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Intelligent Management System of Balise Telegram Based on
Real-time Parameterized Data

1 2
Xu Huasha, Lao Shuoye
(1. Chengdu Safety Supervision Special Office, China State Railway Group Co., Ltd., Chengdu 610081, China)
(2. China Railway Nanning Group Co., Ltd, Nanning 530003, China)

Abstract: There is a need to upgrade the maintenance measures associated with balise equipment,
by improving the management method of balise telegrams dominated by manual operation, to
continuously enhance management efficiency. To this end, this paper studies the management of
balise telegrams. It briefly describes the main functions and roles of the balise telegram management
system. Then, it analyzes the overall requirements for the balise telegram management system,
proposes an overall design scheme, and elaborates on the network structure design and functional
module partition of the balise telegram management system. Moreover, it describes such issues as

the relevant technologies and specific data structures, module functions and operation interfaces to
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implement the software. Thanks to the intelligent management system of balise telegram based on

real-time parameterized data, a whole-process safety management system of balise telegram has

been established, with the railway bureau performing the integrated management, and the signaling

personnel at all levels performing the dynamic management of the balise telegrams under the "cloud-

edge" collaboration framework, to provide reliable guarantee for the safe train operation of high-speed

railways.

Keywords: high-speed railway; balise telegram; parameterized data; telegram management
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Fig.3 Information packet of balise telegram
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Tab. 4 Packet configuration of balise telegram
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Analysis of Typical Code Missing Cases of 200C Onboard Train Control
Equipment

Ma Yunpeng', He Guangyu', Luo Feibao?, Niu Qin®, Ji Zhijun®

(1. China Academy of Railway Sciences Co., Ltd., Beijing 100081, China)

(2. Beijing Huatie Information Technology Co., Ltd., Beijing 100081, China)

Abstract: In the high-speed railways equipped with CTCS-2 train control system, the cab signals
serve as the running token, and affect train braking curve generation and over-speed protection, thus
providing important guarantee for high-speed train operation. This paper analyzes several typical
code missing cases of the cab signal system, and studies the software logic processing process of the
onboard equipment. On this basis, it summarizes the on-site operation situation of typical fault cases
and proposes the corresponding treatment measures.

Keywords: CTCS-2 system; onboard train control equipment; onboard equipment logic; braking
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Fig.l Data flow of cab signal processing of onboard train control equipment
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Implementation of Vehicle Interface Simulation System

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

(2. Beijing Engineering Technology Research Center of Operation Control Systems for High Speed Railways, Beijing 100070, China)

Abstract: Based on an analysis of the existing test scenarios of the onboard system, this paper proposes an
implementation scheme of the vehicle interface simulation system. The scheme divides the vehicle interface
simulation system into three layers, i.e. information management layer, operation logic layer, and interface
execution layer. The functions of each layer feature high cohesion and low coupling, which improves
the adaptability of the test system and reduces the costs of building the test environment. This paper also
elaborates on the structure and implementation of the vehicle interface simulation system from three
aspects, i.e. system architecture, system composition and service process. Thus, it provides a new solution
for establishing a general-purpose vehicle simulation test environment.
Keywords: onboard system; train control systems; universal bus
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Research on GSM-R System Network Planning of Suzhou North
Railway Junction

Liu Shengyao, Fei Yue, Hu Jintao

(China Railway Engineering Design and Consulting Group Co., Ltd., Beijing 100055, China)

Abstract: By means of a case study, this paper discusses the network planning of the GSM-R system
in Suzhou North Railway Junction. An adequate survey of the current situation was conducted to
master the technical characteristics of the existing network equipment. On this basis, this paper
proposes an innovative planning scheme to solve such difficult issues as unstable network connection
of GSM-R system under platform canopies of large stations, network coverage of GSM-R network
between lines of different train control levels, laying of cross-line optical cables in junctions, and
frequency planning for junctions. Thus, it provides a reference case for future projects.

Keywords: railway junction; large stations; high-speed railway; CTCS-3; GSM-R; redundant

coverage; network planning
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Fig.l Suzhou North Railway Junction
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Fig.4 Base station distribution in cross Yangcheng Lake section
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Fig.6 C/I value simulation of
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Keywords: train control system; track-train radio communication; SFM protocol stack; CFM
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Fig.10 Output of test results
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BRI AR PR N B REL R R Fe T ], =M
Mg, W IERTA] SRR D REA AR E R, AR
THUER A RETC N BB, ImARE B RS M 757
REWS O FI PR (22 A 2% 1Y) i 2] it BN ZE AN HZE 100%
55 T EEPELRILE,

FRANERERFE (mMTO) : Zs iy
TRMER BRI EIERLRE S, A DASEIIELI & a8 1%
FHEREE, B REBIRIREN 2, NE
s TR B R RAR SR,

HRHE 3GPP X 5G HKRFERIVE X, HIXRGA
fEbRANER 1 o

&1 S5GEREX

Tab.l 5G requirements definition

fabrta fiabfE

wwnsews 20

i} E PRI AE g ?;£0§0§%%%LC
2 1 T Ik 10 ms

3l it ] 0 ms

ATEEE URLLC : 99.999%

biE 164 dB

FH P It A mMTC : 10 4

R 1 000 000 &% /km?

ahtE 500 km/h

3 S5GHEXITE

3.1 eMBB&S¥&EMMLEH

1) 5G NR 1 eMBB % # F =% [0 J& £k i K
10 ms, 730 10 NMEE 1 ms Wi, RABES
(Self-contained) HINFREEH, NFREE 0.5 ms,
FRBRNER S DL, GP fl UL 75,

2) ARG 100 MHz, F#ik(AEIRE 30 kHz,
K F 4096 si FFT 22, B F# P EH 3 264
™ OFDM fF 5 KEHE N LTEN—+F, 81
slot ;¥ 5 0 9 CP & 352 I RAEM, HAMFEM
CP 2% 288 N RAE A,

3) #1NPRBHIHEE 121 RE, KN 360kHz ;
NS A E 14 MFS, KEHN 0.5 ms (14 slot)s

38

PRERIEIE (55 TRBOR(RSCE)  20234E10H



100 MHz 2158734 272 /> PRB,
4) BIEAFRRE / TS 7#EFRR, eMBB
Y XA IN BR 45 A, Hf, DL-dominant
Bt

30kHz }

¢—— 0.5 ms ——— P
TSR I
(a) 73S

(a) Down-link dominant time slot

E: [OpL Jep OUL

30kHz §
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(D) NFREE 10 DLAFS, 24 GP 124 UL RF
5 ; UL-dominant (U) BfREE 2 1 DLAFS, 21
GP 110 ™ UL #75, W& 1 Fr,

Btk

< 0.5ms »
EATE QIR 15

(b) HATESNR
(b) Up-link dominant time slot

Bl eMBBEfRRE
Fig.1 eMBB time slot

3.2 URLLCEHEEMMIZE

ETITUMNZSOHFENERE X, PART
T, 2 M R EEE [ E A E U PDCP AR
SHAERIT (SDU) ALFFER, &= DR IE#
L, BHAEERIAL M PDCP AR %5 EUE $ T
M, PR mEmntE, AT, NTHMA =
I E £ 255 B U R IR AL BRI RE . 23 TR AL N 22
22Ut DU BSCHE 15 AL BRINFRE 3 DN ERTT EUREIN, 4G Y
LTE WHEREE XH, A1 ms FWOyEALL I
BAIT, WRIENEEG G, JERITELAIZZH, TR
WA I AR, RO S TE A T N A, g R DL
FEZZH K Turbo BAGEFILFE, IXRhF Mg AL
PEIN 7 JC77 /2 URLLC B9 0.5 ms INIEFSFREEK,
Hfll 4G 1923 I IEFSFRTE ARG L T3S 4 ms,
Kl 5G B HRmisity, RAME TTI £, 458
PRI = R A TN A5 77 R ROR T B A BE 2 =
FI N IEFER,
3.3 5G NREEXWIATEE#H

M 2015 EFF4E, 3GPP R8T B A s 4R Ek
M (Cellular Vehicle-to-Everything, C-V2X) K]
FORBEF bR UEM A, 1 2018 4 6 H 52k T 4
T LTE Y C-V2X £ — R LIE (R14. R15),
T S [ JE R R AR TE B e 2 555

RS SRR EA TR PR R R, 2017 R,
3GPP X 52 T ¥ T NR 1Y 5G br 55 — DNl A
(R15), 5G fefBHRELHE MR IGEN IS Oii, I
Bz 57 K,

M 2018 4EFF 44, 3GPP RAN FFi3 C-V2X 45
T ERIBF R bR AL T4 (R16, R17) FRZ A
NR-V2X, 2020 4 6 H57E R16 frifEfb TF, @it
16 BB FERS 5 |\ = B VA RO 23 [ & R A 2 R A&
BLAL, DA R SR @ A R, [N A EE B
E5IN HARQ RIBRHLHIR AL AT 4, 1E 2022
TESERCHT R17 FRifErh,  EZERA ST 9 FRATLI A 2%
Ui R BEPR DA ML, DA SR F B s iR 1 A)
FEME, JFRRIRIL RN AL,

3GPP NR V2X&sidelink FUSE—"MRIEE L
1£ Rel-16 #7, H Work Item “5G V2X with NR
sidelink” 5gi%, HAEHE NR sidelink ENIfE
RTTREEEIN V2X,  [RIE I R AR S5 B R E
TURTHT AT 2,

