypologies is given in Table 24. The finallyceded data
corresponding to each telegram is given in Tableable the final set of “User Data” is given in fla 23.
Hexadecimal notation is used for describing batlalfitest telegrams and User Data.

Table 26 gives the characteristics of each tesgtaim used for testing the Basic Receiver propertiable 27
gives the final telegram bits in the same way abahle 25 for normal test telegrams.

For each telegram of Table 25 and Table 27, theesponding bit sequence can be obtained from tka-he
decimal representation by replacing each hexadédiga with its four-bit binary digit notation (M8 on the
leftmost position). For the short telegrams, #mst B bits of the corresponding hexadecimal natatfor able
25 and Table 27 shall be ignored. For the lonegi@ms, the last bit of the corresponding hexadacirata-
tion of Table 25 and Table 27 shall be ignored.e Tdlegram transmission starts from the first leftrbit of
the string so obtained, and continues from lefight. According to sub-clause 4.3.1.2 of UNISIGEBSET-
036, the first transmitted bit is the MSB of thieggam (bit 340 or bit 1022), while the last traritsed bit is
the LSB (bit 0).

The checksum, included in Table 25 and Table 2atedIto each telegram, is used for protectingeélegtam
notation with respect to possible corruption oréging from text editing tools. The checksum isltup by
grouping the consecutive hexadecimal digits of estdhg in a string of hexadecimal two-digit nurmer
(where the leftmost digit is the most significamed, and by summing up all the two-digit numbersis@ined.
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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 0000p0001b 00b od 71d (fixed XXXXXXX 1d XXXXXXK XXXXXN
2 Short 2 1000 0000p0010b 00b od 71d (fixed XXXXXXX 2d XXXXXXK XXXXXN
3 Short 3 1000 0000p0001b 00b od 71d (fixed XXXXXXX 3d XXXXXXK XXXXXN
4 Short 3 1000 0000p0010b 00b od 71d (fixed XXXXXXX 4d XXXXXXK XXXXXN
5 Short 4 1000 0000p0000b 00b od 71d (fixed XXXXXXX 5d XXXXXXK XXXXXN
6 Short 4 1000 0000p0000b 00b od 71d (fixed XXXXXXX 6d XXXXXXK XXXXXN
7 Short 5 1000 0000p0000b 00b od 71d (fixed XXXXXXX 7d XXXXXXK XXXXXN
8 Short 5 1000 0000p0000b 00b od 71d (fixed XXXXXXX 8d XXXXXXK XXXXXN
9 Long 9 1000 0000p 0001b 00b od 71d (fixed XXXXXXX 9d XXXXXXK XXXXXN
10 Long 9 1000 0000p 0010b 00b od 71d (fixed XXXXXXX 10d XXXXXX XXX
11 Long 10 | 1000 0000p0001b 00b od 71d (fixed XXXXXXX 11d XXXXXX XXX
12 Long 10 | 1000 0000p0010b 00b od 71d (fixed XXXXXXX 12d XXXXXX XXX
13 Long 11 | 1000 0000 0000b 00b od 71d (fixed XXXXXXX 13d XXXXXX XXX
14 Long 11 | 1000 0000 0000b 00b od 71d (fixed XXXXXXX 14d XXXXXX XXX
15 Long 12 | 1000 0000 0000b 00b od 71d (fixed XXXXXXX 15d XXXXXX XXX
16 Long 12 | 1000 0000 0000b 00b od 71d (fixed XXXXXXX 16d XXXXXX XXX
17 Short 1 1000 0000b0000b 00b od 71d (fixed XXXXXXX 17d XXXXXX XXX
18 Long 8 1000 0000p 0000b 00b od 71d (fixed XXXXXXX 18d XXXXXX XXX
Table 22: User data of the Test Telegrams (before  coding)



Page 162f 341
SUBSET-085, Issue 3.0.0
February 24, 2012

Tel. ID

Hexadecimal contents

80 10 01 1C D8 00 00 42 91 D3 08 59 4D 17 9D D4 A&F FF FF FF FF FF FF FF CO

80 20 01 1C 78 00 00 81 1C 15 0D 4D 7F FF FF FFFFFF FF FF FF FF FF FF FF CO

80 10 01 1D 38 00 00 C4 17 8C 99 5E 09 CD 8D DB14.C 54 DC 92 9C D1 3F FF CO

80 20 01 1C A8 00 01 01 CA D8 52 0B 49 0D CA FFHFFF FF FF FF FF FF FF FF CO

80 00 01 1D 38 00 01 44 0B CC 8B CE 10 94 52 D®DB®1 57 4E 9B DA C9 BF FF CO

80 00 01 1D 28 00 01 83 DB 9B 88 9E 9D DB 52 9859980 OF 51 95 11 FF FF FF CO

80 00 01 1C 68 00 01 CO D6 10 54 7F FF FF FF FFFIFF FF FF FF FF FF FF FF CO

80 00 01 1D 18 00 02 03 9A CF D6 DO 1A 8F DE 999590 CB 1E 1C 7F FF FF FF CO

Ol | Nl W[IN]E

80 10 01 1C B8 00 02 42 19 89 DC CF D8 11 1D 1¥BFF FF FF FF FF FF FF FF FF FF FF FF FF FF FFIFF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FFIFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FFFFA
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FFIFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FQ

10

80 20 01 1E 04 00 02 87 58 8B D6 48 9C D8 99 5558D 49 5A 18 53 D4 D3 4B D7 5A 9C 1C 0D 8C DA%4
CD DA 3F FF FF FF FF FF FF FF FF FF FF FF FF FFFFFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FFF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FFFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FQ

