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Abstract. This multidisciplinary project involves concepts from
architectural design, statistical learning, machine vision, and human
ecology. The focus is on analysing how pedestrians’ dynamic behaviour
in space is influenced by the environmental design of different architectural scenarios. This paper presents a multi-agent pedestrian simulation and analysis system that supports agent-to-agent interactions,
different spatial desires, and interpersonal distance. The system simulates and analyses pedestrian spatial behaviour with combined focus
on movement trajectories, walking speed, and the visual gaze vector.
The analysis component relies on learning a statistical model characterising normal/abnormal behaviour, based on sample observations of
regular pedestrian movements without/with the impacts of significant
visual attractions in the environment. Using the example of Wheeler
Place in Newcastle (Australia) our pilot experiments demonstrate how
pedestrian behaviour characteristics can depend on selected features in
the visual environment. The presented system will allow architects and
urban designers to obtain better assessment of planned urban spaces and
streetscape characteristics and their impacts on pedestrian behaviour.
Keywords. Agent interaction; pedestrian behaviour; analysis.

1. Introduction
Environmental perspective is an extremely important viewpoint of human
spatial behaviour analysis. This view assumes that the physical characteristics
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of an environmental setting influence our attitudes and actions more than a
biological or cultural trait. Spatial behaviour modelling focuses on the visible,
static and dynamic properties of the physical environment as important factors,
since socio-cultural variables are harder to measure and less obvious across
behavioural settings. Analysing this behaviour in indoor and outdoor areas is
an important facet of architectural and urban design.
The simulation of pedestrian behaviour allows us to investigate spatial
visual behaviour without the difficulties of real-world data analysis. Planning
pedestrian environments requires assumptions about how real pedestrians
will respond to characteristics of the planned environment. Placing virtual
pedestrians in architectural space simulation significantly aids in making the
assumptions more real (Thiele, 2002).
A number of methodological approaches have been proposed to model
pedestrian behaviour: Analytical models (Antonini et al, 2006, Ness et al,
1969), Cellular automata (Francesca Camillen et al, 2009, Wang and Chen,
2009), and Agent based simulation (Bonabeau, 2002, Francesca Camillen et
al, 2009, Yannis and Golias, 2009). Advantages and disadvantages of using
each method and a more detailed literature review of the proposed pedestrian
behavioural models have been discussed in our previous works (Jalalian et al,
2011).
Representation of the physical space plays a central role in modelling
pedestrian spatial behaviour. In “public” places, including external environments (streets and plazas) and internal spaces (malls and museums), “attractors”, like billboards or display stands or even a group of people, can distract
pedestrians from following a direct path towards their destinations. While
there are a range of possible names for these visual distractions, we describe
them as “attractive objects”. In urban spaces the attractive objects have different conspicuity areas (Yantis, 1998). For instance a high-rise tower in the
centre of a town may attract more attention from greater distance than a poster
on a nearby wall (Ratti, 2004). Previously we have taken the variety of conspicuities into account by defining different “levels of attraction” for attractive
objects (Jalalian et al, 2011, Jalalian et al, 2010).
In the present paper we propose an innovative approach to equip simulated
objects with dynamic levels of attraction. Pedestrian-environment interactions
in parallel with pedestrian-pedestrian interactions have significant impact on
pedestrian spatial behaviour and walking patterns (Baldassare, 1978). Since
vocal interactions are harder to measure and depend on many geometrical
and cultural variables, we focus on the visual part of pedestrian-pedestrian
interactions. We investigate the dynamics of human head pose and eye gaze
behaviours which can provide significant insight into the context of a spatial
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behaviour. It has been shown that gaze direction and eye contact are essential
features of group communication, as they help to elicit behavioural characteristics from others (Doshi and Trivedi, 2009, Argyle and Dean, 1965, Kendon,
1967, Ballerini et al, 2008).
Sudden changes in gaze direction may or may not be linked with attractive objects. A substantial amount of research in psychology has examined
whether such behaviour is caused by internal stimuli (such as changing the
route) or by external stimuli (Itti and Koch, 2000, Peters and Itti, 1999, Navalpakkam and Itti, 2005, Rothkopf et al, 2007). While attractive objects take
up a significant portion of visual external stimuli, other peoples’ gaze direction could be considered as another important category of external stimuli to
attract a pedestrian’s gaze (Yantis, 1998). As the number of people looking
at an attractive object increases, the object can attract more attention. The
presented system incorporates our previously proposed pedestrian simulation
system (Jalalian et al, 2011). The new system described in this paper, has
been designed to support pedestrian-pedestrian visual interaction and models
the impacts of eye interactions in changing pedestrian spatial behaviour. The
purpose of the simulation is to model and analyse this spatial behaviour in
order to have a better assessment of a planned urban design and its impacts on
pedestrian behaviour.
2. Simulating pedestrian visual attention
The simulation generates a set of behavioural characteristics – for example
walking, running, standing, getting attracted to an obstacle, and associated
changes of the gaze direction. Our analyser software evaluates the simulated
behaviours in order to identify the impacts of different walking environments
on pedestrian behaviours.
2.1 Attention and eye movements

