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T 1WA X 38 Az, 2R AW s5R(110)= AWAE sy 94 (10)0] £2Ae 4 d=2 U}
A AL(14D)s AAstd Fdw Ags FhFo2M A o 31005 asfd= @320 o= Wk
ate A AAWS St s 7AE  oAdvk. BAE dedA, a84, HA8A 2= AE st
Ad(14)L 2x29] AY s 7HAES AAEo] vk

1Es 3 A4 2IANE A WA 2T Ao AR PSS Hete, A1) AT TgF 9
Aol Ad(1d)e u-es= HA GG e 23EE Al 2 (16)8 7o 2 A== Idste s A
d(14a, 14b, l4c, H4DZ TEE = Ao, AHFE AL (14a, 14b, ldc, DS Al F2(16)E FHLZ 90°
EE 1807 Mo Idstes AAd 5 v, =AlE oA, FEE 719(14a, 14b, e, 14d)el o8, A
d(14)2 Al 3k&(16)F 33l 8 - A7) Hu} & 3X3 AES xdete Ad 99(12)S AW
H, o]24 AL AMFoR HU} & 2R HYEE S F JA =Hrl.

Zaan AR SFE(110)E A4S Ad(14a, 14b, ldc, 14d)S o83kl A1 32 (16)e] sl 719 (14) )
(o2 59, 00, 90° , 180° , 270° ) ¥HE AsHE i oW(lo)é FaE A —‘F Ad(14)9 4=
HE AT AAT o AEHE wHAE 42009 eSS ksl AdE Sy G Al 3
2(16)° H-gH= nadE FAe] A2 stagE22)S AES & 3
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=
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Fasta, 6719 dw A" AFTE T WA FEw AEF-(114, 116)= 1x1 A7)0 A A

7‘4%‘5}04 FAF AE ST F Q. wAT 6AA AT FAF AYROE ¢ AY A7 ¢

AF(upscaling factor))ZE 7FA™, U x] A3 AgH-(112, 114)E 64 59 iH%_ aA718 I EE
ATH, & 20 EAlE oolA], ZIFE AFT TEF(110)E X2(r=2) ZIIFE AHYE FIFEF
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=
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#£ 1
Pgo = LUT[1][3]
P,; = LUT[1+1][3+1]
if Ly <Ly elseif Ly < Ly
Select Pyq = LUT[1][3+1] Select Pyp = LUT[1+1][3]
wo=W - Ly, (W=2* (sampling interval))  wo=W - L,
W1=Ly'Lx W'l:LX'Ly
Wp=Ly WE:LJ’
Output value V = (wgPyo+ Wy Py + woPyq) /W

=82 ¥ e AAde me g 8 I A7) 3 AL S T AEe] A zo]
WA (e)oll =AE AGL 27 1x2, 1x3, 1x3, 1x4, 2x29] & A= A7|5 /A, § = il
= Sguolee] A 77k 22k<l, 32k, 3xke, 4xbel, axplow AAHY, e Ade 5}

2

N

uel T E
2 AW ANEE 47 570, 570, 970, 1370, 97loltl. &= 89 (b)d EAHE AE AGL 180° 3 H Ao
2709 dAE AeE A, T 89 (a), (¢) WA (e)d =AE AE AYL 900 3 tFo= 4719 <%

= 7% % 19 deMEe 8 d= A7)7) 290 239 ZEHE SLEHClES o] &3te] BIF X o8] xa
A S AAsE AL AWEd o, 8 T A77F NN 2, 3, 4 T=E 5)¢ A%, N+l MEE
S FEot] 98 9 Fags 2AEE SHHCEY] AEEE FEUCRE WS F oE B3 AEFo
24 98 JHoRRE ZIAFE G4 AT 5 Ak ol £ 2v 43 2T SYHENA 5719
=93k 23500, 01, 05, 05, 0 FE &, g9 49 o9 stagtsel wet e 283 2JE5 2 1
HeAEs Agste duse 4 Zlolt

