L gl au s

I~

o fEY y o

Frf et nl ERICA 8 %83+

*goFrf 8t ul ERICA % A& 3k

kuhan0205@hanyang.ac.kr, sscc9713@hanyang.ac.kr, ddengkka@hanyang.ac.kr,
seosh77@hanyang.ac.kr

M)
=
_>L

1

NN
o]

Low-end PET Waste Sorting System Using
Deep Learning

Ku-Han kim!, Sang—Chul Park', Min-Seok Shin!, Seung-Hyun Seo’
"Dept. of Marine Science and Convergence Engineering, Hanyang University
School of Electrical Engineering, Hanyang University

Q ok

N
(e
1o
M
o
N
)
1)
(o
o
-z
N
>_I',
 |o
fru
it
ol
l“;i,
[m
ok
rlo
Ho
)
il
i
[>

2! = = 7€
A z="g st Bel4A 284S =olux shrd 98+ AlexNet, GoogleNet &igl&& o] &
ato] Hejyd RaE o] &stal A A FE dolHAM o R ShFAA st=sojd HEFomM KT
HEW o 5A A2l dAsA
e Aoty A = A Aad HrlESs A
1. gat7] e &FnH], A7) 59 o]F H|&o] F7}
Al et SebaE g d38F AFE O R WA AN R L
g, E4ed, #4909 T oz #AEAVG B =R e 7HAHAdA 2871 S wiEee ¢
a3 53] ZghaEe 2017d 7l oF FH 598 HEHW FeuiEe] SntEA o|FA 7]
79617 Eol AAFE AR 247F %O] o] =5 A vt f Hed HEWS 7 Al2ES
AT o]F 18123 E(227%)9] FW TEW nko] olE Hdl, $Elv HHdES €83 By
AA Aol HAJAHLL 2021 Z“:‘Oﬂfﬂ% 3 e of el A"l dugEFs At
s Folal AZE 7ted ALY FAES Eol1 Ll dA 2R s st=do] ZEREE
2 EepaEE 5 HEH Y 4 Fgagow ds AAA. Agtet= AEW EEF
wote]l A AA2]S AldstATt. AHdA A < HHds &&stel JEW wiE qt
g 7 dEY 22 Wy waw 59 HEHS HEH A ofd FHEWS sk, M= 7
He BEaAdd 95 A5 We&=s 27 H ebA e HEYS ZEuE 88S <t
I e = A RSHA "ojdol gtk FHHER 9 AdE 138 F A=E Fegdo
wEES 1Fd SgagHoRE AgE B o
Aoz Arbgol 7hesty, A 78 whE] HEW 2. B o7
2 AALds 79 vFTs EE 5 U3 4 28 7] EEiE dugE A&shd
EW e oA Z2oldle dEMIe] = 7} “ECOOMON”, “yl3z&£”e] <9lt}. “ECOOMON”
& AFgo] Brsale] x| ool ), T29] “Teacherable machine”& ©]&3%
A Snfzx 2o Zalrg w2z o 2 © 2 PET, CAN, PAPER 59 THE &
7] A A 2Y7] EF =EAEC] FAYHORE Hl 25 Fredstdv. ofm Al Q14 A
A& AASL AEE Ve AEWS Ads SHEZEg o] GAZARE A Zo] wHo] AA

