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Image Classification Model using web crawling and

transfer learning
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Abstract

In this paper, to solve the large dataset problem, we collect images through an image collection method called
web crawling and build datasets for use in image classification models through a data preprocessing process. We
also propose a lightweight model that can automatically classify images by adding category values by incorporating
transfer learning into the image classification model and an image classification model that reduces training time
and achieves high accuracy.

2 %

gelde] wHos gely mago] ofnlA 914, &4 914 5 of2] Lol TASHA ARg Folck. ShH o] el A
o2 Ag3b] AshHE B Hlolel AT BRI ol TEI7|ol B AN = TelT vlgo] Basltt £ kro
L g SEYoleRe oful £7 S B o|u|E SFSL Hlole AHY HHS AH ol)x] wF me] 4§ 4
Hole AES 5 8 Yobt Holeks oful B =] 4=e) s|neigte Yol 450 ojnlE 25 4 9
Aeehel ndn Ao FA Az % S PR 92 4 U oFlA BR 29U A,

rr

Key words : Data preprocessing, web crawling, CNN, transfer learning, image classification

v
)~

. M2 CNN2 15 A3} g
of Th= mHlZ Qe § 2

71Asks W 5 AR 4173 AlZA-E 71A7F S5t o|&sl At WA= S5 7HITHL. Heidat
= WS "eldolgtal gtk o] geido] i o]F CNNo| £2 45= Hol¥, tg dHlo|"AIEZF B4
FE ojujx] Q4] 34 Q14 5 HlHo] T HolE A Ho|t}, Ap4lo] sk 7HE|a12]9] o|u]|R] Tlo|HAES
b ThRt ool A ARG ofm|A] Q14| FopoflAf= Tol7]ol= Eol Ate] BashH, Ay dHoly HES
ded B4 F dF AETHCNN: Convolutional THE71oe B2 ARt l-2jo] " Q5heH2]. o]f CNN
Nerual Network)S ©]-85k= HiHo| Wo] ARGFIC} < X JedZ shEA1717] HlsiA -85 HlolEAl

2
i
m e

* Dept. of Computer Science and Engineering, Hankyong National University

% Corresponding author

E-mail : mhkim@hknu.ac.kr, Tel : +82 31-670-5167

% Acknowledgment

This research was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea
government(MSIT) (No.2018R1A2B6009620)

Manuscript received Nov. 9, 2022; revised Dec. 18, 2022; accepted Dec. 19, 2022.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

(639)



Image Classification Model using web crawling and transfer learning 117

(it

g3t Holelel et B2 B ol T 4
HefolA ool qick. olo] 4% ATl BloIA
3 HolEHE $24L 743717 919 9 2
e R I I e L
o] BFSIIA Skt A neY olnAE Y
Bl st AR PG AH, Holss2
BRnde] o H2 £ AR} =
3 ojulA] 2R BEe A

Pk, A F olulA|e] B4 £4o] wapst

Mo 24
s
O,

[¢)
¢

fo
oo
"
fr o o

o
M o
o =
4
tfu'

3 R 1 ) Y TR < [
X ot

NN 23 o] Haabl, ol e
ol 3l9) welg HYslel AT} BF RLS 7
Aske mg AT, EF, Aot Bl 45g B
o17] 18} CNNa} oJu]x] £RweAS ulaL Agsto] 4
L 3pke Holoh

2 =xoie & 2EFL &3] tlofE AlES] o]
IAE sk, AA=HES S5l 7HIaLE AdS
=T HolHAES] Fa/de IstarAt, ofulA] <l
| ZopolM @ol ARE F<91 CNNS &3f &Ikt
ot olm|A| Hloly e Aselsial eEd HolH
NES 5oz 27 & Sle olvA] ERZde vt
<t o Yot Bdle] FFkE s dolsks= &
3 ERAIES] Aot w2 HYEE FHE oY
FRES At
A E0 olof 28eME At 7ol AR B Ve

