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Abstract

The aim of this paper is to investigate a simple model
for simulating virtual crowds for virtual environments and
computer games. This model is based on the Social Forces
model and enhanced using Monte Carlo simulation. The
focus is given on the behavior of the actual simulation. In
this model we can see interactions between virtual agents
(virtual pedestrians) in two scenarios, walking towards a
path and crossroads. In both scenarios, these agents are
avoiding each other, avoiding obstacles and walls in differ-
ent scenarios like crossroad or narrowed street. Moreover,
users can move, scale or rotate these obstacles and place
them interactively into the scene.

Keywords: crowd modeling, social forces model, Monte
Carlo simulation, virtual agents

1 Introduction

Modeling human behavior of crowds is extremely interest-
ing for a wide range of applications, ranging from games,
film effects, simulators, evacuation simulations to urban
planning. Understanding the movement of the crowd can
help us to improve public places, we can expedite and fa-
cilitate the movement of citizens. However, pedestrians in
real-life are reacting to a diverse and complicated stimuli
that cannot be easily reproduced to computer simulations.
As a result, most of the studies that have been up to now
done focus on specific scenarios, such as cross-road cross-
ings or evacuations. On the other hand, simple models can
be computationally efficient. They are really good solution
for simulations of the crowd [1].

Human behavior and interrelationships of humans can
be divided into microscopic, mesoscopic and macroscopic
[2]. In microscopic model, every single pedestrian is a
simple entity, simple agent who is situated in the space in
some specific time [3]. Mesoscopic models is accurately
observing the behavior of individuals while relatively large
number of individuals in the crowd is simulated [3]. On
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the other hand, in macroscopic models we can observe
flows similar to gas or water flows [3], [18].

This paper aims in investigating the behavior of a meso-
scopic model for agents walking towards a path and for
crossroads. This is done by implementing the social forces
model and agents are represented as cubes. To make their
movement more realistic, the approach is enhanced by
Monte Carlo simulation. Each agent has specific goal, des-
tination, that has to reach. During this journey, the agent
can collide

with different agents (cubes), obstacles (specific cubes
agents cannot walk through) but also walls. The rest of
the paper is structured as follow. Section 2 describes sim-
ple models used for modeling crowds in general. In chap-
ter 3 we discuss implementation of this model in detail.
Section 4 presents results and experiments done with this
model and finally chapter 5 illustrates conclusions and fu-
ture work.

2 Background

One of the first attempts to model crowd behavior was
based on simulation of the motion of a generic population
in a specific environment [4]. The individual parameters
were created by a distributed random behavioral model
which is determined by few parameters.

Nowadays, simple but effective crowd modeling sys-
tems include a decision-making component [5], pathfind-
ing navigation [6], [17], [19] and local steering mechanics
[17]. Another popular approach is the social forces model
[18] or ’agent-based’ model [19], [10], [11] which can be
used to describe the forces of an virtual avatar (agent) to
perform movement.

Monte Carlo method for simulating the dynamics of
crowds has been used previously in different occasions.
In one approach, Monte Carlo dynamics were used for the
rearrangement of the group of agents [12]. The rules for
the combined steps are determined by the specific setting
of the granular flow from stampedes in panic scenarios to
organized flow around obstacles or through bottlenecks.

Numerical simulations based on a Monte Carlo parti-
cle method demonstrated that when applied to crowds it
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has the capability to qualitatively depict emerging behav-
iors and to provide a realistic description of the crowd dy-
namics in complex evacuation scenarios [13]. In another
work, computation of escape probabilities using Monte
Carlo method was presented for evacuation simulations in
the context of the fire safety engineering [13].

An evacuation model using game theory combining
the greatest entropy optimization criterion with stochastic
Monte Carlo methods to optimize the congestion problem
and other features of emergency evacuation planning was
also proposed [15].

Moreover, macroscopic models simulate a particular
pattern of moving crowd (Figure 1) [3]. Since the model
is only interested in the overall look of the crowd, not in-
terested in individual attitudes of individuals in the crowd
and their behavior in the crowd, it is possible to simulate
the abstract behavior of the large crowd.

Figure 1: Flow (pattern) of agents [16]

The model uses basic concepts of physics, like the flow
or movement of the particles. It does not include the in-
dividual behavior of the individual, does not deal with its
characteristics and does not address the interaction or col-
lisions with other individuals in the crowd. Thus it is en-
gaged by simulating a large number of individuals in the
crowd, respectively density of the crowd. These models
have the advantage in terms of computational burden be-
cause there is no need to address the logic and behavior of
individuals in the crowd. In particular, mesoscopic models
are accurately observing the behavior of individuals while
relatively large number of individuals in the crowd is sim-
ulated.

