KHOA HOC & CONG NGHE

CAI THIEN PO SIEU PHAN GIAI ANH, SO DUNG GAN KET HOP VGG19

VA RESNET

IMPROVING SUPER-RESOLUTION OF IMAGE USING GAN COMBINE VGG19

Tom tat:

Tw khoa:
Abstract:

Keywords:

AND RESNET
Lwong Thi Thao Hiéu
Khoa Céng nghé théng tin, Truong Pai hoc Kinh té - Ky thudt Cong nghiép
Dén Toa soan ngay 20/4/2025, chap nhan ding ngay 19/5/2025

Trong bai bao nay trinh bay phwong phap cai thién dé phan giadi hinh anh st dung mé
hinh GAN cai tién. M6 hinh cai tién dwoc dé xuét bang cach két hop VGG19 vao mang
phan biét (Discriminator - D) dé tang kha nang trich xuat d&c trung va s dung ResNet
trong mang sinh (Generator - G) nhdm gidm thiéu sw thay ddi dot ngét trong qua trinh
huén luyén, giip mé hinh én dinh, ddng thdi cai thién kha nang tai tao anh chi tiét. Nhirng
thay déi nay giup mé hinh dé xuét cé kha ndng khdi phuc hinh anh chinh xac tw nhién,
giam hién twong mé va bién dang thuéong thay trong cac phwong phap truéc day. Két qua
thwe nghiém cho thay mé hinh dé xuéat hoc én dinh, hinh anh dwoc tao ra cé chét lwong
vuot tréi so véi md hinh GAN gbc.

Mang sinh déi khang, mé hinh GAN, thi giac may tinh, VGG19, RestNet.

This paper presents a method to enhance image resolution using an improved GAN
model. The proposed improvement involves integrating VGG19 into the Discriminator (D)
to increase feature extraction capabilities, and employing ResNet in the Generator (G) to
minimize changes during training, thereby enabling faster and more stable convergence
while improving the model’s ability to reconstruct detailed images. These improvements
enable improved model to restore image more accurately and naturally, while reducing the
blurring and distortion commonly seen in previous methods. Experimental results show
that the proposed model not only improves image resolution but also produces images
with superior quality compared to previous method.

Generative Adversarial Networks, Computer Vision, VGG19, RestNet.

1. GIOI THIEU

Mang d6i khang sinh (Generative Adversarial
Network-GAN) la mang noron nhan tao dugc
gi61 thiéu vao nam 2014 boi Ian GoodFellow.
M6 hinh GAN gbém hai mang noron db6i
khang: Mang sinh (Generator - G): Tao ra
mau gia dva trén phan phdi dit liéu va mang
phan biét (Discriminator - D): Phan biét gitta
dir liéu thyc tir tp huan luyén va dir lidu gia
do G tao ra [1]. Do thanh cong ciia md hinh,
s6 luong nghién ciru lién quan dén GAN ting
theo cp s6 nhan. Nhiing nghién ciru nay tap

trung vao cac khia canh khac nhau, tir tdi uu
hoéa qua trinh huan luyén [2] dén ap dung
GAN vao cac linh vuc nhu: tai tao ngon ngfr,
tai tao hinh anh, video [3].

Nhiing m6 hinh mang noron sau nhu ResNet
[4] va VGG19[5] da chirng minh hi¢u qua cao
trong xur 1y hinh 4nh. ResNet gilip cdi thién
qué trinh huan luyén nho co ché residual
learning, trong khi VGG19 voéi kién trac sau
6 thé trich xuét dac trung hiéu qua. Do do,
két hop GAN véi ResNet va VGG19 gitip cai
thién chat luong hinh anh téng hop.
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Trong bai bao nay, chiing t6i dé xuat mot cach
tiép can moi nham cai thién hiéu suit cua
GAN bang cach két hop ResNet vao kién trac
cua mang sinh (G) va VGG19 vao mang phan
biét (D). Két qua thuc nghiém cho thidy mé
hinh dé xuit hoc 6n dinh va mang lai chét
luong hinh anh tbt.

