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A& TOOL

B Jl'g 214 5! =7 (Development Tools)
@ Kaggle Notebook

B VS Code

«J Anaconda

B Microsoft PPT

& Google Drive

@ 2 ulo|M mjj 7| X| 9 20| E2{2| (Python & Al)
# Ultralytics (YOLO)

@ PyTorch

© OpenCV (cv2)

@ Scikit-learn

B4 Matplotlib / Seaborn

B Pandas/ Numpy

@ YAML

¥ Y 9 LA F2] (Collaboration & Source Control)
® Discord

£ GitHub

B Git

&® Google Drive

Language

Python

e
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TIME LINE

129 299 (2)
16A] ~17A] 30+ :
12 304 (3}

09A] ~ 09A] 45+ :

09A4] 45+ ~ 104] :
104] ~ 124] 30+ :
13A] 30 ~ 154]:
154] ~ 16A] 30+

16A] 30 ~ 17A]:

124 314 ()

« 09A] ~ 094] 30

ZRAE A =0 9 do]E B

5714 B H] wl
el X4 2 optimizer B 1L
Optimizer /14 % Learning rate =%

AA 443 B WE S QA B4

]

yal d

e 4 F1k 4

L o

o2
ME,
N

)

. 094] 303 ~ 154] 30%: PPT A% 2 W A<

Made with GRVINA




Sorting contaminated materials

Reduced material value

Landfilling rejected loads

Equipment damage & maintenance

Fire & safety incidents

Estimated Annual Financial Impact of Recycling Contamination (US)

0.6 0.8
Estimated Cost (Billion USD)

source
CMR, “America’s Broken Recycling System (2023)"
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SW 1H : WHY

3.2 7te] A5 3HA vs 7] Al 9] ¥ ¥4 (Human Error)

SORTIT

90%+ recovery without touchir

80 billion objects recognized annﬁalw" b

source
AMP Robotics, "Al-Powered Sorting Efficiency Report"
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SW 1H : WHY

Rielagrai ) 044-201-7349

— e

2021-07-05

> =24 0[2] X[H2 20307 E], I|7 [S22 3 Al

K|St 7 | S22 A Ol ATH A S 21

oloj| e}, ZEM|Y | = L EHA THEHESIHLE A2F

source

71 5ol A g 5, 7] = d ey Al a3 (2021)




5W 1H

What

Al 7)8t 5| 7] B 2} 5 B8 A 2H 1&

Who
- 97]2 Ha) gA L A AE

- APAR A BAFA

- 719/ U H7)E B 23R}

When

- 7MY, AP, A T 7 E E AL A
- S-S A Yol B AY @ A A

Where
- Age AH 2 57 E M A

- Y AE, FFAAY, okE 9H A A

-FR L QA ZFA Y H7E By 7Y
How

1. tlo]E =3: #7])E o]u]A] & 5 g}l dglo|glAl L&
2. =& Sk CNN, YOLO = o|u]| x| Q124 7|dt Al ¢l 1 &3}

3. A7k B5: Avlo]o] WE + A+ Al EUE B A5 42

29 2 ghzol &8
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T2 7} sh= Al ®712

+ $-2]3= organic ©] 7] %] ¢} recyclable o] "] X & &/ Aot}




AEA M.
Abeho] A A targetol e EAS F=
EAS FE3 EF

He4d

CNN (Convolutional Neural Networks)
olu| 2| & HE (Filter) 2 £oIM 54 =
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DHH (Model)

ResNet50V2

Baseline (H| 1 7| )

ox Hd
olr
=
I
|.|-|
I
o
El
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N
o
rot
N
M
124

MobileNetV3-Small

Speed (& = /Edge)

EfficientNet-BO

Efficiency (2 &)

X~
A

rlo
K®)
rlo
bl
for
H1
i
=
rir
B
|
lo
fot
Mo
0
-
oy
oY
o[

MgoRE &

ConvNeXt-Tiny Performance (22t k)
DenseNet201 Robustness (2H°3-d) | QIOIE{7t £F 57 Lt EZ0| 228 g Xl dsS =Xl S
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Final Validation Accuracy (%) Total Training Time (5 Epochs)
94.3 95.7 95.6

