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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. 

I. 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 

4.1.1 General 

The following conditions should apply for the majority of the tests where no specific environmental or opera-

tional condition is required. 

Ambient temperature 25 °C ± 10 °C 

Relative humidity 25 % to 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. 

X

0.4 m / 0.7 m

Z

Min. 1 m

Min. 1 m

Min. 1 m

Min. 1 m

Min. 1 m

Min. 1 m

Min. 1 m

No metallic objects are

allowed in this zone.

Antenna

Balise
center

center

Antenna
Balise

 

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: 

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

• Interface ‘C’ (the Balise controlling interface). 

4.1.3 Test Tools and Procedures 

The following list summarises the herein-defined tests: 

1. 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 Balise; 

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; 

2. 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). 

3. Verification of internal functionality: 

3.1. I/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. 

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

installation constraints given by the manufacturer). 

5. Verification of the compliance with some specific EMC requirements. 

The following tools are anticipated for the Balise tests: 

• Test Management System, used for co-ordinating the measurements, controlling the other tools of 

the test set-up, and for logging and reporting the test results; 

• Antenna Positioning Tool; 

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

• Test and Activation Antennas; 

• Reference Signal Generators; 

• Telegram Generator; 

• Reference Receiver; 

• RF instruments and accessories of general use; 

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

4.2.1 Generic Test and Calibration Set-up notes 

The following aspects shall be respected for all test set-ups within this clause (clause 4).  For some set-ups all 

aspects apply, but for others only some apply.  The applicability is evident from the recommended test set-ups 

presented herein. 

• 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 

4.2.2.1 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 Iloop. 

• 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 

4.2.2.2.1 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. 

Interface ‘A’

Test Antenna

RF

Amplifier

Reference Loop

Signal

Generator

Attenuator

PM2

Pin

13.

2.

3.

11.

6.

7.

15.

14.Balun

4.2 MHz

Power

Meter 2

Plc

Pre-amplifier 16.Filter

12.

Filter 12.

C.S.

Activation

Antenna

18.
50 W

50 W

Attenuator

Power

Meter 3

 

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

This calibration procedure will give a reference value P42RL for each measurement point, defined in clause C1 of 

Annex C on page 205, which shall be compared with the corresponding value P42BA for the Balise.  The refer-

ence value P42RL is reflecting the flux received by the Test Antenna, and measured by Power Meter 2 (PM2) and 

then compensated, and called P42RL.  The calibration is performed with the current Iu2/B through the Reference 

Loop.  The current through the Reference Loop is monitored by Power Meter 3 (Plc). 

4.2.2.2.3 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 Iu2/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 Plc. 

4. Record the reading of Power Meter 2 (called PM2) and Power Meter 3 (called PM3). 

5. Compensate the PM2 reading with the difference between the PM3 reading and the power level 

Plc, for Iu2/B measured in step 3. 
2
  Call the new value P42RL. 

P42RL = PM2 + (Plc - PM3),    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 P42RL 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. 

Repeat 

for each 

position 
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4.2.2.3 Balise Up-link Conformity Measurements in the Main Lobe Zone 

4.2.2.3.1 Test Configuration 

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

This measurement procedure will give a value P42BA for each measurement point, defined in clause C1 of Annex 

C on page 205, which shall be compared with the corresponding reference value P42RL for the Reference Loop 

measured in sub-clause 4.2.2.2.3 on page 27.  The value P42BA is reflecting the 4.2 MHz flux received by the 

Test Antenna, measured by Power Meter 3 (PM3) 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 Iu2. 

4.2.2.3.3 Test Procedure 

1. 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. 

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

3. Adjust the Signal Generator amplitude in order to achieve a 4.2 MHz current in the Balise of approxi-

mately IU2.  This is accomplished by adjusting the Signal Generator until Power Meter 3 (PM3) gives a 

reading equal to the value of P42RL 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 (PM2) and Power Meter 3 (PM3). 

5. Compensate the PM3 reading with the difference between the PM2 reading and the PCS measured 

in step 3.  Call the new value P42BA. 
3
 

P42BA = PM3 + (PCS - PM2),   all values in dBm. 

6 Calculate the difference between P42BA and P42RL from sub-clause 4.2.2.2.3 on page 27, and call 

it P42DIFF. 

P42 DIFF = P42BA - P42RL 

7. 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 P42BA, 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. 

Repeat 

for each 

position 
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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 (P42DIFF) 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: 

• For the field generated by the Balise – 1.5 dB. 

The value P42DIFF 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 P42DIFF - the lowest P42DIFF is less than 3 dB 

(P42DIFFMAX - P42DIFFMIN) < 3 dB 
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4.2.2.5 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 P42RL 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: 

• 35 dB below R0 (P42RL value for position [X = 0, Y = 0, Z = 220]) 

• Reference Loop output displaced –5 cm  

• Reference Loop output  

• Reference Loop output displaced +5 cm 

5 cm

R0

35 dB

Reference field

Contact zone Side lobe
zone

Reference Loop
field strength

Cross-talk
protected zone

 

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

The co-ordinates that shall be evaluated are: 

X = 250 to 1300, Y = 0, Z = 220 X = -250 to -1300, Y = 0, Z = 220 

X = 0, Y = 200 to 1400, Z = 220 X = 0, Y = -200 to -1400, Z = 220 

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

Use the same test set-up as in sub-clause 4.2.2.3.1 on page 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 P42RL and P42BA.  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 P42BA 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. 

5 dB

R0

35 dB

Reference field

Contact zone Side lobe
zone

Reference Loop
field strength

Cross-talk
protected zone

Maximum Balise response

 

Figure 5:  Maximum Balise response (4.2 MHz) in the Side Lobe Zone 
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4.2.2.9 Calibration of 4.2 MHz Balise Loop Current in the Cross-talk Protected Zone 

4.2.2.9.1 Calibration Configuration 

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

This calibration procedure will give a reference value P42RL for 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 P42RL is reflecting the flux received by the Reduced Size Reference Loop, item 19, measured by 

Power Meter 2 (PM2), and subsequently compensated and called P42RL.  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 Iu2/B through the transmitting Reference Loop (item 7).  The 

current through the receiving Reference Loop (item 19) is monitored by Power Meter 3 (Plc). 

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. 

4.2.2.9.3 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 Iu2/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 PSB.  Calculate the difference between PSB and the value 

P42RL for position [X = 1000, Y = 0, Z = 220] measured in sub-clause 4.2.2.5 on page 31.  Call it POFFSET. 

POFFSET = PSB - P42RL (measured in sub-clause 4.2.2.5) 

4. Record the reading of Power Meter 2 (called PM2). 

5. Compensate the PM2 reading with the offset value calculated in step 3. 
4
  Call the new value 

P42RL. 

P42RL = PM2 - POFFSET,   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 PRLPREF.  This value is used in the Balise measurement below. 

 

                                                        

4 The reason for this compensation is that the value of P42RL shall be compared with the corresponding values measured 

with the Test Antenna. 

Repeat 

for each 

position 
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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 P42RL 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: 

• 60 dB below R0 (P42RL value for position [X = 0, Y = 0, Z = 220]) 

• Reference Loop field strength (measured in sub-clause 4.2.2.9) 

R0

60 dB

Contact zone Side lobe
zone

Reference  Loop
field strength

Cross-talk
protected zone

Reference field

 

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 = -1300 to -3000, Y = 0, Z = 220 

X = 0, Y = 1400 to 3000, Z = 220 X = 0, Y = -1400 to -3000, Z = 220 
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4.2.2.11 Balise Up-link Conformity Measurements in the Cross-talk Protected Zone 

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

4.2.2.11.2 Test Abstract 

This measurement procedure will give a value P42BA 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 

P42BA is reflecting the 4.2 MHz flux received by the Reference Loop, item 19, measured by Power Meter 2 (PM2) 

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 Iu2. 
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4.2.2.11.3 Test Procedure 

1. Position the Reference Loop, item 19 (below called RL_probe), in position [X = 0, Y = 0, Z = 220] rela-

tive to the Balise.  This position has previously been measured in sub-clause 4.2.2.9.3 on page 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 = 0] relative to the Balise.  This position shall be fixed during the test. 

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

3. Adjust the Signal Generator amplitude in order to achieve a 4.2 MHz current in the Balise of approxi-

mately IU2.  This is accomplished by adjusting the Signal Generator until Power Meter 2 (PM2) gives a 

reading equal to the value of PRLPREF measured in sub-clause 4.2.2.9.3 on page 34 for position [X = 0, 

Y = 0, Z = 220]. 

4. Position the RL_probe in the first position listed in clause C3 of Annex C on page 207. 

5. Record the reading of Power Meter 2 (called PM2). 

6. Compensate the PM2 reading with the offset value calculated in sub-clause 4.2.2.9.3 on page 34. 
5  Call the new value P42BA. 

P42BA = PM2 - POFFSET,   all values in dBm. 

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

the Activation Antenna position shall be fixed relative to the Balise. 

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

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.  
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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 P42BA shall be compared with the corresponding values measured 

with the Test Antenna. 

Repeat 

for each 

position 
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4.2.3 Tele-powering Field Conformity 

4.2.3.1 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: 

• 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, I/O 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 

4.2.3.2.1 Calibration Configuration 

A proposed calibration set-up is shown in Figure 10 below.  Clause F1 of Annex F on page 297 gives an exam-

ple of suitable test equipment.  See also sub-clause 4.2.1 on page 23. 
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Figure 10:  Test set-up for calibration of 27 MHz Tele-powering flux 
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4.2.3.2.2 Calibration Abstract 

This calibration procedure will give a reference value P27RL for each measurement point, defined in clause C1 of 

Annex C on page 205, which shall be compared with the corresponding value P27BA for the Balise.  The refer-

ence value P27RL is proportional to the square of the current needed for obtaining a flux level of fd1 through the 

Reference Area.  The current is measured by Power Meter 2 (PM2), subsequently compensated, and called P27RL. 

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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4.2.3.2.3 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, PL, for a flux of fd1.  The power, PL, is determined by: 
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 where: f = 27.095 MHz 

 Zloop = Rloop + j Xloop W (actual impedance in the absence of any antenna) 

 PL = Power measured out of the Reference Loop [W] 
 B = Reference Loop matching transfer ratio. 

nAttenuatio)1000Plog(10P L3M -××=  [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. 
6
 

 Measure the Attenuation and calculate the value of PM3.  Call the calculated value PM3REF. 

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 fd1 through the 

Reference Loop. 

Record the reading of Power Meter 3 (called PM3). 

5. Record the reading of Power Meter 2 (called PM2). 

6. Compensate the PM2 reading with the difference between the PM3 reading and the power level 

PM3REF calculated in step 2. 
7
  Call the new value P27RL. 

P27RL = PM2 + (PM3REF - PM3),   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]. 

 

                                                        

6 Assuming that Zloop is small compared to 50 W, fd1=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 fd1=4.9 nVs is –8.6 dBm. 
7 The reason for this compensation is that the relative accuracy for the value of P27RL between the different positions 

needs to be very good, and this procedure compensates for signal generator adjustment error. 

Repeat 

for each 

position 
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4.2.3.3 Balise Tele-powering Conformity Measurements in Main Lobe Zone 

4.2.3.3.1 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. 
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Figure 11:  Test set-up for Balise conformity Tele-powering 

4.2.3.3.2 Test Abstract 

This measurement procedure will give a value P27BA for each measurement point, defined in clause C1 of Annex 

C on page 205, which shall be compared with the corresponding reference value P27RL for the Reference Loop 

measured in sub-clause 4.2.3.2.3 on page 41.  The value P27BA is proportional to the square of the 27 MHz 

current needed for obtaining a flux level of fd1 through the Balise.  The current is measured with Power Me-

ter 2 (PM2), compensated, and called P27BA.. 

To find out when the Balise receives a flux of fd1 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 fd1 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 fd1 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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4.2.3.3.3 Test Procedure 

1. 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. 

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

3. Verify if hysteresis effects exist by the following procedure: 

Increase the power from zero until Power Meter 2 reads P27RL 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. 

4. 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 P27RL 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 P42. 

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

to P42. 

6. Record the reading of Power Meter 2 and Power Meter 3. 

Compensate the PM2 reading with the difference between the PM3 reading and the power level 

P42 recorded in step 4. 8  Call the new value P27BA. 

P27BA = PM2 + (P42 - PM3)    all values in dBm. 

7. Calculate the difference between P27BA and P27RL from sub-clause 4.2.3.2.3 on page 41, and call 

it P27DIFF. 

P27 DIFF = P27BA - P27RL 

8. 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 P27BA between the different positions 

needs to be very good, and this procedure compensates for signal generator adjustment error. 

Repeat 

for each 

position 
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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 (P27DIFF) 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: 

• 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 P27DIFF 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 P27DIFF - the lowest P27DIFF is less than 3 dB 

(P27DIFFMAX – P27DIFFMIN) < 3 dB 
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4.2.3.5 Calibration of 27 MHz Tele-powering flux in the Side Lobe Zone 

Use the same test set-up as in sub-clause 4.2.3.2.1 on page 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 

R0 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 fd1 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 P27RL 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: 

• 35 dB above R0 (P27RL value for position [X = 0, Y = 0, Z = 220]) 

• Reference Loop response displaced –5 cm 

• Reference Loop response 

• Reference Loop response displaced +5 cm 

5 cm

R0

35 dB

Reference field

Contact zone Side lobe
zone

Reference  Loop
response

Cross-talk
protected zone

 

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

The co-ordinates that shall be evaluated are: 

X = 250 to 1300, Y = 0, Z = 220 X = -250 to -1300, Y = 0, Z = 220 

X = 0, Y = 200 to 1400, Z = 220 X = 0, Y = -200 to -1400, Z = 220 
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4.2.3.7 Balise Tele-powering Conformity Measurements in the Side Lobe Zone 

Use the same test set-up as in sub-clause 4.2.3.3.1 on page 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 P27RL and P27BA.  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 P27BA 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 

5 dB

R0

35 dB

Reference field

Contact zone Side lobe
zone

Reference Loop
response

Cross-talk
protected zone

Minimum current needed
to activate Balise

 

Figure 13:  Minimum current (27 MHz) needed to activate the Balise in the Side Lobe Zone 
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4.2.4 I/O Characteristics 

4.2.4.1 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 I/O characteristics. 

I/O 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. 
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Figure 14:  Test set-up for calibration of 4.2 MHz Balise Loop Current 
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4.2.4.2.2 Calibration Abstract 

This calibration procedure will give a reference value P42RL used in sub-clause 4.2.4.3 on page 50.  The refer-

ence value P42RL is reflecting the flux received by the Test Antenna, measured by Power Meter 2 (PM2).  The 

calibration is performed with the current Iu2/B through the Reference Loop.  The current through the Reference 

Loop is monitored by Power Meter 1 (PM1).  The calibration procedure shall be performed also under other test 

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) 

4.2.4.2.3 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 Plc that gives Iu2/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 Iu2/B through the 

Reference Loop, measured by Power Meter 1. 

5. Record the reading of Power Meter 1 (called PM1) and Power Meter 2 (called PM2). 

6. Compensate the PM2 reading with the difference between the PM1 reading and the exact power level, Plc  

for Iu2/B, from the Current Sense Balun calibration in step 3. 
9
  Call the new value P42RL. 

P42RL = PM2 + (Plc - PM1)    all values in dBm. 

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

4.2.4.2.2. 

 

                                                        

9 The reason for this compensation is that the absolute accuracy for the value of P42RL needs to be good, and this proce-

dure compensates for power amplifier drift and adjustment errors. 
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4.2.4.3 Balise Input to Output Characteristics Measurements 

4.2.4.3.1 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. 
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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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4.2.4.3.2 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 fd1, up 

to fd4, and back down below fd1 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 
10

: 

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

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

 Iron Ore (Magnetite), debris class (A or B) defined by the manufacturer. 

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

 Steel Sleepers 

 Other Sleepers (mounting assemblies) 

                                                        

10 Testing in the presence of the LZB loop cable is judged not relevant since the resulting impact on the I/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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4.2.4.3.3 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 P27RL for the above position, and the actual test condition from sub-clause 

4.2.3.2.3 on page 41 as reference for the fd1 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 fd4, 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   fd1    fd2       fd4 

PCS 

offset 
-3 dB -1 dB 0 dB +1 dB +2 dB +3 dB +4 dB +5 dB +6 dB +9 dB +12 dB +18 dB +24 dB fd4 

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

3. Position the Test Antenna in position [X = 0, Y = 0, Z = 220] relative to the Balise. 

4. Adjust the Signal Generator amplitude in order to achieve a PCS reading that corresponds to the sum of 

present PCS offset and P27RL.  Record the exact PCS reading. 

5. Record the 4.2 MHz power level P42. 

6. Calculate the flux f, and the Balise loop current Iloop using: 

 1d
)20)PP(( RL27CS10 F·=F ‚-

   [nVs] 

 2U
)20)PP((

loop I10I RL4242 ·= ‚-
   [mA] 

 Where P42RL 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 Iloop as a function of f 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 I/O 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 = P42DIFFMAX - P42DIFF 

B = P42DIFF - P42DIFFMIN 

C = P27DIFF - P42DIFF + max{P42DIFFi - P27DIFFi} 

D = P27DIFFMAX - P27DIFF 

where P27DIFF and P42DIFF are the Balise conformity deviations in the actual geometrical test point (in this case 

[X = 0, Y = 0, Z = 220]).  P27DIFFMAX, P27DIFFMIN, P42DIFFMAX, and P42DIFFMIN are worst case Balise conformity 

deviations evaluated in sub-clause 4.2.2.4 on page 30.  The difference P42DIFFi - P27DIFFi 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. 
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Iloop
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Iu2

Iu1

Fd1

Fd2
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Figure 16:  Input-to output transfer characteristics for a Balise 

The co-ordinates of the points P1, P2, and P3 respectively are: 

• P1[x, y] = [fd1 10
-D/20

, Iu1 10
B/20

] 

• P2[x, y] = [fd2 10
-D/20

, Iu2 10
B/20

] 

• P3[x, y] = [fd3 10
C/20

, Iu3 10
-A/20

] 

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 Iu1, Iu2, Iu3, fd1, fd2, fd3, and fd4 are found in UNISIG SUBSET-036. 
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4.2.5 Cross-talk Immunity with Cables 

4.2.5.1 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 fd4 –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 

4.2.5.2.1 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. 
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Figure 17:  Test set-up for calibration of 27 MHz Tele-powering flux 
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4.2.5.2.2 Calibration Abstract 

This calibration procedure will give a reference value P27AA.  The reference value P27AA is used when activating 

the Balise with a flux level of fd4 –6 dB through the Reference Area. 

4.2.5.2.3 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, PM2, for a flux of fd4 –6 dB.  The power for fd4 (PL), and the 

power for fd4 –6 dB (PM2), are determined by:  

( )

2

2
loop

2
4d

L

B
50

Z50
50

f2
P

×
�
�

�

�

�
�

�

� +
×

f××p×
=  

dB6nAttenuatio)1000Plog(10P L2M --××=  [dBm] 

where:  f = 27.095 MHz 

 Zloop = Rloop + j Xloop W (actual impedance in the absence of any antenna) 

 PL = Power measured out of the Reference Loop [W] 
 B = Reference Loop matching transfer ratio 

 PM2 = The power for fd4 –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] 
11

 

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 PM2. 

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 fd4 – 6 dB through the Reference 

Loop. 

Record the reading of Power Meter 1 and call it P27AA. 

 

                                                        

11 As an example, assuming that Zloop is small compared to 50 W, fd4=200 nVs, B=1, and that the Attenuation equals 

20 dB, then the power level PM2 will be 17.6 dBm for the Standard Size Reference Loop.  For the Reduced Size Refer-

ence Loop, the corresponding value for fd4 is 130 nVs, which gives PM2=13.9 dBm. 
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4.2.5.3 Calibration of Balise response 

4.2.5.3.1 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. 
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Figure 18:  Test set-up 1 for calibration of 4.2 MHz Up-link current 
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Figure 19:  Test set-up 2 for calibration of 4.2 MHz Up-link current 

 

4.2.5.3.2 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 fd4 –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 fd4 –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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4.2.5.3.3 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 fd4 -6 dB through 

the Balise.  This is performed by increasing the power from the signal generator until Power Meter 1 

reads P27AA, which is the calibration value for fd4 -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 P42REF. 

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 P42REF. 

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 fd4 -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 IBAL . 
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4.2.5.4 Cross-talk Measurements 

4.2.5.4.1 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. 
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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. 



Page 60 of 341 

SUBSET-085, Issue 3.0.0 

February 24, 2012 

 

 

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. 

Balise

Antenna 1 Antenna 2

Cable case 2
93

493

Cable case 1
 

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: 

in case 1 10 mA 

in case 2 2 mA 

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 fd4 – 6 dB through 

the Balise.  This is performed by increasing the power from the signal generator until Power Meter 1 

reads P27AA, which is the calibration value for fd4 -6 dB measured in sub-clause 4.2.5.2.3 on page 55. 
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5. Record the reading of the Spectrum Analyser and call it P42IBC. 

6. Position the Balise at regular intervals of +20 mm further away from the iron bars, up to the distance B 

= supplier minimum distance +500 mm.  For each position, record the reading of the Spectrum Ana-

lyser, and call it P42IBC. 

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 fd4 – 6 dB through 

the Balise.  This is performed by increasing the power from the signal generator until Power Meter 1 

reads P27AA, which is the calibration value for fd4 -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 P42IBC. 

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 P42IBC. 

