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Self-organized phenomena of pedestrian counter flow in
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In this paper we investigate self-organized phenomena such as lane formation generated by pedestrian counter

flow in a channel. The lattice gas model is extended to take the effect of walkers in the opposite direction into account

simultaneously when they are in the view field of a walker, i.e., walkers tend to follow the leaders in the same direction

and avoid conflicts with those walking towards them. The improved model is then used to mimic pedestrian counter flow

in a channel under periodic boundary conditions. Numerical simulations show that lane formation is well reproduced,

and this process is rather rapid which coincides with real pedestrian traffic. The average velocity and critical density

are found to increase to some degree with the consideration of view field.
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1. Introduction

Recently, more and more attention has been

paid to pedestrian traffic, especially, self-organized

phenomena and collective behaviour in various

situations.[1−6] The simplest and most widely-studied

case is the pedestrian counterflow in a channel, and

the emergent lane formation has been observed exper-

imentally and investigated numerically.[7−20] In con-

trast to macroscopic description (e.g. the hydrody-

namic model[2]), microscopic models can better char-

acterize detailed interactions among pedestrians, e.g.,

the social force model.[3] The social force model is

actually a kind of molecular dynamic model where

both space and time are continuous. Pedestrians are

treated as Newton-like particles driven by attractive

and repulsive forces. It is shown that such a model

can reproduce most of the interesting phenomena of

pedestrian flow in reality.

Hereafter, discrete microscopic models such as

cellular automaton models[4,5] and lattice gas model[7]

are proposed as well. Helbing et al.[6] mentioned

that lane formation is hard to describe by cellular

automata. However, Burstedde et al.[4] suggested a

cellular automaton model to depict collective phenom-

ena, e.g. lane formation by introducing so-called floor

fields. The static floor field transfers global informa-

tion to each pedestrian which does not evolve with

time. The dynamic floor field is to model the attrac-

tive interaction among pedestrians which is the key

to reproducing lane formation. On the other hand,

the lattice gas (LG) model has exhibited phase tran-

sition from the freely moving phase to the jamming

phase. In this model the random sequential updating

rule is adopted and therefore it is easy to deal with

conflicts among pedestrians. Hereafter, more elabo-

rate factors of human behaviour were introduced into

this model in order to obtain a better description of

pedestrian traffic.[8−20] However, most of these modi-

fied models failed to reproduce the lane formation with

common sense. The first successful attempt was the

introduction of a view field by Tajima et al.[8] which

could be regarded as a kind of long-range interaction.

They studied the effect of pedestrians walking in the

same and opposite directions, respectively. They have

shown that both mechanisms lead to lane formation

but are quite different. Recently, Ma et al.[9] adopted

a multi-grid model to reproduce such a pattern forma-

tion as well. The multi-grid model is in fact regarded
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as a refined lattice gas model in which the size of a

site is smaller and a pedestrian can occupy more than

one site. Only the effect of pedestrians in opposite di-

rections in the view field has been taken into account.

Both studied the pedestrian counterflow in a channel

under open boundary conditions. By contrast, the

rule suggested by Ma et al.[9] is simpler than that by

Tajima et al.,[8] but the calculations proposed by Ma

et al. are more than those proposed by Tajima et al..

Obviously, a model with simple rules and less compu-

tation is preferred. It is also believed that pedestrians

in the same and opposite directions in the view field si-

multaneously influence the behaviour of a pedestrian.

Furthermore, the self-organized behaviour of pedestri-

ans is rather fast, e.g. lane formation in the pedestrian

crosswalk, but such a feature has not attracted suffi-

cient attention so far.

In this paper, an extended lattice gas model is

used to investigate the pedestrian counter flow in a

channel under periodic boundary conditions. The rest

of the present paper is organized as follows. In Section

2, the lattice gas model is improved to take the effect

of pedestrians in the same and opposite directions in

the view field of each pedestrian into account simul-

taneously. Numerical simulations are carried out and

discussions about lane formation and fundamental di-

agrams with different parameters are given in Section

3. Conclusions and suggestions for further research

are presented in Section 4.

