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Abstract

In recent years, with the process of video recording, speeding up the Internet, and the
capacity of data storage devices increasing, we have entered an era in which the captured
video can be stored in the cloud and rebroadcast as well as live on the Internet. In 2017,
the domestic Internet usage rate reached the 80% level at 80.9%, and by terminal, the
usage rate on smartphones was 59.7%, which exceeded personal computers (52.5%). In
addition, a network that can distribute and receive high-quality video content has been
established, and an infrastructure that allows users to enjoy various video distribution
services has been established. Furthermore, "hobbies / practical use / education" (30%)
was ranked after "music" (45%) as a genre to be viewed on the video distribution service.
From these facts, it can be said that video distribution using networks has become familiar
to us.

Since the 1990s, e-learning, which means computer-based learning and education, has
attracted attention. With the spread of the Internet, e-learning has become easier to realize.
Also its educational value is drawing attention. Such e-learning system teaching materials
are in a multimedia form that combines video, audio, board writing, and power-point. The
users are supposed to be "learners" and "teachers". However, the traditional relationship
between learners and teachers has changed. Learners can study in their free time and at
any place. However, it is difficult to communicate in Two-way, such as ask questions.
Teachers can work efficiently, but it is difficult to grasp the situation of learners. The
lecture archive system is one of the e-learning systems. It is also an approach that records
the video and audio of lectures held in the lecture room as digital data and used as the
content of the asynchronous remote learning system.

In this research, we focused on the problem that the whiteboard board is difficult to
read in the lecture archive system introduced in higher education institutions. The
hardware solution proposed in the previous research takes time and cost to introduce new
equipment to all rooms. It is not realistic because when delivering high-definition video
such as 4K, the network bandwidth becomes very large. Also, the existed lecture video in
the system cannot be clarified. JAIST has introduced a lecture archive system since 2006,
and there are already many recorded videos, the sharpening method on software is more
meaningful.

In addition, there are several super-resolution processing software methods that are
applicable to lecture archive systems. In recent years, deep learning techniques such as
SRCNN and SRGAN have become popular and have shown sufficient effects as a general
image super-resolution processing method. However, the same effect cannot always be
obtained, even in writing on a whiteboard. Furthermore, the characteristic of the lecture
is that the changes in the writing on the board are not drastic. Compared to movies and
animations, the written characters remain for a long time. Therefore, as the target of super-
resolution processing, we targeted screenshots of the board writing area extracted from
the videos. In this research, we expect when the SRGAN processing is applied with the
expectation, a sharper image could be generated, and a high sharpening effect would be
obtained.

In this research, when applying SRGAN to the lecture archive system, some
improvement measures were applied. As a model, the Subpixel layer, Convolution layer,
ReLU layer were deleted for 2x upscaling factors. Sigmoid layer was deleted as the cause
of the disappearance of the learning gradient to perform super-resolution processing.
Furthermore, to improve the accuracy, a Skip Connection was added to Discriminator. In



performing general preprocessing, we also devised the method improvement which
suitable for the lecture archive system. We realized in previous studies, the characters on
the board were often binarized. By performing binarization processing, it is possible to
increase the characteristics of the surplus on the board easily. However, in the lecture
archive system, the character color of the board may be important. For example, by
changing the character color, the part that the teacher wants to pay attention to and the
part that the teacher does not want to pay attention to is often expressed. To retain such
color information, we decided to clarify the color characteristics.

The contrast between the characters and the background is quite low in the hard-to-
read board. Therefore, we thought about identifying the characteristics of the board
writing and treating the board writing and the margins separately, but it is very difficult
to separate them. Furthermore, the actual board writing environment also differs each
time due to various factors such as the color of sunlight, the brightness of the classroom,
and the color of letters. In other words, such a pretreatment method is by no means highly
versatile, and if the shooting environment and the color of the pen used for writing on the
board are not restricted. It is necessary to consider other pretreatment methods.

So, we used Contrast Limited Adaptive Histogram Equalization and found effective
parameters to writing data. The noise was slightly higher with such adjustments than that
of the SRGAN method, but the contrast and color depth could be significantly increased.
In the evaluation experiment, the evaluation of readability by the subject exceeded the
methods such as SRCNN and BICUBIC, and the best result showed the validity of the
proposed improvement measure.

However, GAN-based super-resolution processing may generate new undesired
features, although it can produce sharp images. This hinders the reading of small text
details. Comparing the proposed method with SRCNN, the CNN-based super-resolution
processing method has higher reproducibility, and the detailed features can be almost
retained. However, from the detailed objective evaluation of this study, the correct answer
rate in all the super-resolution methods is less than 40%. So, it is necessary to consider a
better super-resolution processing method for reading characters with a small number of
features.

At the end of this research, we have some findings about the future tasks. First, one of
them is to improve the recall rate of high-definition board writing with SRGAN. In this
proposed method, the SRGAN method process the writing on the board in an easy-to-
read manner, but for details, we think that the high reproducibility point of SRCNN can
be referred to. In the evaluation experiment, it was confirmed that the CLAHE
pretreatment had a good effect. However, it will deteriorate the image quality, generate
noise, and was not suitable for subjects who were concerned about noise. Therefore, the
second direction is to consider a method that sets noise elimination as a set. Finally, VGG
and MSE loss functions are used in SRGAN. The loss generated by comparing the
features of the generated image and the original high-resolution image was affected by
the margins of the whiteboard area, and it will cause a problem that the learning depth
cannot be deepened. It is considered necessary to set an innovation loss function that
suitable for the writing on the whiteboard.

