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Multi-criterion path optimization for hazardous materials transportation
in stochastic time dependent road networks
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Abstract: To optimize the hazardous materials (hazmat) transportation paths in dynamic road networks and make a
decision on path selection for carriers, the stochastic time dependent ( STD) characteristics of transport networks
were analyzed, the travel time and the number of people affected around each link were fitted in piece-wise
continuous time interval. The 0—1 integer programming model was formulated by taking the arrival time window as a
constraint, and taking the stochastic attribute values of travel time and transport risk as optimization criteria. A two-
stage multi-dimensional label correcting algorithm was designed with First-In-First-Out property of the STD road
networks, and the non-dominated paths were generated at different departure time to meet the time window
constraint with predetermined confidence level. The criterion-weight and threshold-dominate methods were proposed
to balance computational efficiency and accuracy. Research results indicate that the travel time and transport risk of
hazmat in STD road networks are related to the setting of arrival time window and the selection of departure time.
The non-dominated path depends on the departure time and the choice of carrier’ s preference, and the amount of
non-dominated paths depends on the dominated threshold value. Different types of carriers can choose the optimal
combination of departure time and transportation path according to the confidence level of arriving on time.
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Tab.1 Travel time parameters of each link in different time intervals
HBL S
I, I, I I, I I,

-2 0.18,0.12,0.15 0.32,0.29,0.20 0.22,0.36,0.18 0.22,0.48,0.21 0.36,0.39,0.26 0.27,0.15,0.16

-4 0.16,0.29,0.13 0.24,0.33,0.16 0.19,0.24,0.15 0.19,0.44,0.16 0.22.0.42,0.21 0.16,0.21,0.14
1-5 0.28,0.11,0.25 0.36,0.49,0.31 0.27,0.48,0.26 0.30,0.43,0.29 0.39,0.28,0.35 0.30,0.16,0.26
2-3 0.22,0.17,0.20 0.20,0.51,0.22 0.24,0.36,0.25 0.22,0.35,0.24 0.18,0.49,0.32 0.19,0.22,0.22
2-6 0.26,0.15,0.31 0.32,0.41,0.36 0.25,0.21,0.39 0.36,0.18,0.35 0.26,0.37,0.36 0.25,0.18,0.32
3-7 0.30,0.09,0.32 0.22,0.48,0.35 0.29,0.27,0.38 0.36,0.11,0.37 0.29,0.42,0.38 0.28,0.19,0.32
4-5 0.13,0.21,0.10 0.18,0.44,0.13 0.16,0.22,0.13 0.15,0.33,0.14 0.21,0.29,0.15 0.13,0.25,0.10
4-9 0.30,0.19,0.27 0.45,0.36,0.30 0.36,0.19,0.35 0.41,0.29,0.36 0.45,0.32,0.30 0.32,0.26,0.28
5-6 0.20,0.32,0.18 0.28,0.52,0.21 0.22,0.43,0.19 0.21,0.15,0.18 0.25,0.36,0.27 0.20,0.41,0.16
5-8 0.25,0.13,0.19 0.32,0.46,0.23 0.29,0.39,0.27 0.31,0.13,0.28 0.35,0.52,0.30 0.26,0.35,0.25
6-7 0.18,0.21,0.16 0.29,0.45,0.24 0.28,0.47,0.24 0.29,0.11,0.24 0.32,0.48,0.28 0.25,0.19,0.22
6-10 0.30,0.11,0.23 0.42,0.39,0.36 0.40,0.42,0.36 0.38,0.17,0.38 0.45,0.34,0.35 0.36,0.15,0.35
7-11 0.29,0.15,0.26 0.45,0.28,0.39 0.43,0.39,0.40 0.41,0.20,0.41 0.49,0.41,0.40 0.34,0.22,0.27
8-9 0.17,0.22,0.12 0.26,0.37,0.18 0.25,0.32,0.21 0.26,0.14,0.22 0.34,0.47,0.21 0.22,0.29,0.15
8-10 0.20,0.13,0.16 0.38,0.45,0.22 0.35,0.41,0.25 0.35,0.11,0.26 0.38,0.42,0.29 0.24,0.17,0.17
8-12 0.26,0.11,0.23 0.45,0.52,0.39 0.40,0.37,0.38 0.38,0.16,0.36 0.47,0.39,0.36 0.38,0.22,0.35
9-12 0.30,0.19,0.36 0.40,0.55,0.38 0.38,0.35,0.35 0.36,0.21,0.35 0.43,0.32,0.36 0.32,0.15,0.30
10-11 0.18,0.10,0.16 0.35,0.42,0.21 0.32,0.41,0.25 0.30,0.11,0.25 0.36,0.39,0.26 0.22,0.13,0.20
10-13 0.30,0.15,0.28 0.48,0.36,0.45 0.45,0.51,0.40 0.42,0.23,0.40 0.48,0.32,0.42 0.32,0.16,0.30
11-13  0.25,0.14,0.21 0.36,0.49,0.32 0.32,0.36,0.30 0.32,0.19,0.30 0.35,0.29,0.30 0.31,0.15,0.28
12-13  0.30,0.11,0.28 0.49,0.34,0.40 0.45,0.37,0.42 0.44,0.13,0.40 0.48,0.51,0.42 0.36,0.22,0.30
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Tab.2 Transport risk parameters of each link in different time intervals
B UAAA
I, I I I, I I,