Mesoscopic models are based on cellular automata [3].
The area of movement has a regular square grid, where
each cell may contain one or zero individual or an obsta-
cle for one simulation step (Figure 2 on the right). Every
individual has the opportunity to avoid with eight different
directions, which are predefined and fixed (Figure 2 on the
left). This behavior is not so suitable for a realistic simula-
tion, but on the contrary, in this model, the individuals can
move easily everywhere in the area because of pre-defined
directions [16].
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Figure 2: On left: Possible movement of one individual,
black cube in the middle is an individual. On right: square
grid, where we can see two individuals and a wall.

3 Implementation

3.1 Social force model

As mentioned earlier, to examine the behavior of the
crowd simulation, the Social forces model was imple-
mented allowing dynamic interactions between obstacles
and agents using other stochastic techniques like Monte
Carlo.

Cubes are representing the agents used in the project
(Figure 3). Each agent has starting point and a point where
it *dies’, which is the destination. Speed of agent is ran-
domly chosen at start (0.5/ 1/ 1.5).

3.1.1 Speed

Speed is changing in some scenarios when agent has to
slow down, because he has other agent with slower speed
(vp) ahead and he cannot overtake him in that specific
time.

(D

v(t),if otherwise

v(t) = {V’J(f)’if v(t) = vP(£) 0.5

Agents are moving forward with speed v in time t. We
can define the force that is applied to agents F&_O).

3.1.2 Changing directions

The next step required to add two rays (Figure 4a, red
arrows) which are pointing ahead (leftRay, rightRay), so
they can predict if something is ahead (i.e. other agents or
obstacles). Next, we can define Y from F(C(g), which rep-
resents force applied while changing direction in specific
time.

Fohy (@) =Y (2)

Y — 1,if leftRay # null 3)
| —1,if rightRay # null
Because of these rays, agents can change direction: if
the left ray is hitting agent or obstacle and right one is
hitting nothing, that means, agent will change direction to
the right (Y = 1) and vice versa (T =-1).
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Figure 3: a) Blue cube is representing agent in real life,
arrows in this picture are representing rays: red arrows are
checking if something like obstacle or other agent is ahead,
yellow arrows, “obstacle rays”, are checking obstacles and
walls for better orientation and steering, orange arrows are
mainly for checking, if something is around agent, so he
can overtake. b) blue cubes around agent (cube in the mid-
dle) are colliders, they are checking if somebody or some-
thing is really close to the agent, they are creating com-
fortable zone.

3.1.3 Colliders

Agents have colliders as it can be illustrated from Figure
4b. These colliders are situated on the left, right and front
side of each agent. They are checking, if other agents or
obstacles or walls are nearby. Basically, these colliders
are creating area around agents, where they are ’feeling
comfortable’. It is repulsive force F(]?QLY) that is applied on
other agents.

3.1.4 Obstacle rays

Secondly, “obstacle rays” were added, with different angle
(1/4m,3/4m), see Figure 7a yellow arrows. These rays are
checking if on the right or left side is obstacle or wall. If
for example an obstacle is on the right side, and agent will
hit the obstacle, the agent will try to avoid it and he will
steer left because right ray was hitting the obstacle. In
cases where both these rays are hitting obstacle, only the
first one is the key one, so the other ray has no function in
these cases.

3.1.5 Overtaking

Each agent has also an overtaking parameter, so faster
agents are overtaking slower ones. For this overtaking
method two more rays were needed (Figure 4a, orange ar-
rows). These rays (R'¢/", R"¢"") are checking, if the agent,
obstacle or wall is on the left or right side. Agent will
overtake only in cases he has the speed and space, in cases
agent has the speed but not the space around, he will wait
till there will be some free space. In waiting part he is
checking with these rays, if there is or there is not the free
space around. In cases we do not have speed, they will
slow down only.

F(g_ry) (1) =Y 4)

1,if leftRay # null,

R8" = puyll
Y = o ®)
—1,if rightRay # null,
RIeTt = pull

3.1.6 Total equation

All these forces influence a agent’s decision at the same
moment, it can be assumed that their total effect is given
by the sum of all forces:

Fixy)(t) = Fly o)+ ZP‘,F(%,I;W

+ ;Fgﬂ + ;F&}y) (6)

3.2 Monte Carlo

Monte Carlo is a stochastic method based on the use
of random numbers and probability statistics to simulate
problems [21]. First, we need to determine the probability
density function, then perform random sampling from this
function. Monte Carlo method allows us to examine com-
plex system. Solutions are imprecise and it can be very
slow if higher precision is desired.

In this work, Monte Carlo method was used to simulate
random motion of agents. Total equation of the movement
in this model is:

Fix y)(t) = Fixy) +F(](‘)47}1‘//[> ™

Here we can see Fx y) which represent movement of
the agent during the time t, F(Igé‘,’l) is Monte Carlo force.

Monte Carlo simulation, forces agent to move with
some probability to the left or right or nowhere. This
means that during the time our agent has random move-
ment.

F(’(‘){% —Y (8)
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array[10] € (0,1)

~

9)

random(—1,1), ifarray|
random(0, Length(array))] =0 (10)

0, otherwise

h<
I

Before the start of simulation, it is possible to set the probability
required, in the array. Every single agent is choosing movement
each second, if he moves right (Y = -1) or left (Y = 1) or if he
stays without moving

(Y =0). So, in the end every frame agent will check and
compare number 0 with a number in the array, if they are
the same, will move to the right or left, if not will stay at
the same position.

