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Effect of following strength on pedestrian counter flow∗
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This paper proposes a modified lattice gas model to simulate pedestrian counter flow by considering the effect of

following strength which can lead to appropriate responses to some complicated situations. Periodic and open boundary

conditions are adopted respectively. The simulation results show that the presented model can reproduce some essential

features of pedestrian counter flows, e.g., the lane formation and segregation effect. The fundamental diagrams show

that the complete jamming density is independent of the system size only when the width W and the length L are

larger than some critical values respectively, and the larger asymmetrical conditions can better avoid the occurrence

of deadlock phenomena. For the mixed pedestrian flow, it can be found that the jamming cluster is mainly caused by

those walkers breaking the traffic rules, and the underlying mechanism is analysed. Furthermore, the comparison of

simulation results and the experimental data is performed, it is shown that this modified model is reasonable and more

realistic to simulate and analyse pedestrian counter flow.
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1. Introduction

In recent years, pedestrian flow has attracted con-

siderable attention in the field of physical science and

engineering.[1−3] The complex behaviours of pedes-

trian can result in many interesting self-organisation

phenomena and collective behaviours, e.g., jamming

and clogging, lane formation and oscillations at bot-

tlenecks in counter flow, freezing by heating, faster-is-

slow effect and herding behaviour in panic situations,

and all those have been successfully reproduced with

physical methods.[4−7] Therefore, to gain an insight

into complex behaviours of pedestrians and predict

them are particularly valuable in many different areas

of application such as an optimisation of pedestrian

facilities, urban and traffic planning, building evacua-

tion, etc.

The modeling of pedestrian behaviours can be

classified into two main categories: macroscopic and

microscopic models. The former describes pedestri-

ans with fluid-like properties, and the different indi-

viduals can not be distinguished, e.g., the hydrody-

namic models.[8,9] In contrast, the latter describes the

spatiotemporal behaviours of individual pedestrians,

and the different types of pedestrians with individual

properties, such as the social force models,[10,11] cellu-

lar automata models,[12−20] lattice gas models[21−33]

and agent-based models.[34] Since microscopic mod-

els can better characterise the different behaviours of

pedestrian, they have been extensively applied to sim-

ulate the emergency evacuation,[19−21] counter chan-

nel flow,[22−31] and bottleneck flow.[32] Especially, in

the last years the lattice gas model are successful

in investigating such many pedestrian behaviours in

counter flow as right-moving preference behaviour,[16]

the traffic rule breaking behaviour,[25] exchanging

positions and back step behaviours,[26,27] mobile

robot’s behaviour,[28] sidling and turning movement

behaviours,[29,33] and mixed walking behaviours of dif-

ferent velocities,[30] etc.

Recently, the authors have found that subcon-

scious behaviours play an important role in enhancing

the critical current and density in counter flow.[22,23]

In our research, subconscious behaviours are mani-

fested in the following three aspects. First, walkers are

accustomed to walking along the right-hand side of the

road considering the traffic rules and customs. Sec-

ondly, when the opposite direction walkers encounter
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each other, they prefer to move respectively from their

right-hand side in order to avoid collision. Finally, fast

walkers are used to overtaking the preceding walkers

in the same direction from the left-hand side of the

road. However, the following behaviour of pedestrians

during walking, i.e., waiting probability has not been

considered. In addition, some researchers have stud-

ied the following effect,[15,26] but the strength of fol-

lowing behaviour has not been perfectly distinguished

from the different scenarios. That is to say, wait-

ing probability is always regarded as a constant for

all situations in the numerical simulation. There-

fore, further studies on the following behaviour are

still necessary to understand the underlying mecha-

nism of pedestrian dynamics. In general, when pedes-

trians walk, they would decide whether to accelerate

and change direction or not according to local envi-

ronment. Obviously, the different local environment

could give rise to different following behaviours, and

the waiting probability would change correspondingly.

