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ABSTRACT

A Study on Frame Interpolation using Dilated Convolutional
Neural Network

Author ;16315091 Arata KOBAYASHI
Supervisor : Assoc. Prof. Yasunori SUGITA

Frame interpolation is one of the issues in computer vision, and is applied to high frame
rate conversion and slow motion creation. Frame interpolation generate a new intermediate
frame from consecutive frames of the existing video to convert to a higher frame rate.

In traditional frame interpolation method, the optical flow between input frames is esti-
mated, and pixels are synthesized along the flow vector to interpolate the frames. However,
since this method depends on the accuracy of the optical flow, it is difficult to estimate in
the area with blur and brightness change. Therefore, the generated image has a distortion.
In recent years, frame interpolation methods based on direct image generation using con-
volutional neural network have been proposed. However, there are problems such as blur
and disturbance in the generation result and high computational cost. In order to solve these
problems, the method combining the optical flow method and the neural network method has
been proposed. However, the image generated by this method has a distortion because the
estimation accuracy of the optical flow decreases for large motion between frames.

This paper proposes a method using dilated convolution that can learn features in a wider
area in order to cope with large motion between frames. In the conventional network structure
using convolutional layer and pooling layer, a wide area can be learned by downsampling the
feature map with pooling layers, however spatial information is lost by downsampling. In the
proposed method, dilated convolution is used in place of the standard convolutional layer and
pooling layer, and the structure is configured to exponentially increase the receptive field of
the network while maintaining the resolution of the feature map. In addition, skip connection
is used to keep the feature map of each layer behind the network and to suppress learning for
only wide receptive fields.

The images generated by the proposed method and the conventional method were evaluated
with PSNR and SSIM. As a result, the proposed method had results equal to or better than the
conventional method in various examples including large motion between frames. From the
above results, it was confirmed that dilated convolution is effective for interpolation between

frames with large motion.
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1.1 AREH

TJU—AuffflElE, 3V a—R T a v RICBITAHEED 1 DOTHY, 7LV —L4
L= NEHPx 20 —E—Ya VERGEITHEAINSEMTH S, 70— AT, BE
FETAOEGET L7 V=L ozl 7V —L0%2ERKTEHITHIL—LL—
hAZEHT 5.

WRKDT7 LV —LEFELLT, ZV—L0BOFX 7T ANV T7a—%H#EL, TDT
O—ARZ MUIRI DIV EERL 7 L — L2 4T 2 HiERH 5 [1,2]. L
U, SNODAHEFA T T4 AN 70 —DREIZREMKEFELTED, A7 V-V a X
EXRN), BEEA L ELES IS TP NEE L 2 5. EETIE, BARAA=ZI—T I3y
F7—2 (CNN) Z W24 77 4 AV 70 —#HESTHON TS A [3,4], ZnsDFiE
TEATT 4 AV 70 —EHED &S R FZE T — 2R EE kD, —HiNky—
M EFERITHEIEVRHETH B.

F7z, EETIE CNN I & - CEZMMEGZ EKT 2 7 L — LmEFESHEINT
W5, BOFAER S Yy N7 —=212X 5 7 L — LHiFE [5] 1, 7 L — LRI Eo i A
Bry N —2 % Tl %bt%&f%b RIVF AT =)Dy N7 — 7 K& Tl
M7V —Lb%24EKT 205, EFFERICIZIERPTPRENIEENTVS. CNNIZLHEY
2 &)V D2 E AR A 2D 1 — zw%%zb EEY 72 Vr o7 V— %k
K9 BTFIE[6,7] BIEINTWED, KRERFSIIRHUTIRMET -V T A ADRKE
KBROFHEIANHPIEHIZELS BB L Vo 2 E B 5.

