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Project at a Glance

Component Prototype
Problem Boaq potholes are_ @fflpult to notice early, especially at night,
in rain, and poor visibility.
Core Al Pre-trained YOLO-based pothole detection model
Inout Uploaded road image (prototype); live camera can be added
P later
Pothole bounding boxes, confidence scores and safety
Output .
warning
Interface Gradio web application
Deployment Hugging Face Spaces
) GPS, map, voice alert, mobile app, multi-vehicle reports,
Future Expansion .
road-maintenance dashboard

System Mind Map

Problem Al Detection User Alert Location Future Scale
Potholes YOLO Pothole Ahead GPS Live Camera
Night/Rain Bounding Box Slow Down Coordinates Mobile App
Visibility Confidence Road Hazard Map Smart City
Vehlcle'damage Pre-trained model Visual warning Reports MUltI._VehICle .
Safety risk Image processing Severity prototype Database Duplicate grouping
Manual reporting Dashboard

Mind map: the prototype starts with pothole detection an

d can scale into a broader road-monitoring platform.

1. Title: Al-Based Pothole Detection and Road Safety Alert System

2. Problem Statement
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T R AEa0l GHET I8 © foF @ W ISR potholes it SHert 3 s gt forvm e @ T et ugadi|
Ffs feft pothole =i location s sweht feafa automatically record =it sm ==, @ future % road
maintenance 37 repair = g 7= information Iwarft &t @t 2

3o gwen & Artificial Intelligence, Computer Vision, GPS st Real-Time Alert st
technologies it werrar & w1t g8 7 address form S ehar 2|

T YISieFe Y 90T
39 project =i I gAR STrEuT i Tehi W @ ¢ A sre-s potholes @ fie

T T T & R T W I @97 pothole s ama @1 simar 81 Driver =i snfiadt wwar w speed a0
T wdt € a1 vehicle it gadt s AT Te 2

STRRT o EHY IE AT TR 9¢ ST 2l 9T & 510 31 pothole Swe 7 wwet givea 2 St @ f ot & e
weeh fohHT Tedl a1 @Y 2

& ¥ T gaTd gUR 9 ART—FR Vehicle ® @ camera dg& @i aar e@ar ' i Artificial
Intelligence @<= w #isie pothole = automatically we=rm <, @t = driver =t @w= w=d warning
ST Hehet 87

gt foem @ g9+ v vEr Al-based Road Safety System s st sheaar st St @ges it image a1 camera
feed =1 analyze = potholes =i vg=m =t 3t detected pothole & smamr w driver = road-safety
alert w&m =)

39 project =1 3ew saw pothole =i wg=r 7 7, afess Al detection =t ws practical safety
application ¥ srger 21

3. Proposed Solution
=4 wk Al-based Road Safety Application d@w foram @ St road images 3k camera & s

image/video frames # potholes = detect = =

za application ¥ w= weet @ trained YOLO-based pothole detection model =t 3w feram ma 2
3o g yeera @ g Deep Learning model train s &t stmeraear 7@t aedt 3 g7 w9 Al model =
w useful application @ integrate == @ed 2

Feature How it works

Road image & analyze @I pothole &T 9gTT; detected

Al-Based Pothole Detection .
pothole & TRT 31X bounding box|
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Confidence Score

& detection % TTT model T confidence scorel|

Road Safety Alert

“POTHOLE AHEAD”, “SLOW DOWN” ﬁmm*m
“ROAD HAZARD” warning|

Multiple Pothole Detection

Uch image ﬁﬂ’fa@' multiple recognized potholes F TIT 37cl9T-
3Tef9T bounding boxes|

Severity Concept

Prototype & Low / Medium / High indicator; I§ ar¥dida depth
measurement 8T & |

Image-Based Road Inspection

Existing road photograph upload FIh inspection|

4. Tools / Technology Used

Technology

Purpose

Python

Application development

YOLO / Ultralytics

Pothole object detection

Pre-trained Pothole Detection Model

Direct detection without training from scratch

OpenCV Image processing and bounding boxes
NumPy Numerical/image array processing
Pillow (PIL) Image handling and conversion
Gradio User-friendly web interface

