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ABSTRACT

In this paper, we propose a concept to allow asymmetrical pedes-
trian interactions in simulation, based on ORCA model (Optimal
Reciprocal Collision Avoidance). To reach our goal, we redefined
two parameters of the model: the Time Horizon (TH) for antici-
pation and the Shared Effort (SE) for collision avoidance. In the
default parameters model, the TH value is set to 1, the SE value is
set to 0.5, and makes symmetrical pedestrian interactions. In the
proposed model, we show how to initialize and manipulate the
TH and SE parameters to create asymmetrical pedestrian interac-
tions. We also explore the SE values and check for collisions or
oscillations in the simulation results. The asymmetrical interaction
allows heterogeneous pedestrian in simulation and more realistic
emerging behavior in result.

CCS CONCEPTS

« Computing methodologies — Intelligent agents; Simulation
by animation.
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1 INTRODUCTION

Pedestrian simulations become increasingly popular in computer
graphic or urban planning application. Various application domain
exists, such as: transportation, road safety, evacuation, gaming and
entertainment. Each of these simulations aim to reproduce the hu-
man behavior depending on the objectives and/or prior knowledge
of pedestrian behavior in the studied situation. Walking seems very
easy in the real world, the pedestrian walks on the road without
making any effort to achieve his travel goal. But to reproduce these
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pedestrian behaviours into a virtual world is still a challenge. There
are many factors to consider: culture, gender, age, preferred speed
or size [1]. One of the stakes in the field of pedestrian simulation
is being able to simulate the human heterogeneity during walking.
Most of existing pedestrian models do not focus of this. Heterogene-
ity means more than its own characteristics that we quoted above,
it also means different kind of behavior when people cross each
other. Indeed, the pedestrians do not avoid each other in the same
way, depending on their abilities, their mood, the infrastructure,
his behavior and the behavior of its neighbors [6, 7].

The main contribution of this paper is to make asymmetrical
pedestrian interactions and allow each pedestrian agent to execute
his own type of collision avoidance. Proposed changes allow more
heterogeneity and imply more realistic emerging behaviors and
more realistic simulation results. To reach our goal, we extend
the ORCA model [17] through two parameters: the TH parameter
allows the pedestrian to detect or anticipate a collision, and the
SE parameter allows the pedestrian to avoid collision with other
pedestrians. It is therefore necessary to study the impact by varying
these two pedestrian parameters. We illustrate our results for two
pedestrians walking in the opposite direction.

The rest of this paper is organized as follow. In Section 2, we
discuss related works in pedestrian simulations and pedestrian
behaviors. Section 3 focuses on our proposed model. Our results are
shown in Section 4. We conclude and discuss our future research
works in Section 5.

2 RELATED WORKS

The model “Boids” for virtual human is proposed by Reynolds [16].
Composed of several autonomous individual agents with different
characteristics, but applying the same rules: alignment, separation
and cohesion. Most of this work focuses on simulating a large
number of pedestrians in a virtual world [10].

The Social Force Model (SFM) is in one of the most popular
in traffic simulations and crowd management simulations. Based
on physics rules, using attractive and repulsive forces to reach
his travel goal [9]. Several versions of the SFM model have been
developed later. In one of them, the modified SFM and the other SFM
with explicit collision prediction allow each pedestrian to interact
asymmetrically when they cross each other. The interaction of the
pedestrian depends on his behavior and the and the neighbor’s
behavior. In some of their results: if a pedestrian is late, he goes
directly to his travel goal, and make less effort to avoid the others.
[3]. Other work developed a model based on the SFM to predict
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the place and the time for the future collision and avoid it directly
[12, 18].

