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Tom tat:

Hinh anh vong mac la mot linh vuc quan trong trong y t€ phuc vu muc tiéu diéu tri cac bénh ly.
Quan sat nhitng thay ddi cla cdc dudng mach mau & vong mac gilp cac bac sy chan dodn nhiéu
bénh, thu thdp, phan tich cac triéu chitng va phat trién cac phuong phap diéu tri lién quan. Do vay,
néng cao chat lugng hinh anh véng mac la budc tién xr ly quan trong. Nhdm cai thién chat lugng
hinh anh véng mac mét s& ky thudt da dugc dé xudt nhu bién déi wavelet r&i rac (DWT) [1,2,3],
siéu phan giai rat sau (VDSR) [4], mang ndron tich chap siéu phan giai (SRCNN) [5]... Tuy nhién,
van chua thé dem lai hiéu qua cao do van ton tai nhiéu cao, cho két qua hinh anh khéng tét, chua
t6i uvu vé dd phuc tap tinh todn, mdrc tiéu thu bd nhd va téc dd x{r ly. Trong khudn khé bai béo nay,
tac gid dé xuat phuong phap siéu phan gidi dung tri tué nhan tao nang cao chat lugng anh vong
mac mat ngudi, nham tai tao truc ti€p hinh anh c6 dd phan gidi cao tir hinh anh c6 dd phan giai
thdp ban dau. Bang cac phan tich va két qua tinh toan cac tham s6 chét lugng anh x{r ly qua thuc
nghiém, bai bdo chiing minh rang phuong phap dudc dé xudt la vuot trdi so v6i cac phuong phap da
thuc hién, dac biét la vé thdi gian thuc thi.

T khoa:
nang cao chat lugng anh Retina, mang noron tich chap sau (CNN), siéu phan giai don anh.
Abstract:

The retina image is an important area for medical treatment of the disease. By observing the
changes in the blood vessels in the retina lines, doctors can diagnose diseases, to collect and analyze
the symptoms and the development of related treatments. Consequently, improving retinal image
quality is an important preprocessing step. In order to improve retinal image quality, several
techniques have been proposed such as wavelet transform [1,2,3], very-deep-super-resolution
(VDSR) [4], super-resolution-convolutional neural network (SRCNN) [5]... but still can not provide
high efficiency by persistent high noise, poor image results, not optimal for computational complexity
and memory consumption. Therefore, in this paper, we propose a particular method of retinal
images quality enhancement via super resolution using artificial intelligence to directly reconstruct
the high resolution image from the original low resolution image. By the analysis and calculated
results in picture quality parameters through experimental treatment, we will demonstrate that the
proposed method is superior to the state-of-the-art methods, especially in terms of time
performance.
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1. GIOI THIEU
1.1. Anh véng mac mat ngwoi

Vong mac 1a mot cau trac nhiéu 16p véi
nhiéu 16p té bao than kinh két ndi véi
nhau bing cac khép than kinh. Cac té bao
than kinh chi nhay cam véi anh sang truc
tiép 1a cac té bao tiép nhan anh sang. Béi
véi tam nhin, day 1a hai loai: cac que va
hinh nén. Thanh chic nang chu yéu trong
anh sang mo va cung cap tim nhin mau
den va trang, trong khi té bao hinh nén hd
tro nhan thac vé mau sic. Loai tha ba cua
tiép nhan anh sang 1a sir dung té bao hach
quang c6 kha nang cam bién véi cuong do
cua anh sang.

Danh gia hinh anh véng mac 1a diéu can
thiét dé cham soc mét hién dai. Véi su ra
doi cua cac thiét bi xa ly hinh anh, ghi &m
ky thuat s va xir ly hinh anh véng mac
duogc bat ¢au nghién ctu phat trién.

Bai bao nay dé cap dén anh vong mac dua
trén tri tué nhan tao dé nang cao, cai thién
chat lugng anh, tai tao truc tiép hinh anh
c6 d6 phan giai cao tir hinh anh c6 d6
phan giai thip nham phuc vu cho cac
budc chan doan 1am sang vé cac bénh ly
lién quan dén nhén khoa.

