5520 %55 5 40 KIPEBEIXEZEER(BABFER) Vol.20 No.5
20234F 10 H Journal of Changsha University of Science & Technology (Natural Science) Oct. 2023

DOI1:10.19951/j.enki.1672-9331.20211204001 XEHS :1672-9331(2023)05-0163-08
5| ARG AR, X A, 5 2 JE KU B P A 16 S s s A AL 92 [T ) K VDB TR 4 (11 AR B AR) ,2023,20(5) : 163-170.
Citation: WANG Jia, LIU Feng, XU Yonggan, et al.Study on optimization of dangerous goods transportation route considering risk impedance[J].
J Changsha Univ Sci Tech (Nat Sci),2023,20(5) : 163-170.

ZEXEERBEREMZEWRENLTR

IALAF L BAR S RAEE

(1LRVPHET k2 Wi TR, W K7 41011452 87 &1 A5 B @ E M s, Wivr mizZk  323500)

B E:[ BRI R Ts i B AR AL o b | ) e 25 T2 i s A 0 3 A XU e 38 i ey 2 i, LA
SR KU 47, 4 T 0 i 4 2K o [ 7 ik IR AR 45 S 52 ey f IS 02 Wy i %) XU, A1 28 i O i iod b PR R AR 48
(geographic information system , GIS) #& Az fi I 2% 5 4 4 XURS: BELBT A9 8 , o AR Ay A28 XU, /N Y JBE a5 45
B 12 i A S A i AR B /D | T i A DRI A BEL B/ I T ) 8 s IR Ao A v T RE A e /N = E A
FEARDCACBERY T BT NSCA-TINB 0 HBEA TR fift o [ 486 3R 145 {075 18 oz il A e /N 0 S8R LE , BRSR AR SC
AR BT AT DA B AR P 3 i AR W AR I, Lz i S A DXL BELE 5 ) 0 B XU 3 A 1 T R 3 T e 5
5L JE B AR XU e /NI 7 SR A L, B R il B A DX BELATC 5 0B B RS e K 4 T RE A — 4
(ELIE W A/ T Ay AR A 35 o (598 | L3R O BB AR Gy M 58 25 2% 6 T i i i 22 TRk 5 22 ek i %5 1
TR R B AU s P R O, PRI EAT R 1 S 5 o AR

KA iz i AR LA s R 0T 5 KU PR 3R 5 U BELATL 5 2 A (I A A 2

HESES U491.172 XERAREAD: A
VERTER %7 | BUBBICO %" ] Fil i 3L {5 B R 4t
0 5| (geographic information system, GIS) X f& & 4% 12

iy EAT KBS 43 B 5 0F A 5 S R I SEN A )E

B 5 26 5 0 D 2 e G BR 1R i i Logit 15 5 55 3 F 32 JE b5 25 1) U5 SRATAN B A
2R R AT G e s iae ok, T SERL T T I B S B O A8 I 2k 0 U A
FER S R IR, — BBl b A AR b, 2RO AR LURY bR A M N R G O A ) A
Bl gt B B G R, TGRS wEimX K, R Mamdani 750K 4 1 2R 0 % i B 9%
B, D PR R ARSI R iz kAR Ak g, s R 2T T AT A AR O A T T
R A2 i A R PR — R RS S R T B R [ XU X AR Ak Y B
PRAG SRR I B G B te s i T R INANLOO %5 CURRENT 2512 )\ f& [ 4% 9 1) 5%

5 FBUS TIF 2/ MEM AR, FEE R s wa DIl R 00 AR e 1A D TR AT AR
KU R 2437 S 38 S B AR AR AL A T T . 7RS4 KUMAR 225 B A e/ B AR, dESr 7 A fk
JRUI: R 2 40 M7 7 1T, CONCA %51 BULA 26200 ARZRMERCAS . B S5l o 1Y 2 R AR R TR
I A AL Qi) S a7 A 4GS 0 8 2 S - (= N ol < D 5 (= R P 2 B 7 o 4
JRUBS HEAT PRAY 5 0 52 SO MM AR 2 G 52 2RSS G B BURFIE 5 S I B W 0 XU JBE A
i o = TR VT | Bl o 2 1= 1 i = vy ) A PN 5= A N L R Y i ot U v Sl @SS |
JE AR SR A G R B R A as i KU B ST TOR BEAH DGR, T 45 A a8 AR T T A B U ) B
[vd] ol 28 1) 3 3% 38 B JXURS: 0 B A R 5 ZHANG 2510 IRERARBIAL, E M B XS A kA5

W5 B #A:2021-12-04 ; 1€ [B] H #A : 2022-05-11; 35 H #§:2022-05-29

E ST H : W pE 4 Sl s )T RHE L 5085 H (201920.202036,202134)