11

80 10 01 1E AC 00 02 D1 C9 53 D5 9C D2 1C 4B 14080C9 58 9C CD 8D 8D 14 4E 1A 1E 4D DO DA 89 1D D
OE 99 59 1E 8F 89 5A 0D 56 4C 91 91 8B 96 11 0810/55 4E 49 DD D7 1D 95 4A CF 1A D8 95 92 9C 4BOID
54 8B DC 4D OB 11 53 D5 17 OF 7F FF FF FF FF FFFFFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FFEH

12

80 20 01 1D B8 00 03 06 08 16 54 OB 8B 98 1C 5255DD CC D3 D5 D8 1E 12 11 5B 4C 89 1D 8F D5 3FFFF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FFIFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FFFFA
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FFIFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FQ

13

80 00 01 1E D4 00 03 54 5B 16 5B D2 8B CE 4C 5BB7C8 51 58 09 OD 4D 09 9A 57 9E 59 4A 5E 1C 1E19B
4E 92 D3 57 55 9C 14 9B 4D 57 CC DD 49 CA CF 1708D55 8C 54 54 4A 97 10 94 1C CC 4D 5D 09 9D 17 5H

5A 13 9C 54 1D D6 DA 09 D9 49 8F 14 57 D5 9D CAI®D8 D5 FF FF FF FF FF FF FF FF FF FF FF FF FF FF

FC

14

80 00 01 1D C8 00 03 86 5B 51 12 C8 8C 57 5D 9L BHE6 0D 4B 55 8F 5B CE OF 49 C8 9A 09 CA 10 D7FEF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FFIFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FFFFA
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FFIFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FQ

15

80 00 01 1E BC 00 03 D2 DA OA DE 0B D9 88 0B 524#89B 10 8D DA 52 D7 9C 91 8C 88 94 1A 53 88 0B033
93 DD 14 0A CE 92 19 51 99 0C CB CE 8A D2 57 OF48788 54 90 8A 09 1B 17 DA 49 53 D7 DD 55 CF OE Ti2
91 5E 1A 52 5D 12 15 58 93 1B 8C 15 CC 3F FF FFFFFFF 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 108ERCD 92 OA 54 12 1A 4E CE CE 89 15 19 4E 8A 8FI®B
D6 0B 96 11 0C 50 12 1B 8E 5E 0C DD C8 DB 13 1B948C 14 CE CF 97 59 9B 13 0B 1A 19 5E 4A 1B 9DIEY
3F FF FF FF FF FF FF FF FF FF FF FF FF FF FF FFFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FQ

17

80 00 01 1C D8 00 04 42 95 8F 5C 99 95 11 D8 8BB®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 8COBMF 18 DB D6 17 15 1C 8B 90 5A 91 OF 4D CE 1E19D
9A 4B 14 1C 88 C9 0C 1D 0C OB 93 4F 8C 95 9B 5348[DD 5D 0C 1D 54 7F FF FF FF FF FF FF FF FF FFFFH
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FFIFFF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FQ

Table 23: User data of the Test Telegrams (after e ncoding) in Hex format
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Type Description
1 Short Telegram with 50 %&(2 %) of logical "1" and with an evenly distributeeh length
2 Short Telegram with 10 % to 40 % of logical "®idawith an evenly distributed run length
3 Short Telegram with 60 % to 90 % of logical "Gidawith an evenly distributed run length
4 Short Telegram with 45 % to 55 % of logical "@idawith high frequency of transitions
5 Short Telegram with 45 % to 55 % of logical "@idawith low frequency of transitions
8 Long Telegram with 50 %2 %) of logical "1" and with an evenly distributagh length
9 Long Telegram with 10 % to 45 % of logical "0"dawith an evenly distributed run length
10 Long Telegram with 55 % to 90 % of logical "Gidawith an evenly distributed run length
11 Long Telegram with 45 % to 55 % of logical "Gdawith high frequency of transitions
12 Long Telegram with 45 % to 55 % of logical "Gfdawith 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 FDABA D7 69 85 7B ED 37 F6 A5 F2 F
3E FD 8C DF 5A 40 DA 7F BB 71 22 C5 BF 22 CD A3 9B 78
2 Short 2 1C2D DD 77 C1 57 C7 E7 F9 79 54 67 ASBE9B1 FE 5F A8 37 D3 B7 A8 CD 2C H
F7 58 DC E6 D6 40 7C E7 B3 25 F8 B3 7B EF 6B 7CABAEQ
3 Short 3 1058 OE 50 48 31 9E 85 Al 6B E4 A5 A4AB306 OA 70 18 A5 73 FO 2B 10 31 08 4
72 30 C0O 90 40 72 80 89 22 04 E5 OE 6C 51 57 08044
4 Short 3 ODFB 3B 47714918 C9 02 16 15 84 0AOB1 CO C9 OAE7 17 OC A0 44 53 12 6
08 05 83 94 40 48 77 B1 80 8A 58 F2 37 02 07 480’1
5 Short 4 12A1 E8 AB AD 7C AACD 75 66 23 49 7135 09 19 2E DA 8A 4D 5F 6C 4F 5B A
51 09 56 CE 5E 40 4D 77 AA 52 B5 98 32 6A 47 51EI528
6 Short 4 12D9 6D F2 AC D9 28 F5 5B 6F 4B 7F 15AR?70 2C A9 6A D2 1B 52 72 OF 5A 1§
99 2A 9D 99 26 40 5B 89 AD 2C A9 53 D3 4B B9 D5 3B 38
7 Short 5 1633 B2 9B EB C1 99 DF 37 80 69 28 BA6EB0 2C 3F 94 37 3F 87 87 79 F7 BB
E2 08 1C FE DE 40 71 16 11 CO 2F D2 7C F9 E3 CHBEB8
8 Short 5 1710 DE FE F3 81 A7 7C 9F BE 05 E4 03B2BD 62 C7 03 DB B1 8E E3 10 FO §
67 57 78 20 EO 40 43 8C 10 1E 01 E4 BC 91 60 D2BF0
9 Long 9 4483 98 3B E6 32 7B 23 75 ED 96 19 46 ®0E 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 24 5E 63 91 C7 B3 9%
96 BA 7D 7B EC DB 14 2F 24 5C 87 F8 EA 7D 3E ODRBF2 F1 AB 99 5B 7H
DF 45 3C 41 3C AE 77 C2 3B E9 7C 47 5A 7D F2 C548DAA F3 30 67 74 FC
4A C7 59 F2 D9 ED 5E F9 13 E2 E6 17 85 92 CD 7HD®FLO0 1B 51 67 29 2F
B5 DF 89 B8 AC DE DA 7C
10 Long 9 473B BE 09 4B AD 38 41 5F E7 42 D4 6B7A061 36 1B 64 27 9C DF 2B ED 3D E
BC D9 E2 F6 DF 78 CC 52 E2 B3 16 BC B9 5D CD 8HJ735B F6 08 B9 OE
F5 A3 E5 03 5B 3D D7 B3 15 E4 0C FB 45 55 D6 8FF6D 75 1A 4F 7F 69
7C F6 7B 6D 8A 19 3F 4C 07 B7 A9 6E FC 73 F4 C6D8 70 DB F7 EF 79
90 C9 Al 25 8E 67 6E CA DO E1 C2 69 CE D9 25 AEFIR21 90 11 CD A9 7D
BF A5 60 F6 F5 F4 BD 0B D8

