Device, Uplifting, and Navigation




MEET THE TEAM

Arnav Singh ME’25 Lorenzo Barale ME’25

Zaid Bhatti ME'25 Maysarah Sukkar ME’25 Zachary Wu ME’25



Hcknowledgernents

Amazon Robotics

Finepel Enelneer Mansfield Municipal

Gabriel Hebert allgelely:

" T

Boston University

Boston University

Professor

Kenneth D. Sebesta ‘

Professor
J. Scott Bunch




The Problem

e Robotics-Related Project
e Realm of Aviation

e Solves a Real-World Problem




—urrent Solutions

Small,
portable
devices

Knurled rod or an
extra wheel for

moving the plane.

$5,000-
$12,000

Large,

non-portable N
devices Remote

Using larger hardware, controlled tl_lgS

powered by diesel
generators/ large
batteries.

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




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

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

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

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




ttachment

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
“Mandibles”-

Servo driven jaws
that lock the
wheel into the
cradle when
necessary
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Winch
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The Embedded System:
Control Board

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

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

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
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The Embedded System:
Camera Vision

Raspberry Pi4B: 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.

Arducam IMX 219 and
NeoPixel Ring Light
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The Embedded
SlzlStem Each Robot is equipped with its own

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

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

This allows the robots to carry
out commands accurately and
quickly.




I I
h— =

Single Robat A ———
I:Drmatlon The robot will try to go from one

fiducial tag to another, following
a line of tape on the ground.

Once it reaches the destination

The robot has a PD controller that tag, the robot tu.rns .TO face its
uses camera feedback to steer it next destination.
back towards the line.
ry
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3 Robat
Formation

The front wheel robot
follows the line, as it
would in the single robot
formation.

Back Left Wheel
Robot

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

Back Right Wheel
Robot




Planning: Infrastructure

Mock Plane Design




Motion Planning:
Node Encoding

Routing Matrix

5 5
7 7
1 1
2 2
6 6
9 9
6 3
0 0




Junction Matrices

Motion Planning:

iIrection Encoding
Compass Matrix

r.r.m=[II0II IIFFII II@II ;
IIRLII II@II IIRRII;

II@II IIBBII Il@ll;] ;




Schedule Flight

% DUNG.
Create a new account

Delete Aircraft

20 21 22 28 24 25 26

Welcome, Scott
Plane: 27 28 29 30

Cessna 172S Skyhawk SP (N7294K)

Cirrus SR20 (N367SR)

Piper PA-28 Cherokee (N428LS)

Diamond Aircraft DA40 Star (N515DA)

First name

Last name

Username

Time: 22 : 00
Password
Plane:
—_— H N7294K (Cessna 172S Skyhawk SP)
Confirm password
oniirm passwo Planes Fllghts N367SR (Cirrus SR20) (! Out of service)

. N428LS (Piper PA-28 Cherokee) ( ! Out of service)
N515DA (Diamond Aircraft DA40 Star)

’ Delete @ Schedule e ranTane

(] 1wantto be a Maintainer

Register

Already have an account? Login here

’ Add

4 Edit ‘ Delete * Schedule Maintenance

Delete Reservation

% DUNG.
Login to your account

Filter by Plane: ~ N367SR (Cirrus SR20)

Register New Aircraft

Username
« ‘ ’ > Reservations for N367SR on

N-No.  N7294K Apr 24, 2025:

Password

Don' have an accoun? Sign up here Model 1728 Skyhawk SP 48 Hangar Settings

SUN MON TUE WED THU FRI  SAT

i & § 4 B 12:00 AM N367SR




Park Plane

Flights Others

Select Plane (to Park):

-- Select a Plane -- v
Delete @ schedu'e P] Park Plane Select a plane here *before* clicking an empty slot to
park it.
Select Parking Slot:
Edit ‘ Delete “  Schedule Maintenance

SR20
(N367SR)

Manage Planes Status

N7294K (Cessna 172S Skyhawk SP) m Maintenance
{8% Hangar Settings /\ Emergency Stop
N367SR (Cirrus SR20) Ready
N428LS (Piper PA-28 Cherokee) Ready
N515DA (Diamond Aircraft DA40 Star) Maintenance
Hangar Settings Emergency Stop
Press and hold the button below for 3 seconds to activate.