BIS1EE : THE(1980—) (ORCID :0000-0001-8488-5835) , Y4 , Rl # 4% , = M F 52 3 42 iy 10 K] 5548 By T A AF 9
E-mail : 67985839@qq.com

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



164 K m I kFFRCEAMFR)

2023410 A

WO B R RCRE 1 34 D A A T e B B i
HAz i AR AR . XM E TR E S A
S0 3 P A AN o DR R AT R o 7, #
TRE A E SR T W SR A gk
3% SRR 2 R AR R 1 B A AR Ak R 2% B D
FEE T fE o i B AR A AR

] P A1 2 2 7 1 5 52 1 i i XU 5 48 i AR
P 5T 5 TS T — S gl R AR A EAS R 2 4L,
FEARIAE LN LA 7 I - 15, 78 KU B3R 4 B
I I R R o T R U S O DA 5l S B 2 5 Nty
T, U HR XU A T 5 A5 R g
U, FE I8 i B AR 0 AL T T, 87 B s 5 B B RIS i
) I Ay B A0 R XU, 2286 17 Je 30 XL ok A ) 4%
A iz i AR B R 5 e Ah 6 KB B R R 7
gy, FBURON H— WA AR b R GIS 7 5 g b
P55 5B 7 18T A 58 K D) RE

e, R A A R KU IR 28 AR SC LA n) R
], 38 3k 43 B D S0 S ORE  iE E R IR R
HF GIS ik Az i R 25, B 1 JRURS: BHATOATE S 5 A28 IR
/NG B 5 R 38 2 TR T 3 R A AU R R 2
P, 050 FIH KB, FE08 F GIS X XURS: PR 22 8k
HEAT AL B 5 43 AT 5 PRI, Ok A SR S B B KU
R, 7 B AR AR AR TR 38 T B BB AU BH B 2 K
(A B e /N axX — H b, [ B 25 58T 38 A A
/NSRS R/ WA B bR, &I T
NSGA-IT 575 XA 73R it 5 fe I, 38 3k S 4918
UEA ST SR 78 5 B i 1 1) B3 A 3

1 REEREHAYR H

1.1 BEEEXKERMNE X

T {8 T O A R ] A A e T Y -2
A7 RR I [] R B9 FH A5 o B 8 B GE AT R XE 2
FREEMY . ARG BRAR AL H DL B [ 28 38 B B e /N Ry
Ak H A o % T 15 B 67 1) 1z i % A2 00 Ak 10 R 7k
P, B 5 SR AL Ge i 8 B A BH AL | 38 B 2% s
AR A I BRI S A KU PR R X AL
S, 5B 1T WA G S R AT AR
I s N PORNBER A, i, A
SCR T GIS BRAF AT RURS: 53 B , B BT A R i T 1Y)
AU 2 Sy i XISy BELT , 6 4 i B2 XU BEL T
SR K BT, Horp, BéAS XU BHATE 2 B 42

JITA i BOXUR: BT 1 1

5 B XU BT 2 4 52 i B A B J 1 L R 3
b A v AR PR BT A 52 ) | 12 B B AR R R A R B
18 G AL 55 T AR BB T R o e B AU BEL T
A, B2 et B A 6 2 i i ) XU, R, e 2
ISR o Horb BB B PR T S S I B ARl
1125 A BE S SRR IAEE - B4 B i ik N 1 R 4R
FEEE BEO0 B o A I 3 5
1.2 FEXEEZRAEI

i 25 o W S B BT A R A B Hg S R
B0 AR SO T LA 6 A % i IR R 3Rk 2 e iy
AR I8 X A B B W3 i 4 BHL 7, RO i 2 5
S3AE RN TS0 R B AT B X 45 A
T2 b 350 0 5 38 B L K-
1.3 HiEskiR

k6 A KU PR 2R R AE B R IR - D
R B S o3 AT« AR U i R S 8 O A 1
O, A FF & (open street map , OSM ) R b 3R
AR ST A £ 5 T AREE R R AE . @ WPk A E 4y
A FEH AR U IR N 50 A4 O, FA LandScan
SO NIRESIFS W iE 3 &/ HERIN G UPNIR ik
FEEHE A RAE . B WY IR BG4 A0« FEE IR AT iR
R W 5 3 BT RS2 i Al A2 38 13t S5
PR 43 A 1 0, P AT Ty 77, 1 45 FF 7 iy
AR 248K 55 (point of interest, POT) K4 >k LA
@ [ 254 - AR B I R S 254 S5
JiE KA L, F AN OSM 35 9 Geofabrik 3k
T % I PR B ok R AE . B MW Mg F2 B4
AR b AT (%) RS ARCER IO, FH DA s B 255 () 540 2 ) iy 3R
YA e R A Bl R R AE . © Al B L KT
AR A E A TR AR 55 KT, AT e A ]
T PR A5 i b ) ] R A S s 0 B I
1.4 HIEH#RAN