B cuc cua bai bao nhu sau: gidi thiéu vé
anh vong mac, co so ly thuyét vé siéu
phan giai don gian, cac phuong phap siéu
phan giai dung tri tué¢ nhan tao dua trén
mang noron tich chap, dua ra mo hinh cho
phuong phap dé& xuat. Phan cubi dua ra
két qua thuc nghiém, va cac tham s tinh
toan so sanh chat luong xu ly gitra cac

phuong phap hi¢n tai va phuong phap
dé xuat.

1.2. Siéu phan gidi don anh

Siéu phén giai la qua trinh tao hinh anh co
d6 phan giai cao tur hinh anh c¢6 do phan
giai thap. Bai bao nay xem xét siéu phan
giai don anh (SISR), trong d6 muc tiéu la
khéi phuc mot hinh anh c6 d6 phan giai
cao tir mot hinh anh c6 d6 phan giai thap.
SISR la moét thach thac vi noi dung hinh
anh tan sd cao thuong khdng thé duogc
phuc hdi tir hinh anh d6 phan giai thap.
Khéng c6 thdng tin tan sb cao, chit lwong
cua hinh anh d¢ phén giai cao sé bi
han ché.

Siéu phén giai don anh (SISR) la mot
bai toan cb dién trong thi giac may tinh
bac thap dé tai tao hinh anh c6 do phan
giai cao (HR) tu hinh anh c6 d6 phén
giai thap (LR). Thyc té, mot sb luong vo
han cac hinh anh c6 d6 phan giai cao co
thé thu dugc mot hinh anh d6 phan giai
thap gidbng nhau bing phuong phap
downsampling.

Hinh 1. Vi du vé siéu phan giai don anh (SISR)
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Gan ddy, nhd mang noron tich chap
(Convolutional Neural Network - CNN)
phat trién hon, nhiéu phuong phéap siéu
phan giai dua trén CNN da xay dyng mot
mang nhiéu 16p dé dat duoc hiéu suat
phuc hdi tét hon. Kim ciung cong su dé
xuat mot mé hinh CNN 20 16p duoc goi
la siéu phan giai don anh nhiéu 16p VDSR
[4], & dung phuong phiap mang hoc
nhiéu 16p va cit giam do doc thich tmg dé
viéc ddo tao tré nén dé dang hon.

Mic du dat dugc hiéu suat ndi bat, nhung
hau hét cac mang nhiéu 16p van c6 mot sb
nhugc diém. Tht nhét, ¢ phic tap cao vé
tinh toan va tiéu thu bo nhé 16n, it duoc
&p dung trong thuc té, chang han nhu cac
ung dung thi giac di dong va nhing. Hon
nira, c4c mang tich chap truyén thong
thuong 4p dung cac cau tric lién két
mang ndi tang, vi du: VDSR [4] va
DRCN [6]. Biang cach nay, cac ma tran
l6p dau vao (Feature map) cua ting 1op
dugc truyén tai dén Iop lién tiép ma
khéng co6 su phan biét.

Pé giai quyét nhimg diém han ché nay,
tac gia d& xuat mot mang chat loc thong
tin mgi (IDN) véi cac thong s6 bac thap
va tinh phuc tap tinh toAn nhu minh hoa
trong hinh 2. O IDN dugc dé xuat, khoi
trich xuat dic trung (FBlock) dau tién s&
trich xuit cac dic trung tir hinh anh do
phan giai thap. Sau do, cac khdi chat loc
thong tin (DBlocks) duoc xép chong Ién
nhau dé chit loc dan dan thong tin con lai.
Cudi cung, khéi tai cau trac (RBlock) s&
téng hop cac phép biéu dién phan du do
phan giai cao thu duoc dé tao ra du anh.
Dé c6 duoc hinh anh d6 phan giai cao, tc

gia thuc hién thao tac b6 sung toén tir trén
du anh va hinh anh phan giai thap da
duogc upsampling.

Yéu t6 chinh ctia IDN Ia khéi chat loc
thong tin, chira don vi ting cuong va don
vi nén. Pon vi ting cuong cha yéu gom
hai mang tich chap nhu minh hoa trong
hinh 2. Mdi mang 1a mot modun ba 16p.
Céc ban d6 dic ning cua moédun dau tién
dugc trich xuat thdng qua mot duong dan
ngan (3 16p). Qua do, chung cé thé dugc
coi 1a cac didc trung dudng ngan cuc bo.

