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ABSTRACT

The balise is an important component in train of@nacontrol system fulfilling the task of Groundain
Point-Mode data transmission. This paper presentiqi@ element based method for researching the
electromagnetic interaction process of balise ng-tlata transmission with respect to the basicrttmal
level. Based on the basic structure and workinggiple of balise information transmission systehg t
model of balise up-link data transmission is bt employing the finite element method. Through
simulation, the overall electromagnetic field distition of this interaction process is obtained.rBgans of
contrast verification using simulation results gdctical data, the validity and credibility of shFEM
based model is proved in two perspectives, whidhpravide theoretical foundations for further rasehes

in terms of balise information transmission.

Keywords: Balise Transmission Module Antenna, Finite Element Method, Balise Up-link Data
Transmission, Electromagnetic Interaction Process

safety requirements for the on-board front-end
transceiver of BTM. R. Sharma [4] analyzed the
Jange of crosstalk problems encountered with the

The tra_fhc safety in ra|lway_l|nes IS guarantee major trackside equipment, i.e., the balise and the
by applying the corresponding train loperat|or|100ps_ H. Zhao demonstrated that the dynamic
fﬁ;trggﬁgstem];of‘;aﬁ% C?gﬁg;?t?itnm t;'jsbssy;fgﬁharacteristics of BTM could be modeled at four

9 Y resolution layers, ranging from low to very high

comprised of on-board Balise Transmission Moduleraesolution 5], and based on that, the adaptability

(BTM) and ground balise, mainly accomplishes th luati hod for hiah d ci
Ground-Train Point-Mode data transmission 0%vauat|on method for hig spee circumstances
was proposed [6]. By employing methods of RF,

balise up-link signal which contains crucial ; ; : .
spectrum analysis and virtual instrument technique,

|nformat|0_n (e.g.,_ _ temporary speec_i I|m|tat|on,tl5|e on-line testing of balices could be achievdd [7
geographical position and ground circumstances In summary, with respect to the modeling and

for speed control of the train. With the raﬂwayss.mulation of BUDT under train movement

Qeyelop|ng more rapidly, the train operation spee onditions, few reports related have been published
is increasing much faster, which demands evef

higher requirements for the transmission quality of- to now, mainly owing to the fact that the
gher req . o d Y Qmmense and complex solution domain of this
balise information. Therefore, it is necessary t

perform the modeling and simulation of Balise Up(_%lectromagnetlc interaction process is so diffitoilt

link Data Transmission (BUDT) from basicSO|Ve' Fortunately, finite element _me_thod (FE_M_)
. . . happens to be advantageous on this issue, asiit is
theoretical level point of view.

. . . highly effective numerical computing method.
Currently, researches regarding the balise main . .
L2 . ... Hence, based on finite element technique and
concentrate on placement optimization, reliability - .. : -
) . . ’starting from electromagnetic RF excitation angle,
and fault analysis, crosstalk reduction, testin

. e modeling and simulation of BUDT is carried
mthOdS' etc. M. Sangj|dzaqh [1] found out th ut. Simulation and experimental results show that
optimum places of balices in the line to reduc

- ; . e BUDT can be well simulated with the use of
tachometer errors by combining Genetic Algor|thn?:EM thus providing conveniences for further

and Kalman filter concepts. 'F‘ consideration of th.%tudies such as transmission optimization.
influences of electromagnetic factors and radio
frequency (RF) design factors, the reliability &ty

of balise transmission system are analyzed [2], and
by means of FTA (Fault Tree Analysis) and FMEA
(Failure Mode and Effect Analysis), J. del Portillo

[3] designed a suitable topology to accomplish

1. INTRODUCTION
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2. BASIC STRUCTURE AND WORKING 3. MODELING OF BUDT BASED ON FEM

PRINCIPLE OF BALISE INFORMATION

TRANSMISSION SYSTEM 3.1 Mathematical Model of Balise Up-link Signal

With references to balise technical specification
As illustrated in Figure 1 is the basic structufe o.[8]’ the mathema_\tica_l model of balise up-link signa
balise information transmission system, which® characterized in Figure 2.
mainly includes the on-board BTM device anc
ground balise. Among them, the BTM device i
comprised of the down-link excitation signal s(t
generator and the associated sending antenna, |
link signal receiving antenna and telegran
processing module; while the balise consists U, (?)
down-link signal receiving antenna, telegran

Storag_e’ telegr_am sending module and th Upper side frequencyfh:{vmj Lower side frequency f, :/\/
associated sending antenna, etc.

