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Study on Parallel Resonance Frequency of Traction Power Supply
System for Train Groups Based on Modal Analysis Method

Yang Jin
(CRSC Research & Design Institute Group Co., Ltd., Beijing 100070, China)

Abstract: As the transport volume of heavy-haul railways continuously increases, the problem
of insufficient traffic capacity may be addressed by increasing the number of trains utilizing one
and the same supply arm. However, when the number of trains is increased, the harmonic currents
generated by multiple trains may be distributed at multiple locations of the traction network and may
be superimposed, which causes serious accidents related to the parallel resonance of traction power
supply systems. Therefore, it is necessary to study the frequency distribution of system harmonic
resonance in the situation of multi-train operation. In this paper, the conductor multi-conductor step-
down method is adopted to establish a simplified equivalent circuit model for the traction network.
Then, the modal analysis method is utilized to study the frequency changes of the parallel resonance

of traction power supply systems in the situation of multi-train operation with power variation, so as to
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obtain the node participation information of harmonic resonance. The research results shows that when

6 trains operate in the traction network with power variation of 4~8 MW, there are 38~43 low-order

harmonic waves and 116~118 high-order harmonic waves related to system harmonic resonance.

Keywords: heavy-haul railway; harmonic resonance; conductor step-down; modal analysis method
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Tab.l Key mode participation factors

RN B1TIPR /MW IR E=liEs

5! A3 RS TR 7 A9 TR 11

4 38 0.071 0.103 0.044 0.036 0.02 0.267

7 6 41 0.030 0.053 2 0.080 1 0.055 8 0.027 8 0.251

8 43 0.028 4 0.051 5 0.078 3 0.053 7 0.026 1 0.258

4 116 0.13 0.128 0.02 0.008 0.016 4 0.27

8 6 117 0.129 8 0.125 6 0.021 3 0.006 9 0.015 5 0.272

8 118 0.130 0.123 0.023 0.006 0.014 6 0.268
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Abstract: The existing segmented speed and distance monitoring curve is generated on the basis
of the UIC544-1 standard, and by means of a braking deceleration model based on the vehicle
braking performance (segmented braking speed and braking deceleration). As the impacts of external
environment on vehicle braking performance are not fully considered, the resulting segmented speed
and distance monitoring curve is not sufficiently accurate, which affects the safety and effectiveness
of train operation. To solve the above problem, this paper studies the existing segmented speed and
distance monitoring curve, and on this basis, proposes an optimization method. The proposed method
combines multiple types of trackside data (such as gradient and adhesion data) with vehicle braking

data, to generate more accurate segmented speed and distance monitoring curves, and ensure safer and
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more efficient train operation under various trackside conditions.

Keywords: braking performance; speed and distance monitoring curve; trackside data; braking
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1 #R

1% EH B3 (ATP) &5 % % 8 ok i
%, HZOERBZAEREFMLERE, IRES
Wi a1 RE. S SR A RANERYE, wd
ATP I A — ALk, M4 808 & WIRE %
e dh e sC N I 128 R B AT IR, RIS %2
2171, ATP BHEMLER S BaHsihgk
(Emergency Brake Intervention, EBID). % Hil
%k (Service Brake Intervention, SBI), %
gk (Warning, W). 7lFiiZk (Permitted,
P) fiferihzk (Indication, D). #BZEHZITHERY
LB HI A R AR, 5 B R 2 e R AR Y
(Emergency Brake Deceleration, EBD) flIH
FAHIZhIR#E R (Service Brake Deceleration,
SBD). dhllahiE RIS N EE F Lk, A
WIS A A il 3 s AR BT DAL A A% 2R it £k

PRA A BT o B 2 il 2 ek 1ok FEE A Y 2 AR
UIC544-1% brife bR Y, il 30 iz B A A il ) 58
— B RAEEA G RIS AR b, @I e
B IMHIBNIER 5 BRI R 2 AR 2R, B TIRE
DX IR A1 R X T o B e 1, OB, TE
TR 73 B X [6] A F e/ NBOR FE AR B AN K T 75%
(I P R B R IB (2, ST POl 2 D A
BB IR T TR, TSR e
LR RNERIRCR, KU R IR 5 | N7 B
TR AR A, (IR P RS R 2 R, 4
CTCS-3 ¥z R G i F (s B A AY 11, R
FEESRE QITHIEIRINE) A RFENRE T,
XN SHBAZAERENE, K] — 25y B il 3 s e
BRI R TRE D), B2 RANRRAFEL TR
EN, XHEE T FEIBTIN g e, EAE—
TERRE EREIR T I8 TR,

T2 bR S BER ARSI,
ENGLENGH I ESER es A i kG R EIE AUE GRS
Lk 1 RIS H — L BUE G FX A JE X
T, BRI BRI R — LR, K
87> ATP AR 2R ek 5 8 T IR AN DL
By, i A A A B i P U SR A — B
NHRAFIEE, AZLE LR HEAREdE, 1F
—EREE ERER T I RIBITRER,

Bt RIREA 53 B B0 B AR B A E R [R]
i, AR AL TTIR, TR B 58
TR A R 5 | NS 2212 4T 3 A R i AT ) e s 25000
BASHIERTG I EAE BT AR PRI RI SRR, A
X L B Al ) BT R AR S MR 1% DRk A R A
— TR, ATTIRAERUEE L 23a TR R N
RS ERIBI TR,

2 LRERIIEAE

AR B 7y B2 2 i R T TR R B A 4
HANE 1 FR,  HAEEE 2 A 2R S R A L
s, SR Lg PRt A UCE, B
—2H th A BRI AR AR A B, A A B R
il sh & # i o B s isUs AR BT i o
JE AT AL ol 2 T il 2

