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[Abstract]

Image labeling must be preceded in order to perform object detection, and this task is considered a
significant burden in building a deep learning model. Tens of thousands of images need to be trained
for building a deep learning model, and human labelers have many limitations in labeling these images
manually. In order to overcome these difficulties, this study proposes a method to perform object
detection without significant performance degradation, even though labeling some images rather than the
entire image. Specifically, in this study, low-resolution oriental painting images are converted into
high-quality images using a super-resolution algorithm, and the effect of SSIM and PSNR derived in
this process on the mAP of object detection is analyzed. We expect that the results of this study can
contribute significantly to constructing deep learning models such as image classification, object

detection, and image segmentation that require efficient image labeling.
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I. Introduction

5] dejy(Deep Learning)7]&{1]e] &Aoo 2 oln]
|

Al BE A gA, ADRERl, Fetets, 18w
GAN 5 Noz ojulxlg BAsH: AP
=22 (o] MQD%’ Lé

A AER AgE oafd olulxEe A
e 1eo] ojujx| 2 St 2ushyste] dhat o

B ol
0% ok
4o

o
W=t WAL 241 $8e Aol A

=
(0]

i
ol

rO
ol
N
=)
> ol
- =
o)
=]
lo
>
N
N
o
=)
B
l_!_4
i)
e
2
oo
0 Jiz

a
)
2

(R

o
>
re
A

ol
—_
N

i)
ol
==

-z o

O
i)

C
n}iglfl‘
NCANS]

A

0

2

ﬂé@
rhro o N
el fo >
o oo
u °C 2
N e B

a9
‘T
N
=]
=L
o
-@’
HJO
El
i)
o
illat
rlo
N
Pt
1o
2a)
ofm
i)
-0,
N
a o
=

=)
=Ol=
ton
i1a}
=
r>~
|
rg
=
x
Ho
4>
&
ox,
o‘r
fu
hr
o
T
O
el

]_

S~

2{td 718k 2 usl4tet 712 SRCNN[3Jof|A2E A]
of FZde AR Adl A73Y(Generative
Adversarial Network, GAN)ES ZsjAtsto] A=t
SRGAN[4], ESRGANI[5], 72]1 Real-ESRGAN[6] E©
2 A48 WAL ASeln otk GANTIS 71t ofnlA]

e}
ol
-

= T (o]
x| ojB2 Esk= AN Discriminator)2 AR5},
AR} ojufx|et L25h7] & 7 ofulRlE MEAl A8

ojujx] £ /g0l tist ZAHARl Hrh= 59 oju]
Aot 2 o]u]x|Q] H]W-E &3] o] FOIA |, FA|A o=
= PSNR(Peak Signal to Noise Ratio)x}

SSIM(Structural Similarity Index Measure)?] T 7}
A Hrt Aert &2 ARRECH PSNR[8]2 MSE(Mean
Squared Error)[9]5 53l 5% o]0]x]2} ¥:2 o]u]x| 9]
gtagto] Aot fARIAIE ®7istal, SSIM[10]2 44|
2 Afo]7} o ekl RO Lol B A}
|, & o]0]x]9] 3% (Luminance), tjd](Contrast), 1
1 & (Structure)?] FALES F7IRIC ol2{gh A
£l ojojx] Beo] ¥ W & ook

£5] oefsl Wate} o] shalo] 4] gre ofujx]e] A

i)

o

i)

i

A 71sst AR & QI
b4 9, AN O jRRe] AR Bt HYsh
2 FYAIIE 7oz LeiA ol
AAIS vl ) 2|4 AlEske 7190
A &A= G2l 718to 2 gt AlexNet[11]& A&}
2 YOLO[12], Mobilenet-SSD[13], Faster RCNNJ[14]
U AT|FO2 FAYUN WA AT ek

S ot g
>~
ol
ol
el
ko
e
o]

= oX,

o e

on |

Chogsth
E35] YOLOVS(You Only Look Once)= Y& o]o]jx|E
=A3t 37]9] T2 =(Grid)2 U1 YR FePAES o
Holl 24ok= ©Y-T7(One-Stage) WAl 0= A &
A& 285t0], 20 Fete FHOA 5t 5o Y
B Qlct.

ol2{gt x| XS 33517 sl oln|x]of o]
E(Label)g FAISh= 2ol 5% (Labeling)[15] Af¢jo] vt