2. CAC NGHIEN CU’U LIEN QUAN

Trong nhitng nim gan day nhiéu nghién ctru
tap trung giai quyét cac vin dé bat 6n ma
GAN gip phai [6]. Két qua cho thidy mot sb
nghién ctru méi ¢d ging kiém soat qua trinh
huin luyén GAN bang cach tinh chinh siéu
tham s6. Nghién ctu [7] tdp trung vao viéc
phan tich cic m6 hinh GAN tién tién va danh
gia hiéu sudt. Mot sd nghién ctru khac tap
trung vao nghién ctru kién tric cta cic mod
hinh GAN, 4p dung trong thi gidc may tinh
[8]. Clng Vi su bung nd ciia cac mé hinh hoc
sdu, cac nghién ciru két hop mo hinh noron
sau vao GAN giai quyét cac van dé gap phai
trong qua trinh huin luyén GAN dé cai thién
chat lwong hinh anh thu hat nhiéu nghién ctru
dién hinh trong [9] xdy dung m6 hinh hoc sau
lai dya trén két hop GAN va RestNet50 gitip
cai thién d chinh xac trong phat hién khuon
mat gia mao, mo hinh dat hi€u qua cao trén bo
dir liéu mau tuy nhién néu dir liéu khong da
dang thi moé hinh khong hoat dong t6t. Trong
nghién ctru [10] dé xuat SRGAN, day 1a mo
hinh sir dung kién tric GAN cho bai toan ting
cuong do phan giai anh don, SRGAN st dung
mang G co cdu trac dua trén Restnet, ham
kich hoat PreLu, mang D hoc cach phan biét
anh that va gia sinh ra. Him mét mat pixel -
L, trong SRGAN dugc tinh dya trén dic
trung trung gian cua mo hinh VGG da dugc
tién huan luyén trén tap Image net. Cau tric
gom 8 16p tich chép, kernel size 3*3, ham
kich hoat LeakyReLU, téng s6 tham sb
khoang 5.4 triéu. Tuy nhién SRGAN tdn tai

mot s6 han ché nhu huin luyén khé on dinh,
dé sinh nhiéu hodc chi tiét gia. Do d6 nghién
ctru ndy dé xuit theo huéng cai tién kién tric
G bang cach ting khdi residual block, sir dung
ham két ndi tit-scale skip connection voi hé
s6 hoc 0.1, ham kich hoat reLu. Mang D cai
tién sir dung VGGI19 vé6i 16 16p tich chép,
ham kich hoat Relu, duoc huin luyén va tdi
vu ham mit mat, sé tham sé khoang 20 triéu.
Kién trac tong thé c6 kha ning phuc hoi chi
tiét anh tot hon ddng thoi duy tri sy 6n dinh
trong qua trinh huan luyén.

3. MO HINH GAN VA MOT SO VAN PE
TRONG QUA TRINH HUAN LUYEN

3.1. M6 hinh mang GAN

Nhiéu
M&u gia lap That
hoac
2 — gia
aEC
- . 5
Mau that

Hinh 1. M6 hinh GAN

GAN 1a mo hinh tao sinh dya trén 1y thuyét
trd choi, gdm hai mang noron ddi khang G va
D. Xét vé mat toan hoc, D udc lugng xac sudt
p(y|x) trong khi G tao ra miu dya trén
khong gian tiém 4n z, ky hiéu G(z). Cong
thire ham sai s6 [1]:

L(D,G) = 0
= EXL px IOg[D(X)] + Ez, pz IOg[l— D(G(X))]

Trong d6 x ~ pr 1a phan phdi cua dir lidu thyc
va z ~ pz phan phdi xac suat khong gian tiém
an cia G, thuong 1 nhiéu Gauss hodc nhiéu
ddng nhat ma G str dung dé mé hinh hoéa cac
mau dir liéu mai, ky hiéu 1a G(z).

Ham D: tinh d6 sai khac gitra phan phdi thuc
D(x) va phan phoi tong hop D(G (Z))
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Trong khi G ¢ ging tao ra cac két qua chan
thue hon, D cai thién d6 chinh xac bang cach
phat hién xem mot mau la that hay gia. Trong
qué trinh nay, ca hai d6i thu déu dugc dong bo
héa: néu G tao ra dau ra tdt hon, D kho phan
biét chung hon. Nguogc lai, néu D chinh xéc
hon, G s€ kho danh Itra D hon [10].

3.2. M6t sé van dé trong huan luyén GAN

3.2.1. Triét tiéu dao ham

Qua trinh huén luyén GAN phéai dugc can
bang, ca G va D can dugc dong bd hoa dé hoc
cing nhau mét cach tién bd. Mot D qua chinh
xac, nghia la D(x)=1 va D(G(Z))=O. Khi
d6, ham méat mat tién dén 0, lam cho dao ham
gan nhu bang 0 va cung cap it phan hoi cho G.
Nguoc lai, mot D kém chinh xéc, khong thé
phan biét giita dir lidu that va dir liéu tong
hop, diéu nay khién G khong nhan duoc thong
tin hiru ich.