P ggégg T
) IR
XA (b

Bl BALEEEK
Fig.1 Simplification of overall structure
il ShE R 2 RS = Re I EdRE, By
{OHEE, R 1, kIR RS EEB TR
N ERR. TCERTH B S E RIS A 5 7T RIS RY
LIRS EE, EREEARRET @ BERE. Rl
SEAE. PUERE BAEA TR IX FUEEHES,

No.5 GKBt4H, SaMS, TH, TEK, Kk, K%

o R B P R R RN S TR



BB H

ECHNOLOGICAL INNOVATION

EIRFTHR IR A ML EE, ATP SRISREH
R HIZRE R ET R, RERELTL
FERIRAL PR DA T AL B, S R AL B AR A T
REZ 1 KM E RS EE L R Gt — ey
ATP A& NUL MBI E, ZRAE, NS
(B } A EREERSER, FHAIPRZ REEREEE,
[l I I SR L HE i A it 7 VBRI TR Do 28
AR TN T

PR - Ry dE, FEdlahidE. 2
A BRSO R EAS NI R AR, DA EK
AL YR, HISFRAE 2 FR, BIAZE] ATP HY
2 BN BRI B IETE AR AT P AEHRAR MRS
FIER, FEIXAIEARE 2R B AE A R] R 8 3 R 35
Gt WEAIFRZMZ DL {JTaME, RN E,
WEAE } TR RREREBRA R, HEMERN
SR BIIA/NTHIT B AL E . AHATAI PN B
AR ERNRE B AT L, BIESE — A7 B T ANRE
Al IR 2 DI B, HAM S BEE R A B R 5
BERARR —FE, BRIGHE DASIRIIE A AF 1,

BERL e
BB !
SR A, :
i B
BB ESIE

E2 WEHIELIELRE
Fig2 Process of gradient data processing

ARSI - S HARTUAE IR A 22 PP
ARSI, IXLEEEIREYRIES RN ERAFAE — € Ik
R, HEEYVRZEIRRAEEIRR, MESG—fEH
BHNREIE. T RIX— R, FEESEEE
B, ARG —RPUEZAR, PUETH R
fefErs o8 { (LR E P, Rel= D, AN
N}, DAREEERMPIERELIE G, BdEE
SEFEA: B SRR HIER I B BRANR

IR 1 AR ATP 6R 1, DAFIZE LR E N
TEZHNRAPE DB, BN R AL
B PAMNELFIR/IMET A E, RelS5TRH1, &

RN N ;

AR 2 0 DAL AL E P MNSESIR, FE )
SIRRIGH ML L B, BB B, FHORIESUE B
IFFAENIE B, ISR E E,, FiE 117 BT EENAL
H B, &R E E, ;

A3 KRR B M E, 5 PHTHAR, X
BRIE, KT P, B FIE, (RERE, HNNIEHE
X RLME N TEFF IR, W FhE HT B RIFERIALRE

B4 ¥ B, E. B, FE, g, MER4AN
L B A B/ IMED N AR B AR N — R E
PHIME, HINRSIS M1, LM N Y
mi;

SRS HESE2 4, HEIRE—-DEL
RECEBETHRRME,

@ B —RINPRIE, KA RLREEEE 2
KA O BLHTEARSIER, R LB SR LRI IR
BEEPIEZE ISR T,

3 HEnEERERE

ARAE S 22 12 AL R Il 2h Bdie rT PAARTG 7S B o B
IR E, (RIS B URE E 7 B S = {[0, wol,
ay, dodv {(vo, ml, @y, dilv {(vi, vl, @y, dohv {(vy, Vi,
as, dsky {(vs, vil, au, dikv {(vy, i), as, ds}, WNE3
FiRe BB {(v,, vial, a,, d,} FRMNEE v,
IR v, BT TR R E S a,, HZNEEN .
HilzhEE & 4, BiHEN A (D Fos,

v:—vi
= v &

ST LRI BUR A BB AL TR S, RIS LRI R
FIRANFUBBMAE R, DA BRI IE 365 5K
ARG, BOEMIIGLRI0E p. BIHIRS Target 2
) 8 3 e i 048 AL B 5 2R 15 3 DMUE S B2 A,
B—1MHEGELZHMABEEANBTNT  {(p, 0),
3L {(p, 1), 3% {( 2), 3} FIEHHINE p.
EAR L E p, F1 3 N A B Z B XR A p, <
Po < p1 < py < po TEARTFIXEEAV SNBSS, FIRA
HHENG— PN A EEES AR 4, HHE

10

PRERIEIS (55 TRBOR(RSCE)  20244E5H



=
o

ds

N

as

<
o

as

%/ (km/h)

a

A

a

bl
S5

ap
»
|

ds d, ds d, do Tar: get

Hips/m "
E3 ARREIERRE DR

Fig.3 Segmentation of six-segment braking deceleration
wmaX ) For; WAk (3) AR, AILAKIG S
— /N SRR i 2 R O E 4,0 A3
(3) Y a MBI 7 BURBORIE IR, Outhesion
BRE R, G B RIS E, WA
(4) FR, AIDURIS S DMUES B2 X R
W v, WdEd,fd,. v, v, AJEREH
HUBE BB S IBIEE B, WA 4 FR.

ddn =Pn — Pn-1 (2)
An = Qadhesian X a+Ggrad (3)
Vin = '\/(ZAn X ddn + vnfl) (4)

A

g
P

4%/ (km/h)

»

