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Optimization of Urban Rail Transit Feeder Bus Scheduling
Considering Passenger Flows Demand

ZHOU Guang-hui'?, CHEN Ming-ming'?* , LI Ji-long'*, WANG Si-jia', WANG Zhen'
(1. School of Traffic and Transportation, Lanzhou Jiaotong University, Lanzhou 730070, China;
2. Urban Transportation Big Data Analysis and Application Laboratory, Lanzhou Jiaotong University, Lanzhou 730070, China)

[ Abstract] In order to meet the transfer and transportation requirements of passengers and to significantly mitigate the loss of passen-
ger flow that exceeds the waiting tolerance threshold, the optimization method of feeder bus scheduling considering the arrival time and
passenger flow loss of rail transit trains was studied. The distribution of passenger flow demand was characterized by the passenger
transfer demand and the arrival times of rail transit within the study period. The transfer time was described by the alignment between
the time passengers arrive at the station of the bus and the bus departure schedule, as well as the operational capacity of the buses. The
constraints of bus departure intervals, passenger flow loss and transfer demands were considered, and the multi-objective optimization
with the minimum passenger flow loss, bus number and passenger transfer waiting time was realized under the limited number of buses
that can be scheduled. Due to the contradictions among the optimization objectives, the model was solved with Non-dominated Sorting
Genetic Algorithm IT (NSGA-IT). Finally, taking the actual bus routes as an example, the results show that the optimized model takes
into account the bus operation cost and the passenger transfer time cost, and can obtain the scheduling that meets the passenger flow
demand and represents different priorities. When the number of feeder buses is the same, the total transfer waiting time of the opti-
mized method is reduced by 8. 0% compared with the uniform headway. The average factor under the uneven is 59. 3% , which is bet-
ter than the average factor of 50. 2% under the uniform. The calculation results validate the effectiveness and rationality of the model
and algorithm, effectively enhancing the match between the time and capacity of buses and urban rail transit.

[ Keywords | public transport; feeder bus; vehicle scheduling; loss of passenger flow; non dominant sorting genetic algorithm; ca-

pacity matching
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MIEAT RIS Pareto W RIIRAUMR , 2200
NIBATERAFAY Pareto WIS ALIRAEWNE 5 Fin, K
THET XSRS, T AR SR, K
5 4 8 ~24 i RE—AMEAR R — BB, BE
FERRAF IR , 106 2 2 LR SR A

MR — s B A5 R ik ERT 4, TR Pareto
R R T I AR R 2 N 58 TR A EIOR 3 7 i 3fe st
6], JUTAT firk 38 T8 fi 2 Y- 357 i ) 20 7 25 22 ik i) IX 1]
N il R 3 T oK | Pareto i W ) 3l % i O 1 f /D
F105 N, eI TR A 10. 4% , TR 4 7]
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3 HEZEINEFINGHRERGERERE
Table 3 Arrival time and transfer demand of
rail transit trains

SI% i B BAFR 4" /N
1 I X
N NG == 1 W =)
Ul 11.00 0 12 6
U2 11.07 420 14 8
U3 1114 840 10 7
U4 11.21 1 260 16 10
us 11.28 1 680 9 14
U6 1135 2 100 13 15
u7 11.42 2 520 21 17
U8 11.49 2 940 26 20
. U9 11.56 3 360 20 19
A7
U10 12.03 3 780 22 21
Ul1 12.10 4 200 17 23
Uul12 12.17 4 620 20 18
U13 12.24 5 040 21 13
ul4 12.31 5 460 20 15
ul15 12.38 5 880 16 11
Ul6 12.45 6 300 17 9
U17 12.52 6 720 20
U188 12.59 7 140 13 4
V1 11.02 120 10 10
V2 11.09 540 8 4
V3 1116 960 12 11
V4 11.23 1 380 11 8
V5 11.30 1 800 13 12
Vo6 11.37 2 220 11 14
V7 11:44 2 640 9 13
V8 11.51 3 060 20 22
Tfr Vo 11.58 3 480 16 18
V10 12 .05 3 900 20 21
Vil 12:12 4 320 19 17
Vi2 12.19 4 740 16 16
V13 12.26 5160 23 18
V14 12.33 5 580 16 17
V15 12.40 6 000 14 9
V16 12.47 6 420 11 10
V17 12.54 6 840 9 3