3.2.1 Monte Carlo Simulation

In this simulation, a scene with 100 agents with random
speed (0.5 - 1.5) is shown. In first simulation, agents do
not use the Monte Carlo method (Figure 4). The move-
ment is occurring in a straight line, changing direction
only in cases when agent wants to overtake slower ones.
These results are not really realistic. However, in the sec-
ond simulation (see Figure 5) we can see agents walking
with Monte Carlo method. More randomness is in this
case better and more realistic and it is better for overtak-
ing as well.

Figure 4: A scenario without Monte Carlo method. We
can see lines, these lines are paths of the agents.

Figure 5: A scenario with Monte Carlo method. We can
see lines, these lines are paths of the agents. We can also
see the better randomness.

4 Results

In this paper, all these simulations were applied in two spe-
cific scenarios: path and crossroad as shown in Figure 6.
In the path scenario, we can see some specific interactions
(overtaking, grouping) but we can also see interactions be-
tween agents and obstacles. On the other hand, in cross-
road scenario, we can observe interactions between agents
walking from all sides, as well as path choosing.

Figure 6: On left: path scene (with orange obstacles), on
right: crossroad scene.

4.1 Grouping and tracking trajectories

There are various self-organization phenomena that lead
to fascinating collective patterns of motion. For exam-
ple, when agents are entering a corridor on two sides, we
observe the formation of lanes of uniform walking direc-
tion [20]. Agents are grouping together, they are following
each other, because of better movement, faster movement
like we can see in Figure 7. They are avoiding other agents
faster because of repulsive forces. This is classic scenario
we can see during a normal day, walking the crowded
street.

Figure 7: Grouping effect (blue circles), each agent is fol-
lowing the leader. Red agents are going from left to right,
green ones are going from right to left.

With more agents, it is possible to track the trajectories
of the agents. It is necessary to have more agents, so they
can follow each other. As a proof of concept, 100 simu-
lated agents are illustrated in Figure 8. The trajectories of
these agents are shown, as well as the fact that they are
following exactly the same way as the ’first’ agent was
moving. With even more agents, it is possible to observe
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bigger groups (bigger flocks). In conclusion, this model is
showing that flocking is part of our life, we are doing it in
normal crowded situations without notice.

Figure 8: Movement tracking, we can see motion of
agents, red arrows are indicating the motion of agents.

4.2 Frame rate measurements

In this section, the effectiveness of the simulation was
measured. In particular, the aim was to quantify how many
agents this model can simulate. In Figure 9, both tables
are showing us frames per second (FPS) in different cases
(with 50, 100, 500 and 700 agents in scene). Case 1 is
without obstacles, without Monte Carlo method, case 2 is
with obstacles but without Monte Carlo method, case 3
is with no obstacles but with Monte Carlo method and in
the end we have case 4 with obstacles and using Monte
Carlo method. In these measurements I used 2 obstacles.
All these measurements have offset error += 1 - 10 FPS,
depending how many agents we are simulating.

In conclusion we can see that this model can simulate
big number of agents in different scenarios. It is possible
to observe that interactions with obstacles or using / not
using Monte Carlo method are causing frame drops, but
not so significant. All these measurements were computed
on a laptop computer with specifications: Intel Core i7,
RAM 8GB DDR3L, NVIDIA GeForce GTX 950M 2GB
DDR3.

5 Conclusions

This paper has examined mesoscopic behavior of crowds
for virtual environments and computer games based on the
social forces model. In this model we can see interac-
tions between virtual agents (virtual agents) in virtual city.
These agents are avoiding each other, avoiding obstacles
and walls in different scenarios like crossroad or narrowed
street. In this model, user can move, scale or rotate these
obstacles and place them into the scene.

In the future, it will be certainly useful to implement
better steering. Obstacles can have different shapes, not
only cubes and of course interactions with agents are
sometimes not so realistic. Big bonus can be exchanging
cubes with three-dimensional representations of humans.

Finally, it will be of great importance to perform a user
testing to assess how ’realistic’ the behavior of the simula-
tion is.
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Framerate measurement

path  |no MC, no obs.|[no MC, with obs. | no obs., with MC| with obs., with MC
50 ~160 ~130 ~150 ~125

100 ~80 ~80 ~80 ~80

500 ~20 ~15 ~18 ~15

700 ~5 ~3 ~5 ~3

Framerate measurement

cross |no MC, no obs.|no MC, with obs. | no obs., with MC | with obs., with MC
50 ~100 ~80 ~80 ~80

100 ~45 ~35 ~40 ~40)

500 ~7 ~B ~8 ~7

700 ~d ~3 ~4 ~3

Figure 9: Framerates in different scenarios (path scenario on top, crossroad scenario on bottom.
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