Rel-17 NR sidelink £ Rel-16 NR V2X %At
kSR TSR, #RYE Rel-17 sidelink #438 WID,
BRI A] SRR AR R 9 77 T

184 5 T 5 R AN SE 75 T A 5 AR VAR B
RS RS URLLC 28819 Sidelink F#,
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Sidelink RIRGH ISR MERERZ TLLASIEIR
SR B EERBE A2, T Rel-16 NR V2X
AR (U EERBIT) fESSBlm 5
PEAMRAEIR T A RIRRPE, v T FEIXFERIBE A T
AR AR i Al FEPERRIER Y B, Rel-17 ¥
TRt ] FEMERIFE(RAEIR AR TS 2o

B 5G NR HZEBRMIEIR, 1 i e B Ry
WEHEHTRK, 5IN4RMNA - EWEmAMTH. /2
HE B, (GRS RN 3L,

e g A T B RE S S 28 B Bl S I R A AT
1738, P BT BRI RENS MK R IR,
(E1S A AT TSR B TR IR EE B /)N, AT 2 e 220
RIReR,  F HRERIHFE

=t kRS SEk e NS P
A D@ IS AR 0 2 IR L 2 B, FHE T a g
RESHTER AR L, BRI IR A A 3L
ZHOHBIER,

R AR Y FRECR B 2 A, 90 5 B (I BT
(RSU) Z[Al FEWETA. PAHS V2X N AR
55t Z A REMS SEEL R UL IR AR B R B SIS R
HUZZEL,  MITERTS B Y Y AE RS AR (S R

AR B SR IR R B B A e V2X
AR 55 A X AR AE A TR AN S B, SRR N 7R
SN IS REAT B AT S FIE S AR 55 TR S

4 BEITHEWMERZREIZT

41 FEWEEAR

5G Z= B B AR 3 2R DASE BN AfOE 45 77 2,
AIEEEE N (PC5 #10) flgsiEE (Uu £
1)o ZEBXMIESS 77 NUE 2 Fis,

BiEEE T AERNES E M (Vehicle-
to-Vehicle, V2V), H# 5 Z [ (Vehicle-to-
Infrastructure, V2I). 5 AZH (Vehicle-to-
Pedestrain, V2P) #4FE BN IE S AT §I8(E, X
FRIE R 22 SN B A B RR SR 2 B, SR A AL
B il B & v (] 53 A NS B AT, SRR E B
MFHERHIT%, EREESEEN, B ETEE S

Dy B 4

) EF i -
A g

Uu -

< sem v
N 7/ PCS
S PN i
M x PC5 o
o g g
>0

E2 FERMBEERMTE

Fig.2 V2N communication architecture

IF5eT TAE, BIAT DS TS #5802 T0E,

W45 S 7 Tl I Lk B R SR S N 4% 2 T
(Vehicle-to-Network, V2N) HUKEEE. A7 o6
8, HHEREREMRSS, RAEEA R IEHITTIE,
T RETE % 53 7 SV Bl N A

C-V2X i i EdIE SR B B (5 N & R &
RAURL, 22 FEAC A ZEI I B 2 A AS RIS 225K,
42 FIHEIELREN

LGk THIE(E RO T 2 A i s 28 7 o5
AIEA REIER TIE, AN THRETRT, Y&z
ITENmIZE TN 7 St XNy, AT i e I 45 7 2
FiRTCIRIEH TR, 1M 5G ZEBEM RG] AE O S
Mg mmfEm S, DEmEET N, MATEES
W28 mAVRIIRI ST, SN s N R mis (S Y AT 58
PERIUARIE, FIFRZuRFMZEHIRE ST S TR E
HOREEM, fEEREREIVIEESEDRE, THZ%E
E R RENE 3 FR,

o | T T e T

s S S S T
:
s SIS

.

veits | ettt | feaeeon | temamns || mos || |

E3 ITHEWMERRETE
Fig.3 Construction vehicle management architecture
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RIS, TENZERER,  SEIN B ORI R HEE T RE.,
B E PRI RE AT SEIN R 2l B 5, e XA
VO EEEE, BT NEEMER RS S

g ofF
a5 I

B EVAREIIRE ] LI ERIRIE,. M AFIdR. #/
H THUICSRAEIRE,

AAUVE T RE TS RIS SR E B, THiE )
B, BTN IANRER I EIIEE,

SRR IIAE AT LI R I R SE T, THIFE
ot RHEEBGEDEE.

5 EERMAEERIMNANME

51 REFEWRTEZS

TR T THIATREN, SREN ARG, K
R REESFRARHATRE DN, TRTHE R R
RES), IEFREXSHAMLEEN, IR L K S 3
TTHRORTE, PR T e TR rh 2 A B A
FHHIRER, 5G NR EEMEAE — P Bk (5
RURTREMLIR LR PF, 1RTHEMIRTRIRET), HBhTE
THERRRN RA NG OLHIRE T, B IREINERUR A,
RIS TR 22
52 MWIBHEMBRER

XTERESE T, 7R E M EIRR R EIEAT
WoE%, MEAEEWEIZEIL. L. &
MR-, ARERE, ARy
KA R RN R &L RR, SRR %
TRAFS AR E M A B MR 5 Z R BIELE, R E
SRR B 2250 DURIE B & 1% 21817,
5G NR ZEHMEORA] IS 5 %2 2 [ B SR
oK, T IM A ERAEEEE S, eI T
HWEZEREFE R,
53 WEMBRAEWER

TEAREATROIRE A, AR ZX E RO T
ARESE, RN RIS 3T 0 th el ZH AT A 3K
BT, USRS MERE NGRS I TN
%, 455 5G NR EEM, STz, EGR %
BRI SR REERIRE, HXRET TR
%, s AEH, 2miEZeEHEEN,
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Design and Implementation of
MSTP+VRRP Technology in Marshaling Yard

Zhang Junhe

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

Abstract: In the network planning and design of marshaling yards, it is necessary to not only ensure
network reliability, but also consider the utilization rate of link bandwidth, so as to achieve both
redundancy switching and load sharing. Single gateway deployment, Spanning Tree Protocol (STP)
and Rapid Spanning Tree Protocol (RSTP) can no longer meet the network requirements of marshaling
yards. Building on the construction and implementation situation of Computer Integrated Process
System (CIPS) in Baoji East Station, this paper proposes a double-protocol interaction method based
on MSTP+VRRP technology to achieve redundancy switching and load sharing, and ensure high
network reliability and full utilization of network resources in marshaling yards.

Keywords: MSTP; VRRP; integrated automation; CIPS
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2 BHRRERNRREA

DA SN B, HARSS 48, HIRSEEIRE,
HACRME [ &l EWTIEN, £/ &RS
aelAIM TAE, EO&M, BIFHZM, BaE
R EE AR R R O, R B EIE
WHINLES LIB1T, MRARSTRIBT,

3 YmABILIAE TN ATIERE

3.1 ZHE/EMMI (Multiple Spanning Tree
Protocol, MSTP)

TEFEXGIRIMEA B I 28 R, R 22 2 DUK A2 46t
TR, AIRUEIRA NS ML AR ENE, RATIR& D
7738, TER DSR2 RIEE 2 R REaErs, RIR
/DB R BRI 28 2 e, TR T 2 SR
FEFFERN 3N E | SR, S EERH E HTE OA
Fo LSRRG 251 %) #XEF MAC Hihh R E
R, SBEHAPBEREE, EREET W,

N T T DRI A2 40 A 2% A AR A T 5 S50 IR 2% (1]
L, PR T 3R R,

1) RAAERSMPNY (Spanning Tree Protocol,
STP)

STP &— T R iHBRIAEE AT IR, 8
TR B TR BE R S Y P 2R IR, HthpEpg AL T
FERARAS, FEIRTE 28 S5 K 18 B 1 TR A B A ARG T [RH)
LRGEM, AISRIRTHFBRIARG, AT H RIRSHBER
AT, STP BEHECEMLE, IHEIEEIEN&H
FERIRAS, TRE M4 e m M,

F SR STP A DABEBR 28 EUIREE, {HREE &I
PR RS, STP FRFNIR SR 18 1 1) R
R, — M inh e R ARk, Bilan kA
FRERS T e 53 Down I, ISR
MAC il T8 %, T MAC kA (LN I BAIA
95 min, WIEHRRGERNEE s, NAIGES
SRR R SAEIX BRI BN — B [ — DA A]
IRATERS &K, SBHPIEERN, X2 gk b
BHFTARREARVFRY, R H T ZF7 %,

2) RHAPIEAEM M (Rapid Spanning
Tree Protocol, RSTP)

RSTP ZXf STP #AT 7B 7¢, I Xt
U RS YRR o0, A8 S0 B R P I8 S BT
(Bridge Protocol Data Unit, BPDU) b/
NEFE, fROLT STP WBOHE 1Y AR,

ESR RSTP {HER T RN RIEAES, X RI28h
FhAT DUEAT g Sy, (BRI %I - RSTP
F— BN, FrE VLAN HR=[E—Aplh, e
MARR, HOHZERTER TR REIRE, R
VLAN iR R, RSTP ASRENSIH 2 g il X
T B A @A E AT R, WICELImRE 7T
HorH, ERFRERIIRSE, TEIEH T =R
UES