OT

26 gee definitions in Table 24.
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Size

Type 26

Check
sum

Hexadecimal value

11

Long

10

36DA

7088 0588 70 13 48 B4 43 CO FOASI5 D4 CC 190254 BB 81 23 A891
2A 41 35 03 DA F1 65 AE 5A 01 4B A8 7A C1 1C 56 1D 6A 22 EE 6A 5D 15
37 E8 44 3D 52 62 1D 41 9E 2B 05 9F 0B 99 F2 83982 97 D6 10 1C 45 34
83 CD 5A 1D 46 F1 51 CO 96 8A 51 32 93 C1 74 81ABESB 12 03 9B 4E C8
4C F4 B8 6B 3F 68 40 FO 12 C3 2E 86 BE 38 BO FBBB®9 55 15 86 41 20 6(
FAE7 29 86 20

12

Long

10

3834

70 DA 90 A3 DA 44 AF 4B CAE8 DO 6969 A2 85 7B DC A4 12 C4 88 22
BA F8 29 C1 0C 60 90 F2 1E 23 09 58 21 A0 B8 9112EE0 21 D2 63 84 51
FD 47 24 A3 84 74 DC A5 ED 37 08 9C 77 12 03 EEB®D97 30 85 40 C4 85
02 E6 E3 48 B5 88 2B 46 31 34 F8 87 09 3F 0C 1CB®8 70 9F 70 11 1E 95
42 10 E4 3A3C 74 83 51 13 A7 2C 12 D7 69 62 98D40 10 9F 4F 1F 52 30
DO 3D OE 4A 10 74 A6

13

Long

11

42E1

Al E4 F4 35 1A 93 5B 15 44 A2 ABESB7 56 B6 80 D5 66 DF 95 EA D3 3(
3E 47 CD 15 BB BC 73 85 AC B6 7A 6F 31 DD 37 ES8DBB 61 EA 24 BD 92
A2 2A 53 A4 69 6A 2A 64 3C CA F6 F6 5D 86 2A 61 AP 45 71 38 52 5D 3F
C4 83 5A A4 AE 12 AD 15 6E 71 A6 6B 53 96 35 DAB& 6A 93 B4 BC 14 E1
6C DA 7A DA 24 64 D1 0C 6B D2 8D E5 96 EA 18 F4 E& 97 90 12 1C 94 E{
16 F9 8A A3 BC 29 56 63 CC

14

Long

11

4054

12 19 4F 8C C4 FB B5 42 95 6A 9AIA25B 51 61 C6 A8 E3 FB 88 BA E2 Al

42 73 0C D9 9B E6 09 7D 92 B5 AE 45 A2 AD C6 61%BF D5 5B CA 49 B2 0d
5A B5 22 A5 09 78 71 ED 4E CO B7 B1 4B 24 FF OFB4052 21 D6 OD 96 F2
B7 56 D4 BE 53 ED 29 B1 5D 2F 41 19 34 09 2B 76 ZDBC 97 0B A2 75 9A
60 33 A9 89 CE A5 F6 8E 29 7B 53 CF DA 6D D2 DEA&$90 14 2B 2B C8 0A
55 45 E7 40 AA 95 99 5E

