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Abstract—The social force (SF) model has been successfully
applied to the simulation of flows of pedestrians. Nevertheless,
in some scenarios with low density, experiments show that the
simulated individuals do not behave as expected, working as
irrational particles rather than smart people. For example, by
the means of the cited model, it is common to see many simulated
individuals going several times straightly against columns, before
finding a way to deviate and safely exit the room. Aiming to deal
with such problems, this article proposes a way to provide the
simulated pedestrians the ability of changing the direction of their
displacement at reasonable times, in order to bypass eventually
blocked or crowded near areas. To do so, it applies concepts from
the lattice-gas model to the SF model. Experiments were driven in
order to evaluate the proposed model. As results, it maintained
the ability of the SF model to reproduce phenomena like the
formation of arcs in evacuated one-door rooms. Focusing on the
scenario with a column-blocked one-door room, the simulated
pedestrians presented softer and more coherent trajectories,
when compared to the pure SF model solution.

Keywords-crowd simulation; social force model; lattice-gas
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I. INTRODUCTION

Crowds can be seen as a large group of individuals put
together in the same physical environment, sharing a common
goal and acting differently from how they would act if they
were alone. Understanding the movement of crowds is very
important for planning and improving public places, not only
in order to facilitate and expedite the movement of citizens,
but also to guarantee their safety, especially in conditions of
imminent danger, where it can be necessary the evacuation of
such sites.

Dynamic aspects of evacuation processes have been charac-
terized through modeling, due to the absence of data from real
evacuations. Several computer models have been proposed in
this direction. Among these models, there is the social force
one, proposed by Helbing and Molnar [1], in which the motion
of each pedestrian is subjected to physical and psychological
forces. This model describes successfully some phenomena,
such as arching and the “Faster-is-slower” one.

Nevertheless, this model may produce counterintuitive re-
sults when applied to the movement of a rare group of
pedestrians, i.e. in big places where the density of people is
low or moderate. Thus, in these scenarios, the trajectories of

pedestrians are similar to the trajectories of particles rather
than similar to the trajectories of real people.

Contributions: We present a modification of the SF
model in order to overcome the difficulties cited above. In
particular, we redesigned one of the forces of the SF model
(the so-called force of desire), in order to allow pedestrians
to change voluntarily their desired directions of movement,
based on their perceptions of other pedestrians and obstacles
in the neighborhood. So, we mapped the space around each
pedestrian as an adaptive grid (as in [2]) as a manner to obtain
spatial information about the neighborhood and to choose the
direction of the force of desire used in the SF model. In our
experiments, we show that the modified model improves the
trajectories of the pedestrians, while maintaining its ability
to reproduce the “Faster-is-slower” effect and the arching
underlying the clogging effects.

A. Related work

We can roughly classify the approaches used for crowd
simulation into two categories: discrete-space and continuous-
space models.

Discrete-space models are usually based on cellular au-
tomata models, in which pedestrians are located at nodes
of a grid and their coordinates are updated at discrete time
intervals. Example models of this approach are described in
Varas et al. [3] and Perez et al. [4]. There are also models in
this category based on lattice-gas concepts, that is a special
case of cellular automata. In these models, the pedestrians’
movement occurs as probabilistic and statistic functions, as
one can see in the work proposed by Muramatsu et al. [5];
Tajima and Nagatani [6]; and Guo and Huang [2].

In the continuous-space models, the pedestrians may move
continually in a 2-D surface. Within this approach, there are
the fluid-dynamic models and the social force ones. Fluid-
dynamic models describe the dynamic of the density and
velocity of the crowd by the means of partial differential
equations. Examples of this approach can be found in the work
of Hughes [7], Huang et al. [8] and Treuille et al. [9]. Finally,
the social force models introduced by Helbing and Molnar [1]
describe the motion of each pedestrian as a result of physical



and psychological forces. Once in this paper we modified this
last model, it is presented in more detail in the next section.

II. THE SOCIAL FORCE MODEL

In this section, we describe the social force model (SF),
proposed by Helbing and Molnar [1]. In this model, each
pedestrian determines its motion taking into account three
types of effects that rely on physical and psychological forces.

