






other units to follow. The tracking of the lead quadrotor
unit is accomplished via a combination of infrared camera
tracking and wireless transmission of attitude information.
This system eliminates the requirement of standard local-
ization equipment or a human operator for each quadrotor,
e�ectively managing resources during a critical mission.

2. MATLAB MODEL
The MATLAB model is written to simulate the physics of

the experimental setup, the control loops for stabilization,
potential 
ight trajectory extrapolation algorithms, and po-
tential sources of errors. Quadrotor units are written as
objects, allowing us to command a desired Euler angle for
any quadrotor, actualized by a virtually-tuned PID. Each
quadrotor unit designated as a \follower" has a simulated
camera view of the unit in front, allowing us to design al-
gorithms given the same sensor data that is available in the
experimental platform. In addition, simulated RF data with
a pseudo-random noise is sent to each quadrotor, allowing
for a more accurate relative localization consensus.

3. EXPERIMENTAL PLATFORM
The experimental platform has three subsystems. The

�rst is the lead quadrotor UAV, shown in Figure 2, a human-
controlled unit that receives commands from and transmits
information to the second subsystem { the base station. The
base station is composed of a graphical user interface (GUI)
that allows the user to see in real-time the view from the lead
quadrotor, while controlling it with a wireless radio control
unit. Any pertinent environmental information (e.g. in-
frared detection of heat signatures, radioactivity levels, etc.
depending on the sensors installed) is transmitted via wire-
less RF from the lead quadrotor to the base station. The
�nal subsystem is composed of one or more follower quadro-
tor UAVs. These are identical to the lead UAV with the
exception of additional vision processing hardware. Each
follower quadrotor receives inertial measurement unit (IMU)
data from the lead and other follower quadrotors. This data
includes the spatial orientations (yaw, pitch, and roll), the
current accelerations experienced, and the altitude. This
information, coupled with object tracking information from
the front-facing cameras (distance and relative position), al-
lows the follower quadrotors to perform a relative SLAM
based o� of the coordinates of the lead unit. This data is
also sent to the base station where a graphical representation
of the quadrotor vehicle network is displayed.

4. NETWORKING QUADROTORS
Robust communication layers are very important to the

success of both the MATLAB model and the experimental
platform. Towards this, we are using Zigbee communication
at 900 MHz to avoid the more popular 2.4 GHz interfer-
ence we might encounter. Each quadrotor is given a unique
address, and acknowledgements are sent to ensure the suc-
cessful transmission of data. XBee Pro 900 modules are used
on both the quadrotors and the base station for transmission
of attitude, altitude, and battery data, and a 1.2 GHz 800
mW video transmitter is used to relay the lead quadrotor
video to the user.

5. SYSTEM EVALUATION
Evaluation and veri�cation of the hardware and software

components is accomplished through measuring the perfor-

Figure 2: Quadrotor Platform

mance of the following quadrotor's ability to track and follow
the leading quadrotor. This can be based on the e�ective-
ness of the data transmission between the two quadrotors
(such as dropped packets and inaccuracies), the camera vi-
sion tracking system implemented on the follower and its
ability to detect the leader, and the physical displacement
between the two quadrotors during a range of movements
carried out by the leader.

6. DEMO REQUIREMENTS
The nature of our experimental platform is such that a

large space and protective precautions are required. Al-
though safety measures have been taken to ensure the proper
failsafes are in place, we request a roped o� section of 20 ft2

in order to 
y without danger of coming close to an observer.

7. DEMO SCRIPT
Observers visiting our demo will be able to view the fol-

lowing capabilities of the quadrotors in 
ight. A computer
monitor will show information regarding the current settings
of the tracking algorithms as well displacements between the
two quadrotors. The lead quadrotor, under human control,
will be placed through a series of movements that the fol-
lowing quadrotor will attempt to track.
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