2022 £ 3 BREPERTE
B IEEL R

it &% 190012
FEAE TrapFaFAIRE

EF LA ITRASYRIHE B
(-2 1

ﬁﬁﬁﬁ Rt a%-3%¢ HF
WK pEAE
THEE BRI fRE PR

it FREY B L




2021 RN

Phantasmapolis

2021 Asian Art Biennial

2021.10.30 — 2022.3.6

AL BRI oA R TR RA - BFRTED L FARAE>AEE P
B- BF o ANBEEIEL - A EORFERG > F I EEH
T2 P AP P BRI e B g 4 AAR B AR SR T B
PE - F @il - AT e m@E-F L FY 2 AURELI ALY
et B AR S0 A - o KRV ARMATE B Y RNER
B~ AR TG PP - B b R SRR Y R T S L

B A BRI A0 BRI AR -



RELZ

2021 SRNBINEFE
Phantasmapolis
2021 Asian Art Biennial

2021.10.30 — 2022.3.6

*PREEEFY AR FAROP A S A ke £ 8 3T

=
F_‘~
IR

o
=}
5

)2}
D35 5 Lol 8 3 17 4p B e
B ATE MERECRES Y SRR SR -

RRB IR TR HT PRE AR



REZ

w2021 NBINEEFE

=" Phantasmapolis
£021 Asian Art Biennial

021.10.30 — 2022.3.6

NN FEMEP R F - P AREBET A - morivand K2k A TR
PP AL EF AT A B A D EARIFEGS D T EP R T ke mLp
©fpd fﬁ‘%iﬁ%% ' F BB aimo JrE M R 2R m?—‘;% » A Bt A 1A
ERIFH R kG n®E ¥ - FHREF ] 2R F - A% LR Ll

I L



Abstract

In the 1920s and 1930s, video recording equipment just started, and the photography equipment
can only take photos or videos of black and white images, but there are still many classic films
recorded. Nowadays, with the advancement of technology, photographic devices have also continued
to advance, and color imaging technology and high-quality imaging technology are constantly being
replaced by better technologies. Therefore, how to transfer the black and white images into color
images is become an important research topic. The purpose of this paper is to convert black-and-
white films into color films. Our method can be divided into two parts: color convert model design
and film continuity optimization. In the color convert model design part, we used the technology of
Generative Adversarial Networks (GANs), and designed five models based on U-Net, and used the
COCO dataset to train the color generation model. In the film continuity optimization part, we first
use the best model among the first five models of fine-tune in the landscape data set. In the process,
we found that the film generated by the model has the problem of color discontinuity. Therefore, we
designed three sets of solutions to solve it, such as use H.264 to re-encode to generate the film, use
the hue value of the average pixel to improve the hue stability of the film, and use the Oriented FAST
and Rotated BRIEF (ORB) method to predict individual frames in the film. The results show that the

color conversion effect of the video is outperforming.

EES

1920 ST 1930 S SRsZacallilEE=r - fsrasts HRefoi R B EGIIR R 262 R
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{EAVERFE S S > INE R MRS B G A MR TS © B LR (2 R R ik
FEGEREREHORX)  EEaE GRS - H a3 ) WRIEE R PrReET e - B
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— HAETE LS ¢ Python 3.7 ~ Jupyter Notebook ~ PyTorch 1.4 ~ Pytorch-Ignite 0.4.2 ~
OpenCV ~ Tensorboard 2.4
e TEERE R -
(—) FREEHES (CPU) : Intel(R) Xeon(R) Gold 5118 CPU @ 2.30GHz
(Z) =CfERE 1 128.0GB
(=) EPEHEEZS (GPU) : 2 {@E Quadro RTX 5000 (GPU :ZfEfS 16 GB)
(PU) 7EZEZ4R ¢ Linux (Ubuntu 18.04)
=~ BERIAE © coco(2017) ~ Kaggle Landscape Pictures
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T =85 — > H264 25 FEHEEEAEST — - ORB FUAIEAE = - HSV fEm tiHizE
& o RAEEERTHE =BT ARG -

— SCRRERET

(—) BRSNS © EREPAEE (GAN > Generative Adversarial Network)
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F—&0 DEREARES - MEFHEE(LE G280 BEER T Rkl kER g E
HE R o FIAWEETEE TG SRS R TS e 2N S A EE R
C il

i N 2 BIR GAN HYJFE4G objective function(FEK AR » LARLIGR - HA 2555
HTRERFEE B R A F | AR E R FIR R 0 DIERIE 2252 - MR A= pkes B A
R R T DA F IR HA R 1 BV R o S 2 0 B REdl A s N B 2 B A ik
&/ AR B EE R AR -

min, max, V(G, D)=E__, | [log(D(x)) |+ Eo b [log(1-D(G(2)))]

& 2 - GAN HY objective function BrE=,

(Z) BEAIEGETE4Y ¢ conditional GAN (c-GAN)EH pix2pix

c-GAN Z$T¥F 40 GAN BEAIFGRFIRE] - (ERAEN SR NMEFTEEE » BHRENGK
T2 MG - HA SR B — /Y GAN B E - TEERIZRBE WAL o B/t b RkEs 2
ARVELE) > f2PfEEaY " condition ;> FTLURSHAIINECE R - MIFEZEHRE R - XA
FRles 2 ST - HnlEs e AR A ke 2 i ERE: - SISRA 2R TE R Rl 5
AEAE -