01 0Os O3

Condition Wo wi Wa ws

Ly>Ly>L.>Ly W—L, Ly—Ly L,—L, L.—L,
Ly>L,>L,>L, W—-L, L,—L, L,—Ly L,—L,
LosLisLa>Ls Wely Li~Ls LicLy Li=La
L:>Ly>Ly>L; W—L¢ Ly—Lz Ly—Ly Ly—L.
Ly>L.>L,>L; W—Ly L,—L, L.—L, L,—L;
Ly>L>Ly>Ly W—Ly Ly—L. L.—Ly Li—L,
Ly>Ly>L,>Ly W—Ly Ly—Ls Ly—L, L,—L,
Lt>Lm>Lz>Ly W_Lt Lt_L:r Lt_Lz Lz_Ly
Li>Ls>Ly >0 Wi-Lis Li<Ls La—Ly Ly—Lq
L.,>L,>L;>L, W—L, L.—L, L.—L; L—L,
B 5 B oy kg Wty Eo—le Bt—~Fiy Tu—Exy
Li>L.>Ly>Ly W—Ly Li—L, L.—Ly Lp—L,
L,>Ly>L,>Ly W—Ly L,~Ly L.—L, L,—L,
Ly>L:n>L1‘>L:: W_Ly Ly—L:: L;n_Lt Li_Lz
L,>L>L,>L, W-L, L,~L; Ly—L, L,—L,
L>Ly>L.>L, W-L, Ly—L, Ly,—L, L,—L,
Ly>L.>Ly>Ly W—Ly Ly=L, L,—Ly Ls—L;
Ly>L,>Ly>Ly W—Ly Ly—L, L,—Ly Ly—L,
Ly>Ly>L.>L, W-L, L,—L, Li—L, L.—L,
Ly>LgelyShys W—Ey Le—Ey Lg—Ly La—Dx
L.,>L,>L,>L; W-L, L,—L, L,~L, L,—L,
L.>L,>L:>L, W-L, L.—L, L,—L; L;—L, Pyo10 Poi1o Poi1a
L3>Lt>L'y>Lm W_Lz L:—Lt Lt_Ly Ly_L.L T PU(]I(] PUDll PDI].]
else W-L; Ly—L, Lz_Ly Ly-Lz .2 Pooo1 Poo11 Poi1a

€

-y

Piooo Prioo Pi11o
Piooo Pr1oo Piio1
Prooo Pioor Prioa
Pyoo1 Proor Priot
Prooo Pro1o Pr110
Piooo Pioio Pio1i
Pyooo Proor Pio11
Pyoo1 Pioor Pio1
Pyo1o Pro1o Pii1o
Pyo10 Pro1o Pronn
Poo1o Poo11 Pio1
Pooo1 Poo1r Pro1a
Pﬂlnf] Pllfl(] Pllln
Pyioo Pirioo Prion
Pﬂln(] Pﬂl[]]. Pll(]l
Pﬂﬂnl Pﬂlﬂl Pllﬁl
Pa1oo Poi1o Piio
Pﬂlﬂﬂ Pf]ll(] POIL]
Pyiogo Poio1r Poi11
PU(](}l Pf]lﬂl H]lll

Pl]('ll(] P['lll(] Pll].[]

[ B - ]

