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We investigate the dynamics of pedestrian counter flow by using a multi-grid topological pedestrian counter flow

model. In the model, each pedestrian occupies multi- rather than only one grid, and interacts with others in the form of

topological interaction, which means that a moving pedestrian interacts with a fixed number of those nearest neighbours

coming from the opposite direction to determine his/her own moving direction. Thus the discretization of space and

time are much finer, the decision making process of the pedestrian is more reliable, which all together makes the moving

behaviour and boundary conditions much more realistic. When compared with field observations, it can be found that

the modified model is able to reproduce well fitted pedestrian collective behaviour such as dynamical variation of lane

formation, clustering of pedestrians in the same direction, etc. The fundamental diagram produced by the model fits

also well with field data in the free flow region. Further analyses indicate that with the increase of the size of pedestrian

counter flow system, it becomes harder for the system to transit into a jamming state, while the increase of interaction

range does not change the transition point from free flow to jamming flow in the multi-grid topological counter flow

model. It is also found that the asymmetry of the injection rate of pedestrians on the boundaries has direct influence

on the process of transition from free flow to jamming flow, i.e., a symmetric injection makes it easier for the system to

transit into jamming flow.
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1. Introduction

Pedestrian traffic has been studied since the
early 1960s.[1,2] Many interesting self-organized pedes-
trian traffic phenomena have been reported, e.g., self-
organized lane formation,[1,3] “faster is slower” which
means that during evacuation when all the evacuees
want to move as fast as possible however the evacu-
ation process will slow down,[4] etc. These reported
phenomena significantly affect pedestrians’ safety and
comfortable level in walking facilities. To study these
effects quantitatively, macroscopic and microscopic
measurements are proposed. One of the most impor-
tant macroscopic measurement representations is the
fundamental diagram,[5,6] which describes the flow-
density relationship. On the basis of such fundamen-
tal diagrams, it is found that with the increase of the
pedestrian density, pedestrian flow velocity decreases
while pedestrian flow rate first increases up to a max-
imum value and than decreases. It is recently pointed

out that the flow remains non-zero even though the
density is about 10 persons per square meter.[7] In
such a densely packed situation, pedestrians will ex-
perience huge stress and feel very uncomfortable. It
is believed that the comfortable level of pedestrians in
crowds is directly related to the density and the veloc-
ity. For this reason, the concept of level-of-service[6,8]

was proposed according to the density and the flow
rate to describe the service level of different walking
facilities.

Although the macroscopic view can provide an
overview of pedestrian flow characteristics, they can
hardly explain the fundamental principles governing
pedestrian dynamics. For the reason that pedestri-
ans are all separated entities, it may be better to
describe them as different individuals rather than
as an entirety.[9] Microscopic modeling approaches
are then developed by taking pedestrian–pedestrian
interaction into consideration. When the pedestri-
ans are treated as Newton-like particles, the inter-
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actions among pedestrians are described as attrac-
tion and repulsive forces,[10] which are influenced by
the metric distance between them. Driven by these
forces, pedestrians change their velocities from time
to time when coming across different circumstances.
Models such as the social force model,[10] centrifu-
gal force model,[11] two-dimensional optimal veloc-
ity model[12] can well reproduce most of the interest-
ing pedestrian flow phenomena. In addition, discrete
models, such as the cellular automaton models,[13−15]

lattice gas model,[16,17] multi-grid models,[18] which
take into account the human behaviours includ-
ing forward drift,[19] preferential right,[20] multi-
velocity,[21] subconscious behaviour,[22] next-nearest
neighbour interaction,[23] k-nearest-neighbour interac-
tion induced decision making[24] and environmental
influence,[25−28] can also realize reliable modeling of
pedestrian dynamic. The behaviours of the pedes-
trian may be regarded as being resulted from interac-
tions among pedestrians who are within a given metric
distance. However, it is recently demonstrated that
topological interaction,[24,29] which is different from
the metric distance-based interaction as assumed in
most of the previous models, among pedestrians can
also play an important role in the emerging of the
self-organized lane formation in pedestrian flow.

