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Safety Evaluation Model of Vehicle Behaviors
on Two-lane Highway

FANG Yong, GUO Zhongyin
(Key Lahoratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China)

Abstract: A safety evaluation model was established based on
neural networks, fuzzy evaluation method and space vector
theory, for an objective evaluation of vehicle behaviors safety
on two-lane highway. First, according to the previous
research, overspeed index, the average headway and safety
overtaking sight distance were selected as discriminant
indexes of safety state about the three types: overspeed
behavior of free flow, following behavior and passing
behavior, respectively, and safety level were determined for
each indicator. Then, the relationship model between the

seven major indicators of the operating environment on two-

WS HEH: 2013-03-28

lane highway and vehicle behaviors characteristics was
established by three-layer neural network model and its
reliability was verified with the measured sections data. The
membership function about the discrimination indexes of
safety state was established by fuzzy evaluation method and
the safety level of the three types of vehicle behaviors were
divided. Vehicle
characterized by comprehensive evaluation vector which was

behaviors comprehensive safety was
proposed by space vector theory. The evaluation model is
illustrated by a case study which will serve a reliable method
to evaluate vehicle behaviors safety on two-lane highway.

Key words: two-lane highway; vehicle behaviors; neural
network; fuzzy judgment; space vector; safety evaluation
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Tab.1 Safety indicators level of vehicle behaviors

on two-lane highway
Cs/% H/s S/m
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Fig.1 BP neural network structure of

vehicle behaviors
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Tab.2 Sample sections and observation point layout scheme

BE B N BB REAGTE LA
EWEE BHRANTF 1%~5% TW AT ERERA T FER A R 16/12
SRR R % 60~400 m FRAE A+ TR R Qo (R )+ B H 6/36
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Fig.2 Videotaping point settings for sample sections

S AL B AR , USRI B Mg R
TAE. RS REAE T XA 3.

3 EHHKBBEHRGEHEFR
Fig.3 MetroCount 5600 layout scheme

3.3 REFRESWX
3.3.1 BRBRERAYIL

BRI SRR 100 AMRRA B B, 41
GRE5 RAMLIR B BALEh 3B AT N e RS H F)
Totn SEPEREAT OB, an 1A 4 B,

B B 4] LU H 5 2 5 B 5 Y1 S D 22 3



1ol T OB NEEA BV GET A BT ET 1493
O '*iﬁﬁ‘vll%ﬁ 5 . @%Fﬂﬁ W E 80018 *b&ﬁfﬁ"l}[!éﬂﬁ
501" :* . @ : : £ ) 5@% §§Ws "

S A0HET ALY e Y g4 600ty s ¥ v
8] 30#TE, 's';,’z;,?‘s Fag = . P 3 é’ @
455 20._3 y 3 ", " !f' -,ﬂ-( 4&},400_ §§§
| oo * L **.* *:,' ¥ 5,‘# ﬁ 2 ) n 0 4 gﬁgg%g § ;g§
| # ] RS L
_200 2I0 410 6I() SIO 1 (‘)0 0 2[0 4I0 6l0 8I() 1 (I)O 0 2|0 410 60 8I() 1 00
HABRBRSS R EERRS FEREEGS
a FBHEIBH b PR AR c BB
4 NHE=ZEZBTHERESIIEELR

Fig.4 Comparison of trained value and true value about vehicle behaviors
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Tab.3 Test results of BP neural network model of vehicle behaviors

