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Semi-flexible demand responsive transit scheduling
based on ALNS-TS algorithm
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Abstract: The semi-flexible demand responsive transit is an innovative combination of traditional fixed-route transit
and demand responsive transit. It is considered as semi-flexible because it has a predetermined base route and a
batch of fixed stations that are determined to be visited, and has some candidate variable stations that the service
vehicles can flexibly respond to provide services based on reservation requests. Responding to the problems of low
passenger capacity and high operating costs faced by demand responsive transit services in low-demand areas, the
departure conditions of this mode are established. A semi-flexible demand responsive transit system based on
differentiated fare strategy is designed and the transit scheduling model is established. To improve the search space
range and local search intensity of the algorithm, a hybrid adaptive larger neighborhood search - tabu search (ALNS-
TS) algorithm is designed to solve the model. The conclusion shows that under the new strategy, the semi-flexible
demand responsive transits with and without reservation passengers have increased ticket fare revenue by 3. 0% and
15. 5%, respectively, compared with the traditional mode, and the mode with responding to unreserved passengers
can increase the number of passengers served by 7. 5%. ALNS-TS algorithm has better performance in solving speed

and quality. Compared with simulated annealing - tabu search (SA-TS) algorithm and genetic algorithm, the
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calculation time of ALNS-TS is saved by 76. 9% and 97. 0% of the computing time, respectively.

Key words: transportation engineering; public transit; demand responsive transit; ticket pricing; route planning; hybrid

adaptive large neighborhood search algorithm
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Fig. 1 Semi-flexible demand responsive bus service.
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Fig.2 Flow chart of demand responsive system.
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Fig. 3 Comparison of service flow between (a) baseline

departure time and (b) optimized departure time.
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Insert scenario and rules. (a) Scenario 1: the repaired point is a pick-up point, corresponding to a drop-off point already in the

BEEM RG]

line; (b) scenario 2: the repaired point is a pick-up (drop-off) point, corresponding to a drop-off (pick-up) point that is not in the line;

(c) scenario 3: the repaired point is the drop-off point, and the corresponding pick-up point is already in the line;

(d) example of departure information and fare vector calculation.



a4

BSCHY, A: BET ALNS-TS SRV 500 UG SR e 23 S 8] B [ 431

2.4 RAEBENRMBFEZHEHELRRE
A FUE MR AR EAS s R LA K 6.

ALNSH % R
BREEEE T

WIAFIESE

TSHE
HEAE BT e

G AL =

= TRE
BT RUE ool S
= HE AR 25
@ SR H A
Mectropolis &%
SN

B6 G AIENRARIEAE sl RN A
Fig. 6  Flowchart of hybrid ALNS-TS algorithm.

3 Eflk#

B7 S s AR RS

Fig. 7 Schematic diagram of example site location. The

triangle, black circle and grey circle stand for depots, fixed

stations and alternative stations.
Wi, MEILELERME . LA, BB 2,3
T4 RN, VPTG, BB
FeRBER IR R BER 1, 2. 3145 LR8BS
NEL, {EAIZR Bz . Hrb, PER 1
ARG RN 2. BILRBENLAE T A B8 A2
m, HARTATE , m, ZH LA LHRAE. |
T 948 [ A1 333 #3325 ASBIF 5 e 2K Wi Ly 44 6 )
ARONFITEIZE AR L, PO 22 BEAE 2022-02-08 755
SRR T 16 A3 N, #BA S B B
OIS A —ERIB IR, 275 Uk
(18 JIBGF I %L LU ZR 80 5%, P BRI
(16 + 13) x 5% ~ 1 3%, WP BEHL™
H: 1 AR TRLITE

R REHRE

Table 1 Departure judgment results
LA ) P T R DX 3 XA A 93 752 061 - BATR KBAT kA
BF. 38 3 7 8 b PR S TR 7 2 3R B S 1 11 - N S I S
HCAE B BT A TR, A4 A AT 1(09:00, 09:30] 14 ! s
(9T A5 B TR, $5 121 000 9 L B4k A 45 2 (09:30, 10:00] 9 1 s
BRI R I ABFRAE, s o 0 43 A 7. 3 (10:00, 10:30] 12 1 LSS
4G, LL30 min A )RS R A I B LR % il 4 (10:30, 11:00] 12 L K
2y, IR BN TR, AT R 25 5 (11:00, 11:30] 5 0 AR
2 YRR 1 WLRE ITEE
Table 2  Information of scheduled passengers for shift 1
1 0 12 (09:00, 09:10] 8 4 19 (09:15, 09:20] 15 18 9 (09:25, 09:30
0 17 (09:05, 09:10] 9 4 1 (09:15, 09:20] 16 18 1 (09:25, 09:30

