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Optimization of Last Train Connection in Ur-
ban Rail Transit Network Operation Based on
Passenger Flow Volume
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ZHOU Feng

Abstract Under the background of urban rail transit network

Fengshou, YE Hongxia,

operation with “one-ticket transfer” , it is necessary to make a
rational last train connection plan in order to meet the needs of
passengers in the period. This is also an important problem in
the operational management of urban rail transit. To maximize
the total number of passengers who can transfer successfully
during the last train period, an optimal connection model for
the last network train is established, and the algorithm of hier-
archical and progressive line connection is designed to solve the
model. Finally, with Guangzhou metro network system as the
background, the proposed model and algorithm are used to cal-
culate the optimal connection scheme for the last train.

Key words urban rail transit; network operation; last
train connection

First-author’'s address State Key Laboratory of Road and
Traffic =~ Engineering, 201804,

Shanghai, China
.82 .

Tongji University,

YT TE A B R T T A SR R A s Y
IFTRIAN ), 8 25t B e AE ol w220 — kel &
UHRe )R Joik i LR B R IE R B R . b
IR AR TR, e ofe B AR Bt £ S 2%, 4T LT
T BUKs B A W i, 1R AT BB R BIE 4 B
A B INATHCR, T3 220 2 & B AR IE A1 %%

]Ik (accessibility ) fi 5 SN 523 9 4%
AT SRR FR L2 108 1t 5 03 B T 52 3
WIZ%, AT SO B 2 N 200 T B 0 28 74 0 38 ol
JE o SCRRLE 3 1INk S Ak 19 46 m] ik ) Ot I
R R, LA, X i R 81 R B
TErHETT SRR A (EOR BIE 42 I B iy 1) 4
TEHEARE AN [R) T 1 LN B, e 2 2R B - R B
I BEAYTETHEAN 2R BOPT 42 i 18] AN A 3k, i 8 L A
BORTAEIX RE I 900 R BE 20 i — M5 20, HL i
BRATRIRG B

TERS AR YL AT TT SR AT T h, SCHk [ 4 ] 42
B IR REAETHE G 22 (W A L 22 ) 220 3R 2 A AR, {EL 767
BXRATH TAEANRRIEH G F RS I PRE s
2 SCHRL S JHR T 2 TR AR R BE -1 4%
AR E R 00 5 SR SR e o T T 45 14 SCRR [ 6-
7] LA IR % 30 A 55 I 1] B /N by 4 A 48 S A
PRI, DL A ey B AR 100 246 P e e A H A

TERIEG T B, e 2 % I8 Z 1R RE R #1k H
Ryt s, DRLH AR BIE A Ik B A A 2 0 i o] e A )
FIARRE L 2R E A TR R, 8k, A
RN iz 8 A SR A o ARSCRE T 3
T A0 W 25 A4 1 4 0 SR ALY, fEAE e KAk
T AL AR PR 2% I B I 7 >R A4 [ I 42 il 3 35 jAs , I
it TR T AR R B A Tk

1 M RIEEFZAUEE
P 28 A HIE 2 A 4 7 B AR UE IR % RE S 2 1k H 1Y



Mo, BRFETH 7 SO0 A 1Y A3 2 d R A 10 268 8 1 25 3
G R, nT AR E R0 45 R BE A A4y SR AU
(1 H b R B E A -

max y = 2: dzb %, Q.4 (1)
s
A B SE g S
D, el s T MES;
A x, AR 5 9 d

[ ARSI s € Sy, d e D, el s 1) d %07
[ FEr 42 DI x, M1, A5 LER O

O, — vl s 19 d HrET7 17 L RE L e ofe
RIEE M Z T
y— R IR A

eIt s 19 d 4T 0] b BT S Fr vk 1)
tarsao 8 Lo .o =0 I IZHTHETT R BE S HT 12 T
Sz AR, B

1 t\'] s,d = 0
na=g (2)
' 0? twl,s,d < O
Horp
twl,.s,tl = td,de,.\' - ta,tl“,.s - th,s,d »$§ € ST ?d € D¢<3>
N

d,——d PR IEZL IR IT M (4 1 SN AT) 5

de——d TP BT LB, Ty m (TN 2 ST
17)5

ta aes——dSARIEA IR, s K& A2 5

taa,s—d, BIRIEA B iR Hafent s S %) ;

tyowa—HRIE UG s (1) d 157 45 J7 1) 4 3¢ S A7
A Ta]

d, 1 d, 2% 3l 1 R B4 3 & i 2 02 43 ) ik
taa N1, 0 BEEIV AT ZIFRAT R

F R E A4 KA, KL R R
S RN AR — 5 T Y
LA A 55

by S (4)

K

t— PR YL B M B I 21

1, — 1 23 k Jy ] L2 S i BA R Z]

2 REEEGHEMALEEREG L

R P4 7 5% i T 1Y) S 0 A R ol T B
HEORA, RIV 2240 2 L Yo il A2 T 4 5 R I kit 5 5
I] o AR SCIE 1] > R TR UK, 338 R SCHBOR A Y nl A7