INSGDATTF A AN TA—R=AFHELZa—F )2y bT =TI R=ZAFEOF| X
ZHAGDLELZTFELREINTVWS [8]. ZOFETIE, CNNIZE->T7 L —24MD
FTTF 4N Ta— L FEES CTHERENE R T7a—2 T L, TOHEREELS
F7LV—2%28KT 5. X770 —OHEHEIZEZEIME NS, HEHE»S



Hl1E ZUoic 2

ERINZHM 7V —L0FiI 5720, TEOHEZFEHIETL I LWL R -
TW5., 77, A7V =LA77 -t K270 av—ThHcd-d,
M7V —L%2BEBRERT2FELDIZCIVDBRVEREZEONS. LrL, ZOFE
T 7V —LRBOEBERREVWGAITIER 72V 70 —OfENNEEE 720, A
IZENBEL B.

1.2 WZ3ERE®

AFX T, 7V —LMOKRESREZIIHRIELI2HME L, LK DAWIHEET
DR % PR HEE B AR A [9] Z WD FEEIRET S, kD & 5 B AAIE
=)V IREERWIZRY N —JEETIE, TV VIR SRRV
Yo TN TTBIETIRBEFETESD, XY 2T U & D IERDREDN
AU, BEETIE, BHOBAAAEE T—) Y IEORD D ITHRRS AR A E W
52T, R~y TOMBEZEFFLDOD R Y MY — 2 OZRE % B EI Iz 8
XELHMEL TS, £/, *v MU —2IZ skip connection % i\ % Z & T, #&EDRH
<y TRy T =B HIEREL, EOZRHOMINTEFEENR 5.

1.3 KX DR

AESCORERIZLATO@ED TH B, 1 ETIE, KX OMEETRLTEHKZ B 7.
2 ETIE, BREECHVAEBHEGRICIOVWTRRS, 3BT, [EEEE FoME
FIZDWTHR S, 4 #HTI, REETHIILREAAAZH N7 L —LMEICD
WTRR B, 55 =TI, REEMEREOBRERZT, REEOAEEZRT. H
6ETIE, KiXZELTOELDESBROBEEBRRS,
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21 BHAAZI1—ZJIRY NT—7

BAIAH= 2 —F )Ly §7—2 (Convolutional Neural Network: CNN) & X, B&&AA
AEHWIZ=a2—I )3y NT=2ID 1 D2ThH, FICHEGEEBCWAEBA LDy
Ya—XVE¥yay, GAERREOEBGLIIZHEHINS. —#KHIZ CNN X, BHAA
CIEMALBEE R G OB APAABE ATDO R VYTV U 7 RTD 7= VU E %
HAGLEZ32Y N —JHEE > T W5,

211 BEHAHE

BARAAREDH ZH 21 1ZRT. AHEUTHAIAHXWTCF ¥ 2L HXWX
C) DHEEN G- 2 5 N72356, BAAAETIRFAF ¥ V2V THSY 1 X FH X FW x C
DEAAABRT ANV REANVTEAAAEZITD. BARARIATIEBEHRAART 1 VRO
IGTAREEDRE - RATHY, 74NV X% —ERRETATA REIERNS ALK
WZHUTITS 2 TR~y 775605, £72, FHXFW X C DEMAMAAT 1 VX 1

WOERE~ Yy TH 1 DEKIH, BAAAT 1 IIVA%E OCH#EHAT I & TYHA X
OH x OW x OC ORI~ v 7hfFoh b, Bonk~ v 7%, EEAREEZEHT
5L TRAAAEOH LS.

212 =Y VB

T IRETE, TV TMBIZE D AT ER Y YT UM NT S, -
VY T OH %K 2.2 1ZRT. BT, AJNTH U TEEFANORAMEZ T )& 5 5
HA2T-oTED, HAMET—Y v (Max pooling) LIEENS. 7—V V7B EITS Z
LT, W~y TNORBMIN R EZ A B L OO vy T VAL, A R
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3.1 F&

TV —LMENCET AR LT, JL—AloTa—HE»S T L — LGk EFH
T 5 FE3B b, Deep Voxel Flow (DVF) [8] IEIZNT WS, ZIZTiE, Z0
FIRIZDOWCEHT 5.

