1v SN
ETREAE - £ 30% 28 2026 £ 4 & REIBIE <

doi: 10.3969/j.issn.1672-6073.2026.02.001

RTEFRBEHRMINIE RS
LARBBBERAFEHNE

mans, BEE, £ %, XL R, k&, hEg L
(1. bR RS TRER AT, b5t 1001765 2. FEEER AU RER G R A,
J63T 1000815 3. LA ARAR, L 200032)

OB AREWYSTESRACE, S RERANISE TR, RE I T EREE NS RS AL R
HAR, OFEFFEEG RERMARARMERE G RmAR AR 5@ R0 R A D Re B A 7 A
W, IR RIEIRAL R AL ORI, IR A i R B B RS AR S B A
HE EMSEERAEHA; R, R0 BRI RE IR AR T R, IR g A T O
FR, WiEtE RN EERERAR . EEEE RN EAR. hREGIEAR . SRS AHARSE, B, it
THERF IR EALGE CBTC Mg E ARV Ik 2 14 s, SERSETHE) 34%. HRGR BN F—1R
Y5 R G A BB SR A R SRl AN SR

BRI PTG RCE: FIEREHIRS: R EEmAl: RiEmdl: il

hESES: U231 XERFRRSED: A XEHS: 1672-6073(2026)02-0001-12

Online Marshalling Technology for of Urban Rail Train Control Systems
Based on Vehicle-to-Vehicle Communication

aiquan’, aifeng ', u’, eng, ao, ianjun’, e
WEI Baiquan', SHI Haifeng', JIANG Lu’, WANG Meng', ZHANG Hao', XU Jianjun®, WANG Ke*

(1. Beijing Hollysys Systems Engineering Co., Ltd., Beijing 100176; 2. China Academy of Railway Sciences Group
Co., Ltd., Beijing 100081; 3. Shanghai Shen-Tie Investment Co., Ltd., Shanghai 200032)

Abstract: To enhance the train transportation efficiency under this system and meet the operational needs of dynamic marshalling
adjustment, an online marshalling technology for urban rail train control systems based on vehicle-to-vehicle (V2V) communication
is proposed, including flexible marshalling and virtual marshalling technologies. Firstly, the technical scheme and operation
procedures for V2V-based virtual marshalling are established, and the core technologies under flexible marshalling are expounded,
such as the setting of marshalling area parking points, determination of the vehicle-mounted control end, verification and protection
of marshalling forms, collision envelope schemes, and vehicle- vehicle-mounted integration technology. Secondly, the technical
scheme and operation procedures for the virtual marshalling function of V2V communication are established, and the core
technologies under virtual marshalling are expounded, such as high-performance V2V communication technology, V2V
communication security protection technology, collaborative control technology, multi-sensor fusion technology, etc. The results
show that compared with the traditional CBTC marshalling technology, the the V2V-based marshalling technology reduces
operational time by approximately 14 seconds and improves efficiency by about 34%. This study aims to provide a theoretical
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basis and reference for the marshalling technology operations of the next-generation train control system.
Keywords: urban rail transit; train control system; vehicle-to-vehicle (V2V) communication; online marshalling technology;

flexible marshalling technology; virtual marshalling technology
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Figure 1  Architecture of urban rail train control system
based on V2V communication
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Figure 2 Module division of urban rail train control system
based on V2V communication
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Figure 3 Marshalling command issuance phase
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Figure 4 Marshalling preparation phase
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Figure 5 Marshalling collision phase
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Figure 6 Marshalling automatic cab-changing phase
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Figure 7 Decoupling command issuance phase
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Figure 8 Decoupling automatic cab-changing phase

3.23 FHREmME

T2 %55 ATS BER NG , ARHE ATS '~ & VV-DT1
(14 20T A VV-DT2 12 41 2 380 75 LAt G 1) 7
By, PUNZGEE 5 IR G AT R R i 2 5, T
TP/ ZER(VV-DTI 1 T1 5 454), i VVv-DT2 B
Bl T2 i = WO S

T2 325 B &5 0% J5 , VV-DT1 A VV-DT2 H 3 5%

&E%ﬁﬁiﬁﬁﬂ%ﬂ%&Aﬁ%%#E,Eﬁw
I 5 LA I 1) 42 5 5 BAT WA= B IR i i 25 DT
TN A4
324 MRURSTTRMEL

VV-DT1 Hl VV-DT2 Kl BIHLM AW A . H<
RIS, g, B R Tol, IR b
4 ATS. Jbi VV-DT1 n] AR IZ 5 VR FEREA T4
AR VV-DT2 o] fR 4532 5 v R H AT ey, 1F
AT EERAE N . OCC A7 5 s AN B 51 2= i i i (1)
HI7E VV-DT1 1 VV-DT2 P55, AT XS BV H 2R 1)
HEEHES S E . 75 VV-DT2 #ii5¢ )i, OCC 4 VV-
DTI1 %% ID & k%S VV-DT2, VV-DT2 Hlki
SATWL)E, L5 VV-DTI (1S, 5l 64
LA AR08 s I T e T S R A T IE BRIS
33 EFRERERANEDE