11 pix2pix /& —7E c-GAN » {HHAE R A SR BLARIER I A > JRIRE] A REs 2
tH o ©FIH L1 Loss 5% Perceptual Loss PARRMIA=pcE: 2 it - (B4 mkE R 8y T RAE
(content) ; B H #EE[&E 7 —%K -

| fake | real

condition

| fake | real
R —

ﬂ Perceptual loss

Generator

& 3 ~ c-GAN & 4 ~ pix2pix
(=) BRI | FEE LR (ResNet, Deep residual network)E2 U-Net
ResNet 1 U-Net Jtb 7% B %8 F 1] ke 4 % (skip-connection)  BkiF 22 13 B[ Eif Aij im FL4H.
it R B B R e A 1% - IEHIIIIE@HE - att—2k - BB R EHEA R AT
HEF o 2 BAH AR S Pk PR A AU B AT s Y SRR o kg R A0 Ry
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P Oo=too-ne » PR BB A 0
Input ) ) Output
B 5 - BhERLEE

7 ResNet 811 U-Net HYZ25E > FoA B RABHPE T AR > B0 ResNet [fi 5 >
HARSE "5 DO T U-Net» HASEZU 3 Ry T ERER G - ISHE - HIREESE
IR T & DR TERb e R R > B EEREE R A S OF -

Add or Concatenation
Skip { { { Skip connection
connection H
ALK Sl
Residual Block -

[& 6 ~ ResNet & 7 ~ U-Net
(U) R HEMEEEER - H.264 RESHEAT
H.264 WIREL ST Ry VORETUAR I3 EAYCL B > o7 Al Rl ] ~ 22 R ~ Mg 4ma5 DR RN B L8R ©
MAHTZEE E P IFRETUER I BRIVER Y © BEEk BITE BWE ST » 43 il BBl Efdist AR %
HSEEM -
1. BWYEfGET © H.204 HYPTEENIEBEA TRE(16x16, 168, 8x16, 8x8, 8x4, 4x8, 4x4) » AJLA
iE R 7 ENE S B AHEFAZS TR MR L B R B RV &R -
FEAh - H.264 $2ft 1/4 GEAEHEEE S - DUEE B FEREREE -
2. ZESFEH  FEEA o E=fE 1 -P-BEMH -
(1) I-=HE (Intra-pictures)
ERFHEL JPEG Hi R AR (DU 25 T N 4wt » BRGNS A 25 A Z 1 > B DA
R PR E B A EREE ~ PR[O] ~ BEREEHDAVKE - DU P-EmEd B-EHHY
SEEM -
(2) P-&H (Predicted pictures)
FIRBE TIN5k -E B P-2E R A AT T Hl(forward prediction)
H2EEH > HEEEEEAETPER R A TEYE - & DA R HAr E

SEEH - B REMR R -
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(3) B-&Z Hi(Bidirectional predictive)
UmASHE O] IS E aiig ety -5 el P-E 1 0 HaE S EGET
ARG TS - AREMURERGEIIIEE -

| |

i {1 BEE BEE PEE
#(n-2) #(n-1) 8(n) n+1)

frame frame frame frame

E 8 - ZESEEH/TEE
() R HEMEE(EES - HSV R 22/
HSV 22k RGB R AE EIfE B A iy —fERIR% » e ~ 8F0E - BY
FEEHAY <
1. BEE - PRI ATRAEEE - PG - 45 -
2. BERIEEQS) : R4E  BisFRorB el > BYRFREOR o #E 0%~100%
3. BHE(V) : R EHEARE - #lEl 0%~100% -
(7S) ORB(Oriented FAST and Rotated BRIEF)
ORB B—TEHFFERAVERDE - A RENIEE RS - H R K AR SR
W EAAEM: - (f ORB EETRHE AT NIER S = T &2 - R ERilER AT
FAST H#{eiigo AT BRIEF Fgidiiatay A RE_EHE 2k o FAST BH SR B HIRE R st i
FEEcRE - A FHPER ECRG DARZ R Ry o o — (B [ERE 7S 228G - SRRV IS (E B
HEERIAN RS 2 YIRS (E R EGE/N - RIIRZERETRE Ry R RS - A B E E AR
FINVFRHEOREZE T A e RIEEME - INER) SIFT HEE - U RS BT
B E R T 828 PR RRHEOR Z E 0k RIE B LAV - $REIRHFERGTS » 52
HETZRESEEEAY T[] > & e RE R ECRh Y A ek A Ry — (& I - IR HHE I E - R
fEURG B LY - B2 LAY 71
BRIEF K FAST #E(WVRHECRGEHA S AR & - BRI E2EaE 1
10 VR EIAE - S 2 > BHERTHERL S R Eur S5k - R Ea &2 128~512 fi
FARTER o BB IL A A DU 5y i T iE Se R EoRh AR 17 UEHC -
I SRHET > B R B R R
(—) FIGREE 7 ERhEE ¢
ARG A S T HIATED 7 2 i PR A Sl % > FRMEEELL COCO &Rt - Z N
Ryt 7 VEERS | B WENRFRY R E R 2 A2 o 28 COCO MRRIENHEE
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THEAE 5 55  LLAREA R EEAT ImageNet » &/ HP Y B — YIRS AV LL G )N >
BOE & R EEE - SISt COCO BA MEER - e T i@E B HER © HI&76L
slllREE 118060 SRl - BRag e 4990 sRlE 7 - Mslie 40040 SRIE S - MR mEE T AE St ¥
TYEEE R AR - FREEHE T Kagele BURERIE - BFEr— BB HR OB S - dkF
HA3 By 3337 ~ 417 ~ 418 ={EER 43 -
(O BrtmH