3) KA Z AR

MSTP 3 %% STP il RSTP, BE{H bR T J& I
W R ER RS, XSRE T BRIE S, MSTP 2 —1
2 P 28 ) o3 Bk 22 AN B, B B A — > MST
W (Multiple Spanning Tree Region, MST
Region), &MWL ik 2 #RAH B A7 /Y A4 K
B, FFRRAE BRI — D 2 AL SEB] (Multiple
Spanning Tree Instance, MSTID), & & %
VLAN Wit MSTI H, 42 VLAN 1 MSTI 5%
Rk, HAE A VLAN HEER B —A MSTI,
— /> MSTI A] LG 2 N ANFE VLAN, M sEEL
VLAN R EECEE, #1SAF VLAN NiR&EnE
HHIBR R R, EMma Rt MSTP #HR
T GmH s L AR K
32 REERERITRMY (Virtual Router Redundancy
Protocol, VRRP)

TE NG IR gm0l P 28 RN B I, B TS 4n SR
W28 PRI B — 5%, 24 P O% 18 8 2R A IRt ) N
f5, DABCRR & 9 W SR FALE IR S MRS, &
pol S5 i bR AT, N SR iE I HE 2 S Y 77 2K
SISy, FIRES S B S M bk o8 sl
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M VRRP K 2 6B MR &4 ALk, HFEH
R RE LS FHR AT, KRR DL FR IR A Y TP Hizdik,
TEN R P SAMEREE RIS, AR SR 1R A A ZE K
b, @3 VRRP SR TURIEIEA N % %
&, RIEMZIEREE, RN VRRP Al PISKEIZ &
R AN AR S5, AT RAR 32 iR B2
TR RREE ), 1EH IR < RS T s 1,

VRRP VRID 1

Virtual IP Address: 10.1.2.

VLAN 2
IP Address: 10.1.2.102/24
Gateway: 10.1.2.100

PC1 |

“ Ethernet 0/0/1
GEM GE 0/0/1

PC2. |
L

[
GE 0/0/3 IR
) Ethernet 0/0/1
VLAN 3

IP Address: 10.1.3.103/24
Gateway: 10.1.3.100

VRRP VRID 2
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VRRP AMYUEHL T IUR& I RIDIRE, KB T 2/
KB HITRE,
SREB IR INECE RYSEIR

ghiafmuhisi o HalME RS (CIPS) TEEIG/RG
ISEFRA M FH, X MSTP+VRRP £ 44 0 W45
HITURIEH SR 1238 T8, MSTP+VRRP 4

4

VRID 1: Master
HX-A VRID 2: Backup

100

E 0/0/3
GE 0/0/0
¢GE 0/0/2

AR1®GE 0/0/1
Ethernet 0/0/1

o

: Ethernet 0/0/2 ?I;J‘:gg
P GE 0/0/1
: .I GE 0/0/0
\ "GMRZ
" GE 0/0/1 | GE 0/0/3

X-B VRID 1: Backup

. H
Virtual IP Address: 10.1.3.100 VRID 2: Master

Bl MSTP+VRRPAHASGLEMTE
Fig.1 Composite network based on MSTP+VRRP technology
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<HX-A>dis wrep
YVignqds 5

Yicrtual IP : 10.1.Z.L00

Eazter IF @ RO.1.2.102

FrioricyRun = 120

Priocicylonfsig : 120

HasterPriocitcy : 120

Preewpt @ VES Belay Time : 20 a

TimeeRun : 1 a

TimaeConfiy ¢ 1 &

Auch type ¢ NOHE

Vietual HAC @ 0000-Sa00-0101

Chack TTL = YEZ

Config type @ normal-vreep

Creace time @ 2022-07-07 O8:43:16 UTC-0D8:00

Lazt change time : 2022-07-07 08:43:25 UTC-08:00

HX-A

Fourer 1

Vianifl al Rourer 2

¥ictual IP : 10.1.3.100

Haster IP ¢ 10.1.%.103

FEIGE LEVREUR ¢ 100

Friseicylontyg ¢ 100
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TimsrRun : 1 =

TimerConfig = 1 =3
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Victual EAC : 0000-5=00-0102

Check TIL @ YEI

Config type r normal-vrep

Creage time ¢ 20ZZ-07-07 D8:43:16 UTC-08:00
Last changs Eime § 202Z2-07-07 D2:44i45 UTC-08:00
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Create Ciws ! J0IZ-07-D7 D8:44:18 UTC-08:00
LAast changs Cims @ ZOIZ-07-07 OF:44:48 UTL-08:00

20 =

El5 VRRPECEZ
Fig.5 VRRP configuration results
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Translation Framework of Dynamic Data Based on AOP

Zhang Shu

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

Abstract: As the internationalization of the software market is accelerating, the translation of
dynamic data is increasingly important. In the general-purpose translation framework of dynamic
data designed in this paper, the following methods are adopted. The aspect-oriented technology AOP
is used to weave the translation function. The customized annotations are used to mark the methods
and fields with translation requirements. The translation contents and unique key values are used
to meet the uniqueness requirement of interactive data. The two-way translation function is used to
ensure the decoupling between translation and services. The proposed translation framework has been
implemented and applied to railway information system projects in the overseas market. It not only
meets the needs of multilingual translation, but also greatly improves the development efficient thanks
to its portability and high reusability.

Keywords: AOP; dynamic data; translation framework; internationalization
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Analysis of Key Points for Engineering Design Liaison of
Fully Automatic Operation System for Urban Rail Transit

Cao Qibin', Gao Bohan?
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(2.Traffic Control Technology Co., Ltd., Beijing 100070, China)

Abstract: The fully automated FAO system for urban rail transit is a highly comprehensive large
platform system, and a cutting-edge technical innovation in urban rail transit. The engineering design
liaison is a key link for the implementation of new technologies in specific projects. Focusing on
fully automated systems, this paper explores the importance of engineering design liaison from the
perspective of urban rail transit operators, and describes and analyzes the key issues for urban rail
transit operators in the engineering design of fully automatic systems.
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Application of Automatic Testing in Interlocking Product Test for
Urban Rail Transit

Wang Junxian

(CRSC Urban Rail Transit Technology Co., Ltd., Beijing 10070, China)

Abstract: Aiming at such bottlenecks of interlocking product tests for urban rail transit as long test
cycle and low efficiency, this paper analyzes the current situation of the delivery tests of interlocking
products. Based on an analysis of the test requirements, it proposes an automatic test method and
framework based on script controller. After the basic data is called, the test case sets are created, and
the test results are automatically output, so that the automation of the delivery tests of interlocking
products is achieved. The verification shows that the proposed automatic test tool can improve the test
efficiency and complete the test tasks with high quality, thus ensuring the reliability of the delivery
tests of interlocking products.

Keywords: automatic testing; urban rail transit; interlocking product

. (CBD fEMMELT B (31951 424 &% (CBTC)
P IER . LB NIRRT R 2 T R

BEE T SOB M PR R R, SIALEE g mRshRE. MERERT SRR R R SRR
TR A« 2022-00-10 5 FEEIEIH ¢ 2023-08-16 THIZ 4 530, TR H S LB R 5t
BSME A FAFRELHAARADALAR G100 [IROAEE, HEARIGERIEN (&S RG22

K100002) P o NSy
e ek (s %, g,k p  TUIEEXEE, A CBICIEGIER,
R F®)  WIAE T R E R, B4E : wjx@crscu.com.cn, I B B = i T 3 A R T B JE A I AT AR R

PRESIEIE(E S TRBOR(RSCE) 20234E10H, 552055108 63



AR
RBAN RAIL TRANSIT

WoRE, Bl FZERAALIN, AT sm
NRERAR, MR R, WG RATEE S, N
TiRpGX R, A PR B S EIR, PR
Fe IR AN AR LA, R E 22 — A
HaMLMIAEIR, &) I BT % A 51 58 PRt i ik
BRAE, FRORERPER R T S,

2 CBTCEXS{F a3 MiH IR

H AR EL CBTC BRBU™ b5 AHIN R R AR
AR, BRI, AR IR, S R,
HEBIA, EFALINA, A BEEIA, 22O
8 MARW, Hrp AT A RS L raBiAMIK, EE
B/ AR, BRI 15 DI ; SR
TR, EBBUA], ([FSTTIR 51 SRS 48
ANATT, SRS CBTC BRI AR N
s ORI S XKzl g8 (ZO) #wHfE
B, BetS i et (LEU) OMNEES
oCBAR A, BB S 5% BB RSt (ATP)
BRI, Bl EEE (TWO) #EOEdE
MASE 4 DT, BB M2 A 3L T 72 4
T, M SAnE 1 AR,

BTN
N\

PRI

BRI g RERR A

ATP#:H

IR

Bl MARR

Fig.l Test objects
H AT f il 2 SR EE A N T, 2%
DL 1 %3 B8 046 CBTC B XA B AL A KL T
22.5~3h, NTZEEMEN 25 ~ 30 FRFEHEK
W 2R, AT R e B R A IR A R 20
PNLEH, AL EEET 50 5%, #1753

BRI AR AT E 30 M TAEH,
AT A SR R, ISR S, GRS I
IARGURTIN R S AH 26 A, B2l A T LR 3
RER BN ATIMABREEE A, WAReR
%, MERHIMANRIERIR, SFEMIALERA]E
PEREAR, ARMEMRE] 2 2 38 7 I

Zr b, Joie e NIRRT HE iR AR T I
R IR B S A AN TAERIRK, Oy 7 e s
AR, e SR, SRR —MEBE
S THRACE AN TIRSE SRR R R,
ST AKSR TR B il 52 A REST R

3 ATWR5S Bhilhi 75 Z=Eb 3

3.1 ATRAE

AN TR — & Al AT FRE PSS L 42 1
TR, ML TAREIEE T B 2805 S 46 S 0 51,
EFEMIALIRRIAEA, AR I ATt
PRI A IR a4, 58I TR BB G A 25 SR i
HIAMRE, W& 2 For,

TIAZH iR

At

E2 AINERIE

Fig.2 Manual test process
NIV E A [ AT - AR EARRIERY
BHEREAR, BB REBIER A ; BRI IR,

64

PRERIEIE (55 TRBOR(RSCE)  20234E10H



MR & e A S F Y R AT R T, 1ERR
REIRERFE (NCR), MRS L 2,
3.2 BmnlhidiRiE

Hahit TREAZFI21TEE, B 2R
ISR RS, U AR (8 FH = 26 2 7% DA
NAGHRA LGS MIARB, BTN
BTN, BshnEEENLR RG], Ediii TA
B RAR, RIS R B35 WU R
&, BaiMiARAEaE 3 For.

