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Abstract: [ Objective ] As the operating environment of rail transit changes, train delays occur
frequently, which not only increase passenger travel time and train energy consumption but also affect the
equilibrium of train arrivals and departures at stations. To address real-time train operation adjustment in
rail transit, this study investigates balanced arrival-departure operation adjustment and energy-saving
optimization strategies for train delays in sections. [ Methods ] A collaborative optimization model for
train operation adjustment and energy-saving control was established with the dual objectives of
minimizing the deviation in train arrival-departure equilibrium and terminal arrival time, as well as
minimizing total energy consumption. The model comprehensively considered constraints including section
operation, station operation, and train traction characteristics. In the model solution process, a
generalized railway simulation software was first used to obtain an energy consumption dataset under
different section running times. Then, an improved NSGA- Il algorithm was designed to obtain the Pareto

front of “total energy consumption-total timetable

g%ii E(%gﬂgé%* 10-12; fEEIHHH.2024 - 12-27; MEEHZ B deviation”. Finally, a metro line in Nanjing was

ELTH : FRK A REER 4T H (52072044) ; BT H R FLF 3 used as a case study to derive adjustment schemes

GIH (2023 -JC - YB-496) 5 K5 A QUHT @1l YN 25 1 %) 55 H S .

($202410710375) with different energy consumption levels and total
RIA BRI (1989—) %, il B2 1t eS - :

gg%g%gmlﬁigggﬁ#ng%ﬁ’Q%ﬁ%%gggggg deviations under delay disturbances. [ Results ]

ZURLAL IS % 4 5 A I A IE TAF, E-mail : peijuan —xu@ Compared with the conventional timetable

chd. edu. cn,



557 4 PRI, E i, TR, Sk 4 ) K 30571 RE Db R0 A A 1 19

adjustment scheme with the minimum delay, the proposed method reduced train energy consumption by

18.93%, improved arrival-departure equilibrium by 8. 65%, and reduced terminal delay by 4. 48%, all

outperforming the minimum-delay scheme. The study shows that the collaborative model for train

operation adjustment and energy-saving control based on dual-objective optimization can effectively

balance train energy consumption and timetable deviation, achieving energy-saving optimization while

maintaining timetable order. [ Conclusion | This method can provide a theoretical basis and technical

support for train operation adjustment and energy-saving control during delay recovery in rail transit.

Key words: urban rail transit; energy-saving operation; arrival-departure equilibrium; train delay;

NSGA-II algorithm; timetable optimization
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Fig.1 Train timetable and speed-time curves
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Fig.2 Model solution process

S AR IR B4 L R i 2 R A L A
T PR ER B D B A8 A e e, 15 B4R i 1 AN T
X2 A TR E] R R RBFE

ABE 2. K Python 18 5 THAE IE R B IF A 41 4248
A7Vl Sl 2 B A s ]

AR 3. R NSGA- [T B R fif £k i 151 43z 17
“RAERE-B TR M R2ZZ” Pareto BT, NSGA- I & 1=
B EARIT,

(1) HRHE AR E 1T R BERLIE 2 28— AL 5 n
DARERIRFNEE, B RAR R T 2, Ik
Ab AR R BRI S 45 A 4% X 18] 14932 7 R a] 022 3 s ]
Y, N T RRRILG 7 v AT, FE AR A R 52
[ SN

(2) M348 NSGA - I L HEHLH, de Rk S 2
AN FHBF IR B R AR T2 LS AR S A T — AR
TR, BRAL 5 SO I B PR AR . B RERE B 1 TR




22 B E AR

SR 2E , H AR RIS SRR AR RS AT LB R 22 5/, LA
WRIPA A

(3) B I ACACTNFACRIHE A BB ACACFIHE, X B
SCAFIREEA TR SCBCHE P, I AR I 40 % BE (e BT+
RAPHE

(4) FIWHERH L o= G, 452 fiith Pareto Fcfl i
B AR 1 (3) dk2ik A,
2.2 SIEREIEITEEFE KR

A1) 2 DX [) REFE 43 B >R FH R AR R ———3 FH Ak
P& FAAFIT S ERERE . T SR S A 2
SR AR O R SRR S I B AR A R (R
PR B2 ) 5 SRS Rl S AW A ) e S B 1 100 i
HERRE R (R K a4 ) IR s A5 . b
JETELR BRI TS IR 55 05 | AR LI v i | 3 i M
EREZIN NS == N B i = R By SR K ESI PPV
YIERERE, AT Has T A WAl 3 s,

80 r

- — 264.4 — 5| H
Zi | — SRR 202 L —HlEh Ty
56 |- 139.6 | — ki
< 48F 712+
S0l S owaopl N
™ 3 R _y75L 203 405 608 1
Bt -109.9 - /s
16 | -1723 F
8 2347+
‘ : : ‘ -297.1 -
0 20 41 62
1} [E) /s
B3 BEBAt%EGFERGETRE

Fig. 3 Running interface of generalized railway simulation

software
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