The famous ORCA model is widely used in computer graphics.
The basic idea is to anticipate pedestrian collisions by computing
his new speed and his new position according to the speed and
position of his closest neighbors. In the original model, when two
pedestrians cross each other, each assumes that the other avoids
a collision by half [17]. However, in the real world, not everyone
shares the same avoidance of effort, not everyone has the same
perception, possibility or will. In recent years, several variants of
ORCA have been proposed. One research uses a priority rule to
allow asymmetrical pedestrian interactions [3]. According to the
priority assigning to each pedestrian, each reacts differently. The
one with a high priority makes less avoidance effort relative to the
other and goes straight to his travel goal.

Other authors have been interested in pedestrian behavior adap-
tation. Pedestrians adapt their own behaviors according to the be-
havior of their neighbors. Pedestrian are categorized into two types
“normal” and “dangerous”. When the “normal” and the “dangerous”
cross each other, then, the “normal” agree to be closer to the others
“normal”, and deviate more from the others “dangerous” [2]. Other
works allow the pedestrian to follow another pedestrian when they
have the same travel goal, and he can avoid the whole group when
they across each [13]. In other model, each pedestrian computes
the “domination” of the other to make his own path planning. The
higher the value of pedestrian “domination”, the more direct and
rapid path planning. Conversely, if the “domination” value is low,
the pedestrian tries to avoid every pedestrian and bypasses groups
[15]. Other works have implemented in their pedestrian simulation
passive and active pedestrian in a case of protest scenario [6].

Other researchers have focused on decision making. One work
studied the case when two pedestrians cross on a narrow sidewalk,
only one pedestrian can remain on the sidewalk during the interac-
tion. The challenge is to identify the pedestrian going down. They
conclude that the pedestrian with a higher level of attention and
speed always who goes down on the sidewalk [4]. Another research
result, the Self-stopping mechanism is developed by [14], to prevent
pedestrians from pushing each other. A pedestrian has to stop if no
path planning is possible anymore.

Some authors are interested in adding a personality in virtual
pedestrian. The personality classification remains a difficult task.
However the two most popular personality models are: the theory
of personality traits [8] and OCEAN personality [5, 7]. They im-
plement different behaviors in each personalities into pedestrian.
In some of their results show that “shy” pedestrians are easy to be
diverted and move farther away when they cross each other, but
“tense” pedestrians are more focus and go directly on their travel
goals [8].

3 PROPOSED MODEL

Our proposed model is an extension of the original ORCA model
and presented as follows:

ORCAT, = (o] (u - (vf’ef + %u)) n>0}
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ORCA|,: P1 avoids collision with P2;

7: guaranteed time that P1 and P2 can keep their same speed
and no collision occurs;

e v: current speed;

vfref: preferred speed of P1;

u: minimal change needed for P1 to avoid collision with P2.
The higher the TH, the lower the u;

u = (combinedRadius = (ﬁ) — wLength) = unitW

° %u P1 takes half avoidance effort to avoid P2.

For the other parameters available, refer to the original paper of
ORCA model. [17].

The main difference between our proposed model and the origi-
nal model is the transformation of the SE model parameter into an
agent parameter. Our model is presented as follow:

ORCAT, = {v] (v - (vf”f +SE+u)).n >0}

Our main goal is to have asymmetrical pedestrian interactions.
To achieve our goal, we have manipulated both TH and SE parame-
ters. The TH allows the pedestrian to anticipate collisions, then the
SE allows collision avoidance.

3.1 TH definition

The parameter TH is the time to allow the pedestrian to anticipate
a collision. The higher the TH, the sooner pedestrian anticipate
a collision. To be able to initialize the value of TH, we have to
consider different values from the literature:

e THe[1,2,...30] [8]

e TH € [1,2,3] [4]

Our goal is to study the pedestrian’s behaviors during a collision
avoidance. So, our choice is to limit with the highest value of TH.
Indeed, if the TH is too high, there will be no interaction because
the pedestrian with highest TH will perform all avoidance effort
before the other pedestrian begins [4]. Thus, in this paper, for the
TH value, the minimum will be 1 and the maximum will be 3.