HAIEA PyTorch phUBEMEERIEEES > (CE R FrErR AR R & - #E7E
BHEE © STESEIIGRERL > JoRiE SRR E AN - MR EE TR K VBl - BEtm e
fiedd ~ BEtR IR (G2 ~ WL - BA&iRHE R AR B - 1~1 Zf > e ER G E R
B tER -

class Data(Dataset):
def __dinit_ (self, filelist, mode, size):
super{}.__init_ ()

self.  pray = Grayscale(3)

zelf.__toTensor = ToTensor()

self.  norm = Hormalize({®.5, ©.5, 8.5), (8.5, 8.5, 8.5))

if mode == "train':

self.transform = Compose([

Resize(size),
Colorlitter({brightness=8.15, contrast=8.15),
RandomHorizontalFlip(),

RandomRotation(15),
1)
else:
self.transform = Compose([
Resize(size),
1)

def _ len_ {(self):
return self.length
def _ getitem_ (self, idx):
rgb = Image.open(self.filelist[idx]).convert( "RGE")
rgb = self.transform{rgb)
bw = self.__ gray(rgb)
return {
‘rgh': self._ norm{self._toTensor{rgb))},
"bw': self.  norm{self.__toTensor{bw))

9~ BkEEERE
=~  EEGEREHEERIER
(—) HAERE
1. PREIRGES : AHTICREIL T VORI E (F R WIS AR U-Net E{F baseline
TARE S IR AH A - FIREs & AR - AEAWTFE R RIE A - eEe A

ED%r ElpIES:
$HRgH - Encoder : 16x %i/]\ 4 SR A




basic U-Net Decoder * 16x UK PatchGAN
(baseline)

Hhpal RN S | [FE
Residual Network PR MEAH (H ¥ AZH)
(RUNet)

Hhpal RHERI AR SE | [F R
Feature-based Network | f2H AV EBEREUEE

(FUNet) (¥ IRZH)

Hhpal A EE A OHE | [F L
Enhanced feature-based | %Y

Network

(EFUNet)

Hhpal N —EREEE | FE
Enhanced feature-based

Network(large)

(EFUNet-plus)

2. EREIRAYEEAE ¢
(1) EAEE
TE 10 BAAEAAER - HAREHUEE g - BatchNormalization J&
LeakyReL.U activation function ~ Ei—J& Dropout & °
class BasicBlock(nn.Module):
def init (
self,

super{BasicBlock, self). init_ ()
... # making layers

def forward(self, x: torch.Tensor) -> torch.Tensor:
# simple feed forward

out = self.activ(self.norml(self.convi(x)))
out = self.activ(self.norm2(self.conv2(out)))
out = self.activ(self.norm3(self.conv3(out)))

if self.dropout is not None:
self.dropout(out)
self.output_ conv{out)

out

out
return out



10 ~ BAELHEAE
) BEEE
Fo T BRI S HE —2 > HRBERTE KRB - (EIABERE -
s A Bl L P2

class ResidualBasicBlock{nn.Module):
def init (
self,

super(ResidualBasicBlock, self). init ()

. # making layers

def forward(self, x: torch.Tensor) -> torch.Tensor:
out = self.activ(self.norml(self.convl(x)))
out = self.norm2(self.conv2(out))
if self.stride > 1:
x = self.avg pool(x)

# skip connection
out = self.norm3(self.conv3(torch.cat([x, out], dim=1)))
if self.dropout is not None:

out = self.dropout(out)
out = self.output conv(out)
out = self.output norm(out)

out = self.activ(out)
return out

B 11 - B=tdEE=NE

3) FEIRREE

ARG TR A RS 55— B B S B AH R A K/ N8 R/ AY R
SHEAELH NG R - E B (F AR B R R E R AB(ERE RS2
it o [BIRMTEE RN E AR AR 2 E IR - NEtEET Tt TR
AU, 154l - AHAHAY SIS 2 PR PRV RS - LA AE R S e i HH AV R
Sefred DUREUH R > BRIRHE A AT A G EIREA > RS 2R (EE Y
PrREFEVE ) (RFEDZ1% > BREMEDHE - R A Ix1 AR - Lt —
oK HEAHAY B e RS STy T Pk R | R A - FI A
el > M7 S Ae R AN R RE R EN A [y -t RE PR BB AR L YR
R -



def merge(self, x: torch.Tensor, layers: nn.Modulelist, bottle: nn.Module):
outs = []
for 1 in layers:
x = 1(x)
outs.append(x) # obtain the output of each module
out = torch.cat(outs, dim=1) # concatenate the output
out = bottle(out) # bottleneck
return out

[ 12 ~ R R E

| by | Convolution

Concatenatlon

Al

A Single A Single
Block Block

[ 13 ~ KRR S
3. REBZ ARG -
(1) &pk2E : baseline(BiR4H)

