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Abstract
This is the technical journal paper submission for the University of Toronto Explorer (UT-X) de-

signed and tested for the 2017 AUVSI Student UAS Competition in Webster Field, Patuxent River,
Maryland. The presented design process follows a top-down systems engineering approach that begins
with an operational analysis of the mission tasks, from which the system and subsystem requirements can
subsequently be derived. These requirements drive the design of a twin boom, pusher propeller aircraft
equipped with a high resolution imaging payload and a state-of-the-art Pixhawk autopilot. Following
the technical description of the UAS, the test plans and results are included that will show autopilot
performance metrics, and the capability of detecting targets of interest. Finally, the safety risks are
presented along with the strategies implemented to mitigate these risks. Integrated together, the UT-X
UAS is capable of autonomously conducting surveillance accurately and safely.
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1 Systems Engineering Approach
A top-down systems engineering approach is implemented in the design of the University of Toronto

Explorer (UT-X) Unmanned Aerial System (UAS). This consists of a thorough requirements analysis derived
from the 2017 AUVSI Student UAS competition rules[1] that de�ne the mission tasks. These requirements
drive the design of each UAS subsystem. This section discusses the key requirements, the design rationale,
and a programmatic risk analysis associated with the development of the UT-X UAS.

1.1 Mission Requirements Analysis

The Student UAS competition consists of a set of mission tasks varying in complexity of implementation
and weight in mission scoring. Therefore, the main requirements for the system, in addition to safety,
are derived from the mission tasks being attempted by the team – timeline; autonomous �ight; obstacle
avoidance; object detection, classi�cation, and localization of targets; and air delivery. The justi�cation of
these are provided in the following section. The main driving requirements for the integrated UT-X system
are as the following1:

1.1.1 Timeline
1-1-1 The UT-X system shall have a maximum setup time of 15 minutes.
1-1-2 The UT-X system shall have a maximum mission �ight time of 30 minutes.
1-1-3 The UT-X system shall have a maximum post-processing time of 15 minutes.

1.1.2 Autonomous Flight
1-2-1 The UT-X system shall be capable of in-�ight waypoint re-tasking.
1-2-2 The UT-X system shall navigate the search area by following waypoints autonomously.
1-2-3 The UT-X system should takeoff and land autonomously.
1-2-4 The UT-X system shall remain within �ight boundaries at all times.

1.1.3 Obstacle Avoidance
1-3-1 The UT-X system shall download obstacle information from the server at a rate of 5 Hz.
1-3-2 The UT-X system should avoid both moving and stationary obstacles autonomously.

1.1.4 Object Detection, Classi�cation, and Localization
1-4-1 The UT-X system shall transmit images to the ground while airborne.
1-4-2 The UT-X system shall provide geotagged aerial images of the competition area.
1-4-3 The UT-X system shall detect one target separated 500 ft horizontally from its current position.
1-4-4 The UT-X system shall automatically detect, locate, and classify primary targets.
1-4-5 The UT-X system shall for each target provide 3 characteristics and GPS accuracy to within 150 ft.

1.1.5 Air Delivery
1-5-1 The UT-X system shall deploy an 8 oz water bottle to an accuracy of within 150 ft.
1-5-2 The UT-X system shall have a mechanism to prevent accidental deployment of payload.

1.1.6 System Security and Safety
1-6-1 The UT-X system shall utilize encryption in all data links to prevent unauthorized access.
1-6-2 The UT-X system shall be capable of manual override by a safety pilot using manual control.
1-6-3 The UT-X system shall have a maximum takeoff weight of 55 lb.
1-6-4 The UT-X system shall terminate �ight in the event of 3 min loss of communication.
1-6-5 The UT-X system shall terminate �ight if given a kill signal from the ground control station.