50zl Rt WA ZHI
SR
it S TR
HMRE  WATHE 4 WK CEMMI
pe —
<+“—> <>
@
< 2
P 1
B e
b WAL
"é- III.

B3 Bhlidnizg
Fig.3 Automatic test flow
3.3 Bnnllikrns
i b, BRI EEEWT
D iz TN AR, BAER R ;
2) HaRATEEMERAERITRETT
3) MNALE R A AwE / RIBARIR
4) MLE. 2=, Tsinl IE A
5) AT SE O AT R o A7

7‘<\
URBAN RAIL TRANSIT SENZSE

4 BB @i B ah s
4.1 Bt TR

HAE MR AEN T THBEL S, 2520
WORAIFAR H S TN, BdE I+ PL—E2 i 75
U R ILINASE R, BT DL ERRIRIT DI,
L5 12 S - B DR B s i TR, B
LI T AZRANE 4 R,

Gyt - A7hE, 4R 2RI S AT,
JIERAMIR, FRE XN EESRATR R, ¥
RGidK, DAHIEERITRIRB], HRX=F1E
BRoR RBEATICSR,  PAGRIED I B ) w38 D 1
R E AR,

TS % - S ST AR A BB AR LR 2 diE
&k, fEt B EmliAA, X &7 RIEREOE
BORATHS), X H ARV A AT DO T, JOESE
(o EPUDRZHED SN

MikF-& - UESRIMS TR GIEAD)
EHIZRGE (ATS), HHREHUKB (CD. ZC, i
filas (VOBC)) NHIMNZR, tHEIBTHE—HHZ
£ Linux BERGHTHELAE S RIS IER
AR, 2T EOR BRI A7 2L &
FIERE, 55k (FSH EZ. il ik
M195) Bflds, (7 B PR IAR R AK AL g 5
2N RS

AIFLERVESA I - SRS TR R, 1S
A, T, BHREFR, AT AL
G287 RN IIA il B9H6 2

FRAGERERE D - ATTRBUE S RS
FREESE, IERBTINRAREME, RS

PR
Wit g > DURBIBRE > DURBTRHAL SR
T | A R TRGDA Lot
e (! N dmaerE [T fmEn
IR P ,
| LVOBC | \—{fiptemttnim o> upufiam | { WRal%E |

E4 Bl TRZRE

Fig.4 Architecture of automatic test tool

No.10 EZB: AR REUBEE™ i rb iR

65



AR
RBAN RAIL TRANSIT

IOt ARBS P TEESE,
4.2 BBz TREKI

FER SRS B ST, AT 3 2y
NTAHZ, i BRm s EStEn, S P
A28, AT EZO R madEon, THIR
TR PRI ELIMUF I o B D, e o & s
ERUERA, BT, RIS BB R AR FET,
T N TR SR NG B R 2 Fah R Ez
ST HIRI,  RHIXE o> Bag B s AR
R % E T B B eI A SRR R,
RIXER, FEA AR B B ShAERE R, 24
JERAE TS e A R E . T IR B
BRI T BRI RI RS N, B fe 2R it H &
FOMNICSR, SCAARINE 5 iR,

A AbE T it

- BRBIER - BRIRIBBIER, - FATGIIA - M H &

- REIRER SRR - HEREIIA - WA o
- A PRI AR

ES5 EXBiBshNiAKIAE

Fig.5 Implementation flow of automatic test of interlocking product

SEREE B S A T B JE I AT AS ST AR S
Yy, I 2 RIS THR R ZE A RA SO S B
TS B B2 K, REASELF 7 A 12 S 5 e 1
i ERAE, FHEERB R ERSCA DR E Fr, FER
fE S i T R A USRS 9 2 AR 25 57 I
B E MR R, WRANER 2G4 THE
WE, FESIERHBGZEERER. RN, B
BE SR T H AT IE Ao g R DUK (S 75
HARIBUB B 5 i B, I DA i 2 2R
oY SRER Tl

ARSI BB B 21 6 I TR P 5 B I
L EER IS MR R R RTA A A, SR
THHMEGSE G R, PITRERE S, M T EA
At m] BUS A B shillif RS, Al POs T Em
AR TN TiEdl b, 3@ R A BER,

HERIR, RIKK, HAREKRZER B A%
5, B AN EEENRIE, WE 7x24h H
MR TR, I E sh A st 5 B AR &,
FHILSRAEE NCR, M T EZEA940E 6 FivRo

T RO TAEGIgE, @il emis
RMELEEWE, RIEFHITHGS, IFEHEH
HIESRIIR S R, T EZ O RV P &8 IR
Yy RCRARIINARC S, 2 IEELAE N T BAZOILE
T2 )E, PATEREHENNIRL FIR E T AEZL,
K BEGIR AR B s M F e R R E e
IF AT B S A SRR A S e, st
XD T PRk B, R BRI A U
BB RS S TUE AT, SRR,
M & #1442, IXREBIEBIAG5 ] SIS R E
(49 5 Tt SR P 55 A S %o 457 I 4K A (1) S5 T A T 48
B0, A EGIR IR 8 5 B2 145 SR
FTUCEL, AT B SR BOINREE . LSTEST J&RLAs
@it UDP AimifEHlS LSTEST M A &M D, I
KA TR, EEAN TEZOREIITE S, T
BRI Rk A TR D, NTFEOMH cwind
FERT twapi RIZHIEELAS 2] HMI ) BbRIR(E, I
i Img fl twapi K46 2 15 H07 B 1 5 5 TR,
ZAEOET TCP LB, H5L RAEPUT EAthdn S,
THBOSERRE, DAPNERIREHEZE, mRE
BT R A, 2 3 OEME, WRRK,
221 T AR 1 MRS R

NEKRIRER SRR, M ik, &YX
AP IR MM 9#0, & X MMI BB ok
EEHlATAR A MMI, ks, IEBRL I
IAMIBRINAZAE B )5 AL LR,
4.2.1 G AGER

B /EI N Excel #8725 CBTC BRBIFR. FE2K
AR, 51 SRR, BomRHESIDBER
FHRABBERPIEREE. XEER. EEIER
HFHMTE, AERNNBIEHITERE, SFARKDER
BdE, FNEE AR ERSR, RS S
11708, VERAERR B IR SR EAE 5 Ao

66

PRERIEIE (55 TRBOR(RSCE)  20234E10H



7l<\
URBAN RAIL TRANSIT SENZSE

MMIH#EHL(Windows 7/10)
Computer MMI (Windows 7/10)

MMIERL S
(MMI adaptor)
MMIE#H P
(MMI virtual user)

W

(data) _

&

’//

BAERRSS &

(Data Server)

Ee BBzl TR

UDPHHEHL(Windows Xp/2000/7/10)
Computer UDP (Windows Xp/2000/7/10) 12

L5] &
(UDP adaptor)

HMEIR GG % 24
(Ecosystem
ddapto

AU EES
Data files
(xml)

THED
GRiBITe)
Tool core
(scenario runner)

gt
(Result

files)

\
<€

£ HR S5
(Network services)

AR 5
(Test

report)

Fig.6 Architecture of automatic test tool of interlocking product

4.2.2 A A

FESE ISR B R R UG, AR Rk TR g
FUREE wl M AR, I P 2R
RIS RS, SRR AL G RN 7 .
4.2.3 Mikiats

R T EZD, W FEui BB E T e B M,
I, AT DURRAE I E R 5 22 53 s A TR
IR, BRI E AR DU T P4 A 75 S DT A e
RIGE, MIATOEELNE 8 Fr.
4.2.4 ik

s pE, T 5 T B R A R R
#Ha, MiHEANTEID S ISR, Ml
REFHEZRAE 9 R,

e iiE, BREA N 3 5 m A R &
Ah, A H SIS TMNAGE R, 4 i

= Dpep SN SHL MdatatbeatOiata ron CTE routenicl - Notepada s - o *

Ten REE EECD BN W EEL SRT IS = SR R

WO x
> ! R 2c AaAwl xx 3 1 EKETZRF

b=l wannBare men OTC sestasn 1ol 0 |
e

HS a-ais 4

ESBT) (ESBLIOY SML-SFSBT) (ESBEID
L1oE MMFLY)) (PS2alod (BEDL103_%

SAmET

llogtth : 10786 i1 Colil Eel:0]0

E7 BERHIEERER

Fig.7 Results of basic data generation

Whsdawes 008 LRy UTF-B 15

BRIE, Al AT, RIS RTARSE A H &
A RINAIC R 8, S AZAERIR S HE,
ARG — RN HEX M, RE8d Al

No.10 EZB: AR REUBEE™ i rb iR

67



AR
RBAN RAIL TRANSIT

Lime sy Llemn L)

Fy A A DL BT S B
e oo BT e B
DropptLAt Amnad sl Bk o
By WL AT | Fomeon [ S SR © TR |

| e dm  soEs . 1w e g LEw

E8 MiRIuEE

Fig.8 Selection of test items

[LELEER[N]C

B9 MALERET
Fig.9 Display of test results

RIAT, sk 24N 10 s,
5 ir5FE

ARSCA AT E SN TR A R E AR
(BRI N TR AR A TN,
HifiE 7X24 h BahARIFTRR, KKRIE &lliARL
R, HBEFRRUEEARBEFMIAA, A
PUKE| 3 5L ERCRIE S, AT RESRARN
RESTRRLARSETE ; RIS B3N T A C/S. B/S
BREARMEZE T AR REIR A TR, A]
SCEE B S R MOAF S REML,  LE ML R RE,
FEF MR AN R AF A — 8 AN R IR XU,
H BARMEM S 52 0 ik, A T —E
AIMNAIRZE, B eI T B AT Se Rt i x
Boo MR RA FEARZ) 15% ~ 30%, MR IR K

S RN i W i e - — et
wo| meen IR BH RS gn mn maan [XN EHIBE L.