A. Effect of a pedestrian’s desire

Each pedestrian i of mass mi wants to reach a target
position r0i . By doing so, a pedestrian has got a predefined
speed v0i (i.e. desired velocity) in a certain direction ei. If
ri(t) is the present position of a pedestrian i, at time t, its
desired direction of motion ei(t) will be

ei(t) =
r0i − ri(t)
|r0i − ri(t)|

, (1)

to which the pedestrian tends to adapt its instantaneous veloc-
ity vi within a certain time interval τ . Then, the effect of a
pedestrian’s desire can be described by the force

f Di (t) = mi
1

τ
(v0i ei(t)− vi(t)). (2)

B. Repulsive effect due to other pedestrians (or obstacles)

Pedestrians try to keep a certain distance from other entities
j (i.e. other pedestrians or obstacles) by an interaction force

f Ri =

Np∑
j=1,j 6=i

A exp(
−xij

B
)nij , (3)

where A represents the intensity of the repulsive force mea-
sured in Newtons, and B is a constant value which deter-
mines the range of the social interaction, measured in meters.
nij = (n1ij , n

2
ij) is the two-dimensional unit vector pointing

from the pedestrian (or obstacle) j to the pedestrian i, and
xij is the distance between a pedestrian i and a pedestrian (or
an obstacle) j. It is important to notice that pedestrians are
modeled geometrically as circles, whereas obstacles (i.e. walls,
columns, doors, etc) are modeled as polygons. Np represents
the total number of pedestrians and obstacles in the model.

C. Granular interaction effects in panicking crowds

The authors assume two additional forces inspired by gran-
ular interactions which are essential to understand the partic-
ular effects in panicking crowds: a body force k(−xij)nij ,
that prevents body compression, and a sliding friction force
κ(−xij)∆vtjitij that interferes in the relative tangential mo-
tion, if pedestrian i comes close to j. Here, tij = (−n2ij , n1ij)
means the tangential direction, and ∆vtji means the tangential
velocity difference, while k and κ represent constants. Thus,
we have

fGi =

Np∑
j=1,j 6=i

KΘ(−xij)nij + κΘ(−xij)∆vtjitij , (4)

where the function Θ(x) is zero if the pedestrians do not touch
each other. Otherwise, it is equal to the argument x. In the case
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Fig. 1. Illustration of the proposed method.

of interactions involving a pedestrian and objects, the effect
of this force is described similarly.

D. Motion of a pedestrian

The change of velocity in time t is given by the acceleration
equation:

mi
dvi(t)

dt
= fDi (t) + fRi (t) + fGi (t) + ξi(t), (5)

where ξi(t) represents a fluctuation term that stands for
random behavioural variations arising from accidental or
deliberate deviations from the optimal strategy of motion.
Finally, the change of position ri(t) is given by the velocity
vi(t) = dri(t)/dt.

E. Our proposal

The SF model generates realistic phenomena such as arch-
ing around exits. However, in this model, the desired direction
ei(t) of motion of a pedestrian i always points to the same
target position r0i even in the presence of obstacles (or other
pedestrians) between its current position ri(t) and the target
position. So, in some evacuation cases, the trajectories of
pedestrians are similar to the trajectories of particles rather
than to the trajectories of people. For example, it is common to
see many simulated individuals going several times straightly
against columns before finding a way to deviate and safely
exit the room.

Thinking about this problem, we present a modification of
the SF model, redesigning the force of desire (Equation 2) in
order to permit pedestrians to change their desired direction
(ei(t)) of movement voluntarily, based on their perceptions of
other pedestrians and obstacles in their neighborhood. So, the
new desired direction is obtained by a mobile grid from the
lattice-gas model [2]. The mobile grid divides the area around
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Fig. 2. Mobile grid partitioned into 8 directions around a pedestrian i.
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a pedestrian into n directions, each one with an associated
weight value. At each time t, the desired direction is the
one with the greatest weight value. This modified model is
illustrated in (Fig. 1).