On the basis of such findings, to check the funda-
mental laws governing the pedestrian movement, we
propose a multi-grid model for pedestrian counter flow
by considering a new interaction form, which is both
metric and topological in nature. In the model, each
pedestrian occupies multi-grids rather than a single
grid, and interacts with no more than a fixed num-
ber of pedestrians coming from the opposite direction
within a given metric distance. We first compare the
model results with field data, and then investigate the
effects of system size, interaction range, as well as the
asymmetric injection rate on the dynamics of pedes-
trian counter flow.

2. Multi-grid pedestrian counter-

flow model

For the reason that a pedestrian will be sensi-
tive only to what happens within a range of a 180◦

field angle in front of him or her,[30,31,35] we propose
a non-isotropic model, named multi-grid topological
counter-flow model to investigate pedestrian dynam-
ics. In this model, each pedestrian occupies more than

one grids as assumed in Ref. [18]. The effects of both
metric distance and topological interaction[24] are tak-
ing into account in this model, i.e., the moving fea-
tures of a pedestrian, taking pedestrian a in Fig. 1
as an example, is determined by the interaction with
a fixed number of nearest pedestrians who are in the
opposite direction moving to pedestrian a in a given
metric distance M . As a result, when only two nearest
neighbours are considered, we can see that pedestri-
ans b and d are the nearest neighbours of pedestrian
a, and only pedestrian b is in a given metric distance
of M from pedestrian a, as a result, moving features
of pedestrian a will be influenced by pedestrian b.

Fig. 1. Interaction pattern of the multi-grid topological

counter-flow model.

We construct the multi-grid pedestrian counter
flow model on a square lattice channel of W ∗ L cells,
where W represents the number of cells in width and L

represents the number of cells in length. Each pedes-
trian can occupy P ∗ P cells. It is assigned that the
pedestrians will enter the channel from the left and
the right boundaries with a total entrance density of
ρt and will leave the channel from the right and the
left boundaries. We further assume the fraction of
pedestrians entering from the left boundary, amount-
ing to the total number of pedestrians entering the
channel at each time step to be f . After the pedes-
trians are added into the system at each time step,
all the pedestrians in the channel are randomly num-
bered from 1 to N , where N is the total number of
pedestrians at that time step. Then these pedestrians
are updated sequentially. Each pedestrian’s direction
chosen behaviour is determined by the following steps.

Step 1 Calculate the basic transition probabil-
ity pm according to the basic configuration that a
pedestrian might be encountered in the random walker
model as shown in Fig. 2;

Step 2 Find the nearest n neighbours from the
opposite direction in a given metric distance M ;

Step 3 Calculate the final transition probability
pr according to the distribution of these topological
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neighbours by

pr =
pmTr∑

r=m
pmTr

, (1)

Tr =
1

1 + Sr
, (2)

where Tr means the topological influence of the neigh-
bours in region r on the corresponding direction m,
i.e., right, left and forward regions as shown in Fig. 1,
on right, left and forward directions as shown in Fig. 2,
respectively; Sr represents the configuration of all the
distributed n neighbours, i.e., the number of these
pedestrians in each of right, left and forward regions.
The formula Tr is chosen to avoid the situation when
Sr equals zero and when there is no pedestrian in re-
gion r, the probability will not be affected. Condition
r = m is set to be a sum representing the influence Tr

of pedestrians in region r on the corresponding direc-
tion m, i.e., region right on direction right, etc.

Fig. 2. Possible configurations and the corresponding ba-

sic transit probabilities for a right moving pedestrian to

be encountered in the random walker model.

3. Comparison with field data

We have carry out simulations on pedestrian
counter flow in a channel with W ∗ L cells. The total
entrance density ρt and the fraction of left pedestrians
f are kept constant in each simulation. For each sim-
ulation, 10000 time steps are taken, and the first 8000
time steps are discarded to let the influence of transit
time die out. We first check the lane formation pat-
tern and fundamental diagram of the proposed model.
Typical parameters in the simulations performed later
are set as follows: L = 240, n = 3, and P = 4.