F TSR R U5 T AN [ I U I ity 5 X R
PEATTRALHR . 1 5 K B s e 4 B AR ) AR AR &% L OF
PR B R — bR R G0 R A GIS #sy T 245
) It 3 X K aks , 56 Jr P AG 22 5 )i, MU GIS 3
1 Hb B AH OC TR 58 OB 19 K it A Ak RS 20 B
TEE T Ak 3 %) JXURS: PRI 2R S ik A 6 IR
1.5 RKEERKITE

B3 6 A4S 32 XU PR 3R 0 3z i TE i BEL 1Y
KANEAHRIE o A SR Critie A H 25 & A [

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



#2045 % 5

AR, E B LA 09 5 T BT 40 15 i B R RALETF R 165

IS PRI 3R B AR, i B XS BEL A7 9 2 iR =X -
Ry = > W,RS (1)

2o s R g MY B R B BT B
KR 22 3 W, R4 @ H B0 I IR 3R, B
B 1 KU BELAC

2 B E KRR

2.1 HERIE

ARSCREAVE R ANT < 328 i i AR 5 32 4 1 2 1E
AHOC 5 T 6 v A 2 e A2 T3 1 5 XURS: BT A
AL, RPER AR Y BELBT 45 T A v 4% i B B Bt
(8 R0 5 AN B A B 6% DA A= 7 b T 326 28 4 o |l A
1) B[] 328 i
2.2 EEME

G=(N,A)FR/RIE P&, Forbr, N Ay B 9 1 55 5
A A BIINAE 5 (i, 7) 2R 47 50 20799 5 1 %
B, i, jeN, (i,)) e A;C o7 gl B9 4 12
LA 5 R, R B i, ) 1 KU BT s max R 5
min Ry 75 0 B R Z 8] P AR AT AT BE AR P B
K B B AU BELAE (p, 8% B ) 5 35 /D 6 BE XU BELAE (p,
B

£ B 53 Wy 3 i s AR AR 4K, A AN B2 TG B Al
A, I T 2 TS i b ) A KU PR . AR
PEH 3R R AR L B Aw - O 8 H s AR
Z, B/ 5 Q) B AR KU B BT 7, e/ s B) SRy
¥ B AR B ATk K mT R dpe /o Hop, HARQ |

B T 1 5 32 i AR RN AU 5 BHL BT A5 /DN A 2 8

HAr® & 78 G Sy & 5 BB BT A, (H 2 5%
T2 A A 1R DR BEL 7 AN RS 1 AR it 175 100 19+ B,
P 3 T e R B B IR B e 5 e /) 5 B AL B e
225 2 /ME B AR R gL

P ENONER AN SO F
minZ, = Z\:ixycy (2)
==
min/Z, = iixl]]{y (3)
e
min Z; = max R} — min R} (4)
RN -
_[LEwEmA s
0, ot
LY RATA -

N
i< 1,VieN (6)
=
. \ 1, i A
Exij - Exﬁ = - LiA% R (7)
izl =

0, i Ay HA T 5

A (6) R 9 55 B Bt Hig & it
— ;A7) FoR S HE
2.3 1RBEURRE
2.3.1 NSGA-IIIHE¥:

K Z HAnR b 8w ik 2, AR SCR A
PR eI, AR S AE T B BEACE K oK
fif o [ A0 o AE A3 AT L3 T LA B IR e Ak
LG B A8 R FH 8 A% B 1 R il A SO AR A
FEIAB AL YR A 1 0] R B H A 0] R, —
P SR FH 28 L1 35t A B30, (S SR ik ) [R) R DL 22 H
P AETE I 8 FH AR SO HE e 35 4% 3 1 Lh A
o AR SCOR FH NSGA-TIN & 1, Ho s =3k 2
BCHE P st AL Bk i 2% AL TR M 1B, T
P25 22 H b pR B SR R 8803, 0 T 25 5 A5 31 AR
)itk 4

NSGA-I AT A BRINT

step 1: € XS NAE 2 I IRPTIGFPREP .

