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Abstract

Recent technological advances have enabled Unmanned Aerial Vehicles (UAVs) and
Micro Aerial Vehicles (MAVs) to become increasingly prevalent in a variety of do-
mains. From military surveillance to disaster relief to search-and-rescue tasks, these
systems have the capacity to assist in difficult or dangerous tasks and to potentially
save lives. To enable operation by minimally trained personnel, the control interfaces
require increased usability in order to maintain safety and mission effectiveness. In
particular, as these systems are used in the real world, the operator must be able to
navigate around obstacles in unknown and unstructured environments.

In order to address this problem, the Collision and Obstacle Detection and Alerting
(CODA) display was designed and integrated into a smartphone-based MAV control
interface. The CODA display uses a combination of visual and haptic alerts to warn
the operator of potential obstacles in the environment to help the operator navigate
more effectively and avoid collisions. To assess the usability of this system, a within-
subjects experiment was conducted in which participants used the mobile interface
to pilot a MAV both with and without the assistance of the CODA display. The task
consisted of navigating though a simulated indoor environment and locating visual
targets. Metrics for the two conditions examined performance, control strategies, and
subjective feedback from each participant.

Overall, the addition of the CODA display resulted in higher performance, lowering
the crash rate and decreasing the amount of time required to complete the tasks.
Despite increasing the complexity of the interface, adding the CODA display did not
significantly impact usability, and participants preferred operating the MAV with the
CODA display. These results demonstrate that the CODA display provides the basis
for an effective alerting tool to assist with MAV operation for exploring unknown
environments. Future work should explore expansion to three-dimensional sensing
and alerting capabilities as well as validation in an outdoor environment.
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MAV use, most current research in this area is focusing on how to accomplish au-
tonomous obstacle detection and collision avoidance in the MAV system rather than
how to present this information to the operator in an intuitive manner to facilitate
spatial awareness. By integrating a collision avoidance display into the control inter-
face, operators can form a more complete mental picture of the flight environment and
pilot the vehicle more effectively. This additional capability could make the system
more robust and easier for minimally trained operators to use in unknown environ-
ments. For example, military personnel may need to obtain local surveillance imagery
of a person or area of interest without detailed maps of their environment, so collision
avoidance would help in such unknown and potentially cluttered environments. As
another example, MAVs could potentially assist with fault inspection for buildings or
bridges that are hard for humans to reach. Such applications that require close prox-
imity and careful navigation around existing structures provide motivation for better

obstacle detection and avoidance capabilities to improve operator performance.

Because presenting more information increases the complexity of the display, the chal-
lenge lies in integrating this additional information about potential obstacles into the
user’s display without affecting the usability of the interface or increasing the oper-
ator’s mental workload. Also, the addition of a collision notification and avoidance
system should not drastically increase the required training. For most of these sys-
tems, the small form factor and portability of the system provides a key advantage,
but this limits the display size and screen real estate available for the operator’s in-
terface. By presenting this information to operators in an intuitive, embedded way
that does not increase mental workload, the system could improve the effectiveness
of operators and lead to further adoption of MAVs and larger UAVs in a wider range

of applications.
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In addition, users had a poor sense of depth. While completing visual search tasks,
subjects wanted to move as close as possible to each target to obtain the best viewing
perspective. Had the software constraint boundary not limited the vehicle’s motion,
most subjects would likely have collided with the target, yet most were still primarily

frustrated that the system would not respond to their intended inputs.

Finally, observations indicated that users need to be aware of objects outside of the
field of view. Because a quadrotor MAV is capable of motion in any direction (not
just in the forward direction), it is possible for the user to collide with an obstacle
that they could not see. While completing the visual task of reading a sign, subjects
would often move the vehicle side-to-side to align to the proper viewing angle. In a
more constrained environment, this could be disastrous to the vehicle if obstructions
are present outside the field of view presented to the users. These observations in an
earlier study motivate the need for obstacle awareness and guide the design of the

display.

1.4 Research Objectives

The purpose of this thesis is to explore how to display information about the envi-
ronment to allow a user with minimal training to operate a small UAV effectively.
Specifically, it presents the design and evaluation of an interface to alert an operator
of potential obstacles in the flight path, addressing the challenges of operating in an
unknown or unstructured environment while maintaining an intuitive interface. This

was accomplished through two research objectives:

e Objective 1: Design an alerting interface to assist an operator in
preventing collisions in unknown environments. The alerting interface
was designed based on human factors-based alerting principles and intuitive
interface design principles. Since the interface was integrated into an existing
interface for MAV control based on a mobile device, these system constraints

also influenced the design. Details of the design process and the resulting system
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are discussed in Chapter 3.

e Objective 2: Evaluate the effectiveness of the interface in improving
operator performance during navigation and visual search tasks. To
evaluate the interface, a human-subjects experiment was performed in order to
test a person’s ability to maneuver and perform visual flight tasks using the
mobile interface. This experiment took place in a simulation environment and

aimed to answer the following questions:

— Does an operator find the alerting system to be an intuitive, useful aid?

— Does the alerting system affect an operator’s ability to complete a visual

search task in the following areas:

x Task Performance, based on quantitative metrics for the specified mis-
sion
x Situational Awareness, as indicated by perception of location in the

environment and knowledge of location of other objects

x Mental Workload, or the level of cognitive resources the operator needs

to devote to the task

x Subjective Perception, as indicated by changes in perceived ease of use

or frustration level

The setup for the experiment is described in detail in Chapter 4, and a discussion

of the results occurs in Chapter 5.

1.5 Thesis Organization

This thesis is organized into six chapters, as follows:

e Chapter 1, Introduction, describes the motivation for obstacle detection capa-

bilities for Micro Air Vehicles.
e Chapter 2, Background and Literature Review, describes relevant background
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research, including the current state-of-the-art in obstacle detection capabilities

as well as an analysis of available alerting methods.

Chapter 3, Collision Avoidance System Design, illustrates the design and devel-
opment of the collision avoidance, the system created to evaluate the interface,

and a pilot demonstration of the system in an outdoor environment.

Chapter 4, Usability Fvaluation, describes the setup of a usability experiment

to assess the effectiveness of the collision avoidance display.

Chapter 5, Usability Evaluation Results and Discussion, describes the results
of the usability study, the implications, and the comparisons to outdoor pilot

testing in a realistic environment.

Chapter 6, Conclusions and Future Work, summarizes the findings and outlines

areas of potential future study.
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Chapter 2

Background and Literature Review

With the rise in potential applications for UAV and MAV technologies, research into
these systems has increased over the past decade. A number of new MAV systems
have emerged in the past few years, and researchers in both academia and industry are
pursuing the problems of building better systems that can help people accomplish an
increasing number of tasks. Through this review, a gap in the literature was identified.
Although Micro Aerial Vehicle (MAV) systems are becoming more common, available
systems lack obstacle avoidance capabilities. In addition, even though the sensors
and methods are starting to emerge, very little work has examined how to display
this information to operators appropriately to allow for more effective navigation in

unknown environments.

This chapter starts by discussing current MAV systems and their applications. It
then explores the problem of collision avoidance and obstacle detection for MAVs,
including available sensors and methods of detection as well as autonomous methods.
Finally, available alerting methods are described, along with their pros and cons and

examples from previous research or applications.
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