=
©A] A3E|ofo} stol, o] ojojA] ¥Ao] 2 woz
o

e ric
o riz

Do) o I uj
a
Ra)
> ol
e i
FO >~
[e]f]
oh

en B
fir)
2
e
ol
el
1A

re 1o
)%
fujo
ofm

Ol
=

22 rr

N
-

AT V=N o U i

En)
e
o

N
o ™
g
Fo
2
o
Ho
=
rr
e
o
=
&
e
[i
©
>
2

o
o
>,
=
1
i)
>R
>
o
olr
ol
)
o e
L

i)
=
i)
)
)

i

12

1A%

H
R
)

=

iTha

ol

ol

]

Pa)

Do)

_O'E ogL_" OE

I o

Mo

Pl

= ﬂ rlo

S e

Jl;li EI'E

- l"lO

ek

+ =

n

i1z} ﬁ:

Fo 1%

L O

o

w
Fo

yz

1o & o
&
1
O A
o -
=
ok o
L o
TO 5
T Ti—t
e
ol ou
2
2 =
rlo L2
rlo
o)
i) l__C, T
o =
H1
H1
o
d
N
_OL
)
rin
£

oF 80%2 AHA|3taL 9]
2 HlolE] RS 9t Fo e ARk K&HoR A
st QITH 16-18].
oMY Wel'd RAe ALsh] siae o] sk
B Alo] ¥heA] Wastnl, ojzre] gloe] Alo] ot
st Aol K23t vlet o] e ulgo] 4
3

28tk ¥ A7oliE of2fdt ojzige I35 ¢



Selective labeling using image super resolution for improving the
efficiency of object detection in low-resolution oriental paintings 23

ox o
o &
=
=
o)
o
filo
S
o
ol
o
2
—_—
==
2
H1
L
}:I
|t
i12a}

II. Related Research

1. Super Resolution
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Fig. 1. Real-ESRGAN Generator Network
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3. Image Labeling
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III. Proposed Method

1. Overall Research Process
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3. Object Detection (by YOLOVS)
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Fig. 8. Object Detection
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4. Optimal Set Selection(by SSIM)
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IV. Experiment

1. Experiment Overview
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7HA] AR chst eol 2 g A Sagsiect. 7 27
2 ofujAle] Ab 0080z Esteich
Python 27288 ARSI  GPU:Tesla V100,
CPU:Xenon (R) 5120 2.20GHz, Memory:180 GB9] &t
oA R1distct. £ 1A= Real-ESRGAN &ilz]
&2 ol&stoy 3.58] Upsampling®= Z%I3¥5t9i o0
Residual Block 167f, RRDBEE 23715 X|A5}ISiCT.
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SSIMa} PSNRE At&sleict.

1510
g

2. Results of Super Resolution
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23190 2 94 B2 YOLOVS 9dg ALg
=591, Batch Size= 32, Epoch& 100, Img_size
= 41602 x|Ratol SUs} oljx2 N £HL K%Y
Shith. AREH oJulX|= AR 2,400%%9] olulx] F
Train 1,680%4}, Validation 360%}0]tt. Test= 36079]
oJU]X|E AM&sto] AdddE AIS8sYl o, o] o]% 1y
M= FYstct.
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Fig. 9. Precision and Recall
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I
2 737F AR gAREE BeR A5t mAPE vl
b A8 Anbe <Table 1>1 72700y, A3 ZAnp &3
Ayetel o]u|x| & Argoto] &S A EX] wHlo] et
E7F A2 oJujxE ARERE o] w5 =7 UEhdE

Table 1. mAP(Ori_img vs. Sr_img)

Image Set mAP @.5:.95
Ori_img(a0) 0.6310
Sr_img(a1) * 0.6470

3. Results of Optimal Image Set Selection

st sYeolA AA9] ofujx] Alg FE5t
7] Slsh HIAE oJu]x] 36072 AUt 2,040% 0] et
SSIM & AtEstglon, SSIMo| whet o]ujx| & AJEs

ol 27§9) 73k, 47he} 77k, 1070 PThoz 7B

o] Z47ko] oJulA] Alg B2 SdstRitt. o]ulx] Al
ai 2 YEo] j&= 2710 4, it o]u]A] Ao} &4
Uerdth 5, a)t SSIMo| e} 27je] ko i}
ofulx] Al & A WA ALS Jujgich. ofu]x] Alg 2
Mol o2 REF AL, 2 R é oluj]
1,020 o gt SSIM o] Ao, 24, B>
<Table 2>9} Ztt.

r{r wu o

Table 2. SSIM of Each Set (Divided into 2 Sets)

Image Set Max Min Average
a 0.9890 0.9248 0.9475
a; 0.9246 0.2729 0.8745
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ojujR] Alg 47}9] o m gt
toz EeF 7490l tigt SSIM 7t Ao, &4, F+t
Z¥7t <Table 3>, <Table 4>} 7t}

