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Abstract

Evacuation simulation receives growing interest over the last decades. It is intimately
connected to two other areas of research that continuously stimulate the research
in the field: pedestrian dynamics and fire safety engineering. Empirical data play
a particular role in both aspects of evacuation: the movement of persons and the
influence of hazards. However, in an evacuation exercise only information about the
first can be retrieved, since there are no hazards present. In this paper we will –
after some general remarks – present results gained from an evacuation exercise
in a movie theater. 100 students took part in this exercise. They were informed
about the nature of their involvement. Information about the movement of every
individual was recorded using video cameras.
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1 Introduction

The focus of the paper is clearly on empirical data about pedestrian movement
in a mimicked evacuation process. Since the execution of an experiment –
especially where human beings are involved – needs certain considerations
regarding the variables to be observed and the practical, ethical, and financial
constraints. Therefore, some remarks highlighting these aspects are contained
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in this section.
The outline of the remaining sections is as follows.

1.1 General remarks

Pedestrian dynamics is a field that receives growing attention. This is due to
different factors: Advances in the theory of modeling complex phenomena, the
availability of powerful computer hardware enabling large scale simulations,
and the increasing interest in the various fields of application.

One of those applications that has a long tradition is the analysis of evacuation
processes. The intention of this paper is not to treat this topic in depth, but
to focus on the possibilities to validate model assumptions and verify results
of a simulation by comparison with empirical data.

In the following sections some remarks are made concerning the different as-
pects that have to be taken into account, the general strategy for the task of
evacuation analysis, and the limits of the simulation of evacuation processes.
These will be kept brief, since the focus is clearly on the data recording and
evaluation which will be treated in the remaining sections.

We carried out a similar exercise in cooperation with a German high-school.
The evacuation exercise was recorded on video-tapes, too. The participants
were not individually marked in this case. The results will be reported else-
where [2].

1.2 Aspects influencing an evacuation or evacuation exercise

A schematic view of the influences on an evacuation analysis can be seen in
figure 1. This is only a rough classification along the lines pointed out in [3].
Other authors use the following terms: layout/geographic, behavior/occupants,
demographic/distribution, hazard/propagation, availability of facilities and
personnel [4].
With respect to the pursuit of this paper the rough scheme is sufficient. The
concrete influences in the case studied here are the following:

(1) Environment: no hazards, no aggravating circumstances
(2) Configuration: Escape route signs
(3) Procedure: Alarm signal, staff
(4) Behavior: Route choice, walking speed, pausing for orientation
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Fig. 1. Influences on an evacuation: The rectangles represent the parts covered by
parameters. The behavior is determined by the variables describing the movement
of the evacuees [3].

1.3 Different approaches for evacuation analysis

Overviews can be found in [3,5,4]. Regression models (hydraulic/hydrodynamic),
queuing models, route-choice models (mesoscopic), macroscopic models, and
gas-kinetic models (differential equations), microscopic models (social force
model [6–9] and Cellular-Automaton-Models (CA-Models) [10–13])

1.4 Simulation of evacuation processes

Independent from the underlying model, every simulation requires data for
validating the model assumptions and verifying the results. The exercise de-
scribed here was performed to provide means for testing the model and sim-
ulation results.
Therefore a simulation that mimics the experimental situation has been car-
ried out and the results compared. The basics of the model and the simulation
will be described elsewhere [14]

1.5 Benefits of evacuation analysis by simulation

Apart from the fact that a simulation based on microscopic principles (e.g.,
on the level of individual persons) is assumed to be closer to reality than a
more coarse grained approach, there are some more advantages of basing the
analysis on a computer simulation:

• Detailed information about individual egress
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• Visualization
• Inclusion of behavioral aspects
• Consideration of the influences described in 1.2

2 The need for empirical data

For the validity and acceptance of an analysis the empirical data supporting
the assumptions are crucial. However, data, especially on human behavior, is
scarce [3,15–23].

2.1 Validation of the Model and Verification of the Results

In the case of microscopic models, the basic assumptions can be validated by
comparison with detailed (concerning individuals and their movement) data.
Depending on the number and type of the variables and parameters, different
types of data are required. An example is the egress of one person. Recording
the initial position, the exit taken, and the egress the information is similar
to that available from the simulation.

