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Emergency customized bus route optimization under

public health emergencies
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Abstract: Considering the requirements of epidemic prevention and control under public health
emergencies, an optimization method of emergency customized bus routes was constructed. The
closed areas and road sections in the city were screened and set as the emergency customized bus
forbidden areas. Taking the occupancy rate of passengers not exceeding the safety threshold as
the constraint, and considering the matching of supply and demand, the optimization model of
public health emergency customized bus route was constructed by minimizing the total running
time of all emergency customized buses. The genetic algorithm was designed to solve the model.
The chromosome was encoded by the three-segment hybrid coding method. The three

chromosomes were composed of the customized bus parking lot number, boarding station number
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and alighting station number. The chromosomes were decoded by using the greedy strategy. A
simulation case was used to verify the feasibilities of the optimization model and algorithm, and
the optimization results were compared with the customized bus route optimization scheme based
on the same passenger transport task under the normal circumstance. Research result shows that
the number of vehicles required for the emergency customized bus route under public health
emergencies is 2 more than that under the normal circumstance. The total travel time of vehicles
increases by 6. 997 h compared with that under the normal circumstance. The customized bus
route optimization model under the normal circumstance cannot be directly used in public health
emergency scenarios. The optimization model and algorithm of customized bus route based on the
emergency scenario can obtain the optimized scheme from many alternatives through the fast
calculation. It can not only meet the requirement of epidemic prevention, but also meet people’s
travel needs under public health emergencies. 9 tabs, 9 figs, 30 refs.

Key words: emergency traffic; public health emergency; customized bus; route; optimization;
genetic algorithm

Author resumes: MA Chang-xi(1979-), male, professor, PhD, machangxi@mail. lzjtu. cn; HAO
Wei(1983-), male, professor, PhD, haowei@csust. edu. cn.

Foundation items: National Natural Science Foundation of China (71861023); Humanities and Social

Sciences Research Program of Ministry of Education (18YJC630118); International Cooperation

2020

Project of Ministry of Science and Technology of China-Montenegro (3-2)

0 3l

L e e J % I Al 2 4R e kT 4 5 AT EL BB
i TN A T Tk . GRS AT 7 A
TE 0 R 3 BEHR B 30 % 45 4 I W) 5 | 22 A T 3
AT R AT, A2 X PP HE 5T L i 23 521X B Y
AZEAT T A RLE A R o 52 R R B E B
AL HAEM ER E T E S E AR R — A
— B AR RAE S E A SR AR TR 2R
)2 R ARG A T e AT R R R

ULAFRR , R BRAS ST IR R A T AR IR 5 5 IR
b R T SR R S AT TR R R B e IR R Y
il 98 45 9 R n I TLAE S A L fE S AR 22 NI A i fek B
T, HEORGE AL LA L ST 28 3 58 aE H A R
AT 5 BT 1 9 X AR ol T A SE 7E A
PRI AT 5K Il ) o % 3fe 4 4R R AR DT IR HLKR
DU AT e 3 TR S B e 3 L A
AR AL PE BT e R BT HERY AR . T SE AL
X —HAT T Z R SR R E N S s L

FIT L AR 22 2 35 X 5 i 24 28 22 i A0 1k 1] At
TR, FAESES AT & A AT I ] B 240
(4 2 2% 7 il 8 A 20 B A R BE O 1 A Z A B2 R
iz E WA /N A AR, BB A Bl i AR A
A RO B AT I A S T E A A

[l

v

>

R BT IR T T BB SRR AT SR A s AT
R RN P NI VE WAL & i o = & e [
AEAERY [A) T, 46 1 T — b 2 TR & 4 B0 A9 7 K e oL
2 il 28 B AR AR T5 vk 5 Tk 2 AR GBI ) o
5 3 e 55 B 2 rp A7 TR 09 B 2 R R0 A 5 B L R =2 B
A 38 FH S 78 46 ) L, D B R SR IR 45 2% R g/ 3%
S E AR R, DA SR K 3% it i 3fe % ) ] [ {H 45 R &%
R L AL R T A AE B A W 4% R B AR R L O
Wit T 5T Hadoop “F & W IF A7 SO 55 IR A
GO E T BB ERA N 2R E IR G
AT AR S T 2 28 2k i B A0 4S8t 4% B3 1
HCHE G B R, SR AR T % 2 B bR 4l A O Ak e R
FAE s AES T BRI T IR I 26 A 20 T SR i S A B
BN AR s AT A 5 A R B % R 0 Ak TR) L 2 R
T AT ) g A PEAL L A T R A b RS
T AR B — IR AR AL AR B, IR 5 T[] B %
S FVIZ I H AT 5 SR 4 0 A R0 R BE PR R A Ak R
AR T —FR A TR ST 22 A Y S A
2 I 55 R BE 0 A By IR O Ak D L ST T AR IE AT
5 2 55 08 B ) P R AR AR AR B s Huang 555 & X 75 3K
M 1 2 ] 28 0 T 4% 152 T Tl R, B 1 T L E Al A
Al P B B oA A A, JF AR A 43 S0 R IR R T
—FfORE B oK % 50 s Wang S50 [ i 2% 78 25 RN 8
BAAAG R M T AL L2 B A A