3.1. Lane formation

To compare the model results with field data,
a typical pedestrian crossing scenario is presented in
Fig. 3(a). It is easy to find in Fig. 3(a) that when two
crowds of pedestrians with different moving directions
encounter each other, lanes are formed, which helps
the moving people to avoid hitting each other. We
also count the number of lanes formed in the scene,
with a size of 8 m by 8 m as shown in Fig. 3(a), when
the pedestrian density in the region is 0.83–1.28 per-
sons per square meter and the corresponding pedes-
trian entrance density in these situations is about 0.2–
0.5 person/ms in 29 different video recordings. Result
is given in Fig. 4(a). We can see that in most of the
time, there are formed four or five lanes.

Fig. 3. Comparison of the lane formation pattern between (a) a real pedestrian crossing behaviour and (b) a

snapshot of one simulation at the time step of 2500.

Fig. 4. (a) Frequency distribution of the number of lanes emerging and (b) the density profile evolutions for

left-moving and right-moving pedestrians in the multi-grid topological counter flow model.
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We then simulate the scenario shown in Fig. 3(a)
with W = 80 representing the 8-m wide channel. Con-
sidering that each pedestrian occupies an area of about
0.4 m by 0.4 m and typical moving velocity of a free
moving pedestrian is about 1.45 m/s as indicated in
Ref. [33] and about 1.56 m/s with a standard devia-
tion of 0.34 in our field observation, thus, each cell in
our model represents an area of 0.1 m by 0.1 m and
each time step corresponds to about 0.1 m/(1.56 m/s)
= 0.06 s. And for the reason that each pedestrian oc-
cupies 4 cells, it takes about 4 time steps for a pedes-
trian to enter the boundary, we, as a result, set the
total entrance density in the model to be 0.16 to rep-
resent a pedestrian entrance density of 0.16/(4 time
step∗4∗0.4 m∗0.06 s/time step) = 0.42 person/ms. A
snapshot of typical pattern formed in one run of the
multi-gird topological counter flow model is shown in
Fig. 3(b). In a way similar to the case of the real
pedestrian traffic, we also find lanes formed in the
snapshot of the running process of the model, which is
presented in Fig. 3(b). Right moving pedestrians, de-
noted by the black solid circles, are running one after
another, so do the left moving pedestrians. We can
also find in Fig. 3(b) that the number of lanes formed
in the channel is four at this time step. However, it
should also be noted that the lane formation pattern is
dynamically varying, or in other words, the number of
lanes formed in a given section of the channel is time-
dependent but not constant as pointed out by Helbing
in Ref. [1]. We then check the evolution of lane for-
mation pattern in the proposed multi-grid topological
counter flow model. Density profiles for the left mov-
ing pedestrians and the right moving pedestrians at
different time steps of the simulation are shown in the
upper and lower parts of Fig. 4(b), respectively. In
this figure, each pixel value is calculated by Nt,y/L,
where Nt,y denotes the number of left (right) mov-
ing pedestrians in the line y at the time step t. As
we can count, the number of lanes is time-dependent,
i.e., mainly changing from 5 at the beginning to 4 lanes
after the time step 6000 in the channel. We further
count the time steps each number of lanes emerging,
and then calculate the corresponding frequency, which
is plotted in Fig. 4(a). As we can find, the frequency
of the number of lanes emerging fits well to field ob-
servations, too.

3.2. Fundamental diagram

In this part, we check the fundamental diagram
of the proposed multi-grid topological counter flow

model, and compare it with empirical results obtained
by Weidmann,[34] Older[35] for the bi-directional flow
under open boundary condition. Flow rate here is
calculated by counting the number of pedestrians left
from the boundaries at each time step of the simu-
lation. The corresponding number of pedestrians in
the channel is also counted. We then plot the funda-
mental diagram in Fig. 5. It should be noticed that
the results are averaged results of 10 different runs.
From Fig. 5 we can find that the model can also well
capture the flow-density relation in the free flow re-
gion, but cannot well capture the characteristic of the
congestion region. This is because in dense crowd the
space might occupy smaller space than 0.16 m2, which
has been built in the model.

Fig. 5. Comparison of fundamental diagram between

multi-grid topological counter flow model and empirical

results.