N

Table 3. SSIM of Each Set (Divided into 4 Sets)

790k 10709

LLom(Table 6), 107]2] 7710] gt AaolAt af, o]
mAP7} 714 7] Uehdth(Table 7). oz
2N, P, 2215 1012 8 ololx] Ho] ol 7
Lo JHF| Etx] A2 7h= SSIM o] 7HS Alwst
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> m

Table 6. mAP of Each Set (Divided into 4 Sets)

Image Set | mAP @.5:95| Image Set | mAP @.5:.95

Image Set Max Min Average
a 0.9890 0.9459 0.9592
al 0.9459 0.9248 0.9357
al 0.9246 0.8946 0.9105
a 0.8945 0.2729 0.8383

aj 0.486 a * 0.533

Table 4. SSIM of Each Set (Divided into 10 Sets)

al 0517 a 0.510

Table 7. mAP of Each Set (Divided into 10 Sets)

Image Set | mAP @.5:95| Image Set | mAP @.5:.95
ajg 0.398 ajy 0.434
ayy 0.387 ary * 0.477
ayy 0.403 ayy 0.449
aly 0.385 aty 0.391
ab, 0.427 aj 0.365

Image Set Max Min Average
aiy 0.9890 0.9602 0.9689
aly 0.9600 0.9505 0.9550
aly 0.9504 0.9419 0.9461
al, 0.9418 0.9342 0.9381
aby 0.9341 0.9250 0.9294
al 0.9249 0.9141 0.9196
al 0.9141 0.9012 0.9080
al, 0.9012 0.8855 0.8941
aly 0.8855 0.8550 0.8723
ay 0.8541 0.2729 0.7786

oAo] 771 ojulx| Al 7

x| BEE 7431, ols

of wlmsigich. 2R Aol
ohd ATyt AR o]ujAlS
£ Eol4 AAEE mAPE Test dlo
Z

SIM ghol| mef 2719] 17t
1 A3} mAPE a3(0.550),

Al HEFRTHTable ).

Table 5. mAP of Each Set (Divided into 2 Sets)

Image Set mAP @.5:.95
a; 0.550
a * 0.585

a71e] Ftof gt 2

oA mAP7} a}(0.486), o}
(0.517), @3(0.533), a}(0.510)0.2 a’o] 715+ =A e}

4. Results of Selective Labeling
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Table 8. Optimal Image Set Configuration

Number of Data
Data Size | Optimal Image Set -
Train Val. Test
100% (al) 1,680 | 360
50% (a3) 816 | 204
5 360
25% (@) 408 | 102
10% (aly) 164 40

<Table 8>9] Holeio] chsl 7R] YAl g 44t
A= <Table 9>9F Ztt}.
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Table 9. Performance Comparison (mAP)

mAP @.5:.95
Data Random Optimal Image (b)-(a)
sampling(a) Set(b)
100% 0.647 0
50% 0.564 0.585 0.021
25% 0.507 0.533 0.026
10% 0.396 0.477 0.081

<Table 9>0f|A] Aot WRigof wa} &5 74| ©A|
239l mAP7H RAIY] £& WiEol ofgh AR g7 =
2of| vJsli 2= Data Sizeo] thsl =7 e H2e
o] Aoz 279 &2 AHESr 4% d5 3 ey
0, o|g|dt ZA|= <Table 9> Jef=2 UEhd <Fig.
10>014 &5 FetsiA &21g 4 Sl

—<— : Random sampling

mAP @.5:.95 . .
—@— ! optimal image set
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{iw
0.45
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Fig. 10. Performance Comparison (mAP)

V. Conclusion

oleige FEa7] Ul 2 AToINE Yolat olujxl}
ohd Uy olulAle] I oY S SalME 2 45
A3t Qlo] 7] GRS et Pokg Aokl ®
g A TEE SUT ollxlo] el UES 2T 2
7}, At YrEEo] w2 ojulx] BB o] B A
2o vjs) A G| 0 2E0 M o2 A
22 2392 BARAY.

