H55% HoM THRKRFFR (T FKR) Vol. 55 No. 9
20254 9 H Journal of Jilin University (Engineering and Technology Edition) Sep. 2025

ST B Bl 2 BB A 5 3 T e o B 1Y
o338 H 1E N JE T

WA, 24mLE BRI KkE=M, HEL]

(1. ¥ AF RRBFR, K& 130022;2. FHhAF AFFEARLEEF L, K F 130022)

W ENENEARBFNRERAR, ZERERAET R EE RO TFR T, B RS EHER
EREREERRELEN G/ AR BEFE, T T —HETAMV EH &2 EH
N FE RV JE T k. BT AR T R ook R o ak X o B R B AR AL B AT E R
KN FERFTERRNENKEGRMCET, AT 2 EEENARE FH-BENRKE
BMAKE, ARIEEANARE, X THLTAXEZEREH#RATEARE  EREN M
TG EEEAT AL ABERAR , AXEAKL ZRELERALH BEKT 35.62% f
6.54%  ZHARERRA TRALXAXRZEREFMREFHE.

XBR. R BERWARAATIEAMVER Y2 E;HAERM A MR 2 EEEN AR T
B-E AR K H &

RESES.U491.5  XEAREB:A  XEHS.1671-5497(2025)09-2946-12

DOI: 10. 13229/j. cnki. jdxbgxb. 20250457

Adaptive scheduling method for bus based on autonomous
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Abstract: In order to achieve flexible allocation of capacity resources, alleviate the waste of resources due
to the imbalance between system supply and demand, and reduce the travel time loss due to vehicle
stopping at stations and passenger transferring outside the vehicle, an adaptive scheduling method for bus
based on AMV main-auxiliary function allocation was designed. An optimized scheduling model
considering route coordination and station function division was established, with minimizing vehicle
operating costs and passenger travel delays as the joint optimization objectives. A hierarchical adaptive
heating particle swarm—simulated annealing algorithm was designed to solve the model. To verify the

effectiveness of the model, an example test was carried out based on the bus operation data in Foshan City,
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and the results show that compared with the traditional fixed—capacity bus and station—responsive modular

bus, the proposed model reduces the total cost of the system by about 35.62% and 6.54% , and the results

of this research can help to improve the efficiency of bus operation and service quality.

Key words: engineering of communication and transportation system; AMV main—auxiliary function

allocation; dispatch optimization; line coordination; hierarchical adaptive warming particle swarm-

simulated annealing algorithm
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Fig. 1 Scheduling mechanisms of conventional bus system
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Fig. 2 Diagram of adaptive scheduling mechanism for public bus with AMYV main—-auxiliary function allocation
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Fig.3 Diagram of operation of carriages at split site
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Fig. 4 Diagram of operation of carriages at general site

D, ,=max {A,,—[CXN;,;'—0;;'"+V;],0}
(9)

Ay =max (U;,;, Vi, )X E (10)
¢'}.j=max{[(Y'\JrAZjJrAzmm,e)Y'},O} (11)
v v
KAl WEALZ SRR ICE S — 18
2 2T 45 A K A I BN RS SR ]
CBjj =V, (12)
N);—Bij=1 (13)
3 (8) FRm R4 2 2o 3 38 3 505 1Y) PR 0 B o
ANAE K (9) Feom PR A2 A 25 1 1 J2 5 i ol 45 5 1) e
A 2N (10) 2R il By B oC 45 B AR ul o s B e &
R (1) s aE SR R X (12) 56
NGB R IT I A B AR, O A T AR
KA (13)Fom EALHICEH LR, IRIEL %
2D AR — D R R ITTE R S T
2.3 RAMR
W5 (a) fros B8 28 B3k 1l 38 2Ll i
S, UETAT I B AR A S, L X — 2
FEF & 7RI oy B G ANROT R H R
] BITHE G 34 .

Pri= ) D phs (14)
deL,8,Rm=1
Ny=[P»*/C],d€L,6, R (15)
N =N "+ N+ Nig© (16)
Q;=max (N '—M,0) (17)
> ogii=1, YoeM+Qi,  (18)

Ao o AR AL A5 M EALRITT N E L 1
B ERMBFETHRS M=N L[ PY/C1RR¥
PSR T A R C R H (A 1 IR g0k
0-178 &, Hohy 1B 3Ro% G2 M B 0T o 43 FE B 7 1)
3 3 1) B 24 SRR A 4 R R T S
e 1] — A~ 7 17 o
2.4 BEMBAEMRMALEDR

AR SR D)L R G is Rk RE S T % M55 KR
HEEA MO B bR, IR G R P
ST R G0 AR 3T B AE A5 P OGB4
9332 5 WA e /b RN 3 5 AT HE 1% e /MK XL E
PRIk B 00 f pR B, 2 T S A SR R IR A s
BHCR AR 55 T a R
2.4.1 R EWIEEMA

o T % WA LR s b B I 23 0 A AN S e
S B 2 w T SR L 010 Ak S AT SR O £ R R



% 9 RS, F. A TasE R Em IS RsrROARGENBAEF X - 2951 -
Pt

V5 S

._

ZE R B £h <:|

-------------- N/jl S e NE i e I R R —-—--\—‘-n--.‘-_-_-_—_ levlﬂ L

LK O 2 A

=[E[EE]= = - BB -

@ i — == Y
L s [T —— i

s i

B rewwsw
DR ELE

(a)ygﬂﬁﬁ)ﬁflﬂ‘

BE R TEE

HILE %
R :

=

_ o
BB s,

-

1
I
1
|
I
- I
NI‘E]I -tv},‘ﬂi‘ﬂ | /’ ty/'s'ﬂ ‘ ty/' s‘+l |
: " i !
: /I ) B'J'Ekl /+lx+|_ /‘+1 'E
e wa 1
IR R o b
I 1
3 v
BT rtpagene,” | | eteammne”
(DFBE U A +14E

B5 ZLRMFHMERIE

TRERE

Fig. 5 Schematic diagram of intermodal vehicle operation
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Fig. 6 Diagram of bus routes and stops
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Table 2 Operating parameters of experimental vehicle
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Table 3 Coefficients of the solution algorithm
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4.2.2 BEBRA RS
PO S 55 TR SR A8 R B 28 52 1 O I R 55 £
PR BE 7 % (R4 /R 116 8% 11 1 H 7:00~
11:0042 B W B ) 2 LR il sl i 5, y il R 7R 18
e 22 B b I 20 = i 3 7 I 2 0 R G B 6 DV 4%
vl IR R BT B RO . A5 OR BoR B Y

BERETTHE
S =N WA U

5 10 15 20 25 30 35 40
YWiRHES
B9 #ERAXEENRZBHEFRNEREEMLITE
Fig. 9 Adaptive scheduling solution of modular bus

process of iterative algorithmic optimization
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Fig. 11 Comparison of interchange delays before and

after optimization
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Fig. 13 Comparative analysis of delays
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