2. Model

The extended lattice-gas model is defined as the

square lattice of L×W sites where L (W ) is the length

(width) of the channel. Figure 1 shows the schematic

illustration of the pedestrian counter flow in a chan-

nel. There are two kinds of pedestrians in the system.

Each walker moves to the preferential direction with

no back step, i.e., from left to right or from right to

left. The right (left) walker going to the right (left) is

indicated by the open (full) circle. Each site can be

occupied by only a single walker. The top and bottom

sides are a solid wall and therefore walkers never go

out through the wall. The boundary condition in the

horizontal direction is periodic. When a right (left)

walker leaves the system from the right (left) bound-

ary, he enters into the system from the left (right)

boundary immediately. The total density ρ is defined

as the number of all walkers divided by the system

size. The density of left (right) walkers ρl(ρr) is de-

termined by calculating the fraction of the left walker

f , i.e., we have ρl = ρf and ρr = ρ(1− f).

P1

P1

P3

P3

P2

P2

n

n

m

Fig. 1. Schematic illustration of the pedestrian counter

flow in a channel under periodic boundary conditions.

Each walker has a preferential direction and he

can shift left, move forward or shift right to his near-

est neighbours in a single time step according to the

corresponding probabilities (see Fig. 1). Therefore,

the state of his possible target site is denoted by an

array of three components, 0 means empty and 1 occu-

pied, e.g. (0,1,0) means that the left and right side are

empty and the site in front is occupied. Table 1 shows

the transition probabilities of a walker determined by

the states of his nearest-neighbour sites, where D indi-

cates the strength of the drift. It should be noted that

such a description of this model is more general and

convenient to use in other cases, e.g., the preferential

direction is diagonal.

Table 1. Transition probabilities to the nearest-neighbour sites are given by p1 (left), p2 (front), and p3 (right).

State (0,0,0) (0,0,1) (0,1,0) (0,1,1) (1,0,0) (1,0,1) (1,1,0) (1,1,1)

p1 (1−D)/3 (1−D)/2 1/2 1 0 0 0 0

p2 D + (1−D)/3 D + (1−D)/2 0 0 D + (1−D)/2 1 0 0

p3 (1−D)/3 0 1/2 0 (1−D)/2 0 1 0

In fact, a walker interacts not only with his

nearest-neighbour walkers but also with others in his

view field. As is well known, a walker tends to fol-

low the leader in the same direction and keeps away

from those in the opposite direction. In this paper,

the view field of a walker is represented by a rectangle

area, which is divided into three parts, i.e., front left,

front, and front right. Both front left and right parts
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have the same size of m×n where m (n) is the length

(width) of the corresponding part. The front part has

a size of m×1, thus the total size of the view field is

m×(2n+1). The structure of the view field is similar

to that in Tajima et al.,[8] but different from that in

Ma et al.[9] A walker will adjust the transition proba-

bility according to the number of other walkers in the

same or opposite direction.

The movement of each walker is determined by

the following rules.

(i) Calculate the transition probabilities p1, p2,

and p3 of each walker according to the states of his

nearest-neighbour sites as shown in Table 1;

(ii) Count the number of walkers in the same (op-

posite) direction in the front left, front, and front right

of view field respectively, which are denoted by T1(S1),

T2(S2), and T3(S3) respectively;

(iii) Calculate the final transition probabilities P1,

P2, and P3 according to the following formula:

Pi =
pi(Ti + 1)/(Si + 1)

3∑
j=1

pj(Tj + 1)/(Sj + 1)

, i = 1, 2, 3.