The results from the test are a set of P42IBC values.  Calculate the current that corresponds to the maximum 

value and call it I42BC.  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: 

50PI IBC42BC42 ·=   Where P is measured in [W], and I is measured in [A] 

Compensate the current for the difference between the actual Balise current and the company specific maxi-

mum Balise current possible (Iumax) for the Balise type under test (Iumax £ Iu3).  The actual Balise current IBAL is 

measured in sub-clause 4.2.5.3.3 on page 58.  Call the compensated value I42BCCOMP. 

BAL

maxuBC42
BCCOMP42

I

II
I

·
=  

To reflect the current induced in real cables, the value I42BCCOMP shall be compensated for the difference be-

tween the test set-up impedance and the “worst case” real impedance using the following equation. 

case_worst

setupBCCOMP42

BCWORST42
Z

ZI
I

·
=  Where Zsetup = 800 W  

The value I42BCWORST shall be lower than the current allowed for the specified installation case 1 or 2, which 

allows 10 mA or 2 mA respectively. 

Note that Zworst_case is a fictitious impedance that includes the cable impedance and effects of standing waves, 

metallic objects etceteras, and that it is used to transform the current induced in the test set-up to real condi-

tions.  The value of Zworst_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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4.2.5.5 LZB Cable Testing 

4.2.5.5.1 General 

The following considerations apply: 

• The test object is the Balise combined with appropriate fixation devices for the cable, and company 

specific installation rules. 

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

test object to the tools. 

• 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: 

• 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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4.2.5.5.2 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. 
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Figure 21:  Test set-up, Up-link induction from the Balise 
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4.2.5.5.3 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. 

2. Calibrate the flux such that fd4 – 10 dB is obtained through the Balise.  The proper calibration procedure 

is found in sub-clause 4.2.3.2.3 on page 41. 

3. 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. 

4. 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. 

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

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

dependent installation tolerances.  

4.2.5.5.4 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. 
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Figure 22:  Test set-up, Tele-powering injection from the LZB Cable 
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4.2.5.5.5 Test procedure, Tele-powering Induction from the On-board Equipment 

The following procedure applies: 

1. 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. 

2. 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 Iu1 -10 dB through the Reference Loop and recording the reading of the vector 

signal analyser. 

3. 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. 

4. 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. 

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

and the vector signal analyser). 

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

8. 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. 

9. 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: 

• Test of Centre Frequency (sub-clause 4.2.7.6 on page 81) 

• 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 

4.2.6.1 General 

4.2.6.1.1 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: 

• Calibration of 27 MHz Tele-powering flux f. 

• 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 fd4 +0/–3 dB as shown in Figure 23 below. 
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Figure 23:  Balise Impedance Calibration Point 
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4.2.6.1.2 Impedance Requirements 

When the Balise receives a flux fd 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 Ireflected in the receiver 

loop.  This current may influence the Antenna Unit.  This interaction can be expressed as the impedance 

Zreflected (the induced voltage wfd divided by the current Ireflected). 

UNISIG SUBSET-036 states that the absolute value of the complex impedance Zreflected of the Standard 

Size Balise shall be higher than 60 W when the Balise receives a flux reaching fd4 +0/–3 dB. 

UNISIG SUBSET-036 states that the absolute value of the complex impedance Zreflected of the Reduced 

Size Balise shall be higher than 40 W when the Balise receives a flux reaching fd4 +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: 
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where:  f = 27.095 MHz 

 Zloop = Rloop + j Xloop W (actual impedance in the absence of any antenna) 

 PL = PM3 + Attenuation 

 B = Reference Loop matching transfer ratio 

 PM3 = Power measured by Power Meter 3 
12

 

 Attenuation = Attenuation of Balun (item 20) + Attenuator (item 9) 

 

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

4. Adjust the power level such that the requested flux level is obtained.  As an example, the input power to 

the Test Antenna should be approximately +21 dBm measured by Power Meter 3 (or +17.5 dBm for the 

Reduced Size type).  For this power measurement, the attenuator, item 9, should be capable of handling 

a power dissipation of 20 W. 

5. Record the exact reading of Power Meter 3. 

6. Record the reading of Power Meter 2.  This power value shall be maintained to the same level 

during the impedance measurements according to sub-clause 4.2.6.4 on page 69 (when the 

network analyser substitutes the signal generator for 27 MHz). 

 

                                                        

12
 As an example, assuming that Zloop is small compared to 50 W and that B equals one, then a power level PM3 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 Balise Impedance Measurements 

4.2.6.4.1 Test Configuration 

A proposed test set-up is shown in Figure 24 below.  Clause F1 of Annex F on page 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. 
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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 

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. 
13

  

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

2. Connect the Reference Loop according to the set-up in Figure 24 on page 69. 

3. 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. 

4. Perform a “full one port calibration” as described above (with Reference Loads connected to the 

output of the Reference Loop). 

5. Switch off the power. 

6. 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. Maintain the network analyser set-up and calibration as used in sub-clause 4.2.6.4.2. 

2. Position the Test Antenna in position [X = 0, Y = 0, Z = 220] relative to Balise. 

3. 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). 

4. Measure the input impedance of the Test Antenna (Zin) with the network analyser and record the 

value. 

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

Z Z Zbalise in loop= +  

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

                                                        

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

4.2.7.1.1 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. 
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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. 

4.2.7.2.2 Test Distance 

The vertical distance between the Test Antenna and the Balise shall be 460 mm ±2 mm from the centre of the 

Test Antenna loop to the Reference marks of the Balise. 

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: 

• CW 

• 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 µs ±0.01 µs 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

Time

Ton Toff

Peak level

 

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 nVs/ms for a 

reduced size Balise. 
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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 µs after the 27 MHz Tele-powering flux 

has reached the level fd1 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 µs after the 27 MHz Tele-

powering flux has reached the level fd1 on the start up ramp, or when the flux has reached the defined peak 

level, whichever comes last. 

Calibrate triggering level with the actual test object, using the current sense output from the Test Antenna. 

Dynamic properties of the signal shall be measured at the current sense output of the test antenna. 

The duration, Ton, shall be sufficient for the measurements performed. 

The off-time between successive activation periods, Toff, 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 fd1 +0.8 dB ±0.5 dB 

2 fd2 ±1 dB 

3 fd2 +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 

• 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. 

• 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. 

4.2.7.3.2 Debris 

The design of the Debris Box, and the utilisation, is according to sub-clause B5.2.1 of Annex B on page 191 

• 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. 

• 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. 

• 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. 

4.2.7.3.3 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. 

4.2.7.4.2 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 µs ±0.1 µs. 

Toggling shall be 0.81 µs ±0.01 µs (i.e., one pulse is nominally 2.1 µs and the other is 2.9 µs). 

Modulation depth shall be at 52 % ±2 %, and within the range 85 % to 100 %. 

t2

t1

10 %

100 % of actual
modulation

depth

50 %

90 %

t2

t1

 

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

 

Parameter Nominal value Tolerance 

t1 fast 300 ns –10 % 

t2 fast 950 ns –10 % 

t1 slow2.1 450 ns –10 % 

t2 slow2.1 1500 ns –10 % 

t1 slow2.9 500 ns –10 % 

t2 slow2.9 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

Time

Ton Toff

Peak level

 

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 µs after the 27 MHz Tele-powering flux has reached the level fd1 on the start up 

ramp. 

Calibrate triggering level with the actual test object, using the current sense output from the Test Antenna. 

Dynamic properties of the signal shall be measured at the current sense output of the test antenna. 

The duration, Ton, shall be sufficient for the measurements performed. 

The off-time between successive activation periods, Toff, 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 fd2 +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 

4.2.7.5.1 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. 

 

PM2

13.

27.

28.

29. 5.

7.

9.

10.

8.

10.

27 MHz
C.S.

PM1

4.2 MHz
50 W

Signal

Generator

Attenuator

Attenuator

RF

Amplifier

Attenuator

Power
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Balun

Reference Loop

Interface ‘A’

Test Antenna

Power

Meter 1

 

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

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

This calibration procedure will give a reference value P27AA.  The reference value P27AA is used when activating 

the Balise with flux levels according to Table 1 on page 75 through the Reference Area. 

4.2.7.5.3 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, PM2, for a flux of fd (one of the values from Table 1).  The power for 

fd, PL, is determined by: 

( )
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2
loop

2
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Z50
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f2
P

×
�
�

�

�

�
�

�

� +
×

f××p×
=  

 where: f = 27.095 MHz 

 Zloop = Rloop + j Xloop W (actual impedance in the absence of any antenna) 

 PL = Power measured out of the Reference Loop [W] 
 B = Reference Loop matching transfer ratio. 

nAttenuatio)1000Plog(10P L2M -××=  [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. 14 

 Measure the Attenuation and calculate the value of PM2. 

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 fd through the Reference 

Loop (through observing the reading of Power Meter 2). 

Record the reading of Power Meter 1 and call it P27AA.  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. 

 

                                                        

14
 As an example, assuming that Zloop is small compared to 50 W, fd = 200 nVs, B = 1, and that the Attenuation equals 

20 dB, then the power level PM2 will be 23.6 dBm for the Standard Size Reference Loop.  For the Reduced Size Refer-

ence Loop, the corresponding value for fd = 130 nVs gives PM2 = 19.9 dBm. 
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4.2.7.6 Test of Centre Frequency and Frequency Deviation 

This test shall verify Centre Frequency and Frequency Deviation. 

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

4.2.7.16.2 on page 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” (fL) 

respectively “1” (fH) 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 fLmax.  In the same manner, find the minimum and maximum value of the average 

frequencies of the “1” (fH) bits, fHmin and fHmax. 

5. Evaluate “Centre frequency” respectively “Deviation” according to “(fL+fH)/2 = 4.234 MHz –175 kHz” 

respectively “(fH-fL)/2 = 282.24 kHz –7 %”, using the worst case combinations of fLmin and fLmax respec-

tively fHmin and fHmax.  This means that: 

• (fLmax+fHmax)/2 < 4.234 MHz +175 kHz = 4.409 MHz 

• (fLmin+fHmin)/2 > 4.234 MHz –175 kHz = 4.059 MHz 

• (fHmax-fLmin)/2 < 282.24 kHz +7 % = 302.00 kHz 

• (fHmin-fLmax)/2 > 282.24 kHz –7 % = 262.48 kHz 

6. Step the window forward 1 bit through the measured data. 

7. Repeat steps 3 through 6 until the end of the measured data is reached. 

A time period of not more than the time equivalent to one period of the carrier (236 ns) should be ignored 

around the bit transition. 
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4.2.7.7 Test of Start-up after Side Lobe 

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

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

4.2.7.16.3 on page 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

Time

Ton Toff

Flux level

Tdip

Tside

Side lobe

level

 

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 Tside = 1 ms, Tdip = 25 µs.  The start-up and end ramps shall have the same 

slope as those for the main lobe. 

4.2.7.8 Test of Mean Data Rate 

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

4.2.7.16.4 on page 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. 

The mean data rate is defined as 
( ) ( )01500 bitTbitT

1500

-
.  

When the exact timing of bit0 or bit1500 can not be determined from measurement data due to a sequence of 

consecutive ‘0’ or ‘1’, 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 %. 
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4.2.7.9 Test of MTIE (Maximum Time Interval Error) 

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

4.2.7.16.5 on page 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 µs to 100 µs wide window shall be defined in the measured data.  Initially the window shall start 

150 µs after the passage of the fd1 flux level if Tele-powering is CW, and 250 µs after the passage of the fd1 

flux level if Tele-powering is toggling. 

The average (RMS) amplitude value shall be evaluated over a 1.77 µs 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 
15

 amplitude value over the entire sliding window. 

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

                                                        

15
 Either true RMS average or arithmetic average of the demodulated sine amplitude (normalised to RMS value) is al-

lowed for the longer window. 



Page 84 of 341 

SUBSET-085, Issue 3.0.0 

February 24, 2012 

 

 

4.2.7.11 Test of Amplitude Jitter during steady state flux 

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

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

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

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

The average (RMS) amplitude value shall be evaluated over a 1.77 µs long window at the centre of the sliding 
window.  The amplitude jitter shall be defined as the difference between this RMS value over the centre interval 
and the average 16 amplitude value over the entire sliding window. 

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

4.2.7.12 Test of Signal Bandwidth 

The proposed test set-up is according to Figure 25 on page 72.  Test cases are according to sub-clause 
4.2.7.16.8 on page 89. 

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

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

4.2.7.13 Test of Delay Time and Balise controlling interface Parameter Variation 

The proposed test set-up is according to Figure 25 on page 72.  Test cases are according to sub-clause 
4.2.7.16.9 on page 89. 

The test shall verify that the Balise functions correctly, and that the delay of the signal from the Balise control-
ling interface to the Interface ‘A’ is less than 10 µs for the specified conditions of the input signal on the Balise 
controlling interface defined in sub-clause 4.2.7.16.9 on page 89. 

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

                                                        
16  Either true RMS average or arithmetic average of the demodulated sine amplitude (normalised to RMS value) is 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 Figure 25 on page 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” 27 MHz input Tele-powering signal, the Balise does not 
transmit an Up-link signal for a longer period of time than 80 µs. 

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

The proposed test set-up is according to Figure 25 on page 72.  Test cases are according to sub-clause 
4.2.7.16.11 on page 89. 

It shall be verified that for a “Toggling AM” 27 MHz input Tele-powering signal with steep Tele-powering 
slope, the Balise starts each time a simulated train passage is performed.  For each simulated passage, verify 
that the Balise starts no later than 250 µs after the passage of the flux level f d1 (for the purpose of this test, 
through verifying that the Up-link signal level exceeds Iu1).  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 applicable test cases.  See also sub-clauses 4.2.7.2 on page 73 and 4.2.7.3 
on page 76, i.e., sub-clause 4.2.7.4 on page 77 only applies where explicitly stated. 

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

4.2.7.16.2 Centre Frequency and Frequency Deviation 

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

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

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

Test Condition Telegram 
Type 4 

Telegram 
Type 5 

Nominal X X 

Lower temperature limit X  

Upper temperature limit X  

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 levels according to Table 1 on page 75. 

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

Test Condition Telegram 
Type 4 

Telegram 
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 the 27 MHz Tele-powering flux has reached the level f d1 on a 
start-up ramp according to sub-clause 4.2.7.2.3 on page 73. 

Measurements shall be performed for flux level 3 according to Table 1 on page 75. 

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

Test Condition Telegram 
Type 2 

Telegram 
Type 3 

Telegram 
Type 5 

Nominal X X X 

Metallic Plate  X  

Steel Sleeper  X  

Salt Water  X  

Clear Water  X  

Iron Ore  X  

Table 5:  Test Conditions versus Telegrams for Mean  Data Rate 

4.2.7.16.5 MTIE (Maximum Time Interval Error) 

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

Measurements shall be performed for flux level 3 according to Table 1 on page 75. 

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

Test Condition Telegram 
Type 1 

Telegram 
Type 2 

Telegram 
Type 3 

Telegram 
Type 4 

Telegram 
Type 5 

Nominal X X X X X 

Lower temperature limit   X   

Upper temperature limit   X   

Metallic Plate   X   

Steel Sleeper   X   

Salt Water   X   

Clear Water   X   

Iron Ore   X   

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

Measurements shall be performed with ‘CW’ Tele-powering only, and for flux level 3 according to Table 1 on 
page 75. 

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

Test Condition Telegram 
Type 1 

Telegram 
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-powering flux levels according to Table 1 on page 75. 

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

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

Test Condition Telegram 
Type 1 

Telegram 
Type 5 

Nominal X X 

Metallic Plate X  

Steel Sleeper X  

Salt Water X  

Clear Water X  

Iron Ore X  

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

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

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

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

4.2.7.16.9 Delay Time and Balise controlling interface Parameter Variation 

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

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

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

The signals in the Balise controlling interface shall have their parameter values set to the nominal values ac-
cording to sub-clause 4.2.8.3 on page 91, except for Interface ‘C1’ and Interface ‘C6’ signal levels that shall be 
set to their defined minimum values. 

4.2.7.16.10 Compatibility 

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

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

Measurements shall start in the window from the start of the ramp to the flux level reaching f d1 –10 dB. 

Measurements at the modulation depth 52 % ±2 % shall be performed with a modulation pulse width of 2.1 ms 
±0.1 ms, and measurements at the modulation depth 85 % to 100 % shall be performed with a modulation pulse 
width of 3.4 ms ±0.1 ms.  In order to consider the possibility of a certain amount of toggling (as opposed to 
random jitter that might contain a pattern similar to toggling), the test with short pulses shall be performed 
with toggling pulse widths of 2.1 ms and 2.2 ms, and the test with long pulses shall be performed with toggling 
pulse widths of 3.3 ms and 3.4 ms.  This allows for additional ±0.05 ms 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 Tele-powering slope 

Measurements shall be performed with ‘Toggling AM’ Tele-powering conditions in accordance with the defini-
tions of sub-clause 4.2.7.4 on page 77. 

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

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

4.2.8.1 Introduction 

This sub-clause defines the measurement methods for verifying Up-link FSK performance versus the Balise 
controlling interface performance, and the Balise controlling interface performance of the Up-link controlled 
Balise. 

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

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

4.2.8.2 General Test Conditions 

4.2.8.2.1 General 

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

4.2.8.2.2 Climatic Conditions 

Ambient Temperature 25 °C ± 10 °C 

Relative Humidity 25 % to 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 Antenna and the Balise shall be 220 mm ±2 mm from the centre of the 
Test Antenna loop to the reference marks of the Balise or the Reference Loop. 

4.2.8.2.5 Tele-powering Flux Characteristics 

The Tele-powering flux shall have the following characteristics: 

·  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 shall also be modulated to simulate a train passage according 
to sub-clause 4.2.7.2.3 on page 73. 

Transient measurements shall start 150 ms after the 27 MHz flux has reached the level f d1 on the start up ramp.  
The transient measurements are performed for "blocking Up-link telegram switching" (see sub-clause 4.2.8.5.6 
on page 106). 
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For the following tests, the Tele-powering flux shall be calibrated at three different levels: 

Level Value 

1 f d1 +0.8 dB ± 0.5 dB 

2 f d2 +10 dB ± 1 dB 

3 f d4 –1 dB ± 1 dB 

Table 9 :  Tele-powering Flux Levels 

4.2.8.2.6 Telegram Contents 

For the purpose of the tests, the Balise shall transmit a valid randomised 341 bits telegram (i.e., fulfilling the 
coding requirements of UNISIG SUBSET-036).  This telegram 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 ‘A1’ 

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

Characteristics Nominal value Tolerance 
range 

Notes 

Modulation FSK   

Centre frequency 4.234 MHz ±175 kHz See sub-clause 4.2.7.6 on page 81. 

Frequency deviation 282.24 kHz ±7 % See sub-clause 4.2.7.6 on page 81. 

Bandwidth < 1 MHz  See sub-clause 4.2.7.12 on page 84. 

Amplitude jitter < +1.5/-2.0 dB  See sub-clause 4.2.7.11 on page 84. 

Mean data rate 564.48 kbits/s ±2.5 % See sub-clause 4.2.7.8 on page 82. 

MTIE (and carrier phase 
jitter) 

MTIE1 or 
MTIE2 

 See sub-clause 4.2.7.9 on page 83. 

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 in the Interface ‘C1’ are summarised in Table 11 below (referring to 
the LEU output). 

Characteristics Nominal value Tolerance 
range 

Notes 

Signal level V2 > 14 Vpp  Into a resistive 120 W load 

Signal level V2 < 18 Vpp  Into a resistive 120 W load 

Waveform and bit encoding DBPL   

Mean Data Rate 564.48 kbits/s ± 200 ppm Averaged over 1500 consecutive bits 

Time Jitter < 60 ns   

Rise Time 10 % to 90 % > 100 ns   

Return Loss (at LEU output) > 6 dB  With reference to 120 W 

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

The signal into a resistive 120 W load shall also fulfil the requirements according to Figure 31 and Table 12 
below.  The shaded areas constitute a mask into which the signal shall not enter (considering the actual mean 
data rate and the actual V2 signal level). 

V2V1

T T1

Tjitter Tjitter

 

Figure 31:  Interface ‘C1’ eye diagram 
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Parameter Requirement 
at the LEU output 

T 

RateDataMeanactual2
1

·
 

Tjitter 60 ns 

T1 0.6 ·  T 

V1 0.74 ·  V2 

Table 12:  Interface ‘C1’ eye diagram parameters 

 

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

Vout and V2 in Volt 

t  = 332 3 ns unless otherwise explicitly stated.  For test purposes, the acceptable range is 330 ns 
±30 ns 

For the purpose of adjusting the V2 signal level during testing, the connected load impedance shall be 
120 W ±1 W resistive, with a maximum imaginary part of ±j1 W. 

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

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

Characteristics Nominal value Tolerance 
range 

Notes 

Nominal value 22 Vpp +1 V / -2 V Into a resistive 170 W load 

Waveform Sinusoidal   

Frequency 8.820 kHz ± 0.1 kHz  

Second harmonic amplitude < -20 dBc   

Harmonic content < -40 dBc  Between 0.1 MHz and 1 MHz into a 
restive 120 W load impedance 

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

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

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

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

Td T

Flux

f d1

|Z|

|Z|inactive

|Z|active

0

time

time

0

 

Figure 32:  Signal on Interface ‘C4’ 

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

Characteristics Min. Max. 

|Z|inactive [W] 150 300 

|Z|active [W]  0.1 ×|Z|inactive 

T [ms] 150 350 

Td [ms]  150 

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

Please observe that Td is allowed to be negative as defined above, because the Balise is allowed to start earlier 
than at the f d1 level. 