3.2.2. Sw bat 6n dinh

Do dic thu ciia GAN, viéc két hop hai mo
hinh hoc tr nhau 1a mdt nhiém vu phuc tap.
Qua trinh huén luyén GAN dya trén mot tro
choi tong bang khong, noi ca hai mang canh
tranh dé tim ra nghiém téi uu. Kién trac nay
dua trén su hop tac dé t6i uu hoa ham mat mat
toan cuc, nhung céac bai toan tdi wu cua D va
G la trai nguoc nhau. Do tinh chat ciia ham
muc tiéu clia cic mang trong qua trinh huan
luyén, mot thay ddi nho cua mot trong hai
mang c6 thé dan dén mot thay d6i 1on trong
mang kia. Nhiing khoang thoi gian ma cé hai
mang bat dau mat dong bo rat nhay cam vi su
thay d6i 16n trong dao ham c6 thé khién mot
mang mat kha ning hoc.

Do d6 can lua chon mang hoc sau lam mang
xuong séng G va D trong GAN, cdi thién su
bat 6n dinh va mét can bang trong qua trinh
huén luyén.

3.3. Ham mét mat

Ham mat mat pixel - L,, duoc tinh la sai sb
binh phuong gitta ma tran pixel ctia hinh énl}
du doéan va hinh anh dich nhung L khong thé
biéu dién hoan toan chit luong cia qua trinh
tai tao [11]. Cong thirc nhu sau:

L(Y".Y) =200, =)’ o)
Trong do :

Y": gid tri dy doan;

Y, : gia tri thuc té (Ground Truth- GT);

n: tong so pixel.

Ham mat mat cim nhan - Loereep [11] hoat
dong bang cach truyén anh gdc va anh dau ra
qua mdt CNN duogc dao tao trude va so sanh
cac ban d6 dic trung & mdt hodc nhiéu 16p.
Sau d6, mat mat duoc tinh 1a khoang cach
Euclid gitta cic ban d0 dic trung. Tiép can
nay tap trung vao su khac biét vé ngit nghia
giita anh gbc va anh sinh ra. Cong thirc [11]:

S 0R - 4GTIF ®

Trong do :

N: s6 luong mau trong tap dir lidu;

SR, : anh si€u phan giai thu i;

GT, : anh gbc thir i;

®: mang noron tich chip huin luyén trude
dugc st dung dé trich xuét cac dic trung O
mot hodc nhiéu 16p an.

Ham mat mat bién thién toan phan -L., -
nham giam thiéu su khac biét giita cac pixel
1an can. Muc tiéu cua L, 1a gidm nhiéu trong
khi vAn bao toan cic canh va chi tiét quan
trong trong anh, dam bao khi anh dugc phong
to khong xuét hién cac hién tugng gia tao
hoidc nhiéu [12].

Cho 1 anh SR € 1" *W L, c6 cong thirc:
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I-Tv = Z((SRHL] - SRi,j)2 + (SRi,j+1 - SRi,j)Z) (4)

4. BE XUAT MO HINH GAN CAI TIEN

4.1. Két hop GAN véi Restnet va VGG19
Mo hinh cai tién dugc dé xuat bang cach két
hop VGG19 vao D d ting kha ning trich
xuat dic trung va st dung ResNet trong G dé
cai thién kha nang tai tao anh chi tiét. Viéc st
dung VGG19 giup D hoc duoc dic trung cap
cao, thay vi chi phan biét that/gia don thuan,

MANG G

Khai du

trong khi d6 ResNet véi do sau tang cuong, va
tinh nang scale skip connection giup G tao
anh c6 do phan giai cao va giam mét thong tin
trong qua trinh truyén tin hiéu dong thoi giam
thiéu su thay d6i dot ngdt trong qua trinh huan
luyén, giup mé hinh hoi tu va 6n dinh.