X 3.1 iZ DVF D& TV %259 . DVF TI&, CNN 2 & D AN 7 L — AR D22
B & B D TR I NI R 7270 —2%8 L, BIZHS R a -0 0T v
TRBIZL->TH 7V —2068%175. £7, AEOBENTOER TS 3 7L —L4
(I, L, R) #2857 —x L, 7V —4 L 20z (U, L) 232y T —2~D AN
X&9%., 22T, %Y b7 —=2~ADANIE256 %256 (2D 1 X3, [-1, 1] DHIFHIZ
EHEEINS., 2y b7 —21F, FE 7V —LZEEEETIDOTIERL, 7V — L1
DRZENLTa—F = (Ax,Ay,At) 2FE T 5. 22T, (Ax,Ay) ZFAL TV —LRDA
TTF 4 AN T7a—ThdEMBS, At IZBFESZEZRLTWSE, 2y b7 =212 R
Da—2bY v 7))V I7@TE, 3RV 70—0EMESZ2HWVTEANT L —L4
oG E LY, L 2#EL, FE4 2L 2T 7)) 02245, Iz, KD %
AN TZV—LHDEAL LUTHEHL, Y22 V2858752 TREWREITHIE
7LV —ALY 2EKT 5.

v T =2 DKL, 3 ODEAAAEE T—) Vv IEIZLB Ty a—-KE, 3 DD
BAAAEE Ty TH TV IEIZE DT I—XE, 1 DOKR LR Y ZEER>TW
5., 7=V IRETIEERRMET—) VL ORIy T2 XY TF) 7L, Ty
THT) v TRETIEANA ) = THHIC LK VRS Yy T2 Ty T TV U IT A &
72, A7V —LRBOZE/-NREZ LD ISARKT 72012, Tva—X-7a—-XHEOX
Jd B EAAAEDRE~ v T EHEE T S skip connection DEMITNT V5.
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Input Video X Convolutional Encoder-Decoder H (X; ©) Voxel Flow F Synthesized Frame Y

256
12.
—
256(| 128
- |— - 64

128 256 256 256 128 64 3
(relu)  (relw)  (relu) (relu) (relu) (relw) (relu) (tanh)

@ Convolution | Max Pooling .I Deconvolution il Volume Sampling .‘ Skip Connection

3.1 DVF OE7)VHEE Uk [8] & v 5IH)

3.2 MER

RRIETIE, v b= DBEIAABIBHEDEAAAZMHH L TWED, K32
DESITT L — AHOE S FHI/NE WGEIXD <SBRET DA, M33DL540T7 L —
LEDOEESFIEAREVGETREA T T AN 70— DHERENETL, HLn7zEg
DERINTUED. /2, 2y M7 —IPRTva—-X-TIA-XEETHY, T—J Vv
JREEMHLTWS707 L — ARONEFRE DIFHRRENFEET 5.
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41 IREETTI

M 42 IZRREFEOETIVIEEZ RT. BEETE, 7V —LBOKRESREZIINIET S
ZrZHMELT, 2y N IZHRBEAAAZMEHAT 5. BEEIZ DVF IZEDOWT
B0, 2y b7 =27 TANT7 V—LAHOZERES EREEDZFEL, R a—Ld 0T
Dy ZBIZk>THBEI 7L —L028KT5. 22T, %Y b7 —=2~AD AN 256 x 256
VYA XX, [-1, 1] OfEEICEREE NS,

RRFEDOES> BRIV I—RFaA-RWEEDO XY N7 =27 TlX, 7=V VI E TR
Ry TEREXYUY TV T, Ty T TV TETTy T T TT BRI
0, BUNVBRFEEEFZEUOOHAE IA N RHRTAZ 2 TE 5. LrL, ZOHH
ETRFPEHOBRETREY Yy TOMBEMET T 5720, EEERPEDNHEEREEDN
BRI 5. BEETE, BFEOBARAAEE 77— VI EOMRD D IZHERE AL A% fH
A3 52T, R~y TOMBEZBERLODDR Y NT — 27 OZEE % R BN 12
s sEL 3 5.