of gt ¥ A4l avfstal, 3geiMe A=
Hend 12E Aokl 4goAE AYATE B4
Stal, Ao AE 9 I AAE AT

d

>~rj1<_>4

2 o

)
Mr o

HHE XA

T

240 M = & =RollA Albek= 71 9] v A]4]o]
He 71EES Ayl

0.
o

1 ¥ 389 29 % AX= 34

AR} Lokl @ Aol FEke wgY Holeg &
A9 AT 2L ¥ dolg sl&oleka s, ¥ o
oI¥| /1 i Folcid, ol ¥ delel 71 3 9

ol WA U 114F doleg Sk 714g 2
2olet B2 01% A5 A7 AeBAd 7 o

& ATt FoIME Y Aot dle]
-a}% e =gl U 8
doleg %t do]

¢ FESE 5914 F2 HlolEE= = CNN 2d
o] dHgrez AR = Qe 22 oy, Biz AT
Igo] "asity o] AAHIolMe e dHgl
ot Holy 27] 24, =1t gioly 34 5 A8 2
e AL = Sk & ==2olMe € 28 B
ofg dlole9] FE7t FxE AolA AwE S-S
of Tt dlolE FHE HEol FAY Bavt o o
e GA 2718 Bl st Yigkt 24 do]
BE AAlsit) EoF 928E E5] @2 x5S A5
L, oA ERid 544 Hlolert Wl gers
L] 7R & SEgH Tt EoAI7I HolEE F
e A F831H. 2 ==olAe olulA dloE
£ Y, olsAFIAY, 4, F37] 52 SIA
shte] ouE ofF JHe] olmA|= HEE & QA |
o Aol iRt ApAlRE WE2 39l AAE
Dol ZpAS] I IS AMEstaLAt g

2. CNN

CNN-2 19804t -¢]
ok CNNojlA 71} 4 &
(Convolutional layer)_i, EAL oju]z] Y9 "
< BRSO R F T AkblA J—ﬂﬂ‘é‘%—J B4 5 EA
o A5= otA =i, o] A== B
A4t Fofl AktE AR AAAA 15ECE EHES
£ o, ou|A] We] E4& melstal, CNN
A S &9 XES =4 S8E 5 A
[6]. CNN2 o] &+ 5 ol9ol= Ad, Wd, ¥§ &
o] ZOo=& F4do] HojQlrh & =04 A3 CNN
9] fx&} 84 3.24 o|u|A] ERRHA A5 H

01 uA] A2 Zopel AREE]

%
T4 aat WHT
=
=23

'K

O>~

Ll J
o o\

o] ofn]

BgolM 583 EYsitee A8 AT
155 Helske= oot & =2ollA
£ CNNoj| &3 F5°0] Akt T & JUEE ASE 4

1o
o
L
o .
e OH
) L
r>~

el o slo] ol $59 ke LA A
Yol Aaolth TS B4k Fol Wobdss By
M AULES F sl Aeolrlo] AFAAYNA

v £ gl
3”011*1 Aestalat .

2 =2olMe 4 2E3S %EH Add dolBAIES
HS97] $I8iA ofwA] A2] FEollA wo] Zgdh=
CNN=2 ARgsHt), CNN2 XJ]o]ol-.é__,] 7|4ko 2t AR
ofal, Adolskgo= Agd ofv|A] E+
oA 2570 et &9 AR Btk

. AR85) 845 Skt 7 A3k

122

EHLQ_ %.3 o]

(640)