1-2 1420,6.13,026  760.5.26,0.62 806,4.38,0.47 786.6.18,0.39 1120,539,0.66 1 380,5.88,0.31
1-4 946,4.27,0.31 1 020,5.85,0.51 860,3.26,0.21 850,6.14,0.41 1 030,6.18,0.26 820,0.67,0.42
1-5 1 560,5.27,0.35 1 720,6.93,0.62 1 680,4.47,0.66 1 680,5.21,0.33 1 690,5.89,0.53 1 580,5.38,0.42
2-3 1120,6.21,0.18  1240,5.47,0.52 896,6.13,0.32 820,5.35,0.49 1280,6.22,047  1150,5.85,0.24
2-6 1750,5.83,0.30  1530,6.28,0.72  1210,5.44,0.35 920,6.13,0.52 1480,531,044  1620,5.15,0.33
3-7 965,4.16,0.42 1360,5.11,0.47 1 450,4.86,0.39 1 390,6.07,0.29 1220,6.34,0.65 940,6.12,0.46
4-5 720,4.86,0.48 960,4.82,0.39 1 120,5.27,0.42 980,4.89,0.33 1 150,5.87,0.44 680,5.39,0.40
4-9 1048,5.82,0.33  1260,5.94,0.41 930,6.16,0.52 850,6.07,0.45 1320,4.96,0.41 960,5.77,0.32
5-6 1 650,4.19,0.42 1320,5.75,0.47 1360,6.04,0.39 1280,5.25,0.32 1 440,5.88,0.37 1 660,4.82,0.36
5-8 1 076,4.45,0.85 1210,4.93,0.72 890,5.38,0.46 880,4.94,0.62 1 170,5.39,0.48 990,5.13,0.38
6-7 974,5.47,0.48 1160,5.12,0.36 1 080,4.68,0.42 1 020,4.82,0.31 1210,5.63,0.42 940,5.82,0.27
6-10  2160,3.88,0.39  1570,5.83,042  1220,4.41,0.48  1170,4.92,0.33 1480,5.93,041  1820,4.31,0.32
7-11 460,5.42,0.33 690,5.13,0.48 530,5.84,0.47 550,5.29,0.42 720,5.56,0.39 460,4.88,0.47
8-9 1 040,5.22,0.36 1 170,4.83,0.49 1210,5.25,0.36 820,4.38,0.44 1250,5.27,0.46 960,5.38,0.44
8-10 1 156,4.25,0.37 940,5.36,0.52  1040,5.33,0.39 980,4.92,0.41 1 100,5.69,0.48 990,5.77,0.52
8-12 630,4.33,0.48 990,5.27,0.41  1120,4.95,0.58  1080,4.36,0.62 1030,5.44,0.39 700,5.22,0.37
9-12 880,5.21,0.52 1 160,4.83,0.39 1 240,5.27,0.42 1110,5.64,0.27 1280,4.39,0.41 900,5.02,0.28
10-11 846,5.32,0.33 920,6.18,0.52 820,5.65,0.44 790,6.04,0.32 810,5.33,0.46 860,4.98,0.31
10-13  1240,4.62,031  1410,5.21,0.32  1180,5.67,0.38  1020,4.49,0.32 1360,5.15,047  1160,5.36,0.27
11-13 730,5.32,0.28 820,5.39,0.46 980,5.97,0.45 790,5.20,0.39 890,5.37,0.44 750,4.33,0.29
12-13 690,4.71,0.35 920,5.42,0.46 960,5.39,0.41 950,4.92,0.63 920,5.87,0.44 720,4.96,0.53
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Tab.3 Path and the earliest/latest departure time under different scenes

