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Abstract:

efficiency issues for virtual train formations at junctions,

In addressing the conflicts and throughput

various marshaling coordination strategies were proposed.

The train merging timing, sequence, formation

composition, and speed sequence decisions were
integrated into a bi-level optimization model. The upper-
layer model optimizes the throughput efficiency, while the
lower-layer model improves the virtual coupling formation
quality. A bi-level nested particle swarm algorithm was

designed, with the train merging time serving as an
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intermediate interactive variable between the two layers,
enabling the convergence of train formations to different
configurations based on environmental demands.
Simulation results demonstrate that the inclusion of
enhance the

coordinated speed optimization can

efficiency of the coupling process. The bi-level
optimization model can increase the throughput efficiency
of existing lines while ensuring the stability and balance of

marshaling structures.

Keywords: virtual coupling; train marshaling method;

bi-level optimization model; conflict resolution;

marshaling coordination

T A GEAE AN A AT 2 6 Bl T i Sl i
Jit, X LA A R I A 3 7 SRR IR 5 O 24 1 1)
B A WEE R, KA A HOR FA R B
BTl BE T BRI 10 S T PP AU S 4
HORBIE I, Aoun FE I BFFR A R LW, RE4D 2R 20
BRI T 58 4 )5 2 s A0 10 0 32 12 B TR AH DG K
%o Nold %K R 00 A IR HE 5 1% GE M HILBRIE +: 07
HEAT T X He, FEI T T R 480 9 2H HR B AT 5l
SHEG IO, v] LA 34 06 M RATIN E] . Di
Meo S5 T AH B A o Schumann ™l Yong
SIS HE AU G 2 BORTEA [R5 T B R EAT 1 45
FLSEH . SRR, LG B T LUR AN 7] 2
i iR ZE BN IS A7 B, JC A R S IE A X
B AU G ZH B 1 S A TR 2H A DA R R
il )0, PRt 22 5007 SR A T R A8 2 ORI e e 42
Mg B, AR A 2 s 47", Ketphat 55
B SN K S ey s R B ASE O AITE N &S

SEN S

5



o511 T

IE 56 - AT ] P FARAR I8 ARSI X BES 42 45 EA U Z P AR 19

A BIFREAT THEIE . Schwerdfeger 55/ 5 T 4]
S 5] B S AT B 200 3, 38 2o 18 8 B 0L 40 41570 22 14
BAIZ AT B AN 81 4 f W2 27 1) B 3k i ] L AE T 8
BRI R A B, Liu &5 ok Ok [ %5 H 51 % g
BAFE5 55 A HR U EIOR 15 2 R0l I oK, B s R AT &
PRI RE ST . HRAE R R A B ST T
BT RG2S 25 g 4 A 2o kR Ka)  BEASE R
K TR AR FNGE 2E L LR XU .

HEA G 2R AS B, — R N S8 4 i
Pl LG ME B T ERBES A AR S5 A 4R 4
A1 DR, G 2 i R o B AR AR RS 4 S 1 (43
H A0 R BRI S 2E) B G g2 Ao (9 2 i e 4 A
L KB 25 A5 T 2 BA P A B ) 25 2 BRI TR 8.
AT TR B R 91 2 0C R B2 B DR Ak
), U A 38 A5 5 A SR B 454, T B2
JEIMER RN R G HI AR R A E R, A3
(5 2 Gt BN ZE R A L2 R AR AR 21 H AR B R
e, BAR H RTHLE S AU A SE o TAE R E R
FET gL % el AR (ER AR R 7 5258 9%
O 2B, L R T R
LR INAT S SR e -5 B R 1 e SRR
AT BRIV AR A 8 T A BA S 4R

Mk RE R )4

D | gt |

O

i

///%%B& ””” |
- \ B

a MR

I BTG BAZE R, B v B AT 2k B 1) 2o BB
BEXF AR S X Be b a8 17 i A mh n] BEAF A6 Y o
5 ST RURMACKEEAY . b R AR R Y i
R TR TE AL h 5% 5 B IR AL 4 4 A
REAR M i 20 BA i

1 FEZHEIE

KU ST X B 46 20 H AN [R] 43 324 T 1] 1Y
B2 28 ek T o o AR I, B B X
Bro BEA RGE I ZERBUGAR I SOk i 55 4 LA
PRAE S X B 2 22 (1] B B 15t , e 0 2 g b 2
BN, A 2 BB I8 I B8 T /N ] AT R
2.5 min i, P70 SR LB A 47, A4S0 327 1]
WAL 5. 0 min (3247 A . 4nP Ta s BEA
G0 LA i Sl S I R S AR | 7 22 5 A 4 Ok
FRBORAT A0 b , B S IEER B AR 5 de R B iz
T35, 03 SR PSR EARUE R RIS A7 A 31, At
Azis BT o R AU 20 4 A T o S 2 4 PN S £
FAXT | SRS, W& 1b Froi , Jsi /b w2 AT 4 Ta]
DR ik R TR S IX B )L 51 ) R 2 4t 1 ) e ok
I

Wi HOEh Y

\

éﬁm EM?

Do WAL
% L ZEpk I‘ETJII%E

Va2 ?

it / T
=) )

b L

‘ u

E1 BEEEHE IR AR AR T BE Xt

Fig.1 Comprison of the capacity of rail systems between existing mode and virtual coupling technology
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Fig.2 Potential marshaling formation of periodic service trains operating at junctions
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bi-level nested particle swarm algorithm
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Tab.3 Comparison of results between upper optimization model and bi-level optimization model
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