=y
55 %
9 g
o o
p § v
3 o
< 5
= 2z
5 3
2 3
=
2 2
o
b S
L'
(2]

MobileNetV3-Small (94.1%)
ResNetS0V2 (94.3%)
EfficientNet-B0 (95.7%)
ConvNeXt-Tiny (95.6%)
DenseNet201 (95.3%)

T T T T T T T T

0.5 1.0 15 2.0 2.5 3.0 35 4.0
Epochs

< training time©] # 4 <1 Efficient-B0X 2
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* RGB vs HSV vs Gray
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RGB vs HSV vs Gray

Validation Accuracy by Color Space Training Time (5 Epochs)

/'__’___. 422 s

—e— RGB (Standard) (96.1%)
—— HSV (Color/Sat) (90.0%)
—e— Grayscale (Shape) (92.9%)

RGB (Standard) HSV (Color/Sat) Grayscale (Shape)
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S8: M 7HX| 20| M2 5 ASLILE.

A H

N

WA EHE B HEIR, 6,8 M MY 20| YRS FLCH

o

Of| Al 8 7F AFDF7F O =2 220f| RS ™ (100, 0, 0)O| X| Tt

Hr2 220f 7HH (200, 50, 50)0| EIL|Ct. = CtE SH| 2 QI AISHL|C}

e

: Qutx{0l g2ld 23 (onn)

RGB (Red, Green, Blue)
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@ HSV (Hue, Saturation, Value)
Q1] A 3 (S, A =, B )"

XOo|. M2 MAKR) XIF7|(s), 7|(v)2 2a|s|AM EH L CL.

Hue (M 4f): BZHQIX|, ThEQIX] (Z 2 EH, 0f: 0 =)

Saturation (X{ =): A40| ¥ OfL} ZISHX] (0= 2|*" 100=34 M)

Value (B £): YOI}t B2 X] (0=A 7, 100=31A4)

’S’é.* "“7|(V) 7H =2 BO{XH AL L.

SO HOIX[ALL O] FHM =, MS(H) &x2 HopX| &5 LICH
[EFEM'I "H7Z017HHoll = 22 SH(M) RIS A o= Ol ZXeHE S A YLIC

28 XY HY, M4 T|H EH0| 523 2
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[] Grayscale (&
"o Ef 9} T 1"

- O
£
50| Ef 7|7} 1/32 B0 50| X217} A% WELICE
gHlol'Rer, W, HFal'S BE O SalgLITt
CHY: M7 TEO0f She 2R (o: 2

Atdtvs (B ZE AfBh O M = S 271 S LT
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"No_Aug': ImageDataGenerator(

preprocessing function=eff_preprocess,

validation_split=0.2

"Light Aug': ImageDataGenerator(

preprocessing function=eff_preprocess,

horizontal flip=True, # At HbH
rotation_range=10, # 10 2™
width_shift range=0.1, # 2% Ol 10%
height_shift range=0.1, # oot Ol 10%

validation split=0.2

Made with GRVINA




3) A3t T4 (=, A W | F)ulel ¥ 7t vy

'Heavy Aug': ImageDataGenerator(
preprocessing function=eff preprocess,

horizontal flip=True,

vertical flip=True, # oo HhH
rotation_range=40, # 40 3|
zoom_range=0.3, # 30% 2O/ =z
shear _range=0.2, # O|0|X| H|Z7|

brightness_range=[0.7, 1.3], # 27| =&
fill mode='nearest',

validation split=0.2

o
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—8— No_Aug (Final: 94.70%)
Light_Aug (Final: 94.84%)
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Optimizer©]

Validation Accuracy Comparison Validation Loss Comparison

— Adam
SGD

—— RMSprop

— Momentum

— Adam
SGD

w— RMSprop

- Momentum

T T

3.5 4.0
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Validation Accuracy (%)

LR Schedulerl] W= A5 8] 0!

