Autonomous Navigation of Quadrotors in GPS Denied Environments
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ABSTRACT Arjun lyer

UAVs depend on GPS technology to accurately describe their position, and navigate to their objectives successfully. However, GPS Engineering: Robotics

systems can be rendered useless by modern signal jammer technology. Much research has been conducted to develop robust con- Olin College of Engineering
trol systems for quadrotor formations. Most of this research requires off-board sensing to build an environmental map of the forma- ,

tion. In this work we demonstrate a formation control and waypoint navigation technique for quadrotors, using on-board sensing Luis Rayas

and off-board processing. We demonstrate the usage of on-board vision processing to construct a map of the environment and the Engineering: Mechatronics
formation's location in the environment. Our hardware platform is the Parrot AR Drone, which has a vast sensor suite including two Olin College of Engineering

on-board cameras, an inertial measurement unit, compass, and ultrasonic range-finder for altitude measurement. The drones are
controlled using National Instrument'’s Labview 2011, and commands are issued wirelessly via a 802.11 WIFI network.
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This work successfully demonstrates that it is currently possible

1.CALcULATE LOCATION OF EPIPOLAR PLANE. .
to create advanced autonomous systems with low-cost hardware.

(i) Location in Zis determined by each (iii) The.E!oipoIar plang, the “origin” for The vision and control techniques used to com p|ete this project
drone’s altimeter, and translated relative to stereovision-based distance . . .

the rear drone. Thus, X,Y,and Z foreach ~ measurements, is determined by the allow for a range of appllcathnS and advancements in

drone are determined. line between the right and left drones o . o

(ii) Using the 3-d location of each drone,  (Line A), and the distance (inY) from the area Of autonomous naV|gat|0n, and are avallable fOr anyone
e D roen e to dronesis the rear drone to the midpoint of Line A. to use. As commercially available UAVs become more advanced,

d students, researchers, and hobbyists will be able to implement
van m ickly and reliably.
2. LocaTE RoBusT FEATURES AND RECORD SIGNATURE. advanced systems quickly and reliably
(i) Create a disparity map based onthe (iii) (Feature,Position) pairs are stored in This work also demonstrates that UAVs can operate reliably N
images taken by the right and left drone. an array for future updating. G PS d . d . I h . h h .
. (i) Features are matched using epipolar -adenied environments at low cost,whic Suggests that It

nes: ielative positions are compared is worthwhile to develop the hardware and software systems

o determine distance from the epipolar . . . .
plane. used in this project to further advance the usage of such vehicles.
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