- 333 -



ASK 2022 st&dt

kH
=
ol
r
Ho
ita}
=
[(o]
r
ot

o= ARgo] Erbseith vz AEE s 4
h'.i
St 2 7|vE FASEAL, AFEALE A A A H] 2~ 2 b~
1] 1] "
2 ATIL AR 9Y AAANA A @f‘ I N e
— - ar
Ak kel AES T wFse] ofedgol Ytk ol e F . e .}
[P Man ]
of ¥ AelME ghdA, WeEe f7s Lo & n e s -
Sat7] F FH diE AAEAECdA viE YHES Y e
hliste daE] 52 A7tg AlF AlFte] 2HS w
=0} a9 1 AlexNetd 7%=
3. Metshs Alasiel Hole A 47 uer AlexNet 8719 2lojei= FA= At 57
. Lor— —_= 5 - A THo
AEFA #olojel 3789 full-connected@ o] =
< goly BE A% > AEo] gtk F WA, U HA, oA WA AEFA
o dololse A Wi pe Ade 54 s}
) B e e Hemel ne AAF = wkE, A WA AZFA FYoloje A
B A dAle] ¥ oAdel SAREY BE Adse] vk
- Ey gEY Q4 Sgsd = oAl g e e A
T ©° — 0 y ™ 6 © = —© A 472 Relu 4542 AlLstn 9o h 3
C e FEW : MER BEw o §E €8 wT elu &= &oral %2 tanh &
%) e uae 5w ’ %, sigmoid B4E AHEF ThE CNN e Zno
— 0 = T t‘ﬂ—{j‘— —’:\—Eﬂ- HH}—EE]—
- HEY Ad3} 2 PP, PE A2 59 =iz E
Gmol om Aetsl= Azl A HAstyE duEs 3
3)14%05/] arT o] =) [e) X o = \} o 1 X
HEH o HAZAE A3 AR, ol&2 FF 3 AlexNete] 7] #elel& 7|nke2 Pooling ¥
- ¥ E= a5 = & T . _ .
° 0 o 7beA st E WP AT AlexNete] Max Pooling
< Average Pooling®2 #, Relu 3 ™4l tanh &5
Aorets Al awdloA ALgstE HEd dugs . Lo
NN H} © o) [e] =
o) S8 HlolH AS WA 98 HolHE 87 1) Googlenets 7]Hto 2 ot &g
N 1
(o]

Aol #7F Zhel g2 Yk doly Al S : e e
&) FEolA AFs=“Teachable machine” =~ '
O3S o] g5l wAS TAATIA &S HEH

10085 A= Sue AARS

i

n
i
&
'-l1—.|,--1|

=

£
f
(o0 000000

| a, A 7E 9l
= AFdA AR 255 G0 AT W
W oA gl W2 JE A WEES T e Cemsbenaral Posiog i Pasing 7
Tyee L g 2
Mz 2 At At wWol WASHTE e x
Aol Al @A wjF oz FUAAS w: APa] =+ 18 2 GoogleNete] %%
A3 Eo =] eFore Z-]E_ZII—E7 AAtf A o 7 kol
A BN ware W ARl geHen vl GoogleNet& 970 1418 wE= FAE o] 3l
Tq—, JE%EE %’lﬂ HH@QJ 30%30%45[Cm"~] %]-oé F2 . o =
i e ot 47 4719 AEFA doloj9t Poolings 43
£ Aztsto] F-2= el A ZFgstaith 16719 F49 N _ _ L
b st Ao R A 11 FEFA #olof
A

HEW AR ¢F 20003} 7] FA HER
5

Ao =0 32} aro
0042 Aol HolE Ae =l 7hAdS E3qu7t vl ST AtES A

=ity AlexNeto]l Hl&l  GoogleNet  H o

4 Kot D Hew malas AlAd 1/(10712) el SehlE AsE 7AAA A,
. oI of— = S =S e T =

4.1 Aetsl= HEW BF dauds
1) AlexNet& 7|¥to 2 3 <&

42 AQtali= Al2Ele] & W r]zel
A bsh= Alwle] sf=glo]= gt=uE ko] 45
282 Abgdlen, {47, TT-DCEH,

N
rfe
B
m



ASK 2022 &ttt EL 5| =27 (293 135)

