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The modeling of human behavior is an important approach to reproduce realistic phenomena for pedestrian
flow. In this paper, an extended lattice gas model is proposed to simulate pedestrian counter flow under the
open boundary conditions by considering the human subconscious behavior and different maximum velocities.
The simulation results show that the presented model can capture some essential features of pedestrian counter
flows, such as lane formation, segregation effect, and phase separation at higher densities. In particular, an
interesting feature that the faster walkers overtake the slower ones and then form a narrow-sparse walkway
near the central partition line is discovered. The phase diagram comparison and analysis show that the sub-
conscious behavior plays a key role in reducing the occurrence of jam cluster. The effects of the symmetrical
and asymmetrical injection rate, different partition lines, and different combinations of maximum velocities on
pedestrian flow are investigated. An important conclusion is that it is needless to separate faster and slower
pedestrians in the same direction by a partition line. Furthermore, the increase of the number of faster walkers
does not always benefit the counter flow in all situations. It depends on the magnitude and asymmetry of
injection rate. And at larger maximum velocity, the obtained critical transition point corresponding to the
maximum flow rate of the fundamental diagram is in good agreement with the empirical results.
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I. INTRODUCTION

In recent years, the modeling of pedestrian flows has be-
come one of the most exciting topics and has attracted con-
siderable attention in the field of physical science and engi-
neering �1–4�. This increasing interest is stimulated not only
by its practical application for optimizing pedestrian facili-
ties and management, but also by the observed self-
organization phenomena and collective behavior in panic
situations such as “freezing by heating” �5�, the “faster-is-
slow” effect �6�, and herding behavior �6�.

The typical pedestrian flows have been simulated with
various models, such as the social force model �7,8�, the
centrifugal force model �9�, the hydrodynamic models
�10,11�, the mean field equation models �12�, cellular au-
tomaton models �13–19�, and lattice gas models �20–36�.
Since the lattice gas models and the cellular automaton mod-
els are conceptually simpler and can be easily implemented
on computers for numerical investigations, they have found
wider applications in simulating the evacuation behaviors
�20,21�, counter channel flow �23–36�, and bottleneck flow
�22�. Especially, as a typical model in counter flow modeling,
the lattice gas model has been studied for counter flow in
different situations. Muramatsu et al. �23� found that the
jamming transition occurs in the pedestrian counter flow
within a channel when the density is higher than a threshold.
Muramatsu and Nagatani �24� investigated the jamming tran-
sition in the counter flow composed of four-way pedestrians
at a crossing and compared the results with those of two-way
counter flow. Takimoto et al. �25� studied the effect of the

partition line on the pedestrian counter flow. It was shown
that the partition line has a significant effect on the counter
flow and enhances the critical flow and density. Fukamachi
and Nagatani �26� simulated the pedestrian counter flow si-
dling through the crowd. It was found that the sidle has an
important effect on the jamming transition of pedestrian
flow. Yu and Song �16,27� modeled the pedestrian counter
flow in a channel with considering the surrounding environ-
ment and the traffic rule breaking behavior. The counter
flows in different scenarios, such as those in a T-shape chan-
nel �28�, with the effects of following the front pedestrians in
the same direction �29�, with exchanging positions between
face-to-face pedestrians �30�, with different velocities �31�
and mixed drift coefficients �32,33�, with different sizes of
slender particles �34,35�, and in places where people are go-
ing on all fours �36�, have also been investigated.

