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Optimization of multi-type emergency materials distribution routes
under the background of public health emergencies
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(1. Business School, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. School of Intelligent
Emergency Management, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: To guarantee the smooth implementation of targeted testing and treatment measures and
infectious disease prevention and control, and to also formulate a scientific and reasonable distribution
strategy for emergency medical supplies, a multi-center, multi-material vehicle path optimization model
was constructed. Its primary objective was to maximize satisfaction and the earliest delivery service end
time. First, the demand for medical supplies was predicted based on the SQEIR model for spreading
infectious diseases. Second, two functions were designed to evaluate the satisfaction of different classes
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of material distribution for diverse emergency medical material use scenarios. Finally, the improved salp

swarm algorithm was designed to solve the model, and the results were compared and analyzed with

those of the traditional NSGA-II algorithm. The simulation results demonstrate that the proposed model

and the improved algorithm can efficiently solve the emergency medical material distribution problem

under public health emergencies, and the improved algorithm presents superior characteristics in terms

of global search performance.
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Fig.1 SQEIR cabin model incorporating pulse detection
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Fig.6 Leader position update
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Fig.7 Follower location update
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Fig.8 Food source location update
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Tab.4 Distribution center location

e A

K (121.3855,31.2698)
K> (121.4386, 30.964 1)
K3 (121.3334,31.1426)
K4 (1213058, 31.3534)

x5 EffBAMIERME

Tab.5 Location and size of medical team

s ek R
G (121.5388, 31.2749) 30
G, (1213580, 31.1432) 50
G; (121.4798,30.9231) 50
Gs (121.2252, 31.2749) 20
Gs (121.5746,31.2547) 30

#6 ERERBERERFET

Tab.6 Demand and time window of designated hospitals

e Kﬁ‘iﬂm’ﬁf fﬁﬁ%}? IE%/\E ?ﬁ,ﬂ;ﬁﬁi}ﬁ ?2%1#7(?
FokE wORE FRRE R A
H, 131 67 13 257 310
H 222 239 35 290 350
H3 139 49 12 240 317
Hy 195 138 24 329 421
Hs 248 75 20 145 195
H»g 366 131 31 108 128
H», 164 15 10 220 280
Hy 381 78 27 168 250
Hys 254 8 13 180 220
Hyy 229 8 12 189 210
Hos 253 9 22 80 88
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Fig.10 Schematic diagram of 3-dimensional Pareto frontier
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Tab.7 Distribution route
YR LE LR e y7 BB 2R HFRE
Ky —>19-520-56->K;
Ky -2l >16>4—>K;
G —>19-21 5205616
K> 15-55-517-K; Z1=1.0531
Gy—> 125245 18—-22—-4
K> 12518522 —>K; 7>, =04021
G3;—>2558-53-510-2
K3;—>25-1—>13-2—>Kj; Z3=100.9124

Ki—>8—-53-510—- K3

Gy—>11-15-55-517->14
Gs—>9—-51-523-513-57

Ki—>9-524-57->Ky
Ki—>11-523 514> Ky
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Fig.12  Arrival time of supplies to designated hospitals
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Fig.13 Fitness convergence curves of each algorithm
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Tab.8 Comparison of algorithm running time s
BESARYC NSGA-II — BRI R
100 42.459 42.131 40.846
300 124.501 123.967 119.457
500 211.796 205.237 198.934
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