The formula indicates that the transition proba-

bilities are proportional to the number of walkers in

the same direction but inversely proportional to the

number of walkers in the opposite direction. When a

walker aims to enter one of target sites, his intention

becomes stronger, and the more walkers there are in

the same direction, on the contrary, his intention be-

comes weaker, and the more walkers there are in the

opposite direction. It is easy to find that we need only

to calculate the final transition probability in cases 1,

2, 3, and 5 in Table 1. Finally, the states of all walkers

are updated sequentially in a random order.[7]

3. Simulation and discussion

The simulation of pedestrian counterflow in a

channel is performed under periodic boundary condi-

tions. The size of a site corresponds to approximately

0.4 m×0.4 m, which is the typical space occupied by

a person in a dense crowd.[4] Usually the average ve-

locity of a pedestrian is about 1.2 m/s for a walker.

Thus, each time step corresponds to 1/3 s. Initially,

walkers with a given density are distributed randomly

in the system. The average velocity in each time step

is defined as the number of walkers moving to their

preferential direction divided by the total number of

walkers existing in the system. The average flux is the

product of total density and average velocity. Each

run of the simulation takes 103 time steps. The final

results are the average of 50 runs of the simulation.

(a)

(c)

(b)

(d)

Fig. 2. Simulated scenarios at different time steps, where W = 20, L = 50, D = 0.6, m = 20, n = 3, f = 0.5,

ρ = 0.3, t = 0 (a), 15 (b), 30 (c), and 60 (d).

First we investigate typical flow patterns gen-

erated by the present model. Figure 2 shows the

simulated scenarios at different time steps. Initially

walkers are distributed randomly in the channel (See

Fig. 2(a)). It is found that eight lanes are formed

quickly and the system reaches its steady state quickly.

Without the view field, walkers have to interact with

each other directly when they get close. As a result,

they have less chance to adjust their paths in advance

and then small local congestions may occur occasion-

ally. Under certain conditions, these small conges-

tions may spread and finally form complete conges-

tions. With the consideration of walkers in the same

and opposite direction together in the view field, a
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long-range interaction is introduced and walkers have

the chance to avoid conflicts with those walking in the

opposite direction in advance and tend to follow the

leader in the same direction. To this end, lanes of uni-

form direction are segregated from pedestrian counter

flow.

Figure 3 shows the average densities along the

channel for the left (Fig. 3(a)) and right (Fig. 3(b))

walkers in a larger system size. It is found that five

lanes are formed by left walkers and five lanes are

formed by right walkers (note that there is a small

lane near the top wall in Fig. 3(b)). In general, the

number of lanes increases with the increase of the

width of channel. But for a channel with a given

width, the number of lanes formed is dynamic in var-

ious simulations, which is not constant as pointed out

by Helbing[1] but similar to that in Ma et al.[9] Fur-

thermore, the number of lanes in two directions are

not necessarily equal. One can see that the system

reaches its steady state in a short time (about 20 sec-

onds in Fig. 3). It should be noted that it will take

a longer time to reach the steady state under open

boundary conditions. Even so, the effect of walkers

from both directions is expected to be stronger than

that of walkers only in the same or opposite direction.

As shown in Fig. 4, the number of lanes decreases with

the increase of the width of the view field for a given
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Fig. 3. Density profile evolutions at W = 40, L = 100,

D = 0.6, ρ = 0.3, f = 0.5, m = 20, and n = 3, where

panel (a) shows the left walkers and panel (b) exhibits the

right walkers.

parameter set. To obtain a realistic result, we choose

the following parameters, i.e., m = 20 and n = 3 for

most cases.
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Fig. 4. The relationship between the number of lanes and

the width of the view field at L = 100, W = 40, D = 0.6,

m = 20, and f = 0.5.
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Fig. 5. (a) Plots of average velocity against total den-

sity at W = 20, 30, 40, and 50, where L = 50, D = 0.6,

m = 20, n = 3, and f = 0.5, and (b) plots of the flux

against the total density at the same data as those in panel

(a).