Number of Parking Slots (Current: 3)

: A

Hold Me
Cancel



Testing Processes

When a plane is deleted, all associated reservations should be

also removed
Changes in:

Reservations must be made at least 10 hours in advance

e PlanesMgmt.js Change in the menu for reservations
Parameters e ReservationsMgmt.js

e ScheduleFlightMenu.jsx
l No errors or warnings

Redesign

Fast and continuous database
User Product

Dashboard processing flow (verified No frontend bugs

Tripits e Frontend — Ul interface through MongoDB Compass) No backend bugs Acceptable

» e Backend — Processing

Input Signals Quality Measures No “real-life”

code and database ) )
implementation problems

e Unstable Wi-Fi
e Slow database response | Noise
e Slow computer




Video

emonstration

BOSTON
UNIVERSITY

Boston University College of Engineering


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

Thank You For
Listening!

ANy Auestions?
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Key Resources Ffor Research '

Customer Insights

RAmazon Robotics

Technical Papers

Mentorship

-




Testing Processes (PI0D Controllers)

Parameters Redesign

Changing P, and D gains Controller hasn't met targets

Requesting Mechanical Redesigns

Targets

Product

Desired Velocity or
Tape Line Location PID Wheel Velocity Controller - C++
PD Line Following Controller - MATLAB

Robust and Low Latency Control of Robot
Consistent Performance Acceptable
Able to Reject External Disturbances

Input Signals

Quality Measures

Unstable Wifi
Inconsistent Friction
External
Disturbances
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Custormer RFeqguirernent Threshola

—

Prevent Hangar Rash: E-stop detection | Active avoidance

Not Physically Demanding: Minimal user input | No user input

Maneuverable: No added DOF | Additional DOF added
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Cownselection - Methodolog

Subsystem Level

1. Pairwise Comparison
Matrix
2. Decision Matrix

riteia [iow cost
owGost [ x [ < - ~ -
[High Manuverabiin| | % | < |
[HighReliabiity | | x|
[High Plane safery | | |
[Migh Usersatety | | |
[Easy Commissioning |
[Cow Maintenance | | |
[lowCycleTime | | [
lowNoisetevel | | |
[Cow Design Compled | ||
MighAcoursey | | |
[vigh Applicabiiiytdl | |
[Cow Power Consum{ | ||
[smallVolume Footsl | ||

High Manuve| High Relia ngh Plane S| High User Low Mamtenan

m_ Two Casters Two Drive Wheels Four Motorized Casters ricycle Wheel Deslgn Ceiling Moun(e m

1

12% 1 3
__—___

Low Cost
High Manuverability

High Reliability 7 | A A |

[HighPlanesafety [ wew s s] o3[ 3 1
HighUsersafety [ | ]  s]  s] i
[Easy Commissioning(Setp) | el 8] 3] s] 1] 3

1 | | I
loweydeime [ es s s] s] 3 3
lowNoiselevel [ es ] ~ s] s] 3 1
lowDesignComplexity [ 26f o] 3f s] i
HighAccuny [ 2% 8]  s] i s 1
[High Applicability to Different Hindrances | 206 3] o 3] s 1
LowPowerConsumption [ 2% 8 3] 3 1 1
[small Volume Footorit [ 2] o] 5] 3 1] 1
- a8 s s 34
| s x4 147

Low Cycle m High Accuracy High Apphcablllty Small Volume Footpnnt
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OJownselection - Hardware

Mobility Lifting/Attachment
2 Motorized/2 Standard Casters Ramp/Cradle

Motorized
O Caster

Wheel

Standard
Caster
Wheel




Oownselection - 5ensing

Sensing

Raspberry Pi Camera, Optical Encoders, Fiducial Markers




Oownselection - software

Web Application Embedded System

Full-Auto, Star Topology, A*
mongoDB Express <@ﬂ?@'éi(:t 9 - (S POIOBY

Database API Front-end Back-end

% DUNG.
Login to your account
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Equipment Used




ystem Design Approach

Lorenzo (User intertace

/" Processing
Hub

) ' Maysarah
Yousif Zach y

v
User Login Receiver Receiver

Decoder
Y
Operation
Selection
through Decoder
Dashboard

~» Path Planner |

ESP-32 » Actuators
Schedule Delete
Flight ¥ Flight ¥ ) ¥ Deposit Plane

.| Operations April Tag
Input Plane Select Plane Input Date, , Planner May
npuLE Ry oLt npL Select Flight Select Plane Select Plane P
Information to Delete select Plane