Even when single person data is not available, aggregated data (like flow-
density relations) can be used for comparison with the relations put into
macroscopic or flow models and queuing models. A second aspect, which is
equally important, is the comparison of the predicted results of an analysis
or simulation with real world data (e.g., number of persons egressed versus
time). Of course, the special circumstances under which the data were gained
must be taken into account.

2.2 Statistical and Individual Data

Statistical Data is available for the motion of persons [24,6,25–29]. This data
can be used to verify assumptions for macroscopic models (like flow-density
relations) or the output of simulations based on microscopic models. To vali-
date the assumptions and basic properties of microscopic models, this is not
enough. Data about the movement and behavior (e.g., orientation frequency,
reaction time) of individuals is necessary.

With respect to individual data, a basic distinction can be made: On the one
hand, there are variables that are usually measured for the whole group. These
data can only be measured for individuals, if they can be identified. On the
other hand, there are data that do not require the identification of persons.
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Fig. 2. Layout of the movie theater. The points where the persons were counted are
marked by hexagons. The dashed line represents two additional stairs separated by
a terrace (cf. figure 5).

Fig. 3. Positions of the cameras.

The first group comprise the following: egress time, exit chosen, and the influ-
ence of parameters on the former. The second group consists of walking speed
and orientation frequency. These later will not be analyzed in this work.

The key feature of the data presented here is the recording of every individual
person and his or her way out. This allows to determine individual egress times
and the dependence on the initial position and the exit chosen.

3 The evacuation exercise

3.1 The layout of the building

The building was a so-called Multiplex movie theater. The details of the layout
are shown in figure 2.

There are three escape routes available. In the figure there are two marked
(route 1 and route 2). The third route is the one leading through the fire door.
It was available but not used during the exercise. This might be due to the fact
that the other two were explicitly marked as escape routes by the respective
signs.

3.2 Procedure

(1) All participants wore a hat. The hats were sequentially numbered (cf. fig. 4).
(2) The number of the person for each seat was recorded.
(3) While the leader was running the alarm was triggered.
(4) The leader was stopped, full lighting turned on, and a message announced

via the public address system: “There is a technical problem. Please leave
the building via the marked exits.”

(5) The persons started evacuating.
(6) A person was considered evacuated when she reached the street resp.

parking garage.
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3.3 Population

The participants were all students. Of course, this is a restriction. However,
in order to keep the costs low and to overcome some practical hindrances (like
encouraging enough participants, organizing the exercise, etc.), the approach
has an acceptable cost-benefit-ratio.

3.4 Restrictions and Limitations

In addition to the restrictions mentioned, we would like to point out some
further limitations in order to avoid any misunderstanding. Of course it is
easy to discrete the procedure chosen by arguing that it is unrealistic.

• The people were informed in advance. When marking every person un-
ambiguously, this seems to be an unavoidable restriction, at least at the
moment and with the equipment available.
• The population was homogeneous.
• There were no hazards present.
• Everyone was urged to act carefully and avoid injuries.

Therefore the results should be seen as representing an optimal case. Any de-
viation from those optimal conditions might change the outcome dramatically.
We do not claim that this exercise is realistic in the sense that it is close to
what will happen in a real emergency. It is rather intended as a starting point
for investigating the crowd dynamics under certain circumstances.

4 Results

The results are twofold: on the one hand the data about the motion and
egress times of the single persons; on the other hand the comparison with the
simulation. In figure 4 snapshots of the video camera that was placed in the
theater (see figure 2) at different times are shown. This gives an impression of
the sequence of the exercise. In figure 5 one can see the simulation snapshots.
Only part of the egress ways is covered by the camera picture (cf. figures 2,
5). There have been further cameras recording the events at the other parts of
the theater (figure 3). Altogether, five cameras were used, one in the theater
and four for surveillance the exits. One exit was not used (cf. figure 2), so
Camera 2 (figure 3) did not record anything.

There is a difference between the exercise and the simulation (cf. figures 5, 4).
The reason is mainly due to two factors: In the simulation the persons do not
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Fig. 4. Snapshots showing the evacuation exercise at times t = 0s, t = 10s, t = 25s,
and t = 40s. The position of the camera can be seen in figure 3 (Camera 1).