Figure 2: Basic Up-Link Signal

On-board BTM devi . L .
foboar eviee The mathematical expression is described as:
‘ Excitation signal generator | Telegram processing module ‘
I  ; U, (t) = Acos(2rft+ 28f [s (3t +4,) (1)
‘ BTM sending antenna ‘ BTM receiving antenna ‘
7 « Where A, denotes the signal amplitudef,
Excitation signal % Up-link signal . .
xetaton signa’ g prime signa refers to the carrier frequencyf is frequency
‘ Balise receiving antenna ‘ Balise sending antenna ‘ deviation, s(t) represents the code sequence of
= 2 = @d, e telegram signal and takes alternative values
‘ clegram storage ):ﬁ Sl ‘ between logic “1” and logic “0”, which corresponds
Ground balise to upper side frequencyf, = f_+Af and lower
Figure 1: Basic Structure Of Balise Information side frequencyf, = f, —Af respectively, andg,

Transmission System stands for the initial phase of the signal. Thermai

Most of the time, the ground balise is in dormanfrequency parameters and the associated error
mode, and the down-link excitation signal generataanges are listed in Table 1.

of on-board BTM device will always radiate RF Table 1

signals downwards via BTM sending antennafregquency values and admissible errors of up-lighas
which forms a high frequency electromagnetic field Standard Admissible
covering the entire Ground-Train space. When a value error
train approaches the balise within a certain distan carrier frequency f, 4.234MHz + 20kHz
through_elect_romagne_tlp induction, t_he induced frequency deviation Af 282 2akHz + 3KHz
voltage in balise receiving antenna will gradually

increase and finally exceed the predefined threshol Upper sidefrequency f,  4.516MHz + 20kHz
thereby activating the balise, and afterwards, the lower sidefrequency f, 3.951MHz + 20kHz
telegram sending module starts to work, reading  transmisson rate 564.48kbit's  + 14.11kbit/s

telegram information stored in the memory;
modulating them into up-link signal with specific 3.2 Establishment of Balise Dynamic

formats and sending them out in certain Transmission Model Based on FEM

transmission rate. At the same time, the receiving The basic theory of FEM is to segment the
antenna of on-board BTM device would induce th&olution domain into a lot of small subdomains
telegram signal transmitted by ground balise. Afteiermed as “finite element”. By applying certain
signal  conditioning, filtering, demodulation, solving methods to each subdomain and summating
decoding and other procedures, the informatiothe derived results of all subdomains, the solution
contained in the signal is then extracted and &ent to original domain is then attained. Since BUDT is
Vital Computer for train operation control. Witheth a time-varying motion process, it is suggested that
train passing and leaving the balise out of a gertathree-dimensional transient electromagnetic field
distance, the down-link induced voltage withinmethod be used to solve this problem which will
ground balise is below the threshold, which maket®en be divided into two transient processes fer th
balise go into dormancy again. sake of clarity and simplicity, i.e., the transient

R
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mechanical motion process and the transiet
electromagnetic interaction process.

When dealing with mechanical motion process
the local subdivision method is adopted to comput|
the effects brought by three-dimensional transier
motion. Here, the discretization for displacemént
is introduced for computation and the discrete

format is given by the following equation: - Ly el Amibieit space
t+AL LA Balise R
{%} = % 1) Figure 3: FEM based model of BUDT

The model mainly consists of balise and BTM

As for electromagnetic interaction process, sinceoil, referring to sending and receiving antenna of
the frequency of balise up-link signal is relativel up-link data transmission, respectively. The semi-
low, the Maxwell Equations for solving this transparent rectangular box surrounding BTM

electromagnetic process can be written as antenna is the motion region of the model,
OxH =0E representing the running range of train, and the

OB transparent air box represents the outermost lafyer

DxE:g (2) the model. When implementing the simulation

using FEM based software, with regard to the
meshing density, the corresponding settings should
o be performed according to different requirements

