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(b) pedestrian ahead.
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pedestrian and vehicle.
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Fig. 3. Probability of coordination between pedestri-

ans and motor vehicles.
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Table 4. The rank and trace of the jacobi matrix corresponding to the different equilibrium points.

YA |Jacobi| tr(Jacobi)

(0, 0) JK J+ K

0, 1) K(R— M) M-R-K

(1,0) J(S—N) N-S5—J

(1, 1) (R— M)(S—N) R-M+S—-N

(1, ~) (J=(J+R-My)+1-2y)(S-N) (A-29)(N—-5)—J-(J+R-M)y)
(~, 1) (K—(K+S8—N)z)*(1—2z)(R— M) (1—2z)(M—R)—(K—(K+5—N)z)

—JK(S — N)(R — M)

0

(Frs—w75m=m)
K+S—N J+R-M

(K+S—N)(J+R—-M)

N T o3 M P e R RS E R AT RE 1 28 T
SR (12) A1 (13) b, 2 Bl SN R SR &R
45 1) AN [] 243 i s 3oF 2 (R e B R BR AR AR OE,
R AP

4.2 BHERMREM

RO T YRR R B, X TR ER
4, Y HA Y det(Jacobi) > 0, tr(Jacobi) < 0
I, 24 OV ESS (EALFR S SRS FRoE AL
RATLUE M, 285 FE 1 SO AR BEAR T BUE AN,
det(Jacobi), tr(Jacobi) ) IEAFF 5 A GEA [, 2
TMARYE R 5 F1 5] 291 mi ISR AAN .

®5 WMl S AR R
Table 5. The discriminant of equilibrium point type.

Y det(Jacobi) tr(Jacobi) ghit
Ey - e M
E> + + AFESE M
Es + - FasE /1 (ESS)
E4 + 0 SRV
Es 0 + AFEE R
Es 0 dEIE L2953

Y€ det(Jacobi), tr(Jacobi) IE 7555 []
7, FEREAHE TR M S R, N 5 S KM
PR FEERME RN K/NFEERZM < R,
M > R, N5 SHAHX R/NATGER N < S, N > S,
N A A PG L R A RSO R 3
7 p AL,

XEEERATIEM S5 R N5 S A 5T 4
55 Vo0 0 I P L SI2 A8 3 7 X

Yk BT NI E LU, LB R A B, H
TAT NN, HLBhZE ik YT & el 47 N s
o, EEEWE A BT NBLEZ 5 E CHIE
T R ) E R DA R F AR 2R (IR 7 ke (1 AN &7
T JERAE) AN T 5 AT N R AR v R 4 2 FT RE IF A
=, BINLENZE M SE Rk N /AN T Hoph R4 2% S, B
N < S.

[F3H, UL R E RN, A7 ALk 21T Bk
B RPLsh Eem, B A RS T L R
BEIEE 2 J5 H ORI, R B R AR T 54130
TR MR TR IEA S, BT NRERR M
INFHMRBK R, BIM < R.

S —J7 1, M AT N EAEE R, AHLEL 4
AL, AT N EART K, HLah 4 an 5k 24 i
SR NEY, FESHEREZITNESE
BEIEIE, AHLEN A RAE R AT RE AR, A A H
A 2K, B v RE T 5 AT N R AR i S i R AR
&, BINLE B SRR R N KT Hoa R4 2k S, B
N > S. i, MAT N FFE 73 4 ] LLAS 2 AH AL
g, BAT NSRRI 2k M AT BE KT Hoa R
KRR M >R XA N RM5R,N
55 S 205 B 4 B 0 ER AT B S ) A2 38 = 3.

NG T 4B A R kAR T I R ) AR
SETE.

1) M<RHN<S

1T NS R /N T Hoph R AR, WLBhZE R 5
Redi e /T Hoph R 40 2%, BB T 2Rt & JL s
B2 PR 28 B, REA 5 AN A (0,0),
(0, 1), (1, 0), (K/(K+S—N), J/(J+R— M)),
(1,1).

190201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 19 (2018) 190201

#6 M < RHN <SB30 H
Table 6. The discriminant of equilibrium point type when M < R and N < S.
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Abstract

When pedestrian and vehicle are in conflict, they will pass at a certain probability after they have made a simple
judgment respectively. According to the actual situation of the conflict between pedestrian and vehicle, the concept
of basic payoff, conflict loss, waiting loss and mutual avoiding loss are put forward. A game matrix of the conflict
between pedestrian and vehicle is consequently established. Then the evolutionary analysis paradigm is introduced, and
the dynamic model of the conflict evolution between pedestrian and vehicle is established. After that, the position and
stability of the equilibrium point and the evolution mechanism of the system in different traffic situations are analyzed
in detail. It is found that the relative size between conflict loss and waiting loss of pedestrian and vehicle are different,
corresponding to different evolution directions of the system. The possible evolutionary directions include “vehicles first”,
“pedestrians first”, “neither vehicles nor pedestrians goes first”, “vehicles and pedestrians do not yield to each other”.
In addition, in this paper, we define the traffic concept of opportunity loss, and analyze the sensitivity of the system
to the mutual avoiding loss and the opportunity loss of pedestrian and vehicle. It is found that the increasing of the
mutually avoiding loss of pedestrian or vehicle has a positive effect on improving the probability of each passing conflict
zone, but it has a negative effect on reducing the probability of each passing conflict zone. On the other hand, the effect
of opportunity loss is just the opposite to the mutual avoiding loss. The dynamic model established in this paper can
provide a theoretical basis for the macro control of the conflict evolution direction between pedestrian and vehicle. For
instance, the current conflict situation between pedestrian and vehicle in a city is “vehicles first”. For promoting the traffic
civilization, the transportation officials hope to change the current conflict situation to realize the “pedestrians first”.
According to the model established in this paper, some parameters of the game matrix on the conflict between pedestrian
and vehicle can be changed by formulating relevant highway traffic regulations to adjust the evolution direction of the

conflict between pedestrian and vehicle.

Keywords: evolutionary game theory, the conflict between pedestrian and vehicle, evolution mechanism,

dynamic model
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