For example, when the preceding pedestrian walks at

the same speed and direction with the current one,

he/she will not usually change moving direction and

prefer to follow the movement, and thus the strength

of following behaviour (i.e., the waiting probability) is

relatively large. Whereas, when the preceding pedes-

trian moves at the low speed in the same direction,

he/she is accustomed to exceeding from his/her left-

hand side, and correspondingly the strength of follow-

ing behaviour is small. How do these scenarios affect

the pedestrian dynamics in the counter flow? This is

an interesting but still open problem.

In this paper, our primary aim is to integrate

subconscious behaviours[23] with the action-selection

mechanism where each walker makes a judgment of

the preferential moving direction (i.e., left, right, for-

ward and wait behind) according to its perception of

the different situations, and hope to better reflect re-

alistic pedestrian behaviours. We present a modified

lattice gas model to investigate the pedestrian counter

flow by considering the different strengths of following

behaviour and the various behaviour habits under the

periodic and open boundary conditions. The pedes-

trian dynamics and the underlying mechanism of jam

are discussed in greater detail.

2. 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. There are four classes of pedes-

trians with no back step in this system: the faster or

slower right walkers going from the left to the right

and the faster or slower left walkers going from the

right to the left. The size of a site corresponds to ap-

proximately 0.4 m × 0.4 m. This is the typical space

occupied by a person in a dense crowd.[12] Fast walkers

can move quickly forward two grids per time-step, and

slow walkers can move one grid per time-step. Empir-

ically, the average velocity of a pedestrian is about

1.6 m/s for a faster walker or 0.8 m/s for a slower

walker under normal conditions,[35] so one time-step

is approximately 0.5 s in our model. When the walker

arrives at the wall of the channel, it is reflected by the

wall and never goes out through the wall. The two

types of boundaries are used herein.

Figures 1 and 2 respectively give the possible con-

figurations of the slower and faster right walkers going

to the right. The full circle indicates the right walker

with velocity V1. The cross point indicates the site

occupied by another walker with velocity V2, and cor-

responding moving direction is denoted by slender ar-

rows. Each walker can only move to the unoccupied

sites or stand. The bold arrow indicates the possi-

ble moving directions (the right, up, down and still)

of the right walker, and the corresponding transition

probabilities are given by Pt,x, Pt,y, Pt,−y and Pw re-

spectively.

In order to reflect realistic pedestrian behaviours,

the transition probabilities are established by the fol-

lowing rules.

For a slower right walker, (1) if the front cell is

occupied by a same direction walker (slower or faster

right walker), the waiting probability Pw is higher.

The reason is that walkers generally prefer to persist

in their present direction and follow others in the same

direction, e.g., in Figs. 1(c) and 1(f); (2) if the front

cell is occupied by an opposite walker, the probability

Pt,−y of right direction is higher, because walkers have

the priority to move on their right-hand sides in order

to avoid collision and keep safety, e.g., in Figs. 1(b)

and 1(e). Especially, in Fig. 1(d), when the front and

right cells are occupied, the waiting probability Pw is

also higher. That is because if the preceding walker

is a left walker, the walker usually would rather stop

than move to the left cell so as to obey right-walking

traffic rule. In addition, if the preceding walker is a

right walker, the following behaviour will appear due

to the above mentioned reason.
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Fig. 1. The possible configurations of the slower right walkers.

Fig. 2. The possible configurations of the faster right walkers.

For a faster right walker, (1) if the front cell is occupied by a slower right walker, the probability Pt,y of left

direction is higher, because the faster walkers would be accustomed to overtaking the preceding slower walkers

in the same direction from the left-hand side, e.g., in Figs. 2(a) and 2(c); (2) if the front cell is occupied by a

faster right walker or a left walker, the waiting probability Pw is higher due to following effect and right-walking

traffic rule, e.g., in Figs. 2(b) and 2(d).

