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Abstract—This report contains a summary of the work done
at the free flying robotics lab as part of the AA290 (Problems
in Aero/Astro) course taken under the supervision of Professor
Marco Pavone of the Department of Aeronautics and Astronautics. It goes through the tasks performed through the duration
of the course including automating part of the work flow,
redesigning an on board manipulator, extensive testing of the free
flying robots and a demonstration of the robots’ path planning
capabilities at the Center for Automotive Research at Stanford’s
annual meeting.

I.

I NTRODUCTION TO THE FREE FLYERS

The free flying robot laboratory is located in the Durand
building. University policy required the completion of the
following safety courses before access to the laboratory could
be granted:
1)
2)
3)

General Safety, Injury Prevention, and Emergency
Preparedness
Chemical Safety for Laboratories
Compressed Gas Safety

After completion of the preliminary requirements, a study of
the development already done on the free flyers was started
beginning with an overview of the system setup. A basic
description of the system is as follows: The lab has three
free flyers named Huey, Dewey and Louie. Three smaller free
floating bodies, April, May and June are used to simulate
obstacles (e.g. space debris). All of these use compressed
air to ”float” on a cushion of air on a smooth granite table
thus emulating a zero gravity environment in the 2D plane of
the table. The free flyers are equipped with thrusters and a
momentum wheel. These are controlled by an on-board ARM
mbed [1] microcontroller, and a laptop which runs the path
planning and control algorithms. An OptiTrack [2] motion
capture system is used to relay information about the position
of the free flyers and obstacles over a wifi network to the onboard computers. OptiTrack uses infrared cameras oriented to
look at the table to detect infrared reflecting markers placed
on the bodies. A desktop PC named Sputnik acts as the central
console from where all the free flyers can be accessed via wifi.
II.

AUTOMATING THE B OOT S EQUENCE

The first task performed was to automate the software boot
sequence that was manually carried out on Sputnik each time
the free flyers had to be run. This sequence consists of the
following series of actions: First Sputnik must be connected to
the FreeFlyers wifi network. Then Motive (the software for the
OptiTrack tracking system) must be started up. A pre-saved

Fig. 1: Screenshot of the Autobot program showing GUI and connection
options

project is loaded which contains the camera calibration and
defines the names and identities of each of the free flyers and
obstacles. Motive then starts broadcasting the positions of the
free flyers through the wireless network. Once that is done,
Xming (an X Window System Server for Windows) is started.
Then PuTTY is used to SSH into the laptops on board the free
flyers, the NetBeans IDE containing the free flyers project is
started and only after all these steps are done can the free
flyers be ready to run.
A program was developed called ”Autobot” which automatically performs all the software sequence described above
and essentialy transforms the whole sequence into a single
click operations. The details of Autobot are described in the
accompanying software description, but a brief overview is
presented here.
Autobot was developed using the QT [3] cross-platofrm
application framework. It uses QT’s networking classes to
connect to the FreeFlyers Wifi network. Opening up the
required software is done using the Windows API, the API
is also used to get a low level hook to the system’s keyboard
which is then used to perform the sequence of actions that
the user would have to otherwise perform. Fig. 1 shows a
screenshot of Autobot. As can be seen, the program gives the
user the option to connect to either one or several of the free
flyers and specify which steps of the software boot sequence
the user wants it to perform.
III.

M ANIPULATOR R EDESIGN

The free flyer Louie has a fixed manipulator mounted on
it which can enable it to dock with the other free flyers. At
first the feasibility of replacing the fixed manipulator with a

Fig. 2: The redesigned manipulator

Fig. 3: A frame of the realtime visualized data

6-DOF robotic arm was considered. Such an arm could enable
berthing in which the robotic arm would autonomously grab
hold of the free flyer being docked to during the final stages
of the docking process. However this idea was later discarded
after consultation with other lab members since the robotic
arms available in the lab were significantly heavy and could
weigh down the free flyers.

a number of operations are being performed such I/O through
the serial port, communication with the motor controller and
driving the transistors which operate the thrusters. New parts
were ordered and the microcontroller and motor controller
were both replaced.