—&— ReducelLROnPlateau
—&— CosineAnnealing

Scheduler Comparison (Batch 32)

LR Scheduler@t

&t50| ZIA E 0] 2t Learning RateE ZH ¢}

* ReduceLROnPlateau

W A5 deol ot Fobd wRt IR A

A Cosine Annealing

A AR FAAY FEFA g

ReduceLROnPlateau: " 5 X 37 B}F-§-3}=
Cosine Annealing: “ 7] 2] 3 3 7] <412 v 2f

& Cosine Annealing

g5 Fa BA Y o 13

rir
rd
Ju
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- CNNX2: EfficientNet-BO

+ Hlo]¥ =4} Light_Aug(2F-7-7H4, 10=3] A, 8t2-5-°]-5 10%)
* Optimizer. Adam
* LR Scheduler: CosineAnnealing

- Epochs: 20
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% & (Epochs=20)

Accuracy over Epochs Loss over Epochs

—— Train Acc
Validation Acc

—
e
s
>
L=
(]
.
=
[
o
<

—— Train Loss
- Validation Loss

T T T T T L T
15 10.0 12.5 15.0 17:5 . 2.5 5.0
Epochs
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Again # 5 % & (Epochs=5)

Accuracy over Epochs Loss over Epochs

T —— Train Acc —— Train Loss
- Validation Acc - Validation Loss

—_
2
s
>
L=
(]
.
=
[
o
<

Made with GRVINA



524

Actual: O

Actual: R

< 5 & (Epochs=5)

Confusion Matrix

Predicted Label

Precision (4 2 %)

: Edo] "o A wr|EoloH'Bt FAFHE o, 2A A A £

2] 8141 (0.97): Z&o] 1009 "o] 1 F7]1 &Y

Recall (7] & &)

AA EASE F71E FolA, BEo] FXA ek Zrol i v
4] &4 (0.97): 2 A F71% 10070 7F A7, mdlo] 9771 +=
ot i 37) A== F AT YU
27 09] & 4 = 2491(2S) + 67(%F) = 25587
A& & = 2491 /2558 = 0.97
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Ar|o]o] WEA &-& 7Fa e AAZE 5 L2

AA FA RS ey Hhed AT e, e e o R = A B,
Pre-trained Model2- &-& 3] A 22 Model-2- $13)F Label 52 A ()l A 2 AH H A E3S txt= A

317 Pre-trained @ o] E2]H(Q &), $2 md = £ 24 )94 ¥ (Noise)
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Original (Raw Image) Auto-Labeling Result
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Original (Raw Image ) Auto-Labeling Result

Litle Donald-
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Original (Raw Image)
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YOLO (You Only Look Once) K
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YOLOvSn.pt

- v8: | % 8. (Ultralytics2l+= 3’—01]*1 o= H A Al = 5 )
* n: Nano(t}) 9] oFx}. "o}~ At} 5¢.
. .pt: PyTorch(Z}o] EX]) & TF=0] %l 85 74| I g-3-A}
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YOLOv8n.pt <-&(Epochs

Precision (Correct Prediction Rate) Recall (Detection Rate)

— Precision

20 30 20 30
Epochs Epochs

mAP50 (Overall Performance) mAP50-95 (High Precision Performance)

Epochs Epochs Made with GRRMINNA
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Organlc 0.4

“‘\ #@%Organic 0. 3{3

P LR

Organic 0.4 |

.Organc 0.3

Organlc 0.3

p =
P .
) "‘ Organlc 0.7

Organic 0.5

BN

P

Jrganic 0.6 /' “
Proat
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* While True:
# 7 7) A%
ret, frame = cv2.VideoCapture(0).read()

#YOLO %2l 2 22 (8121 = 30%0] 4
results = YOLO("best.pt").predict(frame, conf=0.30, verbose=False)

# 3lH S8 (M9 929} A 2(0Organic/Recycle))
cv2.imshow(“2~ | 7] i&", results|0].plot())




@ { Trash Classification (Organic vs Recyclable)

Organic 0.38

Organic 0.36

Organic 0.50

Or3anic 0.35

e
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