AHKEIY Fo i RS - 0 B N 14 72280 & encoder 452F#( %y decodere
WAENE XA 4 [g4htE  B— a8 EHEE scale(GREX/INHIEARELH < &
[ F i ARHERUES > SR EE S 0 2R ﬁﬁ{ﬁ%@ﬁlﬁ EEWEA S 8 EEA
TELHAYE » 55 0o IS A U-Net » & encoder #HHEE/IN 16 fEZHIEH ElRT]
$efg < wmit - A decoder » IR BZ@@@HJ/\IH KAN—ERHIRE - iR Has
FREASE —ER (8 (ERAMAN) & o 4638 Merge block(t /g —({ERAMAN) % > 7
2L tanh BB 1S EIEFALER - ﬁﬁt*ﬁﬁux B BHVEABLHEE AR E 775
encoder : (8, 4,2, 1) > decoder : (1,2, 4, 8) » #NILE&ETHYIRRIEREEE H AN/
BRI - AISEERE KEN > RIILAERIZRE L ER N 2Eav8GT
{ERLEEB (scale B/ N JEHAH BE /D -
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8 basic blocks 8 basic blocks

H 14 - baseline ZEHEH]
(2) ZH#3 : RUNet(EER4H)

AREAIEA baseline MHZEAE T FTA AL U2 - HarH[E -
(3) 4ERKES : FUNet (EE24H)

AT B baseline HHZ AT A RHEAH BEAH > RAAIESE feed forward 25 J754
IIAFBEREUSH - HarfEE -
(4) ZEpK28 : EFUNet(BER4H)5 EFUNet-plus(BEER4H)

Il fy%E & RUNet B FUNet - FI S ZERE4H R R EUARSERE - TR EY
REGH By g — g A B AR A A TR =K

BB T AT Y R E 7y DA R - — ~ Sl ch 518 g
FEH 5 — ~ 5 U-Net HY encoder &% Jecf& RV H AL N 4E/N % > decoder 1 /2HHE

S8 o QNIbAT S NIARIEREY > DIEARS ARk R iV E B -

(5) B8 : PatchGANZHIEXN)

AR BBl S U B AE A B CHI R IER) - 8 7 i AR S aiE— g &
TR R R AR o(E F IIRARIS R E S IIE] 8 » P& EIU g1l - 1
TF—lEhnEEE BN 8 1F LIKFPIELL 2 58, 16, 32, 64, 128) - [M[EJIHK
N ERER 2 1% & 1x] HYGTRE IR E R A BN 1 - AR AL
JER—EEE - T2 —(ESEEIE 7 FVAEFE « 275 pix2pix & L PatchGAN HYESR
Y IS TRE DB R V&I R AT E ~ B0 R AR » IR AR
—EEF > AR RERE A PR EEEETSEBE(L - SRS INE
{EERS » B Rl ASRZH RyRF E /IR R » R4 B B S TR a2 A
2 F[E 7 R NAYRRA] -
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FEED FORWARD

RESIDUAL BLOCKS

& 15 ~ PatchGAN Jf2E

class PatchCritic(nn.Module):
def __dnit_ (
self,
super({PatchCritic, self).__init_ ()
self.block = nn.Sequential(
nn.Conv2d(&, inplane_base, 3, stride=2, padding=1},
norm_layer({inplane_base),

self.activ(),
)
self.layerl = layer_block{inplane_base, layer_depth[8], norm_layer,
activation_function, dropout_rate)
self.downl = nn.5eguential(
nn.Conv2d(inplane_base, inplane_base*2?, 5, stride=2, padding=2},
norm_layer(inplane_base*2),
self.activ(),
)

. making 3 other layers
self.squeeze = convlxl(inplane_base®*16, out_inplanes)

[ 16 ~ PatchGAN FE=H]
(=) HEALEISR
1. BlgmAE - Seff COCO &Rt EEaISRLr T A% - BEE (I E 5 FeiEatAdak
0 NMBREEERERVIEAY - W RS E R4 -
2. @A ¢ A c-GAN BYFNISR T =ET %R AR ploas DA H llEs -
(1) AR08
a) FHREAE R ALK SEFEREER -
b) FrEALE R DU R A E R S A s -
o) FIFHI B 25T E H 5T B4 5 251 Adversarial loss(Binary Cross Entropy 1oss)
BIETE LR R BIEEE R 89 Content loss(ABFFE{HEA L1 loss) ©
d) 7 Content loss Z€LA lambda fIlI_E Adversarial loss ©
e) /e N -
Hrp et RARAERVE > 7T TR 17 - o3 Bypi-FEl Adversarial loss & 5 HIHl

12



SRAVEIPTIE S LR 1% 30 Content loss » 1F HEFR A FIAYE L1 loss °
L(G)==E, [log(D(G(x N ]+ 4-E,  [Iy-Gxoll ]

& 17 ~ A RRERHVRA S
(2) HlnI23E95I19%
EAE I es#E TH)I%E - —HFEF Binary Cross Entropy loss » {H H #5284
AERERTER -
3. ISRAVE S B FAREIAET -
(1) 3%k COCO &kl

{E{b25 (optimizer) Ry Adam {B{beg - E2E AR 0.0002
[ 7 R0 128*128
LK\ (batch size) 16
ERHEAY IR E (epoch) 25
Content loss HY lambda 100

(2) FlskEzERSE
{E{b25 (optimizer) & Ry Adam {B{beg - E2E A 0.0001
[ 7 R0 128*128
HEZK /N (batch size) 16
ERHEEAY IR B (epoch) 200
Content loss #Y lambda 50

() BEHAISHE(E )
Rl SHE
baseline 14720640
RUNet 15695648
FUNet 15007360
EFUNet 15982368
EFUNet-plus 49555232

Eh A EENMNE

BPIISR T =R ARG R A EE A -
(—) H264 25 B R EBIETRH]

