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Abstract: Aiming at the characteristics of the severity of the injuries, the uncertainty of the emergency logistics
network and the demand of timely rescue after a large-scale disaster, the paper studies the emergency material
scheduling problem by considering the random deterioration of the injury and the uncertain transport time.
The paper describes the evolution of the injuries based on the Markov process and introduces the transfer
probability to calculate the mortality rate under different injury conditions. A fuzzy opportunity constraint
planning model of emergency material scheduling is established to minimize the sum of death probability. An
improved glowworm swarm optimization algorithm with chaos initialization and variable neighborhood local
search is designed to solve the model. Numerical experiment verifies the effectiveness of the model and the

improved algorithm proposed in the paper.
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Fig. 1 Emergency logistics network
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Fig. 2 Random evolution process of injuries
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Fig. 3 The position vector of a glowworm
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i, B AL BC 2 H A 300 AN A I R SERIT B, B RS 5 N SR IT W) B L IE, BT ) B K
B A2 50 AN EALHN 25 AN EAL, RN 5, A 3 4. 16 KR B A RO 2 00 N B &
24 b (1) 75 L R0 B BT R PR 0 3R 1 o, BB S A3k A0 DA K PR B S 1 B 22 (R (1) 32 i e TE) G0 R 2
FroR; BRASEAG 5 R A4 04 75 BN R BRI R 4 i 2 3 N B RT 2 AN BRI B HE SR VR T S 35 SRR [34]);
Pip = 0.016, Py; = 0.008, v = 0.9, 3 = 0.95.
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12l MATLAB 314 'S5 SRR 7, S we K BRI A S HUE & B, 5k B VE I B R B
91000, FREERIR/ANA 50, RAFEWIGEE Lo = 5, B KEREKHF T p = 0.5, WHLRIEEF T v = 0.5, 4635
PRVGRE TN ro = 8, METKABIRFA2 g = 16, SRR R € = 0.09, AL RIKECHN 20. N T
BEAIF oS0t 8 K R VR FO PR B8, AR SR S0 o K U S bR i e K UL DLRORE T B SRR AT 6 B A BT 7
[F) S A BRI AR IR, o =P VL IS AT 20 WX, 181745 RUE 7 Fiows.

F1 TARRERMFRUARGEZSH

Table 1 Demand and casualty parameters of sixteen hospitals

R ST 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

R 18 22 23 27 20 9 9 17 20 22 7 9 13 16 29 21

WEAPRAIM /min+ 77 62 89 44 68 55 83 57 75 43 58 65 62 69 T2 46

BN 2 2 1 3 3 1 1 1 2 3 1 1 1 2 3 3

i N 6 8 10 9 7 3 3 7 7 8 2 3 5 5 10 6

F2 EERZPHET S ERE AT 8] (min)
Table 2 Transportation time between two nodes in the distribution system

