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Purpose During tennis matches, some serves or returns land 
near the boundary of the field-of-play. The high velocity 
of the tennis ball makes accurate human 
determinations of tennis ball position during bounce 
impossible.

This PDR will detail how we intend to design and 
implement a computer-vision object detection system 
to determine the in-bounds validity of a tennis ball 
bounce on a court.



Approach Unity

● Capture still images of the tennis ball
● Produce motion of the tennis ball within frame from simulated or 

black-box function

FPGA

● Process images of the tennis ball using image subtraction

Algorithm (Tennis Ball Calculations)

● Using processed images, determine centroid of the tennis ball
● Determine physical location in 3D space that corresponds with pixel 

value

Communications Layer

● Create safe data transfer layers for image transfer and data display

Data Display

● Model X, Y, and Z coordinates of each serve on a 3D graph, determine 
in bounds or out of bounds



Risks Camera specifications

● 3840 x 2160 resolution could create images too 
large to quickly process

● Distance from the court diminishes resolution of 
the tennis ball

● Camera angle creates distortion around the 
edges of the tennis court

Processing speed

● Large-format images will take longer to process
● Snickerdoodle may not be the best hardware

Major delays

● Issues with workflow or implementation
● Meeting due dates



Team Members and PDR Authority

PDR Authority: Dr. Kaputa



Unity Tasks for PDR



Affordable 4K Resolution



Unity Camera Setup

● Decided against stereo vision because of 
large pixel size at farther distances, which 
would make height imprecise. 

● Briefly considered symmetrical setup with 
cameras angled in from farther apart, but 
perspective would have made it unnecessarily 
difficult. 

● Now pretty much decided on top & side setup 
as the most viable option to have the most 
precision in all three directions. 



Top & Side Cameras Concept



Simulated Ball Movement

● Scripted Ball movement in Unity
● Including Physics to account for 

drag, bounce, and friction
● Can record vectors and position 

before sending to algorithm to 
cross check

● Can use random vectors to 
simulate back and forth match



FPGA Tasks for PDR



FPGA Demonstration



Algorithm Tasks for PDR



Algorithm Demonstration

Left -> Red Right -> Blue



Communications Layer Tasks for PDR



Communications Layer Demonstration



Data Visualization Tasks for PDR



Data Visualization Demonstration



Business Tasks for PDR



Labor Produced for PDR



Organized Repositories



Executive Summary

Final cost to meet PDR: $7,532             Estimated cost to meet PDR: $6,950

From our own development, labor required from PDR to CDR is estimated 
at 113 hours. 

Estimated cost: $11,300

Total for PDR and CDR = $18,532

Hardware and Software decisions

● Use of the Snickerdoodle over Jetson TX1
● Discussions on FPGA implementation
● Google Sheets over Gantt chart
● Plotly for data visualization
● Camera positions

Immediate future for Group 2: Detect Inc.

● Brainstorm and create CDR task list
● Meet to determine dependencies in tasks
● Record hours separate from PDR
● Begin implementation work!