Schedule AJ
Add Plane Delete Plane y

YMaintenance

Sensors

. | —

Encoder I
‘| Raspberry Pi
Operation (String) Generation T ‘
: . 4 v
eg
"1,2025-03-03T15:15:00.000Z,N7294K" Hangar

Hub
Occupancy |« Eong
Map

Receiver Sender

Database

Sender Sender

Sender Receiver

Line-Follower
Process

Yousif




Movement System




LIFEINg System




Electronics/Sensing




Motion Planning and L.ayout
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1x7 string array

"1RR" "IRR" "1QFF" “"11FF" "13RR" "12RL" nq5gn




Schedule Flight

Delete Aircraft

% DUNG. Welcome, Scott

Create a new account
Cessna 172S Skyhawk SP (N7294K)

Cirrus SR20 (N367SR)
Piper PA-28 Cherokee (N428LS)
Diamond Aircraft DA40 Star (N515DA)

First name

Last name

Username

Password N7294K (Cessna 172S Skyhawk SP)

Planes thhts N367SR (Cirrus SR20) (! Out of service)
N428LS (Piper PA-28 Cherokee) ( ! Out of service)
N515DA (Diamond Aircraft DA4O Star)

Confirm password

[J 1 want to be a Maintainer

e ‘ Add

Already have an account? Login here

Schedule Maintenancg

Delete Reservation

Filter by Plane: ~ N367SR (Cirrus SR20)

Register New Aircraft

* DUNG. N-No. N7294K 2::923’2%02':55- for N367SR on

Login to your account

Brand Cessna 12:00 AM N367SR
Username

Password Model ~ 172S Skyhawk SP £ Hangar Settings

-

Don't have an account? Sign up here




Park Plane

Flights Others

Select Plane (to Park):

-- Select a Plane -- v
Delete @ schedu'e P] Park Plane Select a plane here *before* clicking an empty slot to
park it.
Select Parking Slot:
Edit ‘ Delete “  Schedule Maintenance

SR20
(N367SR)

Manage Planes Status

N7294K (Cessna 172S Skyhawk SP) m Maintenance
{8% Hangar Settings /\ Emergency Stop
N367SR (Cirrus SR20) Ready
N428LS (Piper PA-28 Cherokee) Ready
N515DA (Diamond Aircraft DA40 Star) Maintenance
Hangar Settings Emergency Stop
Press and hold the button below for 3 seconds to activate.

Number of Parking Slots (Current: 3)

: A

Hold Me
Cancel
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Motorized Caster Testing




_radle Validation Testing

initial testing, mandible testing




Functional Software Testing

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

Desired
Velocity or
Tape Line

Location

Input Signals

Parameters

Changing P,I and D gains
Requesting Mechanical
Redesigns

Product
PID Wheel Velocity
Controller - C++
PD Line Following
Controller - MATLAB

Unstable Wifi
Inconsistent Friction
External Disturbances

Redesign
Controller hasn't met
targets

Robust and Low Latency
Control of Robot
Consistent Performance
Able to Reject External

Quality g
Disturbances

Measures

Acceptable
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web App Testing

Parameters e ReservationsMgmt.js

User
Dashboard
Inputs

Changes in:

e PlanesMgmt.js

When a plane is deleted, all associated reservations should be

also removed

Reservations must be made at least 10 hours in advance

Change in the menu for reservations

e ScheduleFlightMenu.jsx

l Product

e Frontend — Ul interface

Input Signals

» e Backend — Processing

Redesign

No errors or warnings

Fast and continuous database
processing flow (verified
through MongoDB Compass)

code and database

Unstable Wi-Fi
Slow database response | Noise
Slow computer

Quality Measures

No frontend bugs
No backend bugs Acceptable

No “real-life”

implementation problems




Synchronisation and Maneuvering Testing

Full System Testing

Parameters
Changing P,I and D gains

Adding Additional
Synchronization Checks

Product
PID Wheel Velocity
Controller - C++
PD Line Following
Controller - MATLAB

Desired Plane

Movement

Noise

Unstable Wifi
Inconsistent Friction
External Disturbances

Redesign
Controller hasn't met
targets

largets

Synchronized and Consistent
Control of Robot with Both Curved — Acceptable

Quality and Straight Trajectory

Measures




Design Summary




onclusions

Final




