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Summary:  Computer  simulations  have  become  an  important  tool  for 
analysing egress processes and assessing evacuation concepts. Especially so 
called microscopic models can by now be considered state of the art. 
In this paper we will describe the software PedGo which is based on a 2D 
cellular automaton and its application to the simulation of evacuations form 
large and complex structures. The focus is on the practical application to full-
scale  scenarios.  As  an  example,  we  show  results  for  the  egress  from  a 
football stadium.
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1 Description of the CA-model
PedGo  is  based  on  a  stochastic  Multi-Agent  Model  where  the  space  is 
divided into quadratic cells of size (40cm)2 (cf. Figure 1). Consequently, the 
time is measured also in discrete steps (identified as 1s in reality). Each cell 
can be either empty, occupied by at most one person, or be non-accessible 
(e.g. wall or furniture). Since the laws for human behaviour and interaction 
are not known in detail, PedGo is not based on a first principles approach for 
human  behaviour  modelling  but  the  model  parameters  are  rather  an 
estimation of the effective (phenomenological) behaviour of and interaction 
between individuals.



Fig. 1 Representation of the geometry as a grid of cells.  The orientation 
potential is indicated by the shading. The darker the shade is the larger is the 

distance to the exit.

The orientation of the persons when leaving a building or vessel is usually 
based on the signage. The routes are represented in the model by a piece of 
information about the distance to the next exit, respectively destination put 
into each cell (cf. Figure 1, right).
For  complex  geometries,  several  potentials  can  be  defined.  Then,  the 
population is divided into groups and each group is assigned to a different 
potential.
The transition probabilities are then given by:
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where Pi  is the potential value of cell i, P0 the potential value for the current 
cell, and  pi is the probability for transition to cell  i (without the necessary 
normalization constant). The so called inertia Θ favours the movement into 
the current direction, i.e. every pedestrian has a direction, even if she stands 
still.  The  computation  of  the  potential  values  Pi is  based  on an extended 
Manhattan  metric  (with  eight  neighbouring  cells)  and  an  additional 
smoothing algorithm. Basically, for a hallway with the exit at the left, the 
potential value is 10 times the distance in cells: If the cell index along the 
hallway is  i,  then  Pi=10.i.  This must of  course be in accordance with the 
choice of the parameter  S in the formulas above (see also table 1 and the 
following section).

2 Validation of the model and calibration of the 
parameters

There is a set of six parameters:  vmax, tpatience, treact, S, porient, and Θ. S and Θ are 
explained by equations (1) and (2). vmax is the free walking speed, after a pedestrian 
has been waiting in a queue (v=0) for the time tpatience he changes his strategy and 
follows another route (routes are represented by potentials as explained above). The 
reaction time treact is the individual off-set before movement starts and finally porient is 
the probability for stopping (v=0), which is applied in every time-step.
The fundamental diagram of the model (for a long hallway) is shown in 
figure 2. The parameters used in the simulation of the evacuation of the 
sports stadium can be found in table 1. For the calculation of the fundamental 
diagram, the walking speed was set to 2 to 5 cells per time-step and the 
orientation frequency to 0 to 0.3. All the other parameters are as in table 1.
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Fig. 2 Fundamental diagram for a hallway with uni-directional flow. 
Empirical curve adapted from [4].

3 Simulation of the evacuation of a football stadium
The structure investigated in this example is a football stadium which 
consists of seven levels. Of course, these levels can not really be considered 
floors in the same sense as for, e.g. an office building. However, in order to 
simulate the process correctly, seven levels had to be defined, since all the 
stairs are projected on the floor below in the model. Accordingly, the 
horizontal free walking speed is divided by two on stairs, which is a 
combination of the reduced walking speed along the incline and the 
geometrical factor (cos α, where α is the angle of the stairs).
The parameters used in the simulation are shown in table 1. The model 
defined in the previous section is sufficient to simulate also very complex 
scenarios like the football stadium without additional enhancements. 
Figure 3 shows simulation results for the stadium.

Minimum Maximum Mean Standard 
Deviation

Unit

Free walking 
speed vmax

4 4 - - cells/s

Patience tpatience 5000 5000 - - S
Sway S 1 5 3 2 0.1a

(=4cm)
Reaction time treact 0 0 - - S
Orientation 
frequency porient

0 0 - - %

Inertia Θ 1 5 - - %
Table 1 The parameters are distributed according to a Gaussian with the tails 

cut off.



Fig. 3 Sketch of the stadium.

An important information is where congestion occurred. Congestion is easily 
defined by the local density. We use the following measure: Local congestion 
is defined by a density that is higher than 4 Persons per square meter. If this 
density is exceeded for longer than 10% of the overall egress time, the 
congestion is called significant. Fig. 1 shows the areas of significant 
congestion.

Fig. 4 Analysis of the densities occurred during the simulation. The red areas 
indicate significant congestion as defined in the text.



We have investigated three different scenarios concerning the population 
characteristics: 

3.1 Case 1
Min Max Mean StdDev.. Units

Walking speed. 4 4 - - cells/s
Patience 5000 5000 - - S
Sway 1 5 3 2 0.1a

(=4cm)
Reaction time 0 0 - - S
Orientation 0 0 - - %
Inertia 1 5 - - %

3.2 Case 2
Min Max Mean StdDev.. Units

Walking speed. 2 5 3 1 cells/s

3.3 Case 3
Min Max Mean StdDev.. Units

Walking speed. 2 5 3 1 cells/s
Reaction time 0 30 15 5 S
Orientation 0 30 15 5 %

The results for the different cases are compared in Fig. 4.
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Fig. 5 Results for the different scenarios.

4 Summary and Conclusions
We have briefly described a two dimensional cellular automaton model for 
the simulation of crowd movement and evacuation processes. The model has 
been applied to simulate the egress from a sports stadium. The results 
obtained are within those provided by observations from the staff.
The approach provides two big advantages: 1) it is rather easy to handle and 
therefore efficient, 2) animations can be generated from the simulation which 



allow to analyse the evacuation in an intuitive way. Of course, the detailed 
analysis based on curves like the one shown in figure 4 also provides 
valuable information for improving procedural or geometrical aspects of the 
structure.
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