It is well known that pedestrian flow is a complex system
with multiagents �37�. The movements of pedestrians are
usually very complex and distinct in nature. The different
pedestrians may have different walking habits �e.g., some
people like to walk faster than others and some people prefer
to walk slowly due to sex, age, etc.�. And the same types of
pedestrians may have the same subconscious behaviors
which is also called preferential walking habits �e.g., people
prefer to walk on the right-hand side of road �19� and pedes-
trians with the same velocities follow each other in the same
direction in order to walk comfortably, securely, etc�. There-
fore, the modeling of pedestrian flow should fully globally
consider these different factors or the mutual connection to
study special phenomena and reproduce pedestrian dynamics
in a realistic way. However, in previous studies, the majority
of the models were based on spatial partition of different
scenarios rather than human walking habits, and the indi-
vidualities of pedestrians and common characteristics among
pedestrians have not been perfectly distinguished in counter
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flow. This is not in agreement with the real situation, where
different pedestrians might have different or similar subcon-
scious behaviors and walking speeds. How do these factors
affect the pedestrian dynamics in the counter flow? This is an
interesting but still open problem. In this paper, the subcon-
scious behavior will be mainly manifest in the following
three aspects. First, walkers �including faster walkers and
slower walkers� are accustomed to walking along a certain
side of the road �e.g., the right-hand side in China; however,
in some walkways and stairways, the left-hand side in Japan,
and hereafter we only consider the scenarios in China� in
order to avoid colliding with others in the opposite direction.
Secondly, slower walkers prefer to move to the right-hand
side of the road. It reflects the fact that slower walkers com-
monly consider themselves to be more comfortable and se-
cure when moving near the right boundary of the road be-
cause they obey traffic rules and need not overtake others.
Finally, faster walkers are used to overtaking the preceding
walkers in the same direction from the left-hand side of the
road.

In this paper, we establish an extended lattice gas model
to investigate the pedestrian counter flow with different sub-
conscious behaviors and different maximum velocities under
the open boundary conditions. The pedestrian dynamics is
discussed in greater detail. In the following section, the ex-
tended lattice model is presented for the pedestrian counter
flow in a channel. Section III gives simulation results and
discussion, followed by conclusions in the final section.

II. MODEL

The model is defined on a square lattice of W�L sites,
where W and L are, respectively, the width and length of the
channel, as shown in Fig. 1. There are four classes of pedes-
trians: faster or slower walkers going to the right and faster
or slower walkers to the left. Each site contains only a single
walker and each walker moves to the preferential direction
with no back step. The walker is inhibited from overlapping
at each site, and the excluded-volume effect is taken into

account. When a walker arrives at the wall of channel, he/she
will be reflected by the wall and never go out through the
wall. The left and right boundaries are open. The injection
rate Pl of the right walkers from the lower half of the left
boundary is set to be a constant, and the injection rate of the
faster �slower� right walkers is PlPfr�PlPsr= Pl�1− Pfr��. The
injection rate Pr of the left walkers from the upper half of the
right boundary is set to be another constant, and the injection
rate of the faster �slower� left walkers is PrPfl�PrPsl= Pr�1
− Pfl��. The right �left� walker goes into the channel from the
lower �upper� half of the left �right� boundary, proceeds
through the channel and goes out of the right �left� boundary.
When the right �left� walker arrives at the right �left� bound-
ary, he/she is removed from the channel.

We extend the lattice gas model of pedestrian flow �23,25�
to take into account different maximum velocities and sub-
conscious behavior of walkers in a channel. Figure 1 shows
the pedestrian counter flow within a channel. The top and
bottom of the channel are walls. The faster �slower� walkers
going towards the right and the left are indicated, respec-
tively, by right triangles �circle� and left triangles �cross�.
Arrows indicate the possible moving directions of the four
groups. The bold arrow indicates the moving direction of
walkers with subconscious behavior, i.e., different kinds of
pedestrians would subconsciously cross different partition
lines, e.g., the faster �or slower� right walkers may walk to-
wards their right-hand side and cross the central partition line
OO� �or partition line CD� of the channel. In this study, we
assume that the walkers have the tendency to walk to the
right-hand side. In other words, this subconscious behavior
means the convention of sideways direction preference dur-
ing their movement in a crowd. The parameter d represents
the distance between the partition line CD and the central
partition line OO�, which reflects the fact that the influence
region of subconscious behavior of faster walkers and slower
walkers are different, i.e., when the faster �slower� right
walkers are situated in the lower region of the partition line
OO��CD�, their subconscious behaviors will disappear due
to arriving at the comfortable and secure walking region
which they take for granted. Similarly, the faster �slower� left
walkers have the same situations.

