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Abstract

Style transfer based on neural network provides very high quality results by reflecting the high level structural characteristics of
images, and thereby has recently attracted great attention. This paper deals with the problem of resolution limitation due to GPU
memory in performing such neural style transfer. We can expect that the gradient operation for style transfer based on partial
image, with the aid of the fixed size of receptive field, can produce the same result as the gradient operation using the entire
image. Based on this idea, each component of the style transfer loss function is analyzed in this paper to obtain the necessary
conditions for partitioning and padding, and to identify, among the information required for gradient calculation, the one that
depends on the entire input. By structuring such information for using it as auxiliary constant input for partition-based gradient
calculation, this paper develops a recursive algorithm for super high-resolution image style transfer. Since the proposed method
performs style transfer by partitioning input image into the size that a GPU can handle, it can perform style transfer without the
limit of the input image resolution accompanied by the GPU memory size. With the aid of such super high-resolution support, the
proposed method can provide a unique style characteristics of detailed area which can only be appreciated in super high-resolution
style transfer.
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Fig. 1. Style transfer artwork using the proposed method (30,000x30,000 resolution)
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oS .{Padl{ o L( Pad[ P(0)],Pad| P(p")]) B(Z” 3t 71N S LA oY Al A AHdeks A2 A4

) o Pad| P(p")] 32 ggtk. ol [19]9l14 A A3 %0l, VGG-19 VIE

o] 14 8% A71Z Q8 54 sl E ol dde
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< AYs I7 33 2ok -6, 7 i 2 Alke) = S G9LE ZEd nkgo] Al o] ek Ho)7h
91 X7} GPUA ZA)8H=2] CPUAY ZA)51=A2 %7 2 HR] e AAE B 5 7] wZolth I8 490 o]}
& Qo] FEalat 22 e =AY e, 1 400 2B Aol A
2 Bu J9 4.(2) 9BA Gl I8 4(b)Q 2Eldo)
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Algorithm: Gradient Calculation for Style Transfer based on Partitioned Input

Input: o (K, x W, x 3), p'Y (H, x W, X 3), s (H, X W, X 3)
Output: g@ (H, x W, % 3)

1. Reference for Style Loss

Generate P,(s),i =0, ..,N, [CPU: egn.(11)-eqn.(12)]
Gi =0 [CPU]

Fori=0; i<Ng i++
G5 [CPU] = G(Padi{e;(Pady, [P:(s)])}) [GPU: ean.(16)]
Gi +=G§; [CPU: eqn.(17)]

2. Preprocessing for Style Loss Calculation
Generate P;(p®),i =0,.., Ny [CPU: egn.(11)-eqn.(13)]
6" =0 [CPU]

Fori=0; i<N_ i++
62" [CPU] = 6 (&;(Pad|P,(p)])) [GPU: eqn (14)

67" [CPU] += G(Pad~*{¢,(Pad]P,(»©)])}) [GPU: eqn.(15)]

3. Gradient Calculation
Generate P,(0),P,(p'”),i =0, ..., Ny [CPU: egn.(11)-eqn.(13)]

Fori=0; i<N, i++
s ZJEO%”@(Pad{PE(o}I) - ¢I(Pad{P,-(pf'”)])|ff [GPU: egn.(19)]
_ 1 2 % T (2 N : - =
Lo=Tesd; (m) ‘ 66" - G(cpj(Pad{PE(pi_r))]))"F [GPU: eqn (20)]
L=24,;-L,+ L. [GPU: eqn(18)]

g [ [CPU] = Pad_l{mi [GPU: eqn.(21]]

T8 3 BE G4 I AR Ho| 24 YA oMt

Fig. 3. Gradient Calculation of Style Transfer Loss over the current output image based on partitioned inputs
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(Yong-Goo Kim: Super High-Resolution Image Style Transfer)

(c) Style Transfer Result (3840x2160) (d) Style Transfer Result after Resizing
Object Image (3840x2160to 512x288)

(e) Enlarged Part of Style Transfer Result

O 4. 2 oy o2 HAS0) T2 AEK Ho| =X
Fig. 4. A Problem of Style Transfer from Object Image Resolution
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Algorithm: Recursive Style Transfer for Super High Resolution Images

