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Fig. 1. Sketches of the vehicle (and its influence area) and floor fields: (a) The vehicle and its impact area
(grey) in Case 2; (b) floor field in Case 1; (c) floor field in Case 2. Outside area of the white area (i.e.,

impact area) in panel (b) or (c) is the floor field. Pedestrians are driven to move from light-grey part to

black part under the floor field.
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Fig. 2. Fundamental diagrams for pedestrian in both
cases: (a) Average speed of pedestrians against pedes-
trian density; (b) flux of pedestrians against pedes-

trian density.
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std = 0.142; (b) Case 1, p = 0.4, std = 0.214; (c) Case 2, p = 0.1, std = 0.203; (d) Case 2, p = 0.2,

std = 0.382.
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of pedestrians against pedestrian density; (b) flux of pedestrians against pedestrian density.
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Fig. 9. Fundamental diagrams for pedestrian in Case 2 with different speed limits: (a) Average speed of

pedestrians against pedestrian density; (b) flux of pedestrians against pedestrian density.
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Fig. 10. Average speed of the vehicle against pedestrian density with different speed limits: (a) Vinax = 1;
(b) Vmax = 10.
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Fig. 11. Time series of short time average speed of the vehicle at typical densities (Vinax = 10) : (a) Case 1,
p=0.1, std = 0.573; (b) Case 1, p = 0.4, std = 0.237; (c) Case 2, p = 0.1, std = 0.725; (d) Case 2, p = 0.2,

std = 0.807.
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Fig. 12. Fundamental diagrams for pedestrian in Case 2 with different vehicle width: (a) Average speed of

pedestrians against pedestrian density; (b) flux of pedestrians against pedestrian density.
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Fig. 13. Average speed of the vehicle against pedestrian density with different vehicle width: (a) w = 2; (b) w = 6.
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800

200 400 600

1000
K15 NG a2 3 BT R I 1 28 20 I 1) 31
std = 0.733

Fig. 15. In Case 2, time series of short time average
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Abstract

The mixed traffic flow composed of pedestrians and vehicles shows distinct features that a single kind of traffic
flow does not have. In this paper, the motion of a vehicle is described by the finer deterministic Nagel-Schreckenberg
model, while the motion of pedestrians is mimicked by the lattice gas model with taking the floor field into account.
Then the interaction between a certain vehicle and pedestrians in a narrow channel is investigated in two cases, i.e.,
pedestrians move in the same as or opposite to the direction of vehicle. The direction of the pedestrian movement is
determined by the floor field, and the vehicle (and its influential area), regarded as a movable obstacle, and thus causing
the floor field to change. Because of the timely change of vehicle speed and the size of impact area, the floor field must
be calculated at each time step. Through numerical simulation, the fundamental diagram for pedestrian flow under the
typical parameters is obtained together with the average speed of the vehicle as a function of pedestrian density. It is
found that there are two critical densities, i.e., p1 and p2. When p1 < p < p2, the fundamental diagrams in the two
cases are significantly different. This is due to the reverse movement of pedestrian and vehicle, the congestion ahead of
the vehicle makes the average speed of pedestrians significantly lowered. In this case, the flux of pedestrians is a linear
function of pedestrian density, and its slope indicates the speed at which pedestrian congestion propagates upstream. It
can also represent the speed of the moving bottleneck formed by the vehicle. The slope mainly depends on the width of
the vehicle and the anticipation time of pedestrians. When p < p1 and p > p2, there is no obvious difference between
the two cases. We further investigate the effect of three parameters, i.e., the anticipation time of pedestrians, the width
and the speed limit of the vehicle. When pedestrians have the same direction as the vehicle, these parameters only have
negligible effects. However, in the case that pedestrians move oppositely to the vehicle, the width of the vehicle influences
the mixed traffic significantly. When the width of the vehicle is small, even in rather high pedestrian density, the vehicle
can move forward. In addition, larger anticipation time of pedestrians is helpful in improving the speed of vehicle, while
the effect of the speed limit of vehicle is relatively small. The spatial distribution of pedestrians and the vehicle and
the short time average speed of the vehicle are also provided to reveal more information about both pedestrians and the

vehicle.

Keywords: cellular automata, lattice gas model, pedestrian-vehicle interaction, floor field
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