2
3 0 14 (09:00, 09:10] || 10 4 14
4 10 16 (09:10, 09:15] | 11 20 1
5 10 18 (09:10,09:15] | 12 20
6 5 19 (09:05,09:10] | 13 13
7 11 8 (09:15,09:20] | 14 3 1

Nele

(09:15, 09:20] 17 2 9 (09:30, 09:40
(09:20, 09:25] 18 6 15 (09:32, 09:37
(09:20, 09:25] 19 7 15 (09:35, 09:40

]
]
]
]
]
]

(09:20, 09:25] | 20 1 15
(09:25, 09:30]

(09:40, 09:45




432 RYINRK 4R PR T RR

5540

S22 L IE T SR A B A SSAH OGRS ), &)
I 3 e KL HUE BN S 6. KR 2 e K [ n] AF
S I ORI 5 TR 2R

Pl R AR B R i A LR BRI AT
W, RS AT 00 40 kno/h, KRR ZE R AE
R RATI AN B, ST G am A A 15 A o
WIS 1.5 70/km 1 1. 2 50/km, A E 5 S A N
2.7 t/km, EFmRKEERE 2N, BESEMH
3.07C. HUIRSS i BBl P B i MR 55 fe R e/ NPT B R

Bz, M SEMRE YRz EE L, 5
FIE AT Bk R B R SR R R AL 0. 5 90/km, S
AAOCSCHR h B S 8800 e ik, ARl 2021 4R
7 N E4 [ B A= 7 B o - 38 ) T] 77 73T 32 %800, 5
JG/min, EA ERRM 5,070, LX) EALET LR
BAFATITE, PIER K WA ¢ L 52.7 7T,

40% 1 100%. %~ FE v 1 % 75 i 20 il i 1528 ik
3.

3 REMNZGIBITLRE TR

Table 3 Results for departure times and route options

BT

PR HEHER I SRR I (Rl N
1 09:00 21—5—4—3—2—1—0 09:05
2 09:30 21—5—4—3—2—1—0 09:38
3 10:00 21—5—4—3—2—1—0 10:13
4 10:30 21—5—4—3—2—1—0 10:31

21—12—10—5—11—8—4—19—20—14—13—3—18—2—
16—17—6—7—1—9—15—0
21—12—10—5—8—4—19—20—14—3—16—2—1—15—0
21—11—5—8—4—3—13—18—2—6—7—1—15—0
21—5—8—4—3—13—18—2—1—9—15—0

PEABI ST R AR X B BT TS R e [0 28
XTI, O 72 RS A T T, AR5
HR A5 3fe 7 ZE AU TR AR il KA A 73 B AR e 1
SEBR AT, AT LAIRSS 38 i A AR T 2
e, RUFFTH 4 DMIERAE R 3 % 1 1
MU 163. 7270, 5 JEARL 3 3% 1 Bl
A 183.72 70, i MBS IR A R 159. 07T,

AL Z 43 W T 3. 0% F115. 5%. ) 1E E IR 55 ABL
Ji, TEATA B A EIER Y, AR IS
EBRMATT R, BITIRSS 57, T BTG K
RN SE RS A% 53N, BZARE T 7.5%.
ARAIFFE AR IR 5 SR A 22 328 8K
XTI 4.
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Table 4 Comparison of the operational effectiveness of the new strategy mode and conventional mode

Yivk M TR AR R
gm  BRATERE WEAMSTRE M55 A BN BeNiSoy BA
BEIAT BE AT NE e AT NI e
1 62.9 67.9 21 1.02 60 20 0.90
2 27.5 32.5 10 0.53 27 9 0.44
3 36.4 41.4 13 0.72 36 12 0.63
4 37.0 42.0 13 0.77 36 12 0. 66
ait 163. 8 183.8 57 — 159 53 —