Figure 2 gives all the possible configurations of the faster
and slower walkers going to the right. The full circle indi-
cates the right walker. The cross point indicates the site oc-
cupied by the other walkers or the wall. Each walker can
move only to the unoccupied sites. The transition probabili-
ties pt,x, pt,y, and pt,−y of the right walker corresponding to
each configuration are given by the following:

pt,x=D1+ �1−D1� /3, pt,y = �1−D2��1−D1� /3, and pt,−y
= �1+D2��1−D1� /3 for configuration �a�; pt,x=D1+ �1
+D2��1−D1� /2, pt,y = �1−D2��1−D1� /2, and pt,−y =0 for con-
figuration �b�; pt,x=D1+ �1−D2��1−D1� /2, pt,y =0, and pt,−y
= �1+D2��1−D1� /2 for configuration �c�; pt,x=0, pt,y = �1
−D2� /2, and pt,−y = �1+D2� /2 for configuration �d�; pt,x=1,
pt,y =0, and pt,−y =0 for configuration �e�; pt,x=0, pt,y =1, and
pt,−y =0 for configuration �f�; pt,x=0, pt,y =0, and pt,−y =1 for
configuration �g�; pt,x=0, pt,y =0, and pt,−y =0 for configura-
tion �h�, where D1 indicates the strength of the drift pointing
to the exits �right or left�, and D2 represents the strength of
the preferential direction of subconscious behavior. As D2

FIG. 1. �Color online� Sketch of the pedestrian counter flow.
The top and bottom sides of the channel are walls. The faster
�slower� walkers going to the right and to the left are indicated,
respectively, by right triangles �circle� and left triangles �cross�.
Arrows indicate possible moving directions of the two groups. The
bold arrow indicates the moving direction for walkers with subcon-
scious behavior, i.e., different kinds of pedestrians would subcon-
sciously cross different partition lines. For example, the faster
�slower� right walker may walk towards the right-hand side and
cross the central partition line OO� �or partition line CD� of the
channel. And the faster �slower� left walkers have similar situations.
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=0, the subconscious behavior is not considered and our
model reduces to the original model presented in Ref. �24�.
For convenience, we call the case of D2=0 unsubconscious
behavior, otherwise, the case of D2�0 subconscious one.

Different kinds of walkers have different subconscious
behaviors under different circumstances. We implement the
pedestrians’ subconscious behaviors by varying the values of
D2 from the following three aspects.

�1� When the walkers are situated in the upper region of
the partition lines �central partition line OO� for the faster
walkers and partition line CD for the slower walkers�, they
have the priority to move on the right-hand side of the walk-
way, and in this case, D2�0, otherwise, D2=0.

�2� When the walkers are situated in the lower region of
the partition lines �central partition line OO� for the faster
walkers and partition line CD for the slower walkers�, the
faster walkers would be accustomed to overtaking the pre-
ceding slower walkers in the same direction from the left-
hand side, and in such a case, D2�0 and the transition prob-
ability Pt,y is replaced with Pt,−y for the configuration �d�,
otherwise �e.g., when the preceding walkers are faster right
walkers, the walkers have no subconsciousness of the over-
taking; this reflects the fact that the same type of walkers
follow each other and form human trail formation, which is
interpreted by Helbing as self-organization effect due to non-
linear interactions among persons �7��, D2=0.

�3� When the walkers encounter the opposite walkers,
wherever they are situated in the road, they always walk
from the right-hand side so as to avoid collisions for the
configuration �d�, and in this case, D2�0, otherwise, D2=0.

For a left walker, similar prescriptions can be given for
the possible configurations. In this study, we introduce a
movement rule similar to the FI cellular automaton model of
vehicular flow �see Ref. �38�� for simulating pedestrian
movement with different maximum velocities. The walkers
will move forward for x�n� cells in one update time step if
the transition probability pt,x is met, where x�n�
=min�Vmax�n� ,gap�n��, Vmax denotes the maximum velocity
of the nth walker, and gap�n� denotes the number of empty
cells in front of the nth walker. Because pedestrians are
mostly intelligent and flexible, they can accelerate to maxi-
mum velocity in a short time, and correspondingly this
movement rule can describe the real pedestrian flow well.