Keywords: lecture archive system, whiteboard, super-resolution, GAN, CLAHE.
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2.2.2 SRCNN
SRCNN (Super Resolution Convolutional Neural Network) (¥ CNN

(Convolutional Neural Network) % F\» CIKAHRE O IR & &R E iR
DEREEZFEE T s itk Yy, KREREOHBG ) O EIHMEEOER 2G5 T
Tu—FTHY, {EROFELY b EREE, 2 oHICE S 2R L v D
Rtz B9 5 [15].

nq feature maps ng feature maps
of low-resolution image of high-resolution image

Low-resolution g
image (input)

: ;‘-ZEE_:‘:L:‘::‘:‘_‘:‘:“E

I

Patch extraction
and representation

2.4 : SRCNN = 5 [16]

Non-linear mapping Reconstruction

%—J8 CNN : AfEg o200 £, (9x 9 x 64kernel)
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175,
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2.2.3 SRGAN
SRGAN (Super Resolution Generative Adversarial Networks) (I GAN

(Generative Adversarial Networks) O F:ik % R GALBREI I IS L 72 54l

TH Y, Ledig 52016)[181Ic kL o TIREI N /AFThkTh 5. fERFHICERT
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— 2D B LS~y ¥y /35, Discriminator I3 Generator 234K L
T DT — 2 ERKY O T — 2035 2 bR, ZoEMREZHEST 5([12].
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ABBOEZ RE T2z HICEE T2 5[12], cofic Xy, ko
ERET LD EIHTARY S LW wERAEK A TREIC 72 - 72,

AR IR 2 B R L3 2B, HARICRZ 252 — VI 2.7 ORKHED
HRD X 51, i vx—vdE 2515, MSE (Mean Squared Error) ~— %
TEZLL, LOANR—v IR TIHKZFIHET 5 iCho72e LTYH, X
N VICEESNI K22 X5 ICFENRIEC T BRI ERINTLE D
[18]. GAN TI% Discriminator i3 Z & XX CTCENIXEALANX—VTHR
Wiz, FENREER TR R S, Ko 1Ty v — TR ER TN 2 LB
HrE T 5 [19].



A Natural Image Manifold
MSE-based Solution

"pixel-wise average
== of possible solutions”

- - - -
-
-

X 2.7: ‘BGUBE D% —[18]

Ledig 5[18]232H! L 7= SRGAN D& F ARG IZLL T D X 5 hfEEcd 3.

Generator Network B residual blocks
A
n64s1 "n6ds1  n64st ! neas1

n256s1 n3s1

skip connection

Discriminator Network

nB4s1 nB4s2 n128s1 n128s2 n256s1 n256s2 n512s1 n512s2

D <
[=d o
:&P S
i :
= 5

2.8 : SRGAN Di&ig[18]

SRGAN € 7 VD4 fik#R1L ResNet 5% I1C L T\ 5. ResNet 13, BHiAHL
DA N ZRLGDECHNT2EET ey 7 2EAENZAY VT —27ThH
%. SRGAN T [FAkid&Exs LT3, ZoiE&Ed Skip Connection (XFE
FEHCBEOWTEOFEEORA ML LF 2 et WMERLE2R-TC e
D3R 7z, ResNet TX HLICERWEZEE 35 Z L 23A[REIC 72 - 72 [19].

10



AWFZI1Z 2 D SRGAN EF LA HESNWT, HEET —HA TV AT LICEED
LWEFABROWERE > TRT 5, X 51T, EFA~D AMEIGR % i 5l 72 AL
BEFERICGFEHL, LVEERT —HA 7 AT LR IR IREZ X %,

11



BIE REFIE

3.1 2R
AWt oin %X 3.1 1TRnT.

T — 2 UIR&E “ BALIE

X 3.1:#FEOHN

3.1 ORI X U, B O BRELIED 7 A % IS L, EROME  ih
5,

3.2 T —XINE

KR EIWNEL T EERT B L 00, HHOBEHELF 2 30BN R ., £ 2
T, BEOMETIE L, A7V —v v ay TGN I L 72 W HEE S
FUE YL, X 0sRACHIBZITS. o7 —2 33T —42 & 72 b
T2 ET 5. 2T, IO RBARY CRUMS T LT 5 HD(1,920 X
1LOSORIRIED T — 71 A TDFTA PR—=FTHE7-0, 4% HD 7—H4 7
XY VT Y v UTERL ARRREER D O SR TR % RS 2
CERBRT. BET—HATURTLATIERL 2 (1239 #EMEE (2018),
1448 EIHHH ~ A 7 L T (2019)) HD MR ol z AF L 7=, T7XFF—Z%
WFEICHRT — I A 7V AT LTOGHRIC WER (EFELASE  1655E B
e (2019), 1470 EER 7A=Y X L (2018), 1481 SETHAIA & & 2
7 LBAFHEE (2019), 1217 B 7w 27 2 v 27 (2019) &L, REFHELH
FoOFEE KT 2.

12



3.2.12KBE&E

KEDHERT —Hh A4 72 A7 L TlE, HD HE & SD(640 X 360)H/E T DA(E
BB 5D, Wb 1,920 X 1,080 K) DKL %A Y P F L b 5 ZHEMKR T
b5, 2 THENAFEL LC, HD BMEMEROF TN A7 4 FR—Fo
WNED TR LT 5o 72 2K HifR 142 0% SRGAN IC AN L7z, dlfL7zET 1
ETAMTLHE, LTOXD iRy 7.

X 3.2: L 2R (2K) (SRGAN £ 7% 2K Hifk 142 ¥k,
Epoch=10000) 7% : 2K 7 X+ 7—% (HD), £ : EDEER% 50%HE/ L <
EFNVIC AN UTERL 72

GRICRONGHEY, EEHELZMEL CERIN, A I hoTWn3,
2K o#fiiT — 2 #HHT 2854610%, 1K i/ L7z H{R2 5 2K Kiikd 572
DO L —= v BT TE Y, Ttk 2K 26 4AK ~EKRT 2BRICEH T 5
L, —ODMMORHES O MENTLES>FOTFHI L A WRELSE X 72 3
DEEZLNS.

3.2.2 4K [BHE

KREHBET — A 727 LT, BERIYIC 4K(3,840 X 2,160)fR R D %3
WURT — 253 4 DRI N Tz, IREFDOANNTFZT4BFRELTED, FL
—= VT2 LR AT THIEELLN:. ERORETER, TL7 7
Ry PRV, AXHTF, EE, BACEFE, ~— 7 A X0 H B
DHEDLT, B0y CHEE 2 RTHAELA R RV, 22T, 2020
10 H, KRED/INF =N D 4K 71 X 7 TH 1 I iR HEMR % Nk +5 2 L i L7z,
SREDIERICIE ETHEIT T k4 k2 w7 ikF 2L, L% <o
LacEARE R ET A RS S C 2 HIET.

