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[Abstract]

Style transfer is one of deep learning-based image processing techniques that has been actively
researched recently. These research efforts have led to significant improvements in the quality of result
images. Style transfer is a technology that takes a content image and a style image as inputs and
generates a transformed result image by applying the characteristics of the style image to the content
image. It is becoming increasingly important in exploiting the diversity of digital content. To improve
the usability of style transfer technology, ensuring stable performance is crucial. Recently, in the field
of natural language processing, the concept of Transformers has been actively utilized. Attention maps,
which forms the basis of Transformers, is also being actively applied and researched in the
development of style transfer techniques. In this paper, we analyze the representative techniques SANet
and AdaAttN and propose a novel attention map-based structure which can generate improved style
transfer results. The results demonstrate that the proposed technique effectively preserves the structure of

the content image while applying the characteristics of the style image.
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I. Introduction
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II. Preliminaries
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2. VGG Encoder
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3. Self Attention
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III. Attention based Style Transfer
methods
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Fig. 2. Framework of SANet
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3.2. AdaAttN (Adaptive Attention Normalization)
AdaAttN [11] 7]&2 SANet 7|25 78102 LAY
9t} Figd= VGG 9 ELE]S’_} 3719] AdaAttN T& 2]
O3igz 149 AdaAttNe] A mfdY=AE B
o}, AdaAttNollX] SANet 71%9] A S Tusa A
5 el Sleto] WY PEEe o8 BTk
VGG 19| Relud_1¢} Relub_1 2flojojoflx =&
oA B & ARESE SANetd} E2] AdaAttNojjA= Relu3_1
olq F&9 o W, £} FE F71= ARgsich FPet FP
+ g2Zgo It 2oloi tlolgol  ZAg
(concatenate)=|o] A1 (skip) H7AQ] HTS 4331 0]
2fgh A7) AZA2 VGG 17H Relu3_104 oA 95 4=
o] 7t lojofol] 214 78% Qi”ﬂ FPo] 23} Q=

ARIE dage] paAlel

Rox

ok

w/o mean-: std map

w/o shallow layer w/o skip

Fig. 6. Analysis of AdaAttN

SANet @&} Zto] AdaAttN ZEE F.o F,2 ¢
o} F, & £33t} 51X]9F SANetof|A ofgllid = 434
of mX F'E AMSSH= SHH AdaAttN Z-soA+=
R g AMgstt (Fig. 5). B of2fe] fAla) o]
BoEN of7|M D, A WE K Z2 A=
down sampling 5}% Aile 2 ®3Hconcatenation)
AL ojofstt

Hr=D, (Fe D, (F?e o D,(FY)

o7 5t%] dlojo] mA{(shallow feature)7tA] of&lAd
W Aol Arggo 2 'R FAFel YE|Y7HA] 125t
of AEtY mA|RHo] A/dE 1L A} F/dol] HRI= FAge]
29 tE|Ydo] satA oz Btk AubE 720k

F3h AdaAttN B&2 215 DAWS Adshks 2o
A B BEHAF 9 (mean-std map)2 (Fig.5) offl
A BBE 7ER| 2 AEsto] Ak Goo] ARt /g A
A} Bu2 ypisio] AR T2 Fh),

Fig.6-& AdaAttNO] An} GAkt AdaAttN A|Zsh= o
9] 7159 ants WojZch AdaAttNo] A}t FAtof ]5]
23)(skip) AZxt 5t 2fofo] WA AREO] §l= 0"5’2}%
He|de] mio] BEsiAY A a7t ARKY

Afol7t Qg2 =Rl & ot ot mEHA} | %

H

2351x] kS dAtw AdaAttNC] ZAut At} vl ws) vj 7

—ﬁl:i

2 Qo] ARt Afolg SR L0l ALGHUC,
o]%™ AdaAttN-2 SANet THAYIoA T 71| ¥

32 Fo EHX Qo] UEINS A Aol A0

2 WgEIch 1T Fig8old 2 4 9l5o] AEkY 1



Optimization of attention map based model for improving the usability of style transfer techniques 35

r AdaAttN_x
[ | AdaAtth_x-1:x —Ccan;cat)
ng
downsamp

I — AdaAttN_x =) G
upsamp

AdaAttN_x =)

Fss cs

s

AUOI £XE
Decoder

Fig. 7. Framework of Proposed Methods

PSS ERS = HER] AEFY o]O]x]
o 7 By T % 1 9IA|9t AdaAttNe]
Ai} Aol ¥ WEe B 471 9

9Je} o] SANeti} AdaAtNS ol 712 aus]
o2 Hgsio] AEkL Ao| 729 45 TS 0|29
SJAI3E SANeto] %49 EEIX o] 7AS

St 9% A APy R} obgEix] 23 BAR]
FHEIc AdaAINE SR i) Bue) wEol 9%

o) % el BAE dlel 295 ge) 5w

o 2B o] B M EL SAlo] nRstuat chge
YL At
AgIehe 7142 Fig. 701A2}720] AdaAttNe] m2o)

Y35 7IvteR st Qlu HYPH AdaAttN
AdaAttN_x@} AdaAttN_x-1:xS ARESH}.