Then we investigate the effect of system size on

the relationship between average velocity and total

density. As shown in Fig. 5, one can see that the

trends of the curves are almost the same although

more lanes form in wider channels, which means that
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the average velocity of walkers is nearly independent

of channel width for a given view field. So we choose

W = 20 in the following simulations. It is found that

the average velocity first increases, then decreases and

finally vanishes. This result will be discussed later in

more detail.

As mentioned in Section 2, the view field indeed

introduces a long-range interaction rather than an im-

mediate interaction in the original LG model. There-

fore, it is expected that the size of the view field has a

vital influence on the collective behaviour of walkers.

Figures 6 and 7 show the simulation results for differ-

ent lengths and widths of the view field, respectively.

The result of the LG model is also presented for com-

parison. From Fig. 6, one can see that the average

velocity and the flux increase with the increase of the

length of the view field as well as the critical density.

In general, the average velocity and the flux are larger

than those in the LG model before phase transition ex-

cept m = 5. The critical density is always larger than

that in the LG model, but it does not have a significant

difference for different lengths of the view field. As
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Fig. 6. (a) Plots of average velocity against total density

for m = 5, 10, 15, 20, and LGM at L = 50, W = 20,

n = 3, D = 0.6, and f = 0.5, and (b) plots of flux against

total density for the same data as those in panel (a).

shown in Fig. 7, the average velocity and the flux in-

crease with the length of the view field as well as the

critical density, which are always larger than those in

the LG model. But the average velocity and the flux

do not have significant differences for different widths

of the view field before phase transition. In general,

the total effect of the view field is the increase of the

average velocity and the flux as well as the critical den-

sity compared with that in the LG model. Therefore,

the introduction of the view field indeed enhances the

efficiency of walking.
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Fig. 7. (a) Plots of average velocity against total density

for n = 1, 2, 3, 4, and LGM at L = 50, W = 20, m = 20,

D = 0.6, and f = 0.5, and (b) plots of the flux against

total density for the same data as those in panel (a).

Furthermore, we investigate the effect of the frac-

tion of left walkers on the counter flow in the channel.

As shown in Fig. 8(a), there is a negligible difference in

the very low density regime since few walkers exist in

the system and the interactions among them are weak.

With density increasing, the largest average velocity

and flux appear in the symmetric case (f = 0.5). How-

ever, the largest critical density appears in the most

asymmetric case (f = 0.1). The possible reasons for

this are as follows: when f is rather small, the num-

ber of walkers on the right is much larger than that of
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walkers on the left. The attraction among walkers on

the right becomes dominant and the repulsion from

walkers on the left becomes rather weak. As a con-

sequence, a walker on the right is usually blocked by

other walkers on the right and the average velocity re-

duces correspondingly. On the contrary, it is not easy

to form global congestion, owing to a lack of walkers

from the opposite direction. In the symmetric case,

the average velocity and the flux reach their maxima

due to self-organized lane formation which makes the

counter flow more efficient before phase transition oc-

curs.
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Fig. 8. (a) Plots of the average velocity against the to-

tal density for f = 0.1, 0.2, 0.3, 0.4, and 0.5 at L = 50,

W = 20, m = 20, n = 3, and D = 0.6, and (b) plots of

the flux against total density for the same data as those

in panel (a).

Finally, we study the effect of the strength of drift

on the collective behaviour of walkers. It is found

that the average velocity and flux increase with D in

the freely moving phase which is shown in Fig. 9. As

mentioned before, the average velocity first increases

in the low density range, then decreases slowly in the

medium density range, and finally vanishes in the high

density range. Similar results have been reported in

Ref. [9]. Moreover, one can see that the low density

range reduces with D. When D becomes larger, such

an effect becomes less noticeable. On the other hand,

the critical density becomes lower asD increases. This

can be explained by the effect of ‘faster-is-slower’.[1,21]

In the high density regime, walking slowly is better

than walking as quickly as possible.
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Fig. 9. (a) Plots of average velocity against total density

for D = 0, 0.2, 0.4, 0.6, and 0.8 at L = 50, W = 20,

m = 20, n = 3, and f = 0.5. Walkers move forward with

an average velocity of D+(1−D)/3 at very low densities.