15

Long

12

45ED

3821 B1 BB BE C3 B8 73 C3 86 FCRID26 B4 C9 54 C7 C7 72 CD F1 C9 2
F4 B8 F8 2A 07 AE 36 E8 78 FO 46 AF 46 88 60 B(b8582 4C 43 9B E3 A1 E
3C 2F 2F 2D F3 E5 E5 F5 06 D9 A4 25 F2 FB BD 141227 C7 CAF9 77 D4
84 09 71 OF BD C6 38 A7 86 F3 1F E2 12 D3 OF CD(@131 98 B3 83 76 38 7
8E 0C C4 0C B9 BE F8 2D C8 C4 84 07 CB 13 40 Ca2®B 38 88 B9 10 FO
94 F5 8C F6 F9 26

= o

16

Long

12

4234

OE 6C 0C BD B1 B6 03 86 CD E6 59205 7F 50 10 FC CF 02 63 4F CE 3
F2 08 51 64 03 76 97 6E DA 80 CF 9C A2 F4 E3 DBEZB57 A8 7E 46 F8 47
4B CO E3 EF 06 DO 76 7E 81 F9 B8 78 83 03 9B FCHBA-7 18 77 74 46 FC
5C 59 52 CF 2E E3 78 D3 12 A6 DC 22 1B 3A CE 57FD449 6E 1D C3 82 1A
60 B8 EF 7C F3 07 42 7B 7F 30 FF 7D EE 11 F4 BGCR910 34 22 13 09 A3
AD F6 A6 4C 2B 9E 3C 36

N

17

Short

15B6

BF 65 63 7E 56 AA 5C 65 D8 E6 5108238 ED CD 15 82 44 20 29 10 DE 3§
0D 55 A9 8C 38 40 63 61 DA C6 AE C6 68 A6 93 27 BB80

18

Long

3DFB

24 68 68 D4 F1 DE B6 13 DD 24 C3AIBAL DF 6A AACD 41 1C 0A 51 20
715E E7 78 D3 28 7F 91 1D C2 2A 82 57 31 45 3FbB@&2 E9 B6 A8 36 94 B4
71 EF 19 6A 52 17 B6 C4 F6 AF CB C8 9B CE 1A 7D32383 OE AA CB 7A 81
9A 9D OF 8D OF 8E 81 35 76 F6 CF 70 59 A5 DO C8@976 46 15 23 04 C4 3
8F BC 7DOC C9BB 130525 C072C18271E5CDICA6 79 42 EB 9A 14
3B 8992 A1 62 DD 9E

19

Short

Telegram 4 with 2 bit errors in randoosition

20

Short

Telegram 4 with a 20 bit burst errorandom position

21

Short

Telegram 4 with 2 pairs of consecuti¥eslip/insertions in random position

22

Long

10

Telegram 11 with 2 bit errors in randposition

23

Long

10

Telegram 11 with a 50 bit burst errorandom position

24

Long

10

Telegram 11 with 2 pairs of consecukliieslip/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 controlddi®7, which shall be rejected by the Basic Re-
ceiver.

S4 | Short-format telegram with erroneous bit b10Bictv shall be rejected by the Basic Receiver.

S5 [ Inverted long-format telegram with erroneoustiamrbits, which shall be rejected by the Basic
Receiver.

S6 | Repeated short-format telegram with invalid hybits, which shall be rejected by the Basic Re{
ceiver.

S7 | Long-format telegram with invalid word in cheuks, which shall be rejected by the Basic Re-
ceiver.

S8 [ Test pattern for short-format extra bits cheeksch shall be rejected by the Basic Receivere Th
test pattern consists of a repeated short-fornegrtem, where bits 461..1022, but not bit 922, dre
inverted. Both bits 0..460 and bits 461..921 dtunst error-free telegrams with 120 extra bits.

Table 26: Characteristics of the Specific Test Tel egrams

ID Check sum Hexadecimal value

S1 1458 21 FD 51 D8 40 6E F3 AC 30 C1 53 B3 8E®B4 E1 12 2C 03 DE 30 9E 10 2F JF
4B CC FD BF A3 65 64 AB 8E OF D3 5A 56 33 44 B2 A8

S2 4068 71 C6 74 E5 B5 0C 1C 6C 2A 91 6D 53 74M%P DB F6 95 18 39 23 30 5D AE

06 26 C3 2F 80 54 D3 EE 88 7E EC AD E6 23 17 DCIHD71 09 36 C5 1E F4 4E
7D 23 DF 24 5A D5 50 47 67 CA FC D7 13 F7 AB 6B3€B8 23 AF B9 D6 84 27
8A E4 9B 86 63 4B 84 83 5F 64 AE 6C 12 48 71 5CAD'B0 90 6B 82 23 1C 28 FA
9B D7 E8 C0 94 51 D5 F1 30 EO 70 61 5E 6F E6 2&TIICB 73 41 FE 29 61 BB EP
B2

S3 42F1 82 6F BD 12 DA BD 29 45 90 C5 A5 CB 2E P9AF E1 19 A6 6E 9F 8C D2 D4 Ok
E8 51 6E 32 65 AB 5D CE F7 AA 3C F5 29 67 36 C4EIF-55 C2 6D 50 C2 76 D3
DF 5A 16 D3 50 B2 76 4D C9 F9 47 60 3F A3 BE ACBBEF 51 A5 5B D7 CB B3
95 4F 2A 11 EC 26 C1 B8 EO E4 87 1E 6C CE 79 6@E®S5 D5 1C 38 FO 4A D7

