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Abstract— This paper considers the problem of developing
suitable behavior models of human evacuees during a robot-
guided emergency evacuation. We describe our recent research
developing behavior models of evacuees and potential future
uses of these models. This paper considers how behavior models
can contribute to the development and design of emergency
evacuation simulations in order to improve social navigation
during an evacuation.

I. INTRODUCTION

Our research is attempting to develop robots that are capable
of helping people evacuate during an emergency [1]. In order
to accomplish this task the robot must not only navigate
social environments such as hallways, entry ways and exits,
it may also need to avoid collisions or, perhaps, even feint
collisions in order get people to move out of its way. Man-
aging the collision avoidance and social navigation problems
in such environments is extremely challenging for a variety
of reasons [2]. First, emergencies are rare events and difficult
to predict. Hence, running real world experiments in which
robots attempt to guide evacuees during actual emergencies
is not practical. Moreover, emergencies can be unique. Earth-
quakes can damage buildings making navigation maps unus-
able. Fires may require evacuation to distant or improvised
exits and avoidance of certain areas of a building. Finally,
people do not always react rationally during an emergency
[3], [4]. Depending on the type of emergency, humans
may not evacuate at all, freeze and remain motionless, or
blindly comply with obviously incorrect information. Given
the wide range of potential environments, emergencies, robot
designs, and evacuees, evaluating the effectiveness of a
robot’s guidance requires the use of simulation experiments.
Although simulation modeling of evacuations [5]–[8] and
human behavior modeling during emergencies is an active
area of research [3], [9]–[11], relatively few groups are
exploring the development of robot emergency guides [12]–
[14].

Yet using simulation to evaluate robot designs, behaviors,
or evacuation strategies is also problematic for a number
of reasons. For instance, the behavior of other evacuees
has a strong influence on the experiment’s human subject
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(Fig. 1) [15]. In fact, during an evacuation, the behavior
of other evacuees is often a determining factor impacting
when and how quickly a person evacuates [4]. Our previous
simulation experiments demonstrate that people often follow
the crowd, in spite of the robot’s suggestions [15]. Moreover,
an important aspect of designing a robot that guides people
during an emergency is understanding how people will react
and respond to the robot [16]. Yet, simulations may not
generate the same visceral response as actual emergencies
[17]. Specifically, will evacuees follow an emergency guide
robot? If so, how closely will they follow the robot? Will
they follow it through closed doors? Will they hold the door
open for the robot? Will they follow the robot if it signals
a change in direction? Clearly we have an ethical obligation
to thoroughly evaluate emergency evacuation robots prior to
their deployment [18].

Our research is currently working to address these prob-
lems. We are currently in the process of developing behavior
models of evacuees that we will then use to create more
realistic simulation environments (discussed more below).
We are also developing realistic simulations in virtual reality
to improve the realism of the experience for the purpose of
better understanding social navigation during an emergency.
The remainder of this paper presents our preliminary data
and ongoing research on this topic.

II. MODELING EVACUEE BEHAVIOR

This section details our method for creating and using
behavior models of evacuees.

A. Creating Behavior Model

Given that evacuee behavior is strongly influence by the
other people experiencing the emergency, in order to begin
to improve the accuracy of an emergency simulation one
must also simulate the behavior of the other evacuees [8]. To
do this we are currently running human subject experiments
that capture and record an evacuee’s behavior to a robot’s
guidance directions when an alarm has sounded in a physical
environment. Specifically, we have naive human subjects
arrive at the experimental site (Fig. 2). These subjects are
briefly introduced to a guidance robot which leads them to
a cubicle in order to read and comment on an article. While
reading the article a smoke alarm is sounded. The subject
has not been informed that a smoke alarm will go off during
the experiment. The subject then chooses whether to follow
the robot’s guidance directions to an unfamiliar exit or may
exit the way they came.

We are using this general experimental paradigm to test
two different types of emergency evacuation robot systems.



Fig. 1: A simulation experiment is depicted in which the subject chooses to follow the robot during an emergency or groups
of people running towards a different exit. Our work shows that most people follow the crowd.

Fig. 2: The subject enters the experiment from Exit 1. Upon entering they are introduced to the robot near Exit 1. The robot
leads the person to point P1. The subject sits at a cubicle in the Task Room. If the robot system under test is a shepherding
system, when the alarm sounds the robot leads the person from point P1 through point P2 to Exit 2 stopping at point P3. If
the robot system under test is the handoff system, three individual robots are placed at points P1, P2, and P3 again directing
the subject to Exit 2.

The first is a shepherding robot which is a single robot that
guides individuals or groups to exits. The second system is a
handoff system in which robots are deployed to the important
evacuation decision points (e.g. hall intersections). Each
robot remains at that position and points to either the next
robot along an evacuation path or to the desired exit. These
two types of robot systems are being tested with either single
evacuees or groups of evacuees. We are recording video data
capturing the person’s movement through the environment.
Soon we will explore some variations of a simple evacuation.

Specifically, we intend to capture the subject’s behavior
when the robot’s guidance directions change mid-evacuation,
when the robot must guide through a closed door, when
confederates ignore the robot’s directions, and when the
robot instructs the subject to shelter in place.