step 2: IR IR FREE P EAT HEHE S L AR S,
Az BB R N ) FARFRRE Q0

step 3: & IFFIIE P AN Q,, A BB S 2V B8
FREER, b, R=PUQ,-

step 4 i FH PR B AR S CHEE 7 B A R T
O3 I A5 BN FPRE A0 HE P 45 2 5 X R 2 A A fil
S TR AR 8 AR S T AR HE
T 45 T R BEARDN BT AR R SEAT A BT, A5 2 i
K NHT T —5e a3 BB AR

step 5: #UM%%:@?U?@E%{* ,%ﬂ_@ﬂ ,Jr\”JﬁTJ
AP S 25 5 — R AR A M AR IR B, R =
step 2,

232 B

ARl T gy =X T R S g
i B o — P B 45 A g A 7 =X, s S T AR T R
R T EE R A TR S R o & RN O R )
I AR JT AR SR BASHE R A, B 2w 65 75 =X
BAHES Gt () FRAE .

233 HFiEE

L AT 3N, A R UG AR AR R Y

WA L HEFRAESHE T

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



166 RO mIREER(ARMER)

2023410 A

AR A T A I UG TR, B R B 2
R, R SCOR T BEAL A 18 J7 76 A2 o) R A 5 12k
T B R AL L Y SC B, AR SCR I E Y
WAL 7 R AT E

AR SCHE S 28 S 2R FH B4 2 0 23 DE e 52 SUT7
5 OB - D OM 2% e L ARAE S A AR (A
@ BB Az PIAS 28 S, DG E DA T 28 S
ZIa) g FE D R B s O X A BR@ e MBI Y Jr Beask AT
A 5 (@) K DT TC DX IR H1 ) 52 3 23 A4 AR G 3R
PEAT R A A5 2 P 20T e ( fA

AR SCAE JB AL TR B8 S ad A o B 30 e A
S5 1, M R X e AR BEALE £ i WA (o
Rl R oS Bl a8

AR SO A Fe i e AN AR Y Ak B T 5K
N < X I 56 8 ) ) e 5 A ) ek, 50 2 1Y)
AT — B aA R S, LERE S AT
SR AR

3 EBISH

AR SC LA R 300 11 A S 6 62 0y o B o 491, A
AR JEAT 1 i AR O Ao A o TR R BRTEAX
O XA, AT 212 Z5 8% B, 1414079 5, JF 2 A B
BRI 5 (A O S P it , e R A 18] 1 P o AR
fp R RUINT , 25 5 U R am f AT 55 - AT AR IX ER Btk i
T —HAE R BT (il ) 2 AT T 5 9 XA, B

— KR
. EEER
s
il

E1 %R
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Fig.2 The transportation risk impedance
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Fig. 5 Scheme 1 (the lowest transportation cost)
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Fig. 7 Scheme 3 (model built in this paper)
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Study on optimization of dangerous goods transportation route

considering risk impedance

WANG Jia', LIU Feng', XU Yonggan'?, ZHAO Chunzheng'

(1. School of Traffic and Transportation Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. Transportation Bureau of Jingning She Autonomous County, Lishui 323500, China)

Abstract: [Purposes] In the study of dangerous goods transportation route optimization, the impact of
transportation cost and other risks along the route on transportation are considered simultaneously to strengthen
risk control and improve the transportation safety level. [Methods] The data of various risk factors affecting
dangerous goods transportation are collected and embedded into the transportation network through a geographic
information system (GIS). Then, the concept of risk impedance is proposed as a measure of the risk size of the
path. Moreover, a three-objective path optimization is constructd with the minimum total transportation cost , the
minimum total risk impedance of the transportation path and the minimum possibility of excessive risk in the
local section, which is solve by the designed NSGA-III algorithm. [Findings] Compared with the solution
considering only the minimum total transportation cost, although the total transportation cost of the optimized
path from this model increases slightly, the total risk impedance of the transportation path and the possibility of
excessive risk of the local road section decrease significantly. Compared with the solution that only minimizes
the total risk of the route, the total risk impedance of the route and the possibility of excessive risk of the local
section have increased. However, the increase is minor, while transportation costs are reduced significantly.
[ Conclusions ] The peoposed model has well considered the economic and safety of transportation and the case
of excessive risk in local sections, so it has good generalization and application value.

Key words: transportation route optimization; dangerous goods; risk factor; risk impedance; multi-objective

optimization model

Manuscript received : 2021-12-04; revised: 2022-05-11; accepted: 2022-05-29

Foundation item: Projects (201920,202036,202134) supported by Science and Technology Progress and Innovation Program of
Hunan Provincial Department of Transportation

Corresponding author: WANG Jia (1980— ) (ORCID: 0000-0001-8488-5835) , male, associate professor, research

interesting: transportation planning and management. E-mail: 67985839@qq.com

(RERE:AARL;RX X F; RXHE - NEH)

A5 M 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



