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Abstract: In response to the diversified and uneven demand for passenger travel, with the goal of improving service levels,
this study proposes an operational mode for urban rail transit, which involves online flexible train composition and full-length
and short-turn routings, and integrates NSGA-II algorithm to optimize the operational scheme. Firstly, the study analyzes the
turnaround scenarios of trains under flexible composition conditions and determines the relationship between turnaround time
and departure intervals. Secondly, using passenger travel costs and train operating kilometers as objective functions, a mathematical
model for the operational mode of urban rail transit with online flexible train composition and full-length and short-turn routings
is designed based on the NSGA-II algorithm. Finally, a case study is conducted to verify the feasibility and effectiveness of the
algorithm for a specific rail transit line. The results show that compared to single routing, full-length and short-turn routings,
and mixed operation modes with multiple compositions, the proposed operational mode reduces vehicle operating kilometers
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by 42.68%, 22.81%, and 15.98% respectively, reduces vehicle utilization by 35%, 23.53%, and 16.13% respectively, and
reduces the maximum load factor from 161.71%, 123.54%, and 135.49% to 119.68%. This operational mode effectively reduces
vehicle operating kilometers and utilization while ensuring service levels and improving the balance of line load factor, thereby

bringing greater benefits and improvements to urban rail transit systems.
Keywords: urban rail transit; flexible train composition; full-length and short-turn routing; train operation plan; NSGA- Il

B 2 o A (R AN SR i 1 28 2, T s Ag
T T A — 2 43 Wi g B ke i A 4342 )
R 8 A T RPOX X, [ AR R
B E N IR R DL J RS Y 41E PV T
TFRFS o

[ 4h 56 T RIE g 4lis & AU FOT AR, X
HR (410 I 0of S 7 2% M A2k 1) 5 B S840 40 A7, WF9T T 2 9
YUSBATAE AN T, DB R 4% . 3C
R[S A R 2 375 Gt 2 5710 2 1) o B e gt T R T
ARG ADMM 53, DL 51 ZE (K4 2

BN KT 2 AR e ERA L il
TR RREBEHTIITRE T 7R 2 R
YIRS 10T, SCHR[6]4 H T A A8 B AR o A i 1 &)
K ZNR A RACKERL, It 0 R A S Rk
SCHR[ 715 N3 U3 50 4 TD gl e e BT B 1 K /N A
PR ZE ZIRARAEERL, BAT VR FIORAL: SCHRIS] LA
X[ 81 2532 i fit 77 55 W T 5 90 o 2 A R A I R gt
AN E bR, HE ORISR AR SCHR[9] LA
F AT A A A 5 THAT 4 Aeis A /N 0y H b
FEAT AR LR MR AT Ak s SCHRR[10]BE T Bt A5 5
SRR IS A T AVEETFAT 07 Ak SCHR[11]
Wik NSGA- 1T 5L &5 A SRR/ INAZ BRI 81 A3 2
BATAAI 1)

T R IE g 2 R TT T, SCHR[ 1278 R 40 2 41
FZE KNS B TTAT 7 EXRZAAE it T 3T
Z PR AL IR R AR T 10 SCHR[ 13108 1 B 50 k)
RIS AEIE E BRI 0 H AR 6 51 42 e B ALY
SCHR[ 14738 i BN R U TS0 SR A A 2 G iAo T
N RAGImATFAT I7 b SCHR[15135 T — B BEAsE
TSR A R T G 2L R B 2 R A TR

AR SCHE AR R G a2 50 T B 23 Y A5 T
o ISR LR TR e B9k, DAtk 3R AT
RFNERRIZAT A ECO) HbR, I EmAE. IR
FINA . T FAE PSR AR, DAl R 3 i
FEEENVE FR AR, HE AL R g4 K /NS B TFAT 7
SR, FERAHE T NSGA- 1T H AT K i, A
BT SEPRIs AT S Bk v E N E, IR R B

1 AR RGN Pt

IRAEBLE O, 514 RHTIR AR BT 5 4 4
BB W BT, S AN BOA B I L R
B BSAMIN S LR 5 2 MBS 4
ANPTIRLIERE, SUESE T F IR, BAITIEL
AT AR 250 B VF T s 55 3 MW BOW SU A B 7
SR LB 512 B T I U T 0 7 5 2
B 5 4 M BOR SIS, S7E SR L
B

4.

TE a
3 TR
\ = -
X .
-~ 2IETIRANAE AR
1.k

K1 FI7ETR 4 BrBos &

Figure 1 Diagram of four phases of train turnaround
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Figure 2 Space-time diagram of train operation and turnaround
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Figure 5 Illustration of passenger flow in flexible train
composition and full-length and short-turn routings
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