FHIPREAL AR B 1 BRI TORING R — 8 & - EE a3 - FLR it -
HAPTRE (S FH Sl - NHA —(ERE /2 EEm LU EMNST - & (EHEARE R
HAHHELTOUGER - TTEZZIMERCR - 5N IRV R A G BRIV
MAE » FAFIEH ffmpeg ZEE -

13



BRARYEH]  f5E L DT N BHEEAS AV 0% - ERFER R BREE R/NE
rE K FEREFRAIE " Preset | ZRFAIZEZEE o Preset X ELEFI A Reference frames 255
SHELTEREHIIEL 77 © Reference frames L E—5RE R AERFIFT2E 0 R 88 - G451
P frames o {EARAVENE » T EEE T SUEGRNG 2R I F PR3 51 F Placebo » Veryslow
Slower * Slow * Medium > Fast » Faster > Veryfast DAz Ultrafast(_- #4455 ffmpeg [RA U5
JE) °

R 24 FE Reference frames B-frames
Placebo 16 K 16 5
Veryslow 16 i 8 115
Slower 8 15 3 15
Slow 51 3 5
Medium 3 1E 31
Fast 2 15 3 5
Faster 215 31
Veryfast 1 18 31
Ultrafast 115 0 15

(=) HSV IR e
WA ESGREEFEE LA - BEAAERAR R L Z8EE R A SRR TS
% - NIbA GGt HUEEVAI R R TSR - e N RIS EG R @ik
TRRERROA - St DU =MEEDE - DL T GG - (DU AR RIS
s EFUNet-plus FT4=% > HUFT 10000/30000 ME1E Rydifsl] - A 27/71 BRids)
1. ESEHTE
(1) @EHETTEDER
a) 2R TEIRIEEY RGB BEREETHBHGERHE - HIRURR » 55
Rn ~ Gn ~ Bn =453 7103 RGB =J&26 n fHEAZE ntl MAAVERZRER
{8 » (BL R 7Rd)

r — r
n+ 1 n
Rn =
h-d
b) FFRTTE N %2R = R EM B EFFE Rdn ~ Gdn ~ Bdn © (DA R 7RE)
Rdn = R n+1 - R n

o) RF=FPITAENIEFREL 3 FEARSE - 55 Dn -

14



Rd 2+ Gd ?+ Bd ?
n n n
3

d) ¥ Dn ¥ n(MEE)(EE -

04 04

03 03

202 © 02

01 01

00 0.0

o 2000 4000 6000 8000 10000 0 5000 10000 15000 20000 25000 30000
frames frames

& 18 ~ 10000 & 19 ~ 30000 i

o A] DLSEIR A 25 fin = ek o RIEFMEH R S B T > P RETAE
8 = B I RS IR FRAT TR A 0.125 IR B L B A TS 2GR - e
T 25 RS {H/D T = (EEEES > (LA AT 200 BEERAVERE SR SCT M AE 0 BEIRIR
MEAR EERIIE A (30000 fE5- & 19) AHETHE - SR T 68 REES
DT =8 R =(E o R EEEA RS HaT = (EEE o R E
EalE A -
(2) Cosine Similarity J53755 5%
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r -r
n n+ 1
R —_ — p—
n -
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2. HSV HoefiiA

BRI R AVES TR - TMIBam 2 R T OE A I ERE - RTREHY
AR R AR AR R ELRfEl A B RGB #8URy HSV 2o - [N H]
LIEREE A fyEdateie H Bt stE B eAoE e - T—PuEEH HE
P B E R RIS R T H VY - R AR THEITZ L ERE(E
BHoHEXR > G FENEKR BRI EFHECE A GRS
PR RSN IE RS - 41 N 22 -

Fo T EERIERETRE - R R PIREPRA RIS - A% H EHFH#ETIR
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(1) ZEE e Ay L HUA TR EE Fy—%1] window » LN window A/INEERA 10
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B 23 ~ window ~EE
(2) # HAEMN E‘B’JBE%M‘ F n BREMERA > #5— window H Y EATIERT .0,
IR HAEARK < & HEZEAR n o SRS - 2 ALEERAERY H (E#
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A 22 HOBR BN IR AR E
(3) HIEAIE window A/NEL n B2 7 A REHYBEEY -
(=) ORB TEHI{&E AiE
1. HWEERRE
E1E ORB il » A EFE AR R RE F F AR DL B R B
J71A] o AEBEPERT - AT EEEAAY R R T AETES o IR EGTER
SR R R E TR0 - SR Ms E AR R T ICSEC R - DATC
FCFF RGO 2 VAR PR R Tt » R i s BB AV RS E0R - DU B Rl
VRS E0RE © Atk T S LR UCHE Ho 28R Se R EcR » DUREREAR B L A% 1Y 7
] EAEE > FRPERERK -
2. HEEME
() Sff—EEEEHE R Fay—iE - ZERFIERIVER Y o FIH EACEEE
CH W e R K 7 1) PR R P R R R R S - ﬁf%ﬁfﬁﬁéﬁiﬂu{éﬁ
e - DA Rk R e R AR T R R E SR - SRR
HIER 530 BT E SR E R TR Y - FHLZIEEERTR E R IE S E
bt - ISR 5 T IOREEE - FEOAEZE -

RS RS Bk B
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& 24 ~ ORB FHNERIMEEERA
() NETERIEHSS A » 2R A EEEU AN EEENME - 725k
R FAFTE D R IE PR T E R SRR - FRAPTREEL TRy
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() FEMprEEECE CRRE R KRR REoe IHE R - e R
MAEERER AR R - AP T - RfIES T EREERN T
TTERIBIVELF -