Anh dugc tao ra tr G st dung lam dau vao
cho D, sau d6 G duoc huin luyén dung ham
mat mat: Lg =L, + L + Loay + Loy

4.2. Kién tric mang GAN cai tién

16 khai

Tién xir Iy &nh dau vao

Image loading
RGB conversion
Normalization
Cropping
Augmentation
Channel transpose

Péu vao

AnhlR w .
ReLu

Elementwise sum

Tanh

két ndi bd qua

(Gia 0 : that 1)

MANG D
VGG19 Trich xuat dac trung
Khi 1 Khéi 2 Khsi3 Khéi 4

» =

X
o £ 3
tE g ]
’a > |— — =
% =

£

~L

2x64,2x128,4x256,4x512

Hinh 2. M6 hinh GAN cai tién

Kién tric GAN cai tién dugc minh hoa trong
hinh 2. Anh dAu vao kich thuéc 512x512x3
dugc xur 1y qua:

= Lép tich chap dau vao (CONV), kernel size
3x3, trich xuét dic trung ban dau.

= Sau d6 di qua 16 khdi Residual Blocks
(khéi du), mot khéi bao gom:

- Mot chudi cac 16p hoc sau (16p Conv 3x3+
BatchNorm + ReLU).

- Mot két ndi bo qua co hé sb hoc 0.1 (scale

60

TAP CHi KHOA HOC & CONG NGHE . SO 50 - 2025



KHOA HOC & CONG NGHE

skip connection) dugc nhan véi x, trude khi
dua thing t6i phan dau ra sau 16p hoc sau gitip
gitt lai cac ddc trung quan trong trong qua
trinh tai tao anh déng thoi On dinh huin luyén
khi d06 sau lon.

= Lp CONV trung gian, duy tri tinh 6n dinh
trong qua trinh huén luyén.

» L&p upsampling (ndi suy) voi kernel size
3x3, tang kich thudc anh 1én 2 1an, nang tong
hé sb phong dai anh 1én 4 lan.

= Lop CONV cudi cung, sir dung ham kich
hoat Tanh, dua anh dau ra vé [-1,1].

Két qua dau ra 1a anh siéu phan giai c6 kich
thudc 2048x2048x 3.

Mang D duoc thiét ké véi kién traic VGG19,
trich xuat dic trung anh dau vao véi kich
thude 2048x2048x3 dugc tao ra tir mang G.
Céu tric bao gdm:

= Mang VGG19 gém 4 khdi st dung dé trich
xuat dic trung.

= Lp CONV dau vao véi kernel size 3x3.

= 2 16p fully connected (két ndi day du),
trong d6 16p cudi cung str dung ham sigmoid,
cho dau ra xac sudt anh thuc hoic gia.

Pau ra cia mang D: Xac suat anh c6 phai la
anh thyc hay khong so voi anh goc GT.

M3 gia: Qua trinh huan luyén

Pau vao: Anh gbc - GT va anh d¢ phan giai
thap - LR.

Pau ra: M6 hinh G va D duoc huin luyén, va
anh chét lugng cao.

Khoi tao G v6i tham s6 ngdu nhién 6

Khoi tao D véi tham sé ngu nhién ¢

Khéi tao cc siéu tham sd: batch size, sb
epoch, learning rate.

Khéi tao bd tdi wu Adam cho G va D

Gi;li doan 1: Tién huin luyén G su dung ham
mat mat L, .

For epoch = 1 to epoch pre-train ém nhdt do
Vi mbi batch dit liéu (GR, LR):

Du doan anh HR bang G

Tinh toAn mat mat L,

L :%ZGT —G(LR))?

Cap nhat G bang gradient descent.
Danh gia PSNR trén tap kiém tra.
RZ

PSNR =10log,,| ——
00| e |

Luu trong s6 mo hinh G.

End

Giai doan 2: Huén luyén G va D

For epoch = 1 to epoch fine-tune I6n nhat do
Véi mdi batch dit liéu (GR, LR)

Huén luyén D

Tao anh HR béng G. Anh s& duogc sir dung
lam dau vao cho D.

D phén biét 4nh ctia G 1a anh gia hay that.
Tinh x4c sudt that/gia caa anh

D, =D(GR) va D, =D(G(LR))
Tinh ham mit mat cua D

Ly =—E[log(D,y )] E[log (1- Dfake)]
Cép nhat trong s6 D.

Huén luyén G

Sinh anh gia: SR=G(LR)

Tinh xéc suit anh gia: Dy, =D(S(R))

Tinh cac ham mat mat:

Lo %guqf(SRi—fﬁ(GTﬁ))H
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Vi @ 1a céc dic trung trich xudt tr VGG19.
Leay =—E[ log Dy, |

Ly =3, (SRusy =S8R, ) (SR~ SR, )
Tinh tong ham mat mat cua G:

Lo =L+ Ly + Lo + Ly

Cap nhat trong s6 G.