D, Target

Ds D; Ds Ds Dy D; D, Dy

E4 BMEHEERERREEDR

Fig.4 Segmentation of deceleration after combination of trackside data

R Ab PR 5 R Ses a5 © AT 70 Bl 3h i —
TS o Bl s i B AP ) LA BRUNR

D REVN LA E. BiR6E. BREE,
ARAE EbRIZE L ARG HOs W il s s o0 By, o0 BB

TECHNOLOGICAL INNOVATION ARG

Vg FOXS R B B I80EE Do

2) AL RNN = 2 I, IS 2L
FIFRAN — 2FIN — 10 MR EdE, &N —
2 AV SRR AL B P I MR S BRI TT 4R E B,
N — 1 2k s 3R B P IC R B B 43 BRI &5 A
BE, URIZEEES /BN MRS d, . R4E B, Al
E, PARZEE B 0 B NI FE(E. R6E 11, 1%
FEEMBEE B N M RIEEE, 5 1D ik
1SHIZh IR E(E D, A, Bk B, 8 E, 2 1153 Bl
B0 R () JRE EE D,

3) ARIBZLIBHEE D, HIREE R 7 BOEE Y,
HHEIZIEE 7 BB LN N A EE B d,

4) REIHE Sy BLEE B o, FIEE B35y BREE B d, LA

5 Yd,>d,N, BIEEEEAN, HHEH
YIRS B EE S d N d . ORISR D, RIEE V, R
E BRI B X B OIS 77, o TC ST A ) 0 B
d, JOHRE N D, WIHEE V, FIREE V,, HRIEE
d, N2 d, JEiE,

6) W ULHIRRE ¥V, 7E 8~ —Nl30 5 B i
KIKE, WIERER V,, WIEER D, HHRE e
AR, HEIR NS d, K d, 5 d, g, W
Rd R F%EENES 5) fl6), HEd <d,.

7) Md, <dW, DBEEJdNL, BIEEHN
D, KEE v, WEINEE, WHIEERN V. CRILE
(5 BB ES d, JOEE N D, ¥IEE v, IR IEE,
ST d, NI d, JEIES

8) BT BIARMEE V, N E—DRIHIEE V,,
WIERE v, N R —BRIR T s BOEE vV, PG
X RIS IR E D, . & ROXHIZNRORE D, . 3%
FORNAE T B LIS 0 B () O E D, T BRI E 7,
WIHE V, MUROHE D XN ATEES d,.

9) EE 4) F|8), HEMAMIBETIIIR
AR U D — I

10) fardh (S, WOEE, AR} AS I h
TR AR,

DAL 3 A2 AT DAY I8 o Ze i B A BRI A 1
LRI BRSSP ERIS IR SR RWBEEAN. &

No.5 GKBt4H, SaMS, TH, TEK, Kk, K%

o R B P R R RN S TR

11



BB H

ECHNOLOGICAL INNOVATION

2RI BEOE AR,
4 BEEHSUERE

IRAEEE 2 /N0 3 /NIRRT TR i 25
YE SN 25 i H 22 A Rl 3 o AR, 15 %l
2y PRI AR BB MR AN [R] i 1 IS [ R] DAERAS
ARIEE L, A1 5. 6 AR,

A
=
~
g
=
~
2
=
SoOSS SN SS
. R R Y
3 N Ay
\‘ \‘ \‘ \‘ Ad
I P W SBI2  EBI
<4+“—r4¢—>r<¢—>P¢——>»<¢—»EBD
t; t, Ly ths2 Ldelay
»
BEES/m
B5 EFEBDMIEZEMHL
Fig.5 EBD based speed and distance monitoring curve
A
=
~
g
=
~
)
pil

N

FEE /m
E6 HETFSBDHIEZEL

Fig.6 SBD based speed and distance monitoring curve

GnEl 5 A, 1E EBD il s A il b 2233 4k
IRITR] 240, ZE R S HIBHEE#IZ EBL, i@ EBI
gk, PIDARISTER—G B T~ EBL &EE, 4514
W ART EBLEE, ZFEIREMLRSHIZm 2,
£ SBD HARYELAM A SEIRIN 8] 2., 2B RS FI 30
HIZE SBI1, I 6 FTRo e, BLETHIZHAEIRIN [H] £,y
RGUEIRIN A ¢, FIY) 225 IEIRIN I 2,050 HA,
BNIEIRIN A] ¢, 73 N BB HIZN IR N [A] 7, (H EBD

#F EBLI) 18 HMHIZhER R ¢, (H SBD #
S SBI W), fEfilzhEhZk (EBI & SBI) H:ffi k&t
SR It B AT DASRAS AT B () fm A5 i k. 1£ EBI
HiT 2R 1 L Ay b 220w AS B[] 2,,,, P DAHE S HH SBI2,
£ SBI1 F1 SBI2 #HZRHFEN S B bR sl SO MR 73 K
I shisZE i<k SBL, @IS SBI HhZen] AR 5
— B T SBLEE, X448 KT SBL#)E,
TR S & &K H HIE, 1 SBI #hskiint B4
ARABIITE 2, F1 24er (Eiiver = 1+ 1, 1, BEEH
B AR VFIE AT AL RIS ) 73 70 AT DASRAS 45
L WRI SRV E LR P, B 5 2 nT DURTS I
—N B FREERE, YYIEERERTEEEREE,
BB MR VIRETH5S, @it /R VriliZna] DA
RIGFE—E FARE, Y FEE KT RIT
HERE, FERIRSESTNER, RV FitEE,
1E SR VFIH B B &R AL fit_E 20 (m SIS 1] ¢, A] DASRAS
fERH LR 1, @I FE R E £ AT DASRTR i B bR
WIRNALE, BT ELE R 2R,