{h ~ BHFEER
FIFH COCO Rtk 2 & 103 ki

SRR AR il A BEER(128px » COCO MlEEE 2B FH)
bw  baseline RUNet FUNet EFUNet EFUNet-plus rgb
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25 ~ BRI RRE F ELE

DL EFAM2EE Y, COCO JANEEE Fr AR By s 2 A AR gl 2 [ - 2 TEEER - | i T
w21 BAEMmAGTH AR EE S - baseline ~ RUNet ~ FUNet ~ EFUNet ~ EFUNet-plus FIt
HRE R - SRR EER -

H F R S A AR B E R T DASEER R = SN K - B il i e
BREHLIER - Bt WU eEEA S ERGRETIRET - IS E N E%
SR EYIRG - S A S A EMEFDIIHEE - S RER - BN B0 B HRE
F o HEREGRER Y - BIH - DUIRKIGHVEAE » IR R RN R R EYRE (05
SO ARFLE S TEEA 2 AR » AU AR BRI AR EE RO 0 OB & - HZK > T AR
BISA BOIR T TERET -

FEAE R E F VSRS TS 0 F(M583R EFUNet B2 EFUNet-plus A=pX A& DL AL
Him o FIRE =B B B BRER AN EEKER 2GEEIEERE R
R R R FT VR TRz TR T 'Y, FYREG R FeEE A
& o M AAREZL A plE /- FRAMIEEIR baseline YA sV IE | 75— (18 A R RE R B A ]
FEEE >k "EHEES B S RE T Bt ERER - HARNER TR
EVREEEER T TES ) A IEFEEG - bk 2 B RFEE M o EFRoR TR
HIARERIE » BREOTHEY B a2 -

DL ESy#r & R NIRRT - st amEh oo & AR/ S fa i e B ot -

FIFAESRERHE fine-tune 4557
(—) BEEUEERE © FL(EE45E EFUNet-plus fy i R AAET TSR BRI fine-tune » 7] FLET R
o A A e 7 eI Ah 45 SR AV ELES -

() HERVARE R BoR(128px > BERABEZER)

I EE I R
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P SRR
e e
Beantf =

& 26 ~ $E fine-tune &é}ﬁﬂ’]

_EE %y EFUNet-plus I E S ERHEARIEE £ RV E F o - 7] 5 E R sk
RN BT ST A ESRAEKEGEES - HLIAIRE - £l ER oS 88T
A COCO ERMEEN k(R ATmevaE SRR &R o MRS FR tE & A 7Z=E - (H3
MR R AR O R B - AN TESE R AR EEECABLELE COCO &
RHEFISRIIEE A BT -

- R R LEREERN T HE )
https://drive.google.com/drive/u/0/folders/1 P6zemLtmofu_LL057b3to7I14BODREwrdM

2 am L LR BAFEER
(—) HBRERALZEHE ¢ RS R A plE A
{1l A E
(1) FID = S GAN ApklE R B A 57A - B A TR AR E 5 R
A R EE B R oA e pRE F A2 225 o BN o
(2) MSE : #rilE 7 ZRAEARE - R EEE R B4 RRE R BRIG5> FrEAE
RN o N -
(3) PSNR * (Ll MSE HHERE - H2% 17— (= A ERY R ARBEAELE - @5

dB - HUKHAF -
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(4) SSIM * FH5EfE ~ HEEEE ~ RASTRAHIURERERL - R SR G e - BUEIATIR-1~1
Z[E] o BRI -
AT EER(COCO BRHETISREER - 128px B A 4K > BUREL R EN)

3ll%R 5 FID MSE PSNR SSIM
baseline 18.716 0.00696 28.265 0.888
RUNet 16.141 0.00677 29.020 0.901
FUNet 16.373 0.00690 27.962 0.889
EFUNet 15.173 0.00573 32.616 0.912
EFUNet-plus 14.844 0.00590 31.135 0.912
e FID MSE PSNR SSIM
baseline 26.285 0.00696 28.285 0.889
RUNet 23.661 0.00679 29.035 0.902
FUNet 23.959 0.00695 27.965 0.889
EFUNet 22.604 0.00580 32.596 0911
EFUNet-plus 22.008 0.00593 31.145 0.912
HlEAEE FID MSE PSNR SSIM
baseline 19.012 0.00698 28.305 0.888
RUNet 16.465 0.00678 29.033 0.901
FUNet 16.663 0.00694 28.002 0.889
EFUNet 15.404 0.00578 32.618 0.912
EFUNet-plus 15.165 0.00593 31.166 0.912

A BRIy ROETTRRE - ATLURAN TR ) B TRF AR AR | B R
RIS 22 > et -

LL RUNet £ baseline #E1TEEEL » Hb MBI FAER B84 ) (VAR > fEEET
AIVEH - IIARZERHR - ZIERE AT - BLFID KE » (ARE R ARG EEE
$eTt > M AL ER = (ETEARAY r BOKE - AT LAHE(SE 5 (2R R AR R 2 BB R - [RAE
NERERREY - LA R - I AR RE A ROt A P 2B A RE Y (B RE DA s
RUAE plE | YRS

M7 2A FUNet B baseline #ETTEL®E » AR SR AL T RHEFEHURAE | HYAHE > "L
EHILBAHETY FID Al - HIEEEE RUNet $472 » HEEARK  HEEM =
FUNet FH 8 baseline 751 % - BURTEMIALLHBAEE - HikE R TEFEE | I¢F8E
fEft - e e R R NN N A H SR A R B AR T2 I FREAAE
REEAM) - MEIAREAR S A - N4 pRE A AYEEEE RUNet 822 - [HE

