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ABSTRACT
A novel design for an autonomous drone capable of reliably interacting with ground
robots in a GPS-denied environment will be presented. A variety of ideas from
various areas of robotics were applied to solve the many aspects of this problem.
Motion controllers and plant models were derived to allow for execution of fast
trajectories. Sensors for state estimation were carefully selected and fused in an
extended Kalman filter to support control at high speeds. Custom vision algorithms
were developed for localizing the drone in the arena and detecting the target robots,
and a custom target tracking filter was designed. All of these were implemented in
a custom software stack that allows for quick integration and experimentation with
new designs and features. Together, they form a full system which is capable of
performing all of the tasks required for Mission 7a of the IARC.

INTRODUCTION

Statement of the Problem

Mission 7a of the International Aerial Robotics Competition (IARC) requires teams to de-
velop autonomous aerial vehicles capable of herding ground robots in an intended direction
and avoiding dynamic obstacles. Further, it must navigate an indoor environment without
GPS or SLAM. Completion of the mission requires state estimation, target identification, and
obstacle detection via optical methods. In addition, robust and repeatable control systems
are necessary for target interaction.

Conceptual Solution to Solve the Problem

The aerial vehicle discussed in this paper is a quadrotor. The main computer is an NVIDIA
Jetson TX2 which processes images from the bottom and side facing cameras and performs
all navigation. A second Jetson is used to execute additional computer vision algorithms.
A Seriously Pro Racing F3 Evo flight controller is used for flight stabilization. Finally, a
Teensy 3.2 and an Arduino Nano are used for collecting sensor data and relaying it to the
main Jetson.

The main Jetson handles motion planning, position estimation, and control of the pitch,
roll, yaw, and thrust of the UAV. ROS is used for algorithm development and abstraction
between software components.

See Figure 1 for a diagram of the design.

Yearly Milestones

In 2017, the University of Pittsburgh entered for the first time in the IARC. An early version
of the software system had been completed, which allowed for basic velocity-based translation
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Figure 1. System Architecture

and height hold to be demonstrated. Significant efforts were made in estimation of target and
obstacle positions, but the guidance system could not use the data. Thus, only achievement
of velocity set-points was demonstrated.

The team set out to accomplish as much of Mission 7a as possible for the competition’s final
year. Significant effort was applied to improve the motion control and state estimation in
order to enable precise and repeatable target robot interaction. Additionally, the obstacle
detection and target identification algorithms were redesigned. Finally, a concerted effort
was put into motion planning to achieve robust obstacle avoidance. At the 2018 event, we
expect to autonomously interact with multiple target robots and guide at least one across
the arena.

AERIAL VEHICLE

The aerial vehicle was designed to operate as a re-configurable medium-lift platform. The
frame is constructed from carbon fiber plates and tubes. 3D Printed ABS brackets are used
to attach all carbon fiber components. The brackets were designed to break in the event of
a crash, as they are easy to replace. The complete vehicle weighs approximately 3.8 kg, and
is pictured in Figure 2.

Propulsion and Lift System

Propulsion is provided by four brushless motors (KDE2814XF-515 from KDE Direct) paired
with KDEXF-UAS35 Electronic Speed Controllers (ESCs) and 12x6 dual-bladed APC pro-
pellers. The propulsion system is powered by a pair of 6S1P 5.2Ah 15C Tattu LiPo batteries
in parallel. This provides a maximum thrust of 10 kg; the nearly 2.5 to 1 thrust/weight ratio
allows for responsive flight.
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