T AAE Far s Xl = ZEFEedA
AR s AAYY. dEYS HHEY 9
o &¥Fed Axged dxE 7o) HEW F<
& Aso® FAAsta AN wig a QtellA dEX
A G o F Ay AdE =g vt
oA HEW mde LRy Ay

agle] siFEde W, HEHS AHIHE FUA
713 ol Edte A" gl gtold A8t
o ol BA sEgeld Adw AEDe e
ofs 9% 2HIV|TOR, {FA HEWoW EX%
271507 o]Fj)
— Pz 2E 0 —— #
o
F ATH BE 4.‘: . Ze0E P05 3
TT DC2E
2t=H|2| otol4
4
PET
a9 3 Ead AEY Zyar] A" A
4, ATt
2o dole  AMlS  AlexNet, GoogleNet,

emotion_Alexavg(AlexNet 7]4¥F Average Pooling),

emotion_Alextanh(AlexNet 7]%t tanh A}&) & 47}

A mdg st Hokth <E 1> W3S 444

3|2 TUAZ T oe] 7hA] REe] Ag el ALl
7

Al b HALEE Zelt,

<E 1>
o g g | 2HE | AAAR
HEES])= 4443] 52
B “ | (Accuracy) | (Time rate)
Alexnet 92.79% 34m 27s
Googlenet 94.04% 9m 40s
emotion_Alexavg 61.13% 8m 52s
emotion_Alextanh 37.62% 8m 43s
<E 2>

alexnet Classification Matrix

nnn |”3§ 1

nny

nyn 1

<l ynn
=
M yny 1 3*’] 2
=
< yyn
yyy 1 1 | 22

45% | 125% 2.3% e | 184%

NNy nynoonyy  ynnooyny o yynooyyy
= 2

1000% 1000% 8% 974% 1000% 9219

54% 28% 79% 7.5%

nnn  nny nyn nyy ynn yny yyn Yyy

W= 22

N\
5|
—_
V
o
O

£¥£
1
I
%2

= A S GoogleNeto]
THE Holm AE
, "lolE Ale] H]
lexNeto] H35 A%

= b= v agE=
ot #Ee dert vk

hui

N
N, il
o
L
ofj
Mo
iﬂi
R
b
of
Mg og
= o
=



A7Y FolAl= AL & Adnk gEA 9 Ay Fozd

WE=o] Mo v A4S EFE o7 Ag e (1] z2d9 2, Fg2Y gigils 4389 735,

HE7E B8 A7t wol HANS JteAE A p.18

o 2 Eg ghEae e Atst, HEA RGB # [2] ASE7hsAAe] HelFAGed A3 23

Te FUkE AES & et vk [3] 45, 1Fd HENYLE 10vE 244 98]

FredAsE, $8F Ry, 2021

5. 28 R E9 [4] Baigiang Gan; Chi Zhang "Research on the

2 E=RgAE HH Y 2d AlexNet, algorithm of urban waste classification and

- [} =
GoogleNet & o] &3] HFE FHEH EHgF

) A recycling based on deep learning technology”
Alz=ds AAYY. &7 927t =3, tds A ,2020 International Conference on Computer Vision,
AZ 71E 2854 34 AFE dn 7HE74 A Image and Deep Learning (CVIDL)
o] $Fettes AL g 5 Ay B FAH [5] KirillAkhmetzyanov; Alexander Yuzhakov
o] ZA7]eo A#glo] AAx hdtslr] wiFol Hgs)t “Waste Sorting Neural Network Architecture
7F A& AoE 7" Optimization”, 2019  International = Russian

Automation Conference (RusAutoCon),

=
A o] Ay, DOI: 10.1109/RUSAUTOCON.2019.8867749
9] [6] G. Rishma& R. Aarthi “Classification of

3 Waste Objects Using Deep Convolutional
B Neural Networks”, ICDSMLA 2020 pp 533 - 542,
2 2020

B (7] F5& ¢ 22 “HE9E ol &3 m23a FHE§
2

=

7v9)3t7] o T
mdo] Asw g4 ozl o HEHS EAd
e rmE a3t w3 AR HAA 2] G4 BG83 = vol.25

No50.1:44749, 2021

Arase] E4 g aele] Hdt 0F&s o} (8] A4 9 42, “HEd AN EF71E &%
st} olo] wal dt=glo] AA A E A AA T H B E JPolE GEROE 87, IF=AFHA
23}, o]% Af wE S5 HAo s=glo] txel 1 83] shA sk o 3], 2021.7, P.99

AAR @A A TS Hs=d Ao O

ZaoF Ful.

- 336 -