HEEEFY FID ARTEGE - AP R IR e S SRRl & - A eSS RIIRL » 1f
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FefM EFUNet B2 al ety -

7€ ¥ AIFEH » EFUNet 82 EFUNet-plus SREUVHE HANBEAIER T EET20 - DIREIMEIE
S ¥ E Y RUNet » FUNet ~ EFUNet =@ AL TELEE » 7] DU 21 BE 4 5 FH 78 225 4H (RUNet)
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FERY - BIMERERI A NG AR - (E 53 BAl ] DI - Rt > SRR AR R
FEHUEAH S R R R RILVEFE RO A A DU R - EREA LU T WIET R - Eok
FIF Tig7emsia | DIERPERIFHIRRE M - R ERRN A R ER s | #—
F S R EES - MAARECEEREER "REM  TMreER "THRE o E
MSE ~ PSNR ~ SSIM - (i[GBI AR RS - FEr M sH Al - DA AR Ry

THERE > EEE FID - @1k —2K » {8 EFUNet BEEbAT = E A - HEEE T -
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PSNR 2 > EFUNet filiE<E 5 EFUNet-large » {H FID ANMIGFAEE o B HEsmEL B AR
EFUNet-large A S B 5 % - HASRIRE 2 5 B AG ARy LB el B A A il 7 - R - ¥
AERCETHERS S » ARkER EEEHEE 2 B o {5 AL e B T RE(E AV
RUSSHRATRIE » (A RlE 7 PTRE B E (AT AL Ie45 SR E 25) - EEUHA RIS IEE
AT BRSO R T NA ) IRFFEIEE -

FRIBLLEHT - FofMis 8255 T EFUNet-large &= {F fine-tune EhorAVAERY » [HIA
ER BT AMIEE By iR H: MSE ~ PSNR EE EFUNet 7 - {(HAHZEME /)N - BN BB
= » FID FREFRIIAE K EH 2 5% » 1 EFUNet-large #9 FID kb EFUNet 381K » gtk
RRE R R EE o SER M R% DL EFUNet-large #E7TEUSERIEE > fine-tune °
TR (R R BRI EETISR&ER - 128px B R 4K » EFUNet-large)

Bl FID MSE PSNR SSIM
EFUNet-plus 11.262 0.00576 30.835 0.898
S FID MSE PSNR SSIM
EFUNet-plus 37.960 0.00823 30.449 0.890
e FID MSE PSNR SSIM
EFUNet-plus 35.458 0.00820 30.421 0.889

PLEZAFF EFUNet-large 7 fine-tune HY455R » {E(FH4RTEIZ(MSE ~ PSNR ~ SSIM) 73 %4
FE o LEEARH COCO BERMENSRATE HAVSERAEME T —2 > EaDELUTE 27 2Kfi#
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F_EE IR R E AT AR R 8 7 BEE R hn - EEEEE - HEE TN
B EEAK > WEEHEZR L Loss 220 LA > (N E R BB ARFEE - KmE A
TEHEE 2 -
(O) HEEEMERE A2 R
1. EHEMEHMEITASGET ¢ FMTVERIR AT S 7 AV P H 8y BUE AR EHE
E R NHEEEN =ZE AR - DUT R RSP -
() AT ZESADNT7E » K2/ #Y O~n+1 THEE 1~n+2 ML, > (54
Cosine Similarity B i EAHIE -
() BLLERSHEY (0, 0) A/NEYZEREE ¢ @) 0 3T FERSE -
(3) IR —EEE - KRR RE R AHEDEREE - BE -1~ 2/
FR RS -
BHE{ER R WEER - RO A RSB T AR R B T
FERG » O] AR By BT AR AR E & - RIERPTR EE BEEHE R E 7
AR G HL -
2. BHEFZH S5 Visual Multimethod Assessment Fusion (VMAF)
AR BB 2 AT s/ W B R EnR T8 IR AR R4E
& EE R mEHE B R anE aHEAVFZ S0 Visual Multimethod Assessment
Fusion » i VMAF - VMAF 28RS - R TAE 0~100 AYEEAETHY -
HEBUEAR AR S A T E B e E By B L es S AN T
ARG © —(E52 7 AR LHRR S ARG R - B— S HES » It
BAE R S STEAAISE N E - EERESSRNIE R o] DR S (E A
RIETEHVEE R - S B RS 8 - BN EEETEIE - & Hm{ER
LM  o#rs - His CAEOEES > MEEMEAU) -
3. PHEEER
() H264 SEEBMEEEMGET : R ALK ERYE AU EE R ILEL > 7®
ERATAEF AWTE T ERE G L 57 5370 Ry VMAF  DUR A B M 57 8 -
Fo e B F A 0] DASEIEHEFERERY VMAF S8R Bl R Y22 FE AR
(B/NY 2.5) » #mjEss » BEUTA A & BB S 1 IR » fE&EAR
BT B T USRI AR 2R B v s » S BRYE RS Ky I(Veryfast)
A B A5 HHEE > 43808y 0.00070223 » M ELHFRY VMAF 478505y 84.983295
S 28 o FAME SR By Placebo & B BAFHYEER - IR B reference frames
% 0 2RI > BRI ARE Veryfast > FMTHEERER B Placebo 2% K%
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FE S © K22 > Veryfast 1Y reference frames KA 27 =iH - ALl EhiiE =
Fath 2 A DEIREZ F2 8 - 2 R Ulrafast B98N - 38
B HEsm - R Ultrafast fY reference frames H7AE 1 - {KIEES » BEWE
K EH HAESE R —IHAVEE - MERESE » NAUE—REPEE R
Fr BISEER 2 T-frames » BL2FERAERMIE R -
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B 29 ~ HSV H'8y H & ¢ HWERVEER@RR T BUEEIR n )

