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Overview — Problem

Guests in hospitality-related environments frequently request low-value amenities
(towels, toiletries, food items)

Operational impact:

» Slow response times

* Increased labor cost

 Inefficient staff utilization

ROOM SERVICE

Repetitive tasks consume time that could be spent on higher-value service.

How can we fix this?
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Our Solution 10

AutoServe — Autonomous Indoor Delivery Robot

Automates Indoor Delivery Tasks

o No manual transport required

e —

Autonomous Navigation

-inf‘llz_ﬁ'] ,.
== ” o Reaches destination and returns to base
Integrated System

o Wireless monitoring by staff

o Designed for multi-floor environments
Our Original 3d Model Mockup Sketch
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Design Overview I

« Control Unit
o Controls main Board Unit and enables connection to a Remote Unit.

Remote Unit
o Python GUI to interact with the main board.

Sensor Unit
o Detect obstacles and stop Motion Unit from crashing the robot.
o Track robot spatial position.

Motion Unit
o Drive the motors using encoder feedback.

Power Unit
o Maintain different voltage levels for different components (12V, 5V and 3.3V).
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Design Overview - Initial Design
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Designh Overview - Final Design
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Hardware
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Final Design

Breadboard Voltage Divider
on Motor Encoder Lines to
protect ESP32

Battery

Front View
Top-Down View

Main Board
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Motion 1

2 Brushless Motors - Separate Drivers

1 Caster Wheel
PWM on Brake

Motor Encoders for Control
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ToF Sensor E

Mounted Position:
- Front-middle 2 - h
i ” I~ |

Consistent readings up to
~30 readings per second.

L LAJ\/M

0 20 40 60 80 100
Measurement number

N
o o
1 1

Was mounted on a servo to
sweep readings across a
broad angle scan.
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Height Sensor

 BMP Pressure sensor

- ODbtain height data —
* |t allows robot to - Desk Height
detect several floors =g
- Different maps - _
= Floor Height
: Floor
o -_ Baseline
= pressure set

(floor)

ELECTRICAL & COMPUTER ENGINEERING ® GRAINGER ENGINEERING



Real Time Operating System i

- Each sensor/component uses its own thread waiting for broadcast.

- Main listens to commands from telnet server: 192.168.4.1:23
o Breaks up commands into steps
o Broadcasts to wake up threads to make robot do different things
concurrently

- Benefits:
o Simpler code structure for each component (avoid one loop)
o Allows components to start up other components and wait on their result
(ex. the motor component calls the ToF to interrupt motion)
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User Interface

# AutoServe — Multi-Floor Mission Planner = Od >

eorwanasemont « Custom maps

Mumber of floors: |2 il Appl}rl hPa per floor: |0.180 i‘ (=0.18 hPa = 5 ft | =0.07 hPa = 2 ft)

T e | x indi
« A* pathfinding
Floor label: Floor 1 Rename Editing: Floor 1 | Grid 4=10

Map Dimensions (current floor)

Rows: (4 i‘ Cols: [10 il ApplyDimensiDnsl o Speed/ThreShOId
Motor Parameters

Fwd degrees/tile: 100 5|  Fwdspeed (1-255): 200 3|  Turn speed (1-255): 120 35 CUStomlzatlon

Click Mode
{* Toggle Obstacle " Set Start (green) (" Set Destination (red) ck tiles to toggle walls t? 5end Mission to Robot Commands to send:
fwd 10 150
Robot Starting Orientation
? Floors: 2 Threshold: 0,180 hPa/floor fwd 16 156
f* Right — " Down L " Left— ™~ Upt Applies to all floors (robot always starts on Floor 1 fwd 16 150

Floar 1: 14 motor commandis) fwd 10 150

Floor 2: 5 motor command(s) - sending° fwd 10 150

The robot will: done: fwd 10 150

1. Immediately execute Floor 1 commands _ g .
2, Monitor BMP525 pressure autonomously o SEichrgy ) e dss
3. Execute each upper floor when detected done: fwd 10 150

N _ -> sending: fwd 10 150
Place robot at start position, then click Send. done: fwd 10 150

-> sending: fwd 10 150
Mo done: fwd 10 150

Yes

_ Terminal Output
Calculate Path (thiz floor) | Calculate All Pathsl Clear Obstacles
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Safety Measures

¢
AutoServe Mission Monitor
Ref i :
emitter [l gerence Light Connected. Uploading {n} floor(s),
b threshold={hpa_per_floor:.3f} hPa/floor...

Ubject . o

VL53LOX Tof fected Light J Upload complete — sending mission run...
Reflat
sy . 4'——___’_____—___ Mission running. Floor 1 executing now, then BMP
monitoring...
- - Abort requested — sending mission abort...
Distance —

mission abort

Obstacle Detection
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Challenges I

Mechanical:
* Uneven wheel height 1 ?
» Wheel inertia caused % 2

drlftlng ; X b SZ\ . 3\3 U1
Sensing: T e g EP i>sensomt
» Weak and noisy IR sensor T Y v R

signal ~ 3 mV S.Z\ ok
» Sonar could not detect .

fabric — bad for detecting . [.] |

people IR sensor circuit diagram
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What We Learned

System Integration
*Design custom PCB with MCU control
Interfaced multiple sensors

Motor Drivers
Servos
Encoders
ToF (Etc.)

BMP585

Software & Communication
*Remote interface Python + telnet
*Real-time wireless monitoring and control

* Real Engineering Process

What We Would Do
Differently

Hardware Design

*Select higher-torque motors
*Design/Component Oversight L
*Allocate more time for PCB
validation and testing JQ a
BXOUY

Debugging

*Investigate Mechanical Issues
*Time Management for PCB
design/integration

X

ELECTRICAL & COMPUTER ENGINEERING

® GRAINGER ENGINEERING



Motors Ul

Better motors and motor Improved GUI features

drivers Mobile app integration,

Improve mechanical problems voice control, etc.

Improve software control to

allOW for SmOOther mOtlon Final Built Map of the Environment
Position detection T

LIDAR SLAM

o & A o O N B o o
—

Spinning lasers to expand Real time mapping
environmental data Re-pathing

Enable more powerful calculations when | P | .
algorithms blocked o

Example of Implement Simultaneous
Localization And Mapping (SLAM) with
Lidar Scans from MATLAB & Simulink.
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\
\

A
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Thank Youl!
Team 84 AutoServe

Questions?
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