4.2 ¥isRE HAH (Dilated convolution)

PRERE AR [9] 1, JEHDBAAMIX L8T A — X ORI LT D JEWZRE
TOFBR%2AICTE2BAAAFIETHS. ZRFLIX, BARAAAFOHHIZEWT ]
DOEZENPEHINIBIZEAREND ATTOEZHEIZTH Y, ZHRBFERRKESWIFEA
JNZH U TR WS ORI 2 F R ARE L 72 5. JEIRB AR ADHIZ X 4.1 (27, X 4.1
ZHWT, SN ERAAAT A IVAFEHERLTED, YAHRATTORER %
FLTWB. IEIREAAATIE, HHIIRT LI ITERAART 1 )L X {REH— € [ b
THEINTED, ANMDODEWHEBOERZE2BEAALZ LN TE S, ZIZT, BEAAA



F4E fRER 9

BEDEHAHS MR & A oA A

4.1 EE DEAIAB EILRE HIAADEN

7 4 )V ZRE DML rate( F 7z 1% Dilation) & FEIXN, rate=2 TIE 7 1 )V X LRI D RIBE A
1, rate=4 TIXMM@EAY3 705, Kig XTIk, LA rate 2R/ 8T A — X LIER,
WEOBRAAATIIZEHEOY 4 ZITEBZH U THRIETH 201206 L, KRS AR
A TR ST A — X 2 BB 8 2 Z L TRZART OV 1 X2 BRI LT
FERBEEIC M &5 Z e N afhE L 72 5.

4.3 v NT—UKRK

2 b7 — 7 OEARNRHERIIXER [ DIV T FAPEY 2 —VEBEIZL TV,
AVFFARNEYa—VEE, XV T v oI AT —va vz E TR
EEHME UTREINZEMEY 2—-LTHY, YAVFAT—LOIAYTFAMER
ZENT O LR >TWVWS., AVTFAPEY a2 —IE, RBRLILGR/NT A — X DAL
REAAAEEEBANZERE > TE D, SR ZEHELICENSESZ2h
TE5. BEETIE, TOIAVFFAMEY2—VDxy b7 =271 %E 7 L — LR
WEAT 5. BARRICIE, BEEOARAY T2 421TRT LD, 1 DOEAA
AfBE S ODHIREAAAE, FLT2 ODBAAAEDE 8 @THKEINSE. 2 v b
T — 2 DEBOFHMIBRNTA =R AR ALIZRT. REEOZAFIIR41ITRT LD
W2, PEEREAGAAIT & o THREBEBICHEMNT 2. 512, BEEORXY b7 =221
skip connection % J&/il13" % [10]. skip connection Tl, Xt 2O~ v 724G
THI LIV Ay b= DEEGRE R T H5&EEZR > T\, REIKETIE, skip
connection Z FlWTEBEORME~ Y 7% 2y N =B ATHETSHZ It& Y, HE
DZRBORHE~ Y TE2HERL, EVZEHOAINT2HEEE2MA 5.

REEDEAIAAE & LS AIA B JE OIEMEALBIBUZ X @ = 0.2 D Leaky ReLU % j&
U, mEDBEAAARETH S HIETIE Tanh BEUC & b HfEZ [-1, 1] 12 ES{ET 5.
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CETTTT

| LReLU LReLU LReLU) LReLU LReLU LReLU) LReLU Tanh

D BHINHE D HIRBHAHE . RYa—LY>7Y 78 —— skip connection

4.2 REIEDE TIVHEE

K4l RBEETVDXY NT—IRTA—X

RA T TANVERYAX | rate | ZAHE | HAORETy THA X
B AN P 5x5 - 5%5 256 x 256 X 64
LR B A A JE 3x3 2 9x%x9 256 x 256 x 64
PEERE AIA A JE 3x3 4 17 x 17 256 x 256 x 64
PRERE AIA A JE 3x3 8 33 x 33 256 x 256 x 64
LR B A A A JE 3x3 16 65 X 65 256 x 256 x 64
PEERE AIA A JE 3x3 32 | 129 x 129 256 x 256 x 64
B AIAPJE S%5 - 133 x 133 256 x 256 x 64
B AN P E 5%5 - | 137 x 137 256 X 256 x 3
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4.4 ETFIFE

REETINTIX, M7 (Mean Absolute Error : MAE) & Total Variation 1FE HI{k
ZHEAEKE UTHHET 2. BEBEHIEIA TORTERINS.