118 j.inst.Korean.electr.electron.eng.Vol.26,No.4,639~646,December 2022

3. Aolste

ged RS Aot nE 2d7le] fARE A
She A7 A B, ofd A9 viad BEEe
SeksolH Ui BAE 2T 4 9t S5 A,

o] 5 ANGIle] AR thi] TN BUAY
<] Z

2 QoiFE 7142 Folsigoleta det. o] Holaks

o mEh SARE AYS TLE U B o) FE2

TR & Qov], Bl L vae Adolehd &

£ o] T/kss 2USS B AngEr v 4

9= A 7T QUrHel. Fig 1< ¥l Wl Ach
= o

L ARgAE ekt se|Tel e ®
St oleIE BRI 2 S50l Wi ©

o= olIr=s ‘{l\‘ ‘If_‘ =48 = o
o] A&HE o= £ ol HA & *17& %
o 4 AL, S| ZHEALE ] HisiA T @ol Ssk
a4 olemg En 149}5—?;:; =9 & Sle S ol
&3t7] S5 dolgks 71&S ARSI
5= AAA olr] 1 Q14 HElS FHSAA 4
Ut 2d S0 7 241, 7HSAIE0] SaE AEolA

Holz] o] mae vHEg Sz st W)
VeAIE ARAT 4 Ak olF B A8ARe e
negt 97 HW A50HE Fo) elg AR 1, of
WA BRE ¥ 4 e B9 B 2R 9

ATt

4

4. 71& A+
oju|x] Az WY = oju|x] EFL= ojujx] Y EF
A Bk A2 ggoltt. ojulA] B& HAE <

e e

= A& F S

W2 A7 APEIL AL, 4
5 oltt. AFAs= S3f oA e =
e Shao Hil o|F Skad HolEE wiEeR
olmAE %‘%—@E}. Hefdo] LA HrE v
g HoFal QAN H8 HolHAE
= 541]@0] At o] FAIE siEst] s
gle dolEE &8 ZeAA SRt o
U Ao TESh= Zo] HhEo]

ot e o“ﬂ_i— ME @F“ﬁoﬂ/ﬂ 045‘—% Oﬂ

1o 4
9,
rL
%

ot
o
)
EN)
o
_Ilm
_l.4
T:I
_%
2
QT
R
é
W
fijo
2
_E
ot
ol
e

A9 Az

(o]
& Sesns AN Holte 28 AL A8

‘ Output ‘ ‘ Output ‘
A_Layer4
Reuse

iy . g
/
| A_Layer3 |
1 1
1 T 1
[ A_Layer2 ——) A_Layer2 1
1 1
I f f I
I\ A _Layer1 A_Layer1 II

N === -T ______________ _T_ —_——=

Input Input
A model A model, which is

similar to B model

Fig. 1. Example of Reused Pre-Trained Layer.
O3 1. TO[ek59| Gi|A|

oh. ES oln] FHE HlolE AEE HFste] et
Aol Hee ovAz AgHste] A= St
[6]-[8].

2 =2oAe ol g8 HlolE AE ZAE 9
ISR sfEstarAt stal, oA ARt HHAY Aol
Sk5= ol83to] A2 tolg MEAME 5ol T
T UEE g

ol

| . HQtol= 2

Fig. 2= & =204 Alehe Az mdo] HA|s
=0t Fig. 2+ oz A|she Hdz ¢ IE2

I, AR HlolH AAE I, omA] EF RES

Input: keyword

data preprocessing

‘Web Crawler

Pre-processing

dataset

Image classification model

'

Output: classification result

Fig. 2. Flowchart of the proposed model.
O3 2. HX22He| SEX

(641)



Image Classification Model using web crawling and transfer learning 119

T 3 pdg AR} Eigre s Ysks s
2gk JsHA =i AFFog ojuz] BRE & 5 Q=

RE7HA] A SR

1. Web Crawler

Input : Dataset Categories(ex. Dog)

l

Web Crawler

Crawling data

Data Per-processing

Data Augmentation (a)

l

Image resizing
Image interpolation (b)