BB _ R/ % TR BE /s AR /m
%hE e EfH %hE HE EE LhME HE E{18
101 17.1 22.5 5.4 2.90 3.34 0.44 576 521 55
102 18.5 20.0 L5 2.78 3.44 0. 66 369 395 26
103 —8.6 5.6 14.2 3.66 2.53 1.13 269 237 32
104 6.2 8.6 2.4 4.34 3.50 0.84 210 302 92
105 17.3 18.9 1.6 3. 64 3.93 0.29 679 781 102
106 12.1 15.3 3.2 4.53 4.78 0.25 748 763 15
107 26.1 17.7 8.4 2. 60 3.95 1.35 102 140 38
108 19.9 2.2 L3 3.01 3.38 0.37 579 591 12
109 11.5 13.1 1.6 2.72 3. 60 0.88 518 569 51
110 27.3 25.6 L7 3.39 3.18 0.21 448 464 16
111 30.1 17.5 12.6 4.45 4.12 0.33 322 359 37
112 30.2 34.8 4.6 3.99 4.70 0.71 227 286 59
113 15.6 18.2 2.6 3.18 3.42 0.24 143 160 17
114 19.6 22.5 2.9 4.11 4. 82 0.71 462 383 79
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Fig.5 Membership functions of the fuzzy variables
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Tab.4 Safety evaluation results of vehicle behaviors
. s L i — 3
MEZEET LT BERHS P P Al P P P
101 IE:3 M40.7D) 113 T 4(0. 75) 0 1
102 1§25 (0. 85) I3 £ (1. 00) 1 1
103 14 T k(1. 00) 14 T (1. 00) 1 1
104 14 T k(1. 00) 14 T (1. 00) 1 1
105 IE:3 M4(0.73) I3 I 4%(0. 89) 1 1
106 4 T 46€0.79 g3 I 4%(0.53) 1 1
AN 107 Mm% I & 0. 61) g3 I 4€0. 77> 0 R4 0. 39
108 IE:3 M 4(0.99 113 I 4%(0. 88) 0 1
109 1§25 1 (0. 85) I3 T (0. 69 1 1
110 1123 M40, 27 M I 4:€0. 54) 1 1
111 V& W& 0. 99) I I (0. 75) 0 fRIVER 0.01
112 V& M 4<0. 98) V& I 4:€0. 52) 1 1
113 4 11 4%(0. 56) g3 I 4%(0. 82> 1 1
114 I3 11 4%(0. 96) M I 4%(0. 75) 0 1
101 I3 M £%(0. 90> I3 M4k (0. 66) 0 1
102 I3 Mk 0. 78) I3 M4k (0.56) 0 1
103 4 I (0. 66) IE:3 M4k (0.53) 0 R 0. 34
104 T4 I 4(0. 30 I3 T £%(0. 50) 0 1
105 4 I 4:(0. 64 g3 I 4%€0. 93> 1 1
106 14 T £%(0.53) 14 T 0. 78) 1 1
BN 107 Mm% I & 0. 60) g3 I 4%(0. 95) 0 RIVER 0. 40
108 IE:3 M2 (0. 99 I3 M4k (0. 62> 1 1
109 1123 W& 0. 72) I 1T 4%(0. 60) 0 RIVER 0. 28
110 4 M4 C0. 61> g3 I 2:<0. 82) 1 1
111 14 11 4%(0. 55) 14 I 4%(0. 88> 1 1
112 4 I 4%€0. 99 14 1 4%€0.70) 0 R 0. 01
113 IE:3 Mk (0. 82> I3 M4k (0.58) 1 1
114 14 0 (0. 89 14 T 0. 82) 1 RI%0. 11
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. s L i — 3
MEZEET LT BERHS P P Al P P P
101 14 T k(1. 00) 14 T (0. 7D 1 1
102 4 M4 0. 81> g3 Il 4:€0. 55) 1 1
103 I3 V& (0.8 V& V&0.87) 0 1
104 V& IV£%(0. 90) IE:3 M4k (0.52) 0 V4o 10
105 14 T k(1. 00) 14 T (1. 00) 1 1
106 14 T k(1. 00) 14 T (1. 00) 1 1
,_ 107 V& V& (1.00) V& V(1. 00) 1 1
B 108 14 T k(1. 00) 14 T (1. 00) 1 1
109 14 1 £%(0.68) 14 T (1. 00) 1 1
110 4 11 4%(0. 98 14 I 4%(0. 86) 0 1
111 1123 M40, 72) g3 I 4:€0. 91D 0 1
112 V& V4. 7D M IV£%(0. 64) 0 1
113 V& V& (1.00) 113 V (0. 90) 0 1
114 1% o (0. 88) % M4 (0. 67> 0 i 11 4% 0.12
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Fig.6 Space vector of vehicle behaviors safety
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