Nearly seventy human subjects have participated in our
experiment to date (Fig. 3). Importantly, our intent is to
capture the descriptive statistics representing the human
subject’s behavior. This is in contrast to traditional human-
robot interaction (HRI) studies which tend to focus on



Fig. 3: A subject following the robot to an exit.

hypothesis testing of a limited number of hypotheses. These
descriptive statistics include measures of the person’s speed,
local distance from the robot, evacuation time, and the
response time of the participant between the sounding of
smoke alarm and evacuation action. These measures will
allow us to create parameterized behavior models represent-
ing each human subject’s behavior during the evacuation
[19]. Although the form of these models has yet to be
determined, we envision some form of parameterized finite
state machine that can be used in conjunction with a specific
set of experimental parameters to generate motion commands
representing prototypical evacuees behavior (average mo-
tions), exemplar behavior (behavior tied to specific individual
subjects), or variations which randomize elements of the
subject’s behavior.

B. Using Behavior Models

As mentioned, we intend to use these behavior models as
a tool to facilitate the evaluation of emergency evacuation
robots. In the simulation environment pictured in Figure 1,
the evacuating crowd runs at a fixed speed to an out of
sight exit. While this type of crowd behavior is possible,
it is unlikely given that most emergencies generate an initial
sense of confusion accompanied with information seeking
behaviors [3].

The most straightforward use of these models is to vary
the type of environment (number of exits, number of corri-
dors, etc.) and to use the behavior models to estimate the
evacuation time or other evacuation statistics. For example,
given a floor plan for school, we might use the behavior
models to estimate how long it will take students located
in particular classrooms to follow a robot to an exit. These
estimates could then be compared to a limited number of
physical experiments.

Another potential way that these models could be used
is to create different demographic groups and estimate the
amount of time a robot-guided evacuation would require.
For example, estimating how long it would take to evacuate
able bodied older adults from a nursing home or pregnant
mothers could again inform the design and use of the robots
(e.g. speed of the robot, number of robots, etc.). Of course,
in order to evaluate these different demographic groups we
need to study participants of each type. Currently we have
several older adults that have participated, but we are not
aware of any pregnant women that have joined our study.

One final method for using these behavior models is to
combine different models to generate estimates of evacuation
time for different scenarios. For example, using a behavioral
model for a shelter in place scenario, followed by a behavior
model for an evacuation, followed by a behavior model
captured when the robot redirects the person to a different
exit. Although the individual behavior models will have been
generated by three different subjects, it may be possible
to produce a rough estimate of the evacuee’s behavior by
simply using different models for different events during the
evacuation.

Experimentally, the resulting data could serve as a baseline
estimate for in-person experiments or it could govern the
behavior of Non-Player Characters (NPCs) in a simulation
with a human subject. Hence, the human subject would
be surrounded by NPCs using these behavior models with
the reactions of the human subject being experimentally
observed and recorded. Presented in an immersive virtual
reality simulation we believe that we will be able to produce
realistic environments with NPC behavior that reflects the
behavior of true human subjects.



III. LIMITATIONS

We are making a number of important assumptions and there
are certainly limitations to our approach. One assumption is
that the data generated by one or many evacuees during a
robot-guided evacuation will be correlated to and predictive
of other evacuees’ behavior during different emergencies.
This assumption only holds to a limited degree, however.
Evacuee behavior after an explosion and fire is unlikely to
predict evacuee behavior during small, non-threatening fire.
Nevertheless, we believe that our research can provide a
type of foothold for representing how people evacuate in
the presence of a robot which can then be expanded to
new situations and evacuee types. Specifically, by capturing
people’s behavior towards the robot in response to an alarm,
we record information about following speed, likelihood
of following, and response to robot guidance actions. This
information is necessary for designing evacuation robots and
could be useful for related applications, such as path clearing
for evacuees [20].

Furthermore, we recognize that changes to the robot or
the environment could influence the resulting models and
parameters. It will be necessary to occasionally perform in-
person experiments to evaluate if and how much the behavior
model has drifted from real world results. Simulation exper-
iments may inform robot and experimental design and focus
the research on the most promising hypotheses, yet cannot
serve as a complete substitute for in-person experiments.

Our long-term hope for this work is that a catalog of
pedestrian behavior models could be compiled allowing
researchers to more accurately simulate the actual social
navigation behavior of individuals and groups during emer-
gencies. This catalog could serve as an important tool,
perhaps allowing HRI researchers to compare algorithms,
systems, and behaviors for a fixed context and reasonably
accurate set of behavior models.

IV. CONCLUSIONS

This paper has briefly introduced our ongoing research to
create behavior models of human evacuees while being
guided to an exit by a robot during a simulated emergency.
The resulting behavior models will contribute to the real-
ism of our emergency evacuation simulations. This added
realism will assist in the design and use of emergency
evacuation robots. Over time, we hope to create a catalog of
behavior models representing different evacuation scenarios.
This catalog could serve as a method to evaluate potential
robot social navigation algorithms applied to the emergency
evacuation domain.
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