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

4.2.8.4.1 Calibration Abstract 

This calibration procedure only deals with constant level of the 27 MHz Tele-powering flux, and not with a 
ramping flux simulating a train passage.  It gives a reference value P27BA that is used when activating the 
Balise with flux levels according to Table 9 on page 91 through the Reference Area. 

4.2.8.4.2 Calibration Configuration 

The recommended calibration set-up is shown in Figure 33 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. 

50 W
Power
Meter 1

Power
Meter 2

Balun

Signal
Generator

Reference Loop

Attenuator

Test Antenna

C.S.4.2 MHz

13.

4.

10.

5.

7.

8.

9.

10.

PM2

PL

PM1

Attenuator

 

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 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. 

2. Determine a suitable power level, PM2, for a flux of f d1 +0.8 dB (one of the values from Table 9 on page 91).  
The power for f , PL, is determined by  

( )
2

2
loop

2

L

B
50

Z50
50

f2
P

×�
�
�

�
�
�
�

� +
×

F××p×
=  

where : 

f = 27.095 MHz, 
Zloop = Rloop + j Xloop (actual impedance in the absence of any antenna), 
PL = Power measured out of the Reference Loop [W], 
B = Reference Loop matching transfer ratio. 

The power for f , PM2, is determined by: 

)dBm(nAttenuatio)P1000(log10P L2M -××=  

where Attenuation equals the attenuation of the items 8 and 9 together with the cable from the Reference 
Loop to the power sensor head. 17 

Measure Attenuation, and calculate the value of PM2.  Call the calculated value PM2REF. 

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

5. Adjust the input power to the Test Antenna in order to achieve approximately f d1 +0.8 dB through the Ref-
erence Loop (through observing Power Meter 2). 

Record the reading of Power Meter 2 (called PM2). Record the reading of Power Meter 1 (called PM1). 

6. Compensate the PM1 reading with the difference between the PM2 reading and the power level PM2REF calcu-
lated in step 3 18.  Call the new value P27RL. 

dBm.in   valuesall),P - (P+P =P M2M2REFM127RL  

7. Repeat steps 2 to 6 for all flux levels in Table 9 on page 91. 

 

                                                        
17 As an example, assuming that Zloop is small compared to 50 W, f d1 +0.8 dB = 8.5 nVs, B = 1 and Attenuation = 20 dB, 

then the power level PM2 will be –3.8 dBm in the Reference Loop.  For the Reduced Size Reference Loop, the corre-
sponding value for f d1 +0.8 dB = 5.7 nVs is –7.2 dBm. 

18 The reason for this compensation is that the relative accuracy for the value of P27RL between the different positions 
needs to be very good, and this procedure compensates for signal generator adjustment error. 
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4.2.8.5 Functional Tests 

4.2.8.5.1 Test Set-up 

The recommended test set-up is shown in Figure 34 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. 

C.S.

13.

Balise

Signal
Generator

Power
Meter 1

Test
Antenna

Reference
Receiver
(Up-link)

Reference
Receiver

(Interface ‘C’)

Low pass
filter

4.2 MHz

27 MHz

10.

5.12.

42.

Attenuator

1.
2.

3. 4.

AttenuatorSignal
Generator

RF
Amplifier

42.

Trigger for start of telegram

16.

Pre-
Amplifier

Low pass
filter

12.

Oscillo-
scope

37.

 

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 transmission characteristics on the Interface ‘A1’ are within the allowed toler-
ance ranges when the signals on the Interface ‘C1’ and Interface ‘C6’ are set at the limit of the defined signal 
level ranges.  See sub-clause 4.2.8.3.2 on page 92, and sub-clause 4.2.8.3.3 on page 94.  For the purpose of this 
test, the edges of the Interface 'C1' signal shall be such that testing is performed both with t  = 100 ns +10/-0 ns 
and t  = 330 ns ±30 ns. 

4.2.8.5.2.2 Test Procedure 

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

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

3. Adjust the input power to the Test Antenna in order to achieve approximately f d1 +0.8 dB through the Bal-
ise.  This is accomplished when the reading of the Power Meter 1 is equal to P27RL measured in sub-clause 
4.2.8.4.3 on page 97. 

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

Interface ‘C1’ Level (Vpp) following C1 test level (Table 15 
on page 100) 

 Mean Data Rate 564.48 kbits/s ± 40 ppm 

 Telegram type 1, without jitter 

Interface ‘C6’ Level (Vpp) following C6 test level (Table 16 
on page 100) 

 Frequency 8.820 kHz ± 0.01 kHz 

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

·  The Balise transmits the selected telegram. 

·  The centre frequency, frequency deviation, mean data rate, and MTIE are within the required range (see 
Table 10 on page 91). 

6. Perform steps 3 through 5 for all the configurations listed in sub-clause 4.2.8.5.2.4 on page 100. 
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4.2.8.5.2.3 Test Signal Level Definition 

Level at the LEU output 

Minimum level (Vpp) Maximum level (Vpp) 

V2 = 14 V +0.25/-0 V V2 = 18 V +0/-0.25 V 

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

 

Level at the LEU output 

Minimum level (Vpp) Maximum level (Vpp) 

20 V +0.3/-0 V 23 V +0/-0.3 V 

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

4.2.8.5.2.4 Test Matrix 

Flux 

Level 

Interface ‘C1’ level Interface ‘C6’ level Slope 
[ns] 

Min. Max. Min. Max. 

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 I 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 transmission characteristics on the Interface ‘A1’ are within the tolerance 
ranges when the mean data rate of the signal on the Interface ‘C1’ is altered over the specified range (see sub-
clause 4.2.8.3.2 on page 92).  For the purpose of this test, the edges of the Interface 'C1' signal shall be such 
that testing is performed both with t  = 100 ns +10/-0 ns and t  = 330 ns ±30 ns. 

4.2.8.5.3.2 Test Procedure 

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

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

3. Adjust the input power to the Test Antenna in order to achieve approximately f d1 +0.8 dB through the Bal-
ise. This is accomplished when the reading of the Power Meter 1 is equal to P27RL measured in sub-clause 
4.2.8.4.3 on page 97. 

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

Interface ‘C1’ Level (Vpp) V2 = 14 V +0.25/-0 V  

 Mean Data Rate sub-clause 4.2.8.5.3.3 on page 102 

 Telegram type 1, without jitter 

Interface ‘C6’ Level (Vpp) 20 V +0.3/-0 V 

 Frequency 8.820 kHz ± 0.01 kHz 

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

·  The Balise transmits the selected telegram. 

·  The centre frequency, frequency deviation, mean data rate, and MTIE are within the required range (see 
Table 10 on page 91). 

6. Perform steps 3 through 5 for all the configurations 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 

Level 

Mean data rate Slope 
[ns] 

564.38 kbits/s +40/-0 ppm 564.58 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 transmission characteristics on the Interface ‘A1’ are within the tolerance 
range when the signal on the Interface ‘C1’ is within the defined eye diagram (see sub-clause 4.2.8.3.2 on page 
92).  For the purpose of this test, the edges of the Interface 'C1' signal shall be such that testing is performed 
both with t  = 100 ns +10/-0 ns and t  = 330 ns ±30 ns. 

4.2.8.5.4.2 Test Procedure 

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

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

3. Adjust the input power to the Test Antenna in order to achieve approximately f d1 +0.8 dB through the Bal-
ise. This is accomplished when the reading of the Power Meter 1 is equal to P27RL measured in sub-clause 
4.2.8.4.3 on page 97. 

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

Interface ‘C1’ Level (Vpp) V2 = 14 V +0.25/-0 V 

 Mean Data Rate 564.48 kbits/s ± 40 ppm 

 Telegram type 4, jitter 60 ns 

Interface ‘C6’ Level (Vpp) 20 V +0.3/-0 V 

 Frequency 8.820 kHz ± 0.01 kHz 

 

Considering the initial DBPL coded message with the required mean data rate, a time jitter is randomly ap-
plied to each edge of this signal.  The time jitter can vary from –30 ns to +30 ns (see Table 12 on page 93). 

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

·  The Balise transmits the selected telegram. 

·  The centre frequency, frequency deviation, mean data rate, and MTIE are within the required range (see 
Table 10 on page 91). 

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

 

4.2.8.5.4.3 Test Matrix 

Tests shall be performed both with t  = 100 ns +10/-0 ns and t  = 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 Interface ‘C’ cable correctly transmit the chosen telegram under 
various Return Loss conditions on Interface ‘C1’ and Interface ‘C6’. 

4.2.8.5.5.2 Test Set-up 

A proposed partial test set-up is shown on the Figure 35 below including specific details on the Reference 
Signal Generator (item 13).  See sub clause 4.2.8.5.1 on page 98 for additional details on the complete test set-
up.  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). 

C6 signal
generator Amplifier

C1 signal
generator Amplifier

C1 Return
loss network

Filter 1

C6 Return
loss network

Filter 2

Interface ‘C’ cable
(Length » 180m)

BaliseRSG
13.

Test
Antenna5.

Check correctness
of telegram and

signal

RSG_CRL output

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

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

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

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

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



Page 105 of 341 

SUBSET-085, Issue 3.0.0 

February 24, 2012 

 

 

4.2.8.5.5.3 Test Procedure 

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

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

3. Adjust the input current into the Test Antenna in order to achieve approximately f d2 +10 dB through the 
Balise.  This is accomplished when the reading of the Power Meter 1 is equal to P27RL measured as in sub-
clause 4.2.8.4.3 on page 97.  Calibration data is obtained from sub-clause 4.2.7.5 on page 79. 

4. Set the C1/C6 Return Loss network to test case 1 of the matrix (see Table 19). 

5. Set the C1 and C6 signal generators (item 13) to the following configuration: 

Interface ‘C1’ Level (Vpp) V2 = 16 V ±0.25 V 

 Mean Data Rate 564.48 kbits/s ± 40 ppm 

 Telegram type 1 

Interface ‘C6’ Level (Vpp) 22 V ±0.3 V 

 Frequency 8.820 kHz ± 0.01 kHz 

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

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

·  The Balise transmits the selected telegram. 

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

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

Test 
case 

‘C1’ Return loss (within 0.2 MHz to 0.6 MHz) 

6 dB +0/- 0.5 dB 

‘C6’ Return loss (within 8.820 kHz ±±±±0.1 kHz) 

4 dB +0/- 0.2 dB 

 RSG_CRL 
angle of reflec-
tion coefficient 
19 at 423 kHz 

“Resistive” 

RSG_CRL 
angle of reflec-
tion coefficient 
19 at 423 kHz 

“Capacitive” 

RSG_CRL 
angle of reflec-
tion coefficient 
19 at 423 kHz 

“Inductive” 

RSG_CRL 
angle of reflec-
tion coefficient 
19 at 8.82 kHz 

“Resistive” 

RSG_CRL 
angle of reflec-
tion coefficient 
19 at 8.82 kHz 

“Capacitive” 

RSG_CRL 
angle of reflec-
tion coefficient 
19 at 8.82 kHz 

“Inductive” 
1 180 ° ±10 °   180 ° ±10 °   

2 0 ° ±10 °   “Direct connection” with Return Loss > 23 dB 
and phase angle of 0 ° ±10 ° 

3  -90 ° ±10 °   -90 ° ±10 °  

4   90 ° ±10 °   90 ° ±10 ° 

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

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

                                                        
19 The reflection coefficient is defined as r=(Zn-1)/(Zn+1), where Zn=Z/Z0, and Z0 is 120 W and 170 W for Interface ‘C1’ 

and Interface ‘C6’ respectively. 
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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 Balise shall optionally alter its impedance to signal to the LEU not to 
change the telegram until after a defined delay.  This test verifies this functionality. 

4.2.8.5.6.2 Specific Notes 

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

The measurements shall start as soon as the 27 MHz Tele-powering flux has reached the level f d1 – 10 dB on 
the start up ramp.  As far as the calibration of the measurement-triggering instant is concerned, see sub-clause 
4.2.7.2.3 on page 73. 
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4.2.8.5.6.3 Test Procedure 

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

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

3. Adjust the input power to the Test Antenna in order to achieve approximately f d2 +10 dB through the Bal-
ise. This is accomplished when the reading of the Power Meter 1 is equal to P27RL measured in sub-clause 
4.2.8.4.3 on page 97.  Calibration data is obtained from sub-clause 4.2.7.5 on page 79. 

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

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

Interface ‘C1’ Level (Vpp)  V2 = 18 V +0/-0.25 V  

 Mean Data Rate 564.48 kbits/s ± 40 ppm 

 Telegram all ones, without jitter 

Interface ‘C6’ Level (Vpp) 23 V +0/-0.3 V 

 Frequency 8.820 kHz ± 0.01 kHz 

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

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

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

7. Check with the reference receiver for Interface ‘C’ (item 42) that: 

·  Td and T are within the required ranges (see Table 14 on page 95). 

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

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

Please note that the blocking signal may be transmitted as soon as the Balise has decided to start-up.  This is 
allowed to happen before f d1.  However, there is no requirement that the actual data transmitted earlier that 
150 ms after f d1 is correct.  Consequently, the evaluation of step 6 is dependent on when the blocking signal is 
transmitted relative to 150 ms after f d1. 
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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.  It shall verify that the Balise switches over to the Default Telegram 
under the following failure conditions on Interface ‘C’: 

·  A cut cable. 

·  Absence of signal. 

4.2.8.5.7.2 Test Procedure 

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

2. Set the Interface ‘C’ signal generator (item 13) to nominal conditions, and select a telegram of type 1. 

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

4. Adjust the input power to the Test Antenna in order to achieve approximately f d2 +10 dB through the Bal-
ise. This is accomplished when the reading of the Power Meter 1 is equal to P27RL measured in sub-clause 
4.2.8.4.3 on page 97. 

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

6. Simulate a failure of type 1 with the Interface ‘C’ signal generator (see sub-clause 4.2.8.5.7.3 on page 109). 

7. Check with the reference receiver for Up-link (item 42) that the Balise switched over to the default tele-
gram.  Verify that a sequence of between 75 and 128 bits of only logical ‘1’ or only logical ‘0’ is inserted 
immediately before transmission of the default telegram.  The sequence of logical ‘1’ or logical ‘0’ shall be 
ended no later than a time corresponding to 341 bits after the event that caused the switch to the default 
telegram. 20 

8. Remove the failure. 

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

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

11. Switch on the Tele-powering.  Perform steps 5 through 10 for all the failures listed in sub-clause 4.2.8.5.7.3 
on page 109. 

                                                        
20 The point of time for the event that caused the switch is defined such that a stable failure condition is achieved.  This 

means that potential transition regions when changing input signal from fully correct to fully fail shall be excluded from 
the time corresponding to the 341 bits.  Furthermore, the failure condition must be stable for the entire duration of the 
simulated failure.  As for the verification of the length of the sequence of equal bits (75 - 128) preceding the default 
telegram, consider that the data transmitted by the Balise during the failure condition, up to the transmission 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 given in Table 20 below. 

Failure Description Duration 

1 Cut cable 0.6 ms -0/+0.4 ms 

2 The signal on Interface ‘C1’ is 0 V, 
The signal on Interface ‘C6’ is in nominal conditions 

0.6 ms -0/+0.4 ms 

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

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

4.2.9.1 General 

This test aims at verifying that the Balise survives exposure of Tele-powering flux levels of up f d5 as defined in 
UNISIG SUBSET-036.  This test shall be preceded by the normal I/O characteristic test of sub-clause 4.2.4 on 
page 47, and be succeeded by a limited test to the extent defined herein. 

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

4.2.9.2 Calibration of Tele-powering flux level 

The results of the calibration from sub-clause 4.2.5.2 on page 54 shall be used, and shall be extrapolated up to 
the f d5 level. 

The target value of the power level from the current sense output of the test antenna may be linearly extrapo-
lated from the F d4 -6 dB level, but when adjusting this level in the presence of the Balise, a pulsed field should 
be applied.  The length of the pulses should be 10 ms and the duty factor should be 1:100. 

4.2.9.3 Test Procedure, Test for damaging 

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

2. Simulate a train passage according to Figure 26 on page 73, with the peak level f d5 and the Ton duration 
10 s (Toff is infinite). 

3. Perform a limited I/O characteristic test (at f d1, f d2, and f d4) according to sub-clause 4.2.4 on page 47, and 
verify compliance with the requirements.  Testing shall be performed only during free air conditions, and 
only for the Balise transmitting the Default Telegram (i.e., the Balise controlling interface is not con-
nected). 

 

 

4.3 Requirements for Test Tools 

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

5.1 Reference Test Configurations 

5.1.1 General 

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

Ambient temperature 25 °C ± 10 °C 

Relative humidity 25 % to 75 % 

Atmospheric Pressure 86 kPa to 106 kPa 

Debris in the air-gap None 

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

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

Tele-powering mode CW 

EMC noise within the Up-link frequency band Negligible 

 

The environmental conditions of the table above should be maintained as far as reasonably possible.  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, the requirements of sub-clause 
4.1.1 on page 21 related to the metal free zone, shall be fulfilled. 

5.1.2 Monitored Interfaces 

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

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

·  Interface V2 (see Annex E) used for periodically sending the current time and odometer data to the 
BTM functionality in accordance with the train movement (real or simulated) conditions. 

·  Interface V4 (see Annex E) used for providing the On-board Equipment, embedding the BTM func-
tionality, with speed sensor signals in accordance with the train movement (real or simulated) condi-
tions.  

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

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

·  When the On-board equipment is set in “test mode”, some test related functions can be driven from 
the unified Test Interface ‘V1’, ‘V 2’, or ‘V 4’; 

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

The following list gives a set of anticipated tests: 

·  Verification of the Tele-powering signal characteristics; 

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

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

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

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

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

·  Verification of the correct handling of different telegrams sent by a Balise passed at very low speed; 

·  Verification of the compatibility with KER Balises; 

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

·  Verification of the Antenna Unit supervision function in presence of the defined metal masses; 

·  Verification of the cross-talk immunity with nearby cables, including the LZB cable; 

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

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

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

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

·  Antenna Positioning Tool; 

·  Reference Loops (Standard and Reduced Size types) equipped with Baluns; 

·  Time and Odometer Module for the simulation of the Antenna Unit movement; 

·  Adapters for Test Interfaces (Company specific); 

·  Telegram Generator; 

·  Reference Signal Generators; 

·  RF instruments and accessories of general use; 

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

5.2.1 General 

5.2.1.1 Introduction 

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

·  Characterisation of radiation pattern and creation of signal 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 shall be tested with all the different Reference Loops. 

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

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. 

All distances are in millimetres unless explicitly otherwise stated. 

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

The recommended general test set-up is shown in Figure 36 below.  Clause F1 of Annex F on page 297 gives 
an example of suitable test equipment. 

 

 
Figure 36:  General Test set-up 

Items 10 and 36 are computer controlled via the Laboratory Test Management System (the computer control is 
intentionally not indicated in the figure).  Additionally, the Laboratory Test Management System shall provide 
a trigger signal to item 13 (that starts a pre-defined sequence). 

The RS 232 link is a possible solution for transferring data files from the Laboratory Management System to 
the RSG. 
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5.2.1.3 Test Set-up Notes 

Note 1: The attenuator (item 29) is used for ensuring a well defined 50 W source for driving the Refer-
ence Loop. 

Note 2: It is important that all HF transmitter cabling is of low loss double shielded type (e.g., RG214).  
Furthermore, the cables shall be “de-bugged” using suitable ferrite clamps, evenly spaced along 
the cables, at distances less than 70 cm. 

Note 3: A Vector Signal Analyser might be needed for verification of correct settings of the Arbitrary 
Generator. 

Note 4: Please note that attenuation in the RF switches, balun, attenuator, and cabling shall be consid-
ered. 

Note 5: The requirement on the RF switch is that the frequency range is DC to several hundred MHz, and 
that the attenuation is less than approximately 0.2 dB at 30 MHz.  At 2 MHz to 30 MHz, isola-
tion and VSWR should be better than 50 dB and 1:1.1 respectively.  Switch time should be less 
than 20 ms.  The switch shall be able to withstand a current of at least 2 A. 

Note 6: The two test-set-ups according to Figure 36 on page 114 and Figure 43 on page 135 may be com-
pressed into one uniform set-up provided that a “single pole four throw” RF switch is available 
(substituting the switches [36] indicated in the figures).  This would enable having all the equip-
ment (power meter [10], spectrum analyser [35], oscilloscope [37] and attenuator [31]) perma-
nently connected, and selected by simply controlling the switch. 

Note 7: The attenuator (item 29) may optionally be replaced by one with lower attenuation during Cross-
talk tests if this is required in order to achieve sufficient signal levels for obtaining reliable test 
results.  In this case special precautions must be considered in order to characterise the actual 
Reference Loop load conditions. 

Note 8: It is important to synchronise the observation of the BTM function reporting with the simulation 
of the Balise passage. 

Note 9: Item 45 (the low pass filter) is used to filter out the 27 MHz power signal sent by the Reference 
Loop towards the Power Amplifier.  The recommended performance of the filter is found in 
clause F2 of Annex F on page 299.  The filter shall be connected directly at the output of the at-
tenuator close to the Reference Loop. 

Note 10: Item 12 (the low pass filters) are used to filter out the 27 MHz signal sent by the Reference Loop 
towards the Vector Signal Analyser.  The specifically recommended performance of the filters is 
found in clause F3 of Annex F on page 302.  The filters shall be located directly at the Current 
Sense output of the Balun. 