III. SIMULATION RESULTS AND DISCUSSIONS

Using the model and the open boundary conditions de-
scribed above, we carried out the simulation for pedestrian
counter flow. In the unit time step, all walkers within the
channel are updated only once. The update procedure is the
random sequential rule. Initially, there are no walkers within
the channel. The right �left� walkers are distributed randomly
on the left �right� boundary with the injection rate Pl�Pr�. All
the walkers are numbered randomly from 1 to N, where N is
the total number of walkers existing within the channel, in-
cluding the walkers on the boundaries. Following the rule in
Fig. 2, the numbered walkers are in order updated. After all
the walkers have been updated, if the walkers in the channel
arrive at the boundaries, they are removed from the channel.
In the next time step, new right and left walkers are added on
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FIG. 3. Comparisons of 3D plots between �a� the unsubconscious behavior and �b� subconscious behavior.

(b)(a) (c) (d) (f)(e) (g)

(h)

FIG. 2. All the possible configurations of the faster and slower walkers going to the right on a square lattice. The full circle indicates the
right walker. The cross point indicates the site occupied by another walker or the wall. The walker can move only to the unoccupied sites.
The transition probabilities to the nearest-neighbor sites �to the right, up, and down� are given by Pt,x, Pt,y, and Pt,−y, respectively.
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the left and right boundaries as the walker densities on both
boundaries remain to be Pl and Pr. Then the above procedure
is repeated.

For simplicity, only the case of Vmax,fr=Vmax,fl=Vmax,1 and
Vmax,sr=Vmax,sl=Vmax,2 is considered in this paper, where
Vmax,fr, Vmax,sr, Vmax,fl, and Vmax,sl are the maximum veloci-
ties for the faster right walker, the slower right walker, the
faster left walker, and the slower left walker, respectively. In
the simulations, the related parameters are taken as W=20,
L=100, d=5, Vmax,1=3 and Vmax,2=1, Pfr= Pfl=0.5, D1
=0.6 and D2=0.9 unless otherwise mentioned.

The mean velocity �V� in one update time step is defined
as the sum of the velocities of walkers moving forward di-
vided by the total number of walkers existing in the channel.
The mean occupancy � of pedestrian is defined as the total
number of walkers in the channel divided by the channel
area �W�L�. For each simulation, 10 000 time steps are run,
and the value of �V� and � are computed according to the last
4000 time steps averaged over 20 runs.

The 3D plot of the mean occupancy � against the injec-
tion rate Pl and Pr with the unsubconscious behavior �D2
=0� and subconscious behavior �D2=0.9� are shown in Figs.
3�a� and 3�b�, respectively. From Fig. 3, it can be clearly
seen that the phase transition from freely moving phase to
completely jamming phase happens. Compared with Fig.
3�a�, Fig. 3�b� corresponds to a larger �smaller� region of the
freely moving �the jamming� state. In other words, subcon-
scious behavior, to some extent, could retard the occurrence

of the jam. We have also found some density fluctuations at
higher injection rate, which correspond to the different com-
pletely jammed cases. In some regions, the density is high
but does not attain 1, which means the walkers in the channel
are segregated one or more region than one completely
jammed region �see Fig. 6�c��. However, in other regions,
where the density is equal to 1, the segregation regions do
not appear and the channel will be fully occupied by pedes-
trians �see Fig. 6�f��. The results show that all kinds of com-
plicated interactions caused by the subconscious effect and
random distribution lead to diverse completely jammed
states.

