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Condition wo 1w, Wa ws wy Oq O> O3

Lo>Ly>L.>Ly W—=Ly Ly—Ly Ly—L, L.—L¢ Ly Piooo Pi1oo Pi110
Lo>Ly>L>L, W—=Ly Lp—Ly L,—Ly Ly—L, L. Pygo0o P1100 Pi101
Ly>Ly>Ly>L. W—Ly Ly—Ly Ly—Ly Ly—L. L. Piooo Pioo1 Piio1
Ly>Le>Ly>L: W—Ly Ly—Ly L:r._Ly Ly—L. L. Pyoo1 Pioor Pi1o1
Ly>L.>Ly>Ly W—Ly La—L, L.—L, L-g—Lr L; Piooo Pioio Pri1o
Ly>L.:>Ly>Ly W—Ly Ly—L, L,—Ly L¢—Ly Ly Prooo Pioi1o Pio11
Ly,>L>L,>L, W—Ly L,—Ly L—L, Lz—Lu L, Pi1poo Pioo1 Pio11
Li>Ly>L.>L, W—Ly Ly—L, L—L, L.—L, L, Ppoo1 Pioo1 Pio11
L:>Ly>Ly>Ly W—L. L,—Ly Lye—Ly Ly—Ly Ly Poo1o Pio1o Pi11o
L.,>L,>L;>L, W—-L, L,—L, L,—L; L—L, L, Pyg10 P1o10 Pio11
Lz>Lf>LJ:>Ly "I]—Lz Lz_Lt LI‘_L_‘I'! L;r:_Ly Ly Pﬂ(]lﬂ P['l(}ll Pl[lll
L>L.>Ly;>Ly W—Ly Ly—L, L.—Lgy Lo—Ly Ly Pooo1 Poo11 Pio11
L,>L,>L.>Ly W—L, L,~L; L,—L_. L,—L; Ly Pyjo0 Pi1100 P1110
Ly>Ly>Ly>L; W—Ly Ly—Ly Ly—Ly Ly—L; L, Poioo Pi1oo Pi101
L,>L>L,>L, W—-L, Ly,—L, L—L, L.—L, L, Pyi100 Poi01 P1101
Ly>Ly,>Ly>L, W—L; Ly—L, Ly—Ly Ly—L, L
Ly>L.>Ls>Ly W—Ly Ly—L, L.—Ly Ly—Ly Ly Poioo Poi11o Pi110
L,>L.>L{>L, W-L, z « Lz Po1oo Por1o Po111
L,>Ly>L . >L, “"—L £ y—Lt Ly—L,; L.—Ly Ly Poioo Poio1 Poi11

L

L

L

L

L

z Pl'](]l'}l JP['llﬂl Pll(]l

Li>Ly>L.>L, ‘W—Lf, LE_Lq Ly—L. Ly—Ly Ly Pooo1 Poio1 Poi11
L.>Ly,>L.>Ly W—L, L,—L, Ly—L, Ly—Ly Ly Pyo10 Po110 P1110
L. >L_;>L:>L W—-L, L,—L, L,—L; Li+—Ls; Ly Poo1o Poi110 Foi11
L,>L>L,>L, W—-L, L,—Ly; L¢—L, L,—L, L, Pyg10 Poo11 Poi11
else W-L, L,—L, Lz_Ly L,~L, L, Pypo1 Poo11 Poi11

o] A, 2T GFe i ofele FAe uhe iEE =
N 1
V== wo;
w et
L (0o = Poooo, 04 = Pyinr)

T 9% B dige] dAAde mE SYHolES ol &3 2N E F4 AHE WY sAReT. = 1 ¥ & 95
s, 24 E AAT sSEHE(110)0E AdddE s Gl 24 8 HT(receptive field)E 7HA&=
Ad (kernel)& 2743t @5 (convolution) HEE FHFoZN AIAEE s F4eS DddE Fddo=
WH3lelE= 2T AW (super resolution network)S 8H538F 4= 9ItH(S10).
Tas 9 A8H 2ATE A I 2AGE G AR FHES Y5k, A1) ANEE FE o
Ao Ad1)ol] 23FHE Al SR (ABNYE g5 949 4 Sd2)E VR 24 A4ER e IHE
#AY (ensemble kernel)Z TF3E 4 A}, GAE AGL Al FA(16)E FA0Z 90° = 1800 HFo=z
A EE HAHE 5 Ut
24 E AAT StEE (1100 FE AGS o83t Al s 16)d dis] Ade dx=(dE &9, 00, 90

1807 , 270" ) MR AL g5 IFS FET AHEstn, AL(14) Y A4E HE G A 93|
AEEHE T G stAES FAEte ASdE shE 93 Al sk (16)dd dSEHE T E JA
of A2 FAFUES NEIEF FAHE F Ut