5 R4

moN=a

AR T — R BA B 7 Bl 21 JRd
TRABLE T TR, % ITTRFE 25 s BRI el
SHMERERIRIER, GO, RESF. JEITSEREAS Ry
XL EAIR S 517 B B RITEhEdERSs &, T
FONFSHRIGIERE, JER TRk, TR
LI TT SR = T B P REAN 2 2 Hh Ee A TR 1L,
IR L2 20817, ITREEENN LE T H
RN, BT IZEI N R AME,

BE 3@k

(1] P E4k%K B NG . PEKKLENG X TFHL
(CTCS-2 A3 35 & RXEHATHANLY 09
Fo: 4K EGE (2014129 F [S]. 4L P E &K%
BxE], 2014,

2] hixer, RF&. AT 53 ENTFEHFT
EFEAR [J]. %@ 1E 5 TR R,
2020, 17 (6): 90-94.

12

PRERIEIS (55 TRBOR(RSCE)  20244E5H



—
~
—

[8]

Du Jianghong, Guo Junqiang. Research on
Calculation Method of Movement Authority
Based on Train Speed[J]. Railway Signalling &
Communication Engineering, 2020, 17(6)' 90-94.
E L Bl SR R A R AR R 4 I
HABEE 5 AR, 2019, 16 (11): 101-109.
Jiang Ming. Survey of Railway Safety Control
Related Key Technologies[J]. Railway Signalling &
Communication Engineering, 2019, 16(11): 101-1009.
EM, FEE. R FREBEEGERAR
[J]. 4k3&:81315 5 TA2F K, 2014, 11 (6):
1-3.

Yue Lin, Niu Daoheng. Research on Speed
Supervision Curve for High Speed Trains[J].
Railway Signalling & Communication Engineering,
2014, 11(6): 1-3.

ThE . H%ERATP 43 58 Xt &t
Foakeyma (1], 4@ 15155 TRHEK,
2013, 10 (S1): 33-38.

Wei Hejun. Study on Calculation Method of ATP
Braking Control Mode Curve for High-Speed Rail
Vehicle[J]. Railway Signalling & Communication
Engineering, 2013, IO(SI): 33-38.

6] 2, MR, FHEXK, %1"%' | Zh3E B A4y
SRR ATP 7 4 3h %%ﬁ?n. . BRI AR
i&k3t, 2018, 62 (11): 139-143, 149.

Bai Zhuotong, Bai Yun, Li Jiajie, et al. The Research
on Automatic Train Protection Service Braking
Curve Based on Braking Distance Table[J]. Railway
Standard Design, 2018, 62(11): 139-143, 149.
ENE, BRI, HAE, F . FHEKKI|F ATP
L2 Bl KRAE A [T]. SREF R, 2018,
40 (4): 18-23.

Li Zhujun, Mao Baohua, Su Mei, et al. Optimal
Design of Safe Braking Curve of On-Board ATP
System in High-Speed Train[J]. Journal of the
China Railway Society, 2018, 40(4): 18-23.
RAK, Rk, I FHFHumiitise
iE [J]. 2 238 K F 5 4R, 2012, 31 (4):

[10] ams 5, A&

TECHNOLOGICAL INNOVATION ARG

97-103.

Zhang Youbing, Zhang Bo. The Calculation and
Verification of the High Speed Train Braking
Curve[J]. Journal of Lanzhou Jiaotong University,
2012, 31(4): 97-103.

9] &2, FFp, 3, F.CTCS-34F)4%4
ﬁmé%ﬁkﬂ@%%&* - P E s E A

%, 2010, 31 (3): 87-92.

Huang Weizhong, Ji Xuesheng, Liu Ling, et al. Several
Crucial Techniques for the High Speed Adaptability of
CTCS-3 Train Control Onboard Equipment[J]. China
Railway Science, 2010, 31(3): 87-92.

5%, IAM, F. ATETHK
149 7 & 4 3h v 4, \Exfat—ﬁﬁm 1. #k3&@
{2155 TAEHA, 2021, 18 (7): 8-11.

Bao Pengyu, Chen Zhiqiang, Wang Jianmin,
et al. Research on Segmentation Method
of Train Braking Curve Based on Particle
Swarm Optimization[J]. Railway Signalling &
Communication Engineering, 2021, 18(7): 8-11.

(111 A& . 3% & 250 km/h F B AR 3h & 40 ) 41 5)

IRAR &R [T].
39 (5): 87-90.

Qian Qing. Design of Control Deceleration Curve
for Service Braking of CR300([J].
Locomotive & Car, 2019, 39(5): 87-90.

SREME F 4K, 2019,

Railway

(121 R F. B EBREHEEBRSEX [T].

FE4EAE, 2018, 39 (3):
He Guangyu. Core Algorithm for Train Control

110-116.

Onboard Equipment[J]. China Railway Science,
2018, 39(3): 110-116.

[13] T8 . CTCS-3 R 7F| % & % KB A2 RIEL KA

[J]. #k&ad@ 13155 AR, 2020,
2-7.

