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Abstract— This work examines the differences between real
and simulated experiments in a multi-robot coverage task.
Multi-robot experiments that examine the effect of no com-
munication, direct communication, and message passing were
conducted. Preliminary results are presented showing how sim-
ulation results vary from experimental results using different
environmental configurations and communication paradigms.
This works shows that it is critical that researchers perform
real world experiments to obtain credible results.

I. INTRODUCTION

Simulations are used to model problems and solutions
before real world validation. They allow for speedy testing
and prediction of physical robot experiments. However, a
problem occurs when simulation results are not consistent
with real world results. While factors that affect results (such
as sensor noise and team size) have been studied, we study
the effects specific to multiple robots.

Predicting multi-robot performance is particularly impor-
tant because of the time and cost of using multiple robots.
Therefore, it is critical to know how well simulations predict
multi-robot performance. Having multiple robots in an ex-
periment provides significant reasons as to why simulations
differ from physical experiments. For instance, interference
and latency from message passing affect simulation differ-
ences.

In this paper, we show how factors specific to robot
teams such as interference and message handling affect how
well simulations approximate performance of multi-robot
experiments using various environmental configurations and
communication paradigms. We suggest that determinants
that are present in a real environment cannot always be
accounted for in a simulation. For that reason, it is critical
that researchers perform real world experiments to obtain
credible results.

II. APPROACH

Intelligent mobile robots are traditionally structured using
a behavior-based approach [1]. This approach allows a robot
to operate in a dynamic environment where its actions are
determined by what it senses in its environment (see Figure
1). However, different factors have an effect on how a robot
performs in the model.

For a single robot, sensor error, latency, and the environ-
ment affect performance. A robot receives data (odometry,
laser, and distance) about its environment. So, how well a
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Fig. 1. The behavior-based model consists of a sense, compute, and
act state. Robots choose their actions depending on what is sensed in the
environment.

robot senses the environment is affected by sensor error.
Thus, accurate error modeling is essential to achieving fea-
sible robot prediction in simulation.

Latency is introduced because of the delay between sens-
ing, computing, and acting. However, latency is an issue that
is usually not modeled in simulation [2]. Also, the structure
of the environment ultimately determines which behaviors
the robot executes and thus affects performance [3]. Re-
searchers acknowledge this fact by using many different
environments in simulation.

When using multiple robots sensor error, latency, and
environment still affect performance, however interference,
communication paradigms, and message passing have an
effect as well. This makes it harder to predict how a multi-
robot system will behave as opposed to a single-robot system
[4].

Interference occurs when multiple robots try to occupy the
same space. We conjecture that communication paradigms
and environmental configuration influence robot interference.
Different forms of communication allow robots to share
information and divide work, thus impacting interference.
Environmental configuration varies depending on the ratio
of open space and obstacles in an environment. So, if there
are many obstacles, robots may spread out more as they try
to avoid obstacles resulting in less interference.

In addition, robots may share erroneous data if they
communicate. So, a single robot’s actions are dependent not
only on what it senses but computed data from other robots as
well. By passing messages, the computation and processing
load may strain the system resulting in poorer performance.
The more messages that are sent, the more time robots have
to spend processing those messages.

Through experiments, we will examine the hypothesis
that different factors, such as interference, communication
paradigms, and message passing affect the accuracy of
simulations when using multiple robots.



III. EXPERIMENTAL SETUP

Our experiments used both simulated and physical robots
for comparison. Webots [5], a 3-D mobile robot simulator,
was used for the simulation environment. K-team Koala
robots were used for physical experiments. The real robots
were equipped with a Hokuyo URG laser range finder and a
Hagisonic StarGazer Localization System. The robots in sim-
ulation used global positioning sensor (GPS) for localization
as well as a laser range finder sensor.

A frontier-based algorithm [6] was used for the coverage
task where robots recursively explore an unknown area while
building a cellular representation [7]. Frontiers are the areas
between unknown and open space. As robots detect frontiers,
they store them in a list of areas to explore. The frontiers
are visited to gain more knowledge about the environment,
thereby recursively exploring.