Note 11: The RSG should be programmed in order to issue a trigger pulse in correspondence of the centre 
of the dynamic up-link signal.  This pulse triggers the Vector Analyser to measure the Up-link 
signal level, and the LTOM to record the corresponding time and odometer data. 
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5.2.2 Test Conditions 

5.2.2.1 Nominal Conditions 

5.2.2.1.1 General 

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

5.2.2.1.2 Climatic Conditions 

Ambient temperature: 25 °C ± 10 °C. 

Relative humidity: 25 % to 75 %. 

Atmospheric Pressure: 86 kPa to 106 kPa. 

5.2.2.1.3 Metallic Objects and Debris 

No metallic objects shall be present. 

No debris shall be applied. 

In order not to get any disturbance from the surrounding environment, there shall be a volume around the An-
tenna Unit and the Balise under test that is free from metallic objects.  The minimum extent of this volume is 
defined in 4.1.1 on page 21.  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. 
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5.2.2.1.4 Up-link signal Characteristics 

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

·  fL = 3.951 MHz ± 20 kHz 

·  fH = 4.516 MHz ± 20 kHz 

·  Centre Frequency = 4.234 MHz ± 20 kHz 

·  Frequency Deviation = 282.24 kHz ± 3 kHz 

·  Mean Data Rate = 564.48 kbits/s ± 100 ppm 

·  MTIE characteristics in accordance with Figure 37 below. 

·  In a shift between two frequencies, the carrier shall have a continuous phase 

·  Amplitude jitter = less than ±1.2 dB 

 

 

Figure 37:  Nominal MTIE requirements 

5.2.2.1.5 Tele-powering Characteristics 

The 27 MHz Tele-powering signal shall be CW. 

5.2.2.1.6 Telegram Contents 

In general, the Reference Loop shall transmit a randomised 1023 bit telegram that is valid (fulfilling the coding 
requirements according to the coding requirements of UNISIG SUBSET-036), and which consists of 50 % ± 
2 % of logical “one”.  The telegram shall comprise an evenly distributed run length, based upon a truncated 
close to exponential distribution of transitions.  This is Telegram Type 8 according to clause A2 of Annex A on 
page 161. 

However, for the purpose of performing tests simulating that a Reduced Size Balise is installed in a line de-
signed for more than 300 km/h, Telegram Type 1 according 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 (zero). 

50 

MTIE [ns] 

20 

t 

[bit]  

Slope = 2×10-4 



Page 118 of 341 

SUBSET-085, Issue 3.0.0 

February 24, 2012 

 

 

5.2.2.2 Specific Conditions 

5.2.2.2.1 Climatic Conditions 

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

5.2.2.2.2 Tilt, Pitch, and Yaw 

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

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

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

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

·  Reference Loop pitch angle maximum ± 5°. 
·  Antenna Unit pitch angle at maximum according to supplier specification. 

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

5.2.2.2.3 Metallic Objects 

The test conditions are defined by sub-clause B5.3 of Annex B on page 197.  The Antenna Unit shall be sub-
jected to free air conditions during all test conditions except for “Metallic Objects outside the Antenna Unit 
metal free volume”.  In the latter case, the Reference Loop shall be subjected to free air conditions. 

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

The following applies to metallic plane underneath the Reference Loop: 

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

The following applies to steel sleepers underneath the Reference Loop: 

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

Test conditions, and the design and utilisation of the debris box, are defined by sub-clause B5.2 of Annex B on 
page 191. 

For the Reference Loop, the following conditions apply: 

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

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

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

5.2.3.1 General Description 

The purpose of this test is to find the weakest possible Balise signal and activation flux, during static condi-
tions, where the Antenna Unit - BTM function combination has the ability to detect the Balise and to receive 
the intended telegram for static geometrical points in the region above the Reference Loop (i.e., exploring the 
behaviour of the BTM function threshold Vth, and the Tele-powering flux).  It shall also provide information on 
side lobe characteristics.  The results from this test shall be used as input for creating the signal pattern for a 
simulated dynamic Balise passage as defined in sub-clause 5.2.4 on page 124, and used during the applicable 
tests of this document. 

The procedure includes two steps.  One is to measure the actual Tele-powering flux through the Reference 
Loop.  The other is to determine the required Up-link current through the Reference Loop corresponding to the 
BTM function threshold (Vth).  This corresponding current is denominated Ith.  Tele-powering and Up-link 
characterisation are performed in two different passes unless it can be shown that concurrent evaluation (keep-
ing Tele-powering signal on while simultaneously measuring Up-link performance) gives the same results 
(considering the measurement accuracy as defined in sub-clause 3.3 on page 20). 

During Tele-powering measurements, the actual flux f  through the Reference Loop is measured.  Spot check 
testing with toggling Tele-powering signal shall be performed in case this is supported by the equipment under 
test.  In case that differences are identified compared to when the CW signal was applied, then this shall be 
considered when calculating the signal pattern described in sub-clause 5.2.4 on page 124. 

During Up-link testing, the Reference Loop shall be connected to a signal generator generating an FSK Up-link 
signal that simulates a representative Balise passage (see Figure 38 below), and carrying a correct telegram 
with a peak current level stepwise varied in order to reach Ith (as described below).  The BTM function output 
response shall be observed via Interface ‘V1’.  The BTM function is set in normal operational mode. 

tdur = 18.1 ms

ITH

5 ms

Time

5 ms
 

Figure 38:  Up-link signal 

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

During Up-link testing, a start value of Iu1 through the Reference Loop shall be selected.  Thereafter, the cur-
rent level is either increased or decreased in steps until the BTM function threshold is reached.  For increased 
current levels, steps of 0.2 dB are applicable up to Iu1 + 7 dB, thereafter steps of 0.5 dB apply up to a maximum 
current level of Iu1 +24 dB.  For decreasing current levels, steps of 0.5 dB apply down to the level Ith.  Please 
observe that potential hysteresis phenomena shall be evaluated and considered.  In case of hysteresis, Ith shall 
always be determined for increasing current levels. 
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Actual Tele powering flux f , and the threshold current Ith are recorded for each single geometrical test point 
defined in clause C4 of Annex C on page 208. This procedure shall be repeated for all the test conditions de-
fined in sub-clause 5.2.2 on page 116 and limited by the test matrices of clauses C6 and C7 in Annex C on 
pages 210 and 212 respectively.  It is important that the position [X = 0, Y = 0, Z = maximum height] is ex-
plored, because this forms the reference for the calculations of sub-clause 5.2.4 on page 124.  The threshold 
current for this position will be denominated ITHREF. 

Telegram Type 8 as defined by clause A2 of Annex A on page 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 5.2.1.2 on page 114 applies. 

1. Position the Antenna Unit in the geometrical test point [X = 0, Y = 0, Z = maximum height], and select 
nominal test conditions defined by sub-clause 5.2.2.1 on page 116. 

2. Set the RF switch in position P2. 

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

4. Record the value of power meter 2. 

5. Temporarily command the BTM function to transmit toggling Tele-powering signal in case this is sup-
ported by the equipment under test, and record the value of power meter 2.  Potential change of worst 
case conditions shall be considered in calculations of sub-clause 5.2.4 on page 124. 

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

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

8. Calculate and record the flux through the Reference Loop using the following equation: 
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where: PPM2 is power recorded by power meter 2 
B is the Reference Loop transfer matching ratio 
Zloop is the actual impedance of the Reference Loop in the absence of any antenna 
f27 is the Tele-powering frequency (27.095 MHz) 

Please observe that the attenuation and impedance of the RF switch, the attenuator, and the current sense 
Balun have to be considered (characterised prior to testing).  This is not considered in the equation 
above. 

9. Set the RF switch in position P1. 

10. Set the arbitrary generator to generate an Up-link signal in accordance with Figure 38 on page 120.  The 
initial current setting shall be the minimum controllable current (in the order of 1 mA).  The current is 
measured by the Vector Signal Analyser, and the related transfer response of the Current Sense Balun is 
in accordance with sub-clause H5.4 on page 329.  Please observe that the current measured by the Vector 
Signal Analyser needs to be compensated for the B-factor of the Reference Loop (i.e., the measured tar-
get current shall be the desired Reference Loop current divided by B).  Set the time and odometer infor-
mation to comply with a speed of 100 km/h. 

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

12. Record the output from the BTM function (via Interface ‘V1’), and determine whether the Up-link signal 
was above or below the BTM function threshold (Vth).  That is correct Balise localisation and reception 
of the intended telegram, out of those sent in the Up-link signal pattern, is reported. 

13. In case that the signal was above the threshold, gradually decrease the current level in steps as defined 
by sub-clause 5.2.3.1 on page 120 until the signal drops below the threshold.  In case that the signal was 
below the threshold, gradually increase the current level in steps as defined by sub-clause 5.2.3.1 on 
page 120 until the signal exceeds the threshold.  Record the actual threshold value Ith.  Please observe 
the note regarding hysteresis in sub-clause 5.2.3.1 (this may always require determination of Ith for in-
creasing current levels). 
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14. Repeat steps 12 and 13 for all remaining geometrical test points defined by clause C4 on page 208 and 
clause C6 on page 210.  In order to speed up the procedure, the iterative evaluation of the new threshold 
value Ith can be done starting from an optimised value based on the values evaluated for the previous 
nearby positions. 

15. Repeat steps 1 through 14 for all specific test conditions defined by sub-clause 5.2.2.2 on page 118 and 
clause C6 on page 210.  Please observe that “nominal conditions” of step 1 is substituted by the relevant 
“specific condition” for each subsequent pass. 

16. Repeat steps 1 trough 5 and 9 through 13 at the temperature extremes, and evaluate possible change of 
performance.  Potential change of performance shall be considered in calculations of sub-clause 5.2.4 on 
page 124. 

 

It must be verified that reliable Up-link measurements can be performed in the presence of the applicable 
27 MHz Tele-powering signal. 
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5.2.4 Creation of Signal Pattern for Dynamic Tests 

5.2.4.1 General Description 

The aim is to create a time varying 4.2 MHz current through the Reference Loop that simulates a Balise pas-
sage without any physical movements of the equipment.  In other words, it is a time dependent modulation of 
the Up-link signal (in addition to the normal modulation forming the FSK signal).  During the following appli-
cable tests of this document, the Reference Loop will be positioned in [X = 0, Y = 0, Z = maximum height].  
This is the geometrical reference point. 

The recorded Tele-powering flux level (f  in Figure 39 on page 126) shall be used for determining the response 
from two different worst case Balises (ILOW and IHIGH in Figure 39 on page 126), utilising the lower and upper 
limits of the transfer response curve defined by UNISIG SUBSET-036. 

Thereafter, considering data (Ith) obtained during the radiation pattern tests defined by sub-clause 5.2.3 on page 
120, a signal pattern simulating a Balise passage shall be calculated.  For all geometrical positions (and all 
applicable Test Conditions) the actual current required for passing the BTM function threshold (Ith) shall be 
compared with ITHREF (see below).  A special geometrical test point is [X = 0, Y = 0, Z = maximum height] that 
serves as reference.  The corresponding threshold value is denominated ITHREF. 

The f  and Ith patterns recorded along the X-axis for each lateral and vertical displacement, and for each Balise 
type (illustrated in Figure 39 on page 126), will have to be stored in separate files in order to use them for simu-
lating dynamic signals of Balise passages. 

The signal pattern to be calculated (and simulated) is the Up-link signal current through the Reference Loop, 
constituting the sum of the weakest or strongest possible Balise and the difference between Ith and ITHREF (con-
sidering the correct sign).  Furthermore, realistic start-up behaviour of the Balise shall be simulated (including 
a certain delay time Tbal) for the weakest possible Balise.  The latter includes that the Balise is inactive until a 
flux level of f d1 is reached, and that a delay time Tbal of 150 ms is applicable.  Each simulated Balise passage 
shall be normalised with respect to ITHREF. 

In order to visualise that data has to be collected once only, followed by proper scaling to simulate a desired 
velocity, the example of signal pattern generation is split up in two parts (see Figure 39 on page 126 and Figure 
40 on page 127).  The first part, required to be performed once only, deals with position related events (see 
Figure 39).  The second part, to be repeated for each single velocity to be simulated, deals with time related 
events (see Figure 40).  The following examples of algorithms for signal pattern generation (see sub-clause 
5.2.4.3 on page 128) deals with the position related part only. 

Figure 39 on page 126 and Figure 40 on page 127 visualise the process described above.  The upper diagram in 
Figure 39 is an example of flux level (f ) through the Reference Loop for various geometrical positions (as 
determined from sub-clause 5.2.3 on page 120).  The lower curve of the middle diagram (ILOW) is the 4.2 MHz 
current through a weakest possible Balise considering the lower limits of the transfer response characteristics of 
UNISIG SUBSET-036.  A similar curve is shown with dotted lines for the strongest possible Balise (IHIGH).  
The upper curve of the middle diagram (ITH) is the actual 4.2 MHz current through the Reference Loop that 
results in an Up-link signal reaching the BTM function threshold (result from sub-clause 5.2.3 on page 120).  
The lower diagram of Figure 39 constitutes the calculated current (I(x)) versus position that is to be driven 
through a Reference Loop positioned directly underneath the Antenna Unit in position [X = 0, Y = 0, Z = 
maximum height] in order to simulate a Balise passage.  Finally, Figure 40 illustrates how to consider time-
related events, thus calculating the current through the Reference Loop as a function of time (ICALC).  The time 
scale is dependent on the velocity to be simulated.  The Balise start up behaviour mentioned above is also indi-
cated. 
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Please note that the normalisation with respect to ITHREF has to be performed.  This is performed by calculating 
the difference in threshold value between the geometrical reference point (ITHREF) and the threshold value for 
each position. 

Please note that ITHREF is one single value taken at the reference position during free air conditions without any 
tilting (i.e., nominal conditions). 

Please also note that potential changes of worst case conditions due to changed performance at the temperature 
extremes, and due to potential changes during toggling Tele-powering signal, shall be considered. 

The Tele-powering radiation diagrams evaluated for all the tested conditions (in CW) shall be lowered by the 
same amount (in dB) found in toggling mode in case this is supported by the equipment under test, when con-
sidering the weakest Balise.  The temperature effect (increase or decrease effects) should cause (when it causes 
a flux reduction) a lowering of the lowest Tele-powering radiation diagram in nominal conditions, for the case 
of the weakest Balise.  On the contrary, a flux increase should apply to the highest Tele-powering radiation 
diagram in nominal conditions, for the strongest Balise.  Similarly for the temperature effect on the up-link 
diagrams, an increase of the reference current due to temperature should raise by the same amount the highest 
Up-link diagram applicable to the weakest Balise, and a decrease should result in a lowering of the same 
amount of the lowest Up-link diagrams applicable to the strongest Balise. 

The time scale shall be determined using the following equation: 

v
x

t =  

where v is the velocity to be simulated (supplier dependent). 

The following cases shall as a minimum apply: 

·  Each 50 km/h from 20 km/h up to and including the maximum speed for the break points in the lateral 
deviation versus speed diagrams defined by the supplier, and 300 km/h.  This shall be performed for all the 
Antenna Unit heights defined by clause C4 on page 208. 

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

I(x) of Figure 39 shall be calculated using the algorithm exemplified in sub-clause 5.2.4.3 on page 128. 
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5.2.4.2 Example of Signal Pattern Generation 

 

 

 

Figure 39:  Example of Signal Pattern Generation (p osition related events) 
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Figure 40: Example of Signal Pattern Generation (ti me related events) 

Ip1 is the current level corresponding to the point of time when the flux level exceeds F d1.  In general, the delay 
Tbal is applicable after the point of time when the flux exceeds F d1.  However, this only has potential impact on 
the ability to detect (weakest possible) Balises, since it shortens the contact length.  When dealing with the 
strongest possible Balise, the focus is on cross-talk (where Balise Detection aspects are irrelevant from a contact 
length point of view).  Hence, it is adequate to ignore aspects related to Tbal for the strongest possible Balise.  
Consequently Tbal should be ignored when generating signal patterns for the strongest possible Balise. 
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5.2.4.3 Example of Algorithm for Signal Pattern Generation 

 

 

 

 

Figure 41:  Algorithm for Signal Pattern Generation , weakest Balise 

 

Please note that it is the principle that is shown in Figure 41 only, and that the algorithm deals with the posi-
tion related events illustrated in Figure 39 only.  Also margins for variations over temperature, and for toggling 
Tele-powering signal in case this is supported by the equipment under test, must be considered (see sub-clause 
5.2.4.1 on page 124).  Units are indicated to the right of the figure. 
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Figure 42:  Algorithm for Signal Pattern Generation , strongest Balise 

 

Please note that it is the principle that is shown in Figure 42 only, and that the algorithm deals with the posi-
tion related events illustrated in Figure 39 only.  Additional margins for variations over temperature, and for 
toggling Tele-powering signal in case this is supported by the equipment under test, must be considered (see 
sub-clause 5.2.4.1 on page 124).  Units are indicated to the right of the figure. 
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5.2.5 Transmission Tests 

5.2.5.1 General Description 

The purpose of this test is to determine the capability of the Antenna Unit - BTM function combination with 
respect to Balise Detection, reliable data transmission, side lobe management, and location accuracy during 
simulated dynamic conditions.  It also serves as a test of system dynamics (strongest and weakest possible sig-
nals will occur during the test). 

Balise Detect is defined as when the field strength from the Balise is higher than Vth during a minimum time 
TDET.  TDET may vary with speed.  Reliable data transmission means that an extra time TREL (resulting in multi-
ple good telegrams) has been considered in order to ensure reliable transmission (all in accordance with 
UNISIG SUBSET-036). 

The input signal to the Reference Loop generating the Up-link signal shall be in accordance with results from 
sub-clause 5.2.4 on page 124.  The time scale shall be selected in order to comply with speeds at each 50 km/h 
from 20 km/h up to the maximum specified velocity for the lateral deviation (Y position) to be simulated.  The 
odometer input signal shall be selected accordingly. 

For each simulated case (simulating various lateral deviations and vertical heights), the BTM function output 
signal shall be observed via Interface V1 and evaluated.  The BTM function shall be set in the normal opera-
tional mode. 

The criteria for the Antenna Unit - BTM function being able to correctly handle a certain sequence is that the 
BTM function reports the correct telegram, the correct Balise location for the sequence in question, an adequate 
reliable data transmission time, and that the BTM function reporting time requirements are fulfilled. 

In order to evaluate the correctness of the reported Balise location, the Balise simulations should be precisely 
allocated (exact distance from a chosen reference point) in a “virtual test line” used for each test sequence.  The 
evolution of each sequence will be controlled by the Laboratory Test Management System (the LTMS).  The 
LTMS will off-line scale each position based Balise pattern into a sequence of time based patterns according to 
the desired Balise “positions” and to the chosen train speed (see Figure 40 on page 127).  Then the LTMS 
down-loads all the relevant data to the arbitrary generator, and finally looks at the real-time odometer data 
coming from the LTOM.  It issues a triggering pulse for the arbitrary generator when the odometer information 
of each Balise starting is reached.  The Balise centre positions reported by the BTM function will be checked 
against the reference position of the simulated sequence. 

All Test Conditions according to sub-clause 5.2.2 on page 116 shall be considered.  Certain tailoring is defined 
by clause C6 of Annex C on page 210. 

The present tests are performed with the antenna located in the reference position and in nominal environ-
mental conditions.  The applicable specific test conditions are simulated by using the radiation diagrams 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 5.2.1.2 on page 114 applies.  Steps 1 through 5 below constitute 
calibration of the level of the generated Up-link signal for the test case in consideration.  Succeeding steps form 
the actual test procedure. 

1. For each individual test case (of those listed in clauses C4, C6 and sub-clause 5.2.2.2), calculate the 
position related pattern exemplified in Figure 39 on page 126 (thus obtaining I(x)) using the radiation 
pattern data obtained in sub-clause 5.2.3.2, properly scaled to the reference position used for the An-
tenna Unit under test.  Thereafter, calculate the time related pattern for weakest Balise passage, using 
the equation of sub-clause 5.2.4.1 on page 124, and exemplified in Figure 40 on page 127 (thus obtain-
ing ICALC).  For the purpose of the latter calculation, a speed of 26 km/h shall be applied. 

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

3. Set the RF switch in position P1. 

4. Set the time and odometer input data (provided by the LTOM) to comply with the required speed of 
26 km/h.  Please note that there might be system-related properties setting certain limitations on proper-
ties such as acceleration etceteras. 

5. Set the arbitrary generator to generate a nominal FSK Up-link signal and apply the time related pattern 
obtained from step 1 above.  Adjust the output level from the RSG_1 (by means of subsequent Balise 
passage simulations) such that the correct level (within ±0.3 dB) is obtained at the below defined two 
points.  The window used for the level measurements by the Vector Signal Analyser shall be such that a 
duration of 2.4 ms ±0.25 ms is used, and that this duration does not exceed a corresponding geometrical 
distance of 20 mm.  The current is measured by the Vector Signal Analyser, and the related transfer re-
sponse of the Current Sense Balun is in accordance with H5.4 on page 329.  Please observe that the cur-
rent measured by the Vector Signal Analyser needs to be compensated for the B-factor of the Reference 
Loop (i.e. the measured target current shall be the desired Reference Loop current divided by B).  The 
level of the up-link pattern shall be checked in the following points:  

·  The position in time where the peak current in the calculated pattern occurs. 

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

In case there are problems fulfilling the target for both positions, the position close to the threshold has 
priority.  In case not fulfilling both targets, this observation shall be recorded in the test record, and it 
shall be made clear that this is a test set-up imperfection. 21 22 

6. Re-calculate the time based pattern to be used for testing according to the equation of sub-clause 5.2.4.1 
on page 124, according to the example in Figure 40 on page 127 (ICALC), and using one applicable veloc-
ity defined by sub-clause 5.2.4.1 on page 124. 