1 FLO01 44| @
PR . o L] 3
Paca o N 2

| Fuchk O
Fatat o of L] ..

] Fadin o of =]
PI202 FI R ] b

g PLEY F] sl o
3 Pasos o | O 0
] PHSGY [} n
] Fudid A O n
PESHS S| D k]
Faiod of o] H
14 PLEOT 4 J 1l a s
15 FasiE 4] O "
i1 PasEd N =) n
1% A ] 3
18 PuSLY o S| D W
] Fafd 4 o =] 40
0 4l
22 i2

WY RN AEPERE Y7 BRE " XEAE "O7

E10 MkRE
Fig.10 Test report
qaKd, RTINS RREL) 30% ~ 50%s.

{82 B 2 B AL 58 FH Al A SR T 0
7, UAREEEE, XHAE, WA EES,
BCEARTFER,  [RIN B 3 BRI & 2R
&, MRS TFRIBIT RN, 5 IR 2 52 e
G IR, MEERE M2, 1R AR s 38 L H At
AHETRED, Wit R, EEE RS,
A I T B 3 T B AR A LE DU R SR %
M5 R SEMIAIE 4B 2 — DA R IUE R R,

6 ZRiF

ASAEBUA BRI fh S A5 U5 TR AR A
il BEE SR Ls, 1R BIRN X, B
H AN T HRZE, SCEUB™ a2 Ry B
iR, HAmizE sl TR E4 M Tk
BU S A, R SRR KA R %
7 e, EEI0E —E RSt E, [k
A e A 8 P ] A i BB A 3 3R 5 o P AR B R

68

PRERIEIE (55 TRBOR(RSCE)  20234E10H



7‘<\
URBAN RAIL TRANSIT SENZSE

IREZE 2R B, TR R R E (5] Rk A, ZFeml, Fk#h, F. H—KCBTC A

E—AEER, G ARG KRB ARE (1], 483165
IAZHR, 2016, 13 (6): 41-44.

st Dai Jilong, Li Xiaogang, Li Zhaoling, et al. Scheme

[1] #%5 . 532 A& B IBEBREEARAFR, L AkykiE Research and Key Technology Exploration of New

fE4E2 A2 R, 2013, 10 (Z1): 55-58. Generation CBTC System[J]. Railway Signalling &

Communication Engineering, 2016, 13(6): 41-44.
ii B. PREZRIZBZ G, ELA

Yang Tao. Research on Data Checking Technology

—
(=2
[

of Train Control System[J]. Railway Signalling &

Communication Engineering, 2013, 10(Z1): 55-58. RBBBAS A5 TSR, 2022, 19 (3):
[2] 409, JEAEE . CTCS-3 5 & 54| & 4ok 3B fk 15-T8.

Ak AR (1], 2k 3R, 2012, 34 (9): Wang Junxian. Analysis and Selection of Urban
70-74. Rail Transit System with Medium and Low
Wang Junfeng, Wang Xishi. Research on Data Volume[J]. Railway Signalling & Communication
Fusion of CTCS-3 Train Control System[J]. Journal Engineering, 2022, 19(3): 75-78.
of the China Railway Society, 2012, 34(9): 70-74. (1M ar%, Fx, ayr. ATEREH75) i’&

1 FRF, RibA . CBIC 2C F AAAREAEA RABAEARIRE AT 4930 5 R [T] . 9%
[7]. 4haki@ 545 % A2 4 K, 2015, 12 (1): WELE @ AR, 2018, 21 (10): 119-122.
47-49, Bai Guangzheng, Li Liang, Bai Guangliang.

Design and Implementation of Data Collection

and Analysis Software Based on CBTC System[J].

Communication Engineering, 2015, 12(1): 47-49. Urban Mass Transit, 2018, 21(10): 119-122.
1 R B4 LRI AsEsananikkise (11, BIAE BF 2, A9k CBICA SRale
LkiEIE BHAR, 2010, 16 (3): 50-52. BRAA GET AR [T]. 3T hE B R,
2013, 16 (12): 64-66, 73.
Chong Lei, Ma Ziyan, Yang Minglai. On the

Bu Qingyu, Song Peidong. Introduction of CBTC
ZC Subsystem Functions[J]. Railway Signalling &

Zhou Shuzheng. Railway Line Basic Data

Verification System of Automatic Train Operation

Monitoring Device[J]. Railway Operation Interface between CBTC and Depot Interlocking
Technology, 2010, 16(3): 50-52. System[J]. Urban Mass Transit, 2013, 16(12): 64-

66, 73.

* %k % k% %k % k% x k % % 3k *x k %k % 3k % % 3k % 3k x % % % 3k *x % k% % 3k *x % 3k % 3k *x % 3k % 3k *x % 3k x 3k

(xEESES TIERAR) BTlEN

(BEREES TREER) HPESKEEFESEAERAREE, R 2KERESMRETRERAGRAFED, £
PRERHLSS R, W, T RAEGSFERMEERAEM, FERAGNGT, SEZHE MRS ERHE, B 200546 12 AR
T A ENAMATF R (T, ENG—ESHRY S : CN11-5423/U, [EFrRfEESLHARYI S : ISSN1673-4440, A TR EZER
WL A TP EIR S FIIEIAT] ; RCCSE HEMEROERIAT] ; BARPARRIRSHUEEIEE (JST) WatiHT] ; EBSCO
EREAR WA ; PERODIAT 1) BRZEWEIRT ; REZEARIAT CEih) 2sOUEEIRT ; FseRH RIS &
(&sChi ) W AT 5 R ESER AT R A Rl iR e TR AT ; R AT AR & 2 ir ; PIEBHE A 2B EE S 2
TEHAT] ; ERFTEERTRERINER A 2EARIAT,

HITIEM: https://rsce.crscd.com.cn

No.10 EZB: AR REUBEE™ i rb iR 69



AR
RBAN RAIL TRANSIT

DOI: 10.3969/j.issn.1673-4440.2023.10.013

WhiERARFIRE EERASRRN
MR 558k

2 A
(1. A FHEKETHRFTIEANSE], @7 210000,
2. R ARBEETHRETIRERA RG], dbw 100070)

FE . ZB9RT KK W 6 B LR An BAY AR ARG L), BT Mo sk R A 69 IR 5 F K AL
RME, WTHRRA XA RERESRENRS, ZEMMKRFIRENRA. AThHTH
K, BARARMXBITRBITRENIT S, AR B EER AL, HEFEERA
Gakitiegd, B AGE. HAE. FHEINBROKRE, FRABESE AL AT
R, B “—3X RFOFEEREL. TAHESBZEAT), BIRETRK,

KA RTHE A, FEEIR; AHERLFAA

hE9DES : U231+7 XEMTER A NXEHS : 1673-4440(2023)10-0070-05

Research and Application of Smart Customer Service System for
Urban Rail Transit

Xu Ye', Xu Zhongquan’

(1. Nanjing Metro Operation Co., Ltd., Nanjing 210000, China)
(2. CRSC Research & Design Institute Group Co., Ltd., Beijing 100070, China)

Abstract: With the continuous development of subway networks in various cities and the application
of new technologies in subways, passengers have increasingly high requirements for subway services.
There is an urgent need to explore how subways can quickly and effectively provide quality services
for passengers. Taking Nanjing Subway as an example, this paper first analyzes the behavior of
passengers by using relevant travel data, to introduce the concept of smart customer service system,
and then describes the design concept of smart customer service system. Through the transformation at
three layers, i.e. system layer, application layer and management layer, the station is gradually changed
to the "unmanned" operation mode, so that a "one-stop" convenient smart customer service system is
created. In this way, the station operation staff and operation cost are reduced.
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Research on Signaling System Scheme Based on Vehicle Upgrading
and Capacity Expansion of Urban Rail Transit
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Abstract: Based on a description of the typical CBTC system, this paper analyzes the impacts and
design scheme of each subsystem of the signaling system from the perspective of vehicle capacity
expansion, and provides suggestions for the signaling system design at the initial stage of the project.
Considering the actual situation of the project, it determines the vehicle parameters affecting the
signaling system design after vehicle upgrading and capacity expansion. Based the analysis of the
vehicle parameters, it studies the signal system scheme. It also proposes the design requirements for
vehicle dimensions, equipment location, traction and braking characteristics, and interface bus from
the perspective of the signaling system. Assessing the acceptable vehicle parameters for the signaling
system, it provides a design reference for the vehicle design of the vehicle supplier and the technical
scheme of the signaling system.