AAYE 5 G Aol £gdEE= Al 34(16) 2 Al 34(16)
S g3l Al AgEd wet Al 34A(16)9 SEH =
o] 3o Y& #AAE Yehie A E =

o
E-(SR-LUT; super resolution look-up table)< A& 4 ATH(S20).
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[0057]

[0058]

[0059]

[0060]

[0061]

Atk &%, HAEH = AZE k], 2= SHHE AAF(120E Y FAE] Al sAgk
E9 =S #5 HEoE AEHIY 2R SHHNES AHNET FHE & dY. YT SF4EHC
oA A1 spagtse] MEHEE 45 HE2 16 ~ 64 HEY UoA AAE 4 ot

ZAEE AYF(130)E 48 J4Y a5 & oo ddste 99 iU ES 7I2E 2HYE 594
O] & (SR-LUT) ol Al H9] Al sta#tEe] 23 9 59 A2 sagse] 23S FE315, 949 sax@gsd 5
o] Al FAFES 7oz H A2 FAFEY 2SS B AHEet AT 94S AT 5 dg
(S30). & 10 ¥ = 11 o] Ao WE % 5 o ), o}z

o
E 30U OE 4= 2 ouw
. o]gto A J2=AY QA (upscaling
& Adrgaict,

# 3
Method Riiitiiic Size Set5 Setl4 BSDS100 Urban100 Mangal09
PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
Nearest 4ms - 2625 0.7372 2465 0.6529 2503 0.6293 22.17 0.6154 2345 0.7414
Interpolation  Bilinear 16ms - 2755 0.7884 2542 0.6792 25.54 0.6460 22.69 0.6346 2421 0.7666
Bicubic 60ms - 2842 08101 2600 0.7023 2596 0.6672 23.14 0.6574 2491 0.7871
Ours-V 15ms 1IMB 29.22 0.8304 26.65 0.7258 26.33 0.6880 23.68 0.6852 2630 0.8246
SR-LUT Ours-F 34ms 77KB 2977 0.8429 2699 0.7372 26.57 0.6990 23.94 0.6971 26.87 0.8367
Ours-S 91ms 1.274MB  29.82 0.8478 27.01 0.7355 26.53 0.6953 24.02 0.6990 26.80 0.8380
NE +LLE [0] 7016ms”  1.434MB  29.62 0.8404 26.82 0.7346 2649 0.6970 23.84 0.6942 26.10 0.8195
Swirss codin Zeydeetal.[15] 8797ms”  1434MB  26.69 0.8429 2690 0.7354 26.53 0.6968 23.90 0.6962 2624 0.8241
e € ANR [38] 1715ms”  1.434MB  29.70 0.8422 2686 0.7368 26.52 0.6992 23.89 0.6964 26.18 0.8214
A+[39] 1748ms”  15.17IMB 3027 0.8602 27.30 07498 26.73 07088 24.33 0.7189 2691 0.8480
FSRCNN [#] 371ms 12Kt 30.71 0.8656 27.60 0.7543 2696 0.7129 24.61 0.7263 2791 0.8587
DNN CARN-M [?] 4955ms 412Kt 31.82 0.8898 2829 0.7747 27.42 0.7305 25.62 0.7694 29.85 0.8993
RRDB [40] 31717ms  16698KT 3268 0.8999 28.88 0.7891 27.82 0.7444 27.02 08146 31.57 0.9185
* 4

Configuration ~ Runtime Size PSNR  SSIM

Ours-V  1x2/4/5 15ms IMB 29.22  0.8304
A 1% 3/42./5 22ms 77KB 27.75  0.7892
Ours-F  1x3/4/9 34ms 77KB 29.77  0.8429
B 1x4/4/13 91ms 1.274MB  29.88 (.8463
Ours-S 2x2/4/9 91ms 1.274MB  29.82  0.8478

¥ 39 Set5, Setl4, BSDS100, Urbanl00, Mangal09: A% FAFol] &8&3 HAEAMOZ  "David Martin,
Charless Fowlkes, Doron Tal, and Jitendra Malik. A database of human segmented natural images and its
application to evaluating segmentation algorithms and measuring ecological statistics. In ICCV, volume
2, pages 416-423. IEEE, 2001.", "Jia-Bin Huang, Abhishek Singh, and Narendra Ahuja. Single image
super-resolution from transformed self-exemplars. In CVPR, pages 5197-5206, 2015.", "Yusuke Matsui,
Kota Ito, Yuji Aramaki, Azuma Fujimoto, Toru Ogawa, Toshihiko Yamasaki, and Kiyoharu Aizawa. Sketch-
based manga retrieval using mangal09 dataset. Multimedia Tools and Applications, 76(20):21811-21838,
2017." Tl JHAE Bl2=EAlo] ds ATl AHEHATH