                                                        
21 It is also important to verify, off-line, that the Tele-powering signal does not influence the actual Up-link 

signal driven through the Reference Loop. 
22  This check needs to be performed for the reference position only.  The purpose is to identify potential test set-up imper-

fections. 
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7. Set the time and odometer input data (provided by the LTOM) to comply with the desired speed (to be 
defined by the manufacturer of the BTM function and defined by sub-clause 5.2.4.1 on page 124).  
Please note that there might be system related properties setting certain limitations on properties such as 
acceleration etceteras. 

8. Perform a sequence of at least 10 subsequent sweeps with the data determined above and record the 
output from the BTM function (via Interface ‘V1’), together with the reference location data provided by 
the LTOM.  Measure, by the Vector Signal Analyser, and record also the value of the up-link current 
peak at each Balise passage simulation, evidencing the occurrence of cases of peak values slightly out of 
tolerance, possibly due to drifts of the RSG_1.23 

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

10. Repeat steps 1 through 9 or 6 through 9 (as appropriate) for all remaining combinations of longitudinal 
ranges, lateral displacements and heights (as defined by the Antenna Unit supplier) using the cases de-
fined in clause C4, on page 208 and clause C6 on page 210.  Please note that the physical location of the 
Antenna Unit and the Reference Loop shall not be changed. 

11. Repeat steps 1 through 9 or 6 through 9 (as appropriate) for all remaining specific test conditions de-
fined by sub-clause 5.2.2.2 on page 118 and clause C6 on page 210.  Please note that the physical loca-
tion of the Antenna Unit and the Reference Loop shall not be changed, and that no debris or metallic ob-
jects shall be present (the influence of such conditions is included in the data from the radiation pattern 
this is the basis for the calculation of the signal pattern). 

 

The Operator has the possibility to set the LTMS with the input parameter “Interface V1 Delay Time” that 
accounts for the overall transit time of the BTM function report (regarding the “BALPASS variable”) through 
the Interface ‘V1’.  This includes from the instant in which the BTM function makes it available to the Inter-
face Adapter up to the instant in which the variable is available to the LTMS upper level processing.  This time 
(probably of the order of 1 s to 2 s) does not need to be very precise because of its use explained here below. 

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

a) It clears the reports table of the Interface V1 and the marker table of the LTOM (possibly present from 
the previous simulation) and then sends a trigger command to the RSG. 

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

c) When this time-out expires, it checks the validity of all the reports received at the Interface ‘V1’ using 
the marker data provided by the LTOM for the Balise centre as a reference.  Please consider that the 
LTOM data are very precise even at 500 km/h.  The check of the BTM reports includes presence of at 
least one report, correct user bits, sufficient number of valid telegrams, validity of the “BTM Reporting 
Time” and accuracy of the location data (expressed as time and/or distance).  In case of multiple reports, 
the LTMS accumulates the number of telegrams indicated in each report and uses this number for 
evaluation.  It also checks the validity of the user bits in each report indicating a non-zero number of 
telegrams.  The “BTM Reporting Time” is checked for all the reports present in the Interface ‘V1’ Ta-
ble.  The lower limit for the “BTM Reporting Time” is 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 location of the next Balise simulation (at the simulated 
train speed). 

e) When the time arrives for the new Balise simulation, firstly it checks that no new report has been added 
to the list examined in point 3 above.  If this happen there is an error indication otherwise a new cycle is 
started from step 1 above. 

                                                        
23 The measurement is performed within a time window corresponding to about 20 mm at the current test speed. 



Page 133 of 341 

SUBSET-085, Issue 3.0.0 

February 24, 2012 

 

 

 



Page 134 of 341 

SUBSET-085, Issue 3.0.0 

February 24, 2012 

 

 

5.2.5.3 Acceptance Criteria, Transmission Tests 

The criterion is that the BTM function is able to correctly receive a Balise during the simulated sequence.  This 
means that the following properties are correctly reported: 

·  Telegram. 

·  Location. 

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

·  BTM function reporting time (time for data being available to the ERTMS/ETC Kernel). 

·  Class of reception. 

*  Class A without any error correction. 

*  Class Bn with error correction (where n is any number defined by the supplier). 

It shall be checked that there is a logical consistency between the various fields of the data transmitted by the 
BTM function.  Missing or erroneous reporting means that the Balise could not be received.  For low speed 
conditions, the BTM function could perform reporting each 100 ms.  In such case, the last report corresponding 
to a given Balise passage simulation should be considered for the verifications defined above.  See also bullet 
‘c’ of sub-clause 5.2.5.2 on page 131. 

A BTM function report that is unduly given outside a Balise passage simulation (considering all relevant de-
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 evaluate the performance of the Tele-powering signal generated by 
the Antenna Unit - BTM function combination.  The electrical characteristics of the signal (such as carrier 
frequency and carrier noise) and modulation characteristics (in Interoperability mode if supported by the 
equipment under test) are subject to testing. 

The output signal shall be evaluated during static conditions in CW mode and Interoperability mode (if sup-
ported) respectively.  The output signal shall be measured using a Reference Loop. 

The BTM function shall be forced to applicable modes using suitable commands inserted via Interface V1. 

Geometrical test points and applicable test conditions are defined by sub-clauses C7.1 on page 212 and C7.2 on 
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 Figure 43 below.  Clause F1 of Annex F on page 297 gives an exam-
ple of suitable test equipment. 

 
 

Figure 43: Test set-up for Tele-powering verificati on 

Items 35, 36, and 37 are computer controlled via the Laboratory Test Management System (the computer con-
trol is intentionally not indicated in the figure). 

 

3. 

2. 

P1 P2 

RS 232 

IEEE 488 
bus 

APT 

Antenna Unit 

BTM 
function Interface ‘V1’ 

Adapter 

Reference Loop Laboratory Test 
Management Sys-

tem 

34. 

Interface ‘V1’  

LTOM 

38. 

Interface ‘V2’ 
Adapter 

Interface ‘V2’  

39. 

40. 

Interface A 

Current Sense Balun 

C.S. 

7. 

14. 

Low Pass Filter 

Low Pass Filter 

Vector Signal 
Analyser 

41. 

12. 

12. 

Attenuator 

RF 
Switch 

C 

Low Pass 
Filter 

29. 

36. 

P1 45. 

Attenuator 

Oscillo-
scope 

37. 

31. 

P2 

Attenuator 4. 

RF Ampli-
fier RSG_1 

Trigger 

Marker 1 

13. 
Attenuator 

RF 
Switch 

36. 

Spectrum 
Analyser 

35. 



Page 136 of 341 

SUBSET-085, Issue 3.0.0 

February 24, 2012 

 

 

5.2.6.3 Test Procedure, CW Mode 

Test set-up in accordance with sub-clause 5.2.6.2 on page 135 applies. 

The spectrum Analyser setting should be the following: 

·  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 with 100 Hz resolution band width shall be 90 dB below the 
carrier.  The evaluation of carrier noise shall be performed within the frequency ranges fc-100 kHz to fc-10 kHz 
and fc+10 kHz to fc+100 kHz.  Spurious frequencies above -90 dBc are not allowed. 

1. Position the Antenna Unit in the position [X = 0, Y = 0, Z = nominal height]. 

2. Set the RF switches so that the signal from the Reference Loop is connected to the spectrum analyser. 

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

4. Measure and record the below defined properties of the Tele-powering signal. 

·  Frequency of the 27.095 MHz field. 

·  Carrier Noise of the 27.095 MHz field. 

5. Repeat steps 1 through 5 for upper and lower temperature extremes. 
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5.2.6.4 Test Procedure, Interoperable Mode 

Test set-up in accordance with sub-clause 5.2.6.2 on page 135 applies. 

This test is only applicable to equipment having the ability to operate in Interoperability mode. 

1. Position the Antenna Unit in the position [X = 0, Y = 0, Z = nominal height]. 

2. Set the RF switches so that the signal from the Reference Loop is connected to the oscilloscope for verifying 
all properties except for the Modulation Frequency.  Verification of Modulation Frequency shall be per-
formed with the RF switches positioned such that the signal from the Reference Loop is connected to the 
spectrum analyser. 

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

4. Measure and record the below defined modulation properties of the Tele-powering signal. 

·  Toggling behaviour 

·  Modulation Frequency 

·  Pulse Width 

·  Jitter 

·  Modulation Depth 

·  Overshoot 

5. Repeat steps 1 through 5 for upper and lower temperature extremes. 

Modulation characteristic requirements are defined by UNISIG SUBSET-036. 

Verification of Modulation Frequency shall be performed using the method described in sub-clause D6.2.2.3.2 
on page 267. 
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5.2.6.5 Acceptance Criteria, Electrical Tele-powering Characteristics 

5.2.6.5.1 CW mode 

The requirements according to sub-clause 6.2.1.2.1 of UNISIG SUBSET-036 apply. 

5.2.6.5.2 Interoperability mode 

The requirements according to sub-clause 6.2.1.2.2 of UNISIG SUBSET-036 apply. 

 

 

5.2.7 Maximum Flux Level 

5.2.7.1 General Description 

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

The output signal shall be evaluated during static conditions in CW mode and Interoperability mode (if sup-
ported by the equipment under test) respectively.  The output signal shall be measured using a Reference Loop.  
The Reference Loop should be subjected to various load conditions during maximum flux measurements. 

The BTM function shall be forced to applicable modes using suitable commands inserted via Interface V1. 

Geometrical test points and applicable test conditions are defined by sub-clauses C7.1 on page 212 and C7.2 on 
page 213. 

The maximum flux level test shall determine the flux level through the Reference Loop under various load 
conditions, and for various geometrical test points.  Three different load conditions apply, 60 W (40 W), j60 W 
(j40 W), and -j60 W (-j40 W).  The figures within parenthesis apply to the Reduced Size Reference Loop, and 
the others to the Standard Size Reference Loop.  Geometrical test points are defined by sub-clause C7.2 on page 
213. 

The following load tolerances apply: 

·  Real part of a resistive load ±2 W 

·  Imaginary part of a real load ±j2 W 

·  Real part of an imaginary load for Standard Size RL 3 W to 5.5 W 

·  Real part of an imaginary load for Reduced Size RL 2 W to 4.5 W 

·  Imaginary part of an imaginary load ±j2 W 
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5.2.7.2 Test Set-up for Maximum Flux Level verification 

The test set-up is shown in Figure 44 below.  Clause F1 of Annex F on page 297 gives an example of suitable 
test equipment. 

10.

PPM1

Reference Loop 7.

BTM
function

Antenna Unit

Interface A

Interface ‘V1’

Current Sense Balun

Power
Meter 1

Load

Interface ‘V1’
Adapter

34.

Laboratory Test
Management

System

38.

14.

 
 

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

Item 10, is computer controlled via the Laboratory Test Management System (the computer control is inten-
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 5.2.7.2 on page 139 applies. 

1. Connect the equipment as defined by sub-clause 5.2.7.2 on page 139, and ensure that the Current Sense 
Balun is calibrated as defined by sub-clause H5.5 on page 330. 

2. Connect a load to the Reference Loop forming a total impedance of 60 W (40 W) in the circuit (i.e., the 
sum of the Reference Loop impedance and the external load and the Current Sense Balun shall be 60 W 
or 40 W). 

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

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

5. Record the power level of power meter 1 (PPM1). 

6. Calculate the flux through the Reference Loop using the following equation: 

( )
27A

loopload1PM

f2Zk

ZZBP

×p×××

+××
=F  

where: PPM1 is power in Watt recorded by power meter 1 
B is the Reference Loop transfer matching ratio 
Zloop is the actual impedance of the Reference Loop in the absence of any antenna 
Zload is the external load impedance connected to the Reference Loop 
f27 is the Tele-powering frequency (27.095 MHz) 
k is the calibration factor determined by sub-clause H5.5 on page 330 
ZA is defined in sub-clause H5.5 on page 330 

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

8. Repeat steps 2 through 7, but connect a load forming a total circuit impedance of j60 W (j40 W) to the 
Reference Loop. 

9. Repeat steps 2 through 7, but connect a load forming a total circuit impedance of -j60 W (-j40 W) to the 
Reference Loop. 

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

Please observe that the actual load values defined in this test procedure constitute the total load of the circuit.  It 
means that a certain load defined above (e.g., 60 W) is the sum of the external load connected to the Reference 
Loop, the influence of the Current Sense Balun, and the actual Reference Loop impedance.  Hence, the Refer-
ence Loop impedance has to be measured separately, and the impedance of the combination of the Current 
Sense Balun and the external load has to be measured separately, and the total impedance has to be calculated 
(and shall be for instance 60 W).  This has to be characterised prior to the test. 

 

5.2.7.4 Acceptance Criteria, Maximum Flux Level 

The requirement is that the flux level never exceeds f d4. 
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5.2.8 Electrical Up-link Signal Characteristics 

5.2.8.1 General Description 

The purpose of this test is to systematically evaluate the BTM function capability with respect to extremes of 
the electrical characteristics of the Up-link signal (such as centre frequency, frequency deviation, data rate, 
phase jitter, and amplitude jitter).  Suitable test patterns shall be generated by the arbitrary generator in order to 
test the properties mentioned above. 

The input signal to the Reference Loop generating the Up-link signal shall be an FSK signal with “imperfec-
tions” as described above.  Furthermore, an additional modulation in accordance with sub-clause 5.2.4 on page 
124 shall be present in order to simulate a Balise passage.  Test data from sub-clauses 5.2.3 on page 120 and 
5.2.4 on page 124 shall be used for creation of the simulated Balise passage.  The BTM function shall be set in 
normal operational mode. 

Only a limited amount of combinations of lateral deviation and vertical height will be considered (see sub-
clause C7.2 on page 213).  The BTM function output signal shall be observed via Interface V1 and evaluated. 

The criteria for the Antenna Unit - BTM function being able to correctly handle a certain sequence are defined 
in paragraph 5 of sub-clause 5.2.5.1 on page 130. 

Test Conditions shall be in accordance with sub-clause C7.1 on page 212. 

 

5.2.8.2 Test Procedure, Electrical Up-link Characteristics 

Test set-up in accordance with sub-clause 5.2.1.2 on page 114 applies. 

Suitable test patterns for the arbitrary generator shall be developed that simulates the following extremes of the 
Up-link signal: 

·  Centre frequency = 4.234 MHz ±175 kHz. 

·  Frequency Deviation = 282.24 kHz ±7 %. 

·  Mean Data Rate = 564.48 kbit/s ±2.5 %. 

·  Limits of MTIE requirement 1 and requirement 2 according to UNISIG SUBSET-036. 

·  Amplitude Jitter = +1.5/-2.0 dB. 

Please note that the test patterns shall be designed in order to comply with testing of the Up-link signal from 
the Balise as defined in sub-clause 4.2.7 on page 72.  One main aspect as listed above shall be evaluated at a 
time.  Start-up and steady state behaviour shall be considered where applicable. 

Apart from these modifications of the FSK signal and the selection of geometrical test points and test condi-
tions, the test procedure is identical to the procedure defined in sub-clause 5.2.5.2 on page 131 (Transmission 
Tests). 

Geometrical test points and test conditions are defined by clause C7.1 on page 212, and clause C7.2 on page 
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 Nominal Nominal 

Mean Data Rate Nominal Nominal 578.6 kbits/s Nominal Nominal 

MTIE Nominal Nominal Nominal MTIE2 limits 24 Nominal 

Amplitude Jitter Nominal Nominal Nominal Nominal +1.5/-2.0 dB 25 

Parameter Case 6 Case 7 Case 8 Case 9  

Centre Frequency 4.059 MHz Nominal Nominal Nominal  

Frequency Deviation Nominal 262.4 kHz Nominal Nominal  

Mean Data Rate Nominal Nominal 550.4 kbits/s Nominal  

MTIE Nominal Nominal Nominal MTIE1 limits 24  

Amplitude Jitter Nominal Nominal Nominal Nominal  

Table 21:  Test Cases 

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

Please observe that the implementation of the test patterns shall consider potential inaccuracy of the 
RSG/LRRT and the rest of the test set-up such that it is guaranteed that the specified limits are never exceeded.  
Air-gap properties shall be verified using the already used 4.2 MHz antenna (used during Balise testing). 

 

5.2.8.4 Acceptance Criteria, Electrical Up-link Characteristics 

See sub-clause 5.2.5.3 on page 134. 

                                                        
24 As defined in Part 1 of this Norm.  Three different cases using triangular simulated jitter patterns apply.  The first 

should be with a period of 3 bits, the second with a period of 25 bits, and the third with a period of 1000 bits. 
25 The jitter should be such that it is correlated with the bit transitions.  Low and high jitter frequencies should apply.  

Low jitter frequency is such that three jitter periods occur within an entire telegram.  High frequency jitter is such that 
the 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 there are any potential cross-talk situations within the defined geomet-
rical region and during the test conditions defined by sub-clause 5.2.2 on page 116.  Where applicable, certain 
cross-talk margins should be evaluated.  Specific cable related cross-talk is not included in this sub-clause, but 
separately dealt with in 5.2.10 on page 146. 

The Tele-powering flux shall be measured using a Reference Loop.  The recorded flux level (f ) shall after this 
be used for determining the response from a strongest worst case Balise (IHIGH) utilising the upper limits of the 
transfer response curve defined by UNISIG SUBSET-036.  Thereafter, the Reference Loop shall be connected 
to a signal generator generating an FSK Up-link signal that simulates a representative Balise passage (see 
Figure 45 below), and carrying a correct telegram with a peak current level as determined above (IHIGH).  The 
BTM function output response shall be observed via Interface ‘V1’.  The requirement is that no Balise detection 
is reported.  Thereafter, the peak current level shall be gradually increased until Balise detection occurs, or 
until a peak current value of IU3 +20 dB is reached.  The procedure is similar to the method described in sub-
clause 5.2.3.1 on page 120.  The difference is that current levels up to the maximum peak current level IU3 
+20 dB are quantitatively tested to evaluate the margin for cross-talk. 

tdur = 18.1 ms

IHIGH

5 ms

Time

5 ms
 

Figure 45:  Up-link signal for Cross-talk tests 

The time tdur shall be selected so that ten complete 1023 bit telegrams are transmitted.  The odometer input 
signal shall be selected so that the flat part of the sequence according to Figure 45 above corresponds to ap-
proximately 0.5 m at a speed of 100 km/h (the entire sequence from start of rising edge to end of falling edge 
corresponds to approximately 0.78 m). 

This procedure shall be performed for all the geometrical positions defined by clause C5 on page 209, and for 
all test conditions defined by sub-clause 5.2.2 on page 116.  Certain tailoring is defined by clause C6 on page 
210. 
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5.2.9.2 Test Procedure, Cross-talk Immunity 

Test set-up in accordance with sub-clause 5.2.1.2 on page 114 applies. 

1. Position the Antenna Unit in the first geometrical test point defined by clause C5 on page 209 and select 
nominal test conditions defined by sub-clause 5.2.2.1 on page 116. 

2. Set the RF switch in position P2. 

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

4. Record the value of power meter 2. 

5. Repeat step 4 for all remaining geometrical test points defined by clause C5 on page 209 and clause C6 
on page 210. 

6. Calculate the flux for all geometrical test points using the equation defined in sub-clause 5.2.3.2 on page 
122. 

7. Determine the corresponding worst case (strongest) response from the Balise (IHIGH) as described in sub-
clause 5.2.9.1 on page 143. 

8. Set the RF switch in position P1. 

9. Set the arbitrary generator to generate an Up-link signal in accordance with Figure 45 on page 143.  The 
initial current setting shall be the Iu3 current.  The current is measured by the Vector Signal Analyser, 
and the related transfer response of the Current Sense Balun is in accordance with sub-clause H5.4 on 
page 329.  Please observe that the current measured by the Vector Signal Analyser needs to be compen-
sated for the B-factor of the Reference Loop (i.e., the measured target current shall be the desired Refer-
ence Loop current divided by B).  Set the time and odometer information to comply with a speed of 
100 km/h. 

10. Position the Antenna Unit in the first geometrical test point defined by clause C5 on page 209 and select 
nominal test conditions defined by sub-clause 5.2.2.1 on page 116. 

11. Record the output from the BTM function (via Interface ‘V1’) and determine whether Balise detection 
occurred or not.  That is, Balise detect or Balise localisation is reported. 

12. In case that Balise detect did not occur, increase the peak current level in steps of 0.5 dB until Balise 
detect occurs or until Iu3 + 20 dB is reached.  Repeat steps 11 and 12 until the margin is determined.   

13. Repeat steps 11 and 12 for all remaining geometrical test points defined by clause C5 on page 209 and 
clause C6 on page 210, using the appropriate IHIGH for each separate point.   

14. Repeat steps 1 through 13 for all specific test conditions defined by sub-clause 5.2.2.2 on page 118 and 
clause C6 on page 210.  Please observe that “nominal conditions” of step 1 is substituted by the relevant 
“specific condition” for each subsequent pass. 

 

It must be verified that reliable Up-link measurements can be performed in the presence of the applicable 
27 MHz Tele-powering signal. 
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5.2.9.3 Acceptance Criteria, Cross-talk Immunity 

5.2.9.3.1 General 

The requirement is that no cross-talk occurs.  There is no explicit requirement on a certain margin, but the 
defined test procedure makes it possible to perform this evaluation.  The evaluation of the cross-talk margin 
must be separated into the two cases defined by UNISIG SUBSET-036. 

5.2.9.3.2 One Balise and one Antenna Unit 

This case is applicable for lateral deviations of 1400 mm or more. 