5116 73 7B 46 5F 1B 67 79 5A FO 4E 5B 65 84 1CIXAE 59 D9 5F 7E 52 F7 E}Y

B2 8A

S4 11BB F7 9A E5 2B 6A 68 04 42 2E DC 4555 93 E8 7 7B 36 3B D7 71 97 0B 33 8D 4[C
D1 1C 24 C0 44 71 04 31 44 D5 68 55 44 36 5B 60 A8

S5 411A 71 C6 74 E5B5 0C 1C 6C 2A 91 6D 53 74 AAD DB F6 95 18 39 23 30 5D AE

06 26 C3 2F 80 54 D3 EE 88 7E EC AD E6 23 17 DCIHD71 09 36 C5 1E F4 4E
7D 23 DF 24 5A D5 50 47 67 CA FC D7 13 F7 AB 6B3&B8 23 AF B9 D6 84 27
8A E4 9B 86 63 4B 84 83 5F 64 AE 6C 12 48 71 5CAD'B0 90 6B 82 23 1C 28 FA
9B D7 E8 C0 94 51 D5 F1 30 EO 70 61 5E 5F E6 1BES5 43 ED 86 E9 97 84 Fp
B8
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Check sum

Hexadecimal value

S6

3CA8

F7 9A E5 2B 6A 68 04 42 2E DC 45 55 93 E8Y 7B 36 3B D7 71 97 0B 33 8D 4
D1 1C 24 40 45 F5 B3 14 A4 27 OE 8A FF 6D A4 35ETF-D7 29 5B 53 40 22 11 7
E2 2A AC 9F C3 90 8B D9 B1 DE BB 8C B8 59 9C 6ABHE1L 22 02 2F AD 98 AS
21387457 FB 6D 21 AF 7D E6 B9 4A DA 9A 01 10 BB 11 55 64 FE 1C 84 5E
CDSEF5DC65C2CCE35334470910117D6Q€HB9 C3 A2 BF DB 69 0D
TA

)

S7

3FD9

8E 39 8B 1A 4A F3 E3 93 DS 6E 92 AC 8B BB%2? 24 09 6A E7 C6 DC CF A2 51

F9 D9 3C DO 7F AB 2C 11 77 81 13 52 19 DC E8 2208E F6 C9 3AE1 0B Bl
82 DC 20 DB A5 2A AF B8 98 35 03 28 EC 08 54 94/AB47 DC 50 46 29 7B D8
751B 64 799C B4 7B 7C A0 9B 51 93 ED B7 8E A3BIB7F 6F 94 7D DC E3 D7
05 64 28 17 3F 6B AE 2A OE CF 1F 8F 9E Al 90 1M4E®E 71 5B 8A BA E3 37
B7 12 AE

S8

425C

DE 02 AE 27 BF 91 0C 53 CF 3E AC 4C 71 €EAB 1E ED D3 FC 21 CF 61 EF
DO 80 B4 33 02 40 5C 9A 9B 54 71 FO 2C A5 A9 CCHB56 FO 15 71 3D FC 88
62 9E 79 F5 62 63 8B 77 61 A7 08 91 60 1E F1 88FUB FA 5E 67 ED FD 1B 2H
255C 70 7TE 9A D2 B1 9A 25 95 48 7F 54 76 10 1BEE0C 30 54 EC E3 A4 44
CD 38 44 8B 00 F7 8C 27 84 0B DF D2 F3 3F 6F C8D2A E3 83 F4 D6 95 8C
D1 2C AA

Table 27: Encoded Specific Test Telegrams
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Annex B (Normative), Air-gap Reference Equipment

B1 General

This Annex establishes the unified test method, thedspecification of the specific reference equéptfor the
tests that have to be done on products in ordestéblish Interoperability. It also specifies tlse of the test
equipment as the common reference for Eurobali$gs Annex is needed for Interoperability betwedfed
ent products that are part of the Eurobalise Ssteny.

The specification of the Reference Loops that gpoad to the definitions in UNISIG SUBSET-036 iaf
the main purposes of this Annex. The References@oe used for absolute level measurements.

For the test, it is also necessary to define a Aetnna that is activating the Balise during thstd. It shall
also be able to receive the signal from the BaliBlis Test Antenna is used for relative measurgésyemd not
used for absolute level measurements. All absohd@asurements are related to the Reference Loops.

In addition to this, a special Activation Antensaréquired for activating the Balise during craag-and Up-
link tests. This device shall not have a looprigeiving Up-link signals.

In general, this document defines the minimum nements of the Reference Equipment. Better acgusac
always advantageous, and will reduce necessaryinwirgthe measurement process during Product fzali
tion.

B2 Reference Loops

B2.1 Size of Reference Loops

The Standard Size and Reduced Size Balises havelne stated Reference Areas for the measurenfient o
field strength from the Antenna Unit to the BaliSEhese Reference Areas are also valid for the nneasent
of output field strength from the Balise.

Standard Size (width length) =358 mm 488 mm
Reduced Size (width length) =200 mm 390 mm
Reduced Size, Transversal (widthength) =390 mm 200 mm

The Reference Loops shall be made in such a waytikaoutput signal is proportional to the magn#étig
through this Reference Area for the respective kimp of the Reference Area.

The loop shall be protected with an insulatingglathe total thickness of this plate shall be 26 @ 28 mm,
and the physical interface with the environmenthia other directions (X and Y) shall be 19 mm ta2%
outside the Reference Area (i.e., the length apduikdth of the Reference Loop shall be 38 mm tor0
larger than the Reference Area). This plate defihe position and the distance from the Referémea to
where the physical interface with the environmeribcated. The exact location of this physicatiiféce has
to be defined during testing of the debris influeoa the flux through the Reference Area and thadénce on
the output field from the encirculating current.