17 (1):

Jiang Ming. Development History and
Technological Innovation of CTCS-3 Train
Control System[J]. Railway Signalling &
Communication Engineering, 2020, 17(1): 2-7.
(T~ 1950

No.5 GKBt4H, SaMS, TH, TEK, Kk, K%

o R B P R R RN S TR

13



BB H

ECHNOLOGICAL INNOVATION

DOI: 10.3969/j.issn.1673-4440.2024.05.003

1 #R

ETFDCCHIZEEEATPL R #K
Uy & 015 P b

% %, MFHF, 2 =
(B ge#r M askis (o) FIRFAENS, LEMAM  036002)

WE . ABHIERIN FRBRTBATH XA T, R RIEEIR LA 7 R B TR TAZ 4
M 40AE R R BOAN KR, KfE— sk R b, BRI E KR S81E TG T
B RAETIERIESEBB RGP, AMIE—AA, R —ASEA A, KFIRRA Y
KIHBAERAT Tk, I RS ER RN FEE S0 H LT B 2 KB, MRREIE
IEATHCE, RIS UT R SR AT A TR L
;%ﬂ‘&%%ﬁ-iﬁﬁi;ﬁﬂ;%ﬁ

HE DS : U284.48 XEMRER © A NEIRS : 1673-4440(2024)05-0014-06

S

DCC-based Processing for Line Data Transmission,
Reception and Utilization by Onboard ATP

Chen Yang, Hao Yuxiang, Liu Yun

(Guoneng Xin Shuo Zhunchi Railway (Shanxi) Co., Ltd., Shuozhou 036002, China)

Abstract: The line data is a key factor for the stable operation of trains. The traditional methods
for line data update usually rely on stable network communication or plenty human resources. In
some special scenarios, wireless network coverage is not available or network communication is not
sufficiently reliable, which causes difficulties in line data update. To solve this problem, this paper
studies a new method for line data update featuring data storage at the stations and data update at the
sections. The proposed method enables timely line data update when wireless network coverage is
not available. Thus, it improves the operation efficiency of trains, which has great importance for the
stable operation of the railway transportation systems.

Keywords: line data; wireless coverage; section; high efficiency
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Research on Hybrid Control Method for Safety Train Control System

Hu Rui"?

(1. CRSC Research & Design Institute Group Co., Ltd., Beijing 100070, China)

Abstract: The Safety Train Control (STC) system is a type of core safety guarantee equipment that
supports the interlocking functions related to the autonomous train control system. The control method
for the signaling equipment in the STC system has been optimized and designed on the basis of the
control method for the signaling system in existing mature interlocking systems. The advantages of
relay control and fully electronic module control are combined, and different control methods are
adopted for different types of signaling equipment and according to the type and scale of the stations.

The control method for the signaling equipment in the STC system not only inherits the features of
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intelligentization, electronization and networkization of fully electronic control, but also reduces

the use of signaling relays during the on-site installation of signaling equipment, which reduces the

construction and retrofitting costs of station equipment to some extent. This paper first introduces the

STC system, and elaborates on its system functions and interface characteristics. It then describes

the control methods of such signaling equipment as signals, switches, and scattered relays in STC

system. It also analyzes the mapping principles of the fully electronic modules and relays in signaling

system control of STC system, and describes the prospects of the future promotion and application of

signaling system control of STC system in view of its advantages.

Keywords: safety train control system; relay; fully electronic module; mapping principle
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Design and Implementation of
1O Simulation System for DS6-100 Computer Interlocking
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Abstract: This paper builds on the system structure of new self-developed DS6-100 computer
interlocking (CI), and intends to solve the problems of needing to use a large number of IO modules
and having difficulty in meeting the laboratory testing conditions during DS6-100 CI software testing.
It describes the design and implementation of an IO simulation system for DS6-100 CI. The actual
testing and application results show that the proposed system can meet the testing requirements of
interlocking software, and expand testing coverage and improve testing efficiency.

Keywords: computer interlocking; IO simulation; self-reliant development
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Implementation Scheme for Replacing Manual Release Panel of
QJK Equipment with CTC Equipment

Pan Shenghao"?
(1. CASCO Signal Ltd., Beijing 100070, China)
(2. Shanghai Engineering Research Center of Railway Intelligent Dispatching Command System, Shanghai 200071, China)

Abstract: At present, when the QJK equipment is used on normal speed railways provide the logical check
function of section occupation, the block section release after section occupation loss is achieved with the
manual release panel. Meanwhile, when the TCC equipment is used on dedicated passenger lines to achieve
such logical check function, such block section release is achieved with the CTC equipment. This paper
presents a scheme for replacing the manual release panel of the QJK equipment with the CTC equipment on
normal speed railways. Based on any analysis of different types of stations, it proposes the replacement of
the manual release panel of the QJK equipment by adding interfaces with the CTC equipment. The proposed
scheme can improve the function expansibility of the manual release panel, and has obvious advantages in
construction as well as operation and maintenance.

Keywords: manual release panel; centralized traffic control system; train dispatching command system
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New Method of Level Crossing Protection Based on DX3 Level
Crossing Signaling System

Zhao Qianru

(China Railway Major Bridge Reconnaissance & Design Institute Co., Ltd., Wuhan 430074, China)

Abstract: This paper proposes a new method of level crossing protection based on the DX3 level
crossing signaling system. The requirement on the level crossing guard to confirm the completion of
level crossing protection and the status of obstruction signals is added to the clearance conditions of
train signals. Thus, the clearance conditions of train signals are controlled with the completion status
of level crossing protection. When all the conditions are met, the proposed method can ensure traffic
safety at the level crossing without delaying the clearance of train signals. Moreover, it greatly reduces
traffic congestion pressure, improves the transport efficiency of railway trains and road vehicles, and
upgrades the management level of railway level crossings. The proposed method is applicable to level
crossings in stations and sections of single-track, double-track and multi-track lines with various types
of traction interlocking and blocking systems.

