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Abstract;  To reduce casualties and economic losses caused by disasters, a multi-objective ambulance
dispatch optimization model that minimizes the maximum rescue time, the standard deviation of ambulance
service times, and the total psychological deprivation cost of casualties was developed, while accounting for

psychological deprivation factors. Given the non-deterministic polynomial ( NP ) -hard nature of model, the
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INSGA-III was proposed, incorporating a multi-chromosome hierarchical encoding strategy and dynamic
crossover and mutation methods. Using the 2019 flood in Xingguo County, Ganzhou City, Jiangxi Province
as a case study, the proposed INSGA-III was compared with NSGA-III and NSGA-II. Sensitivity analyses
on ambulance quantity and relative deprivation cost coefficients demonstrated the effectiveness of model and
algorithm. The results show that the maximum rescue time for casualties is minimized to 9. 234 hours, the
standard deviation of the latest ambulance service times is reduced to 13. 156 minutes, and the total
psychological deprivation cost of casualties is minimized to 1729.001. With the relative psychological

deprivation cost coefficient set at 0.3 and 500 ambulances deployed, the timeliness and fairness of the
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rescue operations are significantly improved.

Keywords
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Table 4 Comparison of evaluation indicators
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HIE 5 AL 6 n) Ji . 24 AH R 0 25 A R8N
0.3 8F, Hbr 1.2 KZ BB A, B A A F A E
TLEER S 0.3, EEAR 2 MET, G E
HIFEAEA 55, 0. 45 F10. 6, BEE R, 45 610
BERGRIZF A 2 TS IR R VN T 0.3 B 3
KRV, MG BB L5, 52BN 2Rz ol R

Fig. 6 Latest ambulance service time standard
deviation trend under relative deprivation

cost coefficient

% 3/500.000 o Hif 1B
=® H#r 2B A

% 000.000 o g )E

E 2 500.000 - P
%ﬁ o o /»/

=2 2000.000 P g

X e

8 4 500,000

0 015 03 045 06 075 09 1
XS RIRE PR RS

B7 HENHFRARYETHROERRFRE
Fig.7 Psychological total deprivation cost
trend of wounded under relative deprivation

cost coefficient

DL 45 OInIR.O PR EE A Bk B BT R Bh
e a AR IR KA T B AR O 2, K 3 B 3EUAE X ] 2
BUA R HIAE 0.3, A R = RBobz i B 2 v iy
S IR 7 D3 R0 BB AR A TR KT,
QFBARAT SN Z MR, PR A XT3 25 B AR R B0 98 2
0.45 5% 0. 6, LA VA R S8R FLO BLUA
3.3.2 HUPEFHENIEN

TER E AR5 A REOWAE LT i el e
R G ks, N3 A H bR A BEXT T %, 45 R
& 8—I& 10 Fim,

B _
= 44000 —o— HiF 1 iR/MaE
= —m— Hip2 BN E
= 34.000 »
B FAR3 B/ M B
ml% 24.000 u
ﬁ v
& 14.000 L
=4 -y .
-5 4.000 L L L L L 0 1 —u
\QQ ’»QQ ")QQ @Q ‘)QQ bQQ ,\QQ %QQ O,QQ \QQQ
KI5 E

B8 HIPEHETUTHRMBEKRE
Fig. 8 Maximum time trend of casualty rescue

under variations in ambulance availability

B R e B, BAR 1 A Wrsid | B
TR IR E 500 )5 B2, Hbr 2 B



hoE e B o e $35%

B9 HIPEHETZUTHIFERERS

- 38 - China  Safety Science Journal 20254F
E —o— HiR I RMARE PP RO B HE T T R, TR R A 80R D 500 F
i s = HE L 700 I BLEL 5 i — 26 IR R R
Eéﬁ NS ZEREMIAN 2 HAR 3 BERE 450w /8 N R iR
o g ‘ e JETN B B AR 8 A 3 500 5, R B Rk
= I =2 %, TEHBR 2 AT, £ 50 BLAE 800 4, ARHE LA

BT AR IRAT BRI SEBRI S b T, U
500 ka4, IR R A AR AR T 2R
W8 B A B T BT 2, A SRS R, DR R

i ] fR = g
o SRR T2 700 5% 800 i 1L HE— 5 5 5 4 4

Fig.9 Latest ambulance service time standard

deviation trend under variations in ambulance %Iio
availability 4 z:él: .L/B
g U . s 1) B L RARLL SR ML
£ e L SR Ry 9. 234 h, i/ IMEB 2R R
- SO U000 Iz 55 i [B] bR FE 22 24 13,156 min, fie/ A7 0 BELUEL
u; 4000000000 F | FNZLZ A1 729. 001,
8 0.000 B B 5 B BB BN 2) 4%& E"J‘D}E*Hw‘%uj—}ﬁij&%ﬁﬁﬂﬂﬁ 0.3 ,
TS ETE S & REAT S8 i R AR (8 IO R P I o 7 5 1
B 1 BRA S PRI BB R TR 500 Wi 4 ISR
10 BIPEHETUTHROEBIARTFRAR HEE R BRI R T %
Fig. 10 Psychological total deprivation cost 3) 3'e EF. W 5‘{ g gé/gﬂ: 4% 5 *ﬁ ﬂb%% , ﬁk 2{% A
trend of wounded undefr v.af'iations in PR S22 00 1 22 00 Y (A B R R B e 0 T o
ambulance availabiity BORM RGN, 5 SN 3 AP e 2% i