The Reference Loop shall have visible markings tledine the reference position for the ReferenaaplLolt
shall be located in the centre of the plat® mm. This reference position shall be used décate the electri-
cal centre of the Reference Loop (i.e., centrénefReference Area). A positive direction in eatthe X, Y,
and Z directions relative to the Reference Loogldieadefined.
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B2.2 Field Requirements

B2.2.1 Magnetic Field (H-field)

The Reference Loop shall be tested relative tolardReference Loop of the same kind. Tests slegbido-
formed in free air with the two Reference Loop#orizontal orientation, and top side facing eadieo(i.e.,
the positive z-direction of each Reference Loofaisng each other). The longest sides shall ballgdrand
the X-direction is defined as the direction of thiegest side of the loop. The Y-axis is in theibhantal plane
and in right angle to the X-axis. The mutual indunce shall be measured between the two Referevoyes|
both with the x-axis in parallel and in anti paehlland the result shall be compared with the thtewally
calculated values. The measurements shall be foadtee vertical distances (Z), and the lateral évigl longi-
tudinal (X) horizontal displacements between th&eRmce Loops according to the table below.

In the table below, the mutual inductance M ismedi in a slightly different form. The attenuati@ is
given in dB according to following formula:

-A/20
A =-20%og WM orinverted: M = 25leo—
25w w

The measured mutual impedance expressed in foAn(sée above) between two Reference Loops, shall no
deviate more thatt 0.5 dB from the following theoretical calculatealves. For the Reduced Size Transversal
Reference Loops, the values for the Reduced Siferdee Loops are valid. The calculation is mazteial-

ing to the definition of the Reference Areas. Rartmore, the matching transfer ratio B (see subseld@2.3

on page 171) and the electrical centre shall beiated for each individual Reference Loop.

Table 28 below shows the calculated values fomtlual impedance between two identical Referenap&o

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 14.52 30.64
220 100 -100 3.62 19.74 14.52 30.64
220 -100 100 3.62 19.74 14.52 30.64
220 -100 -100 3.62 19.74 14.52 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
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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 -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 shalhiore than 25 dB.

25 dB E-field rejection corresponds to 0.5 dB aacyrfor a TEM wave (25 dB E-field rejection meahattthe
Reference Loop will give 25 dB lower signal thaanfran H-field when E/H=37W).

This requirement means that an electrical fiel813 V/m shall generate less signal on the Referknop
output than a magnetic flux of 10.3 nVs through $tendard Size Reference Loop. In the same wayedns
that 445 V/m shall generate less signal on therReée Loop output than a magnetic flux of 6.5 nM®tgh
the Reduced Size and Transversal Reference Loop.

In the real test situation, the E-field is muctslésan 37~ H. If the accuracy of the Reference Loop shall
comply with the required accuracy, then this mésvalid with good margins in the near field zone.

The Reference Loop shall be tested in a pure B-&alhironment (i.e., negligible magnetic field).
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B2.3 Compensation for the Impedance of the Reference Lpo

The nominal impedance for the equipment connede¢de Reference Loop shall be 8((i.e., the source
impedance of the generator and the load impedartbe @ower meter shall be S8¥when connected to the
Reference Loops).

The Reference Loop should be connected to WEiad when it is used for Tele-powering flux measnents.
Then the voltage \shall be measured over this Bresistance. If the Reference Loop has a seripédance
(the shunting impedance must be negligible) pfar the actual frequency, and if the ReferenceplLbas the
matching transfer ratio of B, then the flux througle reference area can be calculated according to:
VB Zy

1+—
w 50

Fa

If the Reference Loop is fed with a voltage sowkith the voltage 2Vs and with the serial resistance of B0
then the current encircling the reference areabeacalculated according to:

2B

ly =
50x% 1+é
50

where Z is the serial impedance of the Reference Loop.

The impedance of the Reference Loop may be infleery the test object, or by the environment. his tase
the measurement result must be compensated (@ormm@ensation is not negligible) with respect todbtial
impedance during the test (i.e., the impedance thest be measured). This has to be performedaftii e
individual set up with the Reference Loop.

Another possibility is to directly measure the attcurrent into the Reference Loop, utilising acsgleBalun
with current sense capabilities, and to measuretigut voltage from the Reference Loop with a thimped-
ance” device (i.e., the impedance of the Refer¢wop shall be negligible compared to the measudiexjce).
However, please observe that the B-factor musbheidered also in this case (e.g., in order toinkiacurrent
of 1,x encircling the reference area, the current meddoyesuch a current sense balun shall,{g8)

If the shunting impedance is not negligible, theigeer of the Reference Loop must give and vehéyfor-
mula for how the influence of this shall be comzead.

The B-factor is a matching transfer ratio that jules a compensation of a specific design solutimthat the
characteristics of Table 28 on page 170 are oldaithe general, this considers compensation ifefleetrical
size of a specific solution is not exactly equalhte defined reference area (but still is withie Htceptable
tolerances for the Reference Loop), and compemséiioother imperfections (such as stray capacéaic.).
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B2.4 Frequency Characteristics of the Reference Field

Up-link: When the Reference Loop is supplied witkirmusoidal signal from a constant and perfect
50 W source, then the amplitude of the Magnetic Fikldi¢ld) shall be within +0 dB and -
0.5 dB over the frequency band 3.89 MHz to 4.59 MHhe requirement is applicable under
free air conditions anywhere within the Main Lobeng defined by UNISIG SUBSET-036.

