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Abstract

We describe a series of experiments investi-
gated the perception of urban crowds and the
implementation of these results in a real-time
crowd system. Our first series of perceptual ex-
periments examined the role of context in loca-
tions containing pedestrian crowds, where prop-
erties of the location affect the formation of the
individuals making up the crowd, i.e. their po-
sition and orientation. Our second set of exper-
iments focussed on small groups of individuals.
We considered group size and number of dy-
namic groups, and looked at body motions and
audio desynchronisation of individuals in con-
versational groups. We also discuss the imple-
mentation of results from these experiments in a
real-time crowd system.
Keywords: Perception, Virtual Crowds

1 Introduction

Virtual crowds are used in many applications
across different industries. In the entertain-
ment industry they are used for many purposes;
in movies, for example, computer generated
crowds are used to ameliorate the costs involved
in hiring a large number of extras. Generic
crowds are used in video games, particularly in
urban environment games such as Grand Theft
Auto or The Sims. With increasing demand
for realism in video games, however, the need
for increased realism in the behaviour of indi-
viduals and the crowd as a whole is becoming
more important. Humans are inherently good at
recognising behaviour patterns in other humans.
This applies to both navigational and social be-
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Figure 1: Screenshot of our real-time crowd
system showing conversational agents
and dynamic agents.

haviours. However, less is known about how we
perceive virtual crowds and what is expected of
them to create a plausible virtual crowd.

In this paper, we give an overview of sev-
eral perceptual studies that have been carried
out to evaluate methods of creating virtual en-
vironments with pedestrian crowds. We also
describe how the results from these experi-
ments have been implemented into our real-time
crowd system of urban pedestrians with dif-
ferent behaviour roles. One aspect of this re-
search involves populating these environments,
with agents in realistic positions and orienta-
tions [12, 13]. Another aspect involves main-



taining a sense of realism during simulation of a
crowd system, through the addition of plausible
groups [11, 14, 15].

2 Background

Previous research in the field of urban plan-
ning and civil engineering has highlighted ev-
eryday behaviours of pedestrians such as: plan-
ning itineraries based on their knowledge and
perception of the environment [1]; use of space
and walking speed [2]; bi-directional lane for-
mation [3]; collision avoidance [4] and side-
stepping [5]. Other researchers have investi-
gated more social behaviours, such as the forma-
tion of small conversational groups [6]. Many
behaviour models use data collected from real
humans to control the actions of virtual agents.
Lerner et al. [7, 8] use human motion data col-
lected from video to create a database of exam-
ple trajectories, one of which is chosen at run-
time for a virtual agent. Other models have used
human data to create models of gesturing styles
of people [9]. Cassell et al. [10] developed
a model for conversational behaviour using se-
mantics from text to identify appropriate speech,
gestures and facial expressions.

While much research has been carried out re-
garding into the behaviour of virtual agents, lit-
tle is known about how we perceive these be-
havioural models, or the virtual agents them-
selves. Our previous work has investigated
human perception of virtual crowd formations
and sensitivity to temporal desynchronisation of
conversational gestures between individuals in a
group. This will be discussed in further detail in
Section 3.

3 Perceptual Experiments

3.1 Static Crowd Formations

Since studies focusing on how viewers perceive
and evaluate the plausibility of synthesised be-
haviours remain scant, we developed an evalua-
tion methodology to allow us to better elucidate
this complex issue [12, 13]. Our methodology
consists of experiments to evaluate participants’
general impressions of static scenes, considering
the orientation and positioning of pedestrians.

Rather than considering pedestrian properties in
isolation, a central theme in our methodology is
to also consider the context in which they ap-
pear. The term global context refers to the type
of location in which the pedestrians are situated.
Local context refers to properties of different lo-
cations, which infer certain behaviours:

• Individuals tend to stay in-bounds of walk-
able areas

• At any given time, there will be a number
of pedestrians walking in groups of two or
more, and will be facing the same direction

• Individuals tend to walk in appropriate di-
rections for the location e.g. bi-directional
flow in a corridor location

• Pedestrians tend to avoid other pedestrians
and obstacles

We created stimuli of 3D virtual static pedes-
trian scenes, consisting of real formations ex-
tracted from photos, random formations, and
synthetic formations based on our context rules
described above. Our results showed that for
an open, unconstrained location, participants
judged scenes containing context formations to
be as real as the real scenes, and more realistic
than the random scenes. For constrained, cor-
ridor locations, people were able to distinguish
between real and synthetic formations, but we
found that scenes containing context rule based
formations were judged to be almost as realistic
as the real scenes. This implies that our context
rule based pedestrian formations are a suitable
alternative to manual placement.

