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Analysis of Lane Change Decision Making Based on the Finite and
Zero—sum Grey Game Theory

PENG Jinshuan, FU Rui, GUO Yingshi, YUAN Wei, WANG Chang

School of Automobile, Changan University, Xi‘an 710064, China

Abstract In the lane change decision—making stage, scratch and rear—end accidents may occur owing to drivers” miss judgments on the
relative distances and velocities. In order to clarify the formation mechanism of drivers” decision making and traffic conflict in the lane
change process, based on the motion relationship of related vehicles and driving expectation, the boundary conditions are limited, and a
lane change game concept is put forward. The finite and zero—sum grey game model with mixed strategies is introduced, and the model
algorithm is subsequently derived. Strategy selection and income characteristics of the drivers in the game are researched by sample
selection and data processing analysis under the condition of real —world experiments. Analysis shows that when the traffic conflict
between lane change object vehicle and following vehicle in the target lane is inevitably, the ideal and optimal strategy for the object
vehicle is slowing down and waiting, while corresponding strategy for the game opponent is passing by the critical conflict point with an
acceleration, so as to give the consideration to driving safety and traveling time, then achieve the goal of global optimality. The results
may give corresponding theoretical support to the formation mechanism of the traffic conflicts and allocation of right—of-way in a lane
change process.
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Fig. 1 Schematic diagram of lane-change
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Fig. 2 Recurrence process of lane change
game characteristics

T S, )

E=0.65+0.4T

I 1
G*={P1,P,, .

A(@)’E}7 N P1=(a17a27
L 0,) Po=(B1,Bs, B, A(®)=[(Iz;(® )]
@i (®) € [@, a5 1(i=1,2, ++ ,m3j=1,2, ,n) ,P; P}

3

51, szl }
i=1
a2yl ]

j=1

Pf=‘x=(x1,xz,"',xm) %=0,i=1,2,

Pf=‘y=(y1,yz,~~- 2 1=0,7=1,2, -

7x 7y 9
, (x,y) ,

E(x,p)=x'A(®)y= 2, D a;(®)xy;

=l j=1
A(m)=na; +(1-n)a; (i=1,2,+ ,m3j=1,2,,n) ,0<
A(n) A®) 7 ,G'(n) G
o m=0 G (0);
G (1);m=1/2

n=<l,

yj(j=l,2,~-,n), KZ(@) )

[ max Kl(@)

st 2 xa(®)ZK (®)(=1,2,n) 0

N x=1,6=0 (i=1,2,,m)

l i=1

[ min K>(®)

s Xy ®)SK(®)(i=1,2,,m) "

Y y=1,%=0 (j=1,2,,n)
\ =

h=min{a;} (0<i<m,0<j<n),q=|h|+1,q=a+h,

max [K,(¢9)+¢]

m

st 2 @)ZKA(®@)tg G=1,2m)

™

x=1,%=0 (i=1,2,-,m)
l

Xi  _f (=
&+q _ﬁ(l 1727 7m)7 (3)

f m
min Q=7
=1

H

> 4)
st Z;,f!]ﬂ@)?l (j=1,2,n)
L f,BO (l=1,2’m)
) (2)
| min [K3(X))+¢]

S D@ SK@) (=1.2,0m)

D y=1,,20 (j=1,2,,n)
j=1



| |emikK — (-
2011,29(03) (Articles) ﬁ\
S
Yy (= 7 6 5
&_'_q g}(./ 172’ ’n)y (5) q(l)z[g 3 1}
n c
maX;g/—W * — 1_ 1 1\ 1_ 1 1 1N _
G (1)—17 X —(x17x2)—(170) ¥y —(}/17}’273’3)—(0707 1o
: (6) *
st Zggﬂ@)Sl (i=1,2,-,m) G o ’ ’
J=1 o
§ g/BO (j=1927“'7n) s 1
C'={P,PLA(®), , ,
E}, , ©)~ (1), ,
G* o °
4 9
R 1
9 ( > o
) o 17 ( 8 i
.9 ) 152 , ,
19 ( )o 2.2 ,
( ) ’ > o ’
1 R ,
A®) SRS ’
2,4 -1 -3 ,
1 9
Table 1 Income matrix of object vehicle , , ,
V3 9 9
Vl 9 9
[1,3] 2 1 ’
2,4 -1 -3
[2,4] 5
(1) 9
G G (0)={P, P,
A0).E),  A(0) [1 21 } h=-3.q=4. q(0) :
) ) - 2 _1 _3 ) - 7(]_ ) q - (2) ,
[5 6 5} s
6 3 11° ,
3.2 (6) w=I1,
g'=(g1,2%.89=(0,0,02); (4) Z=1, fO= o
9./9)=(0.2,0). (3)
G(0)=1, xE (@ x2)=(1,0),y=01,0%5,59)=(0,0,1) . , ,
G G (1)={Pi,Py,A(1),E}, o
A(l)—[ 1 } o3 ~ (References)
a1 3 - [1]
55 [



] jcmik

#,

(Articles)

2011,29(03)

SCIESCE & TECHAOLOGY REVIER

(2008 )R] : s
2009.
Transportation Administrative Bureau Ministry of Public Security,
People’s Republic of China. Statistical yearbook of road traffic accidents
of the people’s republic of China (2008) [R]. Beijing: Transportation
Administrative Bureau, Ministry of Public Security, 2009.

[2] Salvucei D D, Liu A. The time course of a lane change: Driver control
and eye—movement behavior [J|. Transportation Research Part F: Traffic
Psychology and Behaviour, 2002, 5(2): 123-132.

[3] Chung E Y, Jung H C, Chang E, et al. Vision based for lane change
decision aid system [C]. The Ist International Forum on Strategic
Technology, Ulsan, 2006: 10-13.

[4] Henning M J, Georgeon O, Krems J F. The quality of behavioral and
environmental indicators used to infer the intention to change lanes[C].
4th International Driving Symposium on Human Factors in Driver
Assessment, Stevenson, Washington, 2007.

[5] , , . [J]-

, 2001, 14(1): 78-80.

Wei Liying, Juan Zhicai, Tian Chunlin. China Journal of Highway and
Transport, 2001, 14(1): 78-80.
(o] , , s J
, 2005, 33(2): 179-182.
Wang Rongben, You Feng, Cui Gaojian, et al. Journal of Jilin University:
Engineering and Technology Edition, 2005, 33(2): 179-182.

[7] Pei Y L, Xu H Z. The control mechanism of lane —changing in jam
condition [C]. The Sixth World Congress on Intelligent Control and
Automation, Dalian, 2006: 8650-8654.

[8] Pei Y L, Xu H Z. Study on the virtual desire trajectory of lane—changing
[C]//Proceedings of the 4th Meeting of the Sino—Japanese Academic
Exchanges: City & Intelligent Transportation System. Beijing: Tsinghua
University Press, 2008: 19-27.

o] . IR :
2004.

Luo Dang. Study on the analytic methods for grey decision—making[D].
Nanjing: Nanjing University of Aeronautics and Astronautics, 2004.

(FHEHwE ¥ EiE)

BT —REEEZRIEAERIVNYE
EERE ST B B

EN-FENFEFR
FEEHFS
RERERFR

iiE] . 201144 8
M. EK

HhEEANFESTIE

//

BRI I IE #1745
ERAXFRERMEHNFZREMNFSFE (400044)
023-65106873

shenliu11@163.com

Il 56




