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Route optimization method for emergency vehicles considering demand urgency

ZHAO Jianyou' ,XIAO Yu’,ZHU Xinyuan®,ZHAO Yang™*
(1. School of Automobile, Chang’an University, Xi’an 710064, China; 2. College of Transportation Engineering,

Chang’an University, Xi’an 710064, China; 3. BYD Company Limited, Xi’an 710119, China;
4.Capital Construction Department, Chang’an University, Xi’an 710064, China)

Abstract; For the improvement of emergency management, the degree of material demand for different disaster-
stricken sites was quantified, and an optimal route planning method for vehicles was proposed considering the
urgency of demand. The K-means clustering algorithm was utilized to determine the selection of emergency material
distribution centers and the division of disaster-affected points. With the shortest total time in the emergency rescue
process, the minimum total cost of the rescue, and the maximum urgency ranking index of the disaster-affected
points as the goal, a multi-objective emergency vehicle routing optimization model was established, and an
improved cuckoo-ant colony hybrid algorithm was designed to solve it. Taking the Wenchuan earthquake as the
background, the effectiveness of the proposed model was verified. Results show that compared with the vehicle
routing scheme without considering demand urgency, the routing optimization scheme considering demand urgency
increased the urgency ranking index by 11.2% on the premise that the total transportation time and the total cost of
rescue process increased by 1.92% and 3.43%. The vehicle routing optimization model considering the urgency of
demand not only ensures the rescue efficiency of sudden disasters, but also considers the material demand degree of
different disasters-affected points, and improves the fairness of emergency material transportation.
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Fig.2  Flow chart of cuckoo-ant colonyhybrid algorithm
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Tab.1  Quick sort mapping relationship

g PR BL MG RYERATLRK BRI
1 1 0.649 8 6
2 3 -0.071 0 5
3 2 -0.616 2 1
4 4 -0.615 1 2
5 5 1.872 2 8
6 8 -0.205 2 3
7 7 1.423 3 7
8 6 -0.081 4 4
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Tab.2 Information of disaster sites

BT ZR R B/t B0 R ' ZR A, TR R/t AR
1 BONE 20 0.67 21 HE# B 9 0.30
2 B 26 0.40 22 1] ] B 5 0.30
3 ) 17 0.51 23 GEE 7 0.30
4 L 19 0.40 24 Tl X 11 0.30
5 FRE 20 0.50 25 Rk IX. 11 0.30
6 B R Ui 18 0.58 26 VAR 11 0.30
7 it 17 0.50 27 T 16 0.30
8 RV T 14 0.37 28 =8 10 0.30
9 T 12 0.35 29 e R 9 0.30
10 HINE 20 0.45 30 WEBATX 7 0.30
11 SEMT 2 0.30 31 JLT 1 0.30
12 KEH 1 0.30 32 B 13 0.30
13 pLiN=N 3 0.30 33 R E 2 0.30
14 HKE 2 0.30 34 B Hh 12 0.30
15 N B 18 0.30 35 aliig=3 3 0.30
16 LI/t R5Y 16 0.30 36 FERE 1 0.30
17 JLERE: 20 0.30 37 DUH B 4 0.30
18 Jei X 3 0.30 38 At 5 0.30
19 FIIH X 20 0.30 39 T E 6 0.30

20 R 17 0.30
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Tab.3  Division results of emergency distribution centers and disaster-stricken points
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Tab.4 Emergency vehicle route optimization results considering

urgency
REiEef A R BRI
I —5—14—16—1
| 4 2
[—17—1
I—10—22—18—1I
m 9 3 1—20—19—1I
1 —23—34—39—21—1II
—25—26—27—1Il
M—3—4—1I
—2—31—33—1I
1 17 7 —7—32—1I
l—1—9—30—1Il
IM—e6—1I
Il —24—28—29—1Il
NV—8—11—12—13—15—36—IV
v 9

V—38—37—35—IV

5O T R K B N 2 R AR T R
FHLG, FEIMATE 2K B30 B2 I IR A IS 04 0L 2 22 4 1%
TR AE FEAS BE 2% 2ok 72 v 55 232 oy B[R] Ry
111.6 h, SEBREEERE] 2427 h fE2% 4 028 559 IC, % &

TR B30 EEFT S (AR bR ARk LE I 25 R Lk 5. M
A ET R E 8 0 5, Ak 7 58 1048 i i
I 6] 55 AR 43 S5 0 1.929% F1 3.43% , [) i) %56
HEFP 808 I 11.2% , 3 B 2% e 75 oKk Bad B i 4k
J7 S RENE T NG B b 4% JE 327 0 0 i) ' 30 A B A i
298 U TR S A BT R A
Yo AR R PR S ER , SEEE T 0 e i i AR v R A
TR T RN A B

3351

33.0F
325F
32.0F

< 315F

=

# 31.0F
30.5F
30.0F
295+ //J

1 1 1 1 1 1 1 1 1 ]

29.0
102.0 1025 1030 103.5 104.0 1045 1050 1055 1060 1065 107.0
ZREI(°)
Bs5 ZEREEMNAEHEENIE

Fig.5 Emergency vehicle route planning diagram considering

urgency
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Tab. 5 Comparison of scheme results with or without considering demand urgency
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