L= ||Yg = Y| + 41| VFmotion|l + A2|| VFmask | (4.1)

MAE ZEFVDOHNTHEEE TV —L Y LIEREETH ZH 7L — L4 Yy 2NT
HEE N, ([ VFmotionll EHEZ 2L 70— DS (Ax, Ay) DELHE, [|[VFmotionl 11
s At DIEAETH 5. v b7 —21%, EEbFEE UTFEEE0.00001, B =0.9,
B2 =0.999 ® Adam ZFHWTHFEHIN 5. £7-, *v b7 —2IZ Batch Normalization %
BWHTZZET, REOANRNYy FZEIZIESLE N, FEHOEEMED A E LB R
5.
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51 ZERFEMH

RERIZED 7V — LB e /ERETH D DVF [8] 2L 2 7 L — LMD iR EER %
795, BEEFTLTENYFY A X8, DVF TENRNYFH A X 16 TH¥EEITSH. £/,
BEREBO EALREIZZNEN, 1, =0.01,1, =0.005 &5 5.

511 F—4+tv h

R TIE, =Xy & LUTUCFIOl [11] ZHW3., ZOF—XtEy MZIdkkx
RANMDOTFHOECTFANEGENTED, 10l DATIVIZETS 13320 DETADDH 5.
FEUTFT—RETANT—RIZIE, 72Xty NAOEEZ#FT S 3 7L —ATl Yy
N UTHEL, 256 x256 12 V14X, [-1, 11 ICEHELLZED2EHTS. £/2, %
Br— 2% 99083 v b, FAMNTF—&$% 3337ty b U7,

5.1.2 FHMIsE

FEfifERE 1, ¥ — {555 M [ (Peak signal-to-noise ratio: PSNR), ##:d& F%E UM
(Structural Similarity: SSIM) [12] Z FH\ 5.

PSNR &, 5 DOHRK/NT — L GHEBITN T 2 FHAEERD ) 1 X & DK Z /R T HEE
THh, & (5.1) TROSND. I T, MAX EHEIRO B AFEETH D, MSE (Mean
Squared Error) (Z7CHi 6 & FHliE G2 S EHI NG, FMiiHZL LT, HERAKEVIEER
HTHY 40[dB] AETHKRIZ E 2 RO RO WIREDOHEE, 30[dB] A R TH S H»
BREAVRONSFHEE L I TV [13].

MAX?
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SSIM &, JEifR & FEAME AR M T ORERELE 2 R THETH L, EEN O R EE
CICHEMEEGIEL, TOEEMEE i35, SSIM IERX (5.2) THRdDoh, K
MXTIET A Y RIY A XETXTELTWS., ZIT, wy, py (FEFEIE D H D
M, p, py BEREERZE, oy 133EEL, CL,C BRI ILERTH S, FHEIHZ L L
T, A LITEWIEEREFTH D 098 DLETHBIZ X2 A2 007 WEE D HEE,
0.90 L FCTHONREGIVPROoNDHIE L SN TW5 [13].

2y tty + C1)Royy + C
SSIM — (Quxpy + C1)2oyxy + Ca) (5.2)

(13 + 13 + Ci)(of + 0 +Cy)

5.2 EERER

TARTDTFAMTFT—ZIZ T %5 PSNR, SSIM O FHEAE K 5.1 12T, BEETIR
DVF (2% L PSNR T 2.46 [dB], SSIM T 0.027 L[6] 2 f& 8 A5 5 7.

RIZ, REREM 2T 5 DVF (RERIE) & IREIEO A 252X 5.1~5.5 1IZRT.
M 51~551280WTC, @BXUO O IERAY NT—=IADANT V=24, ()7L —2A
MO8 X M2 SR T -OD AN 7 L — LG KE#A, (d) 1XEMREGTH 5507
L—2, () IZ DVF I X AR, ) IZIBRFBIZXIZ2ERMERTH 5.