Based on the above analysis, the transition probabilities Pt,x, Pt,y, Pt,−y of the right walker corresponding

to each configuration are given as follows:

Pt,x = D1 + (1−D1)/3, Pt,y = (1−D2)(1−D1)/3, Pt,−y = (1 +D2)(1−D1)/3 and Pw = 0 for Fig. 1(a);

Pt,x = 0, Pt,y = (1 +D2)(1−D1)/3, Pt,−y = D1 + (1−D1)/3 and Pw = (1−D2)(1−D1)/3 for Fig. 1(b);

Pt,x = 0, Pt,y = (1−D2)(1−D1)/3, Pt,−y = (1 +D2)(1−D1)/3 and Pw = D1 + (1−D1)/3 for Fig. 1(c);

Pt,x = 0, Pt,y = (1 +D2)(1−D1)/2, Pt,−y = 0 and Pw = D1 + (1−D2)(1−D1)/2 for Fig. 1(d);

Pt,x = 0, Pt,y = 0, Pt,−y = D1 + (1−D2)(1−D1)/2 and Pw = (1 +D2)(1−D1)/2 for Fig. 1(e);

Pt,x = 0, Pt,y = 0, Pt,−y = (1 +D2)(1−D1)/2 and Pw = D1 + (1−D2)(1−D1)/2 for Fig. 1(f);

Pt,x = 0, Pt,y = D1 + (1−D1)/3, Pt,−y = (1−D2)(1−D1)/3 and Pw = (1 +D2)(1−D1)/3 for Fig. 2(a);

Pt,x = 0, Pt,y = (1 +D2)(1−D1)/3, Pt,−y = (1−D2)(1−D1)/3 and Pw = D1 + (1−D1)/3 for Fig. 2(b);

Pt,x = 0, Pt,y = D1 + (1 +D2)(1−D1)/2, Pt,−y = 0 and Pw = (1−D2)(1−D1)/2 for Fig. 2(c);

Pt,x = 0, Pt,y = (1−D2)(1−D1)/2, Pt,−y = 0 and Pw = D1 + (1 +D2)(1−D1)/2 for Fig. 2(d);

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 behaviour. Also, the transition probabilities of a right walker

are obtained for other configurations.[23] For a left walker, similar prescriptions can be given for the possible

configurations in the same way.
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3. Simulation results and discus-

sions

We carry out the simulation for the above model

under the periodic boundary condition. Initially, the

pedestrians of four types are distributed randomly

within the channel, and the random sequential update

is used. In this paper, we introduce two new param-

eters m (the ratio of the number of the right walkers

to the number of all walkers) and f (the ratio of the

number of the fast walkers to the number of all walk-

ers). In the simulations, the related parameters are

selected as W = 20, L = 100, D1 = 0.6, D2 = 0.9,

m = 0.5, f = 0.5 unless otherwise mentioned.

The mean velocity in one update time step is de-

fined as the sum of the velocities of walkers moving

forward divided by the total number of walkers exist-

ing in the system. The mean flow is defined as the sum

of the number of the right walkers moving through

the right boundary and that of the left ones moving

through the left boundary in one update time step.

For each simulation, 10000 time steps are carried out,

and the value of the mean velocity and mean flow are

computed according to the last 4000 time steps aver-

aged over 20 different random initial pedestrian dis-

tributions, although in all our simulations it takes no

more than 2000 time steps to reach the steady states.

First, we investigate the effect of system size on

the mean velocity and the mean flow. Figure 3 shows

the fundamental diagram for different system sizes

W×L = 10×100, 20×100, 40×100, 60×100, 80×100

for (a), andW×L = 20×20, 20×60, 20×100, 20×200,

20 × 300 for (b), respectively. From Fig. 3(a), it can

be clearly seen that in the freely moving phase, the

mean velocity decreases with the increase of W , how-

ever, the mean flow is proportional to width W . This

is because at the same density, the number of total

walkers becomes larger with the increase of W , which

hints that the nonlinear interaction among walkers will

be strengthened, and leads to the decrease of mean

velocity correspondingly. Meanwhile, a larger W is

contributive to the increase of mean flow according to

the calculation of its definition above mentioned. In

addition, we find that the completely jamming density

increases with the increase of W , nevertheless, When

W ≥ 40, it has almost an unvarying value ρjam = 0.72,

which indicates that the completely jamming density

does not depend on the system sizes when W is larger

than a certain value.

Fig. 3. Plot of the mean velocity and the mean flow against the density with different system sizes.