% 34

LEE . F RANEZAFHTEEZHNL XM 91

Ma 85119 2% 2 B A F AL 22 30088 4 T T A
B8 BT, IR I T — il T SO SR OR
71 s Tong S50 DI 28 (00 26 S A6E A1) 7 JBE 1 % 42
M T — Tl T 2 R O 285 B T Sk A TR
5 Guo %5 iz AR & B BOR R AR i T 2 458
23 52 g% A I L 3 SR FH 38 A4 50k R 0% S0 B AR ik
KSR i 22 LA TE R Y RN B VR 1 1E 4 1 5 Tang
SEU R P A R AR AT RN ] L 2R B AE S
DR AR I A AR RN R A A A e R AT O L 4R
TIRA AL Logit B,

TEE i 22 2 R A i A L LA b SCHR R OAR %
JET AT I )BT L B2 R0 2 B RS A DL R B 2
e AT R AR E AR HAT R T L R R B E
il 2 SRR AL AT B B R A G O, B
FE T RBAGOLT > 58 0 100 2 8 JEE [, % A 52 5% &
D IC TR SR T LR ) 23 S I A 1] A A
VLM, WM T K F TS
BN BT 2 0 T R R FAF T B2
BT BEREAT 5 W SCIR B AY T 3T L 2 il
325 R F AR T B P B 2 S B
SR ) AL 0 il T2 52 A R Bl I ok 4 1 R SR
FR9 52 M0 U0 FBL 920 3 2% B0 1 AT SE 5 5 Bk A AR B X
V7 B IR A 2 58 445 i T8 bk A 2% 58 4 g R A (1] At
JETFIRFE O RS DX 0 S BRI T A 52 is
J7 5 TR A -2k 3 AN 2 T 43 BT T T A
A5 1) B L S A 3 2 AL L R ST TN ST AR
Z HAR LRI B R IR RS R T T AR K E T 0L
AL AR R T SEAE S g AT A A
FC I 2 ) R U1 S I ) 7 ) 2 00 e A ) e, T T
ON BB R SR 5 4 AR A A X IR A R R B
IO 7 DX ol 3 6 A L R T T R P O ) 9 1) 4
BRI FRIK T B A SR M, BE T L T 3 T AR
B RO AR AT, IR it T/ AR R
¥ 5 BOW 2 A5 0 3 1 1l AR 0 E 5 AR IR
L PRI B A8 T 45 1) AL A T T 2L S i R R Dl
Fil P4 IO 2 SRCERE A G B A o R ST IR L T
&Y R JEE TR R R AT SR A s AR SRR T A
0 220 PR 0L 0 B AR Y R Bl 2 R G T vk
B PSR S AR R AT T PR A

Hy b TR, 5 S A S T AR SR T AR AR A R
Ao E B, BUA MG T R il 2 S L0 A IR
BT A B B R AT AR, BT
W AR SCRE X 98 e 20 31 T A T Y R 2 T 32
BEATWRSE LA s A7 i (o) B o F AR . % I8 SR %

