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Project Background - Problem Statement
Client: Bob Thompson

Problem: Bob has squirrels that chew on and damage his deck. The damage they cause is 
expensive to repair and loud noises, such as a barking dog, are not enough to scare the 
squirrels.
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Project Background - Functional 
Requirements

● The device should start tracking and targeting squirrels as soon as it is powered on
● The product should launch a projectile that will scare squirrels off the deck without 

damaging the house 
● The product should automatically retrieve the projectiles that are launched
● The device should be able to attach to the deck without damaging it.
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Project Background - Non-Functional 
Requirements

● The product must be able to withstand poor weather conditions as it is in an 
unprotected outdoor area

● The device should be low in cost, and be produced within the budget provided for the 
course

● The device should be autonomous and require minimal manual intervention.
● The device should be simple enough that it can be reproduced and scaled to multiple 

devices that cover an entire deck
● The product should operate for long periods of time without maintenance
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Project Background - Engineering 
Constraints

● Must be small enough to fit on deck or deck railing
● Must be possible to power in an outdoor environment
● Must be reproducible, i.e. our parts must be possible to manufacturer outside of our 

3-D printed prototype
● Must be powered by a typical wall power outlet
● Cannot have any exposed wires that could be shorted or become a dangerous fire 

hazard.
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Project Background - Solution
We should launch ping pong balls at squirrels using a turret system to deter them from 
chewing on the deck. There will be 5 main subsystems that will make up the turret:

● Targeting
● Launching
● Reeling
● Vision System
● Power System
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Market Survey

There are currently no products on the market that are similar to our product

Some hobbyist products have been created that we can compare to.

Main difference is that hobbyists use disposable projectiles like water or air soft bullets.



Project Considerations
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Technology Considerations - Vision 
System

Jetson + Pi Cam is the better option, it improves classification speed by 6.6x for only $15 more
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Technology Considerations - Launching

A flywheel is the best option due to its low cost and ease of reload. While we anticipate some difficulty in 
implementation, the simplicity in reloading will allow us to incorporate it with the rest of the system easier.
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Unit Cost

Within budget of $600, but to be a viable product we 
could look for further reduction in costs by:

● Design a PCB board instead of using separate 
motor controllers.

● Power the Jetson, motor controllers, and Arduino 
from the same power supply
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Risk and Mitigation

High risk - Mechanical system used in launcher and to move launcher. Mitigate by focusing 
on building these systems first, and their software later.

Low risk - Training YOLO model to detect squirrels in images. Past experience shows that this 
takes a lot of time. Mitigate by being aware of this issue and prioritizing the data collection 
and training 

High risk - Reeling system has potential to get tangled and stuck. No mitigation has been 
determined and therefore this is deemed high risk.

Medium risk - Due to COVID-19 were are not able to work together on prototypes. Mitigate 
by splitting up the systems and working on them individually only meeting for integration. 



System Design
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System Design

Subsystems

● Targeting
○ Moves gimbal

● Launching
○ Turns on flywheel

● Reeling
○ Reel in ping pong ball

● Vision System
○ Detect Motion
○ Check if squirrel is present

● Power System

Fuhable on Thingiverse

Targeting Launching



Team 3 - Squirrel 

System Design - Training Pipeline
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Project Sketches - Architecture
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Project Sketches - Control Flow
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Project Sketches - Schematic
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3D Printing - Targeting and Launching

● # of parts: 27
● Total print time of successful prints: 

167 hours
● Average print time of only successful 

prints: 6.3 hours
● Est. amount of plastic used: 1.4kg Model

Sliced model with raft  



Prototypes - Demo
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Squirrel Detection

The squirrel detection takes around .2 seconds per image or 
video frame. Capable of detecting them at just about every 
angle, even on backgrounds that they blend in with.

https://docs.google.com/file/d/1vovq4OiNq59VtstwZseX2tzmg9ZEVOmi/preview
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Prototypes

Fly-wheel prototype built to test drag on 
ball with fishing line attached.

Showed a near comparable distance 
between with and without fishing line.

https://docs.google.com/file/d/13dzjC_qKzKjicUEfFe9HZ_zHY5TwV5BE/preview
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Printing Issues
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3-D Printed Parts



Testing
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Testing Strategy
Because of the shortened semester and the minimal amount of programming needed 
for this project we did not deem it necessary to go beyond manual testing.

Unit - Verify functionality of a single feature

Integration - Verify functionality of multiple features integrated together

Acceptance - Verify systems ability to satisfy the customer

Systems - Verify systems meet the stated functional / non-functional requirements

Note: because this was a short term project we saw no need for regression testing
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Functional Test Results - Passing

Targeting System - Can be controlled manually by 
using the serial API

Launching System  - Can be triggered manually by the 
serial API

Vision -Our squirrel detection algorithm runs on live 
video at 5 Fps, and can provide coordinates to the 
location of the squirrel

Power - The stepper motors receive sufficient power
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Functional Test Results - Failing

Targeting System - The remaining tests cover 
integration with the vision system

Launching System  - The remaining tests cover 
integration with the vision system

Reeling System - We were unable to complete the 
reeling system resulting in all tests failing.

Vision - We did not complete the integration of the PIR 
motion detection.

Power - Our power supply was insufficient to power 
the flywheel motors.
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Squirrel Detection Test Results
Recall - Percentage of total squirrels detected - 11/17 squirrels detected = a recall of 64.7%
Precision - Percentage of correct positive results - 11/13 = precision of 84.6%
Intersection over Union - Percent overlap between the hand drawn bounding box and the 
computer generated bounding box - 65%



Team 3 - Squirrel 

Non-Functional Testing Results

● Our non-functional tests for the squirrel detection algorithm passed
● We did not complete our other non-functional tests as they were mainly dependent on full 

system integration.



Conclusion
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Conclusion
There is still a long way to go before the product is ready to be released.

● Reeling System
● Weather Protection
● Completion of other core components