3.2 SE definition

The SE is the parameter to allow a pedestrian to avoid the colli-
sion. The higher the SE, the more a pedestrian collision avoidance
effort bigger. To be able to initialize the value of SE, we have to
consider the different values from the literature. Let P1 and P2 be
two pedestrians crossing each other:

e (SE; = SE; = 1/2): no oscillation and no collision occurs
(default ORCA model [17]);

e (SE1 = SE; = 0): collision occurs, no avoidance effort;

e (SE; = SE; = 1): oscillation occurs[17];

o (SEq + SE; = 1) and SE; # SE»: priority is given to pedestri-
ans with a higher SE [3].

We decided to consider the SE belongs to 10, 0.1, ..., 0.9, 1[.

4 RESULTS

4.1 Model parameters

We used the Unity Engine with RVO2 Library c# from [11] to de-
velop our simulations. Our initial parameters are represented as
follows:
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TimeStep: 0.1 s
Speed: 1.5 m/s
Radius(R1, R2): 0.6m
TH € [1,2,3]

SE € 10,0.1,....0.9,1[

4.2 Asymmetry measurement

To measure the asymmetry of two pedestrians in a face to face
interaction, an asymmetry A is defined as follows :
Y, [|*#100

Ar= TR
A is computed when two pedestrians P1 with coordinate (X7, Y1)
and P2 (X2, Y2) cross each other at the same X; = X». Fig. 1 presents
two trajectory curves (X, Y) of two pedestrians P1 and P2, and
A1 = Az =50.

and Ay =100 - Aq

—— P1(SE1=0.5, TH1=1) —&- P2 (SE;=0.5, TH>=1)

Fig. 1: Asymmetry measurement A

4.3 Impact of the TH

In this section, we studied the impact of varying the TH. So, we
fixed the SE parameter to 0.5 and the TH belongs to [1; 3], according
to the TH definition. In all case, the pedestrian with highest TH
value reacts in first. As the final conclusion in [4], the pedestrian
with greater attention reacts first.

4.4 Impact of the SE

In this section, we studied the impact of varying the SE value. So, we
fixed the TH parameter to 1 and the SE belong to 0,0.1, ....0.9, 1],
according to the SE definition. At first, we have to check if for the
set of SE values, no collision, and no oscillation occurs. To detect
collision, we run simulations with a low pair of the value of SE :
(SEq = 0.1 & SE2 = 0.1) and we gradually increase this value by 0.1
and check if collision occurs. A collision occurs if only:

V(Y2 = Y1)2 + X5 — X1)? < Ry + Ry (1)

No collision occur when (SE > 0.1), so the minimum SE value
is set to 0.1. Then, we need to check if oscillation occur. We run
simulations from the maximum value (SE; = 0.9 & SE2 = 0.9), and
we gradually decrease these values by 0.1 until check if oscillations
occur and stop in other cases. From (SE; = 0.7 & SE; = 0.7), we
observed that the trajectories were smooth enough to consider that

CASA 19, July 1-3, 2019, PARIS, France

no oscillations occur. Thus, we consider the maximum value of SE
to be 0.7.

Table 1 shows the asymmetry A of each pedestrian when they
cross each other. The dark gray values represent the A, for pedes-
trian P2 and the light gray values the A; for pedestrian P1. The
sum of two values Aj + A2 = 100 represent the total avoidance. The
diagonal of the matrix represents an equal SE in both pedestrian
(SEq = SE»). Otherwise, the higher the SE, the higher the avoidance
effort.

S lEZ 0.1

0.1 50

0.2 38.24
0.3 32.54
0.4 29.33
0.5 26.99
0.6 25.92
0.7 24.74

Table 1: A evaluation with TH=1 and SE=[0.1, .., 0.7]

Emerging behaviors have been observed in our result (see Fig. 2).
We confront a pedestrian P1: (SE; = 0.5, TH; = 1) with fixed param-
eter, against pedestrian P2: (SEz = [0.1,0.2,..,0.6,0.7], THy = 1)
with different parameter. We increased step by step, by adding 0.1
to SE2 until 0.7. The results show that pedestrian with the same
parameter do not always behave in the same way depending on
the parameter of other pedestrians.