bR R MR R R A DA R
SE Tl 23 SZ LR B A A AR BY L LR X 92 17 39 1] i B 0 i
),

1 [ FEHFIA

HIRTTA 24N 2E R A SZIEE G M EA R K
FTREESCH B EWSSE TAR K., FA4
il e AT EH N 2 8 SS A5 A N AT T — W A
LTRSS A K Re — Gk iR 55 . — N 2 E
AT ARG Z 0w s, HTRZBNRE AL TA
FAF 5 L o DR B SR Y AT 4 T 3k e BN
e 2o 22 4 R, LA A N 2 0 A 52 58 i — IR
55 Ja s MBS R IE . R R R R 2 A
KR . TR IR R N 208 AL TR
DA B 0 e B A 0 2 A 38 S IB AT I [R) B
HAr. anlEl 1 Fros, B W b3 3 A il A sSiE= 45
CRS50 asboo) A 12 4 E&ERE S 1~12 F1 12
NN 13~24, HTZERE AL TR
HISE IR, b 2 i 7 B AH O B B b st A L R AR R
Sl s RIS B 4R B A 1 38 R L R AR TR R
T AR TR T O 20 BB 17 i R

oA Zen N
TGV
EONG

F1 R

Fig. 1 Schematic of road network
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Tab. 6 Solution result under influence of epidemic when a=0. 45
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4 b-12-15-16-33-22-31-b 1. 797 17 42.50 !
5 b-5-32—b 0. 964 4 10. 00
32.500
6 c-13-10-26-39-¢ 1. 360 10 25.00
7 c-3-28-¢ 1. 267 12 30. 00 ’
8 d-1-9-23-38-d 1. 665 15 37.50
9 d-2-14-24-27-d 1.915 15 37.50 3
10 d-20-8-25-36-d 1.401 11 27.50
A 15. 705 130 10
F7 BEFWET a=0.40 HHKBELER
Tab.7 Solution result under influence of epidemic when a= 0. 40
ALK Res & 2l BT /h FeF B/ N R/ % PEEMIORE | &HEEHSSRSE
V- B R % AR/ veh
1 a-9-14-27-23-a 1.765 15 37.50
2 a-13-4-15-31-26-21-a 1.615 15 37.50
3 a-1-11-38-40-a 1. 681 16 40. 00 5
4 a-16-33-a 0.871 6 15. 00
5 a-3-28-a 1. 442 12 30. 00
32.500
6 b-12-6-7-22-37-34-b 1. 599 14 35.00 1
7 c-17-8-35-29-¢ 1.483 13 32.50 1
8 d-19-35-d 1. 151 11 27.50
9 d-20-10-39-36-d 1. 658 13 32.50 3
10 d-2-5-18-24-30-32-d 1.615 15 37.50
Bt 14. 880 130 10
£8 BEEMBERT «=0.35 HHYRBER
Tab. 8 Solution result under influence of epidemic when = 0. 35
NG5 2 A BATE /h Fe B/ N bR % PR g\{%%%%ﬂ&%
TR % B ZE 45/ veh
1 a-15-4-31-21-a 1. 301 11 27.50
2 a-8-1-38-25-a 1. 467 12 30. 00
3 a-9-6-5-37-32-23-a 1. 699 14 35. 00 !
4 a-18-11-30-40-a 1.492 12 30.00
5 b-20-16-33-36-b 1. 508 13 32.50
6 b-13-26-b 0.939 4 10. 00
7 b-3-28-b 1. 342 12 30. 00 25.000 !
8 b-12-22-b 0.796 6 15.00
9 c17-29-¢ 1. 069 9 22.50
10 c-14-7-27-34-¢ 1.708 13 32.50 3
11 c-2-24-¢ 1. 037 7 17.50
12 d-10-39-d 1.096 6 15. 00
13 d-19-35-d 1. 151 11 27.50 ’
Bt 16. 605 130 13
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x9 BEEWT «=0.30 FRBER
Tab. 9 Solution result under influence of epidemic when = 0. 30
L B EWNRE | KIEESS SRS
NS L BRI /h | R/ | RER/% -
¥ b Y 4%/ veh
1 a-16-8-25-33-a 1. 260 10 25.00
2 a-12-22-a 0. 846 6 15.00
4
3 a-14-27-a 1. 303 8 20. 00
4 a-13-1-26-38-a 1.567 12 30. 00
5 b-19-35-b 1. 376 11 27.50
2
6 b-17-29-b 1. 144 9 22.50
7 c-9-23-¢ 0.962 7 17.50
23.214
8 c4-21-¢ 0.996 6 15.00
9 c-20-36-c 1. 087 7 17.50
6
10 c-10-15-31-39-¢ 1.351 11 27.50
11 c-3-28-¢ 1.267 12 30. 00
12 c-18-6-37-30-c 1.312 7 17.50
13 d-2-7-24-34-d 1.517 12 30. 00
2
14 d-5-11-40-32-d 1.617 12 30. 00
At 17. 605 130 14
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