We conducted three sets of multi-robot experiments: no
communication, direct communication, and message passing.
A team of three robots were dispersed into an unknown
environment and allowed to explore for all experiments. Five
trials were run in the real environment and 20 trials were run
in simulation. A wheel encoder noise was added to the trials
run in simulation to compensate for error in the real world.

IV. EXPERIMENTS AND RESULTS

The three multi-robot experiments and results from both
simulation and real robot experiments are presented in this
section.

A. No Communication

Six 6x6 meter testing environments (see Figure 2) were
used. For this set of experiments, no form of communication
was established between the robots. Figure 2 shows the pro-
gression of the robots as they covered an environment over
time. The same trend was present in all six environments.
The area was covered at a slower rate with the real robots
than with the simulated robots. This is because it takes more
time for the real robots to process information and react to
the environment.

The real robots took more time to finish exploring the
environments than the simulated robots (see Figure 4). This
may be attributed to interference between the real robots.
However, interference did not have as large of an effect on
the simulated robots. The real robots had more incidents
where they had to avoid each other (see Table I). This
implies that interference between robots is a major factor in
the difference between simulation and real experiments. The
simulated robots also spent less time on average avoiding
each other than the real robots.

Table I also shows that some environments resulted in
more interference than others. This indicates that environ-
mental configuration has an indirect affect on robot perfor-
mance. For instance, environments with more open space
(environment 1 and 5) resulted in more occurrences of
interference for the real robots.

Fig. 2. The six environmental configurations used for the no communica-
tion and direct communication experiments.
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Fig. 3. Comparison of the average amount of area covered over time for
environment 1.

Fig. 4. Average time for the robots to finish exploring each environment
using no communication.



TABLE I
INTERFERENCE RESULTS USING NO COMMUNICATION.

Number of occurrences Time per occurrence (s)
Real Sim Real Sim

Env Avg σ Avg σ Avg σ Avg σ
1 5.2 1.79 1.5 0.95 16.87 8.61 2.03 1.75
2 3.6 1.82 0.6 0.99 13.33 9.11 0.86 1.35
3 2 1 0.4 0.68 11.57 2.59 1.08 2.05
4 3.8 3.77 0.55 0.69 12.38 8.93 0.7 0.98
5 5.4 3.44 1 1.13 8.06 6.03 1.22 1.21
6 1.6 1.95 2.6 2.09 6.48 7.34 3.41 1.72

B. Direct Communication

Experiments that used direct communication were also
conducted using six environments (see Figure 2). In these
experiments, the robots explicitly broadcast messages to all
other robots through point-to-point communication. Figure
5 shows the average amount of time the robots finished
exploring the environments. Like the no communication
experiments, the real robots took longer to finish than the
simulated robots. Unlike the no communication experiments,
the real and simulated experiments track performance for
environments 2 - 6.

As expected, Table II shows that there were less incidents
where the real robots interfered with each other as opposed
to using no communication. However, the simulated robots
had more incidents of interference in environments 2 and 4
compared to no communication.

Fig. 5. Average time for the robots to finish exploring each environment
using direct communication.

TABLE II
INTERFERENCE RESULTS USING DIRECT COMMUNICATION.

Number of occurrences Time per occurrence (s)
Real Sim Real Sim

Env Avg σ Avg σ Avg σ Avg σ
1 0.6 0.55 0.4 0.82 6.6 11.52 1.03 2.77
2 0.2 0.45 1.35 2.68 0.6 1.34 0.60 1.03
3 0.6 0.89 0.25 0.44 0.5 0.71 0.55 1.39
4 0.4 0.55 1.8 2.17 7.8 11.63 5.73 8.80
5 0.4 0.55 0.85 1.18 1.4 2.19 0.96 1.11
6 0.4 0.55 0.3 0.57 18.8 28.72 0.83 1.94

C. Message Passing Experiments
The last set of experiments investigates the effects of

message passing through point-to-point communication. Ex-
periments were performed using two different direct commu-
nication scenarios. In both scenarios, robots explicitly broad-
casted and deliberately transmitted and received messages.
In the first experiment, robots were allowed to transmit once
whether an area was open or closed. In the second experi-
ment, robots were allowed to broadcast more by transmitting
information about an area every time step it was observed.
The environmental configuration was 6x6 meters with a T-
shaped obstacle that represent walls of an office building (see
Figure 6).