Keywords: level crossing; DX3 level crossing signaling system; delayed clearance of train signal
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Discussion on ""Beidou+5G" Fusion Scheme for
Train Positioning in Platform Area of High Speed Railways

Luo Yingxin, Ding Xun
(China Railway Construction Electrification Bureau Group Co., Ltd., Beijing 100043, China)

Abstract: One current research focus is the train positioning technology that takes Beidou satellite
navigation and positioning as the core and combines multiple positioning methods. To adress the
current problem of obstruction of such structures as rain sheds, which affects satellite positioning
accuracy, this paper discusses the feasibility of the technical scheme of "Beidout+5G" fusion for train
positioning in the platform area of high speed railways. It also presents the accuracy verification of
the 5G positioning technology in an experimental environment (simulated platform environment), and
proposes a fusion algorithm for Beidou and 5G positioning data, which provides a new solution for
improving train positioning accuracy.

Keywords: high speed railway; Beidou satellite positioning; 5SG positioning
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automatically select the standby radio to re-establish a safe wireless connection with the wayside

equipment. Thus, it ensures fast recovery of wireless communication between the onboard equipment

and wayside equipment of the train control system. Moreover, the proposed design scheme allows

multiple safe wireless connections between the in-use radio and multiple devices. Thus, it greatly

improves the safety, reliability and fault tolerance of the CTCS train control system. Although there is

some time delay in the switching process of double radios, this has very small impacts on the wireless

communication between the onboard equipment and wayside equipment of the train control system.

Therefore, redundant control over double radios will become a development trend of new train control

systems in the future.

Keywords: double radio redundancy; onboard equipment; wayside equipment; protocol stack; train

control system
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Research and Implementation of Train Approach Early Warning
System Based on Secondary Radar

Shi Yunfei
(Guoneng Xinshuo Zhunchi Railway (Shanxi) Co., Ltd., Shuozhou 036002, China)

Abstract: During on-track railway construction operation, the construction personnel have to leave the
track when a train approaches, to avoid collision between the train and the personnel and machinery.
Therefore, accurate and reliable train approach early warning is critical for railway construction safety.
This paper describes the application of the secondary radar technology to train approach early warning.
It presents an analysis of the system application scenarios, a description of the working principles and
communication scheme of the radar communication module, and proposes a design of the onboard
and wayside devices. The test results show that the train approach early warning system based on
secondary radar meets the requirements in railway construction operation.

Keywords: secondary radar; train; approach early warning
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Design and Implementation of Rail Network Diagram System for
Regional Rail Transit

Zhang Yewei
(CRSC Research & Design Institute Group Co., Ltd., Beijing 100070, China)

Abstract: To meet the requirement of integrated collaborative transportation of regional rail transit,
this paper proposes a rail network diagram system for regional rail transit. The information from
various systems, such as the infrastructure status, passenger flow data, train operation situation, train
equipment status and meteorological condition of the lines connected to the regional rail network, is
split with stations and sections as nodes. Then, the split data is calculated and restructured, so that a
node data model is generated with stations and sections as basic units, and all the data is displayed on
the same base map. Thus, the proposed rail network diagram system provides comprehensive visual
display of such information as the train distribution, real-time passenger flow, equipment status and
safety early-warning of various lines in the regional rail network. It can facilitate manual decision-
making and provide basic data for intelligent decision-making and commanding of the entire system.

Keywords: rail network diagram; regional rail transit; collaborative transportation
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Abstract: As a key component of railway transportation systems, the railway communication network
plays a crucial role in this data age. As the next generation internet protocol, IPv6 has larger addressing
space, better security, and higher performance. It has become an inevitable choice for the evolution
of the railway communication networks, and provided broad prospects for the upgrade of railway
communication networks and the development of smart railways. Taking the railway communication
networks of China Railway Jinan Group Co, Ltd. (CR-Jinan) as the research object, this paper
discusses the evolution method of IPv6 in the railway communication networks of CR-Jinan. Making
use of the SRv6 technology, it also proposes a native IPv6 based SRv6 application plan for CR-Jinan,
to meet the requirements of service applications in the future era of railway smart cloud network, such

as jumping into the cloud. Thus, this paper provides a deployment plan and application suggestions for
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the development and construction of IPv6 based railway communication networks for CR-Jinan.

Keywords: IPv6; SRv6; railway communication network
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3.2 IPv6+

UF B R IPve T8 A & B 77 17) M IPv4 #2170y
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TE T Fl R BRI IR A AL 55 B A 37 5, dd
HLAT VPN K78,

1) L2VPN : k55 W FH A TP sk 75 7 — 4~
B, MEHE R REE s,

2) L3VPN : V55 Y TP Huhib AN R B
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Tab.3 Some typical service applications and bearer planning
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Abstract: For the underground indoor positioning in the subway construction environment, the
Non-Line-Of-Sight (NLOS) error is an important influencing factor for the stability and accuracy of
position estimation. Some existing techniques can eliminate NLOS errors to some extent, but these
techniques often require priori information about NLOS channel conditions. This paper proposes a
Developed residual weighting algorithm (D-rwgh) for position estimation based on the minimum
residual principles. The proposed algorithm continuously rejects the base station with the largest error
through the previous round of calculation, then conducts residual weighting for the position estimation
corresponding to the number of base stations, and finally takes the weighting result as the final
positioning result. The test results show the proposed algorithm does not need priori information about
channel conditions, and has high positioning accuracy in the NLOS environment.
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BEE R R R, HTEINRREMRS
(Global Positioning System, GPS) BE&—#—
A HIEA BN H AT S, KR T AR
HATHRR, MHT GPS WEESRFERRTETLE, &
MR R NI, AR S| GPS st
S TEES, WmikEMH GPS stk E iR,
LPIESIEY FIITHEE S, FuliAEROE, FI%4
Bl R g U KB G T E L T RS
LB AURETRALE, RIESIZE RN A BSEN, B
At B E T IR, L A R s
Bidr U7, TEMIERREIEIE TAARR, ik N BEAR —
NN, BHTANRTZeNGGNAE, FENRL
HATENAL, BT S AC X I A TIPROR B, AP,
FUEZIBA B A EL. A DBk " NIREK,
2R SEREE 0 K A RS EIF I E,
TR HENKE, ERELCERREEHIED,
BT AR B E RSEN T, HeEegdigEn
PR MATY BRI, RIEHEATHRIEEE, ®eR
ELIRAIR, JERTREAFAEASIM IR S BUE ) R HI IR
GnSREE H AR ARSI 7T AL, WIREAS M Bh 5%
LTI E M E, LR AR E
VA R, PRy B s B A N R TR e B,
PRI SR SR — M) SERT AT AL SR AU TR B 7
e NER TR K,

