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Abstract. This paper reports on the development of a multi-agent 
cellular automata model of pedestrian movement and decision making 
within the built environment. The approach will lead to a system that 
may serve as a tool in the design process to better understand how a 
design will influence user behaviour. 

1. Introduction 
The problem of simulating traffic flows is one of the topics that traditionally has 
played a central role in transportation research. It has received renewed interest, 
however, due to the popularity across disciplines of complexity theory. As a result, 
there is a growing interest to apply agent technology to describe driver-vehicle objects 
[1] and to describe the behaviour of drivers as a mean to achieve anticipatory traffic 
forecasts [2].  

This paper reports on a research project that uses a multi-agent model, which 
received the acronym Amanda, in which a cellular automata is embedded for network 
decision analysis. In the specific application described in this contribution, agents 
represent pedestrians, moving over a pedestrian network. Each agent is located in a 
simulated space, based on the cellular automata grid. Each iteration of the simulation 
is based on a parallel update of the agents conforming local rules. In Dijkstra, et al. [3] 
a framework for the agent model part of the system is given to describe the behaviour 
of pedestrians. 

Point of departure is pedestrian movement within a shopping mall. The focus is on 
simulating pedestrian dynamics in a shopping mall, the choice mechanisms that are 



involved and the desire to realise particular goals by conducting particular activities. 
Not all these aspects are discussed in this paper. This paper explores the use of cellular 
automata for modelling pedestrian dynamics. 

2. Approaches to traffic and pedestrian dynamics 
Cellular automata (CA) are discrete dynamical systems whose behaviour is completely 
specified in terms of a local relation. They are mathematical models of spatially 
distributed processes. The purpose of the model is to simulate dynamic processes. CA 
models have also been used to model transportation systems. For instance, CA models 
for road traffic have received a great deal of interest during the 1990s. Nagel and 
Schreckenberg [4] have analysed vehicular movements with a CA car-following 
model. Based on the Nagel-Schreckenberg model the dynamics of CA models are 
investigated. An example may be the so-called ‘velocity dependent rules’-model, 
where the focus is on the occurrence of meta-stable states or the synchronised traffic 
[5]. This simulation model can be used for large-scale networks and because of the 
speed capability of the model even for traffic assignment and traffic forecast purposes 
[6]. 

Renewed interest in the gas-kinetic description of freeway traffic flow has led to a 
multilane gas-kinetic model of freeway traffic [7]. Hoogendoorn and Bovy [8] have 
extended the gas-kinetic modelling approach to describe generic traffic flows in an n-
dimensional space and present a new gas-kinetic model for two-dimensional 
pedestrian flows. 

In recent years, there has been growing interest in understanding traveller 
behaviour, including that of pedestrians. Pedestrians are an integral part of the 
transportation system. Blue and Adler [9] have applied CA to model pedestrian flows 
and demonstrated that these models produce acceptable fundamental flow patterns. 
Klüpfel, et al. [10] presented a simple CA-model for the description of crowd motion 
in the microscopic simulation of evacuation processes on passenger ships. 

Although pedestrian flows are an important consideration in transportation 
research and these studies represent important progress, there are still few microscopic 
models for studying the movement and activity of pedestrians. We think, that the 
principles of CA for traffic flows are also applicable to the modelling and simulation 
of user behaviour in buildings and public spaces, although the specific mechanisms 
need to be changed. 

3. A cellular automata model of pedestrian movement 
In our model approach, a CA model is used to simulate pedestrian movement along the 
network of the system. The network is the three-dimensional CA model represented by 
the graphical representation of a state at a certain time. The refinement of the network 
will be expressed by the format of the network, for example a cube of size 0.4-meter. 
If an agent moves over the network, the left-behind occupied cell changes into an 
empty cell and another cell will be occupied. The navigation speed v is the number of 
cells that are crossed during an update time-step ∆t. The speed can be influenced by 



the occupation of other cells in the network and by the behaviour of an agent. The 
population of occupied cells could result in emergent behaviour. 

We define a regular lattice of some width W and length L. Cells within the lattice 
are given the notation cij , where 1 ≤ i ≤ W and 1 ≤ j ≤ L, and the type of cell ∈ 
{empty,decision,wall}.  Empty means the cell belongs to the walkway. Decision means 
the cell belongs to those cells (at the decision node) where agents have to decide where 
to go. Wall means that the cell is part of a wall, shop, etc. 

We define the state s of a cell x (actually cij) in the pedestrian walkway to be on 
(s(x)=1) if it is occupied by pedestrian pn, otherwise it is off (s(x)=0). Also we define a 
density δr (x) which shows the activity intensity around cell x. More specifically, it 
represents the number of neighbours of an on state in relation to the total number of 
neighbours in the Moore neighbourhood of cell x with radius r. In a d-dimensional grid 
with a Moore radius r, the number of cells n in the adjacent neighbourhood of cell x (x 
included) = (2r+1)d.  The updated cell x depends on the on states of all cells in the 
neighbourhood N of x (N(x)). To summarise the transition of a state of a cell from time 
t to t+1, 

 

 
 

