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The aim of this proposal is to test the hypothesis that a personal low-cost Raspberry Pi Drone
can effectively teach introductory robotics concepts to college and high school students. Over the
previous year we have developed a Raspberry Pi Python autonomous quad-rotor drone, along with
an innovative new course using the drone called Introduction to Robotics. Each student builds
and programs their own small quad-copter, which they keep after the semester ends. The course
provides basic components and a small number of replacement parts. We cover PID controllers for
stable flight, localization with a downward facing camera, and autonomous planning. At the end
of the semester, students will take home a functioning autonomous quad-copter.

The proposed project has three aims: 1) Explore the design space of the drone to simplify it
and reduce its cost 2) Expand the scope of our existing course to incorporate autonomous mapping
(SLAM) 3) Expand the scope of our course to incorporate motion planning and 4) Expand the scope
of our course to incorporate object tracking. Our long-term aim is to create a reusable platform
for teaching Introduction to Robotics using a drone.

Despite the challenges in operating a drone, this robotic platform is a compelling choice for an
introductory course compared to a ground robot because the drone can go places the student cannot
go and do things the student cannot do. There are many real-world and compelling applications
of autonomous drones and the dream of flight excites the human imagination. Programming an
autonomous drone is more empowering than programming a slow-moving ground robot.

1 Interdisciplinary Approach

The challenge is creating a framework that sets up student success. Our current first run of the
course was successful in that each student successfully built the drone and flew it. However there
were a number of problems due to the immaturity of the robot design, along with the lack of
additional methods for carrying out autonomous tasks. Additionally we would like to develop a
version of the course for high school students. The existing capability of the drone is the ability to
take off, perform velocity control, perform a position hold using the downward facing camera, and
execute basic open-loop programs. Our approach has four parts, and our budget includes funding
for four students. We aim for one of the students to be a junior who has taken the Introduction
to Robotics course. The other students will be freshman and sophomores; they will first build a
drone of their own and complete the assignments from the course. Working full-time this should
take about two weeks. Then, they will each implement one of the four tasks below. The most
experienced student will act as a project lead and mentor, while also leading the object tracking
effort (perhaps the most challenging.)

1.1 Lower-Cost Drone

No existing autonomous vision-bashed drone uses the Raspberry Pi and Python for autonomy. This
combination is compelling because of the wide variety of ways the Raspberry Pi is used, its low
price, and its ability to be extended to add additional sensors and actuators if desired. Based on
these features, MIT started the Duckietown project which featured a Raspberry Pi ground robot.
Using a ground robot is a compelling and common choice for an introduction to robotics class,
ranging from iRobot creates (based on the popular Roomba) to Lego robot cards to MIT’s Race
Car course taught with a fast-moving RC car.
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(a) Our autonomous Raspberry PI Drone. (b) Students building their
drones.

(c) Students flying their
drones at once.

Figure 1: The hardware platform and scenes from our class.

However a limitation of our drone is its cost. We would like to have a version of the drone
costing around $100. We believe this is possible through using cheaper motors and eliminating the
IR sensor which estimates height. Removing the IR sensor will save $50 from the cost, but requires
estimating height with the camera instead. Additionally we plan to explore the design space by
investigating cheaper motors, another major factor in the cost.

1.2 SLAM

An important problem in robotics is Simultaneous Localization and Mapping (SLAM) [1]. I have
covered this algorithm in my previous AI class, and it is accessible to implement while getting
across key concepts in uncertainty and estimation. Our drone is primed to support SLAM because
we have an existing capability to perform visual odometry with the camera, along with position
hold. The first student will extend the software suite on the drone in order to add the ability to
perform Simultaneous Localization and Mapping as it flies [1]. They will implement the FastSLAM
algorithm [3] following the Probabilistic Robotics [4] textbook. This part of the project will endow
the drone with the new capability to fly in a previously unseen environment and construct a metric
map of the environment.

1.3 Motion Planning

Another key problem in robotics is motion planning: given a start state, a model of how the robot
moves, and a desired end state, find a sequence of motor actions that result in the robot moving
from the start state to the end state. This problem is particularly important to robotic arms, which
must find movements that avoid collisions but is also relevant to drones, which must tilt to move.
This capability will also lead towards an ability to fly more aggressively (with higher accelerations)
because the drone will have a plan to stay within defined safety limits. We will implement the RRT
algorithm [2] to enable the drone to plan trajectories through the map autonomously. This part of
the project will endow the drone with the new capability to plan and then fly trajectories through
the map.

1.4 Object Tracking

We will modify the drone to track and follow an object with its camera. This modification will
allow it to track and follow an object as it moves around the plan below the drone. This capability
will demonstrate the drone’s responsiveness and also exercise student skills performing transforms
and PID controllers.
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2 Larger Research Cohort

This project has multiple parts, and is too large for any one student to take on. By working
together the team will create a single robotic platform that builds on the existing capabilities
to have powerful new sorts of autonomy. The proposed algorithms are all standard introductory
algorithms in the respective area and will work together to make the drone more capable and
provide a broader base on which to build new application-specific functionality. Motion planning
requires a map from SLAM in order to plan trajectories, and object tracking builds on both to
describe and follow an object over time in a global map. By working together to combine these
pieces, the students will advance the drone’s capability in a way that is larger than any could on
their own.

3 Mentoring Strategies and Philosophy

When students join my lab, I ask them to spend three semesters plus a summer at the lab. This
long-term commitment gives them opportunity to learn technical material during the first few
semesters and then contribute substantively to a research project in following semesters. I will
offer any successful students funded under the UTRA funding during the fall semester and beyond.
The expectation is that they will become TAs for Introduction to Robotics when taught in Fall
2018, followed by continuing to expand the drone in future semesters. When mentoring students, I
try to find alignment between their long-term goals and interests and the project goals. The project
becomes a vehicle for building their skills and capabilities. Often when freshman and sophomores
join my lab, I have them join an existing well-structured project such as the one proposed here.
This process allows them to make concrete progress while also learning skills. They then go on to
define their own projects, often leading to significant accomplishments such as writing their own
research papers.

4 Nature of the Research Environment

The research environment consists of shared lab space in 115 Waterman St. Due to construction,
we will move our lab to the 2nd floor of the CIT. However the advantage of the drone platform is
that it can be flown in a variety of locations; I fly mine in my bedroom. As a result, we expect the
students to be successful in the temporary lab space on the second floor. We will provide a laptop
base station if necessary, along with all drone hardware out of funding raised from industry. The
lab consists of a postdoc, Lawson Wong, Ph.D. students, and other undergraduate researchers from
my group, Michael Littman’s group, and George Konidaris’s group. This diverse set of students
and faculty means that there is a lot of in-house expertise for students participating in the UTRA
to access if they run into trouble. Additionally, I will meet with the team once a week to provide
supervision, doing updates over the phone or email if I am absent due to travel.
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