When the Reference Loop is supplied with a sirdedaignal from a constant and perfect
50 W source, then the amplitude of the Magnetic Fikldi¢ld) shall be within +0 dB and -
1.0 dB over the frequency band 3.5 MHz to 5.0 MHAhe requirement is applicable under
free air conditions anywhere within the Main Lobeng defined by UNISIG SUBSET-036.

When the Reference Loop is supplied with a sirdedaignal from a constant and perfect
50 W source, then the variation of the group delaylghatl be more than 35 ns over the fre-
guency band 3.5 MHz to 5.0 MHz. The requiremeraplicable under free air conditions
anywhere within the Main Lobe Zone defined by UNGSSUBSET-036.

Tele-powering: When a homogeneous and constant dtaghlux ) is passing through the Reference Loop,
then the output voltage shall be as follows forftiegquency range 27.095 MHz —10 kHz to
27.095 MHz +10 kHz:

With a perfect 50V load Output Voltage variation max0.2 dB

For resistive loads within
the Load Range 2@/to 200W Output Voltage variation max0.5 dB

For complex loads within
the Load Range 20/to 200W Output Voltage variation max1.0 dB?’

The requirement is applicable under free air ctiorés anywhere within the Main Lobe Zone
defined by UNISIG SUBSET-036.

B2.5 Influence of Debris

B2.5.1 The flux through the Reference Area

When performing tests during influence of the vasieonditions defined by sub-clause B5 on page th@0,
impedance of the Reference Loop will be changefierAaving performed compensation for this chaofge
impedance, the accuracy of the measured inducéageoshall not be degraded more than 1 dB.

B2.5.2 The field from the Balise

When performing tests during influence of the vasieonditions defined by sub-clause B5 on page th@0,
impedance of the Reference Loop will be changefierAaving performed compensation for this chaofge
impedance, the accuracy of the measured currefitrsficbe degraded more than 1 dB.

7 1t shall be possible to achieve better accuraspéfcial precautions are taken (e.g., by meastihiedre-
guency and taking the actual Reference Loop impeglarto account).
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B2.6 Conformity Testing of Reference Loops

B2.6.1 Test Procedure

The theoretically calculated mutual inductance leetwtwo identical Reference Loops for a numberosi-p
tions is defined in sub-clause B2.2.1 on page #68,shall be compared to measured values in cod#eter-
mine the measurement accuracy of the ReferencesLobpe following Test Procedure should be used:

For each position described in B2.2.1 on page tt9following procedure should be performed for Reder-
ence Loops.

1. Measure the Up-link and Tele-powering attenuatietween the two Reference Loops of the
same kind.

2. Measure the impedance of the Reference Loop thastnits the 27.095 MHz and 4.23 MHz sig-
nals respectively.

3. Calculate the compensation factor for the impedamt¢ke Reference Loop, and add this com-
pensation factor to the measured attenuation. cbhgensation shall be based on the actual im-
pedance of the transmitting Reference Loop (foheadividual test point), and free air imped-
ance of the receiving Reference Loop.

4. Compare this compensated result with the theotbticalculated value.

5. Rotate one of the Reference Loops 180the X-Y plane, and repeat steps 1 through His $tep
evaluates potential systematic asymmetry of thereate Loops.
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B2.6.2 Measurement set-up

A proposed test set-up is shown in Figure 51 betdwClause F1 of Annex F on page 297 gives an exanfple
suitable test equipment.

Reference Loop

_$ % \./7_. Port 1

Point 1 Balun (Pos. 20) 4

Point 2

y

Port 2

Network Analyse
with S-parameter test
set (Pos. 22)

Reference Loop

%l

Ferrite Block

50W, RG 214
coaxial cable

Figure 51: Measurement set-up

2 The Reference Loops shall be placed on a nontisiy positioning system, and connected to the ndtwanalyser
with a 50W coaxial cable with ferrite devices. The cableallshe separated through placing the Reference 4 sop
that the cables will not be parallel to each othEhe positioning system should have an accuradysiplacement in
the X, Y, and Z directions of about 1 mm. It isestial that the positioning system does not disthe field distribu-
tion. Ferrite devices shall be used in order tlupe the RF field effect on the measurements. Bilens shall be
placed at the end of the cables, i.e., at the Beéer Loop and the network analyser connector. f@nge blocks shall
be placed regularly along the cables evenly spategiproximately every 70 cm. The core materidhianFerrite
Blocks shall be “Amidon 43" or equivalent. It issential that the cables are of double screened(g/g., RG 214 co-
axial cable).
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B2.6.3 Instrument set-up and Calibration

A network analyser with S-parameter test set shbaldsed to measure the attenuation between tleecRet
Loops, and also the impedance of one Reference favdpe different positions.
The following instrument set-ups and calibrationewdd be used:

Transmission measurements:

Centre frequency: Up-link - 4.23 MHz, Tele-powering7.095 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 - 27.0881z

The measurement shall be normalised with pointsdl2ain Figure 51 connected together.

Impedan ce measurements:

Centre frequency: Up-link - 4.23 MHz, Tele-powering7.095 MHz
Frequency span: 2 MHz

Trace 2 input: S11 (Reflection, Port 1)

Display function: Smith Chart

Marker: Up-link - 4.23 MHz, Tele-powering - 27.0881z

A “full one port calibration” shall be performed pért 1 at the end of the cable, i.e., at poinefinéd in Fig-
ure 51.

