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The Problem

● Robotics-Related Project

● Realm of Aviation

● Solves a Real-World Problem



Current Solutions

Small, 
portable 
devices
Knurled rod or an 
extra wheel for 
moving the plane.

Large, 
non-portable 
devices
Using larger hardware, 
powered by diesel 
generators/ large 
batteries.

Remote 
controlled tugs
Can avoid collisions with 
other tugs, but not with 
hangar walls or other aircraft.

$2,000

$4,000

$5,000-
$12,000



Our Solution



Initial Prototype

Second Prototype

Final Prototype

Prototype Evolution



Mobility
Servo Motor- This 
motor is used to 
spin the wheel 
assembly to steer 
the robot.

Passive Caster 
Wheel- This wheel 
is for stability, and 
spins in the 
direction of the 
robot

DC Motor- This 
motor spins the 
wheel of the active 
caster assembly, 
pushing the robot 
forwards

Active Caster Wheel 
- This wheel is 
made up of two 
motors, and it can 
turn to any 
direction and spin 
to drive the robot



“Mandibles”- 
Servo driven jaws 
that lock the 
wheel into the 
cradle when 
necessary

Cradle - holds plane 
wheel in place 
during lifting and 
relocation of the 
plan. Winch - Lifts and 

drops the cradle 
to aid in picking 
up and releasing 
the plane

Lifting and Attachment



Lifting and Attachment

   Mandibles

Winch

Plane Wheel 
Cradle



The Embedded System: 
Control Board

Buck Converter- 
Steps down 12V 
for the motors to 
5V for the rest of 
the system

Dual H Bridge Motor 
Driver- Allows for the 
Control of the Two DC 
Motors with PWM

ESP32- Is 
responsible for 
the control of all 
motors, and the 
reading of all 
sensors, as well 
as receiving the 
transmissions 
from the central 
computer



The Embedded System: 
Camera Vision

Arducam IMX 219 and 
NeoPixel Ring Light

Raspberry Pi 4B:  A 
board capable of 
transmitting a stable 
video stream 

The video feed 
created by this 
system is accessible 
in MATLAB on the 
system’s central 
computer, where it is 
processed.



The Embedded 
System Each Robot is equipped with its own 

ESP32 S3, with an onboard PID 
controller to control each wheel’s 

velocity

This allows the robots to carry 
out commands accurately and 

quickly. 

By controlling the velocity of each wheel, 
the robots can turn around corners, as well 
as turn in place, or even fix their alignment 

whilst driving in a straight line



The robot will try to go from one 
fiducial tag to another, following 

a line of tape on the ground.

Single Robot 
Formation

The robot has a PD controller that 
uses camera feedback to steer it 

back towards the line.

Once it reaches the destination 
tag, the robot turns to face its 

next destination.



The front wheel robot 
follows the line, as it 

would in the single robot 
formation.

Back Left Wheel 
Robot

Back Right Wheel 
Robot

3 Robot 
Formation

The two back wheel robots 
use their distance and angle 
to the front wheel robot to 

maintain this formation



Motion Planning: Infrastructure

Mock Hangar Layout Mock Plane Design



Motion Planning: 
Node Encoding

Routing Matrix

Relationship Matrix



Motion Planning: 
Direction Encoding

Compass Matrix

Junction Matrices



UI and UX





Testing Processes



Video Demonstration

https://docs.google.com/file/d/1IRVq1NJ10vQFhBrffi_FRbsQy0UEglGF/preview


Thank You for 
Listening!

Any Questions?



Slide Appendix



Research, Benchmarking, 
and Competitive Assessment



Customer Insights

Technical Papers

Amazon Robotics 
Mentorship

Key Resources for Research



Testing Processes (PID Controllers)



Customer Requirements



Customer Requirement Threshold

Prevent Hangar Rash: E-stop detection | Active avoidance

Not Physically Demanding: Minimal user input | No user input

Maneuverable: No added DOF | Additional DOF added



Conceptual Design Summary



Downselection - Methodology

Subsystem Level

1. Pairwise Comparison 
Matrix

2. Decision Matrix



Downselection - Hardware

Mobility

2 Motorized/2 Standard Casters

Lifting/Attachment

Ramp/Cradle



Downselection - Sensing

Sensing

Raspberry Pi Camera , Optical Encoders, Fiducial Markers



Downselection - Software

Web Application Embedded System

Full-Auto, Star Topology, A*

Front-endDatabase API Back-end



Prototype Generation



The ARENA



Some Equipment Used



System Design Approach



Movement System



Lifting System



Electronics/Sensing



Motion Planning and Layout



UI and UX  ( 1 / 2 )



UI and UX  ( 2 / 2 )



First Prototype



Prototype Evaluation



Motorized Caster Testing 

Initial stepper motor 
design

Finalized design, servo motor 
steering and DC motor drive



Cradle Validation Testing
initial testing, mandible testing WINCH

ENTRY 
RAMP

MICRO 
SERVO

PINION 
GEAR

GEAR 
RACK



Functional Software Testing
just line following, lifting,  etc. simple tests to show it all works



Camera Vision



Web App Testing



Full System Testing
Synchronisation and Maneuvering Testing



Design Summary



Final Conclusions
Final Conclusions and Recommendations.  List and discuss your most important 
technical findings.