Input: e (H, x W, X 3), s (H, x WL X 3), r,- initial target resolution for object image
Output: ) (H, x W, % 3)

N = max|ceil(log, max(H,, W, ) /1, ), ceil (log; max(H,, W.)/ry)] (fteration Number)
Fori=0; i<N; i++
05470 = min|r, x 2!, max(H,,W,)|, s, = min[r, x 2, max(#,w.)| (Input Resolution)
0; =resize(0, 05, ) , 5; = resize(s, 55, ) | P;m = resize (pf(ijl, osi”),pénj = g; (Resize)

G=9%=0,a=None

Forj=10; j<N,: j++
g = gradient_calc (of, sf,piu )) (Gradient Calculation using fig.3)

#Adam Optimizer
F=P1-5+(1—F)-g, =P -9+ (1—F)-9° (B1=09, §, =099)

update = §/\5 + e (e =107%), bias_cor = (1— £+1)/(1— {+1)

if @IS None
a = tpc/(bias.,. x max(lupdate|)) (Initial Learning Rate: tpe = 12.8)

pf‘Hn = pI.UJ — a - bias_cor X update

if mean(|update|) < stop_condition (stop_condition 0.1}
break

y .
p!_{ ) :Piu )

2 5. FcfA: FMof CHEk A7 ARt Mol ehe|E
Fig. 5. Recursive Style Transfer Algorithm for Super High Resolution Images

(@)

~ pana B 7 4 e u ¥a e = > gt . F.
(d) Magnification of a Part of Style Transfer Result (e) Magnification of a Part of Style Image
T3 6. MFA AEKY XMo| guE|Ee| s Axt ofAl

Fig. 6. A Style Transfer Result using the Recursive Algorithm in Fig.5
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(Yong-Goo Kim: Super High-Resolution Image Style Transfer)
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(a) ObjectImage (7,680x4,320)

(e) Style Transferred Image (1,=768)

(f) Style Transferred Image (1,=1,280)
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Fig. 7. Comparison of super-high resolution image style transfer results according to the initial target resolution
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(Yong-Goo Kim: Super High-Resolution Image Style Transfer)

(b) Style Image (5,000x3,959)

(c) Style Transferred Image (style size: 5,000x3,959) (d) Enlarged Part of Fig. 8.(c)

£

; . . : B N
(g) Style Transferred Image (style size: 512x404) (h) Enlarged Part of Fig. 8.(g)
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Fig. 8. Comparison of super-high resolution image style transfer results according to the resolution of style image
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(d) Style Transfer Result without the Proposed Style Loss Calculation
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= Lo o
(c) Style Transfer Result without 1l

he Proposed Padding and Style Loss
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Fig. 9. Experimental results to verify the effectiveness of the proposed algorithm for super-high resolution style transfer

3] NVIDIAPY Google?3} 7+& 3AFE ol <Js) Al
T AFE0] AZE Y FE 2 FNEoEN 2EFd A
of thak dute] A3} Fo] 48 7H48E T itk $1A

O g dm oot N fo

=
T ol d AT 7k 2Bk Aojoll i 7€ ArEe
Tl de T e 2B o] A e - Al

Ho|m, A3l GPUS WlRg] Z7)o] Atha oz A3k
v= SA 7 9 glth

o
Y
o
St
o

o
Mo ox wx o ok

b
2
R}
ot
ol
>



122 e3sts)i=5x) A27d A13E, 20223 192 (JBE Vol.27, No.1, January 2022)

A FEE BAs] i G A4 B gl ek 24
= T 7 F Qe Y oR AR R O3 A
& HE G 7 e ke 919 B dlolHE 28}
shoieh B3k Edgr Aol AR E = VGG-19 HIESA
o 34 84 A7 Qg ek Aol HF e (sweet

24 Sl 98 S A
=
=

2]
s daeEs AAE

koo
[> o
~
" ¥
o
_lL”.r.
2
>
o2 X 2

Rl®

ox
X
=
o

o
N
2

rr

}1_1{

S

iz

)

2

Ir

i=

i

o

:|ol£

o

[ 4
[ T M

o
K
rl
B oox 2

ol
ob
RLT
o
of
%
1=
==

L

IS O )
o

.