DX REMHFOTCHiHFERE LT, 4K iR 53 FE £, SRGAN IZ A
L7z JBEL 72T NMIC321 8 ERUTAMT =252 ANIT 2L, M33D
L9 AR AH 2. £ 2Tl Epoch % 10000 ICERE L 72, FlliiT — X2 =H%5E 5

13



729, 2K 7 — 2 LRREORENSE LN DS X 51k 511 Epoch ZHi 3~
& 7245, 10000 [Fl & v 9 FEEERFOBEBETH IS I 2K DE TV XY FHAL
TUT — 2B E NI LB B,

e

- - - }
-_— il

e

g -

S S S

3.3: L =R (4K) (SRGAN EF 1% 4K [Hifg 53 ¥,
Epoch=10000) 3.2.1fHi AL TR FF—&% AN L TERL 7= BB

BASIIIC, 4K €7 4 TR L 72 8523EWYR 10 o2 5 100 d+ 7 4 b K
— NV DR 27 ) —vyay POV L, ZoHT, 8 KEil#T — %,
15 ETA T —RICnEIFTHZ LI,

3.3 EF L
AW7EiE SRGAN DT AZEEE 2, WS DDOSEEZBEM L. F7 4 b
R— FOBRGRHDOET VEZREEL /-,

Generator Network B residual blocks
A

n64s1 ’ n64s1 n64s1

skip connection

Discriminator Network
n64s1 n64s2 n128s1 n128s2 n256s1 n256s2 n512s1 n512s2

skip connection

X 3.4: AH#f% SRGAN EEET NV

14



7 NVDOHICIE, Generator ¢ Discriminator 2% 4. Generator Tl Conv
J&, BN JE, ReLU &, Conv /&, BN J&& Elementwise Sum E235&~E7 0 v
7 % 5 [nlEE 2 B 1R & 72 4. Skip Connection TAJIDOEA % HJ1ichn 2, WE
L34 2, 22FTEILD SRGAN €7 VLRI TH 2. ZDikIT
Upsampling /& (Conv /&, Subpixel &, ReLU DAt bt) %D H5K
L, m%ED Conv BT L TH L H{REZAEKT 5.

Discriminator TI3Jjt® 7 [0 Tix7: <, 10 [F|® Conv /&, LReLU JE, BN
THKLZERE7vey 7oBEREbEZHLEL, £$7-%< ko7 3 BOH D
T Skip Connection ZF[FH L 7z. & Clt Sigmoid JE R %, 2 E® Dense &
¢ LReLU JE7Z 0 CULH T 2T & L 7=,

BRI X F ISR 4 ZicBbE 2T AEOHIRER, @EE %2720
W7 a y 7 O, FEARHEEDOUGER & LT Activity function & D HIFR
BERITo 7. UTCRIEDET AERICOWTEEL K FHT 5.

|

3.3.1 Discriminator ~® Skip connection & /H
Discriminator AT CHRBE L7ZET A ZfH o T 5, jfEKD SRGAN €5
LG, Skip Connection D (3 Generator @ & T, Discriminator T35
Zuy 7 LafioTnikn,

Discriminator Network
n64s1 n64s2 n128s1 n128s2 n256s1 n256s2 n512s1 n512s2

s <
ot ~ = |
[T} =} =
<z 3 g
@ c

v
© 2 @
o

L a8

3.5 : Ledig 5(2016)® SRGAN @ Discriminator #47[18]

zsdonghaol20] I3 G- E I xf L T SRGAN O MR GRLEE % 173 3 BRI
Discriminator D& % ¥ ¥ 2, ResNet ®—# & L T Skip Connection # fill 2.
TFEEREL .

T A PR=FICERAT IS, b oo T AnEY BT 5201, =
O@Eﬁé%T/I/“CHjj%%ﬁ%{Tof* VGG & MSE 135 E @R 0B k% &
L, #HfixfSR1z Generator 234K L 728 ) DR & EOE{ROFHLTH 5.

15



g_mse_loss g_vgg_loss
tag: g_mse_loss tag: g_vgg_loss

3.6 : MSE & VGG #BRHEDZEA.
(Epoch=16000, Smoothing=0.9)
Kl Epoch, #dhiZiBLfE. 4L v U#iX SRGAN €54, 7L —#jit
Discriminator iC Skip connection % #MH L 7€ 7

3.6 225, SRGAN (X 0 R ME{ROFHHUEIHA THETE 228, —ED
epoch DA%, loss 23K & < 7 2t~ o JkfiE2s A o 47z, Skip Connection %
Discriminator ICEH T2 2 & IEHE M LZR-3T L cERHTH L Z L b

> 7.

3.3.2 B DFEE

SRGAN £ 7 V3Tt 4 4 f5#fME D= TV Ch 5. FEEEOREERE ¢t 2K H
BERIRKITNIE I 720, 45 OMBERIAECH L EE2 NS, JIT —
234K 7T — %, FEBEOMBMRATIEI 2K T —2THD e %2E 2 5 L, JlIEH
7T — X% U2 Hi/hL, 2K #ERED T — 2 2 £ L T SRGAN € 7 VIC AN T
L EDEET —HATVRATLCHEAT S Ec#EYIZ L EbNnE. 2T,
SRGAN @ Subpixel J& & Z D=7, Convolution J& & ReLU @ % Hlfr3 % Z &
XY, 2 EOBBMEEER L. /-, HJIDHID Sigmoid & 23— %R T
F EFCUMICGER I N2, REOLAIIZ 0 FIERHTEAVWEEZ 5.

16



g_gan_loss
tag: g_gan_loss

D_loss
tag: D_loss

"m | M L

& 3.7: REDEE SRGAN € F v iC Sigmoid JEEH DB
BHWOHR T Sigmoid ) OFEEFBEE. AT L o¥EEE.
Hi#h X Epoch, #edhixHE Ll

X 3.7 IREDEATILO SRGAN 5 L LJIED SRGAN £ 57 L DOHT
Sigmoid & 77 T HIR L 72225 @FE D& WA /R LT 3. g ganloss I3 GAN loss
TH Y, Generator DERTHES /R T, HME W Z L ITEK L 7246 0 DEBRICR
Wil 2 fT o 72 &\ ) B TH 5. Sigmoid E23H % Kf, Discriminator DIEL
1T F235 3, Generator DK D LR L R0, BAWIINPLUCIZZR & 7w,
2o Z ki, Discriminator X », Generator 2353 & % 7z%. Discriminator
IZAERR L 72 E{R ICBR X 41, Generator D EICO AR L Aahr o7z BbiLs, O
T0, ¥EHUEBERLORKICZR 3729, K52 Tl Sigmoid /& % HIFR L 7-.