FET PR 1 % Bt 73 51 73 A ALNS-TS 53 |
TR A BLR k2R 248 &K (simulated annealing - tabu
search, SA-TS)Fik | if i K 2RI 4% & (adaptive
large neighborhood search, ALNS) 5.7k | 28 g &
(tabu search, TS)&E . HIIIE k (simulated anneal-
ing, SA) B Mg AL 5% (genetic algorithm, GA) A9
SRIAERE | SRS LR ACE. 6 LM S

B EMFE, BF—8 Bk BRI
4500, ZEQKE N30, WILAEE R 100 °C, JEE
TRERECH0.97, M TR CLLUFRREA
A, S REYUEGER K 30K, FAERK
JEHLS, BTHEEREO. 8, WIEE BN 10,
TSR B 4 5k (3,2, 1,0), 1858w Fl BESC R
100, BEEE =B AREC R 50, et ik 28 S
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Fig. 8 Iteration curves of ALNS-TS algorithm (solid line),
SA-TS algorithm (dotted line), ALNS algorithm (dash-dotted
line), TS algorithm (short dash-dotted line), SA algorithm (short
dashed line) and GA algorithm (dashed line), respectively.

S5 ALNS-TS, SA-TS, ALNS. TS, SA Fll GA 1Y
SRAR TR SRR [
Table 5 Comparison of solution quality and speed of ALNS-TS
algorithm, SA-TS algorithm, ALNS algorithm, TS algorithm, SA
algorithm and GA algorithm

- A% sk &
¥ifE bR % 1] /s
ALNS-TS 62.36 2.67 350 172
SA-TS 61.94 2. 60 300 744
ALNS 72.95 10. 95 450 70
TS 103. 59 14. 94 100 543
SA 140. 21 22.42 400 162
GA 65. 90 3.91 300 5562

A8 AT UL, TS Bk i =y R 1 &R e ) fifi LR
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38 5 ALNS 575 938 R fe ) il Re 15 2 B0
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300 UG TR IR s, HoR AR A s ; SA-TSIRA

R TE T T RO R, (EAE 300 185 TF AR UK
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et [FIRERATS, ALNS-TSZEVEVERETIL .

% &

AR —F0 % 183 % 25 AL E MM R T 2
Fe & TR BT RN A S E RS, I ALNS-
TSIR AR IEMNAT R, MIRES LN, ZAS 6k
i i Z X 2B NS HHATR R, 2SN A
B35 AR LT 2 mT LA i Al i 288 300 s el iy
ALNS-TS BIEAER M BT . K 2 SO Ty RS 5t
GA. SA. TS, ALNS K SA-TSHE XM T, Jost
WF5E AT Lhid o % iR % T 4 i L RO B AE IR 55 1 A
R EHARIRE, B A R AR

HEDH: B R A KRR 4L 5B H (52072128, 72071079,
52272310) ; )7 7R 44 Al 5 7 FH 2 el AIF 9 5 4 e Bh 0 H
(2023A1515011696)

TEEB AN S0 (1960—), FERFBT R2a¥ ., WA S0, #F
FEJ5 I s S Z S R
E-mail: ctwzhjin@scut.edu.cn

3] X BESCRR, ARR, AREE . JE T ALNS-TS 8k () 2f 5 55
e SRR N 28 B8 e ][], PRI R A o e B TR
2023, 40(4): 425-434.

S 307k / References:

[ 1 ] DAGANZO C F. Checkpoint dial-a-ride systems [J].
Transportation Research Part B: Methodological, 1984, 18
(4/5): 315-327.

[ 2 ] Transportation Research Board, National Academies of
Sciences, Engineering, and Medicine. Operational expe-
riences with flexible transit services [M]. Washington D
C: The National Academies Press, 2004.

[ 3 ] WANG Zhengwu, YU Jie, HAO Wei, et al. Joint optimiza-
tion of running route and scheduling for the mixed demand
responsive feeder transit with time-dependent travel times
[JI. TEEE Transactions on Intelligent Transportation Sys-
tems, 2021, 22(4): 2498-2509.

