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Multi—Objective Optimization and Path Selection of Hazardous
Materials Transportation Under Time—Varying Conditions

Li Piao, Yu Yingxia

(School of Transportation and Logistics, East China Jiaotong University, Nanchang 330013, China)

Abstract . In order to solve the problem of less target, static circumstance and real situation cannot be simulated
in traditional path planning, under the background of the time—varying conditions, cost, environmental risk and
population risk were considered in the multi—objective path optimization and selection. A mathematical model of
multi—objective shortest path selection problem with time—varying conditions and multiple departure time (seg-
mentation time) for hazardous goods transportation was established and designed. Considering the complexity of
the actual decision—making environment and the limitation of the rationality of the decision—makers, the algo-
rithm of comprehensive k—shortest path and approximating ideal solution sorting method (TOPSIS method) was
proposed. The effective path of each single target was determined by k—shortest path algorithm. Then, the effec-
tive path to the positive and negative ideal solutions was calculated by TOPSIS method. Finally, an application
example was given to prove the effectiveness of the proposed model.
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Tab.1 Transportation costs, environmental risks, population coverage and transportation time of each article with

directional edges under different time conditions

i B
A 1) i1
[0,2) [2.4) [4.6) [6.8) (8,10) [10,12)
(0.1) 40/20/30/4 40/20/30/4 60/15/30/4 60/15/30/4 80/10/30/3 60/10/30/3
(02) 120/40/100/8 150/40/100/8 150/40/100/8 170/42/100/8 170/42/80/6 130/45/80/6
(1,2) 60/20/110/4 60/20/110/4 80/25/100/4 80/25/100/4 60/25/90/5 60/30/90/5
(1.3) 30/15/20/3 30/15/20/3 20/15/20/3 10/20/20/3 10/20/40/3 20/20/40/3
(2.3) 80/30/120/6 80/30/120/6 80/30/120/6 120/25/120/6 120/25/100/6 140/20/100/6
(2,D) 50/15/60/3 50/15/60/3 50/10/60/3 30/10/60/3 30/10/50/2 20/10/50/2
(3,D) 40/25/120/5 40/25/120/5 50/25/120/5 50/30/120/5 60/30/150/5 60/30/150/5
i B
A 1] i1
[12,14) [14,16) [16,18) [18,20) [20,22) [22,24)

0.1) 70/10/45/3 30/15/45/3 30/15/65/2 40/20/65/2 40/20/30/1 40/20/30/1
(02) 130/50/80/8 150/45/80/8 150/45/90/8 130/45/90/8 130/42/70/9 120/42/70/9
(1,2) 80/30/80/5 60/25/80/5 80/25/80/5 60/20/80/5 80/20/90/6 80/20/90/6
(1.3) 20/30/40/4 20/20/40/4 30/20/30/4 30/20/30/4 30/15/30/3 30/15/30/3
(2,3) 140/20/80/5 160/20/80/5 160/25/80/5 12/25/80/5 100/20/80/4 80/20/80/4
(2.D) 20/10/50/2 20/10/50/2 20/10/80/2 30/15/80/2 40/15/80/3 40/20/80/3
(3,D) 80/40/150/6 80/30/150/6 60/30/130/5 40/25/130/5 40/25/130/6 40/25/130/6
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Tab.2 Labels of each node
BEP= 1 2 3 4 5
[(0,0,0,0,
0
0), (===
[(1,40,20,30,
: 4),(0,1,0)F.,
[(2,120,40,100, [(2,120,45,130,
’ 8),(0,1,0)]1, 8), (1,1, 1)},
[(3,60,35,50, [(3,240,65,200, [(3,240,70,230,
’ 7),(1,1,1)p 14),(2,1,1)}2, 14),(2,1,2)}15
» [(D,150,50,150, [(D,150,55,180 [(D,110,65,170 [(D,320,95,350, [(D,320,100,380,

10),(2,1, DT

10),(2,1,2)}14

12),(3,1,2)]2, 20),(3,2,2)]55

20),(3,1,3)]14
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Tab.3 Considers the short—circuit of the three objectives of cost, environmental risk and population coverage