In order to gain a deeper insight into the phase transition,
we plot the phase diagram with unsubconscious behavior
�D2=0� and subconscious behavior �D2=0.9� in Figs. 4�a�
and 4�b� corresponding to that of 3D plot in Figs. 3�a� and
3�b�, respectively. The freely moving and the jamming re-
gions are divided by a solid line, i.e., the critical density
curve. Obviously, the freely moving region in Fig. 4�a� is
smaller and the jamming region is larger compared with
those in Fig. 4�b�. We have also found that the freely moving
regions A and B are almost not completely symmetric for
Pl�0.4 and Pr�0.4 because of the existence of statistical
error and the influence of random distribution during the
calculating and simulating. However, at the border between
the freely moving phase and the jamming phase, there is a
hint of a metastable state. This state will be discussed later in
detail �see Fig. 8�. Actually, the sizes of the different regions

(b)(a)

FIG. 5. �Color online� Plot of the mean velocity �V� �a� and the mean occupancy � �b� against the injection rate Pl with the changing
parameter D2=0,0.3,0.6,0.9,1, where Pr=0.4, Pfr= Pfl=0.5, D1=0.6.

(b)(a)

FIG. 4. Comparison of phase diagrams corresponding to the 3D plots in Fig. 3 between �a� the case without subconscious behavior and
�b� the case with subconscious behavior, where the solid line is the fitting curve, i.e., the critical density curve.
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depend considerably on D2 and the increase of D2 will lead
to the expansion �shrinkage� of the freely moving �jamming�
region. From these observations we can conclude that the
subconscious behavior has an important influence on the pe-
destrian flow. It could effectively decrease the occurrence of
jam cluster.

We will now focus on analyzing the influence of the sub-
conscious behavior. The best way is to investigate the effect
of the strength of D2 on pedestrian dynamics. Figure 5 gives
�a� the plot of the mean velocity �V� and �b� the mean occu-
pancy � against the injection rate Pl with the changing pa-
rameter D2=0 ,0.3,0.6,0.9,1, where Pr=0.4, Pfr= Pfl=0.5,
D1=0.6. From this figure, it can be clearly seen that with the
increase of D2, the critical value of Pl increase, i.e., the jam-
ming transition point moves to the right and jams do not
occur easily. In addition, we also find that in the freely mov-
ing phase, on the contrary, the increase of D2 leads to the
decrease of �V�. This is because at the low injection rate, the
occupancy of channel is low, and in such a case, the pedes-
trians without the subconscious behavior could move ran-
domly so as to avoid collision, which enhances the road uti-
lization and decreases the interaction of pedestrian. But with
increasing Pl, the available road area is reduced. At this time,
if the pedestrians still move unconsciously, the interaction
among pedestrians will be rapidly strengthened, and conse-
quently the jams appear. However, if the walkers move sub-
consciously, the faster and slower walkers may be separated
in the same directions and the interaction of them will be
weakened, therefore, the jams will obviously decrease. All
these reflect the walkers’ subconscious behavior and has a
passive effect at lower density and a positive effect at higher
density for counter flow in the freely moving state.

Next we investigate the flow patterns at the free moving
phase and observe the jamming transition evolution. Figure 6
shows the typical patterns obtained. The pattern �a� shows
the freely moving phase at Pr= Pl= Pfr= Pfl=0.3 and �b� at
Pr= Pl=0.3 and Pfr= Pfl=0.8. It shows that there is not ap-
preciable difference between Figs. 6�a� and 6�b� at the same
injection rate except that the number of pedestrians in Fig.
6�b� is less than that in Fig. 6�a�. This is because the faster
walkers could move out of the channel quickly, which causes
the decrease in the occupancy, and thereby, enhances the
capacity of channel. However, we can clearly see that the
patterns in Figs. 6�a� and 6�b�, where walkers intend to move
along the right-hand side of the channel with the same maxi-
mum velocity, which is consistent with the empirically con-
firmed development of dynamically varying lanes �17�. In
addition, in the region near the central partition line, we can
also find an interesting feature for the counter flow that the
faster walkers overtake the slower walkers from the left-hand
side and then form a narrow-sparse walkway. This segrega-
tion effect of lane formation is the result of the walkers’
subconscious behavior and interactions. Walkers moving in a
mixed crowd or moving against the stream will lead to fre-
quent and strong interactions. In each interaction, the en-
countering pedestrians move a little aside due to subcon-
scious behavior in order to pass each other. In such a case, on
the one hand, walkers have the tendency to move along the
right-hand side, which causes the separation of the oppo-
sitely moving walkers. On the other hand, they have the

