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ABSTRACT

One important aspect of research in multi-robot team ap-
plications focuses on integrating humans in the control loop
to perform collaborative tasks. Human operators are ex-
pected to assume many different roles in these systems. So
far, the research in this domain mainly considers situations
where tasks are independent from one another. In contrast,
the work demonstrated here describes a methodology and
software system for studying human behavior in multi-robot
control scenarios where tasks are complex and have different
types of dependencies.

Categories and Subject Descriptors

1.2.9 [Robotics]: Miscellaneous; H.1.2 [Models and Prin-
ciples|: User/Machine Systems—Human factors

Keywords
Human-Robot Interaction, Multi-Robot Systems

1. INTRODUCTION

Utilization of multi-robot teams has been one center of
attention for research concerning future approaches to dis-
aster recovery and military operations. Teamwork and co-
ordination aspects have been investigated by the multiagent
systems community, mostly focusing on computational com-
plexity and scalability of algorithms. Due to the critical na-
ture of missions in the possible application domains, human
operators and/or experts are expected to be integral play-
ers in the control loop of these teams in the near future.
Various approaches in the literature (see [5]) state that in
practice, one of the main limitations to deployment of agents
for decision support or collaborative control is cognitive on
the part of the human operator. Plans devised by state-
of-the-art multiagent systems are often discarded by human
experts if the plans are not understood or conflict with their
expectations.

The work presented here focuses on Single-Operator Multi-
Robot (SOMR) control in domains where tasks are depen-
dent on one another and/or constrained by the environment
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or mission specifications. Our approach includes integra-
tion of agent technology to assist human operators during
planning and resource allocation problems which arise par-
ticularly when an operator assumes a supervisory mode of
control. We have devised a human-centric taxonomy which
allows us to classify weaknesses and behavioral patterns of
human operators in complex task assignment situations. In
order to identify circumstances where agents might improve
performance, we have developed the Task Complexity As-
sessment Tool (TCAT), which presents a set of scenarios to
human subjects—encompassing points across our taxonomy—
and evaluates users’ performance with respect to each sce-
nario.

2. RELATED WORK

A widely-cited robot-centric taxonomy for multi-robot task
allocation was introduced by Gerkey and Matari¢ [2], to en-
able researchers to compare their results in terms of algo-
rithmic efficiency and complexity. The authors categorized
task allocation problems into a classification of task envi-
ronment composed of three dimensions: (i) number of tasks
that the robots can handle simultaneously (Single-task vs.
Multi-task); (ii) resource requirements of tasks (Single-robot
vs. Multi-robot); and (iii) available information during task
assignment (Instantaneous vs. Time-extended). Landen et
al., [4], extended Gerkey and Matarié’s work, by introducing
several new dimensions, two of which describe dependencies:
(iv) Independent vs. Constrained tasks; and (v) relationship
between the utilities of tasks (Unrelated vs. Interrelated).

3. SYSTEM

Our work studies task allocation problems from the hu-
man operator’s standpoint. Our task representation is clas-
sified based on two of the dimensions mentioned above: (ii)
required platforms: multi-robot (MR) vs. single-robot (SR)
[2]; and (iv) constraints: independent (ID) vs. constrained
(CN) [4]. The latter property represents the constraints im-
posed on the task either by definition or by the domain. A
constraint on a task can be one of the following:

e Temporal, such as a completion deadline;

e Explicit dependencies on other tasks, such as
t; {before,after,during,...} t; (e.g., scanning a room
with sonar (¢;) should be performed simultaneously
with scanning the same room with a camera (t;));



e Implicit dependencies imposed by the spatial constraints
of the environment (e.g., debris (¢;) must be cleared
before accessing to a room where a fire has broken out
(t5))-

To assess human behavior for coping with complex task
allocation scenarios, the TCAT system was developed. Hu-
man subjects who interact with the system are first pre-
sented with some test scenarios, in order to get accustomed
to the interface. After training, the human subjects are pre-
sented with scenarios (similar to the ones shown in training)
and are asked to assign robots to tasks as quickly as possible.
They have to assign the required number of robots for each
task in order to complete a scenario. Users receive a score,
based on the speed with which they completed their assign-
ment and the effectiveness of the allocation as compared to
a near-optimal solution (computed off-line).

3.1 Scenario

Scenarios are inspired from the RoboCup Rescue Simu-
lation domain [3] where heterogenous groups of agents at-
tend to victims, fires and road blocks in the aftermath of
an earthquake in an urban environment. In our scenarios,
a fixed number of robots (homogenous and single-task) and
tasks are scattered in a simulated office-like environment.
The tasks can either be a sensor-sweep task, where a robot
is expected to go to a specific location and send back sensor
information (e.g., camera feed), or response tasks resulting
from two different events, namely fires and structural col-
lapses creating debris. Fire extinguishing and debris removal
tasks may require multiple robots to execute, and they block
any access to the areas in which they appear. Sensor-sweep
tasks can be executed by a single robot and do not block
access. For the demonstration, a scenario is considered com-
plete as soon as a plan is generated by the user where each
task in the scenario is assigned (execution is not required).

3.2 Interface

The TCAT interface (developed in C++, using Qt and
OpenGL) users employ to generate a plan consists of two
components (Figure 1). The map panel displays the posi-
tions of the robots, tasks, other environmental features and
the anticipated paths from robots to their assigned tasks.
The allocation panel is the main component where users can
assign tasks to robots. It displays robots, assignments, tasks
and additional information such as the remaining number of
robots required per task and dependencies between tasks.
Users can delete assignments and re-plan at will.

3.3 Evaluation

The quality of users’ allocations are scored based on sev-
eral factors, such as the anticipated total distance which
would be traveled by the robots if the robots executed the
plan, the number of task constraints that would be violated,
and the total time it took for devising the plan. The per-
ceived complexity of an allocation problem instance may
differ from one person to another. Our complexity analysis
is based on the positions of tasks and robots and accessi-
bility of one to another. In addition, the NASA Task Load
Index (NASA-TIx) [1] is used for subjective assessment of
the complexity of an allocation problem. Together with the
user’s subjective ratings, the complexity factors listed above
allow us to map particular task instances to our derived task
complexity landscape.
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Figure 1: TCAT Interface, Map component (on the
left) and Allocation component (on the right).

4. SUMMARY

The demonstration described here presents an empirical
approach to classifying the complexity of task allocation
problems, as perceived by human users. Our aim is to pro-
vide researchers with a more informed interaction design for
supervisory control of multi-robot systems and a methodol-
ogy to analyze particular circumstances in a formal manner.
Our long term research hypothesis is that the TCAT sys-
tem will help in identifying behavioral patterns and possible
situations where users might require assistance or benefit
from delegating some task assignments to an autonomous
(or semi-autonomous) planning agent. Future direction of
this work include extending the task assessment model for
real-time assignment scenarios.
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