HERR BT S
2.1 ZRSEBHGHEITESR

S0 R TR SR A R I I 2% AR R B
it Bt e g i e | AT P A AR 2k i A e v
B S T, JF AR VF 0 (8 0 v 2
A VP73 DR AU R AR 3R 3uk Tl A T A 3 AR 7 SR A
1B E KPR R

S L AR PR 5 LR I 1 AT G R A 4y
PRRIEI . SRR A 5, B AR IR AR
ALK BRI 5 5 FE A B EL e ok
A B EARE R R L A e ofe 1 4R B 40 O [R]85
FEJZ 5 FUMIT AT B B 2 e | B AT 1 R P TR
{HL5 T] 42187 12 )2 A #5090 5% 2 19 4 B K Oy e i 67
)=,

S =20 AR 0 28 2 O e U A B R T T 1)
G, T IR A 25 3R sl R BE 42 i BE 4% 7 18]
AR afe & it e, I LA LG R 1) G R LR K2 5 A
FEJZ R 207 1) AR, AR LR AT 4 R S 1] 4%
TEr4ie 2 0 ofe vl 64 b L7 5 49 o 2 O A T Bk 1k
T T PR R vl 3 2 S, MR A R BIE AR I B 4% 7 1) %
TR R A E BT R S I AR B PR 32 T
6] P T sm 1 2 2R i [R) SEME i | FLR M 4=
LR B AR , AT 1 5C AR ol R AT 2
B, b S B0 vy 07 1 2 2 R PR AR I % 5 e, D ke
i PR J2% 2 T AR HL 2 3L R B o i (] 2

S VUL MR 3L AR 55 7K S Az 8 2ROk il 2
R FEMELR I 0 b N AT R BE A R A A] i P
PAJRIR A B SZ R 2 BRI )Z , 1 2 AT %
JZ , B e I TR 2
2.2 LEAIEEEER

MIEHEZ TP, A SR e LR i 1, 78 k D7) b s 4
A AR YLD KA 2N 1, s, WIEE BB AT 2
If 203, TR 1 Al B9 OR DA B L i) 20 i
Jev o Rl 2 o 2 S J5 e i %) 1) Ik 220 MBI 9 =
[f] , T B ATR)Z 45 ARl R BE A B A %

Xt B R 10 2R A BT Y R A R
I 4 S22, o nl 2 12 S8 A S i 2 s A
BRI AR BEG I %

St ZUGEATT ., LB Z HER A A
ol BRI R IR (e 80 A Pk 22, RAT LA A e 19 R B
T2 o U, X i R BE 42 0 47 3 5 1 [ 3]
T < AT £ 8% R DR A 3 Y I R 1Y 32 3 ) J, D)

.83 .



XL 6 A PR A2 I 220 3 R AT I 8, R BE 4 19 4
S BN ZIAb T a2 55 I 8] 350 5RO A 5 A%
AR P2 A i %

3 SLBISHR

J I LBk 2018 AF 35 T B S ) 45 £k B A 4]
VPR ZEE Mg 14 2R BB SSE A, 28 R ofe

vl , 232 JE A o

KA 2 R o Bk R ORBE Ao mp %0 3¢,
Jo, B E S E R 2. MR 5 2018 AR K ds , XF )T M
3 S 1)L % R B 4 R R L L T L A R
24 S g 3fe vl R EAT e HE Y (HEA AT
ANHILBE IR 1 FoR) o R 1A 3 54N
FEEL

3 BLIE B
954 N
i 1 3l
I g
AR 2
Ml RIS 6 5tk
654k Mk ZEs |
JH 7R3
TN AR il 18 |ses
N
R FRAT PG G
varniin] W e (AR o
O —0 454
| | (AUEED
T Bt
R 2 TR Hi e 554
D M
L T W B i
Eonp
i o
m»wmml 2B 328 e
H: APM Ny
B 1 2018 45 JH 35k Tl 15 22 38 9 4% 1 K]
®1 IHPEZENGFEREERSH
. e Tfe 2 K7 s ik i 7 . T v £ N
57 TR/ AR, . fiEekig/ %, ) VB, ) B4
W BRRRAR gy cmmuos)  TEREE g pmos)  PRRRE S g rmon B
384 1032 449 100.00 7 100.00 6 85.17 95.06
184 1025 757 99.35 6 85.17 7 100.00 94.84
2 B4 987 433 95.64 6 85.17 7 100.00 93.60
5B 871 005 84.36 6 85.17 7 100.00 89.84
3 SR HE Bt 713 135 69.27 6 85.17 6 85.17 79.87
8 H4k 683 700 66.22 4 57.14 4 57.14 60.17

AR AT 73 ELREA R (L4 1 52k .3 52k
JLHEE: S 52k .6 SE\T 54k .8 S APM £k) \[H]
EMIRR (2 58 4549 9413 54
fih2k) P sm e 2 4 (14 548) .