Where H denotes the magnetic-field strengthsor solution precisions. Since the most prevalent
B the magnetic density and the electrical field way for three-dimensional meshing now is to adopt
strength. tetrahedral elements, which is simple and stable,

In this FEM based model of BUDT, the voltageand hence, the meshing for balise and BTM
source fed to balise coil is the excitation. Sittt® antennas is set pretty dense due to its high
balise coil belongs to entity winding, its resistan requirements of calculation accuracy, while the

is related to many factors such as frequency angleshing for motion region is relatively sparse.
material, so Skin Effect needs to be taken into

account, and also for this reason it should baacea 4 SIMULATION OF BUDT
as AC resistancé? . When applying voltage According to the requirements prescribed in

source’ , the AC resistance of the W|nd|ng_ is still halise testing specification [9], the size paramsete
unknown and could be computed using thgng yp-link signal (also termed as input signad) ar
following equation: applied to the FEM model built in Figure 3, herein
\ :jIIJ(E+vx B)dR (3) and after, all the parameters and excitation sgynal

R are referred to as simulation conditions.

gm=0

Where J denotes the current density vector of.1Input Signal of BUDT Model
the excitation coilY is the translation speed of the To simulate the working conditions of BUDT
motion region in this model, and refers to trairsystem under train movement conditions, first the
operation speed in this paper. telegram signal is fed to balise as the input digna
In general, the analysis and computation of thwhile the BTM antenna is only able to translatain
electromagnetic field are achieved by means ofelocity of v without any excitation, as it is able to
solving differential equations. For ordinaryinduce voltage signals through electromagnetic
differential equations, the solution is uniquelyinduction. The parameters of input signal in this
determined as soon as the supplementary conditiom®del is illustrated in Figure 4(a), 4(b) and 4(c),
which mainly refer to the ambient physicalcorresponding to telegram code sequence, time-
circumstances of the solution domain, i.e., th€éomain waveform and spectrum, respectively.
boundary conditions are specified.
With employment of equations (1), (2), (3) and
other principles mentioned above, the FEM based
model of BUDT is built and displayed in Figure 3.
The model size, frame structure, and excitation
values are all in accordance with those of praktica
conditions.
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L1 Frrrrrrd [011000011000111111]1 and refers

| to the telegram information transmitted upwards. It
| is observed from Figure 4(b) that the time-domain
[ waveform of up-link signal is essentially an equal-
I
|
|

—_—

Voltage |V

(=]

amplitude sinusoidal wave. As demonstrated in
Figure 4(c) is the spectrum derived from the input
| I ; ; ;
signal by means of Fourier Transform, it has two
0 10 20 30 peaks in frequency domain, corresponding to lower
Time/ ps side frequencyf, and upper side frequendy ,

Figure 4(a) Code sequence of input signal respectively. It could be seen that the heighthef t

' i i peak attached to upper side frequency is greater
than that of lower side frequency, which is in
conformity to the situation in Figure 4(a) where th
time of logic “1” lasts longer than that of logi®™

4.2 Electromagnetic Distribution within BUDT
-1 M odel
0 1'0 2'0 3'0 Suppose the horizontal distanC(_e bgtween the
Time/ us centers of BTM antenna and balise fis , let
Figure 4(b) Waveform of input signal AXZ_]'SOT.m an.d sz.o respectively, and the
corresponding simulation results of the overall

—

Voltage |V
o

600 y " " ' electromagnetic distributions of BUDT at two
: m| % 4:516 different positions are shown in Figure 5(a) and
2 400 X:3.951 w | y: 4909 |
S Y: 400.8 (0).
=
o0
S 200 1
0 0 2 4 6 8 10
Frequency | MHz

Figure 4(c) Spectrum of input signal
Figure 4 Corresponding parameters of the inputaign

As shown in Figure 4(a) is the code sequence of
input signal, which is formed of 20 bits, i.e.,

HEA_per_meter]

B - conoem:
2.as7ic-002
271430002
2.5714e-002
2 vz2ase-002
2. 28576002
2. 14256002
2 oo0s0-092
1 es7ic-on2
171406802
1 571u0002
1 4z5se-002