LA R LA TR
ih 5 ] S5 ! Mj\\;gggn i 1 S5 ! Mj\\;gggu
0-2-D 150,50,150 0-2-D 190,52,150
0 0-1-2-D 150,55,180 7 0-1-2-D 140,55,200
0-1-3-D 110,65,170 0-1-3-D 160,65,220
0-2-D 150,50,150 0-2-D 190,52,130
1 0-1-2-D 150,55,180 8 0-1-2-D 160,50,200
0-1-3-D 120,65,200 0-1-3-D 180,60,220
0-2-D 170,50,150 0-2-D 190,52,130
2 0-1-2-D 150,55,180 9 0-1-2-D 180,50,190
0-1-3-D 130,80,200 0-1-3-D 160,70,200
0-2-D 170,50,150 0-2-D 150,55,160
3 0-1-2-D 140,55,180 10 0-1-2-D 170,55,190
0-1-3-D 110,70,200 0-1-3-D 140,70,200
0-2-D 170,50,150 0-2-D 150,55,160
4 0-1-2-D 140,50,170 11 0-1-2-D 150,50,190
0-1-3-D 130,65,220 0-1-3-D 120,55,200
0-2-D 170,50,150 0-2-D 170,65,160
5 0-1-2-D 140,50,170 12 0-1-2-D 170,50,205
0-1-3-D 150,75,220 0-1-3-D 130,55,215
0-2-D 190,52,150 0-2-D 170,65,160
6 13
0-1-2-D 140,55,170 0-1-2-D 190,50,205
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(IR N G (E 2 v -ain g TR B o S i gL =] BN g TG F w2 0 B8 XU 5
i 24 I ANFE I TE T AT AR Ftr 3 M ANHEER,
TE%)E 3 A HARIE B — W E S (0<T<13) B R 3 R 5 3 1) SR A 4, 3 1 F AR Xt B 114
AL T B A R AR RO R T4 T 2 45, BE 25108 0.2,0.3,0.5,
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Tab.4 K-shortest paths corresponding to different departure times and corresponding target values

. A _— B . INEE £ £
% Ik ] % I i) Y 8 1 ]

172 i 1K R E 1A 72 it 1

0 0-1-3-D 110 0 0-2-D 50 8 0-2-D 130

3 0-1-3-D 110 1 0-2-D 50 9 0-2-D 130

1 0-1-3-D 120 2 0-2-D 50 0 0-2-D 150

11 0-1-3-D 120 3 0-2-D 50 1 0-2-D 150

2 0-1-3-D 130 4 0-2-D 50 2 0-2-D 150

8 0-2-D 190 5 0-1-3-D 75 6 0-1-3-D 220

9 0-2-D 190 6 0-1-3-D 75 7 0-1-3-D 220

13 0-1-2-D 190 2 0-1-3-D 80 8 0-1-3-D 220

M 2% 4 v LIS I H AR 1,2,3 fEA A & B[R] A p=150,4,,=65,A ,,=170

I IR A AR LA BRI BRRE 2 o AT =8, M 8 AT AR, 43 i & i

110,50,130, 45 WA M HAR LR, B EEE,
WES, 4

A p=110,4,,=50,4 =130
AT =0, % 10T A AR, W7 223 5
br1 FEER 309 LR, 24

A =150,4,,=50,4,,=150
FAIT =2, % W00 F A 2 54 3042, 5 3o i
FWF %00 O B IR 1 2 AR 0-2-D, 4

Z4 0.1.10.11 B4 0-2-D, kI Z10 4 5.6
() A%, DL B 208 0 B 0-1-3-D, i 4]
A, Bt AN TR H bR BRI, AT 850K A i B
WhEZ I, AERS T REHABRENERGZE,
PR T DA RO XS 45 H AR I F AR Bl i 25
P o BT, 76 b e B AR VT R Y A . X LI
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Tab.5 Effective path sets under the upper limit of different targets