2 970) Fjof chaf 2 94 B AToME &
TalAeh TPolA] A SSIM gkt Z1R] Q1410) A
ST 75kt A9 mAPYIY] WS B4R, o)
2gsiof 27 A4 29 750 1Y 2 588 5 2 9

r 32

-

o

ox,

o o

tjo

r2

o%

12

b

oY,

oy

ol

ol

~

=

i

-

o ret

i‘_l_“ -

o

Tl
a0
o2
o
i)
e
o
oy
o
oln
IO r9,L‘ _@4
~
cE

Ol
-

Ho
ﬂ —_—
og.
dh
ST
o
)
=
i)
o
i)

ko nx ofo

N ﬂop

—_— i)

o
i %\N" u
wE, Tl

ok
ol
o

2y oo
o2
ol
ol
o
=
>
o
0,
19
:4
cE
ru
1
Y o
Ei
9'1_1
A
rr
£ o

d|m
21'4
i1
i)
-E—l"
0
rr r
S
bl
o,
£
d|m
foa)
i)

pRRECIE

ol
r= oL ©

=

-

=

4> o

o%

ol

o

2

2 o2
o ¢

ne g
e
Fo
N
)
%9,

il

a I
i
u}

g o

N
—

o}
Atp A Len
tel, olziat 54

HAYSS

— O
I
>

Al

H

o,

=)

A,

1o >

d|m

ox,

o

e

)
08, g o

B U
rr

olr HJE
™ ol
mo —
ki
Nl
-~
ol

o]

0.

ACKNOWLEDGEMENT

This work was supported by the Ministry of
Education of the Republic of Korea and the
National Research Foundation of Korea (NRF-
2021S1A5A2A01061459).

This work was supported by the 'High
Performance Computing Support' project of the
Ministry of Science and ICT of the Republic of Korea
and the National IT Industry Promotion Agency.

REFERENCES

[17J. Yu, Y. Han, J. Kim, and H. Hahn, “Ensemble Deep Network
for Dense Vehicle Detection in Large Image,” The Korean
Society Of Computer And Information, Vol. 26, No. 1, pp. 45-55,
January 2021.

[2] J. Song, S. Lee, and S. Park, “A Study on the Industrial
Application of Image Recognition Technology,” Journal of the
korea contents association, Vol. 20, No. 7, pp. 86-96, July 2020.

[3]1 Y Li, C Ma, T. Zhang, J. Li, Z. Ge, Y. Li, and S Serikawa,
“Underwater Image High Definition Display Using the Multilayer



Selective labeling using image super resolution for improving the
efficiency of object detection in low-resolution oriental paintings 31

Perceptron and Color Feature-Based SRCNN,” IEEE Access, pp.
83721-83728, June 2019. DOI: 10.1109/ACCESS.2019.2925209

[4] Y. Lee and H. Park, “A Study of Lightening SRGAN Using
Knowledge Distillation,” Journal of Korea Multimedia Society,
Vol. 24, No. 12, pp. 1598-1605, December 2021.

[5] X. Wang, K. Yul, and S. Wu, “ESRGAN: Enhanced
Super-Resolution Generative Adversarial Networks,” arXiv:180
9.00219 v2, September 2018.

[6] X. Wang and L. Xie, C. Dong, and Y. Shan, “Real-ESRGAN:
Training Real-World Blind Super-Resolution with Pure Synthetic
Data,” International Conference on Computer Vision Workshops
[EEE/CVF, July 2021.

[7] C. Han, H. Hayashi, L. Rundo, R. Araki, “GAN-based synthetic
brain MR image generation,” 2018 IEEE 15th International
Symposium on Biomedical Imaging, May 2018. DOL: 10.1109/
ISBI.2018.8363678

[8] J. Lee, “PSNR Analysis of Ultrasound Images for Follow-up of
Hepatocellular Carcinoma,” Journal of the Korean Society of
Radiology, Vol. 9, No. 5, pp. 263-267, August 2015.

[9] U. Sara, M. Akter, and MS. Uddin, “Image quality assessment
through FSIM, SSIM, MSE and PSNR—a comparative study,”
Journal of Computer and Communications, Vol.7 No.3, March
2019.

[10] Q. Junlong, J. Shin, and J. Ko, “A Study on Energy Consumption
Prediction from Building Energy Management System Data with
Missing Values Using SSIM and VLSW Algorithms,” The
transactions of The Korean Institute of Electrical Engineers, Vol.
70, No. 10, pp. 1540-1547, October 2021.

[11] M. Laavanya and V. Vijayaraghavan, “Residual Learning of
Transfer-learned  AlexNet for Image Denoising,” IEIE
Transactions on Smart Processing and Computing, Vol. 9, No.
2, April 2020. DOI : 10.5573/IEIESPC.2020.9.2.135

[12] S. Jeon, D. Kim, and H. Jung, “YOLO-based lane detection
system,” Journal of the Korea Institute of Information and
Communication Engineering, Vol. 25, No. 3, pp. 464-470,
March 2021.

[13] W. Kim, F. Dehghan, and S. Ch, “Vehicle License Plate
Recognition System using SSD-Mobilenet and ResNet for
Mobile Device,” Smart media journal, Vol. 9, No. 2, pp. 92-98,
September 2020.