g LR, ASCEAENAEMEE (Non-Line
of Sight, NLOS) & IR tH—RhSGHATTRZE N
BB HE (Developed residual weighting
algorithm, D-rwgh), [FIFERAR/NGRZEHENIZER:
AR EIHEE, RN SONAR S EER
HELE AT, R/ NREENT E—frHE
SR, HARIERTNIC RV EE N RG—
R B HERETNERT., &5, NRAEHN
AEMHEATING SRREHIZR,

1 #EXEEHAR

BB LR BB G R REY, ZREN
TN FCRTG B 5T BUSG — @SR, AT, A

TEANWEMTETER: BT ES RN H
(Time of Arrival, TOA) ™ ZF[iAHf A2 (Time
Difference of Arrival, TDOA) ™ PINFET(E
SEXA A (Angle of Arrival, AOA) HJEN
Jitk. Hr, TDOA BEHHEE A, LIER
FHERE/DN, RN B ARG B &, XL R
RN TR AT RSB & E A T 1

1EET TDOA HIENME LR, ERUENIRZER
T2 K A4 ¢ LA AR S N & R SRR 22
FINLOS iR%, REUIRZER AR HE ST ;
M NLOS IRZ 2B Z RNV 5 &, SMEEAT LOS
IR EIRR R T, BEMAEETIRE
UL BL Chan BIEMAI, ZERR LT
¥R, BAMIFRIAAX BAH TDOA SEHTE
MG HLE L, Chan BIAATHEERMEYIGHE, W
AFREXTEENTTERER, HEMMEE M
PE (Line of Sight, LOS) &k, ZBEZEAAR
FEEEAROR, (H2 S ENIREE N NLOS MR,
ZRNZRMM A, TDOA AR HE I [A 2
18, HERHREEERITHH,

et ZWR A, AMTEE 5 IR Z Ml
NLOS IR Z=HJ5 iR, Sk [16] % & NLOS & A
AARGIREDL, S —Fs> NLOS IIEER, #/h
FRENMMNE D (Residual weighting algorithm,
Rwgh), DA NLOS IR Z1EN B G T H AR,
Rwgh M EZ MR R AFTERXT LOS-NLOS %&fF
Mg B SRR G R, ESRSREMH, £
BEHL NLOS REMMEM T, ZEIEE MG RAVLY
JitRi%% (Root Mean Square Error, RMSE)
RARBEAR SCHR[17]. [18] & & [16] H H AW
R, & BERE—MBNEE, 25K K
RERZMNE: (Lower-Computational-Cost
Residual weighting algorithm, LCC-Rwgh) #1
ERTRZENMMNE L (Select Residual weighting
algorithm, SRwgh), XM FEERNUARTE
LOS-NLOS 5 & (SR, mH2 TDOA
MERERT 3, HEEHEKT Rwgh 2D, H
ENEREART Rwgh Bk, Xk [19] £ SRwgh
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Fig.l Principle diagram of TDOA positioning
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Abstract: The accuracy and reliability of autonomous speed measurement and positioning for subway
trains are prerequisites for ensuring their driving safety and efficiency. This paper builds on the commonly
used speed measurement methods for subway trains, and studies the selection of sensors and corresponding
algorithms for multi-source data fusion. On this basis, it proposes an intelligent speed measurement method
for subway trains using artificial neural networks and combining photoelectric sensors, Doppler radars and
accelerometers. The proposed method fully utilizes the self-learning, adaptive, and non-linear capabilities
of artificial neural networks. It uses the measured data from three types of sensors, i.e. photoelectric sensors,
Doppler radars and accelerometers as its input. It utilizes RBF artificial neural networks for intelligent

fusion and rapid optimization. Thus, the weights of the measured data from these sensors are adaptively
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adjusted to obtain the real-time speed values of subway trains, to achieve the goal of further improving the

accuracy and reliability of train speed measurement.

Keywords: speed measurement method; multiple-source information fusion; RBF nerve network;

subway train
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Abstract: Although a variety of cloud-edge collaboration solutions have been gradually implemented
in the field of urban rail transit, most projects that have gone online still have such problems as low
resource utilization and excess basic performance. To solve these problems, this paper proposes the
optimized design idea of constructing a cloud platform for multi-node line network with a two-tier flat
architecture consisting of a central layer and a line layer, to eliminate the division of work between the
central layer and the line layer. Thus, the central layer takes charge of the dispatching and commanding
of the line network, the collection of and service for subway data assets, as well as the basic support
for intelligent applications at the network level. Meanwhile, the line layer breaks the barriers among
various lines, builds edge nodes around transfer stations, provides basic resources for service
systems of these lines, and meets the real-time service operation needs at the line side. The two-layer

architecture design achieves the separation of network and line services. It also improves the real-time
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response capability of the cloud architecture, and greatly reduces the construction scale of the network

data center.