Nhitng dong gop chinh trong nghién cuu
nay dugc tom tat nhu sau:

e IDN s& thu duoc két qua mang tinh
canh tranh du sir dung sb luong l6p tich
chap it hon.

e Do cau tric ngan gon cua IDN dugc dé
Xuat, nén né co téc do nhanh hon nhiéu so
véi mot sb phuong phép siéu phan giai
dua trén CNN, vi du: VDSR [4], SRCNN
[5], hay phuong phap DWT [1,2,3] truyén
thdng.

2. CAC CONG TRINH NGHIEN CclU
LIEN QUAN

Siéu phén giai don anh da duoc nghién
ctru rong rdi trong nhitng nim gan day.
Trong phan ndy, s& tap trung vao cac
phuong phap dua trén mang ludi noron
nhu VDSR [4], va SRCNN [5].

Dong cung cong su [7, 8] trudc tién khai
thac mang noron tich chap ba 16p, co tén
la SRCNN, nham t6i wu hoa qué trinh
trich xuat dic trung, 4nh xa phi tuyén tinh
va tai tao hinh anh tr dau dén cudi. Vé
sau, Shi cuing céc cong su [9] dé& xuat mot
mang noron tich chap diém anh phu
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(subpixel) hiéu qua (ESPCN), trich xuat
cac ma tran 16p dau vao trong khdng gian
d6 phan giai thip va thay thé viéc thuc
hién phép toan noi suy (upsampling) song
lap phuong bang mét tich chap diém anh
phu hiéu qua. Dong cung cong su [5] st
dung phuong phap giai chap dé thuc day
SRCNN két hop véi kich thudc bo loc
nhé hon va nhiéu 16p tich chap hon. Kim
cing cong su [4] dé xuat mot mé hinh
CNN nhiéu 16p véi kién tric héi quy da

-
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bién nham thu dugc hiéu suat vuot troi, su
dung théng tin theo ngir canh trén cac
vung hinh anh 1én.

3. PHUONG PHAP PE XUAT SIEU
PHAN GIAI DUNG TRi TUE NHAN TAO
O phan nay, dau tién tac gia md ta kién
trac md hinh dwgc dé xuit. Tiép theo, dé
Xuat don vi ting cuong va don vi nén,
ching 1a cét 18i cia phuong phap dugc dé
Xuat.

Hinh 2. C4u tric cia mang dé xuéat

3.1. CAu trac mang

Mang IDN dugc dé xuat nhu trong hinh 2,
gom ba phan: khdi trich xuat chirc ning
(FBlock), cac khdi chat loc thong tin xép
ndi (DBlocks) va khéi tai tao (RBlock).

O day, x va y 1a dau vao va dau ra cua
mang IDN.

Déi voi FBlock, hai I6p chap 3x3 duoc sir
dung dé trich xuat cac ma tran l6p dau
vao tir hinh anh d6 phan giai thap géc.
Quy trinh nay c6 thé dugc trinh bay la:

By = f(x) )
Trong d6, f dai dién cho ham trich xuét
dic trung va B biéu thi cho cac dic trung
duoc trich xuat va str dung lam dau vao
cho giai doan tiép theo.

Phan tiép theo bao gém céc khéi chit loc
thong tin, st dung ché do moc néi. Mdi

khéi chira mot don vi ting cuong va mot
don vi nén theo kiéu xép chdng. Qua trinh
nay c6 thé dugc xay dung theo cong thic
sau:

Bk = Fk(Bk—l)'k = 1,2, v, n (2)

Trong d6, Fy biéu thi ham DBlock thir k,
Bir VA By 1a dau vao va dau ra cua
DBlock tha k tuong Gng. Cudi cing,
ching ta c6 mot tich chap chuyén vi ma
khong cé ham kich hoat nhu RBlock. Do
d6, mang IDN ¢6 thé duoc trinh bay nhu
sau:

y = R(Fy(Bn-1)) + U(x) ©)

Trong d6 R, U lan luot biéu thi RBlock va
phép noi suy hai chiéu.