HTML / CSS Interface styling

Hugging Face Spaces Online deployment

5. Step-by-Step Plan

(a) Pre-trained Al Model ST 39311

54 prototype = forg grema & Deep Learning model train =& ferar mm o vt & trained pothole
detection model =r application @ integrate fam m 21

Pre-trained YOLO Model — Python Application — Image Input — Pothole Detection — Bounding Box +
Confidence — Road Safety Alert

Step

Action

Step 1: Required Libraries Install sz

Ultralytics, Gradio, OpenCV, NumPy, Pillow =t Spaces 3t
required libraries =r requirements.txt 3 e & install swm

Step 2: Model Load s

Application start g === trained pothole model =t load =xm

Step 3: Image Input

User =i road image upload == =r option &m

Step 4: Image =r Model & st

Uploaded image =1 YOLO model # inference % fere 3m

Step 5: Pothole Detection

Bounding box, confidence score s detected class s =

Step 6: Multiple Potholes Process =t

@+t valid detections =r loop # process @ wes pothole % faw st
result s=mm

Step 7: Bounding Box Draw @t

OpenCV  wemrar @ = detected pothole 3 =wi s rectangle draw
AT

Step 8: Confidence Display s

= bounding box # =rer confidence score fe@mm

Step 9: Severity Display s

Prototype-level Low/Medium/High indicator fearm

Step 10: Road Safety Warning

Detection % smem i visual safety warning fe@mm
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Prototype Architecture

Layer Component Role

Input Road Image User & image &t

Al YOLO Model Potholes locate s
Processing Python + OpenCV Results =it boxes process s
Ul Gradio User interaction

Output Annotated Image Boxes + confidence

Safety Alert Logic Pothole Ahead / Slow Down
Deployment Hugging Face Spaces Online application

(c) User Interface Development
¢ Road Image Upload

e Detection Button

e Detection Result

e Confidence Setting

e Image Size Setting

e Road Safety Report

(d) Hugging Face Deployment

Prototype =t online suesa st % ferw Hugging Face Spaces w deploy fear s werar 21 7 files
app.py 3 requirements.txt g app.py # application = Python code s requirements.txt

required libraries =t &

(e) Testing
Test Case Input Expected Result
Normal Road No visible pothole No pothole / no valid detection

Single Pothole

One pothole image

One bounding box

Multiple Potholes

Several potholes

Separate boxes for recognized potholes

Different Sizes

Small + large potholes

Model detections as supported by
confidence/visibility

Different Conditions

Dry / wet / low-light

Observe performance and limitations

Water-filled Pothole

Pothole partly hidden by water

Observe whether model can recognize it

6. Learning Outcomes

Learning Area

What students learn

Artificial Intelligence

Real-world problem & Al = 3w

Computer Vision

Images & useful information frererr

Object Detection

Object %t we=m i location

Pre-trained Models

Existing trained model =r application # integrate st

Image Processing

Images = Python/OpenCV & process st

Bounding Boxes

Detected object =t visually highlight s

Confidence

Detection confidence =i interpret/display s

Application Development

Al model =t user-friendly app # see=r
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Web Deployment Hugging Face Spaces = Al app deploy &

Problem Solving Technology =t practical social problem & sirgr

7. Future Scope i Scalability

Faae project vk working prototype 21 s&t foundation = s sigre w = Road Safety and
Road Monitoring Platform smmm s wekar 21

Future Feature What it adds

Live Camera Detection Continuous road monitoring from vehicle/mobile camera

GPS Integration Pothole # latitude/longitude record =@t

Road Safety Map Map = pothole locations sf severity indicators

Automatic Maintenance Report Pothole ID, location, time, severity, confidence s image = record
Multiple Vehicle Data = vehicles & detections collect swr