l

Quality Evaluation (c)
|

I

Output : Dataset

Fig. 3. Flowchart of the web crawler & pre—processing.
J8 3. IEHe MAIuEel SEX

2 =wollA A}tk ¥ A=Y= Fig. 3398 45
oftt. @ ZEHY AY S AREAPE ER olF]
A Jgo=r =t dHgt 7HE|rg]9] ouAE #
FAEYHE 59 &ok=), ¥ AEFL seleniuml[9]F}
chromedriver[10]& ©]&3l =22 olu|A] AME &
Sff J=gte] olnA| AmeS AEYHA 13 A= S
Al Het 12 A7 dlolEl= dlolE AA IS
Zof o]m|A] & E‘ﬂ]oﬂ AR 4= QA "ok HAE
HE AA= o= ¥ A= ARSI HIH3
HoJelE Wol Y, onA] EF Hd2 PPk
tlolBlE YdEgto = g Bl ofuzt JYgie = g5
gt ofm|A|7} AR s Akl MAEA] Y= olu|A|
7h 2RSSk 719 AT 8 Aok gt
FEYE B9lA HolHE s HolHAIES] o]
] z|7} 228 4= Qlth. o] 9 data augmentation
(Fig. 3(a))& &34 Hol8g S43itt Hold 5742
Fig. 449 oA & IHAZIAY, 2 vEA7 = 5
o] 712 Wi o s 7t 4= Qlt}. & =EolA= olH
Ag A= AR ZFAH oRAE gistA
U Sasks A WS TFAPIA] g2 olg+= Fig.
3(b) oAl ofm|R] 24

o]7] wjZo|ct.

Had 2d Q9] gojo] YESA=

S

ol

%483k HlolE]

T2} YT A719] ou|RE AYHolHE ARGl ot
Fol710] olu|R] 2EIFS AA ou]x] EF Zdo
JEgoE AN 4= A ZEFoF jitt. ofm|A] A

7] 24(Fig. 3(b)2 EIHS BoiA X}, By
< OURE S4T uf GA=E o]Fofx] oJu|X|7} AXA]
At Zobd o 7| =(HAES A7 gt 1k v
HolA L2 7]&o|tt. openCV°ﬂ/\1 Agoks oz B
S EoiA B 9SS Aok AeE S99 Ho|
T BXHE XE E£Y e 99 EXHEE o183l
t}. Fig. 5+ image resizing®} image interpolation
9] of|Ao]tt,

AREAL ZHE ARl BHA] o8 7F S EH oln| A&
HPok=t] ojdf M= #HS oA 23t Fig.
3(0)9] F4B7F FE= F7HIH fAY HolEE 4
SHAY, BWEAIZZ o L9 oju|x|e] EA4o] &4E
Tk itk FEE71= o] E/4do] e oju|x|et dupt
o1zt A=A ERIT 4= Q= W7 FEo= o] HUME
BoiA AH2 HIPHE AEisto] i on]X|9] B4
A S QUeH11] BXPH B4 o83 & olu|x|Y
E4S AT 9oy, o afdoR o] £ &
o] o £L2 JFE F7100 oA EF Hdo] 4

Fig. 4. Example of Fig. 3(a) data augmentation.
J% 4. J¥ 3(a)9 HI0[E 549 oA

0 100 200 200 400 0 E R - T}

A:original image B:image interpolation

Fig. 5. Example of Fig. 3(b) image resizing & image
interpolation.

a8 5. 33 3(b)l O0[X] TZFY X O[O[X| 2ZHHC| OfA|

(642)



120 j.inst.Korean.electr.electron.eng.Vol.26,No.4,639~646,December 2022

2. oujx] £7 249

ojm|A] &7 HdofA HolsksZ AR&st7] A Holgt
S ARESH] 9ol vtk 42 712 CNN &7 2
g 55 AAsof gt} o] CNN &7 HE2 Holgy
= &9l APEEE sheIs= BRol] flsiA AARE
th B =FofA A& CNN2 resnet-50[12]9] ¥H¥
O = oju|x|9] A7|¢} o]u]X] AE SHOogE HPAIX]
T, HoJekz9] 7Hto = ARG Fig. 6& & =&l
A AlRbsk= olw|A] &7 HEo|tt.