The fact that eye movements are linked by attention doesn’t mean that these
two systems are completely mutually dependent. (Helmholtz, 1962) confirms
that observers can direct their visual attention to different areas of visual space
even while the eyes remain fixed. Thus the relationship between attention and
eye movements is one of partial interdependence. Attention is free to move
independently of eyes, but eye movements require visual attention to precede
them to their goal (Hoffman, 1998).
While pedestrians are walking in an urban space their eyes scan their surroundings using saccadic eye movements. Saccadic eye movements occur at
rate of about 3-4 per second (Becker, 1991). The eyes are essentially blind
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during these movements and the information from the scene is acquired only
at fixation points. (Yarbus, 1967) pointed out that the location and sequence of
saccades is not completely random. Eye movements from one fixation point
to another are fast enough that in the simulation, we can assume that all the
objects in certain range are scanned during a timestamp (4 seconds). The range
of this scan varies from one person to another (Klein and Pontefract, 1994)
and it mainly depends on the location that the pedestrian is looking at while
walking. This is modelled by defining different effective ranges for “useful
field of view” (UFOV) (K. Ball and Owsley, 1991). In the initial stage of the
simulation a sight category is assigned to each agent. The sight category is a
random number which limits the minimum and maximum range of UFOV.
The number of sight categories can be defined and changed by the user in the
provided user interface of our analyser software.
2.2 Goal-driven vs. stimulus-driven attention

According to (Yantis, 1998), visual attention is either goal-driven or stimulusdriven. Attention is said to be goal-driven when it is controlled by an observer’s intention and needs. For instance if the observer is hungry and looking
for food, automatically all the food shops will direct his attention. In the simulation, pedestrians’ goal-driven attentions are modelled by the “agent need
vector” (ANV) and the “object category vector” respectively. These vectors
are assigned to agent and object at the initial stage. Each element of the ANV
reflects a category of need for the agent. The value assigned to each element
expresses how desperate the agent is to satisfy that particular type of need. In
the object category vector each element expresses how much the object is able
to satisfy an agent’s need.
In contrast, stimulus-driven attention is controlled by visual attributes of
the object that are not necessarily relevant to the observer’s perceptual goal. In
the previous example, if all the food shops tended to be fast food restaurants,
then a single Persian restaurant among them would capture the observer’s
attention automatically. Stimulus-driven attention is modelled by the “object
level of attraction”. A bigger value for the object level of attraction means the
object has a stronger impact on an agent’s attention.
2.3 Crowd ATTRACTION as a virtual attractive object

The social group is a fundamental and universal feature of human social life.
Group formation is the expansion of bonds of interpersonal attraction due to
the existence of common desires among individuals (Hogg, 1985). Having the
same goal-driven attentions could be considered as one of the major deter-
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minants of group formation in urban environments (Carwright and Zander,
1968). In our simulation we assume that agents who are visiting the same
attractive object can form a group.

Figure 1. Wheeler Place simulation in scenario2

Group size is an important variable for capturing attention: Large groups are
able to draw more attention than small groups. In order to model how group
formation and group size impact on pedestrian spatial behaviour, we consider
a group of people as an attractive object with a dynamic attraction level and
call it a virtual attractive object (Figure 1). A virtual attractive object (VAO)
has the same feature set as an actual attractive object. However, in the case of
VAOs, the location and level of attraction vary according to the location and
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number of agents in the group. As agents are walking in the scene they may get
attracted to a selection of attractive objects (virtual or actual). The selection
depends on agent needs, agent location, sight category, UFOV, object location, object category, and crowd locations. Agents consider attractive objects
as temporary destinations. Once they finish visiting the attractive objects they
will continue their way towards exit points.
2.4 Object selection process in the simulation

Attractive object selection starts by calculating the distance of agent’s UFOV
and the level of attraction of all the attractive objects that the agent can see.
Among the objects, the one which minimises this distance is the “best object”.
We assume that actual attractive objects have higher priority than VAOs.
Therefore the search for finding the “best object” is done over the real objects
first, then over virtual objects.
Once the “best object” is found, the Euclidean distance between the ANV
and object category vector is calculated. If this distance is less than a threshold it means that the agent likes/needs the object and its state will be changed
to “becoming attracted”, otherwise it will be changed to “not becoming
attracted”. Agents show the same behaviour if the selected object is a VAO,
but instead of studying the object it will join the group and this will increase
the level of attraction of the VAO.
3. Agent behaviour analyser
In order to analyse pedestrian behaviour, we have previously proposed and
applied a new approach for outlier detection of pedestrian spatial behaviour
(Jalalian et al, 2010). Our system analyses pedestrian behaviour with a combined focus on agent location ( xt , yt ) , direction of movement ( β t ) , speed TT •TT,
the angle between direction of movement and gaze vector (α t ) and the angular
velocity ( dαt / dt ) associated with the gaze vector of individuals in large
groups of simulated pedestrians. The system learns a statistical model characterising normal behaviour, based on sample observations of regular pedestrian
movements without the impact of significant visual attractions in the environment. Irregular pedestrian behavioural characteristics, mainly caused by
detection of visually attractive objects, are considered as abnormal behaviour.
We employed one-class support vector machines (SVMs) (Schoelkopf et al,
2001) combined with Dynamic Time Warping (DTW) (Keogh and Pazzani,
2001) to separate agents into two classes; attracted agents and normal agents.
i

j

i

j
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Figure 2. Agent’s behavioural characteristics with (a) and without (b) the impact of a VAO