2% ARy LR

2% ARy LR

. 2 a)/ - . 2 i a)/ ~
ok e, ari | ovkomse, DO o H bR
INGE £ =3 " N FE %) -
0/ 0-2-D (150,50,150) 0/ 0-2-D (150,50,150)
1/ 0-2-D (150,50,150) 1/ 0-2-D (150,50,150)
(150,50,170)
4/ 0-1-2-D (140,50,170) 4/ 0-1-2-D (140,50,170)
5/ 0-1-2-D (140,50,170) 5/ 0-1-2-D (140,50,170)
(150,65,170)
0/ 0-2-D (150,50,150) 6/ 0-1-2-D (140,55,170)
1/ 0-2-D (150,50,150) 10/ O-2-D (150,55,160)
4/ 0-1-2-D (140,50,170) 11/ 0-2-D (150,55,160)
(150,55,170) 5/ 0-1-2-D (140,50,170) 0/ 0-1-2-D (110,65,170)
6/ 0-1-2-D (140,55,170) 0/ 0-2-D (150,50,150)
(150,50,150)
10/ 0-2-D (150,55,160) 1/ 0-2-D (150,50,150)
11/ 0-2-D (150,55,160) (110,50,130) i J
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X BERCE S hES | TT | =8 s i, BLrtA
8 A R AT MM TOPSIS ¥, B 3 S H AR H
PR HSR A A
150 50 150
150 50 150
140 50 170
140 50 170
771140 55 170
150 55 160
150 55 160
110 65 170
HR A X (10) g7 BV AL PSR A B Z;
0.374 0.328 0.326
0.374 0.328 0.326
0.349 0.328 0.369
0.349 0.328 0.369
7710.349 0.360 0.369
0.374 0.360 0.348
0.374 0.360 0.348
0.374 0.426 0.369
AR =X (1) S AU FLE A TR SR A6 BF G
0.075 0.098 0.163
0.075 0.098 0.163
0.070 0.098 0.185
0.070 0.098 0.185
""10.070 0.108 0.185
0.075 0.108 0.174
0.075 0.108 0.174
0.055 0.128 0.185
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PEAE 5 D'=0.055,0.098,0.0163;

A 5 D=0.075,0.128,0.185,

A (12) X (13) AT 4 51k 45

D,=0.020,D,"=0.020, D;'=0.027 ,D,*=0.027 , Ds'=
0.028, Ds=0.025 , D=0.025 , Ds'=0.037;

D,=0.037,D,=0.037,,D;=0.030,D,=0.030, D5 =
0.021,Ds=0.023,D:=0.023, Dy=0.020,,

= (14) B W 3 B Dy

D,=0.650, D,*=0.650, D;*=0.533 , D,*=0.533 , Ds*=
0.420, Dg'=0.478 , D;=0.478 , Ds'=0.350.,

U T Do=D>Dy=D>Di=D>Ds Dy

fIr LA 75

LML HETF N A=A DA =A SAEASASA,

AR A PR SR AU LN 3 35 et/ HoaX 2
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ARG PN S HETESS 100, 758 A FI A, IIFREE X
WAL AL A, R, (R AR e ki N H B R L
Ay A, K BRI Ay A, B/ AH i T H BT 5 AL
FR/N ER S PPN S HEFESE 2 7, 758 A Fl A,
Y A RN RS KBS A EE A5 AL K, H BRI 45
MIRCEE Z FIKE) 0.5, MR N K 6 % [F AL L
KEN 0.5, HEHE A A BUEMZEAR K, L8517
WIGHETESS 3 . JrZE A5 I EREE KU AN F1 38 35
KA Ag Ay K, I H LA BT bR AALUE i K B
SRILAS EE A6 A5 /N (H PR LG R f /D, W B
JEHETESS 4 07, Ay MFREE KU AN 101 3 55 0w
XA 52 e BRI o 7 bl A A R, BRAR L U B
AN AR T LT & L R B R A AN R HETE
%5100,
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