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Abstract. The article focuses on a multi-agent frame of Social Distances
model. It introduces characteristics of active and passive pedestrian be-
havior. It also presents possibility of using Social Distances model for
complex modeling of pedestrian traffic. The presented model also in-
cludes a concept of familiar groups.

1 Introduction

Over the last years, a lot scientists and practitioners are looking for new realistic
and effective models of pedestrian dynamics, for instance [1,2,3,5,9,8].

Social Distances model presented in [10] is an attempt at building realistic
model which would take into consideration the principles of proxemics. The
model applies the sociological theory of Social Distances introduced by E. T.
Hall [6,7].

The model is based on nonhomogeneous CA and simultaneously it is also a
multi-agent system. The principles of movement in this model depend on an
actual state of pedestrian.

The aim of the article is twofold: to present generalization and extensions of
Social Distances model and to highlight Multi-agent frame of the model.

1.1 Short Description of Social Distances Model

A pedestrian in the model is represented by an ellipse, whose center coincides
with the center of the cell occupied by that person. A movement in the model
is realized in Moore neighborhood of radius 1 per one time-step.

A person occupying the cell can take one out of four allowed positions: H , R,
V and L which correspond to the turning of turning the ellipsis around by: ±0,
±45, ±90 and ±135 degrees respectively. The crucial issue is to establish the set
of forbidden and allowed positions for all cells in Moore neighborhood of radius
1, each cell being occupied by one person [10].

Social areas are also represented as ellipses, but the eccentricities of both
ellipses (pedestrian and social) area can differ, because ”social configuration”
in front of the person has much more influence on them behavior than the
configuration behind them. Thus, geometrical centers of both the ellipses are
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Fig. 1. Pedestrian O–observer, social area – grey ellipse and other pedestrians – ”in-
truders”

different. The ellipse representing the social area is shifted forward along line of
vision of the considered pedestrian by some distance t (see Fig. 1) [10].

The method of calculating the distance between the ”observer” O and ”intrud-
ers”: A, B, C and D is presented on fig 1. If the intruder enters the social area of
the observer (on Fig. 1 only A, B and C) the normalized distance r within the
social area is calculated as a ratio of the distance between the centers of persons
(e.g. |OA|) to the distance between the observer and the point of projection of
the intruder’s center on the boundary of the social area (respectively |OA′|). The
normalized distance belongs to the interval [0, 1].

The interaction between the observer and a single intruder is described by
”social distance force” Fs. The absolute value of Fs depends only on the nor-
malized distance between them, Fs = Fi(r) where Fi is one of some assumed
models for social distance force. Fs has reverse sense than the vector observer-
intruder. The total social force affecting the observer is calculated simply as a
vector sum of social forces calculated for each intruder (in the presented case:
Fs = FA + FB + FC) [10].

2 Adaptation of Social Distances for Complex Modeling
of Pedestrians Traffic

Social Distances model was dedicated to pedestrian dynamics within a certain
limited area (for instance passenger behavior in a tram). The model could be
adapted for pedestrian traffic modeling in streets, shopping centers, restaurants
and other facilities.

There are three possible states of each pedestrian in the model: Go to, Wait in
intermediate aim and Wait. The only state when social distances have a direct
influence on pedestrians is the Wait state. Every pedestrian in this state is under
the influence of all other pedestrians.
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When a pedestrian heads to an aim, we deal with the active state. In this
case, the most important thing for the pedestrian is to reach the aim. This is
confirmed by a simple observation: when we head to an exit on a crowded tram,
we generally do not have a problem of violating our intimate area for a moment,
because we would like to reach the aim (simply to leave a vehicle). An important
issue in the model is choosing the aim (door, seat, table in restaurant) from a
set of available aims using rules of proxemics.

Wait in intermediate aim is also classified as an active state. Why? Because we
perform a specific activity (validating a ticket, eating a meal in a restaurant, sit-
ting on a seat). Thus, in the model, the influence of social distances is not possible
in this state, rules of proxemics are anticipated during process of choosing the aim.

Wait state is the passive state. It is observed when we stand on a tram, go
up or go do down in a lift. The situations of talking with somebody in a street
is also classified as passive. It is confirmed by an observation, that during longer
period of ”inactivity” we tend to situate (allocate) ourselves in the possibly most
comfortable way, because we are under influence of social distances.

2.1 Rules of Movement

Rules of movement in the model depend on an actual state of pedestrian. In
active state it is based on cellular automata (concept of intermediate aims and
potential fields [10]).

In passive state a particular pedestrian could be under influence of others. It
is a influence of a force (Social Distance force), but movement in this case is still
realized in cellular automata lattice.

3 Familiarities in Social Distances Model

The previous version of the model took into consideration only repulsive forces.
But according to the theory of proxemics, there is a need of introducing attractive
forces for modeling ”familiar” behaviors for instance for couples, parents and
children or group of friends.

In the initial part of the simulation there is a need of point a leader of a
familiar group. Because it is a frame of asynchronous CA. In the process of
implementation the leader of a group is always placed in the list before other
members. Thus, the leader makes movement as the first in the group. The mem-
bers follow her/him maintaining a possibly short distance (including allowed
configurations![10]). Group behavior is shown in each state: jointly reaching and
profiting aims (neighbor seats, tables etc.) and jointly waiting in Wait state. If
the group was divided during Wait state, attractive forces operate in the next
time step in order to connect members.

4 Concluding Remarks

The distinction of two main states in pedestrian dynamics: active and passive
make it possible to apply the rules of proxemics. During active state pedestrians
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anticipate reaching resources (seats) or they use these resources. In passive state
pedestrians are under influence of Social Distances.

In the previous version of the model, only repulsive forces were applied. The
current version brings a definition of familiar groups including a concept ”follow
a leader” with attractive forces.

A multi-agent frame of pedestrian dynamics simulation makes it more realistic
and easier for interpretation.
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