The cross-talk margin in dB is evaluated as follows: 
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Where: f  is the actual flux level in nVs for the geometrical position in question 
f d3 is in nVs, and defined by the transfer characteristics of the Balise 
ICT is the actual current in mA for when cross-talk occurs 
Iu3 is in mA, and defined by the transfer characteristics of the Balise 
Margin is the cross-talk margin in dB 

5.2.9.3.3 One Balise and two Antenna Units 

This case is applicable for lateral deviations of 3000 mm or more, and for longitudinal deviations as defined by 
the manufacturer of the Antenna Unit. 

The cross-talk margin in dB is evaluated as follows: 
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Where: ICT is the actual current in mA for when cross-talk occurs 
Iu3 is in mA, and defined by the transfer characteristics of the Balise 
Margin is the cross-talk margin in dB 
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5.2.10 Cross-talk Immunity with Cables 

5.2.10.1 General 

This sub-clause defines measurement methods for verifying potential cable related cross talk for the Antenna 
Unit.  The tests are divided in two parts: 

·  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 explicitly otherwise 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 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. 
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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 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. 
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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 Antenna Unit 

The test set-up shown in Figure 46 on page 147 shall be used.  The resistor R1 shall be 350 W and R2 shall be 
400 W.  The distance D is the position in the x direction, and shall be in the range from –1000 mm to 
1000 mm.  This test determines the signal received in an Antenna induced from a cable with the current 2 mA 
and 10 mA for E = 93 mm and E = 493 mm respectively.  See Figure 46 on page 147 for definition of E. 

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

2. Set the Signal Generator to generate a 4.2 MHz FSK signal carrying telegram type 1, and the current 
‘I’ to 2 mA.  For telegram type 1 see clause A2 of Annex A on page 161.  For the suggested current 
probe, a current of 1 mA will give a voltage of 1 mV into 50 W.  Therefore, the current is calculated 
using the following equation: 

50PI 1M ´=   Where P is measured in [W], and I is measured in [A] 

3. Verify that the response from the Antenna Unit is below Vth (determined by the BTM function) by 
observing output data via Interface V1 (i.e., that Balise detect or Balise localisation is not reported). 

4. Position the Antenna at regular intervals of +40 mm, up to the distance D = 1000 mm.  For each posi-
tion, verify that the response is below Vth. 

5. Position the Antenna at position D = -1000 mm and E = 493 mm. 

6. Set the Signal Generator to generate a 4.2 MHz FSK signal carrying telegram type 1, and the current 
‘I’ to 10 mA.  For telegram type 1 see clause A2 of Annex A on page 161. 

7. Verify that the response from the Antenna Unit is below Vth (determined by the BTM function) by 
observing output data via Interface V1 (i.e., that Balise detect or Balise localisation is not reported). 

8. Position the Antenna at regular intervals of +40 mm, up to the distance D = 1000 mm.  For each posi-
tion, verify that the response is below Vth. 
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5.2.10.2.4 Test Procedure, Tele-powering Cross-talk from Antenna Unit to cable 

The test set-up shown in Figure 47 on page 148 shall be used.  The resistor R1 shall be 400 W, and R2 shall be 
400 W.  The distance D is the position in the x direction, and shall be in the range from –1000 mm to 
1000 mm.  This test determines the current induced in a cable from an Antenna Unit for E = 93 mm and 
E = 493 mm.  See Figure 47 on page 148 for definition of E. 

1. Position the Antenna at position D = -1000 mm and E = 93 mm.  

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

3. Record the reading of Power Meter 1 and call it P27IACH. 

4. Position the Antenna at regular intervals of +40 mm, up to the distance D = 1000 mm.  For each posi-
tion, record the reading of Power Meter 1 and call it P27IACH. 

5. Position the Antenna at position D = -1000 mm and E = 493 mm.  

6. Record the reading of Power Meter 1 and call it P27IACL. 

7. Position the Antenna at regular intervals of +40 mm, up to the distance D = 1000 mm.  For each posi-
tion, record the reading of Power Meter 1 and call it P27IACL. 

The results from the test are a set of P27IACH values and a set of P27IACL.  Calculate the current that corresponds 
to the maximum value of each set of data, and call them I27ACH and I27ACL respectively.  For the suggested cur-
rent probe, the current of 1 mA will give a voltage of 1 mV into 50 W.  Therefore, the currents are calculated 
with the following equations: 

50PI IACH27ACH27 ´=   Where P is measured in [W], and I is measured in [A] 

50PI IACL27ACL27 ´=   Where P is measured in [W], and I is measured in [A] 

 

The value I27ACH shall be lower than 25 mA. 

The value I27ACL shall be lower than 10 mA. 
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5.2.10.3 LZB Cable Testing 

5.2.10.3.1 General 

In general, two different test set-ups apply for the tests with LZB cable: 

·  Measurement of 27 MHz Tele-powering induction from a Eurobalise On-board Equipment. 

·  Measurement on the Eurobalise On-board Equipment when 4.2 MHz current is injected into the tool. 

Requirements are defined in UNISIG SUBSET-036. 

Please observe that the 75 W set-up impedance must always remain for the purpose of testing of Tele-powering 
induction. 

 

5.2.10.3.2 Reference Axes and Origin of Co-ordinates 

Regarding measurements with 4.2 MHz Up-link current, directions for the Antenna Unit shall be defined ac-
cording to three reference axes related to the horizontally placed LZB Test Loop described in sub-clause J2.3 on 
page 335. 

·  A reference axis in parallel with the longer side of the LZB Test Loop (the X-axis). 

·  A reference axis at right angles to the X-axis.  This axis is in parallel with the short side and crosses 
the long side of the LZB Test Loop in the middle.  The level of this axis is the centre of the LZB ca-
ble (the Y-axis). 

·  A reference axis directed upwards, at right angles to the LZB Test Loop plane (the Z-axis). 

 

X

Y

Z

LZB Test Loop

 

 

Figure 48:  Reference Axes 
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5.2.10.3.3 Test set-up for 27 MHz Induction 

The test set-up according to Figure 49 below applies.  Clause F1 of Annex F on page 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. 
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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 5.2.10.3.3 should be used.  The following procedure applies: 

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

2. Set the On-board equipment into normal operation. 

3. Measure the 27 MHz current induced into the LZB loop. 

4. Repeat step 3 for increasing Y co-ordinates in steps of 20 mm up to a maximum of Y = 300. 

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

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

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

A recommended test set up is in accordance with Figure 50 below.  Clause F1 of Annex F on page 297 gives an 
example of suitable test equipment.  Additional details related to the horizontally positioned LZB loop is found 
in sub-clause J2.3 on page 335.  See also sub-clause 4.2.1 on page 23. 
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Figure 50:  Test set-up for 4.2 MHz Injection 

 

5.2.10.3.6 Test procedure for 4.2 MHz Injection 

The recommended test set-up of sub-clause 5.2.10.3.5 should be used.  The following procedure applies: 

1. Generate an Up-link signal including telegram 17 (defined in Table 25 on page 164), modulated in 
accordance with sub-clause 5.2.9.1 on page 143, by the RSG.  Adjust the output level (IHIGH in sub-
clause 5.2.9.1) to result in 0.3 mA through the LZB Loop.  Please observe that Tele-powering shall 
be switched off during the adjustments of the current. 

2. Position the On-board antenna at the position X = 0, Y = -300, and at the height representing the 
minimum antenna height defined by the supplier combined with an LZB cable position 75 mm below 
the Top of Rail.  The reference position of the tool (X = 0) is at the midpoint of one of the longer ca-
ble segment of the tool. 

3. Set the On-board equipment into normal operation. 

4. Verify that the On-board equipment does not detect the signal. 

5. Repeat steps 2 trough 4 for increasing Y co-ordinates in steps of 20 mm up to a maximum of 
Y = 300. 

 



Page 154 of 341 

SUBSET-085, Issue 3.0.0 

February 24, 2012 

 

 

5.2.11 Balise Detectability Supervision 

5.2.11.1 General Description 

This test may be performed in a dynamic way if the Antenna Unit - BTM function combination requires this to 
operate properly.  In this case, time and odometer information may be required.  Antenna mounting conditions 
shall be specified by the supplier. 

The test shall be performed with the Reference Loop substituted by the metallic profile defined by “Metallic 
masses in the track” according to sub-clause 5.2.2.2.3 on page 118.  The Antenna Unit shall first be positioned 
directly above the metallic profile ([X = 0, Y = 0]) at the minimum height specified by the supplier.  No other 
debris or metallic objects shall be present during this test. 

In case the alarm is not triggered, then the distance ‘d’ (according to sub-clause 5.2.2.2.3 on page 118) shall be 
gradually increased in steps of 20 mm until an alarm is achieved.  A maximum of three 20 mm steps shall be 
taken during this process..  In case the alarm is triggered the same procedure shall be performed but for de-
creasing ‘d’ distances in the same manner. 

 

5.2.11.2 Acceptance Criteria, Balise Detectability Supervision 

The requirement is that no alarm is triggered at Antenna Unit heights higher than specified by the supplier. 
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5.2.12 Handling of various Telegrams 

5.2.12.1 General Description 

The purpose of this test is to systematically evaluate the BTM function capability with respect to handling of 
various types of telegrams (including telegram switching). 

The input signal to the Reference Loop generating the Up-link signal shall be in accordance with results from 
sub-clause 5.2.4 on page 124.  The time scale shall be selected in order to comply with the maximum specified 
velocity for the lateral deviation (Y position) to be tested (except for during tests of telegram switching at very 
low speed).  The odometer input signal shall be selected accordingly.  The BTM function shall be set in normal 
operational mode. 

Only a limited amount of combinations of lateral deviation and vertical height will be considered (see sub-
clause C7.2 on page 213).  The BTM function output signal shall be observed via Interface V1 and evaluated. 

The criteria for the Antenna Unit - BTM function being able to correctly handle a certain sequence are defined 
in paragraph 5 of sub-clause 5.2.5.1 on page 130. 

Test Conditions shall be in accordance with sub-clause C7.1 on page 212. 

Telegrams shall be selected among those defined by clause A2 of Annex A on page 161.  Telegram switching 
shall be tested both at high speed, and very low speed conditions (contact time more than 100 ms). 

 

5.2.12.2 Test Procedure, Handling of various Telegrams 

Test set-up in accordance with sub-clause 5.2.1.2 on page 114 applies. 

Suitable test patterns for the arbitrary generator shall be developed that perform transmission of the various 
telegram types defined by clause A2 of Annex A on page 161.  One single telegram type shall be evaluated at a 
time.  Test of telegram switching shall be performed during simulation of maximum speed as well as during 
very low speed conditions. 

Apart from these modifications of the FSK signal and the selection of geometrical test points and test condi-
tions, the test procedure is identical to the procedure defined in sub-clause 5.2.5.2 on page 131 (Transmission 
Tests). 

Geometrical test points and test conditions are defined by sub-clause C7.1 on page 212 and C7.2 on page 213. 

 

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 BTM function correctly reports a sequence of Balises within a Bal-
ise group.  The BTM function shall be set in normal operational mode. 

The input signal to the Reference Loop generating the Up-link signal shall be in accordance with results from 
sub-clause 5.2.4 on page 124, but consist of a sequence of eight consecutive Standard Size Balises positioned at 
the minimum specified distance between each other.  The time scale shall be selected in order to comply with 
the maximum specified velocity for the lateral deviation (Y position) to be tested.  The time and odometer input 
signal shall be selected accordingly.  Different telegrams and different lengths of telegrams shall be mixed 
within the sequence of eight Balises.  Telegrams shall be selected among those defined by clause A2 of Annex 
A on page 161. 

Only a limited amount of combinations of lateral deviation and vertical height will be considered.  The BTM 
function output signal shall be observed via Interface V1 and evaluated. 

The criteria for the Antenna Unit - BTM function being able to correctly handle a certain sequence are defined 
in paragraph 5 of sub-clause 5.2.5.1 on page 130.  See also paragraph 6 of sub-clause 5.2.5.1 on page 130 

Geometrical test points and Test Conditions are defined by sub clauses C7.1 on page 212 and C7.2 on page 
213. 

5.2.13.2 Test Procedure, Handling of Balise Sequences 

Test set-up in accordance with sub-clause 5.2.1.2 on page 114 applies. 

Suitable test patterns for the arbitrary generator shall be developed that simulates a sequence of eight Standard 
Size Balises carrying a mix of different telegrams.  The following order of telegrams applies: 

·  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 signal and the selection of geometrical test points and test condi-
tions, the test procedure is identical to the procedure defined in sub-clause 5.2.5.2 on page 131 (Transmission 
Tests).  The additional modulation simulating the Balise passage includes eight consecutive patterns as defined 
in sub-clause 5.2.4 on page 124.  The distance between the centres of consecutive Balises shall be set according 
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 dependent speed above 300 km/h 

Geometrical test points and Test Conditions are defined by sub clauses C7.1 on page 212 and C7.2 on page 
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.  Additionally, the simulated order of Balises must not be mixed. 
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5.2.14 Fundamental concepts of Basic Receiver 

5.2.14.1 General Description 

The purpose of this test is to check the fundamental concepts of the Basic Receiver defined in sub-clause 4.3.4 
of UNISIG SUBSET-036. 

For the purpose of the tests, the specific set of test telegrams defined in clause A3 on page 166 shall be used.  It 
should be observed that a complete test of all the requirements of the Basic Receiver is more extensive, and that 
this procedure focuses on the most important and fundamental requirements defined sub-clause 4.3.4 of 
UNISIG SUBSET-036. 

The test telegrams can not prove the safety of the receiver, but they do detect violation of the most obvious and 
critical properties (such as inversion of telegram, as well as the proper handling of synchronisation bits, check 
bits and extra bits). 

The test telegrams of clause A3 on page 166 are 1023 or 341 bits long.  All test telegrams may be transmitted 
cyclically without interruptions between the last and the first bits of the telegram. 

Two of the test telegrams are valid inverted telegrams.  The Basic Receiver shall reject the other six test tele-
grams.  In fact (apart from the extra-bits test, where the exact number of required extra bits is slightly arbi-
trary), any safe receiver shall reject the defined test telegrams. 

The input signal to the Reference Loop generating the Up-link signal shall be in accordance with results from 
sub-clause 5.2.4on page 124.  The time scale shall be selected in order to comply with the maximum specified 
velocity for the lateral deviation (Y position) to be tested.  The odometer input signal shall be selected accord-
ingly.  The BTM function shall be set in normal operational mode. 

Only a limited amount of geometrical test points shall be considered (see sub-clause C7.2 on page 213).  The 
BTM function response shall be observed via Interface V1 and evaluated. 

5.2.14.2 Test Procedure, Fundamental concepts of Basic Receiver 

Test set-up in accordance with sub-clause 5.2.1.2 on page 114 applies. 

Suitable test patterns for the arbitrary generator shall be developed that perform transmission of the various 
telegram types defined by clause A3 on page 166.  One single telegram shall be evaluated at a time.   

Apart from these modifications of the FSK signal and the selection of geometrical test points and test condi-
tions, the test procedure is identical to the procedure defined in sub-clause 5.2.5.2 on page 131 (Transmission 
Tests). 

Geometrical test points and test conditions are defined by sub-clauses C7.1 on page 212 and C7.2 on page 213. 
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5.2.14.3 Acceptance Criteria, Fundamental concepts of Basic Receiver 

The telegrams in accordance with clause A3 on page 166 shall be handled as follows: 

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

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

·  The telegram defined as identity S3 shall be rejected. 

·  The telegram defined as identity S4 shall be rejected. 

·  The telegram defined as identity S5 shall be rejected. 

·  The telegram defined as identity S6 shall be rejected. 

·  The telegram defined as identity S7 shall be rejected. 

·  The telegram defined as identity S8 shall be rejected. 

 

 

5.3 Requirements for Test Tools 

See Annex B on page 168, Annex D on page 215, and Annex H on page 309. 
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Annex A (Normative), Reference Test Telegrams 

A1 General 
The telegrams entered into the Balise via its Interface ‘C1’, stored within the Balise (Default Telegram), or 
entered into the reference loop shall in general contain meaningful user data, consistent with the real, or partly 
simulated, movement of the antenna.  They shall normally contain variables and data compliant with the 
ERTMS/ETCS language and must be encoded according to the coding requirements defined in UNISIG 
SUBSET-036.  The exception from these rules is that during testing of the fundamental concepts of the Basic 
Receiver, the specific telegrams of clause A3 on page 166 shall be used, which do not fulfil these criteria 

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

Regarding the test telegrams considered in clause A2 on page 161, a complete list of application related data is 
given in Table 22.  An explanation of their different typologies is given in Table 24.  The finally encoded data 
corresponding to each telegram is given in Table 25, while the final set of “User Data” is given in Table 23.  
Hexadecimal notation is used for describing both final test telegrams and User Data. 

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

For each telegram of Table 25 and Table 27, the corresponding bit sequence can be obtained from the hexa-
decimal representation by replacing each hexadecimal digit with its four-bit binary digit notation (MSB on the 
leftmost position).  For the short telegrams, the last 3 bits of the corresponding hexadecimal notation of Table 
25 and Table 27 shall be ignored.  For the long telegrams, the last bit of the corresponding hexadecimal nota-
tion of Table 25 and Table 27 shall be ignored.  The telegram transmission starts from the first leftmost bit of 
the string so obtained, and continues from left to right.  According to sub-clause 4.3.1.2 of UNISIG SUBSET-
036, the first transmitted bit is the MSB of the telegram (bit 340 or bit 1022), while the last transmitted bit is 
the LSB (bit 0). 

The checksum, included in Table 25 and Table 27 related to each telegram, is used for protecting the telegram 
notation with respect to possible corruption originating from text editing tools.  The checksum is built-up by 
grouping the consecutive hexadecimal digits of each string in a string of hexadecimal two-digit numbers 
(where the leftmost digit is the most significant one), and by summing up all the two-digit numbers so obtained. 
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A2 Test Telegrams 

Tel. ID Size Type Balise description 

   M_BALISE M_PIG M_DUP M_MCOUNT M_PACKET L_PACKET NID_TRAIN L_XTEXT X_TEXT 

   8 bits 4 bits 2 bits 8 bits 8 bits 8 bits 20 bits 8 bits variable 

1 Short 2 1000 0000b 0001b 00b 0d 71d (fixed) xxxxxxx 1d xxxxxxx xxxxxxx 

2 Short 2 1000 0000b 0010b 00b 0d 71d (fixed) xxxxxxx 2d xxxxxxx xxxxxxx 

3 Short 3 1000 0000b 0001b 00b 0d 71d (fixed) xxxxxxx 3d xxxxxxx xxxxxxx 

4 Short 3 1000 0000b 0010b 00b 0d 71d (fixed) xxxxxxx 4d xxxxxxx xxxxxxx 

5 Short 4 1000 0000b 0000b 00b 0d 71d (fixed) xxxxxxx 5d xxxxxxx xxxxxxx 

6 Short 4 1000 0000b 0000b 00b 0d 71d (fixed) xxxxxxx 6d xxxxxxx xxxxxxx 

7 Short 5 1000 0000b 0000b 00b 0d 71d (fixed) xxxxxxx 7d xxxxxxx xxxxxxx 

8 Short 5 1000 0000b 0000b 00b 0d 71d (fixed) xxxxxxx 8d xxxxxxx xxxxxxx 

9 Long 9 1000 0000b 0001b 00b 0d 71d (fixed) xxxxxxx 9d xxxxxxx xxxxxxx 

10 Long 9 1000 0000b 0010b 00b 0d 71d (fixed) xxxxxxx 10d xxxxxxx xxxxxxx 

11 Long 10 1000 0000b 0001b 00b 0d 71d (fixed) xxxxxxx 11d xxxxxxx xxxxxxx 

12 Long 10 1000 0000b 0010b 00b 0d 71d (fixed) xxxxxxx 12d xxxxxxx xxxxxxx 

13 Long 11 1000 0000b 0000b 00b 0d 71d (fixed) xxxxxxx 13d xxxxxxx xxxxxxx 

14 Long 11 1000 0000b 0000b 00b 0d 71d (fixed) xxxxxxx 14d xxxxxxx xxxxxxx 

15 Long 12 1000 0000b 0000b 00b 0d 71d (fixed) xxxxxxx 15d xxxxxxx xxxxxxx 

16 Long 12 1000 0000b 0000b 00b 0d 71d (fixed) xxxxxxx 16d xxxxxxx xxxxxxx 

17 Short 1 1000 0000b 0000b 00b 0d 71d (fixed) xxxxxxx 17d xxxxxxx xxxxxxx 

18 Long 8 1000 0000b 0000b 00b 0d 71d (fixed) xxxxxxx 18d xxxxxxx xxxxxxx 

Table 22:  User data of the Test Telegrams (before coding) 
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Tel. ID Hexadecimal contents 

1 80 10 01 1C D8 00 00 42 91 D3 08 59 4D 17 9D D5 88 1A 3F FF FF FF FF FF FF FF C0 

2 80 20 01 1C 78 00 00 81 1C 15 0D 4D 7F FF FF FF FF FF FF FF FF FF FF FF FF FF C0 

3 80 10 01 1D 38 00 00 C4 17 8C 99 5E 09 CD 8D DB D4 17 1C 54 DC 92 9C D1 3F FF C0 

4 80 20 01 1C A8 00 01 01 CA D8 52 0B 49 0D CA FF FF FF FF FF FF FF FF FF FF FF C0 

5 80 00 01 1D 38 00 01 44 0B CC 8B CE 10 94 52 D5 48 0B D1 57 4E 9B DA C9 BF FF C0 

6 80 00 01 1D 28 00 01 83 DB 9B 88 9E 9D DB 52 98 D8 59 90 0F 51 95 11 FF FF FF C0 

7 80 00 01 1C 68 00 01 C0 D6 10 54 7F FF FF FF FF FF FF FF FF FF FF FF FF FF FF C0 

8 80 00 01 1D 18 00 02 03 9A CF D6 D0 1A 8F DE 95 95 9A 90 CB 1E 1C 7F FF FF FF C0 

9 80 10 01 1C B8 00 02 42 19 89 DC CF D8 11 1D 19 3F FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC 