Ham Loss

Xem xét hai ham mét duoc sir dung dé do
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d6 léch gitra hinh anh d6 phéan giai cao
theo dy doan I" va su that nén tang |
trong tmg. Ham dau tién 13 sai s6 toan
phuong trung binh (MSE), 1a ham mat
mat dwuoc s dung rong rdi nhat dé phuc
héi hinh anh chung nhu dugc dinh nghia
dudi day:

luse = % §V=1||Ii - E”; (4)

Tuy nhién, qua thyc nghiém, Lim cung
cong su [16] ching minh rang dao tao Voi
ham mat mat MSE khong phai 1a mot lya
chon tot. HAm mat mét thir hai c6 nghia 1a
sai s6 tuyét dbi trung binh (MAE), duoc
xay dyng nhu sau:

Imae = % ?I=1||Ii - Tllll (5)

Bang thuc nghiém, ta nhan thay rang mo
hinh v&i ham Loss MSE c6 thé cai thién
hiéu suat caa mang da dao tao voi ham
Loss MAE. Do d6, viéc dau tién cia
phuong phap la dao tao mang véi ham
Loss MAE va sau d6 tinh chinh theo ham
Loss MSE.

3.2. Bon vij tang cwéng

—
m
o
WL S

T
KIn
.

Hinh 3. Kién truc cua don vi ting cuwéng
trong md hinh dé xuét

Pon vi tang cudng cd thé duogc chia thanh
hai modun, mot Ia ba tich chap trén va hai
la ba tich chap dudi. Modun trén c6 ba
tich chap 3x3, mdi tich chap duoc theo
sau bai ham kich hoat tinh chinh cac don
vi tuyén tinh hé (LReLU), dugc bo qua &
day. Hay biéu thi cac kich thuéc ma tran
l6p dau vao cua lop tha i la Di (i=1,...,
6). Theo d6, mdi quan hé cua cac 16p chap
c6 thé duoc biéu thi bang:

D;—D;=D,—D,=d (6)

trong d6 d biéu thi d6 chénh léch giira 16p
thar nhat va 16p thir hai hoic gitra 16p thir
nhét va 16p tha ba. Tuong tu, kich thudc
cua cac kénh trong modun dudi cling cod
mdi quan hé nay va cé thé dugc mé ta
nhu sau:

Dg—Dy =Dy —Ds=d (7
trong d6 D4 = D3. Mddun trén bao gém ba
I6p chap xép tang véi cac LReLU va dau
ra cua I6p chap thia ba duoc phan chia
thanh hai phan doan. Gia str dau vao cia
modun nay la By.1, ching ta co:

Plk = Co(Bk-1) 8
Trong d6 By biéu thi dau ra cua khdi
trude do6 va trong khi d6 1a dau vao cua
khéi hién tai, C, biéu thi hoat dong tich
chap ndi tiép va P} 1a dau ra cuia modun
trén trong don vi tang cuong thir k. Cac
ma tran I6p dau vao véi cac kich thuéc =2
va dau vao caa I6p chap dau tién duoc
lien két vai nhau trong khudn kho kénh,

R¥ = (S (PK,3), Bt (©)

Trong d6 C, S dai dién cho hoat dong
ghép ndi va hoat dong phan chia. Cu thé,
ching t6i biét kich thudc cua Pf 1a Da.
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Do do, S(P{‘,%) biéu thi réng cac dac
trung kich thudc % dugc tim nap tir Pf.
Ngoai ra S (P{‘,%) ghép ndi cac dic trung
Vi By trong khudn khé kénh. Muc dich
1a dé két hop thong tin trudc d6 véi mot
sb thdng tin hién tai. N6 c6 thé dugc coi
1a thong tin duong dan cuc bo duogc giir
lai mot phan. St dung phan con lai cua
thong tin dudng dan ngan cuc bo lam dau
vao cho modun dudi, cha yéu trich xuét
thém cac ma tran Iép dau vao duong dai,

Pf = Cyp(S(Pf,1-2)) (10)
Trong d6, P¥, C, twong ung la cac hoat
dong tich chap dau ra va xép ndi cua
modun dudi. Cubi cung, nhu trong hinh 3,
thong tin dau vao, thong tin duong dan
cuc bd riéng va thong tin duong dai cuc
bo dugc tong hop. Do d6, don vi ting
cudng c6 thé dugc trinh bay nhu sau:

Ca(Bk—l);
1-1 )

S

Pk = pf + R¥ =, 5<

C(S(CalBr1)3) Bin) (11)

Trong d6 P* 1a dau ra cua don vi ting
cuong. Tai thoi diém nay, cac dic trung
duong dai cuc bo P¥ va su két hop cua
cac dic trung dudng ngin cuc bd clng
cac dac trung chua qua xur ly Ry dugc su
dung ma khdng cé ngoai 1€ boi don vi
nén.