AR v £k 6 4% 80 3 i 14 R IR 22 ) B 43 7 1)

-84 .

s & i, ATHE SR ELL R S LR T R E W P
PRI M 3 S8 AT AR AR IR R A
9 EATTT 1 AR AT 5 o S 4K S A S AR 4
JZ 5 AR = A B 510

R AR SR DA HE R PR A R 2k ik b R AT



PEAR A 2] XTI R R I 14 54, h T TR AR A il R BIE 7 D A e ) Y A B A A
ST R B, AR Pz B SR SO E AR IE A PRI INER 2 R .

R2 2018 FMMER B MFEHRIMEFERERLKHES (FB5)

e e 42l P T5 1 FHifE FEMEEENZ Hrtz e kENE REENZ O WEEE N
3SLRILIER T1T 35T T 232000 +0:00:11 23.20:11 23.00:02 23.10:02
fr— 1 54 117 3 5L AT 23.20:00 -0:05:00 23,1500 23.22:10 231500
35k AT 1 54 17 23,1500 +0.:02.48 231748 234000 233000
3SLRACIER 1T 3SR AT 23.17.48 -0:00:11 23.17.:37 23.52:46 23.42.46
. 55T 35 TT 23.20.:00 -0:01:25 23:18:35 23:19.22 23:18:35
5 54 1T 3 B4 1T 23.17.48 +0:05.00 23.22.48 23.41:26 23.31:26

- D3] BRET IS B AT A ML BT T 6 4
4 4£iE B4 2008 AF-1t 5 i B Bl P 4903 M ER £ B 2%

. . \ - P 2007(6) : 31.

ZIKI}%L U % j(’ﬂﬁ i E;E }ﬁ: ZE 5}@ g Hj /TTL?% [4] LI X,SHI Y.Optimization for the last train timetable of urban
ﬂ%%} E *’i E/‘J W‘] éﬁ}'{ E}E i ﬁé} :Eé /ﬁE ’pﬁ *ﬁ Eg ’ &)VI‘ T 232 E% rail transit networks based on transfer coordination[ C ] //ICTE.
Eﬁﬁiﬂ%ﬁ Eé*ﬁ%:}j‘z%%:% ) ij LA 2018 @TL J‘I‘I iﬁjﬁﬁﬁ‘ Proceedings of the Fourth International Conference on Transpor-
i_Fj‘LjﬁiéjE £9] Eﬁ» %] »f% l%\ N Eﬂ‘ I\ETJ 72%%& ﬂg FL Rl F “LZ *ﬁ pikl} tation Engineering. Reston, Virginia; American Society of Civil
i&ﬁ??@ﬁﬁ 5 Engineers,2013; 190.

- . (5] R, AR SN S R R B 0 R A fR Ak
53 AT ] T 4 4 M 2 3 S T 26 1 R
Ejﬂf{z ™~ R AE 2 i ?%1 B [T 40 (A AARRERD ,2012,40(10) ¢ 1510,
Hﬁ&tﬂﬁ‘{ﬁ‘%‘bb ; ’ ] / j ] :Jﬁiﬁ]:lj E ij = ”\1% T [6] KANG L,WU J,SUN H,et al.A case study on the coordination

R B SEREE, of last trains for the Beijing subway network [ J].Transportation
. Research Part B,2015,72(72) : 112.
S 30k (7] Tum, M8, £ SO, 45 3ol T B0 52 3 oK BIE 2 Ik B 221 3% B
[ 1] WALTER G.HANSEN.How accessibility ahapes land use[ J]. FIPE AL fF 5 (). 22 i 32 iy 7 58 T/ 5 fi5 B, 2016, 16
Journal of the American Institute of Planners,1959,25(2): 73. (6): 108.
[2] W R TS 45 T8 TP A Bt 52 O 4 3 s T (e FH 8 :2018-06-08)

ISTERTFE [T ] RS R0 ( H AR R ,2010,38(1) = 72.

0 D 0 0 D 0 0

(E#E 81 1)
PRGN SR AR S AL s 1T Y 2016,29(2) : 37.

ﬁHi’M#‘?F%E@J%?ﬁ@MﬂEPW I [2] TE%-?@T%EWW@L@T)&@T%KE@E%"ﬁ?’%%[J]-%ﬂS

‘ AL, 2016,29(3)
SIZ L iy A b fa gl:All/r /\/\é o Juta é/’i:All/f o3
AR O R RIEH RIBETRIE5) pg me s, 58 T AR 2 U

AYEHYTIRE , A 2 T L XF 25 43 B e S ek AT 4 SRIEL I I HSEBLRLAT S 4 f,2016(4) ; 88,

PR, AR SO S 3 B I [0 | i & M [4] BREIETZEMOHRS S NRRERIT D] R BY

RGBT YR R G IR = X255 BT REIIHLR ,2015.

W Z G AT, I 7540 M 2 B AR S [5] WU, ety , K, S T EEmEahERR BT R
1. 42 ) ) [J] 3T BB A E ST ,2018(7) « 158.

RIS QIR R R R (6] TEA, 254, TEM — R0 T 2 MR HE Sm 44 1 L &

S 3 Hk 07 W0 1] BRI 463 ,2015(3) - 21.

(WsekE B 1.2019-07-08)
(1] faf3R, WhtH ke S T s 22 8 = e 0 1 [ ] 0 T DR 323

-85 -