3.4 7 — X DOFILIE

2o PERERPEERLB L0, —Ricii@EGoEea v b
5 A2 MEIE, MEBRERELZITS. LaLl, REOESICIE, 2V F 7 X FofE
FEHEZITO>ZET, IREO /A XD RKEL Lo T LESMEEALD 5. JEIEZE

17



Hicks T2 74020 v 73 —REHROMEFREIC I Sfb 22, iEFDS
AT OER VR, BEEERE 7 A KT ED 6T b JEEE D HipH
DEDIZL K, ZANMRY VLI W ERRPICHEBRINS.
ANERIZZ 27 ) —vyay rThbNE -0, WEEROY 4 iz
NH7Zm 5. ATl SEREIREERZ 192x192 4 Xicn#l$ 5 2 &
L, %0 12 #M/NERZAKFRREIIREGR T — % &5 5.

3.41 IEMML & ¥R
AT — 2 DRz AT 2 4LEE, bW 2 IERLILER 217 5.

pixel_new = (%76;) -1 (L4

% O EBR O EFEE O IX[— 1,11 TH 5. HizREDOZ(LHEIF Z /N3 5
Tk, Ay P77 OEZEFORNIEI A S, HABPER L LT <
m0[26], ET AL LTHEELCLTSREL0IFREED S,

ET VR BT B BICRE DT IAIC AT AR 5 RE 28 5 & & bicT
— X EWP IR TELLEZ, 90 EHE L REZITS. %2 T,
tensorflow.image.random_flip T7 — 4% % 7 v X LI £ i, KA KERIC X
&, numpy.rot90 T7 — X D 90 FE AL % 17 5

3.4.2 B THEERO DT

Ni[10] & /IR & [BlidMRF icxt L <, LB Z 4T > T 5, —fEfLLEE %2
T2528T, fRICRECORFOREEL (P T LR TE S, LAL, i
BT —HATVRATLTE, WEOLFOPBEELZFREZFFOC LMD, Hlx
BXFOEEZDLZLICE>T, FRLTIELWIED - %2 5 ThLlgAREX
NEZZERLIFLIEDS. 29 L-oEREERT -OIC, ORI %
ozt L7

RGB % & i3, A, . 25k & 2 H0E 7 2 EFREHE(C A CIE i
LoTEDLNT WS 3FHE%E R (red), G (green), B (blue) &3 5KRE%R
TH2[28]. KI38DLI7, WMELEROFHEMNRAEL, HMELX 7 J 4T
TERICEEIAL L 2 W REFECTE e o 2R H 2. RGB 22 Tl
ANHEDOERIZE ST BRIZEAT AN EZITH) Z LT L Ve Wz 5,

18



il

80 100 120 140 160 180

X 3.8: IRED—Hl& =D RGB BAEZRDHEE e X + 7T A
B OEEE, ke s eroBE

HSV £ %1% RGB £OZRZEBMNIC 2D T~ vy RERITIT WG
tH H (hue), ¥ S (saturation), HHE V (value) &L 72KEOEZTH 3
[21].

X 3.9:HSV EE%R[21]

REE RO HSVEDHFHIC X v, 7 4 M &2 — TUEERR % /0 F CTULEE$ 2
T EDR[EETH . HSV OfE#HiFH 12 H: [0, 360] (OpenCV <Tix[0, 180]), S:[0,
255], V:[0, 255]¢ L 7=.
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X 8.10: +7 4 bR — FEHOHREMEERD—FI
(R BB X Z 0 HSVED A IZUT TH 5. Ky :
H:[176,10],8:[44,126],V:[122,173] ; B\ :
H:[108,120],S:[5,46],V:[90,113] ; B4 : H:[10,50],S:[5, 35],V:[104,161])

e 3.10 DRFED — 2 3 ERREL, av F TR FRED RS T

bbb, 22T, 1I0<H<40 D7 4 A Z—%EA L, HFHNOWEL FHEE %
3.

ETACTY R S ehﬁﬁc
@) \f \’R s VICA*,P(I)’]
BB Il v
“}-"’@@@ SO Y2 (e Pl")j
\mwsmaa ol J\me

& Sthy (N@ ! '2 kF(z)faAv B"c:)

K 3.11: 74X —CHUHEL 7255

TRt hoc b b2 23, HEpICEHT 7 A XHBRY, o of
WERHE TENZERICR>Twd, 2D X5, IREDFHEZ LT EHT 2
L9 RETLBIIKRZRNEECH Y, I oic, EREOWREFERE DS Htot, HEOH
5%, XFR ERA ERNTHRBERS. 2% 0, 0 X5 ALY EIZR

20



LT R < 7= K, IREOIREE, IE TS ~ v ot ZfilR L 2wihh, i
DT 2GS 2 D H 5.

343 X +T T LYIFER

v X b 77 aEE22], BB wvide R 2T LEHLIZEROEE e X+
ZLakHAWTay P IR RHET ZEGUEFECH L. T DNER, iR
HROMG A W, 3BV E S ZERICENTH 5. HERETIEFRT 4
F AR = FEREBECGERL VDT, BB —BRE L TRICYD2EEZLN
5.

TN

) N

K 3.12: v X} 7T a8k [22]

EEAFED—2 12 RGB Z2fC, Z oD F ¥ v 4L T & IS E VLR % 1T
WV, REMICZENL E~—V T3 TFETH L. HEEEX3.13 IR

s l0b B

SSS. > sg.-sb‘.'.e'Ii‘
X 3.13:RGB 8RR TKF v v A VEFNERER

ZOFEE, THOooa vy b I AME2RVEE 5722, BHELORRIC, /NEwn

HREIZD 2> /NS R BEFD7Z0D, B ZATH o biESR>TL T W,
HELERECTHELIIEZRRWV. IS, FROF X v AL T L ICHE L T~

21



—IFBLICEY, FVA PFR—FDOOREDb -7 L bETE 5. Thid,
FOTIIEENORERR L2720 b 3.