End

4.3. Dir liéu va qua trinh tién xtr ly
4.3.1. B6 dir liéu DIV2K

Trong mo6 phdéng, chung t61 st dung bo dir 1idu
DIV2K gbém 1.000 anh chét lugng cao (d6
phan giai x4p xi 2K). Bo dit liéu duoc chia
thanh 800 anh dé huan luyén, 100 anh kiém
tra va 100 anh kiém thir. Mdi btrc anh c6 néi
dung da dang, bao gdm phong canh, thanh
phé, con nguoi, vat thé, gitip cac mo hinh hoc
sdu tong quat hoa tot hon. DIV2K cung cip
anh HR c¢6 dung lugng khoang 7GB, cung voi
cac phién ban LR dugc tao bang phép ndi suy
theo céc ty 1& X2, X3, X4 (mdi bo LR khoang
1.5GB - 2GB). Pay la bo dir liéu tiéu chudn
dé huan luyén va danh gia cic mo hinh siéu
phan giai, dong thoi dugc sir dung trong xir 1y
anh, tang cuong chét lugng video va phuc ché
anh cii.

4.3.2. Tién xiv ly di¥ liéu

Pau tién, anh dugc chuyén doi tir khong gian
mau gbc sang RGB dé dam bao tinh dong
nhat. Sau d6, duoc chuan hoa vé khoang
[-1, 1]. Diéu nay gitp mo hinh d& hoc hon do
dir liéu duge phan b can bang quanh 0, giam
sai s6 hoc. Ngoai ra, & gitp mé hinh hoc
dugc nhiéu dic trung khac nhau va giam nguy
co qua khop, anh trai qua cac phép tang
cuong dir liéu nhu 1at ngang, 1at doc va xoay.
Nhimng ky thudt nay gitp mo hinh tong quat

héa tét hon khi xu ly ditr liéu. Trong mot $6
truong hop, anh duge cit thanh cac lat cit anh
nho dé giam yéu cau bd nhd va gitip mo hinh
hoc chi tiét hon trén timg ving anh. Tat ca
nhirng budc nay nhim muc tiéu téi vu dir lidu
dau vao, cai thién d6 chinh xac ctia mé hinh
siéu phan giai anh

b) Anh sau huén luyén

Hinh 3. Két qua huan luyén anh
5. KET QUA VA THAO LUAN

Thuc nghiém huin luyén GAN dé xuét trén
tap dir liéu DIV2K v6i 3000 epoch pre-train
va 1500 epoch fine-tune, batch sizel6, ham
kich hoat ReLU cho 16p tich chap va 1op két
ndi dy du, cac tham sd:

learningrate = 1le — 4,5, = 0.9,0,
=0.999,c =1e—8

Pénh gia, so sanh hiéu qua cia GAN dé xuat
so voi SRGAN st dung d6 do:

= PSNR (Peak Signal-to-Noise Ratio): chi s6
do ludong do tuong phan gitta tin hiéu gbc va
tin hiéu bi suy giam, thuong sir dung dé danh
gia chét luong anh. Gia tri PSNR cao dong
nghia v6i viéc anh tai tao c6 do méo thép )
v6i anh gbc. Theo ddi PSNR theo thoi gian
gitip dénh gia qua trinh hoc cia mé hinh, néu
PSNR tiang, diéu d6 c6 nghia mé hinh dang
dan cai thién chét luong anh dau ra. Nguoc
lai, c6 thé md hinh dang gdp van dé trong viéc
tai tao chi tiét anh.

= SSIM (Structural Similarity Index Measure):
chi s6 do luong d6 twong dong vé mit cau
trac nhu: sy twong dong vé do sang, d6 twong
phan giita anh gbc va anh duoc tai tao. Theo
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ddi SSIM theo thoi gian gitp danh gia chat
luong 4anh dau ra cia mo hinh. Néu SSIM
tang theo thoi gian, didu d6 cho thdy mé hinh
dang dan cai thién kha nang tai tao, hinh anh
gan giéng v6i anh gbc hon. Nguoc lai, mo
hinh dang gdp kho khén trong viéc gilr lai cac
déac trung quan trong cta hinh anh.

Quan sat hinh 4 cho thay trong giai doan dau
clia qué trinh huén luyén (epoch 0 - 30), ca hai
déu c6 téc do cai thién PSNR rat nhanh, tir
murc khoi diém khoang 21.5 1én trén 27.5.