[14] K. Shin, J. Lee, and J. Kim, “Thermal Image Processing and
Synthesis  Technique Using Faster-RCNN,” Journal of
Convergence for Information Technology, Vol. 11, No. 12 , pp.
30-38, December 2021.

[15] S. Hong, D. Kim, and B. Kim, “Image Labeling Technology
Analysis and Training Set Generation Model for Detecting
Damage and Cracks in Road Pavement,” Journal of Korean
Society for Geospatial Information Science, Vol. 28, No. 4, pp.
119-125, December 2020.

[16] H. Gu, J. Seo, and S. Choo, “A Development of Fagde Dataset
Construction  Technology Using Deep Learning-based
Automatic Image Labeling,” Architectural Institute of korea,
Vol. 35, No. 12, pp. 43-53, December 2019.

[17] K. Choi, “Conceptual Design of Data Labeling System based
on Metaverse for the Military Artificial Intelligence using the
Modified Functional Analysis Method,” Korean Journal of
Military Art and Science, Vol. 78, No. 1, pp. 375-390, February
2022.

[18] R. Lee, R. Jang, and M. Park, “An Auto-Labeling based Smart
Image Annotation System,” Journal of the korea contents
association, Vol. 21, No. 6, pp. 701-715, June, 2021.

[19] J. Yoon, T. Kim, and Y. Choe, “GAN based Single Image
Super-Resolution via Spatially Adaptive De-normalization,”
The Transactions of the Korean, Vol. 70, No. 2, pp. 402~407,
February 2021.

[20] C. Lee, S. Youn, and C. Cho, “License Plate Image Enhancement
Based on Enhanced Super-resolution Generative Adversarial
Networks,” Journal of Next-generation Convergence Technology
Association, Vol. 6, No. 1, pp. 5-11, January 2022.

[21] J. Kang and J. Gwak, “Adaptive Face Mask Detection System
based on Scene Complexity Analysis,” Journal of The Korea
Society of Computer and Information, Vol. 26, No. 5, pp. 1-8,
May 2021.

[22] H. Lim, “Overview of Image-based Object Recognition Al
technology for Autonomous Vehicles,” Journal of the Korea
Institute of Information and Communication Engineering, Vol.
25, No. 8, pp. 1117-1123, August 2021.

[23] H. Kim and D. Choi, “A Perimeter-Based IoU Loss for Efficient
Bounding Box Regression in Object Detection,” Journal of
KIISE, Vol. 48, No. 8, pp. 913-919, August 2021.

[24] W. Jeon and S. Rhee, “An Annotation Method of Vegetable
Fruits and Leaves using a Depth Map,” Journal of Korean
Institute of Intelligent Systems, Vol. 31, No. 6, pp. 465-474,
December 2021.

[25] Aitimes, “Don't worry about running out of data,” https://www.
aitimes.com/news/articleView.html?idxno=143907, April 2022.

[26] Y. Cho and S. Kim, “Labeling of Facility Crops Using Instance
Segmentation of Deep Learning,” Journal of Korean Institute
of Intelligent Systems, Vol. 31, No. 4, pp. 305-310, August 2021.

[27] T. Mensink, J. Verbeek, and G. Csurka, “Learning structured
prediction models for interactive image labeling,” CVPR,
August 2011.

[28] LC. Chen, S. Fidler, and AL. Yuille, “Beat the MTurkers:
Automatic Image Labeling from Weak 3D Supervision,” CVPR,
pp. 3198-3205, 2014.

[29] A. Diaz-Pinto, S. Alle, A. Thsani, and M. Asad, “Monai label:
A framework for ai-assisted interactive labeling of 3d medical
images,” arXiv:2203.12362, March 2022.



32 Journal of The Korea Society of Computer and Information

Authors

Hyeyoung Moon received the M.S. degree

A in Information Computer Education from

.« Graduate School of Education, Konkuk
‘ University in 2010 and Ph.D. degree in
e Engineering from Graduate School of

Business IT, Kookmin University in 2022. She is interested

in text mining, deep learning, and data modeling.

Namgyu Kim received the B.S. in Computer
7 Engineering from Seoul National University
in 1998, M.S. and PhD. degrees in
Management  Engineering from  KAIST,
Korea, in 2000 and 2007, respectively.

Dr. Kim joined the faculty of the School of Management
Information Systems at Kookmin University, Seoul, Korea,
in 2007. He is currently a professor in the Graduate School
of Business IT at Kookmin University. He is interested in

text mining, deep learning, and data modeling.