Input: Dataset (ex. Dog Image Dataset)

CNN Visualization (a)
v

CNN Layer Selection
(convolution, Flatten, Maxpooling, Dense, etc)

Transfer Learning

Proposed Model

L2

Fine-Tunning Model (b)

l

Training Image Data

‘ Image Classification

}

Output : Image Classification Prediction Result

Fig. 6. Processing the proposed classification model.
72 6. Hotsls 22malo] oy

2 =2olld ARgE 8 52 w5 UL &9
5 BHE 5 245 ARSSIITE dAE 52 44
& Ak F3l olulA W] BAAsl E4S FET
YA EY 52 PES o1l F=2 AASH =, 1
£ &9 & AAA He E 52 M d2 1
o9l A7|E E°lal, 54L& H Axs] HiM AN
of Hrt. WA &Y S 542 E ™ tlofE
E4 ot Hogks Hot E4S B T35 1w
e ik AR, SHE 52 E S UL &9
So2 71X oluA| HolHE 13 er E9F= S50
ot o] EHE S AHEShe ol 2HS5eE HolH
= 5

ok Pt 280l AP0l o H F9 BRES ¥
Qo101 CIE 3 eelo] AL5E W] AN A8

tH13l.

2 =wolAes 84et I relud} softmax g
£ ARl reludre @499 oA TS @
g F dolol7t AXH AZFE gho] wold#er 2}
oA H= 71871 &4E 9] s ARSE o] &
A olgolle ofujA] B RHe] SEES &oI7] A
A ARES reluthes ®RR &, 712717 1= 9F
StEE 71EA gUlolE £t wlEEe Y £57)
OE 2/goletret vlws] w2

Aolels ¥, FR Folol 71 BN F0F

T EAES sl ASste] shssh7lol A A=
WAsE7] fIsiA EFok(drop-out)e ARSI

HEE N

3t

E-EEER- EE
2 | 111111
EER - EEE
EREEREREE
- | ,

1T El 11l E

= El!

Visualization of CNN Model Layer.
. CNN 22 2{0|0f AlZtst

I
B a
\l.\l

& ke CNN X2 vfgo® Holsls
< 53 e EH AR =2 FEES 915 CNNY
SIEEC] 7EAE Holsky BHlo] 3 Fo 7 ARl
AAZ &, 2953 3 58 B9 Adete =
& 5= 9 sk ol

Fig. 744 d#lolole] AlZsks &3ilM Holstkae]
ojo] AEi¥gE o HdsHA & 4 I Fig. 6
AABHE El 2 Elolol7h At S Holska 9l
=4, o" 7R SEE9dEA] melrhssith 919

P AR F Aolas BEe AAsgt. B 4

(643)



Image Classification Model using web crawling and transfer learning 121

Alst7] Yol deld 2 E 52l tisiA &7] Sk
et 2 A= A 19 AAE B A o]
o]9] shx IS ot 4= A H]lh Flolojo] 4=¢f
ALY $E £ol= olf= dlolojet Ado] ¥
e ol Eou YR SolA =Y 23] Agx
7} golx= A ] it mElo] AFSE oAl
oloje} AY9] FQ FE-Z molstr] siAiolcH14].

Fine-tuning< 7]&9] e5E03lE ZES 7[jto =
Mz FA0f| oA WHFsH] sl ARSIt E3E S5
H 29 71SAE v 25to] skEAIXIEE Fig. 6(b)
Fine-tuning= ARSH o]+ 2] 77} Si5EQ)
9 7]& CNN= 949 g@loll 94 2de HIPsta 715
Ag B& FA17171 Yo ARSIk

v. &

13

21t

7Hl|aLE] 9] AR o= Atal ¢ IEHE S
A A=E oF 3,000%42] oJuAIE HolHAER Helst
Aot E-GolE e} HIAE HolHE 47 7Hi39] HlE
= Eeo) AEs APt A 2o d gor ¥
71 A WA 2dg AR, Hole S5 dlolg X9
H73E sk ddS st A 22 o]
85 o]d9] CNN A9t B¢ 27HA| =2 vl A¥e J
Foplon, Hde] ool £ ARk Hlwsiith
Fig. 82 Fig. 704 et Edolof Al4slE &3t
gojo} xS AL S At 2o FHojo] &