B S5 1IEATI 7V — AMOE)E DK EVEHBGITN T B ERGE R Z R TWa. DVF
T EDOREWEFHSITINA TEED £ CEBREBRLIAECHNTVWEDIZH L, $#
RIETEDAREDOMEEERTETVWAEZ RN 5. K521 A7V —LROH,
EOPFREE OGN T B ARG 2R L TWD. ERES T DVF, #£%EE 12
ATRLIZIERIIMNETTH D, PSNR & SSIM & FAREDFER L L2->TWS. X53 1%
A7V — LR OB E HNS WEGIT T B ERERGZ R L TWE. K 5.3(c) KRS
X212, 7V —LMOEIE DD /INS W2, DVF CHREEOERFERIZE ITE WL
BEE > TWA. 72, REETIESDIEC ADEREER DY DVF & DIEX 1 A3
CHERTETHD, PSNR & SSIM £ DVF KD EWRERE 2> TW5E, M54 1ZAN7
V—LMD#EEDH BRI RE WEHGE I T 2 ARG R ZRU TS, X 5.4(c)
RS LD, 7V —LMTIEARKIZEIE DD 27280, DVF OEKKERE NS 2K
AN TVWE., BEIETIE, DAREDIFRIRELTVEEDDKEHRILNHA DA
WEBFERE moTW3B, H55 13 A7V —ABESKIZEE D H 5 EGIZNT 54K
BEMZRLTWS, K550 IZRT LI, ZV—LBEKIc#HENH 5728, DVF
DEFFFER S HHEEAEDTLNT VWS, BEETIE, BRE2ADILNPINZ SN TEY, &
BAERENRELBEINTWD Z b h 5.

A EDFERD S, REHEIE, ERERICH VRS EORERZZERLZEE R 5.
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%51 TRTCOTFAMTF—RIZHT B FHE

Tk PSNR SSIM
DVF 30.61 [dB] | 0.900
2%y || 33.07 [dB] | 0.927

(@ AHZL—214 1

(b) AHZ7LV—1 L

(©) I, Iz D& i

5.1

A kR 1

- DVF S RGN
(d) EAEHTER Yo (©) (PSNR=2430, SSIM=0.873) ) (PSNR=26.03. SSIM=0.908)
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(d) AR Yo

DVE
(©) (PSNR=29.47, SSIM=0.935)

B 5.2 ARkl 2

o B
(PSNR=29.33, SSIM=0.935)
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(C) 11,13 @é‘ﬁi@@

DVF R
(d) IEARER Yo (©) (PSNR=32.64, SSIM=0.955) ) (PSNR=34.13, SSIM=0.967)

5.3 A 3
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(@ A7V —4 1 (b)y AJiZ7V—LAU I © I, Iz D £ AR {5

DVF REE
(d) IEARETER Yo (©) (PSNR=24.44, SSIM=0.826) () (PSNR=29.51, SSIM=0.929)

B 5.4 A pkimifdl 4
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(C) 11,13 @é‘ﬁi@@

DVF R
(d) IEARER Yo (©) (PSNR=27.99, SSIM=0.832) ) (PSNR=32.12, SSIM=0.928)

5.5 ARG S
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Y Tan ~r
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=

BEhHlb)IC

6.1 F&&b

AKX TlE, 7V —LMOKREREZ IS TSI & 2HNIZ, HREARAZH
W7 L — A TFEARELE. B 1 ETIE, 70— AT s RED0TEL M
B, RIXDOMEEIZ D WTHBATz, 52 HTIX, AMETHWSIEARAA= 2 —
F) % b7 —2 (CNN) ORI OWTRR, 53 E=ETIE, /EKEL LT Deep
Voxel Flow (DVF) 20 EIf, ZOFELMERIZOWTHRN, 84 ZTIE, Rinx
DIREETH BHIEEAAAZE AV 7 L — AT EIZOWTIRAR . F2, BEE
WZHWBHLEEARAAIZDWTHA L. 565 BT, REEOEHEZMEET 5720
2, F—0%E T —X%ZHWT DVF LREEDOFMEMR%Z T >72. DVF L EEDE
R 5 % AR AT dp 5 PSNR & SSIM THE L7728 25, k% 7 ASTHEE]IZ B W T
DVF & [FASFEPZ N LOFERMPFE O, REFZOFAMVPHATE . £/, IXTO
TANT —XIZKF 5 PSNR, SSIM O fEZE L& 25, $REETIEPSNR T
2.46 [dB], SSIM T 0.027 LRI ZFERIGESNTZ. AENS, 2y MU =2 IZHERE A
AEHWEZ L TRERBEIZNT B 7L — AMEIOKEN ELWEBRTERLLEEZ 5.

