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Supernetwork optimization method for low-altitude emergency supply

scheduling considering extreme weather impacts

SHI Yun, WU Wei-wei', ZHANG Hao-yu, XIA Han-qing

(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, Jiangsu, China)

Abstract: To improve the delivery efficiency of emergency supplies in disaster-stricken areas under
extreme weather while balancing scheduling costs and risk control, the optimization of low-altitude
flight paths and the collaboration of multi-platform resources were taken as key focal points, and a
multi-objective optimization method for low-altitude emergency supply scheduling based on an
improved supernetwork was studied. By considering the heterogeneity of air-ground networks and the
collaborative characteristics of multi-level nodes under extreme weather, a supernetwork planning

model for low-altitude emergency supply scheduling was constructed, with the selection of supply
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transportation paths, flight platform configuration, and transit node selection as decision variables,
and the minimizations of total transportation cost, average response time, and system risk as three
objective functions. In view of the difficulty in quantifying the vulnerability of transportation networks
and the impact of extreme weather, an improved parameter calculation method was developed and
combined with the extreme weather risk index to achieve an accurate evaluation of the supernetwork
model. After the parameters were embedded into the model, the selections of emergency scheduling
paths, transportation volumes, and transportation modes were optimized through collaborative
computing capabilities. Based on the complexity of multi-level decision-making, a variational
inequality transformation mechanism and an improved projection algorithm were designed for the
model. The feasibility of the model was verified through a numerical example in an urban extreme
weather scenario, and the optimal transportation paths, platform allocations, and supply flow
schemes were output. Research results show that the model framework can effectively integrate
multiple types of supplies, heterogeneous platforms, and multi-level node resources, and the
improved projection algorithm can efficiently solve the supernetwork optimization problem. The
output results of the numerical example show the optimal transportation volume allocation schemes for
different supply categories corresponding to various platforms and links. On the premise of satisfying
capacity and operational constraints, the optimization of cost, time, and risk objectives can be
achieved, which confirms that the method possesses rapid response capability and practical application
potential under extreme weather conditions.
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Fig. 1 Improved supernetwork adopted for low-altitude emergency supply scheduling under extreme weather
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Fig. 2 Supply flow modeling form of low-altitude emergency scheduling supernetwork
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Fig. 3 Example of emergency scheduling
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Table 2 Setting of link parameters

R | el w) vl rl G B
1 0.10 5.0 0. 050 0. 020 15000 | 3000
2 0.20 8.0 0080 0. 030 18 000 | 4 500
3 0.15 6.0 0. 060 0.025 16 500 | 3600
4 0.18 7.0 0.070 0.028 17 400 | 3900
5 0.12 5.5 0.055 0.022 15600 | 3300
6 0.22 8.5 0. 085 0. 035 18 600 | 4 800
7 0.16 6.5 0. 065 0. 026 16 800 | 3750
8 0.25 9.0 0. 090 0. 040 19500 | 5100
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Table 3 Setting of parameters for emergency supplies and transportation modes (classified by transportation organization mode)

m n Yy Y™ " Q" 2" u" gt

1 0.3 25 8.0 45 0. 40

2 0.2 50 20.0 85 0.30 5
! 3 3.0 200 60.0 190 0.12

4 2.0 65 80.0 130 0.35

1 0.4 30 6.0 40 0.50

2 0.3 55 18.0 80 0.35 5
: 3 3.5 250 55.0 180 0.15

4 2.3 75 75.0 120 0. 40

1 0.8 40 4.0 35 0. 60
3 3 4.5 300 50.0 160 0. 20

4 3.0 85 70.0 100 0.50
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Table 4 Transportation results of each link
m n i 1 ik 2 fiE i 3 BRI 4 HiE 5 BRI 6 fik 7 fiE i 8
1 65.96 29.61 44.66 36. 89 74.54 36.52 58.37 32.41
1 2 67.12 30.27 45.68 37.86 75.69 37.18 59. 66 33.06
3 245.62 158.95 190. 30 169.70 255.61 166. 40 219.39 148. 38
4 162.76 103. 83 125. 88 112. 68 174. 30 111.63 148. 16 101. 31
1 151. 89 77.37 106. 62 89. 38 147.03 76.94 119.45 64.02
2 157. 28 81.55 111. 16 93.58 152. 34 81.12 124.19 67.85
: 3 344.81 222.06 266. 22 235.90 334.98 219.50 284.84 194.23
4 238.14 141. 87 178.45 155.21 230.11 139. 23 192.65 121. 38
1 193. 87 116. 34 140. 58 122.45 231.77 139. 11 186. 22 123.63
3 3 555.79 388. 88 440. 20 397.62 592.83 406. 60 511.09 362.17
4 521.98 367.15 415. 67 376. 14 560. 11 387.14 485. 28 346.47
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Table 5 Verification results of algorithm scalability
ESOEE L E R A rh S B PN
B R 8 35 86
AR EL 8 24 48
FE R B 2 6 12
PR A ik 96 420 1032

MR/ % 100. 00 337. 50 975. 00
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Fig. 4 Framework for low-altitude emergency supply scheduling supernetwork
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Table 6 Comparison of multi-weight combinations
e W o, a2, a5t SUA -2 (] SRR Zi45 Hir M R AT IR
W1 {0.33,0.34,0. 33} 358434 245.2 788.8 118 627.0 e
w2 {0.70,0.15,0. 15} 268 668 282.1 738.1 188 221.0 2
W3 {0.20,0.60,0. 201 397 068 186. 3 769.5 79 679.4 2
w4 {0.15,0.15,0. 70} 491 305 194. 6 827.2 74 304.0 [
W5 {0.45,0.45,0. 10} 321271 270.7 772.6 144 771.0 =
W6 {0.10,0.45,0. 45} 670 915 224.9 957.8 67 623. 8 1
w7 {0.45,0.10,0. 45} 321173 270.9 772.6 144 902. 0 I
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Table 7 Comparison of platform utilization rates under different

weight combinations %
WEAH w2 W3 W4
Al E R TE AL 82.3 76.8 68. 4
il 5 3 IE AL 78.5 71.2 62.7
PNLE PN 43.2 68.9 59.3
HoAlb ik zs o5 X 65.1 72.3 58.6
iei XU B 3 I A o LG 34.6 28.4 18.7
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Table 8 Statistical characteristics of objective functions under weight perturbation

EERAN ¥ {H Fivife 22 AR5 R Y IR /M RRME s
Zigy A dr 79 870. 40 2407.81 3.01 76 183. 90 84 531.50 8 347. 56
%N 399 035 10 862 2.72 383 882 421629 37 747
I JE] 186. 93 2.19 1.17 184. 46 191. 91 7.44
i 771. 20 2.51 0.33 769. 20 778. 60 9.30
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