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ABSTRACT

Undergraduate students have developed the Drone Data Communication System (DDCS). This ap-
plication supports telemetry and command control for St. Mary’s University’s Unmanned Aerial
Systems Laboratory. The scalable implementation derives many features from documented mili-
tary and commercial telemetry solutions but also expands to include additional features needed to
support its educational and research missions.

INTRODUCTION

This paper describes our undergraduate Senior Design Capstone Project, the Drone Data Commu-
nication System (DDCS). DDCS is a system of unified subsystems that provides an open and ex-
tensible set of functions needed for teaching, evaluating, and experimenting with small unmanned
areal systems (also known as drones). DDCS was intentionally designed and developed as an open
architecture such that it facilitates future open-source pathways that may be extended to various
drone models, computer architectures, user interfaces, and networks. The system has no restric-
tions on programming language, thus allowing for an effortless integration with both established
and modern languages such as C, C++, MATLAB, Python, etc. DDCS will form the framework for
many of St. Mary’s University’s drone emphasis classes. The remainder of the paper is structured
as follows. The Background section provides essential background information, and the About Us
section additional information about the authors, respectively. The Architecture section describes
the architecture of DDCS, the Results section showcases our results, and the Summary and Future
Work section provides our final conclusions for this paper.

BACKGROUND

Unmanned Aerial Systems (UAS) are growing in popularity. The United States Air Force (USAF)
defines such systems as ”an aircraft that does not carry a human operator and is capable of flight
with or without remote control” [1]. These systems have been employed for over a century, with
the first uses dating back to 1917, when the United Kingdom operated radio-controlled aircraft
loaded with explosives during World War 1[2]. Since then, various states have employed UASs in
military operations[3]. Additionally, in 1996, the USAF Scientific Advisory Board predicted that
these systems would play a key role in enhancing the nation’s military power[4]. However, UASs
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are now smaller, easier to control, cheaper, and have found their way to civilian applications[5].
UASs are now found in sports[6], emergency response[7], agriculture [8], STEM education[9], and
wildlife monitoring[10] among other use cases. Additionally, their usage will continue to increase
and become ubiquitous in modern society[5].

To address this growing UAS job market and prepare students as future engineers in the field, St.
Mary’s University in San Antonio, Texas, is focusing efforts on the UAS domain. The university
created a Bachelor of Science in Engineering Sciences with a concentration in Unmanned Aerial
Systems degree. Additionally, St. Mary’s University inaugurated a new UAS laboratory to support
the new and existing engineering programs. This 1734 sqft facility has a 30x30ft flight area and a
development room. Figure 1 shows the laboratory and the enclosed flying area.

(a) (b)

Figure 1: St. Mary’s University Unmanned Aerial System laboratory (a) building , (b) indoor flight
area

Alongside the above UAS initiatives, St. Mary’s has guided students and sponsored various UAS-
related Senior Design Capstone Projects. One project, named ”St. Mary’s University Copter”
(SMUC), consists of a multi-rotor framework designed for teaching and research. The university
students fully developed this quadcopter system. For instance, mechanical engineering students de-
signed and 3D printed the frame, electrical engineering students developed the Extended Kalman
Filter and control algorithms, and computer engineering students developed the software architec-
ture and communication protocol. Figure 2 shows the SMUC quadcopter’s latest version.

Telemetry is an essential factor for any unmanned system, and to serve as a research and educa-
tional platform; some special requirements are necessary for a telemetry system. Therefore, we
decided to develop our system from scratch to fulfill such requirements. We intended this system
to be open-source and scalable to other open-source UAS projects. Due to the application’s nature
and to serve as a teaching and research platform, we elicited requirements such as low-latency,
monitorability, logging ability, and scalability to different UAS systems (individual and swarm) to
drive our design.
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