=

B OH OH o N N N2 @ 22

H

SN NN NN NN NN NN NS NS
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[0050) o A, zARE Gake] Hagke ofdlel 4ol we AEE 4+ dn
- 1
[0051] =0 (0o = Poooo, 04 = Print)
[0052] T 9% B Ui HAlde] mE FHHolES o83 YT I HE WHY sARZet. E 1 ¥ E 95
s, 28 E AAY sEE(110)0= X1°H AE gy e A4 8 FE(receptive fleld)—g‘ 7HA =
Ad (kernel) S AAst 45 (convolution) HEE FAFoZH AYE T 4SS TITE Jdo=
Halal= x| A= A7 %W (super resolution network)S 8h5sk 4= 9lth(S10)
00s3)  mEE L A zAPE Aze @A zAYE el ARE PRe Asel, ARAE AL 5 o
Ao AL EFHE Al FAAAIE S el A )8 JFon o4 Awz ddss P
719 (ensemble kernel)Z F&#E = ATt GFE AGS Al FA(16)E TAHLZ 900 E& 1807 HFHe=
I =F AAHdd F Uk
[0054] 24 E AAT StEE (1100 FE AGS o83t Al sa(16)d dis] Ade dx(dE &9, 00, 90
U180, 270 ) MR ASAE S 99e BAF AUST, AN A% HE zdPm AgYel o)
AEEHE T G stAaES FAEte ASdE shE 93 Al skAa(16)dd dSEHE TEAE JA
of A2 FAFUES NEIEF FAHE F U
[0055] 2T SYEolE AAEF (1200 AMTE g5 J4Y A1)l 2=+ Al 34(16) 2 A1 3k4(16)
o A slaE xssteE oE a5 Al stagEe] 23T, Al FigtEl ot Al 84 (16)9F d-SEHE=
#oz Yy E TN E JFY A2 staEY A2 FAHpHEY X3 uS HAE UEUE 2P E 544
o] E-(SR-LUT; super resolution look-up table)< A8 4= th(S20)
[0056] ZANE SHENO]E(SR-LUD 9 Al axzteEe AG(14)9 & J= A7)d gstes Ja59 JagtsolaL,
A2 SEAEE AL KRS F AL HLA0) ol hs TAYE Gl HoSel HeBE §
Ak, 2 &H, A84 YT AHZE Hstd, 2IMFE SHHOE A (1200 48 A5 Al i
Sol zgre @5 0Aom ATl ZALE SUlBE AUIES TAY + stk 24T HelH
EoA Al sagtEe] AEHEE A5 A2 16 ~ 64 HE YoM A4E 4 I
[0057] 2T AZF(130)= 48 949 FAE 8 Hod Fddstes 48 JAAES 7EE 2T EHH
OJE(SR-LUD) A EH59] Al AaEe] 3 F 549 A2 AHEY 23S F&5313, I8 J42aEHR &
ol AL Hagse AMen Bid Az SagEe] £FE w3 Asd zAdE I 49T+ AT
(S30). & 10 ¥ % 11& 2 e “/‘]GHOH g 2T G A WY HeS e ZHo|th. ofg
39 E 45 2wy ANde] BE zadE 9 Az wde) 45S S B4 wasted ek Aol
t}. olstol Al dAAY AA(upscaling factor) r = 4 o] 3t 23S T B dyo] AAdd wE A5
3 Adrg gttt
* 3
Mettiod Riiitiiie Size Set5 Setl4 BSDS100 Urban100 Mangal(09
PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
Nearest 4ms - 26.25 0.7372 2465 0.6529 25.03 0.6293 22.17 0.6154 2345 0.7414
Interpolation Bilinear 16ms - 27.55 0.7884 2542 0.6792 25.54 0.6460 22.69 0.6346 2421 0.7666
Bicubic 60ms - 28.42 0.8101 26.00 0.7023 2596 0.6672 23.14 0.6574 2491 0.7871
Ours-V 15ms 1IMB 2922 0.8304 26.65 0.7258 26.33 0.6880 23.68 0.6852 2630 0.8246
SR-LUT Ours-F 34ms 77KB 29.77 0.8429 2699 0.7372 26.57 0.6990 2394 0.6971 26.87 0.8367
Ours-S 9lms  1274MB 2082 08478 2701 07355 2653 06953 2402 0.6990 2680 0.8380
NE + LLE [6] 7016ms*  1.434MB  29.62 0.8404 2682 0.7346 2649 0.6970 23.84 0.6942 26.10 0.8195
s di Zeyde et al. [15] 8797ms" 1.434MB 26.69 0.8429 2690 0.7354 26.53 0.6968 23.90 0.6962 26.24 0.8241
Parse COAINg  ANR [38] 1715ms’  1434MB 2070 0.8422 2686 07368 2652 06992 23.89 0.6964 26.18 08214
A+[39] 1748ms”  15.171IMB 3027 0.8602 27.30 0.7498 26.73 0.7088 24.33 0.7189 2691 0.8480
FSRCNN [#] 371ms 12K 30.71 0.8656 27.60 0.7543 2696 0.7129 24.61 0.7263 2791 0.8587
DNN CARN-M [7] 4955ms 412Kt 31.82 0.8898 2829 0.7747 27.42 0.7305 25.62 0.7694 29.85 0.8993
[0058] RRDB [0] 31717ms  16698K T 32.68 0.8999 28.88 0.7891 27.82 0.7444 27.02 0.8146 31.57 0.9185
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[0062]