tendency to overtake the preceding walkers from the left-
hand side, which makes different walkers with the different
maximum velocities in the same direction separate. More-
over, once the pedestrians move in uniform lanes, the inter-
action among them will be weakened. The simulation results
further validate that in freely moving phase, there are always
four lanes of walkers with different walking directions and
velocities.
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FIG. 6. �Color online� The typical patterns obtained where L
=100, W=20, D1=0.6, and D2=0.9. The pattern �a� and �b� show
the freely moving phase obtained at Pr= Pl= Pfr= Pfl=0.3, Pr= Pl

=0.3, and Pfr= Pfl=0.8, respectively. The pattern �c� shows the
completely jammed phase obtained at Pr=0.4, Pl=0.6, and Pfr

= Pfl=0.5. The patterns �d�–�f� show the time evolution of the com-
pletely jamming transition for Pr= Pl= Pfr= Pfl=0.5, �d� the pattern
obtained at t=500, �e� the pattern obtained at t=580, and �f� the
pattern obtained at t=900.
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The pattern �c� shows the completely jammed phase ob-
tained at Pr=0.6, Pl=0.4, and Pfr= Pfl=0.5. The patterns
�d�–�f� show the time evolution of the jamming transition for
Pr= Pl= Pfr= Pfl=0.5 at t=500,580,900, respectively. In the
beginning, most of pedestrians can move freely. At the same
time, small jam clusters form occasionally �see Fig. 6�d��,
and with the time evolution, these cluster jam clusters grow
�see Fig. 6�e��. These emerged clusters show that jamming is
mainly caused by oppositely moving faster walkers �see rect-
angle in Fig. 6�d�� and getting jammed with each other. Since
there is no back step movement, once the oppositely moving
walkers get jammed they can only move sideways and occa-
sionally forwards. While the already jammed pedestrians try
to move out of existing jam clusters, the other moving pe-
destrians get jammed with the existing clusters making these
clusters grow larger and larger with time, and finally will
cause a complete blockage �see Fig. 6�f��. At the jamming
phase, the jam cluster does not move and is stationary within
the channel. In such a case, the walkers’ subconscious behav-
ior and different maximum velocities have no effect on the
jam cluster in the completely jamming state.

How do faster walkers affect the crowd counter flow? To
elucidate this point, we plot the mean velocity �V� and the
occupancy � against Pfr for various values of Pr and Pl in
Fig. 7. Here we discuss the effects of the symmetrical and
asymmetrical injection rate on the crowd flow in detail for
the following four cases, respectively.

First, as Pr and Pl are small and symmetrical �e.g., Pr
= Pl=0.1,0.2,0.3�, the increase of Pfr could be helpful for
the improvement of road utilization. This is because in such
a case, there are not many walkers in the channel and nearly
all the walkers can move forward freely, therefore, the in-
crease in the number of faster walkers could lead to the
gradual increase of the mean velocity �V� and, correspond-
ingly, the gradual decrease of the mean occupancy �. Sec-
ondly, as Pr and Pl are both large, regardless of symmetry or
asymmetry �e.g., Pr= Pl=0.4 and Pr=0.4, Pl=0.5�, the mean
velocity �V� becomes zero and � goes to 1.0, namely, the
completely jammed phase occurs and Pfr has no influence on
the pedestrian counter flow. Thirdly, it should be noted that
for this case with a larger asymmetrical injection rate such as
Pr=0.1, Pl=0.8, the counter flow is separated to two inde-
pendent opposite unidirectional pedestrian flows, where the
pedestrians can move freely and the completely jammed
stage never occurs.