A5 Tz 1] / min A5 Tz 1] / min A5 Tzt ] / min A5 Tzt 1] / min
0-1 [26.36,31.63,39.54] 0-2 [22.67,27,20,34] 0-3 [27.5,33,41.25] 04 [23.91,28.69,35.87]
0-5 [23.73,28.69,35.86] 0-6 [29.4,35.28,44.1] 0-7 [27.72,33.27,41.58] 0-8 [27.73,33.28,41.59]
0-9 [28.94,34.73,43.41] 0-10 [26.81,32.17,40.22] 0-11 [35.79,42.95,53.69] 0-12 [32.63,39.16,48.95]
0-13 [32.12,38.54,48.18] 0-14 [37.24,44.69,55.86] 0-15 [37.29,44.75,55.94] 0-16 [32.34,38.81,48.51]
1-2 [8,9.6,12] 1-3 [1.2,1.44,1.8] 1-4 [10.6,12.72,15.9] 1-5 [5,6,7.5]
1-6 (2,2.4,3] 1-7 [12.8,15.36,19.2] 1-8 [5.7,6.84,8.55] 1-9 [8.4,10.88,12.6]
1-10 [7.5,9,11.25] 1-11 [9.1,10.92,13.65] 1-12 [6.3,7.56,9.45] 1-13 [5.4,6.48,8.1]
1-14 [10.4,12.48,15.6] 1-15 [10.1,12.12,15.15] 1-16 [21.94,26.33,32.91] 2-3 [8.8,10.56,13.2]
2-4 [4.4,5.28,6.6] 2-5 [7.8,9.36,11.7] 2-6 [8.2,9.84,12.3] 2-7 [7.7,9.24,11.55]
2-8 [8.8,10.56,13.2] 2-9 [9.8,11.76,14.7] 2-10 [8,9.6,12] 2-11 [16.6,19.92,24.9]
2-12 [13.8,16.56,20.7] 2-13 [13,15.6,19.5] 2-14 [21.6,25.92,32.4] 2-15 [18.4,22.08,27.6]
2-16 [16.63,19.95,24.95] 3-4 [12,14.4,18] 3-5 [5.8,6.96,8.7] 3-6 [3,3.6,4.5]
3-7 [13.8,16.56,20.7] 3-8 [6.6,7.92,9.9] 3-9 [9.5,11.4,14.25] 3-10 [8.4,10.08,12.6]
3-11 [9.4,11.28,14.1] 3-12 [5,6,7.5] 3-13 [4.4,5.28,6.6] 3-14 [9,10.8,13.5]
3-15 [9.5,11.4,14.25] 3-16 [24.26,29.11.36.39] 4-5 [7.1,8.52,10.65] 4-6 [4.4,5.28,6.6]
4-7 [7.8,9.36,11.7] 4-8 [5.2,6.24,7.8] 4-9 [6.2,7.44,9.3] 4-10 [4.35.16,6.45]
4-11 [13,15.6,19.5] 4-12 [12.5,15,18.755] 4-13 [11.2,13.44,16.8] 4-14 [20,24,30]
4-15 [14.9,17.88,22.35] 4-16 [17.15,20.58,25.73] 5-6 [5.1,6.12,7.65] 5-7 [14.4,17.28,21.6]
5-8 [7.8.4,10.5] 5-9 [9.8,11.76,14.7] 5-10 [8.8,10.56,13.2] 5-11 [13.8,16.56,20.7]
5-12 [11.2,13.44,16.8] 5-13 [10.4,12.48,15.6] 5-14 [15.3,18.36,22.95] 5-15 [16.1,19.32,24.15]
5-16 [19.32,23.18,28.98] 6-7 [11,13.2,16.5] 6-8 [3.7,4.44,5.55] 6-9 [6.5,7.8,9.75]
6-10 [5.4,6.48,8.1] 6-11 [9.2,11.04,13.8] 6-12 [6,7.2,9] 6-13 [5.3,6.36,7.95]
6-14 [10.8,12.96,16.2] 6-15 [11.2,13.44,16.8] 6-16 [21.21,25.45,31.82] 7-8 [7.5,9,11.25]
7-9 [5.8,6.96,8.7] 7-10 [6,7.2,9] 7-11 [12.6,15.12,18.9] 7-12 [17,20.4,25.5]
7-13 [14.3,17.16,21.45] 7-14 [17.8,21.36,26.7] 7-15 [16,19.2,24] 7-16 [11.83,14.19,17.75]
8-9 [2.8,3.36,4.2] 8-10 [1.7,2.04,2.55] 8-11 [8.5,10.2,12.75] 8-12 [8,9.6,12]
8-13 [7.6,9.12,11.4] 8-14 [11.1,13.32,16.65] 8-15 [9.34,11.21,14.01] 8-16 [17.73,21.28,26.60]
9-10 [3.4,4.08,5.1] 9-11 [6.8,8.16,10.2] 9-12 [11.6,13.92,17.4] 9-13 [9,10.8,13.5]
9-14 [3.6,4.32,5.4] 9-15 [8.77,10.52,13.15] 9-16 [5.66,6.79,8.49] 10-11 [9.4,11.28,14.1]
10-12 [8.2,9.84,12.3] 10-13 [8.8,10.56,13.2] 10-14 [16,19.2,24] 10-15 [9.94,11.93,14.91]
10-16 [16.49,19.78,24.74] 11-12 [12,14.4,18] 11-13 [8.7,10.44,13.05] 11-14 [13.1,15.72,19.65)
11-15 [7.2,8.64,10.8] 11-16 [24.65,29.58,36.98] 12-13 [1.8,2.16,2.7] 12-14 [4.9,5.88,7.35]
12-15 [4.6,5.52,6.9] 12-16 [26.86,32.23,40.29] 13-14 [6.5,7.8,9.75] 13-15 [4.88,5.86,7.32]
13-16 [24,28.8,36] 14-15 [4.8,5.76,7.2] 14-16 [27.58,33.09,41.37] 15-16 [24.56,29.47,36.84]

H 7 AR R, =R EE LB AT 20 KA, Sk K R SRR IR AR T AE S R AE AR /IME 2 )
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Fig. 7 The results of three algorithms
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Fig. 9 Schematic diagram of optimization material transportation route
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Table 3 Delivery route for each vehicle

R AL
1 0-1-3-13-12-0
2 0-2-7-0
3 0-16-0
4 0-9-14-0
5 0-10-15-0
6 0-4-6-0
7 0-8-11-0
8 0-5-0

5 4RiE

AR SCAE L5625 AR A0 17 T AL 5 A 02 B BT ] (00 AN 5 17 55 T X B S0 9 R B 1) R AT T I A R
F E/R Al R R R T 0 15 AL A, DA RSB T e = 2 Ml /N AR B AR 57 T BRI 2 20 SRR &)
FREFRY 5] F = AR A 5% i B AR R 3R AT 1 s A AL B, R0 T — R et K R R AT SR, 45 R
F B 1GSO H i A i W S BIRS BE TE s R, P 35 R RUR A X T GSO A PSO L4327+ 1 2.53 %
1 3.89 %, BeriiE AR Y [ TE A AN B A AR e 1t A .

ARSI FEIIA A 1 S AR R S5 5 RS T 38 BIA A G, S50 b, 9¢ 5 B 2 % AT BEA77E it
AN SR PRI 150, 3t 2 5200 45 17 A R B T () B =55 s 47 5 1) 5 AR B[] %) A 7 4 1 2 A PR s e

A B AR T 7 1.
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