The gripping action of the manipulator was achieved by
a pneumatic solenoid valve [4]. However the internal air seal
of the valve would fail after just a few uses. The valve was
replaced with another one but that too soon failed. This was
possibly due to the fact that these valves were obtained from
a dated robotic arm and would fail when pressurized.
An alternative mechanism to the pneumatic valve was
devised and the design of the manipulator was changed over
two iterations so that the gripper at its end could be operated
by a standard 5V analog servo motor. A voltage regulator was
added to the existing electronics on board Louie to provide
the servo with power from the batteries. The code of the
mbed microcontroller was also changed to accommodate the
new gripper mechanism. Calibration of the servo was needed
in order to enable successful operation of the gripper. This
was accomplished by iteratively widening the width of the
PWM pulse being sent to the servo and observing where
the maximum opening of the manipulator was achieved. This
position was then set in the code for the microcontroller.
Testing of the robustness of the new mechanism was carried
out by writing an infinite loop which continuously opened and
closed the manipulator claw and running it for one hour.
IV.

T ESTING THE FREE FLYERS

After getting the manipulator functional the next step was
to test out the free flyers and see if there were any weak links
in their operation. The free flyers were operated repeatedly to
check for points of failure.
After just a few days of testing, the mbed microcontroller
on one free flyer became non-operational and in turn caused
a voltage surge which burnt out the motor controller for the
flywheel as well. Upon investigation it was discovered that
the voltage regulator on the mbed which was stepping down
the battery voltage (12V) directly to the mbed’s operational
voltage (3.3V) was heating up which caused it to fail over time.
Although the mbed documentation [1] rates it as being able
to handle this level of input, the manufacturer recommends
driving at a lower input voltage especially, as in our case where

A solution to this problem would be to lower the voltage
provided to the mbed in steps, in future versions of the PCB.
A voltage regulator in series with the battery which lowers
down the voltage of the battery to 5V before supplying it to
the mbed would accomplish this.
V.

R EALTIME DATA V ISUALIZATION

One often faced problem was that in case of failure of the
free flyers to reach their goal there was no way of knowing
whether there was a hardware failure, a problem with the
tracking system or simply no possible solution of reaching
the target. In order to prevent this problem and to easily
visualize the solutions being generated by the software it was
necessary to develop realtime visualization which would show
the waypoints and trees being generated by the path planning
algorithm as well as the trajectory of the free flyer over time.
A system had previously been developed by members
of the Autonomous Systems Laboratory (ASL) which would
visualize the path plan but it was not able to visualize the
data concurrently while the free flyer was running. This work
provided a good starting point for developing realtime visualization. The visualization program in MATLAB was modified
to enable it to plot the free flyer data. This work was then
completed by other members of ASL.
Since the visualization was being calculated directly on
the onboard laptop for the free flyer, this needed to be displayed on Sputnik. This necessitated the change of the remote
networking protocol from SSH which was previously being
used to (Virtual Network Computing) VNC. VNC is a Remote
Frame Buffer protocol (RFB) and enables remote control of
another computer with graphical screen sharing. This was due
to the fact that SSH did not permit a high enough bandwidth
to smoothly stream the visualization data. A VNC server was
set up on the free flyer laptop which enabled the MATLAB
generated figures to be viewed on Sputnik.
VI.

O PTITRACK RECALIBRATION

The Optitrack system tracks the positions of the free flyers
up to millimetre level accuracy. However it was observed that
sometimes after restarting Motive the settings of the free flyer

project would be lost or reset and at times the Optitrack system
would completely fail to track some objects or misrepresent
the orientation of some of the free flyers.
This problem was thought to be due to corruption of the
project files and camera calibration data due to a system
crash while Motive was running. Hence it was decided to
recalibrate all the cameras and redefine all the free flyers inside
Motive. After recalibration the issues with the settings being
lost and calibrations being reset was resolved. However it was
noticed that the cameras would still sometimes lose track of
the obstacles during test runs. This problem was solved by
increasing the number of infrared reflecting trackers on the
obstacles.
VII.

F INAL D EMONSTRATION

A demonstration of the free flyers project was carried
out during the Center for Automotive Research at Stanford
(CARS) annual meeting on December 5th 2014. Representatives from CARS affiliates were given an overview and demonstration of the working free flyers. The demonstration involved
running the free flyer and showing it avoiding obstacles in
order to reach the goal location. Moving obstacles were also

demonstrated and the reaction of the free flyers to external
disturbances was shown by letting participants interactively
try to push the free flyer away from it’s planned path.
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