The CA micro-simulation proceeds in time-step-slices. Let vmax the maximum speed 
and ∆t the  time-step; a time-step-slice is defined as ∆ts = ∆t  / vmax . For example, a 
maximum speed of 5 cells per second (2m/s) means a time-step-slice of 0.2 second. In 
each time-step-slice lane assignment changes the positions of all pedestrians according 
to local rules applied to each pedestrian. During a movement of a pedestrian based on 
the original Speed, the subsequent steps are ruled as follows: 
 
Step1: check decision-point 

If  decision-point is passed Then goto Step3  
 
Step2: check celltype 

If  cell-type=’decision’  
Then examine the behaviour of the pedestrian, which direction the pedestrian 
eventually wants followed by a turn in that direction; decision-point will be passed  

 
Step3: check cell 

If  cell isn’t occupied by a pedestrian and  cell-type=’empty’ or cell-
type=’decision’ Then  Walk  

 



Step4: check adjacent cells 
If  the cell over to the left (right) isn’t occupied by a pedestrian 
Then  Move to the left (right) cell Else Wait 

 
The movement during an update time-slice-step involves a non-deterministic crossing 
of at most one cell. Visualisation of pedestrian movement is organised in terms of 
single time steps. For example, a speed of 3 cells during a time-step of one second and 
a time-step-slice of 0.2 second implies a movement structure of walk-wait-walk-wait-
walk.  

4. Simulation model of pedestrian movement 

Figure 1: Graphical notation of the simulation process. 
 
Consider a shopping mall or shopping environment with shopping pedestrians. This 
environment consists of a street network, which can be presented by a network 
consisting of N nodes and L links and a set of establishments, consisting of S stores, 
restaurants, etc. A subset E of these N nodes represents the entry/departure points of 
the model. In the multi-agent model approach, agents represent pedestrians. Each 
pedestrian pn possesses a scenario, which includes among others behaviour-, 
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intentions- and activities-properties. A pedestrian pn is supposed to carry out a set of 
activities. That is, pedestrians are supposed to purchase a set of goods, become 
involved in window-shopping, and possibly conduct other, some related activities. We 
assume that the completion of an activity is a key decision point, where pedestrians 
will adjust, if necessary their activity agenda and anticipated time allocation to the 
activities not yet completed. Another decision point is every node of the network 
where pedestrians may decide to take another route, changing the anticipated duration 
of the overall visit to the shopping centre. 

The aim of our simulation model is to gain insight into pedestrian activity 
behaviour and movement. Figure 1 is the graphical notation that expresses the 
simulation process where actors represent pedestrians. 

Initially, we will realise 
different graphic representations 
of our simulation: an actor-
based view to represent the 
pedestrians in the simulation, a 
network-based view to represent 
the density size of occupied cells 
in the network, and a node-
based view to represent the 
decision points in the network. 

For a first impression, a T-
junction walkway is considered 
in a simulation experiment 
where pedestrians enter at 
random. 

Figure 2 gives an impression of the cellular automata grid with pedestrians, 
represented by arrows and actor-number, moving along the network. 

Figure 3 shows the first ideas for a generalised cellular automata object model. 
This model includes a TGrid and a TCell class definition. Herein, a TGrid object can 
contain multiple cells and where the position of a cell is expressed by an (x,y,z)-
coordinate. 

Figure 2: Cellular automata grid 
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By setting the grids width, height and depth properties, the grid object will create the 
accompanying cells on the correct positions. The ‘Data’ property is another significant 
property, which both the TGrid and TCell classes have. With this ‘Data’ property, the 
objects of those classes can keep track of any needed data. For example, the alive state 
for a cell x of type Tcell can be set by the assignment  x.Data.Item(“Alive”)=True. By 
calling the method Step of TGrid, one simulation step will be executed.  

In the TCell class definition, the methods with <<stereotype>> event are events; 
you can associate code for those events of the objects of that type. When calling Step 
the following will happen: 

1. The TGrid.BeforeStep event will be fired. 
2. Then for all cells: 

a. The OneCellStep event will be fired. This event will get a reference 
to that cell. 

b. The Step method of the cell will be called causing the Tcell.OnStep 
method of that object to be fired. 

3. The TGrid.AfterStep event will be fired. 
 
An example (Conway’s game of life) in Pseudo Visual Basic with this object model is 
given: 

Sub Grid_OnCellStep(cell:Tcell) 
count=CountLivingNeighbours(cell) 

If cell.Data(“Living”)=True Then 
 If count<2 Or count>3 Then cell.Data(“Living”)=False 

  Else cell.Data(“Living”)=False 
   If count=2 Then cell.Data(“Living”)=True 
  End If 

End Sub 

Besides this cellular automata part of the model, an agents part will be designed. These 
two parts of the model will be combined to let agents occupy a cell and give it the 
possibility to see the CA as its environment. So, the agent should be able to walk, 
look, or sense other information contained in the grid and their cells. 

5. Discussion 
In the present paper, we have discussed the concept of a multi-agent cellular automata 
model for simulating and visualising pedestrian movement. The development of a 
multi-agent system offers the promise of simulating autonomous individuals and the 
interaction between them. Given limited allowed space, we have described some 
principles underlying a simulation of pedestrian movement to illustrate our approach. 
In addition, we have briefly discussed some ideas for a generalised object model of the 
cellular automata model. In the near future, aspects concerning the simulation of 

Figure 3: First cellular automata object model set-up 



movement and behavioural aspects such as visual range, attractors, avoidance 
behaviour, and navigation will be further elaborated. 
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