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Fig. 1. Schematic diagram for vehicle-pedestrian interaction at a signalized crossing.
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Table 1. Probabilities for a pedestrian to move towards his/her neighboring cells.
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Fig. 2. Fundamental diagrams for vehicles under different splits: (a) Flux-density relation (4 =

0.5); (b) speed-density relation (4 =

0.5); (c) flux-density relation (¢ = 0.9); (d) speed-density relation (u = 0.9).
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Fig. 3. Temporal-spatial patterns of vehicles in motion
(A=1.0): (a) k = 0.08, x = 0.5; (b) k = 0.40, u = 0.5;
(¢) k=0.70, u = 0.5; (d) k= 0.15, u = 0.9.
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0.9.
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Fig. 5. Waiting time of pedestrians varies with the arrival
rate of pedestrian under different splits: (a) u = 0.5; (b) u =
0.8; (¢) u = 0.9.
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Fig. 6. Pedestrian delay time caused by vehicles under dif-
ferent splits: (a) u = 0.5; (b) u = 0.8; (¢) 4 = 0.9.

FEAE AR FERKT RIS AT BE A R 4240,
BL— AV 65 2 DA G B T P S i 6 1 26
R E OB A, R W RS R A G, HEBA Y
TERREAEREN. M ke > ko), T WAEWUN, X2 H
AT ANGRIT ARG, AR 2w A PR BP >
A =200f, TR T kb <k < ko IHY T P15
fH, WL 6(c).

T RBTSE R T AT AR B I i I B ) 44 i
ATIE U SEM . IR 7 AT LU Y, 2447 AN BIIA 34
N (AT ANERAT IR ), A7 A T 4 R
ERERLERIA AT N R O (AT
WIAE R 1 R SRR I T A AT AN BRIT 5%
EIRFRENET), MAEMRALT O RS, IR 58
it i AT NS s S AE LR, PR
AT BN AP ANITIGC. 18] 7(b) s 4
JERE, fh T L A A B O, SRS T AT
SuRe TNy INREARADEE I (LN 2N T ARE & SILPN
AT ANAERD B AT I ] P 5 o S A
AYSE ] S 1K

I 7(a) T, 25 B0, A7 A R AE I
(15 Th i, S 4 AT ) 22 R R AT NSRS
W TR XN BTN BB AT A FIA R A
in, TEALARREIE A, (IR W 2 4 AL T
PSR (k= 0.7) B, A7 A0 403 14 5 ol
AR HRIE 7(b) AT, HEIRREORN, BARTT
NEZ, B R RS, 2k < koI, 47 AN 4
W 5 = 0.5 FEAR—B0 T I E A
2RI, A7 AT RUBFIE BT (BARAT ASAT
AT 28 AR ). M ke > ko B (ZEHAL THRIER
), TR AT G ], Sxi men SR
iy, RS KT 2L RS, AT A B ph 2 IX
AL AR, X 7 A R BRI 2447 A 2]
HNBRE, R —AF 6. R TR XA
AR, 1 ) DX ] AT N HRRE ST 251 DX, ARG
FGE AR, X A2 R HEAAR ), 28 P o
RF- 6. 1A 7(c) AT, YA AT i £LEE RN, A
A RAAT NFE R HEA PR, H IS A K,
R T A I AN A . RV 424 BEAR D,
AT ORI R, JRAH AR ICIE AR
AT NERKT R P 25 TR A5 XA T 2 kg
ZRNRE, M AARER (A > 1), FFFIXILTF
BIRAL T GORES, I B T > TP 1975 A
RARZEY KA R, AT A B vh 28 DX T
JICH) A LRI 2 TR K.

240505-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 24 (2019)

240505

80

(a)

i —— k=0.1
—— k=0.3

601 —— k=0.5

—+ k=0.7

0 0.5 1.0 1.5 2.0
A

K7 RFESRAE AT NS A IE SR (a) 4 = 0.5;
(b) #=0.8; (c) up=0.9

Fig. 7. Vehicle delay time caused by pedestrians under dif-
ferent splits: (a) u = 0.5; (b) 4 = 0.8; (¢) u = 0.9.
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Fig. 9. Waiting time of pedestrian as a function of vehicle
density and pedestrian arrival rate: (a) u = 0.5; (b) x4 =
0.9.
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Pedestrian-vehicle interference at a signalized crossing based
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Abstract

Interference between pedestrians and motor vehicles at signalized intersections not only leads the traffic to
delay and traffic efficiency to decrease, but also induces traffic crashes to happen frequently. In this paper, a
microscopic discrete model for traffic flow is adopted to study the mutual interference mechanism between
pedestrians and vehicles at signalized intersection. The vehicular traffic flow model is based on the refined
NaSch model, and traffic lights are introduced to consider the driver anticipating in traffic signal switching.
Based on the multi-step lattice gas model, the pedestrian flow model considers the fact that the pedestrians’
speed increases gradually during pedestrian cross-street green time. Both models reflect real features of
movement of vehicles (pedestrians) in daily life. When the traffic light signal switches, the vehicles (pedestrians)
staying in the conflict area result in the delay of pedestrians (vehicles). It is assumed that pedestrians and
vehicles cannot coexist in the conflict area at the same time. In the simulation, the periodic boundary condition
is applied to the lane, and the open boundary condition is applied to the crosswalk. The arrival rate of
pedestrian is assumed to satisfy the Poisson distribution. Both the fundamental diagram of vehicular traffic flow
and the pedestrian waiting time are calculated, and the phase diagram revealing the global nature of the
presented model is obtained accordingly. The quantitative characteristics of vehicle (pedestrian) delay time
caused by pedestrians (vehicles) staying in the conflict area are given as well. Simulation results show that there
is a critical split. When the split is less than the critical value, three kinds of traffic phases, i.e., free flow phase,
saturated flow phase, and jamming flow phase, appear with the increase of density. When the split is larger
than the critical value, four kinds of traffic phases, i.e., free flow phase, coexisting phase, saturated flow phase,
and jamming flow phase are distinguished. The delay caused by the mutual interference between pedestrians
and motor vehicles is closely related to the state of vehicle flow and the state of pedestrian flow. When the
arrival rate of pedestrians is quite large and the split is large enough, these pedestrians in the waiting area
cannot be emptied once in a single pedestrian cross-street cycle. The qualitative and quantitative characteristics
of mutual interference between pedestrians and vehicles are discussed in more detail. The setting of a reasonable
split not only ensures the efficiency of traffic flow, but also reduces the waiting time of pedestrians to cross the

street.
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