III. THE MODIFIED SF MODEL

Our proposal aims to change the direction of the force of
desire in the SF model, so that pedestrians can deliberately
circumvent other pedestrians and obstacles. To do so, the
direction is obtained by a mobile grid similar to that used
in [2]. The mobile grid proposed in our work is specified
below.

A. Mobile Grid

Just as in the SF model, each pedestrian i is represented by
a circle of radius Ri. The mobile grid can be defined as an area
formed by an annulus around a pedestrian i, evenly partitioned
into n directions. It is conventional to name as lattice each one
of the partitions, denoted by ck, where k ∈ {0, n − 1}. The
annulus is formed by two concentric circles of center ri(t),
where the inner radius of the circle is given by Ri + η, and
the radius of the external circumference is given by the radius
of the pedestrian’s greatest neighborhood, i.e. max(PR,OR),
where PR represents the radius of the neighborhood of the
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pedestrian i in relation to other pedestrians, and OR repre-
sents the radius of the neighborhood in relation to obstacles.
The constant η represents the minimum distance at which a
pedestrian desires to be from other pedestrians and obstacles.
Fig. 2 shows a pedestrian’s current position and an annulus
around it.

The lattices are bounded by vectors in the sequence
L0, L1, ..., Ln−1, as illustrated in Fig. 3. Each lattice ck has
an opening angle θ = 360/n, a direction defined by the vector
dki , and two limiting unit vectors La and Lb, respectively put
in a counterclockwise direction, with a = (i mod n) and
b = ((i+ 1) mod n).

Moreover, lattices are arranged in the counterclockwise
direction on the basis of the output vector dsi (obtained in the
same way that ei in Equation 1). In the absence of obstacles
in the direction of the vector dsi , the grid is arranged so that
the lattice c0 has its representative vector d0i = dsi , (Fig. 4).
Otherwise, the direction of d0i is obtained by taking into
account the vector dsi and the endpoints of the object j (which
in this case is an obstacle) in relation to the pedestrian i.
Considering the points zj1 and zj2 as endpoints of the object
j, they are obtained based on the angle subtended by j to ri(t),
which is the center of the pedestrian i, as one can see in Fig. 5.
Thus, once defined the endpoints and data vectors rizj1 and
rizj2, the vector d0i is equal to the vector among those which
present the highest angle with the vector dsi (Fig. 6).

It is important not to lose sight that the grid is used in
order to obtain the new desired direction of the velocity ei(t)
used in Equation 2. For that, there is a weight distribution
(P ki ) between its lattices, indicating the likelihood of choosing
each one. The direction of the chosen lattice will be the new
desired direction of the velocity. The distribution of weights
for lattices is explained in the next section.

B. Distribution of weights

For a pedestrian i, the distribution of weights for each lattice
k is denoted by P ki and obtained as follows:

Pki = Nδki I
k(Dk

i +
Accesski

2
). (6)

The term Accesski represents the measure of accessibility of
the lattice ck to a pedestrian i. The higher the value of access,
more accessible is the lattice

Accesski = min
j∈Ωi

(Skij), (7)

where the set Ωi represents all the pedestrians and obstacles
in the neighborhood of the pedestrian i, and the term Ski,j
represents how much the pedestrian i is walking away from j,
inside the lattice k. Its value varies in the interval [0, 1], and
is calculated by:

Ski,j =

{
1, j doesn’t intersect k
Aki,j + (1−Aki,j)Bki,j , otherwise, (8)

where the value of Akij represents a percentage of separation
between the pedestrian i and the part of the pedestrian (or
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obstacle) j which has an intersection with the lattice k. This
measure is obtained by:

Aki,j =


0, se Hk

i,j ≤ η
Hk

i,j−η
ρ−Hk

i,j

, se η < Hk
i,j < ρ

1, se Hk
i,j ≥ ρ,

(9)



kcir

αij
k=0

(a) None endpoint of j is inside the region of the lattice ck
(αk

i,j = 0).

kzj
wu

kc

La

Lb

ir
αij
k

(b) Pedestrian j does not occupy all the lattice ck .

