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Project Overview



Motivation
● Driving is a dangerous activity

○ Hit & Run/Reckless Driving
● Difficulty in Memorization
● Wide range of applications

○ Parking
○ Tolls
○ Grounds Management



Goals and Objectives
GOAL: 
Produce a low-cost, portable license plate scanner for 
the average day-to-day driver

OBJECTIVES: 
● Scan license plate information for enclosed, 4-wheel 

civilian vehicles
● Plug-and-Play functionality

● Lightweight & Portable Design

● Crash Survivability

● Prevent Obstruction in Driver View

● Build to IEEE/IEC/UL Standards

● Modular codebase

● Accessible and Convenient to Users (Mobile Application)



Specifications
Component Parameter Design Specification

Battery Discharge Life 3-5 days (Avg. 40-60 mins/day)

Camera Resolution 1080p with accuracy of ≥ 90%

Camera Frame Rate Process video feed ≥ 20 fps

System Dimensions Will not exceed 5”x4”x4”

System Weight < 2lb

Enclosure Survivability Readable storage after 2-story drop

Demonstrable



High-Level 
Overview
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Computer Vision & 
Mobile Application



Software Block Diagram



SBC Analysis
Processing Power

Memory Size

Energy Consumption

Cost Analysis



Single-board Computer (SBC)

Powerful GPU in a 
compact form factor

Features

Great Value 
Proposition

Overall value

Extensive Developer 
Community and 
Resources

Wealth of 
knowledge

Cheaper than 
comparable 
alternatives

Costs

Jetson Nano



Camera 
IMX219-130 Seeed studio 114992262

Exceeds 1080p 
Requirements

8 megapixels

Allows for little 
distortion

130°  Field of view

Designed 
specifically to 
interface with 
Jetson

mADE FOR US



Computer Vision

Supports license plates for 
over 70 countries

Model trained with a 
significantly larger dataset

Openalpr

Identify and isolate 
license plate area

Object Detection

Large library of APIs for 
object detection

Powerful pretrained 
models

OpenCV

Used for training
Optimized for Nvidia GPUs

Tensorrt

To recognize characters

Tesseract for 
Optical Character 
Recognition (OCR)

To isolate characters

Edge detection



Graphical 
user interface 
& Features

Users are able to create their 
own accounts and access 
License Plate data.



Mobile 
application 
Development

➔ Progressive Web 
Application (PWA)

➔ FERN Stack



FERN STACK

Robust and 
scalable database 

system

Firebase

Framework for 
APIs

Express

Team members have 
experience with 
REACT frontend dev.

React

Backend 
environment

Node.js

Tried and true technology stack.
Facilitates faster development



Mobile 
Application 

Use Case 
Diagram
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Firmware & Modules



Electronics 
Block 
Diagram



Project Controller
TI msp430fr6989 

Familiar and 
Previously 

Acquired

Convenience
Enough channels 
to run all 
communications

Capable



Storage unit

Less risk of data 
loss than BT

More permanent

Can be removed and 
read in any device that 

can access uSD Card

portability

Shown to 
consistently store 
.txt files

reliable

Large variety of uSD 
Card compatible with 
FatFs Library

Easily accessible

Micro sd card



bluetooth
Raytac mdbt42q-p192 

Readily available on 
many online 

retailers

Availability

Plenty of examples 
to work with

user support

Fits our Bluetooth 
5.0 requirement

Bluetooth 5.0

J-Link via Nordic 
Dev Kit

Easily 
programmable



Firmware 
dataflow



Firmware  development

TI CODE 
composer 
studio

Keil 
uVision 
5



04
Power & PCB



Power block Diagram



battery
MakerFocus 9065115

Low Self-Discharge
Resilient to High 

Temperatures

Lithium Polymer 

Thermal Protection
Overcurrent Protection

Short-Circuit Protection

Protection 
Circuit Module

10,000 mAh 
74 Wh = 8.8 Hrs of 
CSS operation 

High Capacity

IEEE 1725-2021
IEC/UL 62133

Standard 
Adherence



5 Volt regulator
texas instruments lm3150 

96.3%
Drives high 

efficiency external 
MOSFETs  

High Efficiency

Feedback network  
monitors current 

Overcurrent 
protection

Only 61% cost 
of comparably 
efficient 
topologies

Low Cost

Short Circuit
Soft Start
Thermal

Additional 
Protection



3.3 Volt regulator
Texas Instruments TLV62568

96.26 % 
With Minimal 

PCB Area and Cost

High efficiency

Integral current 
detection with auto 
shut-off and restart

Overcurrent 
Protection

Limits dV/dT to 
protect sensitive 
downstream 
devices

Soft Start

Provides additional 
efficiency under 
low load 

Dynamic 
Frequency



Charge controller

Low quiescent 
power consumption 

when on battery 
power

High Efficiency

Provides system 
power from AC while 

simultaneously 
charging the batteries

Concurrent 
Load/Charge

Seamlessly changes 
from AC supply to 
battery supply 
without interruption

Dynamic Source 
Switching

Overcurrent
Undervoltage
Thermal
Short Circuit

Protection

Texas Instruments Bq24703



Charge 
Controller to 

System 
Controller 

Communication



Integrated schematic



Pcb 
Layout:
Top Layer



Pcb 
Layout:
Bottom Layer



PCB Assembly with Neoden reflow oven

Special Thanks to

Dr. Avra Kundu
Lab Specialist Zhou



Pcb Testing



Pcb Testing



Final PCB 



System Integration
● Four distinct subsystems:

○ Power System
○ System Controller and System Modules
○ Single board computer
○ Mobile Application

● Tested independently before integrating and performing system 
tests
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Enclosure



enclosure

ABS Filament for 
added strength

3D PRINTED

PCB will slide and lock 
into place

PCB Slide 
shelving

Affixed to Windshield

High grade 
suction cups

Slide door
Inaccessible while 
installed
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Conclusion



successes challenges
● Automation of CV/ML on Jetson

● Data transmission across all 
components

● Specced some parts too small to 
solder by hand

● Nordic Software Bugs

● Getting the Nano to read a 
license plate

● Seamless transition from 
different power sources

● Data Transmission Across All 
Modules

● CSS automation



Budget & Financing

Bought Two jetson nano dev. 
kits for testing

Misc components were 
another major expense

Second Version of PCB had to 
be reordered



Cost of 
components



Work Distribution
Roles Responsibility

Qrizelle C. Lead Mobile Developer Computer Vision and Mobile 
Application

Ricardo N. Lead Computer Vision Developer Computer Vision and Mobile 
Application

ARi P. Lead Firmware Developer Hardware (PCB) and Firmware 
Development

Robert Z.
Lead Power Systems and PCB 

Design Engineer
Hardware (PCB) and Schematic 

Integration



Two online meetings weekly

Collaboration

Almost always had a team 
member in the lab 

Storing images as an added 
backup on the Nano

Feedback

Built in suction cup

Communication is key

Biggest Lessons learned

Online forums are not the 
most reliable resource

Working in the senior 
design lab

Streamlined wireless 
connectivity

Start early on all 
components to get a better 
scope of the work required

Final Thoughts



Questions?