AdaAttN_x RES AdaAttN @&°] F!i"et Fl'7g
Erot FHASH Zlolch. 519 2f|ofojo] mA| ji7bA] offl
A o8 Aol AHgSh= AdaAttNe} g2 sl 2flo]oo]
A Rtk ARESto] ERIE Q9] HEIYS AUAIA B
&l AEYS WS XSk RS ORI
AdaAttN_x-1 252 AdaAttN ©&0°] F!'"et Fl' "

ST FyT R AR Aol

AdaAttNo|A F29} Fio] tja %7t #ojojof] A1
ER9E AYshe Z1&diie FPol R Yo TisA
cfoll Y=t o] sk 2llojo} FuIt A Y=E
o R G HEYo] AURA HEEE A
HASHEA = 519 2flojo} HEE T WA HEet &

32 O o
mo kU U

A g3l Agste] FRI= Y &2 FEE ADst
e Wyoltt Afdol 25670 FPE Afgo] 512719l
FLOF29E BRR7] 9t FP 2 AdaAttN_xat
AdaAtN_x-1:xof| 77} Qliste}, = 7)9] oA @, 2,
F?, S AAsih B2 abE?, © 7K concatenate) &
o] zfdo] 51291 F? & AAsI}. Ele} FP7b 7Yzt
AdaAttN_xOll Jislo] e F R & ol Alak 2
e uog F3 ol CsflAl &
t3dol] A=t ol Ao Dot U= F ot F),
£ FL9 3719 9E7] 93 down samplingd} up
sampling2 OJu|gtt}. w3, w4, whi 7} mA] 49| 715
Ag R
F... = (w3*D,(F2)+ws* FL +w5* U,(F~))

CcscC,,

3x3 PR A A

F

csc — CONU3z,3 (F )

csc,,

V. Experiments

Aletshe Bdo] 312 Hsto] MS-COCO [14] Hlog
NES ZRI= J9 & EﬂOlEﬁ o} WikiArt [15] O
ol MEZS AEY 49 &5 HojEl2 AREsITh
MS-COCO Hfo[&f AEeF WikiArt HJo]E]
F 80,000719] @& o]FolA Qlrt. &7 Al FE{ulo]
A= Adamz AHESIQIYL Sh5E2 0.0002, HJX] Afo]=
L 82 Aastgct &3y HAE WAL Nvidia Tesla
V100 GPUE Alg-sto] S38=|Qiet. Aot 7]&2 mo| &
%2 L8 AdaAttN F2 7Juto g & g|9ict [V A
o] ox|a} BEof| AyL F2 F F), 7t dofirle T4
oA AFRH 715X w3, wd, whe 712} 0.1, 0.3, 0.602
AR}, 7HERl= S 2llolo] Bt A 2ojofe] 7t
ZRE 3 stes AAE QAL o= Y 2lojoj7h Ak}
Y B Aol on g ARY BHEZ 240= §f
7] Agolct.

Fig'83 SANetﬂJr AdaAttN, E]

]EL 7¥7F
— T



36

Journal of The Korea Society of Computer and Information

Style Image

Fig. 8. Comparison of SANet,

off oX
ox lz 2
10 un ry

£
= of,
Y o

£
=

N
—_

o)
)
MM O ogo do of B 19

o m

of

2

E mOl‘ H.IQ
—LI -

A

|ru

>

ri

>
m
1

1_

N

[e]
SANet} AdaAttN 7]&9]
PRI 9SS oD
Fig.9= SANetu} AdaAttN, Avatar-Net.
StyleFormer 59| 7]& 7]a} & =wollA Alsh= 7]
29] ZAut GARS HoZrt, Avatar-Net9] 739 ZEIX

=
of.
ol
=
¥9,
2

1o & W o rr ol
e
J

1o b
o ek
o2
tjo
e
odh
o

oo=2
FY & Trgur AR g EA BFFQ] & THA
7158 UEAZIA] 2&E SQ1g 4 Qo). StyleFormer
9] 4= AENIS

Z dtgo] o]t
W FgollM= L=o] gE o] HO| vkY A
AR 2 G MY 2SS
ch Aot 7]e2 tiRse] HAE oA
o] A9} 4H| Yol AEtAo] Fut
Aol =8 wojzr]

1T oo=2

x
At

i)
i

VI. Conclusions

2ol ARk Fo| 7]20] ALSY WL s
APEL ofEA S Jla e Bl
Suste e DAL Agtsoict. A
Aol 7129 5olH 71 Fad

-

71EQ A Gge] A1 GRSt ARt gyyo] £ A
g 719] YRl FPL A AT G At B
oA7e] Nz 97 Yo R: S M8 92
me]Q 71e] AL DR A o] 7149 AP}
njgc}

ACKNOWLEDGEMENT

This work was supported by INHA TECHNICAL
COLLEGE Research Grant in 2022

REFERENCES

[1] L. A. Gatys, A. S. Ecker, and M. Bethge, “Image style transfer
using convolutional neural networks,” Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition (CVPR),
pp. 2414-2423, 2016. DOIL: 10.1109/CVPR.2016.265