Fig. 5. Snapshots showing the simulation at times t = 0s, t = 10s, t = 40s, and
t = 65s. The original output is colored. Here, the darker the shade, the lower the
velocity. Walls and seats are black, stairs and doors gray (as can be seen on the
bottom right picture).

Table 1
Constitutive parameters and results of the evacuation exercise. Four persons, that
could not be unambiguously identified on the videotapes due to missing hats, have
been included in the simulation. The routes A and B can be seen in figure 2

Exercise Simulation

Number of Persons 97 101

Number of Seats 174 174

Level of occupancy 0.56 0,58

Overall

Time 66 seconds 68 seconds

Mean egress time 44.0 seconds 38.4 seconds

Median 45 seconds 39 seconds

Route A

Time 45 seconds 68 seconds

Mean egress time 31.1 seconds 35.0 seconds

Median 31 seconds 35 seconds

Route B

Time 66 seconds 63 seconds

Mean egress time 53.1 seconds 42.0 seconds

Median 53 seconds 44 seconds

choose their route deterministic. So there is a deviation between simulation
and exercise. Furthermore, the flow of persons in the simulation is a bit lower,
since they keep a minimal distance from each other, depending on the walking
speed.

Apart from the statistical values, the times for the single persons have been
analysed with respect to the initial position. The results are shown in table 2.
From the data shown in table 2 it can be hypothesized that there is a connec-

tion between the choice of the exit and the individual egress time. To quantify
this connection the mean of the times for each row and each seat number was
computed as well as the ratio of persons in each row or column (same seat
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Table 2
Individual egress times (until the persons had left the building) for the exercise.
The rows in the table correspond to the rows of seats and the the columns to the
seat numbers. The gray cells show those persons that have left the building via the
rear exit (see figure 2: exit B).

Seat 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Row

1 14 12
2
3 23 20 28 30 39 30 17
4 35 31 32 25 24
5 35 34 37 36 63 66 31 20 19
6 25 28 60 61 61 41 38 38 28 26
7 56 58 55 59 45 44 40 26 23 25
8 49 56 55 65 64 61 42 42 42 33
9 48 48 46 43 44 60 60 60 41

10 47 44 47 49 57 62 62 51 53 58 42
11 49 48 47 47 62 62 61 58 58 60
12 50 41 51 51 50 46
13 53 52 39 38 39 45 43 52

Table 3
Individual egress times (until the persons had left the building) for the simulation.
The rows in the table correspond to the rows of seats and the the columns to the
seat numbers. The underlines show those persons that have left the building via the
rear exit (see figure 2: exit B).

Seat 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Row

1 8 8 5
2 12 3
3 12 23 38 42 27 9 18
4 47 51 39 23 10
5 15 36 32 63 61 53 58 40 18
6 15 41 20 52 56 56 34 24 25 16
7 25 59 33 44 57 60 54 51 30 42
8 18 34 37 64 59 64 48 50 30 28 45
9 30 44 35 61 46 50 54 43 21

10 40 32 50 45 68 32 60 41 60 21 19
11 29 56 60 60 48 48 55 47 39 22
12 27 54 44 38 21 28
13 25 23 56 58 62 30 39 34

number) that used the rear exit. The correlation coefficient for the egress time
and the use of the route B for the rows and seat numbers is

crow,time = 0.81 (1)

cseat,time = 0.92 (2)

This connection between exit choice and egress time is different in the exercise
and the simulation. This is due to the distance keeping implemented in the
simulation.
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Another important result is the usefulness of the method. We have shown that
it is feasible to record an exercise using video cameras and evaluate data about
single persons when marking them with appropriate means.

5 Summary and conclusion

We have reported results on an evacuation exercise performed in a movie
theater. The focus was on the recording of individual movement, behavior,
and especially egress times. A strong correlation was found between the choice
of the exit and the individual egress time.
Furthermore, from a methodical point of view, simple measures have been
tested and proven useful for marking individual persons and recording their
movement. The technical equipment basically consisted of five video cameras.
One compromise that must be made if the persons are recorded individually
is that due to the need to mark them, they have to be informed in advance.
Another exercise was carried out and videotaped in a school. However, in
this case, no individual marking was possible. The results will be reported
elsewhere.
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