%2 2T, CLAHE (2 v } 7 X MHIR#EIG e 2 b 77 285%(b) Fik[22] 0
H%EzE2%. 2OoFkiE, K3.15 TRLEZL DT, HifE X 4 L(tiles)” & MEF
NB/NEBICEIL, fEE S i e R N 2T AL RGBT . S 4 XD B
BE, JAXbBFI NS =D, av b 72 FOFIREEATAZE T/ A XD
KIEREMZR ST A TES, dLdEY (bR TL0) O HBSHE R
EDFREZB 27256, EREZBEZ 2l X2 0o v vicH%Iciri X
N (K3.14), 20fkice X+ 75 LFHL2EH T 2. FHEo@ER%GIC X 4
L DBEFUC A U 2 SEUEREE % #4372 9 1T bilinear @ i % 3 % [22].

{ ]

3.14: a v} 7 X MlIREIG e X b 77 LFFLHIRME[22]

. R
- M
. X .

X 38.15: 2 b7 X MHRBEIG e X b 777 53L& 4 v[22]

Z T, OpenCV T CLAHE %R 3 2 556, HERZH & L T clipLimit &
tileGridSize ® —O23% I F b 5. clipLimit (XHIRIEE 72 D, tileGridSize I
Tl AnEens. ¥ 3.16 TRL7Z@EY, clipLimit HIfREAEWIZ E

(X1 8.16 Ti% 10.0), W% AT 5 FIRR2HE <, —MRIAHFIGED L. 7z,
ZANBHRENIZE (K38.16 Tl (50,50)), BB Z M A < 1T, [HIEL
D%, BHEOEZHELL &Y, FEHD LAT 2.

22



K

P - ==

. [oeenlmemev ol fari e ou R DRICE
%5; » L2l (52 5
_ 15l Eane)s (e 2 3Gy (e
12 71 |
= £25 = £25
%11 K- SS'_ = 3§;..§‘51_ =250

K 38.16: % clipLimit & tileGridSize fEZXE DIRER)E:
1.0,(2,2); 10.0,(2,2); 1.0,(50,50);

o [m:mf*-{:;hﬁru)'-@fﬁf;

S Gy m)sonoae)« (e s

2
P
€5, - 55e 51 =250

X 3.17 : clipLimit=2.0,tileGridSize=(2.2) D&

INHDT EHS, KFZETIIEREM%Z clipLimit=2.0,tileGridSize=(2.2) i
L7, 317Dk 57, JARXDHIMA RIS L, XFD LI IR
AHXHICL 7.

3.5 FIl#R

¢ @ Epoch [353HT%4E 100 [B] & 6iH152E 10000 [T H % . HEEHEIZ MSE
loss, VGGloss, GANloss Thi#({Ld 5. ZNZNOFHM L 3.5.3 fi TR,
FHTFE 100 [E O FIFFIZERORFEZ Y Hi L, MSEloss 721312 & o THll#S
5. ZTHICTX 5T, generator 13X ) B FEEOTHBED LN, I
DEFEDT 5. FEEEL Ledig b [18]DFKEEZ D & 1T 1le-d & FXIE L, beta
% tfkeras.optimizers.Adam B44(®D default 5 0.9 & 57E L 7=.

Dong 5 [16] DRI 2 — F Tl 2R D 50 CHEEE le-l ITH
WS 2EE 27228, GAN DALEBREKD—D L7, W@EERHR LN,
3.18 D X ) T, FEEDHEMKFITHI L% Y Lo, CORREZ LT Z,
ARG EROEH ZHIFRT S 2 ik ), BENRFE AR ZHERL -,
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vgg_loss g_vgg_loss
tag: vgg_loss tag: g_vgg_loss

® 3.18: FEKEHIC L ) VGG BABME
WeBIx Epoch, SERILIESE. 4 HEES S ), A L LEREY 7 L

3.5.1 SRGAN 7 /LT X LA
SRGAN D7 VY X LIZLLTDOHEY TH 5.

minmax  Emur_p, - (gHRy [log Dg, (I"®)] +
fc (5) [15]
IE,LRNPG(,LR) [1og (1 = Dg,, (Go, (1))

HiR%Z 1, 0 OliR% 0 LIKET 2. COTATY XLITLY, HOTH
=~y 7 A% AR T 5 72 %I Discriminator (X Generator & & dITA
Hicgaw s 5.

Generator % #ll# 3 2 I, Generator 23/EM L 72 HifRG,, (I"R)IZ R & FALITK
TR EAERL - VEOE{RICE . % L T, Discriminator 2> & @ A
Do, (Gog M) ) B ELOMER T &, 1 1T ReAMH % 372 1>, log0 IRV TH b,
2F D %/J\{Er%én%*&b 5.

Discriminator % ¥ 9 % Ky, HOMEKRDS 1 & HWTS 2 72011, Dy, (IHR) 2
RARMEL L7228 X ITER L logl 307D T, Enr_y,  (ur)[log Do, (I7F)]
TR KME 0 TH 5. Generator 2EK L 72 W% 0 EHET 27201,
De,, (GQG(ILR)) XR/MEE L7z, log (1 — Dy, (GQG(ILR))]yb> bl AE% 57
W, RKNEERKAED R LEICR 5729, %ﬁflﬁr%%x%ﬁ?&) %.

/,)

3.5.2 B KB
AWFgeFE I L 248K %UE, VGG, MSE, GAN 0 =5Th 3. ZOH
T, GAN (I Tensorlayer DEH#L tl.cost.sigmoid_cross_entropy TilH 3 3.
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MSE & VGG (23T tl.cost.mean_squared_error Tt 3 3% 23, DR R A
%72 %. MSE | Generator 28458 L 72 [Hi{§ & A3k o HR i % HiK 4 3. VGG
IZ Generator 23R L 72 B[R D VGG19 £ 7 VICHL Y X =R & HR HEi{§R
DFHE % 3 5.

Ledig o [18] D ic & 5, MSE KB DFENIZLLT TH 5[18].

rW rH

Infse = ZWHZ z (IHR - GBG(ILR)x,y)Z (L 6)

x=1 y=1
VGG A DFHARIZLAT TH 5 [18].

Wij Hij

lVGG/L] W, H, Z z (¢l](IHR)xy

J %=1 y=1 (X 7)

(l)l,] (GGG (ILR))x’y)

GAN 8RB D FHHERXIZ LT ¢ H 5 [18].