[0063]

[0064]
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X 4
Configuration ~ Runtime Size PSNR  SSIM
Ours-V  1x2/4/5 15ms IMB 2922 0.8304
A 1x3/215 22ms 77KB 2775  0.7892
Ours-F  1x3/4/9 34ms 77KB 29.77  0.8429
B 1x4/4/13 91ms 1.274MB  29.88  0.8463
Ours-S 2x2/4/9 91ms 1.274MB  29.82  0.8478

¥ 39 Setb, Setl4, BSDS100, Urbanl00, Mangal09: A% HIol &8d HX2EANOZ, "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 mangalO9 dataset. Multimedia Tools and Applications, 76(20):21811-21838,
2017." 5ol Al HEEAC] As Aol AHEEH A

3 49] "Configuration" 719 ¥ vl(kernel shape) / 34 </ (rotational ensembles) / A AW FAE
(total covering pixels)< UYEMATF. ¥ 32 'NEtLLE'i= "Hong Chang, Dit-Yan Yeung, and Yimin Xiong.
Superresolution through neighbor embedding. In CVPR, 2004."ol] 7WAl®E 7]%&, 'Zeyde et al.' "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."el 7RAl® 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."<] 7§A]® 7], 'A+'= "Radu Timofte,
Vincent De Smet, and Luc Van Gool. A+: Adjusted anchored neighborhood regression for fast
superresolution. In ACCV, pages 111-126. Springer, 2014."o] 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."o] 7IA]® 7]%, 'CARN-M'S
"Namhyuk Ahn, Byungkon Kang, and Kyung-Ah Sohn. Fast, accurate, and lightweight super-resolution with
cascading residual network. In ECCV, pages 252-268, 2018."ol 7JA|E 7]&o]t}.

¥ 39 'RRDB'= "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."ol 7HAl®E 7]&oltl. &= 109 'Bicubic's "Robert Keys. Cubic convolution interpolation

for digital image processing. IEEE transactions on acoustics, speech, and signal processing,
29(6):1153-1160, 1981."°l ZNAE 71&, 'GT'E u3Y= A G7dolct.

2 i o] Ao wE xddE 9 A2l HH(SR-LUT; &= 89 Ours-V, A, Ours-F, B, Ours-S)-> wjo]5FH]
R ZF(Bicubic interpolation) WARtT} dArE A= (PSNR(peak signal-to-noise ratio), SSIM(structural
imilarity index))& YWERAT. 53] 2X2 A7]¢ 7AES At 4219 59 "HolEWhe o8 JaAE] o
sH= =9 JAzEY] vs 471“% AP E TAHE Ours-So 45 & HEd=E 7HAHA S ol E Aol
25 64 GBollA 1.274 MB= AA| AaA7]= 5dE UEhdls Ao® gldn,

w
—-
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=gV
120
(
I
|
|
|
: 40
| /
l
| SR-LUT
\
1{0][0] Vo
10010 1] V4
101100] Vs
101]01] Vs
Input Output
value coordinate
=5
Ful | Input 0 1 o 254 255 256
LT oy tput 5 6 o520 53  entries
(a)
4bit
uniformly Input 0 16 o 240 255 17
sampled entries
D LUT Output 5 23 230 253
40
(b)
=56
130
40
/ Interpolated
output
SR-LUT >
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P,y = LUT[2][4]

Po1 = LUT[1 ][4]

<t O
AN ©
1l I
o —
—_—

P1o = LUT[2][3]

Poo = LUT[1][3]
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