¥

b
=2
>~

oX
of &
v

o
°

‘_,r(

oL

i

<]

e Lo

off

o

H

T AN eX

0—}'—1&1»
12

32
an)
)]
=
o
ml ol
o,
Lo BN 8
i3
o,
N
N

o
O
2
o
,
2
o I Jm Hz

3
[y T
o
°
<l
o

N
= |
ox o
M o
ofo
AT
g o
= B
> N
U g
Mo by
> o
e ﬁ
0 of 2
ox X
o o»
o oX
1 ok
R
:‘u)l—'_',

[
k)
e
kJ
[

ox

oX

ol

o

o fu
=

2

2

1>
lo
o>
k1
e
[
iul
e,
1o
i ofy
i
B 2
i‘j % Y
o N
ofr
P‘L
[

=
o
2
12
I'UE mlm
[
o
©
o

N
=~

of
o0

o Pk LB o o px Rl T oo 2

oy

_'\l_‘

ol
BN

X

st

-+
oo

=

i of
2
o2
ot
X

P
1o
1o
b

(i

Mo
Mo

ofo
4
o
ul!
o
v
rot
[
oX
=2
ook
iR/
=
R
2

=%
o o
2
>
>,
>.
ful
e
)
9
19
z,
2

2
kY
o
)
>«
il

o] o
A=

7HES ol

o oln] St A
o Hre} B4
3

&ol 7Itdth

>,

2

>~ r’lo s
R
rlo oo

i rid
]
I

oA e Hogo o fjt R HI

Mg g

[o § & ot
o

N o2 ¥ Rl g
s

1
n

ot
ol

olft
=2
pta)

>
2l

%o

8 (References)

Ho

[1]  P.Rosin and J. Collomosse, “Image and video-based artistic stylizatio
n”, Springer-Verlag, London, 2013.

[2] T. Strothotte and S. Schlechtweg, “Non-photorealistic computer graphi
cs: modeling, rendering, and animation”, Elsevier Science, USA, 2002.

[3] D. Heeger and J. Bergen, “Pyramid-based texture analysis/synthesis,”
Proc. of the 22nd annual conf. on computer graphics and interactive tec
hniques, pp.229-238, 1995. doi:10.1145/218380.218446.

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

(19]

A. Efros and T. Leung, “Texture synthesis by non-parametric samplin
g,” Proc. of the IEEE Int. Conf. on Computer Vision(ICCV), pp.1033-
1038, 1999. doi:10.1109/ICCV.1999.790383.

L. A. Gatys, A. S. Ecker, and M. Bethge, “Image style transfer using co
nvolutional neural networks,” Proc. of the IEEE int. Conf. on Compute
r Vis. and Patt. Recog.(CVPR), pp.2414 - 2423, 2016. doi:10.1109/C
VPR.2016.265.

Y. Li, N. Wang, J. Liu, and X. Hou, “Demystifying neural style transfe
r,” Proc. of the 26th Int. Joint Conf. on Artificial Intelligence(IJCAI), p
p. 2230 - 2236, 2017. doi:10.5555/3172077.3172198.

E. Risser, P. Wilmot, and C. Barnes, “Stable and controllable neural tex
ture synthesis and style transfer using histogram losses,” arXiv preprint
arXiv:1701.08893, 2018.

Choi and Y.-G. Kim, “A normalized loss function of style transfer netw
ork for more diverse and more stable transfer results,” J. of Broadcast E
ngineering, vol.25, n0.6, pp.980 - 993, 2020. doi:10.5909/JBE.2020.2
5.6.980.

H. Huang, H. Wang, W. Luo, L. Ma, W. Jiang, X. Zhu, Z. Li,and W. Li
u, “Real-time neural style transfer for videos,” Proc. of the IEEE Conf.
on Computer Vis. and Patt. Recog.(CVPR), pp. 7044-7052, 2017. doi:
10.1109/CVPR.2017.745.

M. Ruder, A. Dosovitskiy, and T. Brox, “Artistic style transfer for vide
os and spherical images,” Int. J. of Computer Vision, vol.126, no.11, p
p.1199-1219, 2018. doi:10.1007/s11263-018-1089-z.