EEFBERIERATIGET, ST REM

URBAN RAPID RAIL TRANSIT 5§



ETHIRBIZE - F39% F 25 2026 4 H

113720 W/ 1

1) VV-PMT: $ATHmAEARA% Zmdlans, S
MR A2 WP RS a4, B
B G A1 A 4

2) VV-NMT: ATmATEARAZL . Bedml <. Bl
WA A B EmAm A

3) VV-MT: $47 A sl i HARFE 4 H 355
(B

4) VV-DT: HATHAE XA w2 51 4240
T AL A2 (g2 WU gty 2
WA EW R4 .

5) VV-DT1: $AT5ENL
WG4 .

6) VV-DT2: AT [m) A XM 5 514 1 e fi &
AT e S iy 2>

7) ATS: PATHAEGw oy 2 1) Tk,
Hahfih, AHERALEAA RN o

8) OCC: itz gm AN 415 BT 15 B
1R, AR HES R B IR T
34 EFBRERERAZCEAR
341 HEAREBEFSRE

PE RGP 15 gt 20 5 4 AN HSOR
DRI B SCREAN R A PR S S A RN i D o 5 i 215
TEAE G 21T WAL THAF HERAS o Tk g 2045 4= A
A B AR B S g 2 BB S 5 G gm A 2,
PEYE I A 2 Bl 1) R A5 2 v A 4, AT Rl g
HAEE.

HRAHE S B e i a8 SR n S
1EAT, WIHERTERAAE, HlE 1 M AIF 405, n-1
A EYnAFE R, AT 2 A R R R AR 2 g 21
KL, Ffa—NEgwmAEE R S g A4
AR ZE LA RERE X K S Wl 9 s

TG IX BRI A

R ATS i 20 &

BRI

Pl P2 - P,,

P
IA A A AI

| |
:<———L———>: :<———L———>:<—S—>:

KO g Dt 42 i B

Figure 9 Layout diagram of parking spots in marshalling area

342 EEIRFHHE
FERETHRE MR R E AT, £

6 URBAN RAPID RAIL TRANSIT

BT I A B g 5, B84 e AR U,
5 2 A A R B R UL 2 LU AT
AP, AREM BB R, RIS
S A AR A 42 4

1) HgmMyI4, ARG 56 W

2) ZomMAINE, Kb THomid i, HAZERA
AR — iy 22 B S O

3) ZHEAING, AT Hmid Ry, HAA R
i PR S, L A5 i PR i A 0T i 2 B 3 R 0

4) oMY L, Tt By, BAA R ¥
i BT PR B o, AN 4 R AT A A — S 2 B S Y

5) ML, AT R, HASGE R A e
i BT PR B AR i, ELAS A SR A AT S 2 B S
e S s O i A

6) ZHAIN L, ATHAA LTI, HAL R M i
ISR, HARRCE S AP 4 PR S (train
control and management system, TCMS)Z2H 5¢ IR A,
HAZE 8081755908 CBTC 54,

3.4.3 REARABAIZEBEF

B 2230 RGBT, F A1 2w 20 A i 1
i 0] G 20 B AT SE I AN 4, BAORAIES 4= 1E
B A B RS . 5 TCMS Sl A5t E AN
BRI G, VOBC HIWiH =g RSN, BLIN Ay
IR TR RS, Wl S 2z i 4=, 5 W4
HIBRZE 5] o 144 20 AAS BE R T H0 B 00 H s K g 20
Hon, WA IN g AT ARR

HIA EHUS, 5 TCMS A5 IEH [T, VOBC At
oA, AR NN, 5 TCMS Jl 15 IE
5, VOBC JIMIAE I TCMS ZRIR ¥4 21 1 AT A
TN ANAURAT B (1) G 2 AT LA

1) N THiE: FEblE(stand by mode, SB ).
N TR Hi## K (restricted manual mode, RM #ix(). A
T2 35 3 (code mode, CM #ixl). H 5% g
(automatic mode, AM FiX) T, FIZE4b T 1IRZSH,
A LA 7E AHLFE 1] (human machine interface, HMI)
LRSI %, VOBC JEIVR: A L5 A TR 51 29 21
5 TCMS K& g 21 BOHATIRZ -

2) WRIEAfE : 4R )E, VOBC BRIUARIRERAY
g1, VOBC JAIH Zm A X 5 N TCMS 2
W B IR 2 20 T8 AT o

3) G4l : FAM. AM Al CM B 51 440 41k
D5, VOBC A 19w 2H 56 IR A% e U ) 1R 91 4 G 41 T



BT FFBIEAIRDINER G AL RFARAR T ET T

Ko JJE, VOBC AMMEM %4\ TCMS Ki%
g 2 AT A

4) fRGRIFE : FAM. AM I CM K51 25 fif 24 B
LiJe, VOBC i F fiff 4 56 R A% 1B I 1R 51 44 40
Ko S5, VOBC FMMEM x40 TCMS #Ii
FNF g A XA TR A -