Figure 3(b) shows that the mean velocity (flow)

linearly decreases (increases) with increasing density

and completely equals each other for the values of dif-

ferent length L at the beginning, after that, it declines

quickly to zero. We find that the complete jamming

density decreases with the increase of L. However,

when L ≥ 100, it almost remains a constant value

ρjam = 0.64, which indicates that the jamming transi-

tion point is independent of the system sizes when L

is larger than a certain value.

Comparing Fig. 3(a) with Fig. 3(b), we find that

at the same area, e.g., W × L = 60× 100 in Fig. 3(a)

and W × L = 20 × 300 in Fig. 3(b), the larger width

W shows the better ability to improve the mean flow

and the completely jamming density than the larger

length L. Therefore, a useful conclusion is drawn that

increasing width W may be more beneficial than in-

creasing length L under the same area during planning
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building design when we consider the emergency evac-

uation.

In order to gain a deep insight into the effect of

the asymmetric system, we study the variation of the

mean velocity and the mean flow under the asymmet-

rical conditions for the different number of left and

right walkers in the system. Figure 4 gives the three

dimensional (3D) plot of the mean velocity (a) and the

mean flow (b) against the density and parameter m.

We find that the values of mean velocity and the mean

flow are not completely symmetric for m > 0.5 (i.e.,

the number of the right walkers is larger than that of

the left walkers) and m < 0.5 (i.e., the number of the

left walkers is larger than that of the right walkers)

because of the existence of statistical error and the in-

fluence of random distribution during the calculation

and simulation. It should be noted that for larger

asymmetrical bidirectional flows such as m ∈ [0, 0.25]

and m ∈ [0.75, 1], the completely jamming densities

are relatively larger than those of m ∈ (0.25, 0.75),

where the counter flow is nearly separated to two in-

dependent opposite unidirectional flows, and the in-

teraction among opposite walkers will be weakened,

therefore, the jams will obviously decrease, and dead-

lock phenomena (i.e., bidirectional pedestrian flow will

easily form completely jamming phase at low density

for cellular automata model and lattice gas model in

the simulation, it is an unrealistic situation for real

life)[36] at higher density will also be better avoided.

All these reflect that reasonable control and applica-

tion of asymmetric information have a positive effect

at higher density for the improvement of road utilisa-

tion.

Fig. 4. The 3D plots of the mean velocity (a) and the mean flow (b) against density and m.

Now, we will focus on analysing the influence of

the faster walkers in the system. Figure 5 gives the

plot of the mean velocity and the mean flow against

density. One can see that at the free moving phase,

the mean velocity and the mean flow increase with

the increase of f . However, the complete jamming

transition point is approximately equal for f > 0, and

its value is smaller than that of f = 0. The reason is

that at the low density, the walkers have enough space

to move in the channel, in such case, the increase of

faster walkers can lead to the increase of both the

mean velocity and the mean flow. Nevertheless, at

the large density, the total number of pedestrians be-

comes larger and the interaction of walkers becomes

stronger due to the decrease of available space. Es-

pecially with the further increase of the number of

faster walkers, they will walk in the left-hand side of

channel in order to overtake the front slower walkers

from their left-hand side, occupy the lane of opposite

walkers and hamper the free movement of the opposite

walkers. As a result, with the strengthening of their

interaction, mini-jams occur and finally form the com-

pletely mega-jams. Based on the above analysis, we

can conclude that the overtaking movement of faster

walker may be one of the main factors for inducing

jamming at the large density.

Fig. 5. Plot of the mean velocity and the mean flow

against density at f = 0, 0.2, 0.4, 0.6, 0.8, 1.0.