(1]

(2]

(3]
(4]

(5]

R ANA I e R AF SR, F il B T 5 b )
PERLEE IR B

2 % X #

TR, PR, A= oR. MR BN ENXMEIREVERARI]. PEITERZ,2024,26(6) : 120-130.

CAO Jianting, ZHAO Zhongnan, XING Ziqiang. Approaches to strengthening flood risk management[ J]. Strategic Study
of CAE,2024,26(6) :120-130.

Rzt FHRIN, SR BROLBWE XM NE SN BB IZPMEU B[ )] PEZ SRR, 2024,34(4)
191-198.

SONG Yinghua, HAN Baoshuai, GUO Chen. Location selection model of emergency shelter considering risk of flood
disaster in county[ JJ. China Safety Science Journal ,2024,34(4) :191-198.

Bk, «TO0h” BRMBERAMNKILZ]. 2022-02-14.

CHRISTIE P M J, LEVARY R R. The use of simulation in planning the transportation of patients to hospitals following a
disaster[ J]. Journal of Medical Systems, 1998, 22. 289-300.

BHNE, &, 0R. AMBERESBHDHRYENNPEDRMBRL)]. 7% TREBILSE, 2010,
30(7) :1218-1224.

YANG Wenguo, HUANG Jun, GUO Tiande. Optimization models of allocation ambulances for large-scale emergency[ J].
Systems Engineering-Theory & Practice,2010,30(7) :1218-1224.



#

&

RBLAE B B I AN 50 BESME I BP  2 BRI RO S 50k -39 -

(6]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

TALARICO L, MEISEL F, SORENSEN K. Ambulance routing for disaster response with patient groups[ J]. Computers
& Operations Research, 2015, 56. 120-133.

PI85R, sK—18 5. BEFRR K BEHIRHNRBMHRLCIASDEIHRL)]). PELEETRFRA,
2024,20(1) :37-42.

LU Fuqiang, ZHANG Yibo, BI Hualing. Reasearch on collaborative optimization of post-earthquake casualty transfer
problem based on demand urgency ranking[ JJ. Journal of Safety Science and Technology,2024,20( 1) ;37-42.
HOLGUIN-VERAS J, PEREZ N, JALLER M, et al. On the appropriate objective function for post-disaster humanitarian
logistics models[ J]. Journal of Operations Management, 2013, 31(5): 262-280.

GUTJAHR W J, FISCHER S. Equity and deprivation costs in humanitarian logistics J]. European Journal of Operational
Research, 2018, 270(1): 185-197.

KA, BN,IR,EF. N EEBENEUD TONRIRDSBEEARLI]. A% TREILSLER, 2020,40(9)
2427-2 437.

ZHU Li, CAO Jie, GU Jun, et al. Dynamic emergency supply distribution considering fair mitigation of victim
suffering[ JJ. Systems Engineering-Theory & Practice, 2020,40(9) ;2 427-2 437.

SKED, S8 Y, Sk, BT RISNANN BREISY)RBROMRAT)]. PEEERNS,2024,32(5) :187-195.
ZHANG Ling, GAO Pengfei, ZHANG Lin. Research on emergency evacuation and material allocation based on
deprivation cost[ J]. Chinese Journal of Management Science,2024,32(5) : 187-195.

[R5%, tAGE, TRR. ERIASAMANBNRETRBIGRERE[1]. cE5ESEIE,2024,33(5) :55-61.

CHEN Xin, HU Zhihua, WANG Yaozong. Configuration model for post-disaster emergency medical service stations
considering deprivation cost[ J]. Operations Research and Management Science,2024,33(5) :55-61.

KR, S, XEA,F. BRMAHAZVEBR RN BET R BAHARI]. PEEER,2017,25(10)
187-196.

ZHANG Chenxiao, ZHU Rui, LIU Haiyue, et al. The emergency victims rescue problem considering psychological
condition[ JJ. Chinese Journal of Management Science,2017,25(10) ;187-196.

PEREZ-RODRIGUEZ N, HOLGUIN-VERAS J. Inventory-allocation distribution models for postdisaster humanitarian
logistics with explicit consideration of deprivation costs[ J]. Transportation Science, 2016, 50(4); 1261-1285.

Z # (2001—) , 2, fm s MO R A, RS T 0] o 5 N S
ﬁﬁﬂﬁo Email ; wuqiusst@ 163. com,,