1,2657¢-802
1.1428e-802
1.6000-802

HIA_per_meter]

s
2.8571e-002
2.7143e-002 | 4%
2,5714e-082
2. 4286e-082
2. 2857-002
2,1428e-002
2. ngome-0a2
1.85710-002 | {18
L. 7143e-002 | FL

1.5714e-082
1. 4286e-002

1,
< seere-one | A
1.1429e-002 '
Cetsorroos | Y

e . ! RS
Figure 5(a) Overall electromagnetic distribution Figure 5(b) Overall electromagnetic distribution
when Ax =-150mm when AXx=0
Figure 5 Overall Electromagnetic Distributions With Different Positions Of BTM Antenna

The density of magnetic induction line is advisedhe electromagnetic field strength nearby balise is
to visually depict the strength of electromagneti¢the strongest, because it's the only signal source
distributions. As can be seen from both Figure 5(ayithin the model, while the electromagnetic field
and 5(b), the magnetic induction line is prettysken strength at the vicinity of BTM antenna takes the
nearby balise and relatively sparse at the viciofty second place mainly attributes to its ability to
BTM antenna and even sparser in the ambiemduce voltage signal. And due to the fact that the
space. And consequently, it could be inferred that
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distance is too far away, the electromagnetic fieldf this process, a cross-sectional view of the

strength in the ambient space is the weakest. electromagnetic field strength on BTM surface is
For a more comprehensive cognition of thalisplayed in Figure 6(a) and 6(b).

overall electromagnetic field strength distribution

HIA_per_neter] HLA_per_meter]

. 3.08002-002 . 3. BABAC-B02
2.8571e-802 2.65716-802

2.7143e-062 2, 7145e-802

2.571%e-802
2. 4286e-802
2, 2857e-202
2, 1429e-802
2. BOEAe-B02
1.8571e-802
1. 7143e-802
1, 5714e-802
1. Y4286e-802

1.2857e-802
1. 1429e-802
1. BOGAe-E02

2,5714e-002
2. 42862002
2.2857e-002
2.1429e-002
2.0RA0E-002
1.8571e-062
1,7143e-002
1,5714e-002
1.4286e-002
1,2857e-002
1,1429e-082
1.0800:-062

Figure 6(a) Electromagnetic distribution Figure 6(b) Electromagnetic distribution
on BTM surface when Ax =-150mm on BTM surfacewhen Ax =0

Figure 6 Electromagnetic Distributions On BTM Surface

With careful observation, a slight difference
could be noted between the two Figures. In Figuré

6(a), there are two areas (i.e., right above thisda - -
and at the vicinity of BTM antenna) where the To ensure the validity and credibility of the FEM

electromagnetic field strength is relatively StrQngbased model, with the use of simulation results and

while in Figure 6(b) there is only one such aregractical data, contrast verification is carriedt ou
(around BTM antenna). The reason for thidrom two perspectives of BTM voltages, i.e., static

difference mainly lies in the horizontal distance'nduced voltage  (SIV) and dynamic  induced
between balise and BTM antenna. Speciﬁcally‘,’on’dlge (DIV).
when BTM antenna is far away from balise, thes.1 Verification of SIV

coupling coefficient between them is quite weak, as For the purpose of acquiring SIV at one fixed
a consequence, the magnetic field distribution iposition within a period of time, s#&x =0 where
mainly determined by the excitation sourceBTM antenna is fixed right above the balise and
however, when BTM antenna gets quite close tapply the identical simulation conditions described
balise, it is able to induce relatively strong agé  above to the model. The simulation results obtained
signal through electromagnetic induction, whichare illustrated in Figure 7(a), 7(c), 7(e) and 7(g)
would somehow change the original magnetigvhile the corresponding practical data are
distribution in turn. illustrated in parallel in Figure 7(b), 7(d), 7@dnd

7(h) as contrast.

