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Fig. 1 Vehicle operation risk assessment index system
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Table 1 Expert evaluation assignment

LREN WEHEZE Ry, R, R; Ry, R, Ry R R; R;, R;; R, R, R, Ry,

WEsEg IV | I \ ] \ v A% ] I I I v v

Lx—  EiE 0.3 0.5 0.7 0.1 0.5 0.1 0.3 0.1 0.5 0.7 0.5 0.7 0.3 0.3
AERE 0.1 0.1 0.15 0.2 0.15 0.1 0.1 0.15 0.1 0.1 0.2 0.15 0.1 0.1

Ap g 0 I il v I v v \ v I | I \ \

LxR— RBE 0.5 0.7 0.5 0.3 0.7 0.3 0.3 0.1 0.3 0.9 0.5 0.7 0.1 0.1
AHfERE 0.1 0.2 0.1 0.1 0.1 0.15 0.1 0.15 0.1 0.1 0.1 0.2 0.1 0.1

Mg WV I I} v I I v v I I I I I m

LR=  ®BE 0.3 0.9 0.7 0.3 0.7 0.5 0.3 0.3 0.5 0.5 0.5 0.7 0.5 0.5
AHERE 0.1 0.1 0.15 0.1 0.1 0.2 0.1 0.15 0.1 0.1 0.1 0.1 0.1 0.1

Mg 0 I 1 v I \ I v Il m v m v v

xRN Bl 0.5 0.7 0.7 0.3 0.5 0.1 0.5 0.3 0.7 0.5 0.3 0.5 0.3 0.3
AHERE 0.1 0.2 0.1 0.1 0.2 0.1 0.1 0.1 0.1 015 0.1 0.1 0.1 0.1

xR2 BHRI1EFEESER xR3 BHR2EFEESE
Table 2 Basic probability allocation of expert 1 Table 3 Basic probability allocation of expert 2
EEES I I ] v \Y EES | I ] v \

Ry, 0.000 0 0.000 0 0.1315 0.8576 0.0108 Ry, 0.000 0 0.040 4 0.919 2 0.0404 0.000 0
R, 0.000 0 0.040 4 0.919 2 0.0404 0.000 0 Ry, 0.163 8 0.489 0 0.306 0 0.0401 0.001 1
Ry3 0.090 0 0.629 2 0.273 4 0.007 4 0.000 0 Ry3 0.000 0 0.040 4 0.919 2 0.0404 0.000 0
Ry 0.000 0 0.002 9 0.076 1 0.424 6 0.496 4 Ry 0.000 0 0.000 0 0.1315 0.8576 0.0108
Ry, 0.002 6 0.1655 0.663 8 0.1655 0.002 6 Ry, 0.010 8 0.857 6 0.1315 0.000 0 0.000 0
R,, 0.000 0 0.000 0 0. 000 4 0.3485 0.6511 Ry, 0.000 0 0.007 4 0.273 4 0.6292 0.090 0
R, 0.000 0 0.000 0 0.1315 0.8576 0.0108 Ry 0.000 0 0.000 0 0.1315 0.8576 0.0108
Ry, 0.000 0 0. 000 1 0.0199 0.4224 0.5576 R;, 0.000 0 0. 000 1 0.0199 0.4224 0.5576
Ry, 0.000 0 0.040 4 0.919 2 0.0404 0.000 0 R, 0.000 0 0.000 0 0.1315 0.8576 0.0108
Ry 0.010 8 0.857 6 0.1315 0.000 0 0.000 0 Ry 0.651 1 0.348 5 0. 000 4 0.000 0 0.000 0
Ry, 0.021 9 0.228 5 0.499 1 0.2285 0.0219 Ry 0.000 0 0.040 4 0.919 2 0.0404 0.0000
Ry 0.090 0 0.629 2 0.273 4 0.007 4 0.000 0 Ry, 0.163 8 0.489 0 0.306 0 0.040 1 0.001 1
Ry 0. 000 0 0.000 0 0.1315 0.8576 0.0108 Ry 0. 000 0 0.000 0 0. 000 4 0.3485 0.6511
Ry 0. 000 0 0.000 0 0.1315 0.8576 0.0108 Ry 0. 000 0 0.000 0 0. 000 4 0.3485 0.6511
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Table 4 Basic probability allocation of expert 3

EES I I m v \

Ry, 0. 000 0 0.1315 0.857 6 0.010 8 0.000 0
Ry, 0.348 5 0. 000 4 0.000 0 0.0000 0.374 1
Ry3 0.6292 0.2734 0.0074 0.0000 0.4185
Ry, 0.0000 0.1315 0.857 6 0.0108 0.000 0
R, 0.857 6 0.1315 0.000 0 0.0000 0.8335
Ry, 0.228 5 0.499 1 0.228 5 0.0219 0.1141
Ry, 0.0000 0.1315 0.857 6 0.0108 0.000 0
Ry, 0.007 4 0.273 4 0.629 2 0.0900 0.004 9
R;, 0.040 4 0.919 2 0.040 4 0.0000 0.037 1
Ry 0.040 4 0.919 2 0.040 4 0.0000 0.037 1
Ry 0.0404 0.9192 0.0404 0.0000 0.037 1
Ry, 0.857 6 0.1315 0.000 0 0.0000 0.8335
Ry 0.040 4 0.919 2 0.040 4 0.0000 0.037 1
Ry 0.0404 0.9192 0.0404 0.0000 0.037 1

