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Abstract— This paper presents Penn Aerial
Robotics’ solution to the 2017 AUVSI Student Un-
manned Aerial System Competition. The main mis-
sion objectives are to accurately fly through way-
points, avoid fixed and moving obstacles, locate and
identify various clues to find a stranded hiker, and
accurately drop a payload (water bottle) at a target
location. The system proposed in this paper is a
hexacopter, using the Pixhawk autopilot and Intel
NUC i5 to run custom guidance, navigation and
control software tailored to the mission. During the
competition, we aim to demonstrate all these tasks
quickly and accurately with full autonomy.

I. INTRODUCTION

Background: Autonomous Unmanned Aerial
Vehicles, from here on denoted as UAVs, have a
wide range of practical, real-life appliations. In this
paper, the focus is on search and rescue opera-
tions. Currently, stranded hikers present a signifi-
cant challenge to rescue personnel, especially when
circumstances make calling for help impossible.
Massive search parties need to be dispatched to
cover even a small area. Helicopters are limited by
where they can fly and how many can be in the air
at a time. UAVs present a solution to this problem.
They can be deployed en masse, use advanced
image classification algorithms to identify signs of
human activity nearby, and carry potentially life-
saving payloads. What previously took hundreds
of people can be reduced to only a handful. Once
a UAV identifies the hiker, a small team can go
directly to that location to rescue them.

Problem Statement: The objective of this
project is to present a fully autonomous UAV
capable of:

• Automatic takeoff/landing
• Flying through a set of waypoints
• Avoiding both fixed and moving obstacles

with known positions

• Identifying ”clues” of nearby human activity
• Identifying stranded individuals
• Safely deploying a payload to a predetermined

location
Our club: Penn Aerial Robotics is a competitive

UAV club at the University of Pennsylvania. Our
club members share a passion for designing, build-
ing and flying multirotors, fixed-wing UAVs and
other autonomous robots. Our past competitions
include the International Aerial Robotics Compe-
tition (IARC) in August 2016, where we won the
Best Technical Paper Award, and the National Sci-
ence Foundation Cyber Physical Systems Virtual
Organization (NSF CPS-VO) challenge in October
2016, where we came in 1st place. We are very ex-
cited to take part in the Association for Unmanned
Vehicle Systems International Student Unmanned
Aerial Systems Competition competition this June.

II. SYSTEMS ENGINEERING APPROACH

A. Mission Requirement Analysis

The mission consists of the following tasks: au-
tonomous flight, flight through waypoints, obstacle
avoidance, object detection and classification, and
air delivery. The ideal UAV will be able to complete
the last four tasks completely autonomously in the
shortest time possible. Several systems will need
to be designed and constructed in order to achieve
these tasks. A physical flying device needs to be
built which can house the equipment needed for
all the tasks. Additionally, a system is needed to
communicate with the interoperability server to
receive and transmit mission information in real-
time. For waypoint flight, there needs to be a
system to plan a flight path such that waypoints
are reached as accurately as possible while avoid-
ing obstacles. For obstacle avoidance, a system
to calculate and execute an obstacle-free path is



Task Points
Timeline 10
Mission Time 8
Time out 2
Autonomous 30
3 minute flight 12
Waypoint Capture 3
Waypoint Accuracy 15
Obstacle Avoidance 20
Stationary Obstacle 10
Moving Obstacle 10
Object Search and Classification 20
Correct Characteristics 4
Location 4
Actionable 2
Autonomous 4
Interopability Submission 6
Air Delivery Accuracy 10
Operational Excellence 10

Fig. 1: Point Breakdown for Mission Tasks

needed. Object detection and classification requires
a camera and ample processing power to classify
images autonomously in real-time while the UAV
is flying and collecting data. Finally, air delivery of
the water bottle requires a mechanism to carry the
payload on-board and accurately release the water
bottle from above the minimum flight altitude as
close to the target location as possible.

The overall scoring for the competition consists
of three main components: mission performance,
the technical paper, and flight readiness report
accounting for 60%, 20%, and 20% of the final
score respectively. For the scoring analysis of the
competition, only the mission performance score
is considered. The AUVSI published rules list the
different components of the competition in terms
of percentage points, which made it difficult to
judge the relative importance of the different tasks.
Accordingly, the percentage points were converted
to a numerical scale between 0 and 100.

When choosing the priority of tasks to imple-
ment, we first focused on tasks worth the highest
number of points. Hence, one of the most salient
observation about the scoring system is that accu-
rate autonomous navigation is highly desirable and
worth the most number of points. The autonomous

Category Rotary Wing Fixed Wing
Ease of auton. flight 10 7

Mission speed 7 10
Maneuverability 10 5

Ease of manufacture 7 4
Flight time 3 7

Payload drop accuracy 7 4
Total 44 37

Fig. 2: Figure of Merit for Aircraft Configuration

section of the mission is worth the most points,
with accuracy making up half of that total. Having
3 minutes of fully autonomous flight is also worth
a large portion of that score. Additionally, there
is a small bonus for performing object identifi-
cation and characterization autonomously rather
than streaming images to the ground station and
classifying images manually. Another key priority
is having precise control of the UAV. Being able to
accurately control the position of the UAV allows
for high autonomous and air delivery scores. Pri-
oritizing precise control has the further advantage
of increasing the effectiveness of object avoidance
algorithms and result in higher scores.