[ 4 ] NOURBAKHSH S M, OUYANG Yanfeng. A structured



434 RYINRK 4R PR T RR

5540

flexible transit system for low demand areas [J]. Transpor-
tation Research Part B: Methodological, 2012, 46(1):
204-216.
[ 5] QIU Feng, LI Wenquan, ZHANG Jian. A dynamic station
strategy to improve the performance of flex-route transit
services [J]. Transportation Research Part C: Emerging
Technologies, 2014, 48: 229-240.
SHEN Jinxing, YANG Shuqian, GAO Xuming, et al.

—
[o)}
[

Vehicle routing and scheduling of demand-responsive
connector with on-demand stations [J]. Advances in

Mechanical Engineering, 2017, 9(6): 1687814017706433.
PAQUETTE J, CORDEAU J F, LAPORTE G, et al.

—
3
[

Combining multicriteria analysis and tabu search for
dial-a-ride problems [J]. Transportation Research Part B:
Methodological, 2013, 52: 1-16.

PEWTE, BRMEAR, 5KT7. BT MAST IR Ascifl
EERRELT]. lism AL TRSEE, 2017, 17
(1): 143-149, 163.

PANG Mingbao, CHEN Maolin, ZHANG Ning.

—
[ee}
[

Scheduling optimization of intelligent public transport
system based on MAST [J]. Journal of Transportation
Systems Engineering and Information Technology, 2017,
17(1): 143-149, 163. (in Chinese)

BEE N, sk, skAcHy, . whaE RN A L
PHEERGRAIIFE[T] . FPBE TR 4l AR B
Ji, 2021, 35(2): 34-43.

LU Baichuan, HUANG Jingyi, ZHANG Dongmei, et al.

—
O
[

Research on optimization of station demand-responsive

public transit dispatching system [J]. Journal of
Chongqing University of Technology Natural Science,
2021, 35(2): 34-43. (in Chinese)

(10 ] 83y, XBERIEL, /MR, 2. Bolt N TR

BT DRT B AR [T ] RO R T i,
2021, 42(4): 84-90.
JIN Wenzhou, DENG Qinyuan, HAO Xiaoni, et al.
Research on route optimization of rural DRT based on
improved ABC algorithm [J].
University Engineering Science, 2021, 42(4): 84-90. (in
Chinese)

(10 ] Wi, SOy, T ol s DA O e SR 16 24 52 9 JEE A
GO WY 2 e 3 TR, 2022, 39(2) :

Journal of Zhengzhou

209-215.

HU Di, JIN Wenzhou. Flex-route demand response transit
scheduling based on station optimization [J]. Journal of
Shenzhen University Science and Engineering, 2022, 39
(2): 209-215. (in Chinese)

[12] 5%, WIS, JETUESIRMER i 2L A

ST IR AR BT, 2023, 40(4) :
435-442.
QI Man, PANG Mingbao. Flex-route buses scheduling
based on priority topological sorting [J]. Journal of Shen-
zhen University Science and Engineering, 2023, 40(4):
435-442. (in Chinese)

[13] ZHAO Mengting, LU Yuwei. A heuristic approach for a
real-world electric vehicle routing problem [J]. Algo-
rithms, 2019, 12(2): 45.

[14] WANG L, KINABLE J, VAN WOENSEL T. The fuel
replenishment  problem: —a  split-delivery ~ multi-
compartment vehicle routing problem with multiple trips
[JI. Computers & Operations Research, 2020, 118:
104904.

(15] ik, TBEH, DEE. WARA TR

SR P EA RN, 2022, 35(11):
252-270.
WU Weitiao, WANG Dianlei, MA Changxi. Model and
algorithm for inventory routing problem of liquified natural
gas [J]. China Journal of Highway and Transport, 2022, 35
(11): 252-270. (in Chinese)

[16] KIM W, MOON N, KIM J W. Fare estimation for demand
responsive transport based on a stated preference survey
[J]. Transportation Research Procedia, 2017, 25: 5235-
5241.

[ 17] SHEN Jinxing, QIU Feng, ZHENG Changjiang, et al. Fare
strategy for flex-route transit services: case study in Los
Angeles [J]. TEEE Access, 2019, 7: 82038-82051.

[ 18] ZHENG Yue, LI Wenquan, QIU Feng, et al. Travelers’
potential demand toward flex-route transit: Nanjing,
China, case study [J]. Journal of Urban Planning and
Development, 2020, 146(1): 05019018.

(=% AR RXHREF: KE)