Keywords: signaling system design; vehicle upgrading and capacity expansion; vehicle parameters
BE% (Rl — T PIE SO B L R AR AT B AR RE T RIS E R BR IR 2 JC i 2

Mipiz’s, MBRERENBEERK, HotsEs  FROMKER, ERHEy a8 EuT,. a1t
Ry BEWG A EWRITSEIEEAR, XNE

MR 20020803 EIRM 20230824 SRGEGIHRM THIVER, (ERRRISE LR,
RN 2 (1990—), %, TR, M*, LT2HMAR BN o . . .
G AkEAES S, BRAG : wangpei admin@163.com. REIBERCR, NEmp g &mEnae N RE

PRESIEIE(E S TRBOR(RSCE) 20234E10H, 552055108 75



AR
RBAN RAIL TRANSIT

BEE E S T B F RSB E, A SO 1
BES RGN EMSEERMN RGN, a5
FIHZ%, [FINER07 B R R

1 IEHR

UL R E TRy AT E A pl, Kk
izE I 10 4, BEAYIZE 105, ART B4 8
Hl, ZEABESETRUMNBEATENARE, &
BT ERTR L T AR B,

A ETEEYZE B sHEHI RSt (Communi
cation Based Train Control System, CBTC),
WRIARYT BN ENSER AN A ES RS
IR,  DABEZER 77 34T 77 RAUHIE k£, RNy
B8 RO ZimE R AEH5 8,

2 ALY BEWMMNES RAERIRN

AR CBTC RSt : P58k EEA R
ARG (CD. JEHNNEETRG (ATS)., &
fEafE 7RG (DCS), 4Ef 7 &R5 (MSS), SlI%E
HahBiir 7 RGMHIEHENEE 7 RIEGHNIIE
HalEtlF RS (ATC) Y, ATC FREASHFKX
Rl (2O, Hissskigiztlay (LO. EALF
INIKS S RS ae:

BE5RFARITEHARRRITNTRSRIT, &
R BENMES RARRIT M, NESH T
RAERIHRESEHAY, FRARITFEELS
ATC, ATS. CI. DCS. MSS %/, ElTE#EZ
i 25 0 H BB R s AR PR THRET B A R 1%
M, WREIRENES RS,

1) XFI2%E B a7 R/ GE ATC KN

ATC B SFETESFWZD, Uik
OMM LN, RN ATC FRAESEE MR
HARRENAEIR, 39 R RN A E T E AR
WS R, i R AE S T il 22 2O R 75K,
#1155 ATC & ZC f1 LC JEMITHRIFY &, [
IHRAETH R B EWMS L, ERHs R

AT BTN, WIS SR A AT B
’it,

2) Xt ATS HI5Z

ATS T ARG EBHESI I TINZI R AT 225
TR PR, Wiz g S, e X
BN AES ¥, ER e S5 ATS 1
AR

3) Xt CI Kz

Cl ZENTUESH. W7, THal sha 1Rk
PR, FEREINH S SH CINRAYT &, [
IS T3 R TSR T T S 22T T B 1R 22
FEESRATE CLLZE®RIT, UMETRY &
RN RRR PRI FE P HIFR K,

4) DCS 1 MSS AR¥IEHTH 4 S ECR AT XA T
RS

Zi bk T ERINE, BERES R
Gir RO THATIAY A R [F S R A FRY
TR, EESRGNPIIRIH, RUESRGHE
HIZEAE N R IR RIS ERCRATTE MRS ERE,
FERSF AR IR ATEA T A R AT, IR DA
CREEFEFTIE R0 5 BEA F S e 2 —SIE LT,
NEIBEE ST RS, BRI AIE,
3 BESRGKITLE

INETHRY B — BRI %« — 5 0H
FRERRFF—8; RN THEIAL, SN,
FPEMET R, IRy A T E R
RETRITBMENGT R, REFENRY A,
B55 RO T ZHA TN 223 DA R Ko R
HEHNRIIHAE, EERGAF S EMEIETEO
BA, MRS B E R BT E S
Agtikit, ETREZEZENMRFISEBRNT
R, NTFAEYHHEIHE, ESRAERIILY
BRI E S RAREME,
3.1 EWB

EARY BN EESRARI R ELEE

76

PRERIEIE (55 TRBOR(RSCE)  20234E10H



FER R ESFY R, S ER R S50
PERERHE. S EMZOTESLKSE, AKX

N 1 firo
®1 ®MESREFGRITNERSE
Tab.1 Vehicle parameters affecting signaling system design
S filiik
= HIEER, IESHER FIEHREK
e pan g g o BN REREIZEIR I B, gpd B AR T
IR p et femahihok i
gy 5| flZh RS, 425l Zh HEIR i
725 | fillah R FE% o+
REHNZE PRI 2R, ERBISI P
wrerEs AEHIFTT CRID @osIE 154

FIOF (A1) AR TR]
G570 gk, CAN, MVB, RS-485

32 AHEKt
3.2.1 RFHEFIRIT

R4 LRI E 2 B EA OS50 & O
7F, PRUERE— DR TERRES Rl T4 5%, ARz
Fefk, XTHETH, HFACMEEME, WEHS

7‘<\
URBAN RAIL TRANSIT SENZSE

JEZE R & PR PR R A= BIX MR R

NFHET FESHEFFER—BHED, #
FRAEEA R E LT, THRETEE R E,
A BB EERREHMVE, WE 1R, NT
SIESKRBIUREN KGR, 75 2RIESEE
FIRHIEMRREN BATE S O FEin, 1%k
EhR AN PRI RS I DR HORS I 15 (5 bR, A5 T
(R EAEPREE B ER RN 1~ 1.5 m, #Ofr
WAL T RS RIS R RITIRE, ORISR {ER
RERI X ZHTUE, TR T P IRE
ENZEEEE,

NS BESMEEFRA BN, &
SRAB TG ERR KEREE, RHEEER
HEHEELRKE, RESIEEE G R AR R
VERCIR —MEE R, R RIRIES S R A
R, BEELRRRERRES BTSSR ERZ R
PE, BOHMEIRRERRIZZAEAE, WA 1 AR,

feihi R T 13*?;%‘% e
.K - * l:D>5m
D, D, !
DZ : Dz :
B <—>:
. D, . . D R
(bR LRI R

IA

€
1

Bl G5 FER. ERRAUE

Fig.l Location of beacon, parking point and beacon antenna

3.2.2 BRI RN
REHIN S EEAE T Tooe Tovros
Topon, 3B BRI H1E ST IF 2 225 VI 2 [FA]
AUAEIR I TH], R R s 3 TIT EDT da 30 2 Ay
FEIRIN ], M T, EIHEAN T 10% AYHIZNZ [AIAYHEIR
ML M T BUHENN T 90% A HIB)) < ] Y 22 3R B
|, HHZERESIER S, WE 2 R,
KM S SREEEIE S RAR R IX B

KEY, EOAFERS. (R4 XBURBIN T, SR25kH
BN R, REEHBIEE, NESEER, FS55R
MBI SEOR SR, REEMES R
G55 & E SIS ERR,
HETWTHRY RN, BT R4 H
ZEHINESBIERTIRE S, AESRIARE
JEARHRBEA NS E S REMETRR, FRRK
B ERR, GESTTMENITEEIE,

No.10 7E difi: SETWHEMARY HIES RGT R

77



AR
RBAN RAIL TRANSIT

90% -7~
10% - -/~ |

7’014170/7'
le—!

X :
saspmia 1 ¥
AR A ] —
P00 |

Too  Tuo T
B2 Za2HEESHTE
Fig.2 Time parameters of emergency braking
FTEHTHT TR, mRALHHER RIS,
3.2.3  FE[ MBI TRIRI /2%

BRI TROF.  SRH2EHl H 22 805 5 1% 75 R 5L it
EATZ RIRREE B B 7 RSS2 B, BB RSt
VERNZERRIL S S0k 6 Bl TR RIVER, RZEEAITT.
SKRI Tan & kam H F R 1o

ETTHFF. Rt B EBE SRS L, &
1=z R4 1 8 e 2 S,

AR BEMENTREZE, BT HRSEME
I, ZETTHIFE [ RITENFEE—ENES, &
SEHZ A2, e E TR Bk R 4TIH
MR R, 55 R/5HERIEEWMITRANE
[T/ RITRERN AT B DAZET TRl 15 2
FIHEIN 0B, /RIS FWE 3 fir. F 4
AU & XISE RS, i 4Bk TR 22T
FEN TR, B bkTFTm<, ST
JERHZETF e (—8o0h 2 s lkES), R
VEZET TR TR AR 22 d T, RITRB, %N
IEFARAELTTITT [ RITEN A TE &,

RREWARY BUEH, EW1E28EH 50
BHEAEXA, F5RGMRIBHFAETIF / RN
ESEEFI I FBS SR, RETHEET T
WIEEZNEED

]

D@42

L

FR#RIIF a2

—
]

B3 IREIIES R/ TN

Fig.3 Time sequence of synchronous opening and closing of
train doors and platform screen doors

s NP Nl

OR O, OKFROHK

LA PSNS

3.2.4 OB

CAN B2 —MEB TG, ZHERR
TR AARRTIANE, fEa]ik 1 Mbit/s, fE
1% i /& 76 9w 4H 18 B ZE 0 TCMS B 19 1% i 75 Ko
MVB S &RFHR AR TIEET, 8T
AL, L EN 1.5 Mbit/s, MVB EZkfk
PRBSCHEAS CAN RERAUE ZHEAN™ %y, REWSIN %
MEGHZE T T TCMS REdEEmTR R, X MR
IE 7 MVB TES T3S 208 4= i A o Ae 1 P