3.2 Groups

Following on from this, we investigated the role
of small groups in crowded pedestrian scenes
[11]. In any urban pedestrian scene, it is as-
sumed that a high percentage of the crowd will
be in a group of two or more. Our first set of ex-
periments on the role of groups in crowd plausi-
bility investigate whether the addition of groups
to a crowd scene makes it appear more realistic.
We created a number of short video clips depict-
ing scenes containing dynamic agents. These
scenes contained either: no groups; plausible



Figure 2: Example of stimuli used in our dynamic group experiment [11], with no group scene on left,
implausible group combination in centre and plausible group combination on the right.

group combinations; or implausible group for-
mations (Figure 2). Plausible group formations
contained higher numbers of individuals (sin-
gles) and groups of two (pairs) than groups of
three (triples), while implausible group forma-
tions contained more triples than pairs or sin-
gles. We found that the addition of groups to
dynamic crowd scenes improved the realism of
such scenes, but only if the group sizes and num-
bers were plausible i.e., if there were more sin-
gles and pairs than triples.

Finally, we investigated the plausibility of
conversational groups. These groups were cre-
ated by motion capturing the movements, and
recording the voices of three actors conduct-
ing a non-scripted conversation. While the con-
versations appear very realistic, the process is
very time consuming. Therefore we conducted
a series of experiments to determine methods
to generate new conversations based on a finite
data set, looking at body motion alone, and body
motion and audio [14, 15]. We found that plau-
sible and consistent conversational body mo-
tions are more important than matching audio
and gestures. We also found that certain syn-
thetic conversations can appear sufficiently re-
alistic once talker and listener roles are correct,
regardless of whether the body motions are tem-
porally desynchronised or if the audio does not
match the body motions.

4 System Implementation

In order to improve the realism of our crowd sys-
tem, we added plausible conversational and dy-
namic groups. This work aims to build on the
results found from our perceptual experiments,
implementing them in our real-time crowd sys-

tem to create a realistic crowd that behaves in
a plausible manner (Figure 1). We use a tool
that semi-automates the placement and orien-
tation of characters that adhere to our context
rules described in Section 3.1 [16]. This could
be used, for example, to place characters for
pre-visualisation and architectural visualisation
purposes. Conversational agents have been im-
plemented as a separate agent-type and can use
either real conversation clips, or a selection of
our synthetic conversations based on the results
from our perceptual experiments.

Our dynamic behaviour system creates a pop-
ulation of individuals with entry and exit points
and calculates each individual’s path at run-
time. In order to introduce groups to this sys-
tem, we define three different types of agents:
leaders, followers and neutrals. Neutrals be-
have as individuals and will compute and nav-
igate individual paths around the environment.
A leader is assigned a number of followers to
select from their nearest neighbours, depending
on the desired group size. As indicated from our
experiments with dynamic groups, the majority
of groups are of size two, with a small percent-
age containing more than two individuals. Once
a leader has selected its followers, the follower’s
trajectory is altered to follow the leader and be-
come part of the group.

5 Future Work

The next steps for the behaviour of our crowd
system consists of two main stages. Firstly, we
wish to add functionality to our agents to tran-
sition between static and dynamic agents. This
is an important element, and will allow for re-
alistic behaviours such as agents leaving and



joining static groups and can reflect everyday
behaviours such as people waiting, or meeting
friends in a crowd. Further to this, we plan
to add interactive functionality to our dynamic
agents, to have groups appearing to be convers-
ing as they navigate through the environment.
Other group dynamics will have to be investi-
gated also, such as group collision avoidance.
For example, when is it appropriate for an en-
tire group to change trajectory; and when is it
more appropriate for a group to split up tem-
porarily and merge back after an obstacle has
been avoided?
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