4. Experimental results
The new software system runs a pedestrian simulation on a plan of Wheeler
Place. We have selected this place because: The space is next to Newcastle’s
Civic Theatre and City Council Chamber. These two buildings have made this
area one of Newcastle’s most crowded public spaces. Here crowd attraction is
a common behaviour, and there are several places of different levels of attraction such as the City of Newcastle Information Centre and Climate Meter,
Juicy Beans Restaurant and Internet Cafe, a big public art work, the Civic
Theatre and Civic Theatre Restaurant.
Figure 2(a) shows the impact of “dynamic attraction level” on agent trajectory. Agents who are looking at an attractive object may form a group and this
is shown as a virtual attractive object. The level of attraction of a virtual attractive object changes according to the number of agents in the group. Agents
can be distracted by VAOs as well as by actual attractive objects. As shown in
Figure 2(b) some agents who have a small sight value might miss the attractive object. In Figure 2(a) the dynamic level of attraction is large enough to
direct all agents’ attention and therefore all agents can see the attractive object.
Agents’ behavioural response to virtual attractive objects models pedestrian
behaviour in the real world where crowd attraction is a significant component
of visual behaviour.
Figure 3 illustrates typical simulated behavioural characteristics of an
agent with and without the impact of VAOs. It shows the speed of movement ( s ) and the speed of the angle between the movement direction and
gaze vector ( dα / dt ). The period that the agent was attracted by an attractive
object is called the visiting period. Just before this period there is a “becoming attracted” period. In this period the agent moves towards the object with
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the highest allowed speed defined in its speed category (see the black curve
in Figure 3). Agents might turn their attention to the VAOs prior to the actual
ones. The patterned area in Figure 3 represents this behaviour. As shown in
this figure ( dα / dt ) shows significant change once an agent’s attention is
directed to a virtual/actual attractive object. This describes a pedestrian’s
behaviour when he suddenly changes his gaze to a visually attractive object.
Our proposed analyser can detect this behaviour.

Figure 3. Simulated behavioural parameters; becoming attracted to a virtual attractive object
(patterned area), becoming attracted to an actual attractive object (grey area), visiting period
(green area), and attention without becoming attracted (blue area)

Table 1 Average probability of attraction
VAO
NO
NO
YES
YES

ANV
NO
YES
NO
YES

SC1
0.49
0.25
0.54
0.24

SC2
0.52
0.26
0.57
0.32

SC3
0.46
0.24
0.52
0.30

SC4
0.47
0.19
0.53
0.25

SC5
0.47
0.25
0.55
0.24

SC6
0.45
0.22
0.51
0.27

SC7
0.46
0.24
0.54
0.24

SC8
0.47
0.25
0.54
0.23

SC9
0.44
0.18
0.50
0.29

SC10
0.45
0.21
0.52
0.23

In previous work we defined 10 possible scenarios (SC1-SC10) that were
considered in our simulation experiments of Wheeler Place. The scenarios
describe the permutations of the positions of five selected attractive objects
(blue circles in Figure 1) (Jalalian et al, 2011). In the present paper we employed
them again with the new system to show the effects of VAOs and ANVs on the
number of attracted agents. Table 1 shows the average probability of attraction for different positions in different scenarios with respect to the number of
simulated agents. The results in this table were obtained from simulating 5000
pedestrians for each scenario. These results suggest three conclusions: I) The
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introduction of ANVs always decreases the average probability of attraction.
II) The introduction of VAOs (i.e. step from row 1 to row 3 or from row 2 to
row 4 in Table 1) Increases the average probability of attraction in the absence
of ANVs for all scenarios. However, in the presence of ANVs this increase
was not consistently observed. III) Scenario 2 (shown in Figure 1and SC2 in
Table 1) has the highest probability of attraction independently of the presence
or absence of VAOs or ANVs. Our pilot experiments also confirm that if we
increase the number of agents in the scene, the average probability of attraction will be increased. This clearly shows the impact of crowd attraction on
pedestrian spatial behaviour.
5. Conclusion
In this paper the dependency of attention and visual gaze direction was discussed. We have proposed and tested an innovative model to simulate goaldriven attention and stimuli-driven attention with the “agent need vector”
(ANV) and the “object level of attraction”. The proposed model includes
“group formation” and the effects of “group size” on directing pedestrian’s
attention. The simulation was run for a real-world space, Wheeler Place in
Newcastle. Different scenarios with different configurations and the impacts
of considering crowd attraction on pedestrian behaviour were presented and
discussed. The experimental results demonstrate that the new system can
provide significant support for understanding how changes in the configuration of the physical/visual built environment are reflected by measurable
changes in agent behaviour.
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