What would happen if some pedestrians break the

traffic rules (i.e., D2 = 0, all pedestrians can not
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walk according to subconscious behaviour rules) in

the counter flow? This is a significant problem for

mixed pedestrian flow. We introduce a dimension-

less coefficient R, denoting the ratio of the number

of pedestrian breaking the traffic rules to the num-

ber of all pedestrians. Figure 6 shows the plot of the

mean velocity and the mean flow against density at

R = 0.0, 0.1, 0.3, 0.5, 0.7, 1.0. We can clearly see when

the density is low, the mean velocity (the mean flow)

decreases (increases) linearly with the increase of the

density. When the density further increases, the mean

velocity and the mean flow abruptly decrease and be-

come zeros, in such a case, the consciousness of obey-

ing or breaking the traffic rules have no obvious in-

fluence on the mean velocity and flow except for the

critical density which decreases gradually with the in-

crease of R. Here, it should be noted when R = 0 (i.e.,

all pedestrians obey the traffic rules in the system),

the maximum values of the critical density and the

mean flow are much larger in comparison with those

of R > 0 (i.e., some pedestrians break the traffic rules

in the system).

Fig. 6. Plot of the mean velocity and the mean flow

against density at R = 0, 0.1, 0.3, 0.5, 0.7, 1.0.

We explore the related intrinsic mechanism of

Fig. 6. To a large extent, the walkers breaking the traf-

fic rules can strongly disturb others’ behaviour habits

and judgments about the preferential moving direc-

tion. As a result, some blind followers also break the

traffic rules. With the time evolution, this turbulence

will be rapidly expanded, at the same time, the non-

linear interactions among walkers will be strengthened

quickly and the phase transition happens eventually.

All these reflect that the walkers breaking the traffic

rules have an important influence on the pedestrian

counter flow, and mistaken navigation and blind fol-

lowing are the underlying mechanism for inducing the

jams. A useful suggestion can be proposed for pedes-

trian evacuation that the correct navigation informa-

tion (e.g., the indicative mark) at the emergence exits

is necessary to avoid blind following and improve evac-

uation efficiency.

Next we investigate the patterns of pedestrian

counter flow. Figure 7 gives the typical patterns ob-

tained at ρ = 0.3, where eight types of pedestrian

are indicated, respectively, by open right triangle (cir-

cles) and open left triangles (pentacles) for the faster

(slower) right and left walkers obeying the traffic rules,

and full right triangles (circles) and full left triangles

(pentacles) for the faster (slower) right and left walk-

ers breaking the traffic rules. The pattern (a) shows

the freely moving phase obtained at R = 0. We can

see clearly that there are six evident separate lanes

which are composed of the different types of walkers

in the channel. From top to bottom, the first lane is

fully occupied by the slower left walkers, the second

by the faster and slower left walkers, the third almost

by the faster left walkers near the central partition

line, the fourth mainly by the faster right walkers, the

fifth by the faster and slower right walkers and the

sixth by the slower right walkers. In addition, an in-

teresting feature is found that the second and the fifth

lanes are broad-sparse for mixed walkers in compari-

son with those of other lanes for pure walkers. This

segregation effect of lane formation is the result of the

pedestrian action-selection and decision-making. This

phenomenon is also in agreement with the experien-

tial result in real life. The patterns (b)–(d) show the

time evolution of the jamming transition for R = 0.1

at t = 300, 420, 600, respectively. In the beginning,

most pedestrians can move freely. At the same time,

small jam clusters form (see Fig. 7(b)), and finally

become a complete blockage with time evolution (see

Fig. 7(d)). All these results are consistent with the

above analysis. In addition, we also gain a deep un-

derstanding that obeying the traffic rules could effec-

tively decreases the occurrence of jam cluster.

We also study the effect of the strength of sub-

conscious behaviour on jamming transition. Figure 8

shows the plot of the mean velocity and the mean flow

against density at D2 = 0, 0.3, 0.6, 0.9, 1.0 and R = 0.

When D2 < 1, we can clearly see that with increase

of D2, the jam transition threshold, the mean velocity

and the mean flow increase. However, when D2 = 1,

a surprising phenomenon is discovered that the values

of mean velocity and the mean flow are not maximal

at ρ ∈ [0.18, 0.42]. This is because all pedestrians can

only mechanically move according to behaviour rules,
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similar to the movement of robot for D2 = 1. At the

middle density, this kind of mechanical moving not

only can strengthen the interaction among pedestri-

ans and form small jam clusters, but also can break

up the small clusters more easily when the jammed

pedestrians in these clusters succeed in moving pass

each other (i.e., the clusters are dissolved) according

to these definitive behaviour rules. In such a case,

with the time evolution, the mean velocity tends to be

a stable value and the system runs into a metastable

state. In addition, the critical density is the highest

for D2 = 1, which means that although mechanical

moving neglects the complexity and randomicity of

pedestrian movement, it has a positive effect for de-

creasing the occurrence of jam cluster.