B2.6.4 Compensation for the impedance of the Reference Lpo

The measured values of the Reference Loop impedamtéhe attenuation between the two Referenced.oop
shall be recorded. The compensation factor fomiln&ual inductance between the Reference Loopslési€
lated from the measured impedance according téotluving equation:

\ BO+re)? +im?

50

where re = Real part of the Reference Loop impeglanc
im = Imaginary part of the Reference Loop impedanc
The transmitting Reference Loop shall be compedsateording to the equation above, consideringtteal

impedance of each individual test point. The ngngi Reference Loop shall be compensated baseldeon t
impedance during free air conditions.

The compensated value of the attenuation betweetwit Reference Loops is calculated by adding time-c
pensation factor to the measured attenuation battveetwo Reference Loops. Compare the measuited va
with the theoretically calculated.

The model of Figure 52 below is assumed as thes harsthe process:
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50 Il |2
2U Vi TQ K\ﬂ 50 |Ve
JwM z
1 2
—
Zin

Figure 52: Equivalent circuit diagram

Measure Z during free air conditions (i.e., long distancén®en the two Reference Loops), andf@ each
individual test position. The following equatiocapply:

1) V,=1,Z,- jwMl,

2)  Vy=-1,Z, +jwMl,

U2
3 P =—
) " 25
V
4) |2:5—(2) V, =50,
V. . I
5) Zin =— {]} Zin :Zl_ JWM_2
Il Il
jwMI 4
6 4 and I, =
R
2ng 2
wM
7 5and Z,=2Z;+ N.B.Dependentn M !
) { d in 1 50+22 p
2U 2,/50R,
8) Iy = 3 1= f
50+ Z;, 50+ Z;,
z
V, +1,7 Valtgg
9 {3 jwv=-2-2"2 {4and§ jwM=—F——(50+Z;,)
Iy 2,/50P;
50v, 1+=2 1+
100 {§ jwm= Do
2,/50P,
11) jwM = SOV,k wherek = 1422 14%in

2,/50P, 50 © 50
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B2.6.5 Test Environment

The test should be performed in a laboratory emvirent where no other H-field exists except the dhatare
to be measured. The Reference Loops shall beategamore than 0.5 m from any metallic object dyitime
measurements.

B2.6.6  Calculation of correction factors

Three Reference Loops of the same kind should deswise tested against each other in accordanbetvet
Test Procedure described in sub-clause B2.6.1 ga p&3. Thereafter, the differences between treesored
and the theoretical values should be allocateétb éndividual Reference Loop. This shall be penied
applying the following equation system to the meadwalues:

_qptag- 8-

1 2

e = a;p +ay3- 813~ dg
2= 2
_ztaz-a-3ag

3 2

where: a, = measured attenuation between Reference Loopl Raference Loop 2
a3 = measured attenuation between Reference Loopl Raference Loop 3
&3 = measured attenuation between Reference Loopl Raference Loop 3
& = theoretical attenuation between two Referenagpko
e, = error of Reference Loop 1
& = error of Reference Loop 2
e; = error of Reference Loop 3

An alternative is to make a measurement betweerRiference Loops only, where one of these is azadir
characterised device, and the other is the dewibe talibrated.

Finally an attempt should be performed in ordemtnimise the mean value and the standard deviatitine
calculated errors for each individual Referencef.oo

The method for doing this is to simulate a (smiatjvement of the electrical centre point (in X, Yidaz) of
the Reference Loop, add the corresponding compensaictors to the measured values, and to evathate
compensated results. The compensation factorstshablculated from the derivatives of the fielstdbution
(in dB/cm) for each individual test point. The wtaihg transfer ratio (‘B’) of the Reference Loopdt is
nominally 1.00) may also be changed. The methpthis is introducing a compensation factor thadsled
to the measured values, and that minimises theathwaean value of the errors. In this case, themensation
factor is identical for all geometrical positiorfer(one specific Reference Loop), and constitutesange of
the ‘B’ factor defined in sub-clause B2.3 on pa@é.1The derivatives of the field distribution doend in the
Table 29 below. In order to evaluate potentiatesysitic asymmetry, one of the Reference Loops shineil
rotated 180 in the X-Y plane and the results should be takéa consideration.

Applications suitable for performing the process ambedded in sub-clause B2.7 on page 180.
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Height | Lateral | Longitu- | Standard Standard Standard Reduced Reduced Reduced
z y dinal Size, Size, Size, Size, Size, Size,
[mm] [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 extdd as defined by B2.6.6 is different from thergewical
centre point, then the electrical centre pointisbaiclearly marked on the Reference Loop. Thergacal
centre point is already marked during the manufaofuprocess of the Reference Loop.

Each individual Reference Loop should be equippieh avlabel where the following information is dedid:

Type of Reference Loop (Standard or Reduced Size)
Part Number

Serial Number

Revision Status

Impedance in free air

B-factor
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B2.7 Application for Reference Loop Calibration

B2.7.1 General

The herein included embedded objects constitutelEagplications that are to be used for the purpbssalu-
ating the calibration of the Reference Loops, agi@mmining the applicable B-factors and (if necegsaosi-
tioning correction parameters.

Instructions for use of the applications are ineldiéh the Excel charts.

For informative purposes, the hereafter following-glause B2.7.2 and sub-clause B2.7.3 includedptm
pictures of the charts of the embedded objects.

Please observe that that both the bitmaps andthedded objects are filled with fictitious datac{urded in
the yellow cells).
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B2.7.2  Standard Size Reference Loop