Lastly, when Pr and Pl are moderately asymmetrical, e.g.,
Pr=0.6 and Pl=0.3, another interesting phenomenon that Pfr
has a significant negative influence on the pedestrian counter
flow can be found. From Fig. 7, we can see that the average
velocity �V� decreases and the mean occupancy � increases
gradually with the increase of Pfr. This is because when the
system attains its stability, the number of total pedestrians
becomes larger and the value of occupancy is greater than
0.7, which indicates the interaction of walkers becomes
stronger. And then the further increase of faster walkers
could lead to the increase of those walkers overtaking from
the left, especially near the central partition line, where the
left and right faster walkers would invade the walkway
where the opposite walkers move, namely, they move be-
yond their respective walking routes. As a result, with the
strengthening of their interaction, minijams originally occur
near the partition line, then extend to the road sides and
finally form the completely megajams. This can also be
clearly seen in Figs. 6�d�–6�f�. From the four cases, we can
find that the necessary condition for the appearance of jam-
ming phase is that the occupancy must be large enough to
cause the fast walkers to overtake from not their own routes
but others’, so the value of occupancy is at least 0.5. Based
on the above analysis, the mechanism of jamming phase can
be thoroughly explored. This surprising result shows that the
jamming phase is mainly caused by the overtaking of faster
walkers. In other words, the increase of the number of faster
walkers is not always positive to the counter flow in all situ-
ations. It depends on the magnitude and asymmetry of the
injection rate.

Figure 8 exhibits the time evolution of �a� the mean ve-
locity V�t� and �b� the occupancy ��t� for different values of
Pr and Pl under the symmetrical and asymmetrical condi-
tions. Here we only give the first 5000 time steps. For the
small and rather large injection rates, the velocity and occu-
pancy reach quickly the steady values, that is to say, in such
a case, the system has only a steady state, i.e., either the
freely moving state for Pr= Pl=0.2 or completely jammed
state for Pr= Pl=0.6. However, it should be noted that for the
larger injection rate Pr= Pl=0.4 under the symmetrical con-
dition and Pr=0.6, Pl=0.3 under the asymmetrical condition,
there are two steady states: one is a metastable state and the
other is completely jammed state. With the time evolution,
the number of pedestrian increases and the mean velocity

(b)(a)

FIG. 7. �Color online� Plot of the mean velocity �V� �a� and the mean occupancy � �b� against the faster pedestrian fraction Pfr for
different combinations of Pr and Pl, where D1=0.6, D2=0.9, and Pfl=0.5.
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�density� decreases �increases� to a stable value. At this time,
the system is in the metastable state, in which the interaction
among pedestrian strengthens, forming small jam clusters.
However, the system can break up the small clusters when
the jammed pedestrians in these clusters succeed in moving
past each other, thereby dissolving the clusters. This process
can keep a long time. But with the further increase of time,
pedestrians may get jammed with the existing clusters, which
make these clusters grow further and thus the larger jam
clusters come into being. Eventually the system can run into
a jam with this mechanism, at the same time, the mean ve-
locity �density� decreases �increases� to 0�1�, which means
the system transits to the completely jammed phase from the
metastable state. However, for the case of Pr=0.6, Pl=0.3,
the evolution time in the metastable state is longer than that
of the case of Pl= Pr=0.4, which means that the small clus-
ters would dissolve more easily under the asymmetrical con-
dition.

What would happen if the parameter d has different val-
ues �i.e., the partition lines CD were located at different po-
sitions in the channel�? Should we draw partition lines in the
channel to separate the different kinds of pedestrian similar
to traffic flow on roads, where there are different fast or slow
lanes? This is a problem of significance. We introduce a di-
mensionless coefficient Rd=d / �W /2� to denote the fraction
of the channel width. Figure 9 shows the plot of the mean
velocity �V� and the mean occupancy � against Rd for differ-
ent Pr and Pl combinations in the freely moving phase. It can

be clearly observed that Rd has little influence on the pedes-
trian dynamics at the lower density �e.g., Pl= Pr=0.1�, while
it has a slight influence at the higher density �e.g., Pl= Pr
=0.3�, where the mean velocity �V� gradually increases first
and then decreases with the increase of the Rd. This is be-
cause pedestrians are more flexible than vehicles, and can
adjust their behavior according to the different surrounding
circumstances, e.g., the faster walkers can move forward not
only on their own lanes but also on the lane of slower walk-
ers in the same direction when there are no slower walkers in
front of them. Based on an overall consideration of various
factors, we may reach the conclusion that it is needless to
separate faster and slower pedestrians in the same direction
by a partition line in the channel.

