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THE PROIJECT

Data driven household waste collection and
transportation business innovation

» Collect more trash everyday e — . -
 Reduce complaints from residents




ro b le m o
I » Large piles of trash gather up - not collected

soon enough
« Forgotten trash - smelly bags, or begin to smell

Large number of complaints from
Residents

FORGOTTEN TRASH

 Trash not collected

BLOCKING PATH

« Large piles of trash block walkways




HOW TO SOLVE
TRASH PROBLEM?
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COLLECT DATA



Al powered trash detection
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High Level Design

& /

voLo Analysis

OperCV
S{? v8 Functionality: n 1 - Keep track of bags
: Small 2 - If passed load line - capture size
- Frame selection (E.G only process 1
; 1- Object frame per second of video)
detection b bi ..
2 - Segmentation| etect objects in frame — —
' S Tineking - Track the objects over multiple frames
L

- Pass detected objects and
segmentation details to Analysis

Realtime Video

OpenCV C++
1 - receive video stream
2 - frame extraction

Tracked, Loaded and estimated trash bag

Post-processing
Notify the backed server of the loaded
trash bag

HTTP request
of predicted results

System overview

Jetson Xavier
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Bag detection + segmentation

Al
RESULTS
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Model: YOLO V8 Small
Dataset: 1284 images (3448 auqg)
Training: 1 Hour GPU GTX 1660



DEMO

WHOLE SYSTEM

inaccurate - (146 images)
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DEVELOPMENT
PROCESS




DATASETS

V 1 Train: 605 Train: 3448 V 2
Valid: 19

Valid: 190
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@ roboflow Projects Universe Documentation Forum

WOOSONGVISION

Images @ How to Search v Select All 0 Images Selected Class Management

Dataset
how we labeled '

Split % Classes v Sort By Newest

20231005.165139.jpg 20231005_164155.jpg 20231005.165233.jpg

Roboflow . -

& Generate

20231005_163604.jpg 20231005_163655.jpg 20231005_164404.jpg 20231005_165031.jpg

& ver

Advantages: .
i F re e & Upgrade

* Collaborate with Team members (assign images) p—
" 20231005_165139.jpg

 Work is saved and can stop and carry on anytime

Annotations

Group: trashbags

* Super Al makes segmentation label 1000x faster g[S gereral_trashbag
e Can export any version of Data labels (v5, pytorch etc) general trashbag €

* Applies augmentation for you (146 --> 630)

UNUSED CLASSES

Disadvantage:

* Open source - any datasets is exposed to the world

No Tags Applied

* Very very expensive. ($260)




Vb vs V8

Performance Comparison of
YOLOv8 vs YOLOVS

Model Size ’ Detection* |Segmentation® Classification*

Nano +33.21% +32.97% +3.10%
Small +20.05% +18.62% +1.12%
Medium +10.57% +10.89% +0.66%
Large +7.96% +6.73% 0.00%

Xtra Large +6.31% +5.33% -0.76%

*Image Size = 640 *Image Size =224

YOLO

Why
YOLO Is the fastest object detection Al

YOLO vh
Advantage: has most community support. v8 IS new so not much

examples

YOLO v8
Advantage: Has tracking. Greatly simplifying the system

Advantage: v8 Is slightly more accurate according to benchmarks




TRAINING

GPU: GTX 1600 super oGB
CPU: AMD Ryzen b 5000X o-Core
Memory: 32GB DDR4 3200Mnz

Driver

Persistence-M
Pwr:Usage/Cap

Bus-Id Disp.A Volatile Uncorr. ECC
Memory-Usage GPU-Util Compute M.

00000000:08:00.0 On
1698MiB / 6144MiB

NVIDIA
W

|

I

I
==

I

|

I

Jusr/bin/gnome-shell
.1746269,16441746852891485966,262144
. ,WinRetrieveSuggestionsOnlyOnDemand
..ures=SpareRendererForSitePerProcess
.ts/pythonProject/venv_v8/bin/python




(x=0, y=359) ~ R:130 ©:133 B:142

YOLOvS Tracking

How to.
Detected “loaded” bag

All the trash bags are detected and tracked every frame

If a bag crosses the center “loaded line’,
the bag is marked as “loaded”

Loaded bags are now ignored.



DEVELOPMENT

PROCESS

Research
Data collection VI1: Take pictures of trash in the street (145 photos)
Create Dataset VI: Roboflow - 645 images (augmented)
o Bounding box []
YOLO prototyping
YOLOvV5
o Many experiments - Small VS Large
Create Demo Truck video
YOLOVS
o Improved results
Created Dataset V2: Roboflow - 645 images (augmented)
o Segmented
Changed to segmentation YOLO
Implemented tracking
Final model V1: YOLOv8 Nano - Dataset V2 -
o Used in Presentation demo
Finalise Jetson
o Setup and running (only CPU - Failed to setup Nvidia+CUDA+cudNN
o ARM architecture is different setup to standard PC
Create Dataset V2: 1,012 images (augmented into 3000+)
o Received demo truck videos from NetVision
o Created new dataset from the trash bags in the videos
Created model V2:
o YOLOV8 - Nano - x hours GPU training time



TIPS AND TRICKS

» Take many notes
o This is a learning process
o Too much to hold in the mind
o Constantly coming back to notes for code commands etc.

* Experimenting
o Youdonotknow A --Z
o You figure it out by trying step a, then step b, step c...
o Make your code “experiement first, final version later”
= Small test dataset, test code, etc

« Alis maturing
o If you want to make a website, you can do so in 1 click nowadays
But Al feels brand new.
We faced many issues from start to finish
E.G setting up GPU was very challenging. And failed on Jetson
= GPU Memory was not clearing, so manually using Nvidia terminal commands,
clear the GPU attempt

O O O
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FULL SOFTWARE
DEVELOPMENT PROCESS

This project followed the full SW process R

Major documents: o

11, Posject Background

 Project Application

X —_J= cassToNE tsioN W COMANY P
* Project Proposal =
Al-BASED
. . 4. Roles and Res (3] ‘r“!
« Functional Requirements HOUSEHOLD ;o g &
. GARBAGE R
* System Architecture oo, | GOLLECgeesm e s
: : e SYSTI @ - —
Capston  High Level Design == e —

 Final Presentation and Demo

OAE 280%32 Woosong o st
iversity

 Final Report




Demo video

Need something to develop and test with

* made a mock video
« All Al Pipeline testing will be done on this video

The video simulates trash being loaded into back of truck

QSketchfab EXPLORE = BUY3DMODELS ~ FOR BUSINESS Q. ses

Classic Garbage Truck - Low Poly
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THANK YOU

T Woosong Vision
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