Ttr sau epoch 30, téc do ting cia PSNR cham
lai va dan dat trang thai 6n dinh. Trong giai
doan tir epoch 100 tr& di, mo hinh dé& xuét
(GAN + VGG19 + RESNET) thé hién su vuot

trdi so voi SRGAN. Cu thé, PSNR cia mé
hinh dé xuét dao dong 6n dinh quanh ngudng
29 va dat dinh tai epoch 294 vé6i gia tri xap xi
29.75. Trong khi d6, SRGAN c6 xu hudng hoi
tu & muc thép hon, v6i PSNR cao nhét
khoang 27.2 tai epoch 295.

Ngoai ra, SRGAN con boc 16 mot sb bat 6n
trong qua trinh hun luyén, thé hién qua céc
diém sut giam PSNR bat thuong tai cac epoch
nhu 37, 51 va 95. Trai lai, md hinh dé xuat
duy tri dugc sy 6n dinh cao hon trong sudt
qua trinh huan luyén, khong ghi nhan cac dao
dong 16n, cho thdy kha ning t6i wu hoa hiéu
qua va nhét quan.

PSNR over Epochs

30 4

—— GAN + VGG19 + RESNET

28

26 7

PSNR

24

221

0 s0 100

150 200 250 300

Epochs

Hinh 4. PSNR SRGAN va GAN+VGG19+Resnet

Hinh 5 thé hién sy thay d6i cia SSIM qua 300
epoch cia SRGAN va GAN dé xuét. Trong
giai doan dau ctia qua trinh huan luyén (epoch
0-20), mdé hinh dé xuat thé hién su ting
truong nhanh va on dinh SSIM, tir mtc ban
dau khoang 0.60 1én gﬁn 0.79. Nguoc lai,
SRGAN mac du cling ¢6 xu hudng tang SSIM
nhung van ton tai mot s6 dao dong cuc bod
nho. Tir epoch 20-60, xuit hién vai lan suy
giam nhe SSIM - vi du tai epoch 42 va 54,
SSIM giam vé dudi 0.795, phan anh d6 6n

dinh chua cao so v&i mo hinh dé xuat.

Tir epoch 50 tr& di, ca hai mo hinh déu dat
trang thai hoi tu twong d6i, tuy nhién mo hinh
dé xuat tiép tuc duy tri SSIM cao hon mot
cach nhit quan. Cu thé, trong khoang epoch
100 dén 300, SSIM cta md hinh dé xuit dao
dong quanh 0.825 dén 0.835, va dat dinh tai
epoch 289 voi gia tri x4p xi 0.887. Trong khi
d6, SRGAN héi tu & muc thip hon, dao dong
uanh 0.815 dén 0.828, va dat cuc dai tai epoch
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297 vo6i SSIM khoang 0.831. Ngoai ra, mo
hinh SRGAN van xuét hién mot s6 diém bt
loi trong giai doan cudi hudn luyén, khi SSIM
giam nhe vé dudi 0.820, trong khi mé hinh dé
xudt giir dwoc do on dinh tot hon va khong ghi
nhén cac dao dong lon.

6. KET LUAN

Trong nghién ctru ndy, ching t6i da dé xuét
mot md hinh cai tién dua trén GAN, két hop
v6i cac dic trung trich xuat tir VGG19 va cau
traic hoc sdu ResNet nhim nang cao chét
luong siéu phan giai hinh 4nh. M6 hinh khong
chi tdn dung kha nang tai tao chi tiét anh, ma

con khai thac hiéu qua cac dac trung bac cao
tr VGG19 va kha nang hoc thong tin du cua
ResNet dé tao ra anh siéu phéan giai sic nét va
tu nhién hon.

Két qua thuc nghiém cho thdy mé hinh dé
xudt cai thién dang ké so véi SRGAN.

Cu thé, PSNR trong mé hinh cai tién cao hon
va dao dong nho phan anh kha nang tai tao chi
tiét hinh anh tot va it nhiéu hon, dong thoi do
do SSIM ciing duoc cai thién rd rét, cho thiy
mo hinh bao toan tét hon cau trac va thong tin
thi giac trong anh si€u phan giai.

SSIM over Epochs

—— GAN + VGG19 + RESNET
—— SRGAN

0.80 -

0.75

0.60 1

150 200 250 300
Epochs

Hinh 5. SSIM SRGAN va GAN+VGG19+Restnet
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