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 Golfers lose golf balls to slices and rough terrain. o
 Affordable drones with onboard cameras can be used to take images of e o Ball can be reasonably tracked by the drone within ~30 feet.
the ball but lack enough computational power to perform high speed §Z * At this distance, a slower drive will stay in frame for 500 milliseconds.
2 BLEN, . . -
tracking. ¢ S * Latency to send video from the drone to controller is 220 milliseconds.
, ) - * Additional latency if the controller is not directly connected to the edge.
: : v S . " : :
Ofﬂoadmg Drone Computatmn to the Edge . Additional latency to return instructions from the edge to the drone.
rd * This leaves us with ~100 milliseconds of computation time to decide
* Insufficient computation make onboard calculations F where to turn the drone gimbal.

Our Solution E * Pixel density scales with linearly distance

. . * Tracking algorithms incredibly difficult at higher ranges
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!_ow Lat.ency requirements make cloud computation P o Expenments
impractical. — =

 Use nearby edge node to offload computation.

Distance: 5 feet Distance: 30 feet

* Has sufficient computational ability and low latency.

Diameter: 98 px Diameter: 20 px

1.68 inches =63 px &

Architecture

1. Drone
Captures video and tracks ball.

O , .'5 o

1.68 inches = 11 px * Tracking ball from various heights.

* Tracking with OpenCV becomes error prone at heights above 30 feet.

Distance: 200 feet Distance: 393 feet
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» Diameter: 6 px Diameter: 5 px
Video Feed |
2. Controller Tracking Instructions : 2
Relay. < 1.68 inches = 2 px 1.68 inches = 1 px
&
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[ - Tracking Instructions |
Video Feed
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v * From top down perspective, use 2 images to predict ball trajectory.
4. User Device : . : : :
Displays ball location  Use known width of the ball and pixel width to predict height.
and additional
information on drive. * Develop physics based model to predict landing point and turn to view.

 Takes 1.25 seconds to turn the drone 75 degrees, far enough to keep
ball in line of sight for an approx. 200 yard drive

Processed Video and Information
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g}g:::;?:ge?gsﬁgfuczs drone. [———— 75 * Indoor dome with measured land marks
i * Drone captures the first few frames and also records the places the ball
h ands (required for verification)
Approaches 75
100 ; ;
1) Image Tracking — Pivot and track the s Future Work and Othelf apphcatmns
ball directly for full length of shot. i 125 |
Decided infeasible due to large < SN 150
distances and limitations in tracking. * Ideally the difficulty of the problem will allow us to use our methods in
del | bl 175 other domains.
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) Model Deve opment T.rac allal _ / a e el M * E.g. Offloading Computation for loT devices performing; Tracking of
start of shot and infer physics model. Vehicles. Facial + H and : tor '
Track ball at end for precise location. The  Edge detection used to estimate ball distance from drone. ChICIES, Faclal recoghition, search and TescUe, sports monitoring €tc.

current approach. * Ball height can be inferred because height of drone is known.