XTI 4 H REA 22 57, (H I RERE 24 H AR B A%
BBVRAL , EAWGFA R HARAY Pareto fif AT o DS
B NCIE

I 4 AT, PSR Az 5 AR I, vl L ik
FEMR 5 Gl I8 A AT TR 5 24 PSR i 1] e %
o 7 I T AR K W% 5 | 46 3fe 253t i I, ) DA B % i 1
G il 418 28 S AT Rt Al ISR BROR LR S AU &2
A bR, W LATEE % 2 ~ 4 W25 R G AT 4R, AR
Pt O SR LA 2 45 IS AN ST AR 23
Ti 5, 5 P AT AN TR A 1T ] e g
[F)E S5 I 22 D) LA A 2 HE B 2237 D0 4 mT A Y
o,

5 $ARHY Pareto R~ K
Fig. 5 Schematic diagram of the obtained

Pareto solution set

%4 Pareto fRENBIRE

Table 4 Target value of Pareto solution set

i Bk  HEBEAKE BRELSEE Y
JE2= Z, /N R 7, /4 7, /min 6/ min
1 105 22 4020 4.0
2 131 20 4218 4.2
3 150 19 4329 4.3
4 169 18 4 440 4.4
5 200 16 4884 4.9

x5 BIEATITEMZIRMILTTE(Pareto RLEE 2)
Table 5 Optimization plan for bus transportation

timetable (Pareto optimal solution 2 )

BB A B A 2
KA KE KR RH KA KR
W% RIRs/s %' W2 R i
1104 — 1 11:06 — 2
11:13 542 3 11:16 602 4
11:20 422 5 1127 662 6
11:28 482 7 11:34 422 8
1137 542 9 1143 542 10
1146 542 11 1151 482 12
11.53 422 13 11:59 482 14
1200 422 15 1205 360 16
1206 362 17 12:12 362 18
1212 362 19 1218 362 20
12:19 422 1 12:25 422 2
1226 422 3 12:32 422 4
1232 362 5 1242 602 7
1240 482 6 1252 602 9
1249 542 8 13:03 662 11
12:57 482 10 — — —
13.03 362 12 — — —

WG 5 Ak 7 T, M A s EECh
20 HABT, P AR E RIS B O 131 A, e &K M Afe i
T JAWHE] A 4 218 min, 15 42 F- Y} E] & 4.2 min
(252 s) HHa /ARG 1 .2 K E B 518 17
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A5 4 Ml S A 1 3fe 5 B5F ] s AR 9 i B T R SR T o0
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Fig. 6 Relationship diagram of three optimization objectives

4.3.2 RRRFIEAHH

ANSEANAE S bRz 8 22 R 2] K 42 1) B
203, 7 e A SCHE H Y T2 RE FR A Y AN 1
B % A AT R AR AT R, AR 25 U 75 SR R 32 0 7 3
B NBOT AR A 28 G 80ns 59 % 4 11 B, 1 7 1
AR AR 7 58 K PR A5 20 1Y H AR E SR T XS
to BLHFR(6) ~ HER(8) MARFMFM RIS K
ZE[RIRAAE A R ZERIRE S min < b, < 14 min  HRYEE}
11 [ oy 20 SRS e e A 22 42 30k 16,1819 .20
22 WY & AR TR R, ARG T K A4S 1AL 435
13.12.10.8.7 min, 54 & 4 E BT 0 HFRE,
53R 4 PRREOT LL, T REE R AN 6 PR

®6 ARRFEARMUERIL
Table 6 Comparison of optimization results for
different departure plans
NSRSV S R TS VN 76 15 45 S 18]/ min
R R/ /min 5 ETE AWERE HNEE AHSEE

22 7 89 105 4110 4020
20 8 118 131 4 326 4218
19 10 165 150 4530 4329
18 12 193 169 4 824 4 440
16 13 234 200 5120 4 884

WIFR & 265 28X L AT il 7 e, i 7 w]
AL AR I AT R AR, 2 N > 20 B SN )
KA EER 4 W 1 g2 o0
15.2% F110. 0% , 2 Wi 2% & /0 T AR SCHE R R 2
SIREFE, MTEMREEZHENT, K2R
BN HE A G A5 1] 3 e KA 2 25 2 B ) e 6
FFABNIHER o FEAH R (38, =X (3) AT HTE I
AR EWAER D, B (14) TR AHR 4T
7 35938 2k R, B 50 kT T B0 R
50.2% , AN 5 5] K& R BE T 0 OF 350 2R R
59.3% MLF 5T K AT T 2528 38 4 0T Y25 2%
TR TS R AR A R HE 2SI &
T S S ) AR 3ty 7 9, TG VR PRAIE 0 B A 2
B ERASCIE IR,
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KGRI RE AR B T34 50 e ZE Tl B B d 2 AT afe %
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Fig. 7 Comparative analysis chart of different departure plans
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