[2] D. Ulyanov, V. Lebedev, A. Vedaldi, and V. S Lempitsky, “Texture
networks: Feed-forward synthesis of textures and stylized images,”
Proceedings of International Conference on Machine Learning,
pp.1349-1357, 2016. DOI:10.48550/arXiv.1603.03417

[3] K. Simonyan and A. Zisserman.,“Very deep convolutional
networks for large-scale image recognition,” Proceedings of
International Conference on Learning Representation, 2015.
DOI:10.48550/arXiv.1409.1556

[4] Y. Li, C. Fang, J. Yang, Z. Wang, X. Lu, and M.Yang, “Universal
style transfer via feature.transforms,” Proceedings of Neural
Information Processing Systems, pp.386—396, 2017. DOL

10.48550/arXiv.1705.0808

[5] X. Huang and S. Belongie, “Arbitrary style transfer in real-time



Optimization of attention map based model for improving the usability of style transfer techniques

37

Content Image

Style Image Avater-Net SANet AdaAttN Styleformer ours

Fig. 9. Comparison of result images



38 Journal of The Korea Society of Computer and Information

with adaptive instance normalization,” Proceedings of the Authors
IEEE/CVF International Conference on Computer Vision, pp. 1501
—1510, 2017. DOL: 10.1109/1CCV.2017.167

[6] D. Y. Park and K. H. Lee, “Arbitrary style transfer with
style-attentional networks,” Proceedings of the IEEE Conference

Junghye Min received the B.S. degree in
mathematics from Ewha Women’s University,
Seoul, Korea, in 1995, and the M.E. and

Ph.D. degrees in computer science and
on Computer Vision and Pattern Recognition, pp.5880-5888,

2019. DOI:10.1109/CVPR.2019.00603
[7] L. Sheng, Z. Lin, J. Shao, and X. Wang, “Avatar-net: Multi-scale
zero-shot style transfer by feature decoration,” Proceedings of the

engineering from Pennsylvania State

University, U.S.A., in 2003 and 2005, respectively. From
2005 to 2021 she was a Principal Engineer with Samsung

. . Research, Samsung Electronics, Seoul, Korea. Dr. Min joined
IEEE Conference on Computer Vision and Pattern Recognition,

pp. 8242-8250, 2018. DOIL: 10.1109/CVPR.2018.00860
[8] Y. Yao, Ji. Ren, X. Xie, W.Liu, Y. Liu, and J.Wang,

“Attention-aware multi-stroke style transfer,” Proceedings of the enhancement, image style transfer, and pattern recognition.

the faculty of the Department of Computer Science at Inha
Technical College, Inchoen, Korea in 2022 and is currently

an assistant Professor. Her research interests include image

IEEE Conference on Computer Vision and Pattern Recognition,
pp. 1467-1475, 2019. DOIL: 10.1109/CVPR.2019.00156
[9] A. Vaswani, N. Shazeer, N. Parmar, J. Uszkoreit, L. Jones, A.
N Gomez, Lu. Kaiser, and 1. Polosukhin, “Attention is all you
need,” Proceedings of Neural Information Processing Systems,
pp-5998-6008, 2017. DOI:0.48550/arXiv.1706.03762
[10] Y. Deng, F. Tang, W. Dong, W. Sun, F. Huang, and C. Xu,
“Arbitrary style transfer via multi-adaptation network,”
Proceedings of ACM Multimedia, pp.2719-2727, 2020.
DOI:10.1145/3394171.3414015
[11] S. Liu, T. Lin, D. He, F. Li, M. Wang, X. Li, Z. Sun, Q. Li,
and E. Ding, “AdaAttn: Revisit attention mechanism in arbitrary
neural style transfer,” Proceedings of the IEEE/CVF International
Conference on Computer Vision, 2021. DOI: 10.1109/ICCV48
922.2021.00658
[12] X. Wu, Z. Hu, L. Sheng, and D. Xu, “Styleformer: Real-time
arbitrary style transfer via parametric style composition,”
Proceedings of the IEEE/CVF International Conference on
Computer Vision, pp.14618-14627, 2021. DOL: 10.1109/ICCV
48922.2021.01435
[13] Yingying Deng, Fan Tang, Weiming Dong Member, IEEE,
Chongyang Ma, Xingjia Pan, Lei Wang, Changsheng Xu,
“StyTr2 :Image Style Transfer with Transformers,” Proceedings
of IEEE Conference on Computer Vision and Pattern
Recognition, 2022. DOIL: 10.1109/CVPR52688.2022.01104
[14] T. Lin, M. Maire, S. Belongie, J. Hays, P. Perona, D. Ramanan,
P. Dollar, and C. L.Zitnick, “Microsoft coco: Common objects
in context,” Proceedings of European Conference on Conputer
Vision, pp. 740~755. 2014. DOIL: 10.1007/978-3-319-10602-1 48
[15] F. Phillips and B. Mackintosh, “Wiki art gallery, inc.: A case
for critical thinking.” Accounting Education, Vol. 26, no.3,
pp-593-608, 2011. DOI: 10.2308/iace-50038