There are three general types of aircraft that
were considered for the mission: fixed wing and
rotary wing. VTOL was ruled out fairly quickly
due to high complexity, lack of advantages and
time constraints associated with building a more
complex aircraft.

From the Figure of Merit, the team leaned to-
wards a Rotary Wing Aircraft as the UAS of choice
for this competition. Furthermore, the team has
significantly more experience with rotary aircraft.
The Pixhawk library provides basic autonomous
navigation functionality, that can be extended using
the Robotic Operating System (ROS) framework.

B. Design Rationale

Budget: Our budget is primarily based upon
equipment funding requests to our University’s
Student Activities Council. So while there is no
concrete number which compromises our budget,
we are limited to what equipment purchases the
Student Activities Council wishes to fund. Penn
Aerial Robotics has access to a DJI F550 hexa-
copter owned by the University of Pennsylvania.
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Item Cost
Intel i5 NUC $400
8GB RAM $80
256GB SSD $200
DJI 600 Motors $400
Metal Center Plate $20
Arms $60
Bluefox Camera $330
Battery $50
Pixhawk 2 $270
Regular GPS $48
RTK GPS (still deciding) $600
Total $2458

Fig. 3: Cost Breakdown of UAS

Our organization owns a Next Unit of Computing,
a pixhawk, and associated radio controls and mem-
bers have personal devices which the ground station
can run on. Thus, the vast majority of the budget
will go to purchase of raw materials and servos in
order to design and build the air delivery mecha-
nism. We estimate the cost of the raw materials and
servos for the deployment mechanism to cost $200.
It is likely we will be able to be fully funded for the
equipment through the Student Activities Council.

Decision Flow: As the time to complete the
mission is a critical factor in a team’s score, Penn
Aerial Robotics is going to execute the fastest op-
erations possible that our hexacopter is physically
capable of. One particular component which could
take up a great amount of time is flying from
waypoint to waypoint. It is advantageous to nav-
igate through waypoints as fast as possible. Based
upon tests conducted by Penn Aerial Robotics on
our hexacopter setup, we were able to obtain a
top speed of 53 miles per hour in autonomous
flight through waypoints. This however is without
the water payload or the water bottle grasping
mechanism. Therefore, we aim to have an average
speed of 45 mph during the mission. While flying
at such a high speed will drain the battery than if
we had a lower cruise velocity, it is well worth the
reduction in time.

In addition to high velocities, Penn Aerial
Robotics plans to automate most, if not all, op-
erations. This is twofold. First, there is a point
reduction for time spent in manual flight mode, so

automating most processes will reduce this penalty.
Second, decisions and operations performed by an
automated system will in all conceivable circum-
stances be faster and more accurate then decisions
and operations made by a human operator. There-
fore, automation of hexacopter tasks will speed the
completion of the mission, and thus our score.

Design: When deciding between the aircraft
type to use for this competition, we based our
decision upon past experience. Ultimately Penn
Aerial Robotics chose to use a multi-rotor design
over a fixed wing design for a few reasons. First
and foremost, Penn Aerial Robotics has access to
both a quadcopter and a hexacopter, while we do
not have access to a functional fixed wing drone.
Second, every past competition that Penn Aerial
Robotics has competed in thus far has been with
multi-rotor drones. Therefore, our team has greater
experience with multi-rotor drones as well as an
established software base to run in the Robotic
Operating System (ROS). Finally, due to the tasks
of the competition, we believed that deploying a
water bottle to a stranded hiker would be more
accurate with a multi-rotor than a fixed wing, as
with a multi-rotor we would simply need to hover
above the target and drop the bottle while a fixed
wing would need to drop the bottle in a perfect
downward curving arc to the target.

We decided to use a hexacopter over a quad-
copter due to the larger payload capacity of the
hexacopter available to us versus in comparison to
the quadcopter.

C. Programatic Risks & Mitigations

We identify three types of risks: external, design
and implementation risk. Our biggest external risk
is loss of university funding. However this is highly
unlikely since there is no precedent. Additionally
the effects may not be as severe since majority
of the funding is already allocated. Additionally,
we recognize that some parts used in assembly
could be faulty. This is why we conduct preliminary
tests of equipment including flight test and will
also perform comprehensive tests in later stages of
development. This is largely outlined in the test and
evaluation plan. These external risks are, however,
unlikely compared to design and implementation
risks.
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