N

gg=§}4@p%@%mﬂ)b£w

n=1

3.5.3 Tensorboard RJ &1t

SRGAN I Generator T = & Discriminator T2 DL %> T
%. Generator T, Discriminator #5386/ % /"3 g_ganloss, KL 72[H
G & RGO FFE DX B %R 3 VGG loss & MSE loss ZFIH L Tw 3
Discriminator T %, E O SR EE G Z 1E L \» & HIW© % 2880 2R3 d_real
loss &, AR X N EfEREEERZ 7 ) & HIMC© & 2680 2/~ 3 d_fake loss 2°
Awbohz, ﬁ@h%%ﬁuwﬁ®hibﬁ%*%ﬁ®%ﬁéﬁﬁ?5#

b2 T->72. & ZTlZ, Tensorflow 74 77 VY @ Tensorboard Z 5 Z
I L 7=,
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245 EE - 57

AW 3E1E Windows10, Intel Core 19-10900K CPU 3.70GHz, NVIDIA
RTX2080Ti % ##k L 7z3%ffiCcfTo 7. 4K ©7 4TIk L 2D 27 ) — v
v a vy FMHEGOPT, 85 MEIR (Hliitk 170 KO ZillT —x & L, 16Kz 7
A+ T =211 LT3, Windows @ Python BRI CHfE L, FicfHo7274 7
Z U 1% Tensorlayer, Tensorflow, Opencv TH%. FEDALE — F%m LT
% 72 ®, NVIDIA CUDA10.0 & Tensorflow ® GPU ~N—< 3 v %#f# 5 7z, Batch
size DEXEMEIZ 8, Epoch 1ZFHHTFE 100 [ & NHLFE 10000 FlTH 5. {EER
BE%D MSE loss, VGG loss, GAN loss CTixi#{t3 5.

AR O 7 — £ 13 4K © 7 A TR L 720U 2 51572 728, Porfa/h L
HRE WD, BHEOFERT —H A4 7V AT LA TIERE NZRED X 5 7
T TRHHIN TR WARERH 2. 22T, AT AT — X Tif
fiis 2 DTld7e <, EERECOMNMZ EMT 2 7201, @BHEEZRAT — 2 D%
WFE AT WIRE G R RICEHET 5 2 LT L7,

AFAT (2 BB 1T X 2 R R (Axfd & MHER), [HIE FEBEE T o H IR &
VAT XY v JRRETITY. MEIXIBM SPSS TiT 9.

4.1 2R

BERRME L 72 iE 2 I 3 2 R8I R HIR % 5l 3 2 EERZ 1T 5 7-. E%%
ITlE, 4 D DFEHETHK X L E DYLREHR %2 5t 3 W IIEH T~ 2 [HE
5.58%T,%%b“iﬂbkﬁ@@uﬁbf40@$ﬁ?$ﬁnSMMN
JC SRGAN, SRCNN, BICUBIC ic X 2 H 1% R4, FthLT WIEICH O 2
%é&t.%%®%§7—ﬁ4792%A®ﬁﬁﬁﬁ%é RFHE 13 H D0
”—&%W%Lt ?ﬁ%ﬁ%%~?ét o, #ERE A EHmIC S L 725 E 1F
Hﬁ@%% chixLic K, ﬁ@@ LED —EL LTz, 72, ATDOHHRD 5 A
<wﬁliﬁbﬁ%®#%5# CFEHFRDa Y b7 R PR, 2R
&1%?,%#H>,ﬁ#ﬂw,%#méw&a%é@5.é%m,~o@@@
ZT— 2D L 2R LIS T 2 & 13RS 3, HEOHAICL TOFEK%E
FRICETHER L W 2s, STOBICERE LR ZIRY L TEET 5.
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4 D ORER % ZERE WA D FHAR THHA LT VIETIH A~ I & 7R %2 B
BOofme LTI 0% X 4.1 Wnd. ETEOHARLT S DOIERICH L
T, SPSS i X » Friedman BE 21T o 724558, x2=53.9 (p=0.000TH H, & T
DEMFETEI WV E VI REEFITENINZ, 22T, ZEEEREZTL
Bonferroni @ J7 ik Ci L 7245 %, WU fE X, KX FE>SRCNN =
SRGAN>BICUBIC DEDH 2 Z & b o 7z,

s> FIVIZ & % Friedman QIR 112 & 2 EHOMS RS
SRCNN BICUBIC Proposed SRGAN

é BYS L =246 RS =311 RHS 7 =181 RHS59 =263
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
B B B B

E)

[

S

W
s fa
2
0 0
X 4.1:SPSS T X % Friedman DJELLD BT
R 4.1 EFEORT L OHEK
R7TEDHE
RELBER ilgfﬁé‘faﬁﬁ
Sample 1-Sample 2 BEHKHE ReRE it HEHE HE
Proposed-SRCNN 654 179 3.652 .000 .002
Proposed-SRGAN -817 A79 -4 565 .000 .000
Proposed-BICUBIC 1.298 A79 7.251 .000 .000
SRCNN-SRGAN -163 A79 -913 361 1.000
SRCNN-BICUBIC -.644 179 -3.598 .000 .002
SRGAN-BICUBIC 481 179 2.685 .007 .043

BT, TN ESYVTL2ORHFHNELTHIEVIBRERERELEY.
FEMCABHE (BRRE) ARTIIAFEY. ABKRIZ 05TY.

a.Bonferroni sTEIZ & Y, HMOFAFIHL T, FEREOMMINEBZATLT-.

27



TNODRERD S, RIFFEIRE L 728GER 2 # A L 72 SRGAN (Proposed) (%
W T —NA T VAT LB T LR GR A T EEE 2 O i D RWHIR 215
7. 7272 L, FFlicHR 2 ot 32 LED R I 7.

= N
—— = o 1 _—
= (0 & ydtinn) pdiy by X -
) o | —
=% 0 ‘\?4__v | - J =12
—= pediny by C11) > =1
A B

c D
B 4.2 FHTE 320 FHbRED—H
fiIRE DO ZEIR A'Proposed, B:SRGAN, C:SRCNN, D:BICUBIC

SaliEaE
8 7
6 5
4
2 1
0

0

FLART L LA L

K 4.3:A BEFH) oL <o 4 BRESHES 6
Blhidge a3 &, i ALK
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X 4.3 1ICBWT, AGRETR)Z —HFiFinLT v &AW L 5ED 5 4 CH
S DI LT, —T/ARIC 0 EHIBT L 2 BERE I T HThorz. CDXD
i<, WRRG 7R A & 72 o 7[R B B C L MR TE . S, S 4 RicHL
TAC L > TEESRR Y, FiORKEENES D Th DL LE L NS, BRI,
BOOAW RBE LI, JAXBMML, HROF RSB, LVBATER
WERERRKL WAL, 1§97, av b IR MRFE - EZZABVB L
DR SR OFHEIOR T T 3.