BT BEA 2 CAN BIE s R RRA B, 5
LTy BUE KR LT Uy MVB, &
SHER TCMS FIMZ OB EN MVB, 55
SEHK TCMS #AEET, HHlsh#ERES. W
JEHIZNERES 5. Z&5IHIBIRA(E S NES ATO
BENFEES Y, O RANELe SBEmE
SIHIEHMAR IR, 5577 BN, REHINT
N[ FEL B S5 4 2 T AR 2 SEE PR AN [ T il 3 25
ez TRIHIMA L FER | EEL A T s ARl 30 P i 7 SEE |
ANTR] 225 | S % < TR) B Wi L e R, B A N7 T ) 4
B SCHES ATO Rz, R ATO &UH
AETIE FE R 2R R L

4 ZHRIE

REEWMIRY FUH, FraRit, KAEE
PR, SERR T EASNIR, EHEARFIZEN K,
ASOSHIEARIE S R I, Bs5 s g hn
T A B, FNSSITE RN EHMEH

78

PRERIEIE (55 TRBOR(RSCE)  20234E10H



BAT T, EREBLAES RIS REMRIEZ
EHIRTIE T, PN EMS TR, R 2
W, |/ASFERESRGRI, B
NEEMESRFNZ 2. FINBIESRIULI A
JFEPHG T REAZ B RIS 22, ARFEHT R RS L0t
ITESTARIUL, ARuRDR, 2. IR T
TEg, O LmEARR, BENaERRm,

SE

[1] 7 A . 71 & & AR 2T CBTCZ 5 & 4

ZaFemAy [J]. k@ @125, 2018, 54
(10): 9-11.
Zheng Jingsheng. Study on Impacts of Train
Occupancy Detection Delay on Safety of CBTC
Signaling System[J]. Railway Signalling &
Communication, 2018, 54(10): 9-11.

[2] oA, KRB . RRZ F RHLETE 5T S

£H R [J]. k@154 5, 2021, 57 (5):
77-80, 84.
Ruan Jie, Zhang Chengguo. Design of
Signal System Suitable for Different EMU
Train Formation[J]. Railway Signalling &
Communication, 2021, 57(5): 77-80, 84.

FhEE kﬁ%ﬁx&%xm%%% & M) e )
ab/%,ﬁf CBREE BHEA, 2017, 23 (3):
22-24,

Sun Shibo. Analysis on the Structure and Function
of ATS System in Tianjin Metro Lines[J]. Railway
Operation Technology, 2017, 23(3): 22-24.

[4] xS, Fhag, E X4, F.RT il s
HA M AR Fkit [T]. SREH AR B,
2021, 49 (5): 53-57.

Liu Yi, Sun Yao, Zhuang Wenfeng, et al.

R

Comparison and Selection of Schemes for
Purchasing Additional Train on Existing Lines of
Urban Rail Transit[J]. Railway Quality Control,
2021, 49(5): 53-57.

7‘<\
URBAN RAIL TRANSIT SENZSE

(5] A2 0b, Mesh, X7, 5. ARF L £ 5

A FIEH BN [T]. GEAFE A,
2018, 34 (4): 64-170.

An Chaoshuai, Teng Jing, Liu Wanming, et al.
Variation Regularity of Safe Braking Distance of
Modern Tram[J]. Journal of Transport Science and
Engineering, 2018, 34(4): 64-70.

6] &, £4F. K CBTCIEF 249584

B AR K F 4 ABOTE [T]. SEBE1E 5
2016, 52 (Z2): 76-79.

T AEE, BB %%$%%¢kﬁ%%$é
NP A PIERKA [T]. T Sl 58 AF
%, 2022, 25 (4): 105-107.

Bu Dengbing, Chen Shaowen. ATP System
Protection Distance Optimization Based on Vehicle
Braking Delay[J]. Urban Mass Transit, 2022, 25(4):
105-107.

[N@mm,%@%wmc%%¢%%%wﬁﬁ

it A Ay (1], k@8 5E1E5,
2021, 57 (8): 92-95.

Yan Beibei, Xu Hengliang. Application Scenario
and Calculation of Approach Locking Section in
CBTC Signal System[J]. Railway Signalling &
Communication, 2021, 57(8): 92-95.

FERE, FE, EX F.RTREEFH
&t [T]. AR T $hid L, 2019
(6): 55-60.

Li Xingyi, Li Zheng, Cui Jie, et al. Contrastive
Analysis of Bus Bars of Vehicles on Urban Rail
Transit[J]. Modern Urban Transit, 2019(6): 55-60.

[10] 448, R4tE, FH . %ﬂ;ﬁﬂ%*ﬂ%%iﬁffﬁ

No) 7 F 4l sh b 2 Rsissl eyt [J]. g
wAEZ), 2014 (3): 69-73.

Qian Hua, Yu Jieren, Tan Shouyun. Improvement
of Train Brake Control Dynamic-Pneumatic
Blending Algorithm Based on Train Network[J].
Electric Drive for Locomotives, 2014(3): 69-73.

No.10 7E difi: SETWHEMARY HIES RGT R

79



AR
RBAN RAIL TRANSIT

DOI: 10.3969/j.issn.1673-4440.2023.10.015

BB ES R AR ERIEBNESR

& E, F &
(bR T HAEBAIRNE, b7 100044)

ﬁ% W R KA T 2 AMRARAEL 155, 354400 ERBE, ARtk
EHRIMEEKR. AR, $REES. BRE—FoEIXGEFTE, THRKRARA

K? RF-fR BT & BRI R 495 B R %R,

KB WRTHE R 55 AL S RARE; A ALK

FEDERS  U231+7 XHETRERD A XERS : 1673-4440(2023)10-0080-06

Phased Retrofitting Scheme for Signaling System for Urban Rail Transit
Li Jie, Xin Xin
(Beijing Subway Operation Co., Ltd., Beijing 100044, China)

Abstract: As the urban rail transit signaling systems of some subway lines have been in service for
nearly 15 years, there is an urgent need to retrofit such signaling systems. The traditional retrofitting
solution has such problems as huge construction difficulties, long construction period, large amount
of involved equipment. Thanks to technical development, it is possible to reduce the retrofitting costs
of signaling systems. The paper provides a phased retrofitting solution, which can not only reduce the
costs and increase the efficiency, but also eliminate as soon as the negative impacts of the failure rate
of existing onboard equipment on subway operation.
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Cause Analysis of Common Wireless Connection Timeout Faults of
RBC Equipment

Xia Pengliang
(Xi’an High-speed Railway Infrastructure Depot, China Railway Xi’an Group Co., Ltd., Xi’an 710000, China)

Abstract: This paper mainly describes the current situation of wireless connection timeout in China,
and provides a cause analysis of the common wireless connection timeout faults of the CTCS-3
train control system. Taking the wireless timeout faults case by the wayside equipment RBC as an
example, it provides a definition and an interpretation of "wireless connection timeout" faults, and
considers the actual situation of the high-speed railways under the management of Xi'an Railway
Bureau. On this basis, it provides the cause analysis and summarizes the disposal procedures of
common wireless connection timeout faults. It also puts forward reasonable suggestions on analysis
methods and countermeasures.

Keywords: CTCS-3 train control system; wireless connection timeout; radio block center
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4) 1€ PRI #ZI0KRE 2| RBC KX A REHE,

DAL JURRE T, I BEAS 422 11 s Do T 1 e
W SR N, FELES RBC LS W5 M EUE R i e

RBC 2 & 1EH
6 BRELERERRERDITESES

SEC3 ELIEHEN AN REZ, (HATP,
GSM-R. RBC =& REXHEMMA R, Kk HH T
LOEREN e ts, KREfr K RBC M3 80ck
EERER AR RN 1 FrR.

&1 C3LLBIRESHES (RBC)

Tab.1 Cause analysis of wireless connection timeout of CTCS-3 system by fault type (RBC)
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Discussion on Current Situation and Maintenance of Signaling Equipment
Used for Ten Years on Ballasted Tracks of High Speed Railways

He Huahai, Xie Weijin

(Huizhou Signaling & Communication Depot, China Railway Guangzhou Group Co., Ltd., Huizhou 516000, China)

Abstract: The signaling equipment is an important link for railway operation safety, and the key
equipment for train operation control. This paper elaborates on the current situation of signaling
equipment that has been used for ten years on the ballasted tracks of high-speed railways, and analyzes
the reasons for the adverse effects on signaling equipment that have gradually appeared with the
increase of service life. Moreover, it points out the actual problems during equipment maintenance,
and proposes corresponding suggestions and targeted rectification measures. Thus, it helps to improve
the quality of on-site maintenance of signaling equipment and reduce the interference to railway
transportation caused by equipment faults.

Keywords: used for ten years; signaling equipment; ballasted track; equipment maintenance
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Handling and Research on Abnormal Information of Cab Signal System

Xu Weichao

(Hangzhou Signaling & Communication Depot, China Railway Shanghai Group Co., Ltd., Hangzhou 310002, China)

Abstract: With the continuous iteration and update of railway signal systems, products, and
functions, the handling of abnormal locomotive signal information in the daily maintenance of signal
equipment becomes particularly complex and cumbersome. This article proposes the use of joint data
analysis methods and measures to accurately locate faults in abnormal locomotive signal information
through on-site cases of abnormal locomotive signals, in order to provide assistance and experience
accumulation for on-site electrical maintenance personnel, and ensure the safe and stable operation of
signal equipment.