EXPERIMENTAL VERIFICATION

—_
(e

Voltage | mV
Voltage | mV
(=]

—
=

0 10 20 30 0 10 20 30

Time/ us Time/ us
Figure 7(a) Waveform of simulated SV Figure 7(b) Waveform of practical SV
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) T | ) Y:3.162 4
S 2 S 2
= =
0 : ’ : . 0 : . :
0 2 4 6 8 10 0 2 4 6 8 10
Frequency/ MHz Frequency | MHz
Figure 7(c) Spectrum of simulated SV Figure 7(d) Spectrum of practical SV
10
N N
T T
s =
S5 e
Ml S
) )
N N
S S
2 N
kK Y
0 10 20 30 0 10 20 30
Time/ us Time/ us
Figure 7(e) TFR of simulated SV Figure 7(f) TFR of practical SV
Frrrrrrerrrerrrrrnl Frrrrrrerrrerrrrrnl
S |:::|::|||||| S |:::|::||||||
S IIIIIIIIIIIII S IIIIIIIIIIIII
g | | NERER g | | NERER
3 |:::|::|||||| 3 |:::|::||||||
= 0] | RN = 0] | RN
e e
0 10 20 30 0 10 20 30
Time/ us Time/ us
Figure 7(g) Telegram of simulated SV Figure 7(h) Telegram of practical IV

Figure 7 Smulation Results And Practical Data Of Sv And Div

As shown in Figure 7(a) and 7(b) are the timef10]. It could be seen that as time passes, the
domain waveforms of SIV under simulationinstantaneous frequency of the signal takes
conditions and practical conditions respectivety. lalternative values between lower side frequency
could be discovered that they are quite similar tand upper side frequency. After demodulation and
each other no matter in aspect of the amplitude @iecoding, the telegram information of simulated
the overall change law, in addition, the amplitudésIV and practical SIV are extracted, as displayed i
of simulated signal is fairly smooth due to itsFigure 7(g) and 7(h); it is obvious that the two of
relatively ideal conditions, while the practicalthem are the same, also in consistency with that of
signal is somehow affected by the influence ofput signal, which successfully proves the vajidit
noise and overshoot impulse phenomenon appearthis FEM model and credibility of the simulation
frequently on the waveform whenever theresults.
amplitude fluctuates. Spectrums of simulated sign S
and practical signal are displayed in Figure 7(x) a %.ﬁ:g};?cg;c;n’&(;f Ii?s,l \éhan cable so that the BTM
7(d), each of them has two peaks corresponding to . g
lower side frequency and upper side frequenc ntenna is allowed to approach, pass and leave the

respectively and the heights of peaks are also I.'Se’ thug 5|mul'at|ng the wholg motion process of
sé‘am passing balise, and the simulation results of
t

consistency. What's demonstrated in Figure 7( . A ;
and 7(f) are the time-frequency representatio IV are illustrated in Figure 8(a) and 8(b), while

; ; ; : tical data of DIV are illustrated in paeall
(TFR) of SIV signal obtained by employing a time-, € prac
frequency analysis method named as AOK-TFH Figure 9(a) and 9(b) as contrast.
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N v
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1 1 1 1 1 0 1 1 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10
Time/ us Time/ us
Figure 8(a) Waveform of simulated DIV Figure 8(b) Envelope of simulated DIV
Figure 8 Waveform And Envelope Of Simulated DIV
5t ' ' ' ' ] 4 ' '

Voltage |V
Voltage |V
[\

1 1 1 1 0 1 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10
Time/ us Time/ us
Figure 9(a) Waveform of practical DIV Figure 9(b) Envelope of practical DIV

Figure 9 Waveform And Envelope Of Practical DIV

Figure 8(a) and 9(a) present the time-domainbtained, thus successfully simulated the dynamic
waveforms of BTM DIV signals corresponding tobalise data transmission process. Finally, contrast
simulation conditions and practical conditionsverification is accomplished using simulation
respectively; it is observed that they share nearkesults and practical data in two aspects, i.e MBT
the same shape resembling a standard single-peal/ and BTM DIV, proving that the FEM based
curve. Why the amplitude of practical signal startsnodel is valid and the simulation results are
from a certain value attributes to a fact thatdhta credible, which will provide theoretical foundatsn
acquisition device from which the signal is acqdire for further studies regarding the optimization of
has a certain threshold so that only data exceed thalise information transmission.
threshold would be recorded. What's displayed in
Figure 8(b) and 9(b) are the envelopes extracteiCKNOWLEDGEMENTS
from the corresponding time-domain waveforms,
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