The data collected includes percentages of the area cov-
ered in the environment. Figure 7 and Figure 8 illustrate
the difference between average coverage times for when less
and more messages were passed. Table III and IV show the
average times the robots reached 50% and 90% coverage.

The results for the simulations indicate that there is not
a significant difference between when robots pass less or
more messages. For example, at 50% of coverage, robots
that sent more messages were out performing those that sent
less messages. However, the results for the physical robot
experiments suggest that message passing affects team per-
formance significantly. Overall, the differentiation between
the two results demonstrates the need for performing both
simulation and physical robot experiments.

Fig. 6. Environmental configuration for the message passing experiments.
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Fig. 7. Physical Robots: Coverage time for less vs. more messages sent.
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Fig. 8. Simulation: Coverage time for less vs. more messages sent.

TABLE III
PHYSICAL ROBOTS: COMPARISON OF AVERAGE COVERAGE TIME FOR

LESS VS. MORE MESSAGES.

50% coverage σ 90% coverage σ
Messages time (ms) time (ms)

LESS 48,580.60 22,766.25 168,054.80 77,611.20
MORE 89,639.00 17,284.21 202,057.00 31,256.51

V. ANALYSIS

Communication paradigms influence interference. This
was proven because when the robots communicated, they
interfered with each other less and for a shorter duration
of time. Although robots individually choose their paths to
increase coverage, the lack of communication and coordi-
nation results in robots choosing the same areas to search.
Interference is still abundant in environments where the
absence of obstacles would eliminate bottlenecks.

We also found that some environments resulted in more
interference than others. Environments with less obstacles
obstructing the area resulted in more occurrences of inter-
ference than environments with obstacles. However, this is
more prominent in the real robot experiments. This suggests
that obstacles provide a means for spreading the robots so
that they interfere less.

To properly examine the hypothesis that unmodeled in-
terference affects how well simulations approximate per-
formance of a multi-robot experiments, we look at finish
time. If interference had an effect on real performance, we
would expect to see a correlation between the differences
between the real and simulated time-to-cover and time spent
interfering. Overall, interference in the direct communication
experiments is quite low and is not a significant factor
in performance. However, interference is high for the no
communication experiments and has a greater impact on
performance.

Results also suggest that message passing has a greater im-
pact on team performance in physical robot experiments than

TABLE IV
SIMULATION: COMPARISON OF AVERAGE COVERAGE TIME FOR LESS VS.

MORE MESSAGES.

50% coverage σ 90% coverage σ
Messages time (ms) time (ms)

LESS 12,323.20 2,539.81 24,523.20 7,754.59
MORE 11,971.20 2,261.45 26,072.00 8,565.13

in simulation. The higher standard deviations for message
delay in the real robot experiments indicate that it is more
unpredictable and variable when using real robots. Therefore,
when conducting simulations the effects of message passing
should be modeled for more realistic performance prediction.

VI. CONCLUSION

We show that there is a discrepancy between results
obtained from simulation and real experiments. It was deter-
mined that the major differences resulted from interference
and message passing between robots in the real experiments.
Different communication paradigms and environmental con-
figuration contributes to the differences also. These are
all issues specific to multi-robot experiments that are not
accurately modeled in simulation. Therefore, algorithms that
perform well in simulation may not perform well with real
robots.

Preliminary results obtained from comparing experiments
in simulation and a real world environment validate our
hypothesis that factors specific to multi-robot experiments
affect the accuracy of simulations. This shows that only
experiments run with real robots can accurately convey
how robots will actually perform. This is because there are
numerous factors that are either not thought of or cannot
be modeled that cause simulated results to differ from real
results when using multiple robots.
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