Keywords: abnormal information of cab signal system; combined data analysis; collaborative judgment
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SEGUBAIN AR 5 R I MY %, )
ARAENER S — MK B 233-299DG 4L, SIT4 55
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Bl FFELTHRGTE

Fig.1 Layout of Qiaosi Up-track receiving-departure yard
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P37 %2 1) 2R 233-299D G [X B HEL SR A
WG DL, BRI, 233-299DG/11-4G 48215,

B2 233-299DGXERFEERH K BNHILE
Fig.2 Curve of abnormal voltage fluctuation of 233-299DG section
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Fig.3 Onboard equipment data of train
No. 26626 in Qiaosi up-track receiving-departure yard on March 1
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Tab.1 Current test results at inlet and outlet
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Fig.4 LSayout of Gaobu station
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Fig.5 Curve of abnormal voltage fluctuation of
35-41DG section of Gaobu station
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Fig.6 Onboard equipment data of
train No0.36094in Gaobu station on March 11
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Research on Mismatch between
Track Circuits Caused by Single-locomotive Train Operation

Zeng Feng

(China Railway Communication and Signal Survey & Design Institute Co., Ltd., Beijing 100036, China)

Abstract: Track circuit is an important device to reflect the train occupancy status and transmit the
train control information. During the retrofitting of the normal-speed railways, there has been the
problem of mismatch between track circuits due to the high running speed of the single-locomotive
train, the delay in equipment response, and the delay in relay action. This paper proposes the method
of slow-operating circuit using capacitors and resistors or equipment replacement to solve this
mismatch problem. The proposed method has been applied during the retrofitting of the track circuits
of Rongjiawan Station of Beijing-Guangzhou Railway, and has been proven to effectively solve the
problem of mismatch between track circuits and such ensuing problems of the interlocking system as
fail to unlock normally, forget to unlock, and report track unoccupied in the presence of train.

Keywords: single-locomotive train operation; mismatch problem; track circuit; slow-operating circuit
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Tab.l Relay action times

RENS WREC S [ v& NI E
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JWXC-H340 =>0.3s =0.5s

JRJC1-70/240 200 ms 66 ms
L AG BG , €, DG |

El W TPERE

Fig.1 Station layout
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79.4 m, WIRAR T BT ERIRR IR X B K
JEER,

3) Y% DG (A CG a1 T HhuEdk f s
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B0, B ZEIEE L AUNT 84.6 km/h,

3 BRRA

PRI, 24 97 B 25 Hz M8 B >
EAEARE A (SRR TR IT) sk g
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ECHNOLOGICAL EXCHANGE

JWXC-H340 AU JWXC-H310 ABUgkrgy, s
SR FH FEL ¢ FEL L B EDIOAR) R I FEL B fef LA DL

2) AR w7 T R IR bk o U TE RS
25 Hz MBS AR, MAIRER 25 Hz
MABBCENIE FELES X BN K

3) {EFLIRIRINK 25 Hz MBS RS X B,
QN AR R I It P 5 P P A R REL AL P R W FEL R, e
BB LIS TR] S ML o 2 PRI TR AH PR,

4 M5

R LR R iL S EF, BT
3-5DG (X EX K& 127 m). 1-7DG (X & K &
100 m) KRR, RA®EKPPUERE, TAG
(KB 302 m), 9DG (XEKJE 75 m), IIAG
(KEEK-FE 302 m). 15DG (XEKE 92 m). IIG
(KB K E 412 m) KA 97 A1 25 Hz AHBIE H
e, HEEAEISRA JRIC1-70/240, #iEE R4k
FHL AR JWXC-H310, BRu7nE 2 fir. 18

IBITIRIGHT, YA BT Edm R, fEi
AFIZMET 15DG R 5 HBES 0.9 s, TIG RE
ZERIER 0.3 s, FPUEREE Z [FTFEE 0.6 s A
|2, SEEKPEREET A, FHEERITERE
W, SRA JWXC-H340 2R JWXC-H310 ZUgkH
an, AT AR IX RIS () 22 8008 0.2 s, HESEis
IR HIAE 253.8 km/h PAR, 0] LA RU#R
BRI, Y BAHIZE N T EdE S Eul N, i
AFZMETR, 1-7DGIKREZINEEN 2.72's, 9DG
AR S RN | 1.25 s, FRHIE FLES > [ 17 7E
1.47 s (TR, SEEGEIHIRRS, ERitd
R FEREEREE, EAEKRUEXERKER
SR, IR R PR BT i P PR SR IR T 2%
W HLES, 4 ODGGJR WK HF M KZ &38R, #
C, MR BB FL S 21 KF AR C, L, M HA
C, wiMiH)GE, NERBEANWIFRS, HRHERS
9DGJF k2S£ 2| KF, fif ODGJF 4k a8 HI2E
2.5s (FERWHEIKIEFE), X IDGGIR % NI
2 C. HLFH R, M1 ODGGJF1 % 7 dHE S G4

X DIO 11-7DG 7 DsP oo, 16 - o
C1a6 DID 1 1P 7 DD S5 SR RRIFI RS (R FZS Gy e, BRI 3 FR, I/
11ag D30 >< DO 1spe | UG HUEHBEZ IR, (6 AT UG L,
XFlo " 5 35DG 3 al St IR G T2 il AU AT J RN R L TE 4k P AR RS / ¥ I T
B2 FIEETFE Wk 2 . RITEFTEu g+, BUE g R il
Fig.2 Track layout for train operation
_.____RCH ______
G1-9(2) ZH1-10(6) .' 13-2(4) ! ZH1-10(6) 131‘)18}3)
02-9 9DGGIR 02-1002-17 9DGCJFL 02-18 103-5 1 R, 2 03-6,04-14 9DGCIFL 04.15 03-1{ 4
KZ : >—ﬂ—‘—l—cro—ﬁ—ﬂ—©—> KF
1o4 804 ' 260Q/10W 704 4
: L Ole sy L.
I 03-7 |
| 12 !
! 510/10W | |R, I
: C, i
| — KF |
: 13 23 |
bl ATOOPF£20% . :
B3 9DGJFLER2.5 sSEEERRIE
Fig.3 Circuit principles of 2.5s slow energizing of 9DGIJF relay
K2 ERIEXMLLEER
Tab.2 Data comparison before and after retrofitting
X B AR BUSRTHIELR AR IGEEIN ] / 7% IR BUE fEHUIE YR AR IREEIN 7] / 7% ISR
15DG 0.3~0.55/0.7~0.9 s 0.3~0.45s/0.5~0.6s
11G 0.3~0.5s/0.7~0.9 s 0.3~0.45s/0.5~0.6s
1-7DG 2.22 ~2.728/1.22~1.72 s 2.22 ~2.728/1.22~1.72 s
9DG 0.3~0.55/0.7~0.9 s 2.55/0.5~0.6 s
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Inspirations from Big Data Planning and Open Sharing of
Rail Transport in United Kingdom

Wang Yu!, Liu Jun', Zhou Canwei’, Li Hui?
(1. CRSC Research & Design Institute Group Co., Ltd., Beijing 100070, China)
(2. Chongging Railway Group Co., Ltd., Chongqing 401120, China)

Abstract: This paper first examines the UK Department for Transport’s top-level planning for
transport big data and UK rail data access, including the Department's proposed directions for big data
applications, transport data sets and data fusion. It then summarizes such information as data statistics,
Data Portal Services and data application developed and provided to the public by UK’s rail regulator
Office of Rail and Road and UK'’s rail operator Network Rail. It finally puts forward suggestions on
the application and development of the big data in China’s rail transport industry from the perspective
of building the rail transport data set, constructing the data portal for rail transport, and promoting the
opening sharing of relevant data.

Keywords: rail transport; big data; big data application; data service
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(Department For Transport, DFT) JEHEN
REIESRARERBz@ITVNERE, FTETHES
MR DHTIFF. 2019 4F, B S5 ANBEBREHAE
(Office of Rail and Road, ORR) |14k 1 #r
BRI, AR E2E, B3R
ARG, BURRIEITIR, A 78 =77
RNAGIEARN T4, 127 T R %5 BRSSP,
1 HEHERBEES]

DFT 53 3% [E 55 A BRE 18 N Y T A 22 18 13 i
FIRWATIER, DFT N&E 24 MATHE R A3
Mike, HrS5EREEHCH 2 20%R 5 QK IRE
~Z (ORR), ORR F 2 55 & 9% E #& M A 7]
(Network Rail) *EEMBAREM, LB
HEOHE, NEEF L VFAIE DA % I H it
RIS TR,

Network Rail & —ZRALVEFIDN HIHIERIES
RAF], HEPUERBEMEHEEREN AL, 7
DR E RS =2, BRI 22 ) Bk B At 1 it
I, BEMITR, S4E4 3 5 km HE DU 5
E KK 20 MRS, RERNNKRIZE AR
M Network Rail #HHEFHEREY, 1RELIZHIRS

2 REREBARLEERL

2.1 REABHRENAT

2017 %, DFT RATHFFRIREG Rz e
ST RN FR AR T I E) (BAR
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Tab.l ORR'’s statistics report
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Fig.l ORR’s "innterative" statistics platform
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Tab.2 Data set for rail transport
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