Fig. 8. Visualization of proposed Model Layer.
J8 8. HMietok= EH 2{0]10] AlZst

A Z2IE A4Sl oju| At} Fig. 73} H|wehH T ot
lojoll 7hsA]eF &#o] FH Ak glg 4= 3l
th QoA HMoJskse] 7|Hte = AREH, resnet50=
CNNeg #7|of AdS XIFstoict

Fig. 99} Fig. 10 EIAE Ho|E A|EE Ho|g50]
AREE7] A CNN(resnet50)d} AQF wElo] a9t
T AZRE Bl F

Fig. 99] Hg: A== CNNo| 0.959] He=s
ARt B2 0.979] FEYEE AUt AAEEo] 2%2]
Bgert e A9 AH3]9] B 0.65 0k
oF 61% 53t A==t oM olfi== CNN} H]w
S AIQt 7o) 4= o8& Fig. 6(b)Q] Fine-tuning
< AF7] dizolch. AIQt 71 Hdo] A= FHAof gt
Al HYP= L oju] S5H CNNQ| 7FA1E vlAlsHA &
Aoto] 52 AlF7] "ol HETrt 3

09
]
R

]

® Accuracy Accuracy
0975
0.97
097
0.963
0.96
0.935
0.95
0.95
0.94
CNN proposed model

Fig. 9. Accuracy.
O™ 9. HeT Hlw

Average Training Time ~ WAversgeTraining Tme

100 95(s)

50 43(s)

40

30

20

10

0
CNN proposed model

Fig. 10. Average Training Time.
a3 10, WP SR HI

Fig. 100141 Holi= 4% &9 A7ke] AT CNN
B3t 9529] Allo] ARt B B 4329 ARF
Azt £ S} wedl ol w3k CNNAY A

(644)



122 j.inst.Korean.electr.electron.eng.Vol.26,No.4,639~646,December 2022

S5E HolHE 5ok Aol oo ndl S7i
AglE AlTto] AT 712 CNNEL dolshss &
of At BE ASHE EHsHA] ¢kl 7|&€ CNNE
7R A=t st dlole AAE7RA] d=strlol A
2 CNNZ AAiskL Hlolel g HAlok= #7g0] HiE =
471 =t

Fig. 112 A9t B2 353t 73 HlolElo] gt &
Agr Blae] J#xo, EHES JYsHA] g2 epoch 0

NAE =2 HEEo} A2 £AZES Hol3H, epoch
7} @o] XPIE, v w2 HYwot I S4B
o}, AQtels REE ARSSIO RN AR HES
o] T Q% FojEo] A}&LX} 7he E]qt st
A = w2 el w2 &4 7S AlEgit

l'

Tvamning and Valdation Loss

[
E=

—— Training Loss
Validation Loss

Lnazs Btnapy
m m
L] o

m
i

m
N

m
-

spech

Fig. 11. Training and validation Loss.

JY 1. EEY A3 AMY HID

V. 88

Pl
og
Job

o

2 =2oXe AEske HolH F=3 oluiA]
RS AR doleksg ol8siA shte] 7L
glofl tisiA shaE 7HeAlE0l % QTZﬂV\ oJmA]
A5 S o i S5 7Y ES IR Y
AFO| 22 HoEet W2 &4 g ASSIAL, ©F °l
UA] EFE 7HsstAl skl

TF A=A E AEYE BEA dHolEE I B
: d }OlEOﬂH FEES SEFS el o Wl o

e HolE & ARIsHAY Hlolg J4s v
’581%0] %01 Eﬂ 18 3ol ool A%k=Hl, ©f &
Ol I l o] oj=

x]]ﬂoPO
24 SIS %-;—om, cmlE S0z vigie 2

2 glo] Aot S BT E7Y 5 e 2ES 4

A AZoltt.

References

[11 S. Y. Ahn, Y. M. Park, E. J. Lim, E. J. Lim, W.
Choi, “Trends on Distributed Frameworks for Deep
Learning,” Flectronics and Telecommunications
Trends, Vol.31, No.3, pp.131-141, 2016.