10 80 20 01 1E 04 00 02 87 58 8B D6 48 9C D8 99 51 D4 55 8D 49 5A 18 53 D4 D3 4B D7 5A 9C 1C 0D 8C D4 54 91 
CD DA 3F FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC 

11 80 10 01 1E AC 00 02 D1 C9 53 D5 9C D2 1C 4B 14 0C 0B C9 58 9C CD 8D 8D 14 4E 1A 1E 4D D0 DA 89 1D DA 
0E 99 59 1E 8F 89 5A 0D 56 4C 91 91 8B 96 11 08 0A 49 55 4E 49 DD D7 1D 95 4A CF 1A D8 95 92 9C 4B 19 DD 
54 8B DC 4D 0B 11 53 D5 17 0F 7F FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC 

12 80 20 01 1D B8 00 03 06 08 16 54 0B 8B 98 1C 52 CD 55 DD CC D3 D5 D8 1E 12 11 5B 4C 89 1D 8F D5 3F FF FF 
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC 

13 80 00 01 1E D4 00 03 54 5B 16 5B D2 8B CE 4C 5D 57 4D C8 51 58 09 0D 4D 09 9A 57 9E 59 4A 5E 1C 1E 9B 17 
4E 92 D3 57 55 9C 14 9B 4D 57 CC DD 49 CA CF 17 5D D2 55 8C 54 54 4A 97 10 94 1C CC 4D 5D 09 9D 17 5B 
5A 13 9C 54 1D D6 DA 09 D9 49 8F 14 57 D5 9D CA 19 15 D8 D5 FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
FC 

14 80 00 01 1D C8 00 03 86 5B 51 12 C8 8C 57 5D 9C 5E 12 16 0D 4B 55 8F 5B CE 0F 49 C8 9A 09 CA 10 D7 3F FF 
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC 

15 80 00 01 1E BC 00 03 D2 DA 0A DE 0B D9 88 0B 52 98 48 9B 10 8D DA 52 D7 9C 91 8C 88 94 1A 53 88 0B 53 0A 
93 DD 14 0A CE 92 19 51 99 0C CB CE 8A D2 57 0F 57 4A 88 54 90 8A 09 1B 17 DA 49 53 D7 DD 55 CF 0E D2 10 
91 5E 1A 52 5D 12 15 58 93 1B 8C 15 CC 3F FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC 

16 80 00 01 1E 88 00 04 0F 96 1B 0D 15 1D 5A 97 10 CF 8F CD 92 0A 54 12 1A 4E CE CE 89 15 19 4E 8A 8F D8 D9 
D6 0B 96 11 0C 50 12 1B 8E 5E 0C DD C8 DB 13 1B 54 9E 8C 14 CE CF 97 59 9B 13 0B 1A 19 5E 4A 1B 9D 15 4E 
3F FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC 

17 80 00 01 1C D8 00 04 42 95 8F 5C 99 95 11 D8 8B 89 4D BF FF FF FF FF FF FF FF C0 

18 80 00 01 1E 58 00 04 8C 90 5C 1A D2 13 4A D4 8C D4 0B 4F 18 DB D6 17 15 1C 8B 90 5A 91 0F 4D CE 1E 9D 12 
9A 4B 14 1C 88 C9 0C 1D 0C 0B 93 4F 8C 95 9B 53 8D 49 DD 5D 0C 1D 54 7F FF FF FF FF FF FF FF FF FF FF FF 
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FC 

Table 23:  User data of the Test Telegrams (after e ncoding) in Hex format 
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Type Description 

1 Short Telegram with 50 % (± 2 %) of logical "1" and with an evenly distributed run length 

2 Short Telegram with 10 % to 40 % of logical "0" and with an evenly distributed run length 

3 Short Telegram with 60 % to 90 % of logical "0" and with an evenly distributed run length 

4 Short Telegram with 45 % to 55 % of logical "0" and with high frequency of transitions 

5 Short Telegram with 45 % to 55 % of logical "0" and with low frequency of transitions 

8 Long Telegram with 50 % (± 2 %) of logical "1" and with an evenly distributed run length 

9 Long Telegram with 10 % to 45 % of logical "0" and with an evenly distributed run length 

10 Long Telegram with 55 % to 90 % of logical "0" and with an evenly distributed run length 

11 Long Telegram with 45 % to 55 % of logical "0" and with high frequency of transitions 

12 Long Telegram with 45 % to 55 % of logical "0" and with low frequency of transitions 

Table 24:  Typologies of the Test Telegrams 

 

ID Size Type 26 Check 
sum 

Hexadecimal value 

1 Short 2 18D0 75 BB BF 37 1E 7F 76 B9 25 D3 FD ED 46 BA D7 69 85 7B ED 37 F6 A5 F2 F4 
3E FD 8C DF 5A 40 DA 7F BB 71 22 C5 BF 22 CD A3 9B 07 78 

2 Short 2 1C2D DD 77 C1 57 C7 E7 F9 79 54 67 A8 B9 BE B1 FE 5F A8 37 D3 B7 A8 CD 2C EF 
F7 58 DC E6 D6 40 7C E7 B3 25 F8 B3 7B EF 6B 7C DA A8 E0 

3 Short 3 1058 0E 50 48 31 9E 85 A1 6B E4 A5 A4 88 A8 06 0A 70 18 A5 73 F0 2B 10 31 08 40 
72 30 C0 90 40 72 80 89 22 04 E5 0E 6C 51 57 03 44 80 

4 Short 3 0DFB 3B 47 71 49 18 C9 02 16 15 84 09 0C 49 31 C0 C9 0A E7 17 0C A0 44 53 12 66 
08 05 83 94 40 48 77 B1 80 8A 58 F2 37 02 07 49 71 30 

5 Short 4 12A1 E8 AB AD 7C AA CD 75 66 23 49 71 75 3E 09 19 2E DA 8A 4D 5F 6C 4F 5B A5 
51 09 56 CE 5E 40 4D 77 AA 52 B5 98 32 6A 47 51 76 ED 28 

6 Short 4 12D9 6D F2 AC D9 28 F5 5B 6F 4B 7F 15 22 AB 70 2C A9 6A D2 1B 52 72 0F 5A 16 
99 2A 9D 99 26 40 5B 89 AD 2C A9 53 D3 4B B9 D5 5A 2D 38 

7 Short 5 1633 B2 9B EB C1 99 DF 37 80 69 28 BC 6E 06 60 2C 3F 94 37 3F 87 87 79 F7 BB 
E2 08 1C FE DE 40 71 16 11 C0 2F D2 7C F9 E3 C9 EB 4D 68 

8 Short 5 1710 DE FE F3 81 A7 7C 9F BE 05 E4 03 CD B3 BD 62 C7 03 DB B1 8E E3 10 F0 87 
67 57 78 20 E0 40 43 8C 10 1E 01 E4 BC 91 60 D3 82 1D F0 

9 Long 9 4483 98 3B E6 32 7B 23 75 ED 96 19 46 9A 3D 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 34 2F 5E 63 91 C7 B3 92 
96 BA 7D 7B EC DB 14 2F 24 5C 87 F8 EA 7D 3E 0D 2B F6 F2 F1 AB 99 5B 7E 
DF 45 3C 41 3C AE 77 C2 3B E9 7C 47 5A 7D F2 C5 5D 49 AA F3 30 67 74 FC 
4A C7 59 F2 D9 ED 5E F9 13 E2 E6 17 85 92 CD 7B 0F D9 10 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 6B A0 79 61 36 1B 64 27 9C DF 2B ED 3D E5 
BC D9 E2 F6 DF 78 CC 52 E2 B3 16 BC B9 5D CD 8E 73 D7 5B F6 08 B9 0E 
F5 A3 E5 03 5B 3D D7 B3 15 E4 0C FB 45 55 D6 8F 75 5F 6D 75 1A 4F 7F 69 
7C F6 7B 6D 8A 19 3F 4C 07 B7 A9 6E FC 73 F4 C6 EF D4 D8 70 DB F7 EF 79 
90 C9 A1 25 8E 67 6E CA D0 E1 C2 69 CE D9 25 AE 0F F1 21 90 11 CD A9 7D 
BF A5 60 F6 F5 F4 BD 0B D8 

                                                        
26 See definitions in Table 24. 
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ID Size Type 26 Check 
sum 

Hexadecimal value 

11 Long 10 36DA 70 88 05 88 70 13 48 B4 43 C0 F0 09 0A 45 D4 CC 19 02 54 BB 81 23 A8 91 CC 
2A 41 35 03 DA F1 65 AE 5A 01 4B A8 7A C1 1C 56 1C 1D 6A 22 EE 6A 5D 15 
37 E8 44 3D 52 62 1D 41 9E 2B 05 9F 0B 99 F2 8D 95 91 82 97 D6 10 1C 45 39 
83 CD 5A 1D 46 F1 51 C0 96 8A 51 32 93 C1 74 81 8E A9 6B 12 03 9B 4E C8 
4C F4 B8 6B 3F 68 40 F0 12 C3 2E 86 BE 38 B0 FB 90 3F 09 55 15 86 41 20 6C 
FA E7 29 86 20 

12 Long 10 3834 70 DA 90 A3 DA 44 AF 4B CA E8 D0 F7 08 69 A2 85 7B DC A4 12 C4 88 22 
BA F8 29 C1 0C 60 90 F2 1E 23 09 58 21 A0 B8 91 DE 1A E0 21 D2 63 84 51 
FD 47 24 A3 84 74 DC A5 ED 37 08 9C 77 12 03 EE 4D B2 97 30 85 40 C4 85 
02 E6 E3 48 B5 88 2B 46 31 34 F8 87 09 3F 0C 11 50 CB 28 70 9F 70 11 1E 95 
42 10 E4 3A 3C 74 83 51 13 A7 2C 12 D7 69 62 95 08 47 10 10 9F 4F 1F 52 30 
D0 3D 0E 4A 10 74 A6 

13 Long 11 42E1 A1 E4 F4 35 1A 93 5B 15 44 A2 AB 75 B5 B7 56 B6 80 D5 66 DF 95 EA D3 30 
3E 47 CD 15 BB BC 73 85 AC B6 7A 6F 31 DD 37 E8 9B DB 61 EA 24 BD 92 
A2 2A 53 A4 69 6A 2A 64 3C CA F6 F6 5D 86 2A 61 7D A7 45 71 38 52 5D 3F 
C4 83 5A A4 AE 12 AD 15 6E 71 A6 6B 53 96 35 DA 01 F6 6A 93 B4 BC 14 E1 
6C DA 7A DA 24 64 D1 0C 6B D2 8D E5 96 EA 18 F4 C4 F8 97 90 12 1C 94 E9 
16 F9 8A A3 BC 29 56 63 CC 

14 Long 11 4054 12 19 4F 8C C4 FB B5 42 95 6A 9A D2 1A 5B 51 61 C6 A8 E3 FB 88 BA E2 AE 
42 73 0C D9 9B E6 09 7D 92 B5 AE 45 A2 AD C6 61 5F 9C D5 5B CA 49 B2 0C 
5A B5 22 A5 09 78 71 ED 4E C0 B7 B1 4B 24 FF 0F 40 B1 52 21 D6 0D 96 F2 
B7 56 D4 BE 53 ED 29 B1 5D 2F 41 19 34 09 2B 76 AD 51 BC 97 0B A2 75 9A 
60 33 A9 89 CE A5 F6 8E 29 7B 53 CF DA 6D D2 DE B6 A8 90 14 2B 2B C8 0A 
55 45 E7 40 AA 95 99 5E 

15 Long 12 45ED 38 21 B1 BB BE C3 B8 73 C3 86 FC 0D F6 26 B4 C9 54 C7 C7 72 CD F1 C9 26 
F4 B8 F8 2A 07 AE 36 E8 78 F0 46 AF 46 88 60 B0 95 58 82 4C 43 9B E3 A1 E4 
3C 2F 2F 2D F3 E5 E5 F5 06 D9 A4 25 F2 FB BD 14 F2 1C 27 C7 CA F9 77 D4 
84 09 71 0F BD C6 38 A7 86 F3 1F E2 12 D3 0F C1 01 DC 31 98 B3 83 76 38 7E 
8E 0C C4 0C B9 BE F8 2D C8 C4 84 07 CB 13 40 C9 90 12 DB 38 88 B9 10 F0 
94 F5 8C F6 F9 26 

16 Long 12 4234 0E 6C 0C BD B1 B6 03 86 CD E6 59 DF 21 45 7F 50 10 FC CF 02 63 4F CE 32 
F2 08 51 64 03 76 97 6E DA 80 CF 9C A2 F4 E3 DB CB E7 57 A8 7E 46 F8 47 
4B C0 E3 EF 06 D0 76 7E 81 F9 B8 78 83 03 9B FC EA F5 F7 18 77 74 46 FC 
5C 59 52 CF 2E E3 78 D3 12 A6 DC 22 1B 3A CE 57 C4 F0 49 6E 1D C3 82 1A 
60 B8 EF 7C F3 07 42 7B 7F 30 FF 7D EE 11 F4 BC B9 C4 10 34 22 13 09 A3 
AD F6 A6 4C 2B 9E 3C 36  

17 Short 1 15B6 BF 65 63 7E 56 AA 5C 65 D8 E6 51 F2 DB 38 ED CD 15 82 44 20 29 10 DE 35 
0D 55 A9 8C 38 40 63 61 DA C6 AE C6 68 A6 93 27 BB F1 80 

18 Long 8 3DFB 24 68 68 D4 F1 DE B6 13 DD 24 C3 4D AF A1 DF 6A AA CD 41 1C 0A 51 20 
71 5E E7 78 D3 28 7F 91 1D C2 2A 82 57 31 45 37 60 FF 42 E9 B6 A8 36 94 B6 
71 EF 19 6A 52 17 B6 C4 F6 AF CB C8 9B CE 1A 7D 63 32 83 0E AA CB 7A 81 
9A 9D 0F 8D 0F 8E 81 35 76 F6 CF 70 59 A5 D0 CD 09 34 76 46 15 23 04 C4 37 
8F BC 7D 0C C9 BB 13 05 25 C0 72 C1 82 71 E5 CD C7 10 16 79 42 EB 9A 14 
3B 89 92 A1 62 DD 9E 

19 Short 3  Telegram 4 with 2 bit errors in random position 

20 Short 3  Telegram 4 with a 20 bit burst error in random position 

21 Short 3  Telegram 4 with 2 pairs of consecutive bit slip/insertions in random position 

22 Long 10  Telegram 11 with 2 bit errors in random position 

23 Long 10  Telegram 11 with a 50 bit burst error in random position 

24 Long 10  Telegram 11 with 2 pairs of consecutive bit slip/insertions in random position 

Table 25:  Encoded Test Telegrams 
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A3 Specific Test Telegrams 

ID Description 

S1 Valid inverted short-format telegram. 

S2 Valid inverted long-format telegram. 

S3 Long-format telegram with erroneous control bit b107, which shall be rejected by the Basic Re-
ceiver. 

S4 Short-format telegram with erroneous bit b108, which shall be rejected by the Basic Receiver. 

S5 Inverted long-format telegram with erroneous control bits, which shall be rejected by the Basic 
Receiver. 

S6 Repeated short-format telegram with invalid synch bits, which shall be rejected by the Basic Re-
ceiver. 

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

S8 Test pattern for short-format extra bits checks, which shall be rejected by the Basic Receiver.  The 
test pattern consists of a repeated short-format telegram, where bits 461..1022, but not bit 922, are 
inverted.  Both bits 0..460 and bits 461..921 constitute error-free telegrams with 120 extra bits. 

Table 26:  Characteristics of the Specific Test Tel egrams 

 

ID Check sum Hexadecimal value 

S1 1458 21 FD 51 D8 40 6E F3 AC 30 C1 53 B3 8E 91 13 34 E1 12 2C 03 DE 30 9E 10 2F 7F 
4B CC FD BF A3 65 64 AB 8E 0F D3 5A 56 33 44 B2 A8 

S2 4068 71 C6 74 E5 B5 0C 1C 6C 2A 91 6D 53 74 49 2A AD DB F6 95 18 39 23 30 5D AE 
06 26 C3 2F 80 54 D3 EE 88 7E EC AD E6 23 17 DC FD DF 71 09 36 C5 1E F4 4E 
7D 23 DF 24 5A D5 50 47 67 CA FC D7 13 F7 AB 6B 1C 58 B8 23 AF B9 D6 84 27 
8A E4 9B 86 63 4B 84 83 5F 64 AE 6C 12 48 71 5C D7 41 80 90 6B 82 23 1C 28 FA 
9B D7 E8 C0 94 51 D5 F1 30 E0 70 61 5E 6F E6 28 1D F7 CB 73 41 FE 29 61 BB E0 
B2 

S3 42F1 82 6F BD 12 DA BD 29 45 90 C5 A5 CB 2E 29 80 A7 E1 19 A6 6E 9F 8C D2 D4 0E 
E8 51 6E 32 65 AB 5D CE F7 AA 3C F5 29 67 36 C4 1F EC 55 C2 6D 50 C2 76 D3 
DF 5A 16 D3 50 B2 76 4D C9 F9 47 60 3F A3 BE AC 8D 8B EF 51 A5 5B D7 CB B3 
95 4F 2A 11 EC 26 C1 B8 E0 E4 87 1E 6C CE 79 60 E9 CF 95 D5 1C 38 F0 4A D7 
51 16 73 7B 46 5F 1B 67 79 5A F0 4E 5B 65 84 1C DC 1A 4E 59 D9 5F 7E 52 F7 E7 
B2 8A 

S4 11BB F7 9A E5 2B 6A 68 04 42 2E DC 45 55 93 F8 72 11 7B 36 3B D7 71 97 0B 33 8D 4C 
D1 1C 24 C0 44 71 04 31 44 D5 68 55 44 36 5B 60 A8 

S5 411A 71 C6 74 E5 B5 0C 1C 6C 2A 91 6D 53 74 49 2A AD DB F6 95 18 39 23 30 5D AE 
06 26 C3 2F 80 54 D3 EE 88 7E EC AD E6 23 17 DC FD DF 71 09 36 C5 1E F4 4E 
7D 23 DF 24 5A D5 50 47 67 CA FC D7 13 F7 AB 6B 1C 58 B8 23 AF B9 D6 84 27 
8A E4 9B 86 63 4B 84 83 5F 64 AE 6C 12 48 71 5C D7 41 80 90 6B 82 23 1C 28 FA 
9B D7 E8 C0 94 51 D5 F1 30 E0 70 61 5E 5F E6 1B E5 B6 35 43 ED 86 E9 97 84 F5 
B8 
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ID Check sum Hexadecimal value 

S6 3CA8 F7 9A E5 2B 6A 68 04 42 2E DC 45 55 93 F8 72 11 7B 36 3B D7 71 97 0B 33 8D 4C 
D1 1C 24 40 45 F5 B3 14 A4 27 0E 8A FF 6D A4 35 EF BC D7 29 5B 53 40 22 11 76 
E2 2A AC 9F C3 90 8B D9 B1 DE BB 8C B8 59 9C 6A 66 88 E1 22 02 2F AD 98 A5 
21 38 74 57 FB 6D 21 AF 7D E6 B9 4A DA 9A 01 10 8B B7 11 55 64 FE 1C 84 5E 
CD 8E F5 DC 65 C2 CC E3 53 34 47 09 10 11 7D 6C C5 29 09 C3 A2 BF DB 69 0D 
7A 

S7 3FD9 8E 39 8B 1A 4A F3 E3 93 D5 6E 92 AC 8B B6 D5 52 24 09 6A E7 C6 DC CF A2 51 
F9 D9 3C D0 7F AB 2C 11 77 81 13 52 19 DC E8 23 02 20 8E F6 C9 3A E1 0B B1 
82 DC 20 DB A5 2A AF B8 98 35 03 28 EC 08 54 94 E3 A7 47 DC 50 46 29 7B D8 
75 1B 64 79 9C B4 7B 7C A0 9B 51 93 ED B7 8E A3 28 BE 7F 6F 94 7D DC E3 D7 
05 64 28 17 3F 6B AE 2A 0E CF 1F 8F 9E A1 90 19 C7 4F 6E 71 5B 8A BA E3 37 
B7 12 AE 

S8 425C DE 02 AE 27 BF 91 0C 53 CF 3E AC 4C 71 6E EC CB 1E ED D3 FC 21 CF 61 EF 
D0 80 B4 33 02 40 5C 9A 9B 54 71 F0 2C A5 A9 CC BB 4D 56 F0 15 71 3D FC 88 
62 9E 79 F5 62 63 8B 77 61 A7 08 91 60 1E F1 84 F0 81 7B FA 5E 67 ED FD 1B 2B 
25 5C 70 7E 9A D2 B1 9A 25 95 48 7F 54 76 10 1B BC EB 0C 30 54 EC E3 A4 44 
CD 38 44 8B 00 F7 8C 27 84 0B DF D2 F3 3F 6F C8 D9 59 2A E3 83 F4 D6 95 8C 
D1 2C AA 

Table 27:  Encoded Specific Test Telegrams 

 

 

 



Page 168 of 341 

SUBSET-085, Issue 3.0.0 

February 24, 2012 

 

 

Annex B (Normative), Air-gap Reference Equipment 

B1 General 
This Annex establishes the unified test method, and the specification of the specific reference equipment for the 
tests that have to be done on products in order to establish Interoperability.  It also specifies the use of the test 
equipment as the common reference for Eurobalise.  This Annex is needed for Interoperability between differ-
ent products that are part of the Eurobalise Sub-system. 