5 ' P;fi fu.(x) /h £(x) /h g .v(x) /1073 hg, (x) /1073 A T(p;j’l) /h Ly
. 12.46 1-4-9-12-13 1.57 1.00 52.04 6.25 3.23 16:00
B 14.41 1-5-6-10-13 1.58 1.03 55.92 1.76 3.27 17.57
s 16.49 1-2-6-10-13 1.89 1.39 69.88 8.36 4.19 21.00
’ 17:50 1-5-6-10-13 1.94 1.36 74.45 6.92 4.18 2200
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Tab.4  Non-dominated paths with different departure time
L Y fo(x) /h fu(x) /h g.(x) /107N g (x) /107 A T(py) /h Ly
14.41 1-5-6-10-13 1.58 1.03 55.92 1.76 3.27 17.57
1411 1-2-6-10-13 1.61 0.99 42.63 2.46 3.25 17.26
14:11 1-5-6-10-13 1.56 1.04 55.47 1.84 3.26 17:26
1411 1-5-8-10-13 1.57 1.03 45.31 1.47 3.27 17.27
1411 1-5-8-12-13 1.62 0.98 45.25 2.09 3.24 17.25
14:11 1-4-5-6-10-13 1.55 1.08 56.08 2.88 3.33 1731
14.11 1-4-5-8-10-13 1.57 1.07 45.92 2.51 3.34 17.31
13.41 1-4-9-12-13 1.51 0.89 49.72 5.03 2.97 16:40
13:41 1-4-5-8-10-13 1.55 1.04 42.83 1.12 3.27 16.57
13:41 1-4-5-8-12-13 1.59 0.99 42.78 1.74 3.23 16.55
13:11 1-4-9-12-13 1.51 0.89 49.72 5.03 2.98 16.10
13:11 1-4-5-8-10-13 1.62 1.19 43.81 1.33 3.37 1645
13.11 1-4-5-8-12-13 1.66 1.14 43.75 1.94 3.55 16.44
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Fig.2 Path attributes with different departure time
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Tab.5 Paths and the latest departure time with different arrival confidence level

T L P So(x) /h Si(x) /h g.(x) /107N g (x) /10K T(ple) /h I,
0.95 14.41 1-5-6-10-13 1.58 1.03 55.92 1.76 3.27 17,57
0.5 16.19 1-5-6-10-13 1.68 1.12 33.11 3.21 1.68 1800
0.2 16:51 1-4-5-8-10-13 1.94 1.36 45.47 6.92 1.14 18.00
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Tab.6  Paths with different criterion weight and dominate threshold value

B (mmy,m,msA) P f(x) /M f0) /g (x) /100N g (x) /107 A ty

1-4-9-12-13 1.58 0.99 48.76 4.83 17.43

1-5-6-10-13 1.56 1.04 55.47 1.84 17.46

1 (0.45,0.30,0.15,0.10;0.5) 1-5-8-10-13 1.58 1.03 45.31 1.47 17.46
1-5-8-12-13 1.62 0.98 45.26 2.09 17.44

1-4-5-6-10-13 1.55 1.08 56.09 2.88 17.50

2 (0.45.0.30.0.15,0.1050.1) 1-5-8-12-13 1.62 0.98 45.26 2.09 17.44
1-4-5-6-10-13 1.55 1.08 56.09 2.88 17.50
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