4.2 FHER

4.1 i O SR CREN R AR T X ORE 2R L, FFCaRmRIige e,
IV b 7RAMET, MBAHOALOBAICE TR, Sl hz L Lk
Do, BEMICR 2854, Hrc we 2 A20Hi%e, HMHRE, SEO R
HEINIRENEL, B—D0XFOHEREICOWTREARIRE S L
IR S v, 22 €, IREOHEOBBEICTEH L, FHCXFEINE L, FEE
3 T 1 & BT 5

ZOERTI, REFEL 4.1 fiic 2 FHOFHM2F S 172 SRCNN & T4
X 7= iR E DK EER 2> DAER O FEZ D H LT, 4.1 fioFEERICSL 72
PERE ICTE AR S 2 5 EHEEITo 72, MFHEICDONT, & 10 OF U HNE DK
BEICFEAIC  WIREIIR A RE L 72, b, BEREVPNREZHENCTE v X H g,
2 COMERZPIRE I T v X LEF TR L 7z,

Z DOFEBROFERITIEMER TR T 2. R OIRETFIEIC X 2 IEMERIT 31%,
SRCNN O [EfiFZE O FHfHEIL 39% TH - 7.

13 ADIEfEZRICxT L € Friedman HE CTIT o 724558, x 2=4.5 (p=0.034)TH
D, 5% AECTHMBEILCTH L LnEHINZ, 2% H, SRCNN D J 3
SHNCYI ) L 725 E i 2 IEL AR C A TE 2HBRE VLA REICS D 5
525,

E 4.4 \CIEEB O N2~ 3. fREFiE L SRCNN v
20% (2 EDIEMRDWERE 3% 22572, TNOLDFRERI S, WIFNOTFHETH - T
D RFEE AP VN E R SCFICR LT, BSOS EARENTH 5
EOTERTE S, 2L, IREZFOAZHBOEOR 2 LIC LV FZHE LI w
A[REMED D 5 C L ICHBETIMERD 5. “HHOIERRICONT, RIEET
%13 30%, SRCNN (Z 70%TH Y, ZOEXFHEOETHZLEZONDS. 4.1
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filcii~7-:8 Y, SRCNN & SRGAN X b BRoFHMEE L, XFOFHEE
BYBCEGHEZDOE TR T CHAIINE T —A03% v, SRGAN 3% DA[HE
BRR =V DD TN T 5720, ¥ x — T RBERBER I NS D5, FiEHZ
KT 22LDBDH5. ZOMREPINOGDELE>TRNZEFRZDLILNTE
5.

WA T 4 —IL K&K Proposed MR D 4 — L FiEEk SRCNN

B®-13
BXE

15l
1w

2
7
39

;EZZ

B

~

2 4 6 8

Proposed SRCNN

B 4.4: REFE L SRCNN Dl HeEERE D IEfRE D N 1R
Rl IR, eI AR

Db LA, REDXTERKELSELS L, XTFORHEDN% < 7t 5. SRGAN I
;D%@ﬁﬁéﬁﬁﬁbof%,%ﬁm@%&%ﬁ%ﬁ+%m%o1mnwm

R CTZ 2AREM DD 5. XFBZ T TNI K R uIiRE TRl o XXF I
m&én57 ZIEBoNB EEZLNS. ZDHEAIL, IRETEL SRCNN ©
IEFREDOAEIZI LI b L TPHTE S,
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4.3 PSNR [#]'E ¥
4.2 FiOMER O XL F O RIIBIFChd o 72720, BINOETiEOFRME
FE L LC, PSNR HE G 1T 7.
v — 755 x4 Ik PSNR (Peak Signal-to-Noise Ratio) |38 S R %k &
L C L EGUHEE b T\ 5, 2 OERIIEIEL DR & ORES
EL 7= 2 BBINNICEHT S 2168 L 2 5. GHRERXIILITTH 3.

MAX?

PSNR =10"- 10g10 <W

>(ﬁ9>

A7 IZ T &~ (dB), MAX [ZTCHiIR2S & 0 5 2 KEZEED 2 & Th 3[23].
$72, 2oRoHFThHLb I NS MSE &3P g~ (Mean Square Error)
DZEThHhY, UToxicks.

m-1 n—1

1 A,
MSE_%Z X ) — X' GHIP (X 10)

= =0

~.

m,n ZEROHE, FOH A4 X, X 2SICHR, XBHCEER% R [23].

T, FEEEFAVAKREZETEFHL V. RFFECHA L 72 CLAHE i
IR FF I EE OPLERD—2 & 72 3720, HEFM TR, A FTF—%% A
713 2 HiIC CLAHE L 2 fTb w2 & & L 7.

ZT, RFED 15T A b T — 2 % &FRIC AT L7z, K5t SRGAN &
#FE L SRCNN, BICUBIC, 3 HHDOET MV CTHEKR L RO —2 %K 4.5
IR L7z,
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SRCNN BICUBIC

(39.29dB) (38.75dB)

AWt5E SRGAN Original

(16.88dB)
X 4.5: FaA & /e TN OBMBEGUEE SI#ER

£ 513 waifu2x @ SRCNN, BICUBIC, A#f7 SRGAN, JRA.

F 42115 DT A b F =214 %, SRGAN & SRCNN, BICUBIC i
K B YR KALERR; D PSNR O F3f & FEHER 72 % 7~ 3. BICUBIC 13°F-#4{i 27.86,
FEHE(R 72 3.99; SRCNN 1 T4l 27.29, 15 ER 22 4.46; SRGAN 13T 19.10,
IEHENR 1,98 TH 0 | ik FHEME 12 BICUBIC=SRCNN >SRGAN Z & 239
207z,

2.2.3 HiCih <7z X 9 ic, MSE HABEBAR—XDFETHE, Lo xx—vi
L CTHBA2HE T3 ik o2e LT, N DICHENNILS RS
X 9 IR T T2 RS A R & B S B % [18]. SRGAN 13 RHT2EE
DR R—RAT, 2DORXEX—VOHRT—DREFERT LI LICLY, v —

32



TR MR AT E 203, ME ORI R EEA TER L ZrREErH 5 2 L %
D THERZ L 72.