Keywords: urban rail transit; cloud platform; cloud-edge collaboration; edge computing
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Abstract: The signal system, as an important system to ensure the train operation of urban rail transit,

has undergone rapid changes in its standards. At the same time, the types of signal equipment have

become more diverse, which puts higher requirements on the operation and maintenance support of

the signal system. The traditional maintenance methods can no longer meet the current operational and

production needs. This paper provides a method to solve the maintenance difficulties of existing line

signal systems by considering the construction of intelligent operation and maintenance platforms for

existing line signal systems.
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Impacts of Accidental Faults of
Train ATC Brake Relay and Countermeasures

Zhao Yong, Liu Lian, Chen Mida

(Yunnan Jingjian Rail Transit Investment & Construction Co. Ltd., Kunming 650032, China)

Abstract: This paper build on the real scene of an event of train surpassing the fouling post during
the subway operation period, and provides an in-depth analysis of some fault causes of trains not
executing the braking command in the ATO mode. It also presents the study and implementation of
relevant preventive measures, which can effectively improve the intervention efficiency of drivers and
reduce the secondary impacts of faults.

Keywords: surpass fouling post; ATO; brake
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Analysis of Frequency Use by LTE-M System in
Shared Yard Section of Rail Transit Lines in Beijing

Li Ming
(CRSC Research & Design Institute Group Co., Ltd., Beijing 100070, China)

Abstract: All the new rail transit lines in Beijing have used the LTE-M system for comprehensive
bearing of data and cluster services. In the case where the two lines use a shared yard section,
frequency interference becomes inevitable. To ensure the overall reliability of the LTE-M system,
this paper describes the service scenarios at the rolling stock depot and analyzes the frequency use
of the LTE-M system in scenario of shared yard section. On this basis, it summarizes the principles
of 1.8 G frequency use for shared yard section, which improves the reliability of vehicle-ground
communication, and provides reference for the frequency planning of the LTE-M system for shared
yard sections.

Keywords: LTE-M; shared yard section; frequency use
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TRt [ il AR A H5FE © IR E A FEZETE 2 m
AEIR S HRFE—REN 65 dB.

IR ANRR S HRE VR RE R 203K 1 Fm.

R RAMIBASIRFEREETF

Tab.l Adjustment factor of additional coupling loss of leaky cable

HE /m RS HER T /[dB (S3H1E)
4 3.9
) 5.2
8 7.8
10 14
20 39
50 51
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Tab.2 Relationship between propogation distance and loss
I L REIRE /dB
PR /Mmooy Rk MHREME (GG FFRZ
10 57.6 79.0 55.1
20 63.6 104.0 61.7
30 67.1 107.0 65.6
40 69.6 110.0 68.4
50 71.6 116.0 70.5
100 77.6 122.0 77.1
200 83.6 128.0 83.7
300 87.1 134.0 87.6
400 89.6 140.0 90.4
500 91.6 146.0 92.5
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4

IRUVEG BN LRtk 3 540 12 S2-4E A
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| segamE ) 125808 E
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Fig2 Overall layout of Dongba rolling stock depot
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Tab.3  Service scenarios within scope of rolling stock depot

ARBL 5 T v SV /
= B3 ?z\ N
B B N =T LR RN i MH?
PR/ AR, WX, CBICH RERMMENS  AADAN%, g, o TAU BBA. 50
Vet () % GEF)  +IMS, AiF6~15Mbit/s 6.5 Mbit/s WL AR g
CBTC+ AL 55 po .
2 S e A 1TZERE RS, TAU, FE#HA.
RS () +IMSIr5iN1[iI)int|3/,S ait 6.5 Mbit/s Rk Fra 20
ek JEESKRER  gmmnas, ombigs  REELE e ema w2
; CBTC+ #BHARE S,  CBTC+ EEEAEL YT TAU. ZEHA.
B ) AMbits %, 4 Mbit/s ] FHA 20
EMBTSG AR, A SRR, 2 Mbigs RO T 15
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Fig.3 Overall layout of Tiancun stabling yard
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Tab.4 Frequency use measures at Dongba rolling stock depot

‘Jk ;Hi:ﬁ'?l?ﬂ\
M ﬁﬁk@ﬁﬁ?*” TRV | FORIBH /
MHz MHz
AWl BW
24 B2
ANEZ (U 15 6.5 20 FH 1545
IR
Az X 6.5 6.5 20 % 5+5
Ve Le e 6.5 6.5 20 1545
A E 15 6.5 20 FH 15+5
ki
%%g.:ﬁ.%{ng 2 2 20 % 5+5
A%k 4 4 20 % 5+5
ok, A S
T 2 = 10+5
T 218

ARSCRPEILHPIEZLE LTE-M KRG B
TR 7B, 0 7 AR BE S 2R 2R
BN HEMELY LTE-M RGN TR, 2T
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Tab.5 Frequency use of shared yard section
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Abstract: For urban rail transit lines equipped with the Fully Automatic Operation (FAO) system, the
doors of the train parking and maintenance garage in the depot service the purpose of isolating and
blocking various fully automatic areas. As the garage doors need to be opened and closed when the
trains enter and leave the garage, the control mode of the garage doors of urban rail transit lines can
affect the safety and efficiency of train entrance to and exit from the garage. This paper first describes
the principles of garage door control and protection for FAO lines. It then analyzes and compares
different interface modes between the garage door control system and the signaling system. It finally
proposes the interface mode suitable for FAO lines.
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Fig.l Principle diagram of garage door status protection
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Tab.l Description of information transfer between garage door control system and signaling system (only monitor, not control)
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Tab.2 Description of information transfer between garage door control system and signaling system (monitor and control)
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control system and signaling system (monitor and control)
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