J. Johnson, A. Alahi, and L. Fei-Fei, “Perceptual losses for real-time sty
le transfer and super-resolution,” Proc. of the European Conf. on Comp
uter Vision(ECCV), pp.694-711, 2016. doi:10.1007/978-3-319-46475
-6_43.

A. Sanakoyeu, D. Kotovenko, S. Lang, and B. Ommer, “A style-aware
content loss for real-time HD style transfer,” Proc. of the European Con
f. on Computer Vision(ECCV), pp.698-714, 2018. doi:10.1007/978-3-
030-01237-3_43.

V. Dumoulin, J. Shlens, and M. Kudlur, “A learned representation for
artistic style,” Proc. of the Int. Conf. on Learning Representations, arXi
v preprint arXiv:1610.07629, 2016.

H. Zhang and K. Dana, “Multi-style generative network for real-time tr
ansfer,” arXiv preprint arXiv:1703.06953, 2017.

X. Huang and S. Belongie, “Arbitrary style transfer in real-time with ad
aptive instance normalization,” Proc. of the [EEE Int. Conf. on Comput
er Vision(ICCV), pp.1510-1519, 2017. doi:10.1109/ICCV.2017.167.
Y. Li, C. Fang, J. Yang, Z. Wang, X. Lu, and M. Yang, “Universal style
transfer via feature transforms,” arXiv preprint arXiv:1705.08086, 201
7.

L. Sheng, Z. Lin, J. Shao, and X. Wang, “Avartar-net: multi-scale zero-
shot style transfer by feature decoration,” arXiv preprint arXiv:1805.03
857,2018.

Y.Jing, Y. Yang, Z. Feng, J. Ye, Y. Yu, and M. Song, “Neural Style Tr
ansfer: A Review,” IEEE Trans. on Visualization and Computer Graphi
cs, vol.26, no.11, pp.3365-3385, 2020. doi:10.1109/TVCG.2019.2921
336.

L. Gatys, A. Ecker, M. Bethge, A. Hertzman, and E. Shechtman, “Cont
rolling perceptual factors in neural style transfer,” arXiv preprint arXiv:



A 2 TIE G 26 o)

123

(Yong-Goo Kim: Super High-Resolution Image Style Transfer)

1611.07865, 2016.

K. Simonyan and A. Zissermann, “Very deep convolutional networks f
or large-scale image recognition,” arXiv preprint arXiv:1409.1556v6,
2015.

H. Wang, Y. Li, H. Ju, and M.-H. Yang, “Collaborative distillation for
ultra-resolution universal style transfer,” arXiv preprint arXiv:2003.08
436, 2020.

R. Hecht-Nielsen, “Theory of the backpropagation neural network,” in
Proc. of the Int. Joint Conf. on Neural Networks(IJCNN), pp. 593-605,

[20] [23]
[24]
[21]
[25]

[22] [26]

X XA

- ORCID : http://orcid.org/0000-0002-8905-1984
- FHUEO0F: ZUZO|CO, AFEHIF, -2, BHe

1989. doi: 10.1109/1JCNN.1989.118638.

D. Kingma and J. Ba, “Adam: A method for stochastic optimization,” a
rXiv preprint arXiv:1412.6980v9, 2014.

M. Abadi, et. al., “Tensorflow: A system for large-scale machine learni
ng,” arXiv preprint arXiv:1605.08695, 2016.

Fast photo style, https://github.com/NVIDIA/FastPhotoStyle (accesse
d 13 Dec. 2021)

Neural style transfer using tf.keras, https://www.tensorflow.org/tutoria
Is/generative/style_transfer (accessed 13 Dec. 2021)

287
- 19934 : MM|CHEN D H7| S5kt SEHAL
- 19954 QIMICHSI W M7 |YHFEIS ST SSHAAL
- 20014 GIMICHSt D M7 | MAISEt ) ZEtEkAL
- 20024 ~ 20064 : ®2EIE HE|OIC|0{HTA HFAR
- 20094 ~ XY : M20|C|o{cHEHCiSi F0|C|ofss m

ZH0| A

2UF, e[0T AlAE