(b) Plots of flux against total density for the same data as

those in panel (a).

In the LG model, one may notice that the average

velocity decreases with density increasing monotoni-

cally (see Figs. 6(a) and 7(a)). In this model, each

walker has an equal probability to move forward, left

or right in the case of D = 0 and he behaves randomly.

When D increases, the walker has a stronger intention

to move toward the preferential direction. In a very

low density, walkers move freely with negligible con-

flicts, and as expected, the average velocity reaches its

maximum. However, with density increasing, conflicts

among walkers in opposite directions becomes more

serious since they are blocked by others frequently, as

they have to brake or shift and thus the efficiency of

walking is reduced noticeably. This is the reason why
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the the average velocity is a decreasing function of

density in the LG model.

As for the present model, in contrast, walkers

in opposite directions separate into lanes of uniform

walking direction below the critical density, which re-

duces the number of conflicts with opposing walkers

significantly, i.e., the interaction frequency and num-

ber of necessary braking or avoidance manoeuvres is

reduced.[21] The attraction of walkers in the same di-

rection and the repulsion of walkers in the opposite

direction really strengthens the intention of walkers

moving in a preferential direction, i.e., P2 increases as

the number of walkers increases. Therefore, the aver-

age velocity in the preferential direction is enhanced,

especially in the low density range (see Figs. 5(a)–

8(a)). As pointed out by Helbing et al.[21] this phe-

nomenon can be viewed as an example of optimal self-

organization. For higher densities, walkers are blocked

by their leaders even they have the same direction.

Although with the help of the view field, the aver-

age velocity decreases gradually. This is similar to

the case of multilane vehicular traffic. Therefore, the

freely moving phase is characterized by lane formation

which is different from that in the LG model. Helbing

et al.[21] have performed several experiments for a cor-

ridor with bottlenecks to compare the effects of pedes-

trian counterflows and unidirectional flows. They also

found that counterflows are significantly more efficient

than unidirectional flows.[21] Above the critical den-

sity, lane formation becomes impossible since small

local congestions occur and cannot dissolve promptly,

which eventually leads to complete congestion. This

process is quantitatively similar to that in the LG

model but the underlying mechanism may be quali-

tatively distinct.

4. Summary

In this paper, we proposed an extended lattice gas

model with consideration of the effect of walkers in the

same and opposite directions, i.e., a walker tends to

follow the leader in the same direction and avoid colli-

sion with those from the opposite direction. Then we

used this model to investigate dynamical collective be-

haviours of pedestrian counterflow in a channel. More

attention was paid to lane formation, especially the

efficiency of reproducing such a collective behaviour.

In the symmetric case of f = 0.5, it is found that

the effect of walkers in both the same and opposite

directions in the view field strengthens the intention

of the walker to move to their preferential directions

and pedestrian counter flow is separated into lanes

of uniform walking direction effectively. The conflicts

among walkers are reduced significantly and therefore

the efficiency of walking is enhanced due to lane forma-

tion. Both the average velocity and the flux increase

to some degree as well as the critical density in com-

parison with those from the LG model. This can be

viewed as an example of optimal self-organization. It

turns out that this model provides a more realistic de-

scription of pedestrian flow and can be further applied

to other cases.
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[3] Helbing D and Molnàr P 1995 Phys. Rev. E 51 4282

[4] Burstedde C, Klauck K, Schadschneider A and Zittartz J

2001 Physica A 295 507

[5] Kirchner A and Schadschneider A 2002 Physica A 312

260

[6] Helbing D, Farkas I J, Molnàr P and Vicsek T 2002 Pedes-
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