The specification of the Reference Loops that correspond to the definitions in UNISIG SUBSET-036 is one of 
the main purposes of this Annex.  The Reference Loops are used for absolute level measurements. 

For the test, it is also necessary to define a Test Antenna that is activating the Balise during the tests.  It shall 
also be able to receive the signal from the Balise.  This Test Antenna is used for relative measurements, and not 
used for absolute level measurements.  All absolute measurements are related to the Reference Loops. 

In addition to this, a special Activation Antenna is required for activating the Balise during cross-talk and Up-
link tests.  This device shall not have a loop for receiving Up-link signals. 

In general, this document defines the minimum requirements of the Reference Equipment.  Better accuracy is 
always advantageous, and will reduce necessary margins in the measurement process during Product Qualifica-
tion. 

B2 Reference Loops 

B2.1 Size of Reference Loops 

The Standard Size and Reduced Size Balises have the below stated Reference Areas for the measurement of 
field strength from the Antenna Unit to the Balise.  These Reference Areas are also valid for the measurement 
of output field strength from the Balise. 

 

Standard Size (width ´  length) = 358 mm ´  488 mm 

Reduced Size (width ´  length) = 200 mm ´  390 mm 

Reduced Size, Transversal (width ´  length) = 390 mm ´  200 mm 

 

The Reference Loops shall be made in such a way that the output signal is proportional to the magnetic flux 
through this Reference Area for the respective loop size of the Reference Area. 

The loop shall be protected with an insulating plate.  The total thickness of this plate shall be 25 mm to 28 mm, 
and the physical interface with the environment in the other directions (X and Y) shall be 19 mm to 25 mm 
outside the Reference Area (i.e., the length and the width of the Reference Loop shall be 38 mm to 50 mm 
larger than the Reference Area).  This plate defines the position and the distance from the Reference Area to 
where the physical interface with the environment is located.  The exact location of this physical interface has 
to be defined during testing of the debris influence on the flux through the Reference Area and the influence on 
the output field from the encirculating current. 

The Reference Loop shall have visible markings that define the reference position for the Reference Loop.  It 
shall be located in the centre of the plate ±10 mm.  This reference position shall be used to indicate the electri-
cal centre of the Reference Loop (i.e., centre of the Reference Area).  A positive direction in each of the X, Y, 
and Z directions relative to the Reference Loop shall be defined. 
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B2.2 Field Requirements 

B2.2.1 Magnetic Field (H-field) 

The Reference Loop shall be tested relative to another Reference Loop of the same kind.  Tests shall be per-
formed in free air with the two Reference Loops in horizontal orientation, and top side facing each other (i.e., 
the positive z-direction of each Reference Loop is facing each other).  The longest sides shall be parallel, and 
the X-direction is defined as the direction of the longest side of the loop.  The Y-axis is in the horizontal plane 
and in right angle to the X-axis.  The mutual inductance shall be measured between the two Reference Loops, 
both with the x-axis in parallel and in anti parallel, and the result shall be compared with the theoretically 
calculated values.  The measurements shall be made for the vertical distances (Z), and the lateral (Y) and longi-
tudinal (X) horizontal displacements between the Reference Loops according to the table below. 

In the table below, the mutual inductance M is defined in a slightly different form.  The attenuation (A) is 
given in dB according to following formula: 

�
�

�
�
�

�
W

×w
×-=

 25
M 

log20A  or inverted: 
w

×W=
-A/2010

 25M  

The measured mutual impedance expressed in form of A (see above) between two Reference Loops, shall not 
deviate more than ± 0.5 dB from the following theoretical calculated values.  For the Reduced Size Transversal 
Reference Loops, the values for the Reduced Size Reference Loops are valid.  The calculation is made accord-
ing to the definition of the Reference Areas.  Furthermore, the matching transfer ratio B (see sub-clause B2.3 
on page 171) and the electrical centre shall be evaluated for each individual Reference Loop. 

Table 28 below shows the calculated values for the mutual impedance between two identical Reference Loops. 

 

Height, 
z 

[mm] 

Lateral, 
y 

[mm] 

Longitudinal,  
x 

[mm] 

Standard size, 
Tele-powering 

[-dB] 

Standard size, 
Up-link 
[-dB] 

Reduced size, 
Tele-powering 

[-dB] 

Reduced size, 
Up-link 
[-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, 
z 

[mm] 

Lateral, 
y 

[mm] 

Longitudinal,  
x 

[mm] 

Standard size, 
Tele-powering 

[-dB] 

Standard size, 
Up-link 
[-dB] 

Reduced size, 
Tele-powering 

[-dB] 

Reduced size, 
Up-link 
[-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 shall be more than 25 dB. 

25 dB E-field rejection corresponds to 0.5 dB accuracy for a TEM wave (25 dB E-field rejection means that the 
Reference Loop will give 25 dB lower signal than from an H-field when E/H=377 W). 

This requirement means that an electrical field of 315 V/m shall generate less signal on the Reference Loop 
output than a magnetic flux of 10.3 nVs through the Standard Size Reference Loop.  In the same way, it means 
that 445 V/m shall generate less signal on the Reference Loop output than a magnetic flux of 6.5 nVs through 
the Reduced Size and Transversal Reference Loop. 

In the real test situation, the E-field is much less than 377 W ´  H.  If the accuracy of the Reference Loop shall 
comply with the required accuracy, then this must be valid with good margins in the near field zone. 

The Reference Loop shall be tested in a pure E-field environment (i.e., negligible magnetic field). 
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B2.3 Compensation for the Impedance of the Reference Loop 

The nominal impedance for the equipment connected to the Reference Loop shall be 50 W (i.e., the source 
impedance of the generator and the load impedance of the power meter shall be 50 W when connected to the 
Reference Loops). 

The Reference Loop should be connected to a 50 W load when it is used for Tele-powering flux measurements.  
Then the voltage Vm shall be measured over this 50 W resistance.  If the Reference Loop has a serial impedance 
(the shunting impedance must be negligible) of Zd for the actual frequency, and if the Reference Loop has the 
matching transfer ratio of B, then the flux through the reference area can be calculated according to: 
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If the Reference Loop is fed with a voltage source with the voltage 2́VS and with the serial resistance of 50 W, 
then the current encircling the reference area can be calculated according to: 
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where Zu is the serial impedance of the Reference Loop. 

The impedance of the Reference Loop may be influenced by the test object, or by the environment.  In this case 
the measurement result must be compensated (if the compensation is not negligible) with respect to the actual 
impedance during the test (i.e., the impedance must then be measured).  This has to be performed for each 
individual set up with the Reference Loop. 

Another possibility is to directly measure the actual current into the Reference Loop, utilising a special Balun 
with current sense capabilities, and to measure the output voltage from the Reference Loop with a “high imped-
ance” device (i.e., the impedance of the Reference Loop shall be negligible compared to the measuring device).  
However, please observe that the B-factor must be considered also in this case (e.g., in order to obtain a current 
of Iux encircling the reference area, the current measured by such a current sense balun shall be Iux/B) 

If the shunting impedance is not negligible, the designer of the Reference Loop must give and verify the for-
mula for how the influence of this shall be compensated. 

The B-factor is a matching transfer ratio that provides a compensation of a specific design solution so that the 
characteristics of Table 28 on page 170 are obtained.  In general, this considers compensation if the electrical 
size of a specific solution is not exactly equal to the defined reference area (but still is within the acceptable 
tolerances for the Reference Loop), and compensation for other imperfections (such as stray capacitance etc.). 
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B2.4 Frequency Characteristics of the Reference Field 

Up-link: When the Reference Loop is supplied with a sinusoidal signal from a constant and perfect 
50 W source, then the amplitude of the Magnetic Field (H-field) shall be within +0 dB and -
0.5 dB over the frequency band 3.89 MHz to 4.59 MHz.  The requirement is applicable under 
free air conditions anywhere within the Main Lobe Zone defined by UNISIG SUBSET-036. 

 When the Reference Loop is supplied with a sinusoidal signal from a constant and perfect 
50 W source, then the amplitude of the Magnetic Field (H-field) shall be within +0 dB and -
1.0 dB over the frequency band 3.5 MHz to 5.0 MHz.  The requirement is applicable under 
free air conditions anywhere within the Main Lobe Zone defined by UNISIG SUBSET-036. 

 When the Reference Loop is supplied with a sinusoidal signal from a constant and perfect 
50 W source, then the variation of the group delay shall not be more than 35 ns over the fre-
quency band 3.5 MHz to 5.0 MHz.  The requirement is applicable under free air conditions 
anywhere within the Main Lobe Zone defined by UNISIG SUBSET-036. 

Tele-powering: When a homogeneous and constant Magnetic Flux (f ) is passing through the Reference Loop, 
then the output voltage shall be as follows for the frequency range 27.095 MHz –10 kHz to 
27.095 MHz +10 kHz: 

·  With a perfect 50 W load Output Voltage variation max. ±0.2 dB 

·  For resistive loads within  
the Load Range 20 W to 200 W  Output Voltage variation max. ±0.5 dB 

·  For complex loads within  
the Load Range 20 W to 200 W  Output Voltage variation max. ±1.0 dB 27 

 The requirement is applicable under free air conditions 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 various conditions defined by sub-clause B5 on page 190, the 
impedance of the Reference Loop will be changed.  After having performed compensation for this change of 
impedance, the accuracy of the measured induced voltage shall not be degraded more than 1 dB. 

B2.5.2 The field from the Balise 

When performing tests during influence of the various conditions defined by sub-clause B5 on page 190, the 
impedance of the Reference Loop will be changed.  After having performed compensation for this change of 
impedance, the accuracy of the measured current shall not be degraded more than 1 dB. 

 

                                                        
27 It shall be possible to achieve better accuracy if special precautions are taken (e.g., by measuring the fre-

quency and taking the actual Reference Loop impedance into account). 
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B2.6 Conformity Testing of Reference Loops 

B2.6.1 Test Procedure 

The theoretically calculated mutual inductance between two identical Reference Loops for a number of posi-
tions is defined in sub-clause B2.2.1 on page 169, and shall be compared to measured values in order to deter-
mine the measurement accuracy of the Reference Loops.  The following Test Procedure should be used: 

For each position described in B2.2.1 on page 169, the following procedure should be performed for the Refer-
ence Loops. 

1. Measure the Up-link and Tele-powering attenuation between the two Reference Loops of the 
same kind. 

2. Measure the impedance of the Reference Loop that transmits the 27.095 MHz and 4.23 MHz sig-
nals respectively. 

3. Calculate the compensation factor for the impedance in the Reference Loop, and add this com-
pensation factor to the measured attenuation.  The compensation shall be based on the actual im-
pedance of the transmitting Reference Loop (for each individual test point), and free air imped-
ance of the receiving Reference Loop. 

4. Compare this compensated result with the theoretically calculated value. 

5. Rotate one of the Reference Loops 180° in the X-Y plane, and repeat steps 1 through 4.  This step 
evaluates potential systematic asymmetry of the Reference Loops. 
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B2.6.2 Measurement set-up 

A proposed test set-up is shown in Figure 51 below. 28  Clause F1 of Annex F on page 297 gives an example of 
suitable test equipment. 

Reference Loop

Network Analyser
with S-parameter test
set (Pos. 22)

Port 1

Port 2

Ferrite Block 50 W, RG 214
coaxial cable

Balun (Pos. 20)

Reference Loop

Point 1
Point 2

 

Figure 51: Measurement set-up  

                                                        
28 The Reference Loops shall be placed on a non-disturbing positioning system, and connected to the network analyser 

with a 50 W coaxial cable with ferrite devices.  The cables shall be separated through placing the Reference Loops so 
that the cables will not be parallel to each other.  The positioning system should have an accuracy in displacement in 
the X, Y, and Z directions of about 1 mm.  It is essential that the positioning system does not disturb the field distribu-
tion.  Ferrite devices shall be used in order to reduce the RF field effect on the measurements.  The Baluns shall be 
placed at the end of the cables, i.e., at the Reference Loop and the network analyser connector.  The ferrite blocks shall 
be placed regularly along the cables evenly spaced at approximately every 70 cm.  The core material in the Ferrite 
Blocks shall be “Amidon 43” or equivalent.  It is essential that the cables are of double screened type (e.g., RG 214 co-
axial cable). 
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B2.6.3 Instrument set-up and Calibration 

A network analyser with S-parameter test set should be used to measure the attenuation between the Reference 
Loops, and also the impedance of one Reference Loop for the different positions. 

The following instrument set-ups and calibrations should be used: 

·  Transmission measurements: 

Centre frequency: Up-link - 4.23 MHz, Tele-powering - 27.095 MHz 

Frequency span: 2 MHz 

Trace 1 input: S21 (Transmission, Port 1 - Port 2) 

Display function: Log/Mag 

Marker: Up-link - 4.23 MHz, Tele-powering - 27.095 MHz 

The measurement shall be normalised with points 1 and 2 in Figure 51 connected together. 

·  Impedance measurements: 

Centre frequency: Up-link - 4.23 MHz, Tele-powering - 27.095 MHz 

Frequency span: 2 MHz 

Trace 2 input: S11 (Reflection, Port 1) 

Display function: Smith Chart 

Marker: Up-link - 4.23 MHz, Tele-powering - 27.095 MHz 

A “full one port calibration” shall be performed at port 1 at the end of the cable, i.e., at point 1 defined in Fig-
ure 51. 

B2.6.4 Compensation for the impedance of the Reference Loop 

The measured values of the Reference Loop impedance and the attenuation between the two Reference Loops 
shall be recorded.  The compensation factor for the mutual inductance between the Reference Loops is calcu-
lated from the measured impedance according to the following equation: 
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where re = Real part of the Reference Loop impedance. 

 im = Imaginary part of the Reference Loop impedance. 

The transmitting Reference Loop shall be compensated according to the equation above, considering the actual 
impedance of each individual test point.  The receiving Reference Loop shall be compensated based on the 
impedance during free air conditions. 

The compensated value of the attenuation between the two Reference Loops is calculated by adding the com-
pensation factor to the measured attenuation between the two Reference Loops.  Compare the measured value 
with the theoretically calculated. 

The model of Figure 52 below is assumed as the basis for the process: 
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Figure 52:  Equivalent circuit diagram 

Measure Z2 during free air conditions (i.e., long distance between the two Reference Loops), and Zin for each 
individual test position.  The following equations apply: 
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B2.6.5 Test Environment 

The test should be performed in a laboratory environment where no other H-field exists except the ones that are 
to be measured.  The Reference Loops shall be separated more than 0.5 m from any metallic object during the 
measurements. 

B2.6.6 Calculation of correction factors 

Three Reference Loops of the same kind should be crosswise tested against each other in accordance with the 
Test Procedure described in sub-clause B2.6.1 on page 173.  Thereafter, the differences between the measured 
and the theoretical values should be allocated to each individual Reference Loop.  This shall be performed 
applying the following equation system to the measured values: 
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where: a12 = measured attenuation between Reference Loop 1 and Reference Loop 2 

 a13 = measured attenuation between Reference Loop 1 and Reference Loop 3 

 a23 = measured attenuation between Reference Loop 2 and Reference Loop 3 

 a0 = theoretical attenuation between two Reference Loops 

 e1 = error of Reference Loop 1 

 e2 = error of Reference Loop 2 

 e3 = error of Reference Loop 3 
 
An alternative is to make a measurement between two Reference Loops only, where one of these is an already 
characterised device, and the other is the device to be calibrated. 

Finally an attempt should be performed in order to minimise the mean value and the standard deviation of the 
calculated errors for each individual Reference Loop. 

The method for doing this is to simulate a (small) movement of the electrical centre point (in X, Y, and Z) of 
the Reference Loop, add the corresponding compensation factors to the measured values, and to evaluate the 
compensated results.  The compensation factors shall be calculated from the derivatives of the field distribution 
(in dB/cm) for each individual test point.  The matching transfer ratio (‘B’) of the Reference Loop (that is 
nominally 1.00) may also be changed.  The method for this is introducing a compensation factor that is added 
to the measured values, and that minimises the overall mean value of the errors.  In this case, the compensation 
factor is identical for all geometrical positions (for one specific Reference Loop), and constitutes a change of 
the ‘B’ factor defined in sub-clause B2.3 on page 171.  The derivatives of the field distribution are found in the 
Table 29 below.  In order to evaluate potential systematic asymmetry, one of the Reference Loops should be 
rotated 180° in the X-Y plane and the results should be taken into consideration. 

Applications suitable for performing the process are embedded in sub-clause B2.7 on page 180. 
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Height 
z 

[mm] 

Lateral  
y 

[mm] 

Longitu-
dinal 

x 
[mm] 

Standard 
Size, 

x-derivative 
[dB/cm] 

Standard 
Size, 

y-derivative 
[dB/cm] 

Standard 
Size, 

z-derivative 
[dB/cm] 

Reduced 
Size, 

x-derivative 
[dB/cm] 

Reduced 
Size, 

y-derivative 
[dB/cm] 

Reduced 
Size, 

z-derivative 
[dB/cm] 

220 0 0 0 0 0.55 0 0 0.70 
220 0 150 0.25 0 0.49 0.34 0 0.63 
220 0 -150 0.25 0 0.49 0.34 0 0.63 
220 0 250 0.40 0 0.44 0.60 0 0.53 
220 0 -250 0.40 0 0.44 0.60 0 0.53 
220 100 100 0.18 0.27 0.47 0.24 0.54 0.54 
220 100 -100 0.18 0.27 0.47 0.24 0.54 0.54 
220 -100 100 0.18 0.27 0.47 0.24 0.54 0.54 
220 -100 -100 0.18 0.27 0.47 0.24 0.54 0.54 
220 150 200 0.33 0.42 0.36 0.48 0.86 0.26 
220 150 -200 0.33 0.42 0.36 0.48 0.86 0.26 
220 -150 200 0.33 0.42 0.36 0.48 0.86 0.26 
220 -150 -200 0.33 0.42 0.36 0.48 0.86 0.26 
220 150 0 0 0.40 0.45 0 0.81 0.41 
220 -150 0 0 0.40 0.45 0 0.81 0.41 
220 200 0 0 0.56 0.38 0 1.14 0.12 
220 -200 0 0 0.56 0.38 0 1.14 0.12 
340 0 0 0 0 0.46 0 0 0.55 
340 0 275 0.36 0 0.36 0.48 0 0.40 
340 0 -275 0.36 0 0.36 0.48 0 0.40 
340 225 225 0.30 0.44 0.25 0.39 0.66 0.13 
340 225 -225 0.30 0.44 0.25 0.39 0.66 0.13 
340 -225 225 0.30 0.44 0.25 0.39 0.66 0.13 
340 -225 -225 0.30 0.44 0.25 0.39 0.66 0.13 
340 275 0 0 0.54 0.25 0 0.79 0.09 
340 -275 0 0 0.54 0.25 0 0.79 0.09 
460 0 0 0 0 0.40 0 0 0.45 
460 0 250 0.25 0 0.34 0.32 0 0.36 
460 0 -250 0.25 0 0.34 0.32 0 0.36 
460 0 350 0.36 0 0.27 0.45 0 0.27 
460 0 -350 0.36 0 0.27 0.45 0 0.27 
460 200 200 0.20 0.27 0.29 0.25 0.36 0.28 
460 200 -200 0.20 0.27 0.29 0.25 0.36 0.28 
460 -200 200 0.20 0.27 0.29 0.25 0.36 0.28 
460 -200 -200 0.20 0.27 0.29 0.25 0.36 0.28 
460 300 300 0.31 0.41 0.14 0.38 0.52 0.04 
460 300 -300 0.31 0.41 0.14 0.38 0.52 0.04 
460 -300 300 0.31 0.41 0.14 0.38 0.52 0.04 
460 -300 -300 0.31 0.41 0.14 0.38 0.52 0.04 
460 250 0 0 0.34 0.29 0 0.44 0.27 
460 -250 0 0 0.34 0.29 0 0.44 0.27 
460 350 0 0 0.47 0.18 0 0.59 0.09 
460 -350 0 0 0.47 0.18 0 0.59 0.09 

Table 29:  Derivatives of the field distribution 
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B2.6.7 Labelling and Marking of Reference Loops 

In the event that the electrical centre point evaluated as defined by B2.6.6 is different from the geometrical 
centre point, then the electrical centre point shall be clearly marked on the Reference Loop.  The geometrical 
centre point is already marked during the manufacturing process of the Reference Loop. 

Each individual Reference Loop should be equipped with a label where the following information is defined: 

·  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 constitute Excel applications that are to be used for the purpose of evalu-
ating the calibration of the Reference Loops, and determining the applicable B-factors and (if necessary) posi-
tioning correction parameters. 

Instructions for use of the applications are included in the Excel charts. 

For informative purposes, the hereafter following sub-clause B2.7.2 and sub-clause B2.7.3 include bitmap 
pictures of the charts of the embedded objects. 

Please observe that that both the bitmaps and the embedded objects are filled with fictitious data (included in 
the yellow cells). 
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B2.7.2 Standard Size Reference Loop 

 

 

 