Duplicate Detection Same-location reports = group/merge st

Better Severity Estimation Depth estimation, stereo camera, LiDAR =t sensors = future use
Voice Alert “Warning. Pothole ahead. Please slow down.” St audio warning
Mobile Application Camera + GPS + Al + Map =r mobile app # integrate s

Smart City Dashboard Central dashboard = road-condition monitoring

Scalability Roadmap
LEVEL 1
Image Upload Prototype
}
LEVEL 2
Live Camera + Real-Time Alerts
l
LEVEL 3
GPS + Road Safety Map
}
LEVEL 4
Multi-Vehicle Data + Duplicate Reports
1
LEVEL 5
Mobile App + Maintenance Dashboard
!
LEVEL 6
Smart City Road Monitoring Platform

8. Link to Hackathon Theme / SDGs

SDG / Theme Connection

SDG 3 — Good Health and Well-being Road safety =r support s 3w timely warning

SDG 9 — Industry, Innovation and Infrastructure Al-based road infrastructure monitoring

SDG 11 — Sustainable Cities and Communities Safer and better-monitored urban transportation infrastructure
SDG 12 — Responsible Consumption and Production Pothole-related vehicle damage st maintenance burden = sw %
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1 fam & support

. Al, Computer Vision, Python, Web App =it real-world problem
Educational Theme .
solving = Sirer

9. Project Limitations — Prototype @ s sam= W@t Teu?

e Detection model # accuracy training data, image quality st road conditions o it st
2

e Confidence score = pothole #i arafas depth ar danger level 7= wwermm =nfzu)

e Prototype-level severity sa@ w= indicative classification 2

e Rain, water, darkness, shadows st unusual road surfaces detection = yfaa s @ehd &

o Safety alerts =r driver assistance & &1 # @megrT =1ieg; System = human judgment =
replacement =&t a1 =iy

10. Conclusion
Al-Based Pothole Detection and Road Safety Alert System s tar prototype & sit Artificial

Intelligence =1 as gar st ardfoss FHe ¥ S g

7w project # s pre-trained YOLO-based Al model @g= s image =t analyze s € 37t
potholes s ve=m szt 21 Detected potholes % =mi @ bounding boxes s s €, confidence
score fe@mr st ® 31k road-safety warning generate =it S @iehdt 2

39 Project i wew Aecaut ad € 8 foh @ Al % saa tw model % =9 % 7= <@ g7+t complete
workflow smmr 2:

Real-World Problem

l
Al Model

!

Computer Vision

!

Pothole Detection

!

Bounding Box

!
Safety Alert

!
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Future GPS & Mapping
!

Road Maintenance Reporting

3T AT System ts prototype =1 @ifsr g&t prototype =t a1t seret Live Camera Detection, GPS
Tracking, Road Safety Map, VVoice Alert, Mobile Application, Multiple Vehicle Data s
Smart City Dashboard s features sire s @ehd 2l

3@ R o simple road image @ gesTa @& o s Al-Based Road Safety and Road
Monitoring Platform = faem & a1 ser i wear 21

o weeaqut learning =&t & fr Artificial Intelligence = smcft sgwa et prediction st 7= 8, sfcsh
technology =it weg & areafae: aweansl s g 3R 3 practical solutions & = 2

Appendix A — Prototype Development Checklist

Task Status to Check

Hugging Face Space created

app.py uploaded

requirements.txt uploaded

Pre-trained model loads successfully

Single pothole test passed

Multiple pothole test passed

Bounding boxes visible

Confidence score visible

Safety alert visible

Oooooooiooig|io

Final Space tested in browser

Appendix B — Suggested Demonstration Flow

Demo Order What to show

1 Open the deployed Road Safety application

Explain the problem in one road image

Upload a normal road image

Upload a single-pothole image

Upload a multiple-pothole image

Show separate bounding boxes and confidence scores

Explain the safety alert

Explain that the model is pre-trained

Show the scalability roadmap

PRlOo(N[oO|~lwN

0 Conclude with future GPS, map and live-camera possibilities
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Scan for project code app.py
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