Adaptation SE

P1(SE;=0.5, THy=1)
mm P2(SE,=[0.1, 0.7], THy=1)

704

60
501
< 401
301
201

10 A

0.1 0.2 0.3 0.4 0.5 0.6 0.7
SE

Fig. 2: Adaptation SE

when (SE; > SE3): P2 can’t make enough effort avoidance,
so P1 has to avoid more than expected.

e when (SE; = SE2): Both P2 and P1 avoid half.

e when (SE; < SEj): Even if P1 can avoid more, P2 already
makes an avoidance effort, so P1 doesn’t need to avoid much.

4.5 Impact of the TH and the SE combination
According to the impact of SE and the impact of TH, we have the
following results:

o if ((SE] = SEz) And (THl > THz)) i (Al > Az)

o if (TH; = TH,) And (SE1 > SE3)) = (A; > A)
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e if (TH; > THy) And (SE1 > SE3)) = (A1 > Ag)
So, in this section, we simultaneously varied the values of TH and
SE for both P1 and P2.

Fig. 3, we fixed the P1 parameters to SE; = 0.7 and TH; = 1, and
for the P2 parameters to two different values SEz = 0.1 and TH»
= 1, for the first interaction, represented by the continuous line
in our figure. And SE; = 0.1, TH; = 1 for the second interaction,
represented by the dashed line. P1 and P2 cross each in first and
second interactions:

e (TH; = THy and SE1 > SE3) = (A1 > Aj) (normal case)
e (TH; < THy and SE; > SE;) = (A1 < Ap)

- P1(SE1=0.7, THy=1)
< P2 (SE1=0.1, TH1=1)

P P1(SE1=0.7, TH1=1)
- P2 (SE1=0.1, TH1=3)

0.5

-10.0 -75 -5.0 -25 0.0 25 5.0 75 10.0

Fig. 3: Multiple interactions.

The second interaction shows that even with a high SE value.
P1 makes a minimal effort to avoid the collision with P2. Indeed,
the pedestrian with a high TH value always starts the collision
avoidance sooner. Thus, this result shows the importance of TH
against SE when both of these two parameters are varied, and
highlights an unexpected behavior.

4.6 Supplementary results

We added other simulation scenario results: two pedestrians against
a pedestrian and one pedestrian against a group. The video is avail-
able as additional material from this document and more details
about the scenarios are presented in this video.

5 CONCLUSION

In this paper, we have developed a concept of asymmetrical pedes-
trian interactions in the case of collision avoidance based on the
ORCA model. In the original model, the interaction is always sym-
metrical and each pedestrian behaves in the same way. In our pro-
posed model, we updated the SE parameter model to an agent
parameter. We studied the result of the asymmetrical pedestrian
interactions by varying the two parameters TH and SE, and always
checking if oscillation or collision occurs. Varying the TH allows for
an asymmetry at the anticipation level and varying the SE allows
for an asymmetry at the collision avoidance level.

We observed the emerging behavior in our results. A pedestrian
reacts differently according to the neighbors’ behaviors. Thus, a
pedestrian with a high collision avoidance capability may not make
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any avoidance efforts if the other pedestrian started the collision
avoidance due to a higher TH value.

The main advantage of our approach is therefore simplicity. By
varying only 2 parameters, we were able to increase the hetero-
geneity of pedestrian behaviour. This concept can be applied in
many cases, in one of them: to stimulate the behavior of people
with reduced mobility in a crowd. These people do not behave and
do not have the same possibilities as others. The study of their
behavior allows improving their living conditions. In perspective,
we aim to analyze the impact of modifying both SE and TH in the
case of pedestrian flows.
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