F 42 B 3FHECIYVFRFF—% 15D PSNR{E, FHfE (AVGQ)
Rk UiE#FE= (STDEV.P)

bicubic  srcnn srgan

1 28.132 26.896 20.627
P 22.98 22.302 19.02
3 23.847 23.001 19.436
4 24273 23473 1841
5 26.736 26.022 18.626
6 23.874 22.613 16.492
i 24707 23461 18.308
8 31.443 30.805 22.841
9 31.565 31.752 23.742
10 29.288 29.305 17.009
11 29.958 30.661 19.176
12 26.749 26.154 18.377
13 29.427 28.928 19.942
14 26.167 24,753 17.614
15 38.755 39.293 16.883

AVG 27.86007  27.2946  19.1002

.STDEV.P 3.985096 4.459551 1.980859
(7 : srgan |3 CLAHE RLELER 7 L OARHFRIRETH)
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F5E Bhl)IC

KR CIEEERERBETEAIN TV AERT A4 TV AT LILENT,
FTA PR = FOWENRFHAICS WREEICEH L., [ECROMETREINT
E7on—F v zTICXBBRGETIE, Fi-hlaz2CoMBEICEATSIC
I E 2 2 b 3B 2 bR, AK R E DS ABH 2 RETSs 4y + T
— 7 BIEFICKREL 22720, HENTIER V., 72, BEFO Y X T LHAD
R D BT & Ao, JAIST TRE#ERT —H A4 7Y AT L% 2006 FH
DEBALTED, PERLZMEAE T TICSE L HE720, V7 v T ETOEH
LFERLVAERZLLEZOLND,

7z, WBERT - NMA T VAT LITEMAEETH 5 & 2 b5 BRIy
7 b 2T FES L DB 5. T4 SRCNN, SRGAN icfRFE X N 2 HEEFHEH O
Btk A ¢, —M%) 72 R O BAMGIR T & LCH i a2 R L7z, 7277
L, REDHZATOFL L) BERPBOLNDE LIFRO AWv., I HIC, #HEROKF
He LT, IREDOZLWL K 72 <, B 7 = X L HIR L TH2 N2 CFEH
o TV BB RWEAZETONE., 2Dz, BREIUBEONSRE LT, B
Hi2 OREEEZIROHB LR 7 ) —voay PE2RE L. KifETlE, X
D>y — 7 RERPERTE, BFRILEZ (T > 2B o & BRI LA R % HIRE
LT, SRGAN Ic X 2L %2 EH L 7-.

¥ 72, ARifFFE T, SRGAN Zi#ET — 14 7IGHH T 51CH72oT, WD
POYERZBEHLZ., =7 E LT, 2 5BBRUIE% 1T 5 72 %, Subpixel
J& & Convolution J& & ReLU JE&—J&, £ 72 FEHARHADJHK & L T Sigmoid
J&#HIBR L 7=, X 5, KR L3 % 72912, Discriminator & Skip Connection
B L 72, — RO RRTUBE 21T 95 EoiRET — 2 BEORTLE, 2~ F 7 % b
RIS e 2+ 72 nEF SR L, RN AT A =22 FA L. 20X
5 7%PHEIC XY, SRGAN FiEL D /A X%/ Ep3a0, av SR ED
e T DRI S 2 2 & 3T & 72, FHfiZEE ¢ SRCNN, BICUBIC 7 &' @ F
B, BEREIC L 25ACT I OFHIIARD RUFRE &Y, EL U868
ROZ YWD R I N,

L2>L, GAN % DGR T v — 7B Z2 4T 2 2 L Iictbw, #ie
BRYEF L RVWEEEER T2 H S, 2o itk Y, /NS B XFOMER
DA I EE 5 2 5. IREFiEE SRCNN 2Lt L7 25, CNN £ D
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FERRIR TR0 S HERERE L, 20 MO ERE T2 2 BT
&%, 7L, K OMMEETTMA 5, WTFhoBERTIETD 40%AiH
DIEFRTH Y, FEEID LW FOFHAIY iIoxf LT, &b RuwiEEigun
HFEAMGTT 2 082D 5.

SHOFEE LTI, £7 SRGAN TEKHIL L ZiEIcks T 2 HRE 2 M
FxwzzlThs. RRIRETIEIT SRGAN Tz e L TiREZGiAh
T L 7228, Ml IcowTid, SRCNN o0 EE L wWHBR-H %S
Ficcz s Tl wreE DL, £z, 4 ETIRRVWIIELE L N7z CLAHE Hi
PRIZEE O HCICER Y, 4 XBEK SN, /4 X ERICT 5 HRE I 138
IRV EDBERINS, 22T, VA XDHERLY ML EFEERET S
=20 AEE LTEXLND. ®iZIC, SRGAN Tfib LT\ 2 EKE
BOHFTVGG & MSE 235 5. Z DA L 7-Hi{§ & JT O = AR iR o Front
R L BRI T A4 bR — FEBORAEICHEI N, FEHOFRE.
EEOLRVEWIHERR LN, 20T rb, IREICH S BEMEBOZED
VETHDLEEZLND.
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B

KiGE D 2 1CH 7= ) TIREZEHW - EIFEHE o KA ZHEBE%,
FEDI—T 4 VI TEHELDE R W72 W2 KEDE—Bh#Ic O X 0 BRE#E L £
T, E 7, BEABRZ T X o 2t H-OHEBER, WSRO EHE L £ 7.
RBRIC, LDOXZ Lo KANDFRRICEKHEL 7

IS

RS

1. CUIBOWEN, KH Y—, E&l &
BN A v b7 =27 IC K 2R T — A4 72 A7 L oREEIRL, AT
HIBE A TER BRI & TF9E 4, 2021 in press.
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453

LG

DT oW %zGHaLd WIE, 72 13 ERER L 72 WIHCIl T T X
Wy, Please sort the following photos from (Easy to read) to (Hard to
read).

Al : Gz d e (A, B, C ,D ) @&xiz<»

Ex Easy (A B C D) Hard

1. AT () AL W»




2. AT () AW
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oA T» () AW
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4. FAHALT™ ) AW
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5. w0, ) BAIKL W
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6. AT () AW
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7. AT () AW
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8. AT () AW
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B

LT OBIRONEZEFE LT L 72, Please write the content of the
following pictures.
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