RS THRIERBEERSE
Table S Basic probability allocation of expert 4

EES I I m v \

Ry, 0. 000 0 0.040 4 0.919 2 0.0404 0.000 0
R, 0.163 8 0.489 0 0.306 0 0.040 1 0.001 1
Ry; 0.010 8 0.8576  0.1315 0.000 0 0.000 0
Ry 0. 000 0 0.000 0 0.1315 0.8576 0.0108
R, 0.021 9 0.228 5 0.499 1 0.2285 0.0219
R,, 0. 000 0 0.000 0 0. 000 4 0.3485 0.651 1
Ry, 0.0000 0.0404 0.9192 0.0404 0.000 0
Ry 0. 000 0 0.000 0 0.1315 0.8576 0.0108
R;, 0.010 8 0.857 6 0.1315 0.000 0 0.000 0
Ry 0.0026 0.1655 0.663 8 0.1655 0.002 6
Ry 0.0000 0.0000 0.1315 0.8576 0.0108
Ry, 0. 000 0 0.040 4 0.919 2 0.0404 0.000 0
Ry 0. 000 0 0.000 0 0.1315 0.8576 0.0108
Ry 0.0000 0.0000 0.1315 0.8576 0.0108

®6 RMAREXBESE
Table 6 Basic probability allocation after fusion

EES I I I v \

Ry, 0. 000 0 0.0199 0.5316 0.4430 0.005 3
Ry, 0.243 8 0.343 9 0.3815 0.030 1 0.000 6
Ry3 0.046 6  0.540 3 0.399 2 0.0135 0.000 0
Ry 0.0000  0.000 5 0.086 3 0.8163 0.096 8
R, 0.011 1 0.5375 0.3503 0.0952 0.0059
R,, 0.005 4 0.057 9 0.189 8 0.3990 0.347 8
R, 0.0000  0.009 8 0.3214 0.6607 0.007 9
R, 0.0000  0.001 7 0.100 5 0.6228 0.2750
Ry, 0.002 7 0.2311 0.5322 0.2311 0.002 7
Ry 0.165 8 0.354 2 0.427 8 0.0514 0.000 6
Ry 0.0052 0.0730  0.638 6 0.2759 0.007 7
Ry, 0.064 8 0.504 2 0.409 1 0.0215 0.0003
Ry 0. 000 0 0.010 0 0.292 6 0.5309 0.166 4
Ry 0. 000 0 0.010 0 0.292 6 0.5309 0.166 4
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Table 7 Weight calculation results of different factors

A AE BAE
T2 )= SEYE

Hig)Z2  AEW)Z (R-R) H )2 (Ry-R)  (Ry-R)
R, 0.1184 0.007 0
Ry, 0.3230 0.0190

R, 0.058 7
Ry3 0.4707 0.0276
Ry, 0.088 0 0.0052
Ry, 0.6483  0.204 6
R 0.1220 0.0385

= R, 0.315 6 2

LR Ry 0.2297 0.0725
A7 RS Ry, 0.0851 0.0123
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Ry 0.496 6 0.071 6

R, 0.144 2
Ry 0.2903 0.0419
Ry, 0.6370 0.306 6
R 0.2583 0.124 3

R, 0.481 4 “

Ry 0.1047 0.050 4
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Vehicle Operation Risk Assessment Based on Fuzzy
Set Evidence Theory-Analystic Hierarchy Process

TIAN Jing-jing, HE Yu-long", QU Gui-xian, ZHOU Juan

(Beijing Key Laboratory of Traffic Engineering, College of Metropolitan Transportation, Beijing 100124, China)

[ Abstract] In order to study the risk level of vehicle operation, the fuzzy set theory and Dempster/Shafer ( D-S)
evidence theory were used to study on the probability membership values of different factors at different risk levels.
The analytic hierarchy process was used to calculate the weight value of different factors to the vehicle operation risk
system. Then the probability of different levels of risk and comprehensive risk value arising from the comprehensive
factors of vehicle operation were calculated. One typical freeway section in Hunan province was selected. The cal-
culation results showed the vehicle on the study section is in medium-level risk. Therefore, the fuzzy set-DS evi-
dence theory-analytic hierarchy process( AHP) method is effective for vehicle operation risk assessment.

[ Key words] vehicle operation risk assessment fuzzy set theory Dempster/Shafer (D-S) evidence theory
analytic hierarchy process( AHP) risk levels