4. Simulation and discussion

We further investigate the effect of system size on
the relation between mean velocity and total entrance
density, and finally study the relations between mean
velocity and total entrance density and between occu-
pancy of pedestrians and the total entrance density.
Mean velocity in this paper is defined as the number
of walkers moving forward divided by the total num-
ber of walkers in the channel. Occupancy is defined
as the total number of walkers in the channel, divided
by the maximum number of walkers the channel can
hold, i.e., N ∗ P ∗ P/(W ∗ L).

4.1. Effect of system size

We check the effects of system size on the move-
ment of pedestrians in counter flow. Figure 6 shows
the plots of mean velocity against total entrance den-
sity for different channel widths, i.e., W = 40, 80,
120, 160 and 240, and the plots of the critical total
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entrance density against the inverse of W , i.e., 1/W .
From Fig. 6(a) we can see that the trends of the curves
are almost the same, which means the mean velocity
of pedestrians will be barely influenced by the chan-
nel width. However, the transitions from free flow to

jamming flow become sharper with channel width in-
creasing. Owing to the fact that the transitions occur
at almost the same values for different channel widths
as reflected by Fig. 6(b) and for the sake of computing,
we choose W = 40 in the following simulations.

Fig. 6. (a) Effects of system size on the relation between mean velocity and total entrance density and (b) plots

of the critical total entrance density against the inverse of W , 1/W with L = 240, M = 20, f = 0.5 and n = 3.

4.2. Effect of range of interaction

As mentioned above in the model description section, the interaction in the proposed multi-grid model is
some kind of long range interaction rather than immediate interaction in traditional models. However, confined
by factors such as view field, pedestrians cannot interact with those who are too far away. So, we check the effect
of interaction range here in this subsection on the mean velocity as well as on the occupancy of the channel.

The simulation results of the model are presented in Fig. 7. Interaction ranges in these models are set
to be M = 20, 40 and 80 cells, i.e., about 2 m, 4 m and 8 m, when the fraction of pedestrians entering from
the left boundary is f = 0.5. The result for a random walker model, i.e. without topology interaction, is

Fig. 7. Effects of interaction range on relations (a) between mean velocity and total entrance density and (b) between

occupancy and total entrance density when the fraction of pedestrians entering from the left boundary is 0.5.

also presented for comparison. As shown in Fig. 7,

with the increase of the total entrance density, pedes-

trian mean velocity in the random walker model al-

ways decreases, while in the multi-grid model with

long range topological interaction it first increases and

then decreases, and finally all remain at a value of

zero, implying that a phase transition from free flow

to jamming flow occurs. When referring to the oc-

cupancy of the channel, we find with the increase of

the total entrance density, the occupancy increases no

matter whether the long range interaction is consid-

ered. We can also find in Fig. 7(a) that when the
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interaction range increases from 2 m to 4 m, mean
velocity of the pedestrians in the free flow region in-
creases, and when the interaction range increases from
4 m to 8 m, the mean velocity increases only in the
low total entrance density region, there is not much
difference between the mean velocity of pedestrians
with an interaction range of 4 m and the mean ve-
locity of pedestrians with an interaction range of 8 m
when the total entrance density comes across 0.14. It
should also be noticed that with the consideration of
the topological interaction, the transition from free
flow to jamming flow occurs at a much higher value
as compared with that of the model when topology
interaction is not taken into account. However, the
interaction range itself does not change the transition
point for the multi-grid models with topological in-
teraction. The same results could also be obtained
from the curve for occupancy vs. total entrance den-
sity relation as shown in Fig. 7(b). Compared with
the mean velocity differences for different interaction
ranges, the occupancy difference is not so significant.