6.2 SRDRE

AFSLTIE, fERIETH D DVF ICHD SLREAAAEZH N ZFEEZRELZ. L
U, BURTIHKAR L U TESFERIZIZR T RNV E L TWE 72D, EREENEW. L
2o T, EREBROKEEE IS 572012, BEBHRREDXIN—TVa v iEERLUZF
F14) ARG Z 2 BN S BOBETH S, T/, REETIFFRE—D 7 L — LHH
WZOANBRLTWED, IVF 7L —LAfMEICHRIEE I L 5ROFEE X 5.
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AR EHEDDIZHTD, TE - TS 2 THW - HBHIERERICE ELHB L LT
9. £z, XDOEFEEIIBVWTELDIHRZHE £ Uz, AFELKREBBURER
S N IENERNMEHZURIC)ZE SRR U B £9. B&IC, RFRICEL TE < Dk %z
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1 8%

A 1RZED skip connection 72 L EF )L

4P OS5 HOMREE LT, fREED skip connection 72 U E TV TOEBFE R ZRT.
Z Z°C, skip connection 78 UE TNV DNNY FH A XL 16 ThH 5.

A1 ERFERDLER

TRTOTANT—XIZXT % PSNR, SSIM Ol %E R A1 ITRT. RIT, KBRS
29 % DVF (ERiR) L HRFEIRDERFRGZ X A I~AS ITRT. B A1I~AS5 I
BWT, QBLUOOEAY NT—=ZADAHT L —L4, () ZIEMEEGTH SR 7
L—24, (d) & DVF 2 K 2 AEmHER, (o) 1ZFREEE (skip connection 72 U) 12 & % 2 Bl
B, (F) 1= (skip connection ) 12 & B EFFERTH 5.

KAl TRTOTAMT—RIINT 5 FE
Fik PSNR SSIM
DVF 30.61 [dB] | 0.900
$2 %% (skip connection 72 L) || 31.98 [dB] | 0.912
$EZ % (skip connection D) || 33.07 [dB] | 0.927




(DES

(a) A7V —2A41 (b) AH7V—4 L

DVE
(c) IEAFHIER Yoo (d) (PSNR=24.30, SSIM=0.873)

FEFEIE (skip connection 7% L) ¢
(©) (PSNR=25.64, SSIM=0.900) ®) " (PSNR=26.03, SSIM=0.908)

FEFE L (skip connection & V)

Al RG] 1
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(e)

FEFE L (skip connection 7% L)
(PSNR=28.23, SSIM=0.890)

A2

¢ $2Z7% (skip connection & D)
®) “(PSNR=29.33, SSIM=0.935)

A R ] 2
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(e)

(c) IEMEHIER Yo

(b) AHZ7LV—L T4

() DVF
(PSNR=32.64, SSIM=0.955)

$2Z 7% (skip connection 7% L)
(PSNR=31.34, SSIM=0.940)

A3

¢ $2Z7% (skip connection & D)
() (PSNR=34.13, SSIM=0.967)

A R B 3




(DES

(a) A7V —41, (b) AH7V—L4 L

(c) IEMEHIER Yo

© FEFE L (skip connection 7% L) ¢
(PSNR=27.54, SSIM=0.899) () (PSNR=29.51, SSIM=0.929)

FEFEIE (skip connection & V)

A4 RS 4
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(b) AHZ7LV—L T4

(c) IEMEHIER Yo

$2Z 7% (skip connection 7% L)

$2Z7% (skip connection & D)
(e) (f)
(PSNR=28.78, SSIM=0.862) (PSNR=32.12, SSIM=0.928)

A5 EREBA S