[21 H Kwon, Y. C. Kim, “Adversarial Case
Technology Trends for Deep Learning Models,”
Institute of Information Security and Cryptology,
Vol.31, No.2, pp.5-12, 2021.

DOI: 10.1016/j.eng.2019.12.012

3] J. H Lee, H M Kim “Automated Image
Classification Model Using Web Crawling,”
Proceedings of the Korea Information Processing
Society Conference, pp.719-722, 2021.

DOI: 10.3745/PKIPS.y2021m11a.719

[4] J. S. Kim, “A consideration on Big Data
Utilization and Related Technologies,” Review of
Korea Contents Association, Vol.10, No.1, pp.34-40,
2012.

[5] D. M. Seo, H. M. Jung, “Intelligent Web Crawler
for Supporting Big Data Analysis Services,” The
Journal of the Korea Contents Association,
Vol.13, No.12, pp.575-584, 2013.

DOI: 10.5392/JKCA.2013.13.12.575

[6] Aurelien Geron, “Hands-On machine Learning
with Scikit-Learn, Keras & TensorFlow 2™ Edition,”
O'Reilly Media, 2019.

[71 V. H Marin H. george, V. O. Elena.

generation of the IMAGIC image processing

‘A new

system,” Journal of structural biology, Vol.160,
pp.17-24, 1966. DOI: 10.1006/jsbi.1996.0004

[8] L. Schmarje, M. Santarossa, S. -M. Schroder
Self- and
Unsupervised Learning for Image Classification,”
in [EEE Access, Vol.9, pp.82146-82168, 2021.
DOI: 10.1109/ACCESS.2021.3084358

[9] “Selenium”, https://www.selenium.dev/ko/, 2021.
[10] “Chromedriver’,
hromiumorg/chromedriver/, 2021.

[11] Z. Cui, Z. Gan, G. Tang, F. Liu, X. Zhu,

‘Image Signature Based Mean Square Error for

and R. Koch, “A Survey on Semi-,

https://sites.google.com/a/c

image Quality Assessment,” Chinese Journal of

(645)



Image Classification Model using web crawling and transfer learning

Electronics, Vol.24, No.4, pp.755-760, 2015.
DOI: 10.1049/cje.2015.10.015

[12] K. He, X. Zhang, S. Ren, J. Sun “Deep Residual
Learning for inage Recognition,” /EEE Conference
on Computer Vision and Pattern Recognition (CVPR)
pp.770-778, 2016.

DOI: 10.48550/arXiv.1512.03385

[13] S. W. Park and D. Y. Kim, “Comparison of
Image Classification Performance by Aivation
Functions in Convolutional Neural Networks,”
Journal of Korea Multimedia Society, vol.21,
n0.10, pp.1142-1149, 2018.

DOI: 10.9717/kmms.2018.21.10.1142

[14] J. B. Kong and M. S Jang “Association Analysis
of Convolution Layer, Kernel and Accuracy in
CNN,” Journal of the KIECS. vol.14, no.6, pp.1153-
1160, 2019. DOI: 10.13067/JKIECS.2019.14.6.1153

— BIOGRAPHY ———

Lee-Ju Hyeok (Member)

2022 : BS degree in Computer
Science and Engineering, Hankyong
National University

2022~present : MS student in
School of Computer Engineering &
Applied Mathematics, Hankyong
National University

Kim-Mi Hui (Member)

1997 : BS degree in Computer
Science and Engineering, Ewha
5) = Womans University.

4 1999 : MS degree in Computer

Science and Engineering, Ewha
Womans University.

1999~2003 : Researchers at Switching & Transmission
Technology Lab.(ETRI)
2007 : Ph.D. degree in Computer Science and

Engineering, Ewha Womans University

2009~2010 : postdoctoral researcher of the department
of computer science, North Carolina State University
2011~present : School of Computer Engineering &
Applied Mathematics, Computer System Institute,
Hankyong National University.

(646)

123