4.3. Effect of asymmetric injection rate

We study the flow patterns when the number of
pedestrians entering from the left and the right bound-

aries are not the same. This asymmetric injection pro-
cess is realized by changing the fraction of left mov-
ing pedestrians among the total number of pedestri-
ans entering into the system at each time step. In
Fig. 8, typical mean velocity patterns for the random
walker model and the multi-grid topological counter
flow model are presented. From these figures we can
find almost the same characteristics as those shown
in Fig. 7. The mean velocity of pedestrians for the
random walker model is plotted in Fig. 8(a). From
this figure we can see that when the total entrance
density is small, the mean velocities are almost the
same for different values of f . With the increase of
the total entrance density, the difference becomes ob-
vious. The flow for the symmetry entrance density,
i.e., the case of f = 0.5, transits into jamming pattern
first, while the most asymmetric flow, i.e., the case
when f = 0.1, transits from free flow into jamming
pattern finally. In other words, with the decrease of
f , the flow pattern becomes more and more stable.
This is because jam formation is triggered by slight
cluster formation as shown in Fig. 9. A higher asym-
metric injection rate of pedestrians makes the cluster
formation harder, which further leads to the occur-
rence of the transition from free flow to jamming flow
at a much higher total entrance density.

Fig. 8. Effects of asymmetric interaction rate on relations between the mean velocity and total entrance density for the

random walker model (a) and for the multi-grid model with an interaction range of M = 20 (b), 40 (c) and 80 (d).
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Fig. 9. Typical patterns of jam formation at different time steps of the simulation.

In Figs. 8(b)–8(d), we can find the mean velocity against total entrance density for the case where different
interaction ranges are considered. As we can see in these figures, the mean velocity of pedestrian first increases,
then decreases and finally reaches zero with the increase of the total entrance density, which indicates that
a phase transition from free flow to jamming flow also occurs when the topological interaction is considered.
With the increase of f , the difference among velocities increases with the increase of total entrance. A small f

makes a high value of transition point from free flow to jamming flow. However, when we fix f , and then check
the transition points for different interaction ranges, we find that for a fixed value of f , the transition from
free flow to jamming flow occurs at the same total entrance density, no matter what the value of interaction
range is. The effect of interaction range is that with a larger interaction range, more information about the real
time traffic configurations can be obtained by the object pedestrians, which then makes the direction chosen
behaviour much more effective in promoting the efficiency of the pedestrian dynamics.

Typical relations between occupancy and total entrance density for the random walker model and the
multi-grid topological counter flow are plotted in Fig. 10. In Fig. 10(a), the occupancy of pedestrians in the

Fig. 10. Effects of asymmetric interaction rate on the occupancy for random walker model (a) and for multi-grid

model with an interaction range of M = 20 (b), 40 (c) and 80 (d).
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channel for the case where there is no topological in-
teraction is plotted. From the figures we can see that
with the increase of the total entrance density, the
occupancies increase for all fractions of right moving
pedestrians. From the analysis detailed above, we find
similar characteristics in the trend of the occupancy
vs. total entrance density for the multi-grid topologi-
cal counter flow model.

5. Conclusions

This article presents a study of pedestrian dynam-
ics by establishing a multi-grid topological counter
flow model. In the model, pedestrians occupy multi-
grids and as a consequence the pedestrians move much
reliably as compared with real situations. The inter-
action in this model is both metric and topological in
nature, which means the interaction among the pedes-
trians is influenced by both the pedestrian–pedestrian
metric distance and the topological distance. In other
words, one pedestrian interacts with no more than a
fixed number of pedestrians coming from the oppo-
site direction within a given distance, the interaction
range. Our findings are as follows.

(i) The model can well capture pedestrian counter
flow characteristics such as the dynamically varying

lane formation, clustering of pedestrians moving in the
same moving direction, etc.

(ii) The fundamental diagram of the proposed
model fits also well to the empirical results of pedes-
trian counter flow.

(iii) With the increase of the size of the pedestrian
counter flow system, it becomes harder for the system
to transit into jamming state.

(iv) The interaction range itself does not change
the transition point from free flow to completely jam-
ming flow, however, do enlarge the free flow region
as compared with the case where no topological in-
teraction is taken into account. A larger interaction
radius will improve the mean velocity of the pedestri-
ans for the reason that more information about the
self-organized pedestrian counter flow is provided.

(v) The asymmetric injection rate of pedestrians
from different boundaries affects the transition from
free flow to jamming flow. An asymmetric injection
rate leads to a much stable counter flow, which means
most of the pedestrians can move freely when only a
few pedestrians come from the opposite, and the tran-
sition from free flow to jamming flow can occur only at
higher total entrance density as compared with sym-
metric flow.
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