¥ 49] "Configuration"2 #AY FE(kernel shape) / 3|4 dE(rotational ensembles) / HA| AW IJAE
(total covering pixels)S uYEMATE. 3% 39 'NE+LLE'+= "Hong Chang, Dit-Yan Yeung, and Yimin Xiong.
Superresolution through neighbor embedding. In CVPR, 2004."o] 7HAl¥l 7)<, 'Zeyde et al.'S "Roman
Zeyde, Michael Elad, and Matan Protter. On single image scale-up using sparse-representations. In
International conference on curves and surfaces, pages 711-730. Springer, 2010."ol]l 7WAl®E 7)<, 'ANR'
2 "Radu Timofte, Vincent De Smet, and Luc Van Gool. Anchored neighborhood regression for fast
example-based super-resolution. In ICCV, pages 1920-1927, 2013."e] 7§A1¥l 7]%«, 'A+'= "Radu Timofte,

Vincent De Smet, and Luc Van Gool. A+: Adjusted anchored neighborhood regression for fast

_13_



[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

S=s35l 10-2498617

superresolution. In ACCV, pages 111-126. Springer, 2014."ol] 7§A|¥ 7]<o]t}.

¥ 39 'FSRCNN'-2 "Chao Dong, Chen Change Loy, and Xiaoou Tang. Accelerating the super-resolution
convolutional neural network. In ECCV, pages 391-407. Springer, 2016."c] 7HAl® 7]%, 'CARN-M'
"Namhyuk Ahn, Byungkon Kang, and Kyung-Ah Sohn. Fast, accurate, and lightweight super-resolution with
cascading residual network. In ECCV, pages 252-268, 2018."o 7JAlE 7]&o]t}.

¥ 39 'RRDB'E= "Xintao Wang, Ke Yu, Shixiang Wu, Jinjin Gu, Yihao Liu, Chao Dong, Yu Qiao, and Chen
Change Loy. Esrgan: Enhanced super-resolution generative adversarial networks. In ECCV Workshops,
September 2018."ell 7AJE Z]&o|tk. = 109 'Bicubic'-> "Robert Keys. Cubic convolution interpolation
for digital image processing. IEEE transactions on acoustics, speech, and signal processing,
29(6):1153-1160, 1981."° /HAAE ]2, 'GT'E naAd= Ag JAtolt}.

o o] AAlde] mE ZadE 94 A W (SR-LUT; = 89 Ours-V, A, Ours-F, B, Ours-$)<& wu}o]3]
R ZF(Bicubic interpolation) WART} dArE A= (PSNR(peak signal-to-noise ratio), SSIM(structural
similarity index))& YWeEpdTE. 53] 2X2 Z7]9] 7S P8t 42k F¢ HolEW/HY Y A5 o
SHE &9 JAPE] Ug FAE AE FEEH= Ours-Se A9 =2 AdE=E 7HAHA EQE ol E Aol
25 64 GBollA 1.274 MBE AAl HaAl7]e &3E UEldlE 3w geldr),

# 5

Sampling Size PSNR SSIM

2 (Original model)  64GB 2990 0.8504
22 272MB 2990 0.8505
ge 18MB 29.89  0.8500
24 (Ours-S) 1.274MB  29.82 0.8478
25 102KB  29.62 0.8419
26 9.891KB 29.18 0.8293
oF 1.392KB  28.50 0.8097
28 384B 26.64 0.7495

T 5t AEE A0 e 59 HolR A/1%, PSR, SSINE Aeld Aolth E 12t # @@el Ad
% zaldw Sqolel AEY el WE Wt Zadw IS ek el AEY 1AL 4 uE
WA 5 MER AAee W zaldE Sduoldel AE waAAUA A4 Fhel A% Aste: Hasd
e 4 AT ATY AL 6 NE oo ARF A%, I Al WA AL AL ¢ 4
Ak,

%13 B owwe] AAdel e ZaYE 9 AL PHe] 4ee Fd WA mwstel teha wuelr)
AT vish 2e B oune Adee S, 4% AFWE o 8@ YU 2, 2APE AL P @
& W agy iel BRSA 2] W ZAYE AE e WA £9F 5 9or, 15 25H 9
AFe Fol MY AN URT F A B oheh, 43 £F o4 nFAY WYEE AL 9UL U5
@ 5 9.

olgat ol AAlEel v AR AAcle wuol o3 AHAOL, Y slERoblA By AN 7
A A 479 A AERE v 4 2 wge] bt o Sof, MwE /&Ec] 4%H Py o
£ AR FYEAG, B/EE AR A28, TR, N, A2 5o PHLLE] 439 Py b I
2 A% wE 2gEAL, dE AL EE FERA st HAY A@HdSE 449 A9t g4
S Qd. adER, ge FAE, 08 AAdE 2 U #5% AEE Fas gTudel weld &
Sasy
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