Fig. 8. Free angular opening of the lattice ck .

where ρ is related to the radius of the neighborhood of
the pedestrian i, and j is a neighbor pedestrian. ρ has the
same value of the constant PR. On the other hand, being
j a neighbor obstacle, ρ has the same value of the constant
OR. Such constants determine the inferior and superior quota,
respectively, for the value of Hk

i,j , which, in turn, represents
the part of i inside the lattice ck, as it is illustrated by Fig. 7.
In the Equation 6, the term Bki,j represents the percentage of
θ, which is the angular opening of the lattice ck that is not
occupied by the part of the pedestrian j that lies on the lattice
ck. This term is calculated by:

Bki,j =
αki,j
θ
, (10)

where the term αki,j is an angular value in the interval [0, θ]
and represents a free angular opening of the lattice ck. In
the case of non-occurrence of any endpoint of j inside the
region of the lattice ck, αki,j must assume a null value, as
illustrated in Fig. 8a. This happens when j occupies ck so

that any angular opening is free, as observed in Fig. 8b. Still
referring to Equation 6, the term Dk

i represents the strength
that makes a pedestrian walk towards its target according to
the vector d0i

Dk
i = D

(cos(θi,0) + 1)2

4
, (11)

where the drift D, of which value is between 0 and 1,
represents the TODO:strength drifting in the direction d0i from
the pedestrian’s current position to exit. θi,0 is the angle
between the unit vector in direction dki and the unit vector in
direction d0i . The term N is a normalization factor responsible
for ensuring that

∑
d P

k
i = 1. The term δki represents the

fact that people do not prefer directions where there are
others extremely near them, in conditions of low and medium
densities. It can assume the value 0 or 1 as follows:

δki =

{
0, se Accesski = 0
1, se Accesski 6= 0.

(12)

Finally, the term Ik is bigger than 1 when the chosen direction
in the previous step is related to the lattice k, otherwise its
value is 1. This term represents the preference of a pedestrian
for maintaining the chosen direction of its previous movement.

C. New desired direction of motion

The sum of access terms for a pedestrian i sets a rate of
occupancy of the space around it. If this sum is above a
threshold λ, this indicates that there is space for the pedestrian
to go around other pedestrians. Otherwise, the pedestrian will
keep the direction of motion similar to the SF model.

Thus, after calculating the weights of each lattice of the grid,
if the sum of the factors of access is above the threshold λ, the
desired direction ei of the pedestrian i will be the direction
of the lattice that received the greatest weight. Otherwise, the
direction will be equal to d0i .

IV. EXPERIMENTS

In this section we present some simulations using the SF
model altered with our modifications described above. We
conducted experiments to verify that the modified model
produces changes in the paths of the pedestrians, while the
crowd maintains the ability to reproduce the “Faster-is-slower”
effect and the arching underlying the clogging effects.

In all scenarios, people are randomly distributed in space.
People are represented as circles whose radii obey a Gaussian
distribution with mean 0.6m and standard deviation 0.1m.
We suppose these people are in danger and they attempt to
leave the room using only one door.

The parameters used in the simulations, in Equations 2, 3
and 4, are initialized as follows: τ = 0.5 s, A = 2 · 103N
(Newtons), B = 0.08m, K = 1.2 · 105kg/s2 and κ = 2.4 ·
105 kg/m/s. The specific input data to our model are: the
grid has 8 lattices, the radius of the neighborhood in relation to
other pedestrians PR is 0.8m, the radius of the neighborhood
in relation to obstacles OR is 4.0m, η is 0.4m, the threshold
λ is 1.25, the inertia in the previous direction Ik is 1.2, and
the drift D is 1.0.



(a) Simulation with the SF model.

(b) Simulation with the modified model.

Fig. 9. Trajectories of pedestrians in the first experiment.

Fig. 10. Screenshot of the first experiment 5.38 s after initialisation.

The trajectories of the pedestrians: The first experiment
checks the trajectories of the pedestrians in a scenario of
evacuation of a room with a single door. It aims to verify the
improvements of the trajectories by comparing the proposed
modifications with the previous model [1].