5) Hui G gmA A : ZmAEiRn i, 4
U i ) S P R i A% ) gm 4% 2, VOBC
5 TCMS 2 B8 24 20 % A TR

6) R M. WREE G, BB
(assisted operation module, AOM)[1] VOBC % 5 i Hif
544wl e, VOBC I gmAIE 5 M TCMS #
W0 B R g A AT

7) AR ELEE 4 R N A I
P EgARRST, 5 TCMS BRI 121 25 4 2 1
ST . fE RN, Uy e R E R
i, AR EER AR O R E R g 454
SEREVER ORI, ARSI RO B R S
344 FEGKAE

FEFNZEHEATREAE G LI, i AL 5 42 A e i 414 42
WL RATS. WNGASER KA.
TERTS R/ 22 A i v A AT 48 Bl A 4 41 2 I e K 22 4
TR TR R 11 T 4 N7 o1 o VA T - EAE | KN ]
S N7 oy e N (R S0 I 0 N7 o9 SR YA R 2
Az, WM S EAE R W g AR G, BT S 4L a4
IS, [AII FEZURIRAE S, W BRId RIS A7 8 .
OCC 75 3E Il sk gmdl 4 ZE AR g A9 26 (A B 4 RV
(=9
345 FWHMEHMEHA

TR R8RS B ARG R4 HMT — 14k
Wil RS Wt

1) %3 HMI — &b 3eih . 43k HMI SR — 144k
G Bevt, 7ER—AN bt LR E 7R VOBC 1 TCMS
(45 B P E VOBC fil TCMS JLH 1 45 HMI At
YIFERAN P 10 s . HMI A g A Be vk 5 an R .
(OVOBC FHlif5E BORFE SR i LA ;. @TCMS Ft
T ARSI H A A R S St AT ks ®FF
VOBC B i, TCMS 75 £ {1k 0 B (1 2255 s 42 T g s
(@) 515 23 >R a7 R A 0 T 6L

2) R GRS Vet o a0 2% SR T S UK
8 I N A S e W e W R PE =L N
B I R e 4 W AT RS g — vt weE

‘ HMI-1 |
DYNL]

[ sc#bl | [ bl

TCMS-1

TCMS-2

[ w2 |
Yy B
K10 HMI kit
Figure 10 HMI integrated design
WS LR, 8055 TCMS #5461, LAz
Wz ] BT R T AN —
ACZEB M 2%, I AR 2 EA TR AL, AT TR
T ZE SR, SRR BE . = SEm . R, AR
PAR AR BIE=.
G M2 I 11 P, Hoh, ETB

J UK B ZE S, ECN A LUK gl

— ETB (21) —
VOBC | ECN (41) |
A
il

VOBC |
AR |
[ vosc] |
B&
VOBC
i
i fE |
\
— ETB (i) I—

K11 g i) 5 0 D 4
Figure 11 Network topology structure of a
single marshalled train

Z g H A LS E R (L 4 gmd ) sl 12
Fi7R. {55 VOBC MZ%-48 TCMS M4 a4 it K
SEF ORI, BRI RS 2 BT A A b, %
TV NUAJE . 48 PIS B4 MV E, KITLLK
W, R IR E AT L. S LT A B
HERE, Ram8Ite.

URBAN RAPID RAIL TRANSIT 7



ETHIRBIZE - F39% F 25 2026 4 H

Z
)
2|
& +
=
8
Z
op
%
&
=
]

TCMS-1

TCMS-2

<
jas] i Jusi
% IBIE
;’ I
= <
] >

VOBC-B VOBC-B
#5|ilz) #5| il 5)
LlEY

=l |8
SRS
(x| [
= [
)
ol

NIy
RERE

3% 4%
A RIS HAIL(AT) Fl & RIS HAL(LT)

[ ERM | HERM
A | LM |
- HMI2 | SRR
-LTems-1]- ~LTems 1]
{Tcms2 - TCmS-2 ]
—{voBc-Al- —{VOBC-A]-
—{voBc-B}- —{ voBc-B}-
#5115 #5145
sIEEAS sEEZAR
AR T
Ea! %0

x4 x4 x4
PIS PIS PIS
PIS — 7 PIS — 7\ PIS — 7a\ PIS B
1)/ 1) M0/ R— 7 — /B
RlARISE LR RARISEBBL(EE) Rl RIS L) RARISEBBL(EE)
K12 Z9mAGMM s In 458

Figure 12 Network topology of multi-marshalled trains
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Table 3 Marshalling time comparison between CBTC and V2V communication-based positive marshalled train
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