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Vision algorithms were implemented on an field programmable gate array to provide addi-
tional information to supplement the insufficient data of a standard inertial measurement
unit in order to create a previously unrealized completely onboard vision system for micro-
unmanned aerial vehicles. The onboard vision system is composed of an field programmable
gate array board, and a custom interface daughterboard which allow it to provide data
regarding drifting movements of the micro-unmanned aerial vehicle not detected by inertial
measurement units. The algorithms implemented for the vision system include a Harris fea-
ture detector, template matching feature correlator, similarity-constrained homography by
random sample consensus, color segmentation, radial distortion correction, and an extended
Kalman filter with a standard-deviation outlier rejection technique. This vision system was
designed specifically for use as an onboard vision solution for determining movement of
micro-unmanned aerial vehicles that have severe size, weight, and power limitations. Results
show that the vision system is capable of real-time onboard image processing with sufficient
accuracy to allow a micro-unmanned aerial vehicle to control itself without power or data
tethers to a groundstation.

Nomenclature
autocorrelation matrix
image height, pixels
grayscale image intensity value
Kalman gain matrix
estimate covariance matrix
radius, pixels
innovation covariance matrix
state vector
innovation vector
image width, pixels
image column pixel index in image
image row pixel index in image
sensor input vector

N<®SQN©»Yvx~xQ

Received 27 August 2008; accepted for publication 12 August 2009. Copyright © 2009 by the American Institute of Aeronautics
and Astronautics, Inc. All rights reserved. Copies of this paper may be made for personal or internal use, on condition that the
copier pay the $10.00 per-copy fee to the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923; include
the code 1542-9423/09 $10.00 in correspondence with the CCC.

* PhD Candidate, Electrical and Computer Engineering, Brigham Young University, Provo, UT 84602, USA.
i Professor, Electrical and Computer Engineering, Brigham Young University, Provo, UT 84602, USA.

570