1`Shall' indicates a mandatory requirement, `Should' indicates a strongly recommended requirement

University of Toronto UTAT – University of Toronto Aerospace Team 3
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1.2 Design Rationale

The design of the UT-X UAS is driven by the high-level system requirements derived from mission tasks
and competition safety constraints. Almost all hardware components in the system are proven designs from
previous competitions, which enabled the team to move away from major airframe development and instead
focus on software. All mission tasks will be attempted because it will maximize the mission score potential
and because it is feasible to do so with a software focused team this year. Project costs had to be minimized
due to a smaller budget, and higher competition costs resulting from a weakened Canadian Dollar. Table 1
shows all the high level design decisions made by the team for the competition. All low level system design
speci�cations can be found in Section 2. The top-level requirements serve a basis that dictate the design of
each of the subsystems. Figure 1 shows the the �ve subsystems that comprise the UT-X UAS, as well as
their respective mechanical and electrical interfaces.

Mission Task Design Decision

Timeline
Software automation simpli�es operations and improves operator ef�ciency.
Extensive practice runthroughs of practice missions ensures the mission is
completed within the allocated time.

Autonomous Flight
Reusing validated autopilots will allow the team to leverage existing
experience and build on previous work to improve the accuracy of waypoint
capture

Obstacle Avoidance
An new algorithm and graphical user interface (GUI) will display obstacles
and calculate a �ight path around them.

ODCL

A 12MP sensor and 35mm lens were chosen for the imaging payload to
achieve high ground resolution and wide �eld of view. A Deep neural
network was developed to automatically detect, classify, and locate potential
targets, and a GUI is used to assist the payload operator in the event manual
ODCL is required.

Air Delivery
Re-purposing previously designed air delivery mechanism will reduce
development time and allow the team to focus on testing.

Table 1: Designs driven by the mission tasks

1.3 Programmatic Risks and Mitigation Methods

Managing a large team such as UTAT has many risks involved. The key to a successful competition
is early integration of subsystems and extensive system-level testing. Delays due to integration issues or
construction problems can jeopardize the team's ability to successfully compete. It is therefore important
that the team mitigate such risks to stay on schedule. Table 2 lists the most important programmatic risks
and their associated mitigation strategies that the team has observed from previous years. The operational
risk matrix, and the color legend can be found in section 4.3.

2 UAS System Design

2.1 Aircraft

These subsystem requirements are based off of the competition requirements listed in section 1.1.
2-1 The airframe shall support a maximum takeoff weight of 25 lbs.
2-2 The airframe shall have a maximum weight of 16 lbs.

University of Toronto UTAT – University of Toronto Aerospace Team 4
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Figure 1: High-level system block diagram showing subsystems and interfaces, and �ow of information.

CR Project Risk Code Mitigation

7 Procurement delay PJT-1 Research alternative construction techniques and investigate
use of different materials.

7 Integration Problems PJT-2 Ample time will be given to software and airframe teams
to ensure integration is successful before the scheduled test
�ights.

6 Damage to critical
subsystem components
due to human factors

PJT-3 Ensure all team members are familiar with each subsystem.
Provide training sessions and double check with others to
ensure electrical circuits are not damaged by incorrect polarity.

6 Software development
delay

PJT-4 Agile Software Development will be used to ensure cross-
functional teams work together to meet ever changing
requirements of the team. Major and minor milestones will be
put in place to ensure software development stays on schedule.

5 Damage to airframe
during testing

PJT-5 Multiple backup airframes will ensure minimal delays to
testing schedule. Airframe designed for fast construction and
repair by using laser cut plywood parts, and epoxy adhesive.

Table 2: Anticipated Programmatic Risks. First column represents cumulative risk, and can be found in
�gure 15.

2-3 The airframe shall have a dedicated payload volume of 730 in3 with a clear downward facing view.
2-4 The airframe shall have space to internally house a payload drop mechanism
2-5 The airframe shall have a nominal cruise airspeed of 39 knots to cover the search area.
2-6 The airframe shall have a minimum climb rate of 400 feet per minute.
2-7 The airframe shall have a minimum endurance of 25 minutes.
2-8 The airframe shall have a maximum operating ceiling of at least 1000 ft AGL.

The UT-X airframe is a custom designed twin boom, pusher con�guration �xed wing aircraft. This
con�guration was chosen because it can accommodate relatively heavy and bulky payload in its forward
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