Fig. 7. The typical patterns obtained at ρ = 0.3. The pattern (a) shows the freely moving phase obtained at

R = 0, t = 1000. The patterns (b)–(d) show the time evolution of the completely jamming transition at R = 0.1;

(b) the pattern obtained at t = 300; (c) the pattern obtained at t = 420; (d) the pattern obtained at t = 600.

Fig. 8. Plot of the mean velocity and the mean flow

against density at D2 = 0, 0.3, 0.6, 0.9, 1.0, and R = 0.

Finally we implement a comparison between our

model and the experimental result which was given by

Isobo et al.[31] In the experiments, L = 30, W = 5 the

left and right boundaries are open and left and right

walkers are randomly distributed in the right and left

half of the channel, respectively. Figure 9 presents

the comparison of the simulation and the experiment,

where the model in this paper is called model 1, and

the model of subconscious behaviour is referred to as

model 2.[23]

Figure 9(a) shows the plot of the mean arrival

time against density. We find that model 1 is almost

in agreement with experiment at ρ < 0.34, however
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with the further increase of density, simulation results

deviate from experiment quickly. The reason is that

some jams are observed in simulations due to the ef-

fect of random initial distribution and no back step for

pedestrians, but no jams in experiments. It reflects a

fact that the human intelligence and flexibility are too

complex to be presented perfectly with simple models.

Fig. 9. The comparison of the simulation and experiment.

Figure 9(b) shows the plot of the mean velocity

against density. For model 1, when ρ ∈ [0.06, 0.36],

the mean velocity is a little higher, because the faster

walkers is considered in model. For model 2, the mean

velocity is always smallest, and when ρ > 0.22, the

mean velocity decreases quickly to zero, however, the

mean velocity decreases slowly and can not be equal

to zero for model 1. It indicates that model 1 can ef-

fectively decrease the occurrence of jam and alleviate

deadlock problem. The comparative results show that

the modified model can better describe real pedestrian

counter flow.

4. Summary and outlook

Our aim in this paper is to deliver a better explo-

ration of the effect of following strength on pedestrian

counter flow. To do so, we have proposed a modified

lattice gas model, in which the waiting probabilities

under different situations are elaborated. Through

numerical simulations and comparison with the em-

pirical data, it can be concluded that: (i) the pre-

sented model can reproduce some essential features

of pedestrian counter flows, such as the lane forma-

tion and segregation effect; (ii) the complete jamming

density does not depend on the system size only when

the width W and the length L are larger than some

critical values respectively; (iii) the larger asymmet-

rical condition can obviously avoid deadlock problem;

(iv) the walkers obeying the traffic rules can effectively

decrease the occurrence of jam; (v) the mean velocity

(flow) and the jam transition threshold increase with

increasingD2; (vi) the presented model shows the bet-

ter superiority in describing real pedestrian counter

flow.

In summary, the primary results here can be use-

ful for emergency evacuation planning and pedestrian

facilities design, e.g., to make an indicative mark

at the emergency exit to avoid blind following be-

haviours, separate right and left walkers by a partition

line in the channel to prevent collision among opposite

pedestrians, etc. In our future work, the presented

model will be extended to investigate more general

situations such as pedestrian overbridge, pedestrian

crosswalk, etc.
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Rogsch C and Seyfried A 2009 Encyclopedia of Complexity

and System Science (Vol. 3) (Berlin: Springer) p3142

[36] Kretz T, Kaufman M and Schreckenberg M 2008 Cellular

Automata-8th International Conference on Cellular Au-

tomata for Research and Industry (Berlin: Springer) p555

070517-9