The scenario for starting the simulation is set as follows. In
a 15m×15m room with a 1.2m wide door, there is a column
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Fig. 11. Evacuation times of the pedestrians for various desired velocities
v0.

near it with a 2m radius, and there are 60 randomly distributed
pedestrians with the same desired velocity v0 = 5m/s. The
trajectories of the pedestrians resulting from the simulation of
this scenario are shown as black lines in Fig. 9, where (a)
shows results for the original model, and (b) shows results for
the modified model.

Leaving times of pedestrians for various desired veloc-
ities: The second experiment checks the average evacuation
times for pedestrians in the scenario of a room with a single
door against different desired velocities. It aims to verify if
the time for all pedestrians to leave the room decreases when
growing the desired velocities by a certain value, comparing
it with the original model.

The scenario for starting the simulation is set as follows. In
a room similar to that described above, but without the column,
there are 150 randomly distributed pedestrians with the same
desired velocity. Each simulation is set with the following
values for the desired velocities v0: 0.8, 1.0, 1.5, 1.75, 2.0,
2.25, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, and 7.0. Fig. 11 shows the
relation between the average evacuation time and the desired
velocity, obtained from simulations with the original and the
modified models.

V. RESULTS AND DISCUSSION

In this section we present and discuss the obtained results
according to the above-mentioned experiments.

In the first experiment we observe that the modified model
produces changes in the trajectories of the pedestrians when
compared to the trajectories produced by the original one. The
trajectories of the original model are similar to straight lines,
since pedestrians do not deviate from the column neither from
the other pedestrians, even when there is the possibility to
circumvent them.

To illustrate this situation, in Fig. 9, the red line represents
the trajectory of a pedestrian. The line produced by the
original model is straight (Fig. 9a). On the other hand, the



line produced by the modified model is curved (Fig. 9b). This
occurred by the changes applied to the pedestrian’s desired
direction. The same behavior occurs for the other trajectories.

Additionally, one can observe the appearance of arching
near the exit, even for a simulation with the modified model,
according to Fig. 10 (pedestrians are represented by orange
circles). This shows that the modified model is also able to
reproduce the arching underlying the clogging effect.

In the second experiment, we observe the Faster-is-slower
effect. For values of v0 lower than 2.25m/s, the time for 150
pedestrians to leave the room decreases with growing v0, in
both models (Fig. 11). On the other hand, for v0 > 2.25m/s
the time for them to leave the room increases. This is related
to clogging near the exit; the pedestrians trying to move faster
cause a smaller average speed of leaving and, consequently,
slower evacuation.

Although the evacuation times, for the models, have been
slightly different, the curves exhibit the same behavior, i.e.
they have the same inflection point (v0 = 2.25m/s). This
shows that the modified model maintained the expected Faster-
is-slower effects.

VI. CONCLUSION

Helbing and Molnar’s SF model [1] as well as our proposed
extension to their work have a great potential to simulate
dynamic aspects of the evacuation process.

We present a modification of the force of desire in order
to let pedestrians change their desired directions of movement
voluntarily, based on their perceptions of other pedestrians and
obstacles in their neighborhood. For that, we proposed the use
of a mobile grid inspired by the lattice-gas model [2].

Our results showed that the modified model improves the
trajectories of the pedestrians, while it maintains the ability
to reproduce the “Faster-is-slower” effect and the arching
underlying the clogging effects.

Nevertheless, our model, as well as the original one, does
not deal with occlusions explicitly, i.e. two pedestrians could
occupy the same space, if the parameter values were indis-
criminately set.

The method was not designed for real time applications.
Our first prototype generates text files containing descriptions
of scenes, which are later used by a program developed by us
to generate the visualization of the simulation. The time spent
to create each scene increases with the number of interactions
that occur among pedestrians. In future works, we intend to
make quantitative assessments of the time spent to produce
the scenes and check their use in real-time applications.

Also in future works, we intend to submit the modified
model to scenarios with counterflow. Additionally, we intend
to investigate if our model is able to simulate the effects
of stop-and-go waves, and the phenomenon called crowd
turbulence, observed in real crowds in [10].
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