n (AR R 778 - 0.984269) n
(LL_EAYE2 R 2 FBE EFUNet-plus T2 B HH Y 3000 52 H 1 THem BB EFE MR © )T
B 20 T LAZEEE > & n (ERHOEF - SRR EGE IS UE R - AE window size FYH]
5y BEEERALSHE RAKRNZER » HNE ST A4 R R _EAIRRA] - A& L 8 DA
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5 10 15 20 25 30 35 40 45 50 55 60 65

10 0.98656 0.986623 0.986684 0.986813 0.986906 0.987 0.987195 0.987397 0.987564 0987786 0.988053 0.988365 0.9887
20 0.986536 0.986588 0.986599 0.986681 0.986811 0.986939 0.98708 0.987334 0987517 0.987725 0.988 0.988332 0.988681
30 0.986553 0.986546 0.986594 0.986687 0.986778 0.986892 0.987026 0.987264 0.987446 0.987709 0.987949 0.988303 0.988661
40 0.986527 0.986537 0.986579 0986689 0.986715 0.98683 0.98698 0.987209 0.987402 0.987622 0.987883 0.988217 0.988569
50 0.986524 0986538 0.986587 0.986651 0.986731 0.986794 0.986942 0.987174 0.987333 0.987536 0.987793 0.988123 0.988487
60 0.986496 0986571 0.986598 0986626 0.986675 0.986753 0.986926 0.987131 0.98729 0.987455 0.987752 0.988074 0.988393

30 ~ HSV sl BsE R
(3)ORB TEHI{E A
DT85y B2 A EFUNet-plus 454 ORB TEHIE BIEHY )7 3£ 1% PR B HLEY 3000 g
SR o BT ISR L A SGE e NG A RN T s E I E vIHE
a0 O DASEEREEIRE R S AISEAAE -

ORB J7%

BN 0.0015172

(H.264 ~ ORB i HSV #Wyat R =UVEM & 25 R » {2 ORB BUAMA#E A R EEHIE M -
AR R oy Bt - BEGHERMEE RIS < ) T H.264 J77ER 38U T HARIE 74—
B MR FE 2 A EAN  REMEE R AHEMERS - BIRY 7 &ZHVRHE - 11 ORB
Tk N EEES T HSV 5k BRI TRFMESE T HSV 5% o TSR & (# 5 AE0E HyE G - it
BT aE - MRERE R R R AIEEREE H264 J70%  WRFERENSIEE
KA A AIEERE HSV 030k S A IFHEIRS] - RIZEE ORB 7774

H.264 J57£ HSV FHi% ORB H%
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LA M T 0.00070223 0.00443085 0.0015172
VMAF 778} 84.983295 fE i

oyt B ERAE R AT UG AT HSV J77AMH%E ORB J77AR K H.264 J7AHEERAIRSHE
SEEEATRR -
- REKEE
(—) ER ERALRE
A FEE (% L EFUNet-plus fR8 By i (EAEAY - i 2Py B2 m] DAES Y AR » SRARMLL
MU - — ~ PRETREFREs R o MR SUEA RS = PRSI TARAE E
R ERACHRE - tEIEE VIR B = - BT S AL R BUSIIER 0 U ~ i
ARG p A 288 S At A2 BT = AYBAST L > 4T Super-Resolution FYBFZE
(Z) H.264 SRS RA
ATFERY H.264 RS EUAREIN AT DU Nz | AN N - (B EEE g EE Y
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(Z) HSV S RA
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AW FEHIATER 77 Ryl 7 B LA B RS B T - FRAFTEEE T W4 - o AllE
V7= e gH BRH R U AH SRS baseline BEAVAET TS « FAFISEFIH T COCO BRMEESSRE
RIDGH—E @A AVER LGSR - MBI TERER KR o B8 & T EI0HE F R
4H(EFUNev)Rf » BAIBGREE NIRRT - N E & MSE EH45E F - 70 Bl s 2R 4R 5
&7 EEEHY FID f55 » MRS AR » T IR R R R AR LA RE LT
ZRESHFEIH N R EORENVREE - RILENE R BEEATE - BIMIARH IR
& » BEARESH I S HAHE HUETTRES - A AH B e R SRR 5HEE -
DAL » $AFIEef% 884 T EFUNet-plus ‘& {FRITE 7> < S EHAH » 7 DURSR BRI 4R DLUE E
AL G Z AR -

SrtfrselE R B EER R > BRI ORB ~ HSV PUK H.264 4RiSHifoskfig s
NG - B WA EREHETIERZHES - v DUE TS MR a0 - DURF2
UIE Ry 7 B R B @i N & MY 70k - BEE IR AR HSV LUK ORB FECHIE B/l
AREFE s 7 AN EREENE - T H.264 RIR RS v LR T o B IR A pi e Es A 1Y 757 A 2K
TR AR - BRI A S n AR R BN A

AT T2 ER KR O R R b I E RS - mE RMTA SO E R J77A
WA S AR IEFZR HAE -
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[14] PyTorch 'E44 : https:/pytorch.org
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