Finally we study the behavior of different maximum ve-
locities mixed pedestrian flow. Figure 10 shows the mean
velocity �V� and the occupancy � against Pl for various val-
ues of Vmax,1 and Vmax,2. We assume that Vsum is the sum of
Vmax,1 and Vmax,2, namely, Vsum=Vmax,1+Vmax,2. It can be
clearly seen that the mean velocity �V� increases and the
occupancy � decreases with the increase of Vsum. At the same
time, the jamming transition occupancy also increases. At
larger Vsum, the critical transition point corresponding to the
maximum flow rate in the fundamental diagram is in good
agreement with empirical results �31�. Here it should be
noted that at the same values for Vsum �e.g., Vmax,1=2,
Vmax,2=2 and Vmax,1=3, Vmax,2=1�, the mean velocity �V�
and the jamming transition point of symmetric condition

(b)(a)

FIG. 8. �Color online� Time evolution of �a� the velocity V�t� and �b� the occupancy ��t� for the system size L=100, W=20 at the
injection rate Pr= Pl=0.2, Pr= Pl=0.4, Pr= Pl=0.6, Pr=0.6, and Pl=0.3.

(b)(a)

FIG. 9. �Color online� Plot of the mean velocity �V� �a� and the mean occupancy � �b� against dimensionless coefficient Rd for different
combinations of Pr and Pl in the freely moving phase.
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Vmax,1=Vmax,2 are greater than those with asymmetric condi-
tion Vmax,1�Vmax,2, and correspondingly, the occupancy �
with symmetric condition is lower than that with asymmetric
condition. This is because when the maximum velocities are
different, the slower walkers apparently interfere with the
movement of the faster walkers. As a result, this makes the
mean velocity �V� decline.

IV. CONCLUSIONS

The lattice gas model for pedestrian flow has attracted the
interest of researchers in recent years. It has been applied to
study the pedestrian flow in channels, the evacuation pro-
cess, and the interaction between pedestrians and vehicles.
However, it is unclear how the complex human preferential
walking behaviors affect the pedestrian dynamics, especially
when the maximum velocity of pedestrians is different. Up to
now, these complex factors have not been completely taken
into account for the lattice gas model in greater detail.

In this paper, an extended lattice gas model is proposed to
investigate pedestrian counter flow under the open boundary
conditions by considering the human subconscious behavior
and the different maximum velocities, which can lead to ap-
propriate responses to some complicated situations. The
simulation results show that the presented model can capture
some essential features of pedestrian counter flows, such as
lane formation, segregation effect, and phase separation at
higher densities. An especially interesting feature for counter
flow is that the faster walkers overtake the slower ones and
then form a narrow-sparse walkway, which can be observed
in the region near the central partition line. Through the
phase diagram analysis, we find that the subconscious behav-
ior plays a key role in pedestrian dynamics, where the freely

moving region is larger and the jamming region is smaller
compared with the case of unsubconscious behavior. It could
effectively decrease the occurrence of the jam cluster. Four
cases about the influences of combinations of the symmetri-
cal and asymmetrical injection rate are investigated. Com-
parison between them indicates different combinations could
lead to different pedestrian phenomena. At larger injection
rates, with time evolution, the system exhibits the metastable
state and the completely jammed state under both symmetri-
cal and asymmetrical conditions. Two important conclusions
are reached. One is that it is needless to separate faster and
slower pedestrian in the same direction by a partition line in
the channel. The other is that the jamming phase is mainly
caused by the overtaking of faster walkers. In other words,
the increase of the number of faster walkers is not always
positive to the counter flow in all situations. It depends on
the magnitude and asymmetry of injection rate. Finally, we
further investigate the influence of different combinations of
maximum velocities Vmax for slower and faster walkers on
the pedestrian flow. And at large Vsum, the critical transition
point corresponding to the maximum flow rate of the funda-
mental diagram is consistent with empirical results well.
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