3.3. Bon vi nén

Co ché nén duoc hinh thanh bang cach
tan dung 16p chap 1x1. Cu thé, cac dau ra
cua don vi ting cudng dwoc chuyén toi
I16p chap 1x1, cé vai tro hoat dong nhu
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giam kich thugc hodc chit loc thong tin
lién quan cho mang sau nay. Do d6, don
vi nén c6 thé duoc xay dung nhu sau:

By = f¥(P¥) = af (Wg(P)) (12)

Trong d6 f¥ biéu thi cho ham Iép tich
chap 1x1 ( af biéu thi cho ham kich hoat
va W 1a céc thdng sb trong sd).

4. THPC NGHIEM VA DANH GIA KET
QUA

Hinh anh vong mac mét nguoi st dung
cho thuc nghiém duoc Iy tir co so dit liéu
DRIVE [19] cong khai (ngudn anh véng
mac ky thuat s6). Hinh anh c6 kich thugc
565x584 pixel, 8 bit cho mdi kénh mau
sic, dinh dang nén *TIFF. Hinh anh ban
dau dugc bt tir mot nonmydriatic 3 thiét
bi tich dién kép Canon CR5(CCD) camera
tai 45° truong nhin (FOV). Theo [4, 11,
13, 14], t&c gia su dung 91 hinh anh tur
Yang cung cong su [13] va 200 hinh anh
tir Bo Dir li¢u Phan doan Berkeley (BSD)
[18] 1am dir liu dao tao. Anh thuc
nghiém dugc giam ty 1& bang phép noi
suy hai chiéu dé tao céc cap hinh anh do
phan giai thip/do phan giai cao cho ca tap
dir liéu dao tao va thir nghiém.

Mang noron tri tué¢ nhan tao phéat hién du
anh tir d6 choi cua hinh anh mau. Kénh do
chéi caa hinh anh - Y thé hién d6 sang
cua ting pixel thong qua su két hop tuyén
tinh cua cac gia tri pixel do, luc va lam.
Nguoc lai, hai kénh sic d6 cia mot hinh
anh, Cb va Cr, la cac két hop tuyén tinh
khac nhau cua céac gia tri pixel do, luc va
lam thé hién théng tin sai léch mau. Mang
noron tri tué nhan tao duoc dao tao chi sir
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dung kénh d6 choi vi nhan thic cua mit
con nguoi nhay cam hon véi nhirng thay
ddi vé do sang so vai thay ddi vé mau sac.

4.1. Histogram cua anh véng mac va
cac kénh mau

Biéu do nay hién thi sé luong pixel trong
mot hinh anh ¢ ting gié tri cuong d6 khac
nhau dugc tim thay trong hinh anh do, tir

Red channel

biéu d6 nay, c6 thé tim hiéu mac d6 phoi
sang hinh anh tét hon nhiéu so véi viéc
nhin vao hinh anh nay trén man hinh may
tinh 16n. Néu phoi sang 1a khong tbi wu,
ngay lap tic thay céch cai thién no tir biéu
dd hinh anh. Muc dich dé lua chon anh
phu hop cho thuc nghiém. Kénh d6 chdi
Y chinh 13 biéu d6 Red channel dugc thé
hién trén hinh 4.

Green Cannel Blue Channel |

Retinal color image
e e ey

e

| A i J \

——r—t—1—

| |

e e

|
' | B

Hinh 4. Anh véng mac va cac kénh mau

4.2. Chi tiét thwc nghiém

Phan nay s& dé cap cac budc tién hanh
thuc nghiém siéu phan giai dung tri tué
nhan tao nang cao chat lwong anh véng
mac mat ngudi.

Pé thyc hién siéu phan giai hinh anh don
(SISR) bang mang d¢ xuat, cac budc thuc
hién nhu sau:

B1: Tao mét hinh anh do phan giai thap
mau tir mot hinh anh tham chiéu do phan
giai cao.

B2: Thuc hién SISR trén hinh anh c6 do
phan giai thap bang cach sir dung phép
noi suy bicubic, mot giai phap xur ly hinh
anh truyén théng khong dwa vao viéc
hoc séau.

B3: Thuc hién SISR trén hinh anh do
phan giai thap bang cach sir dung mang
noron dé Xuét.

B4: Truc quan so sanh cac hinh anh d6
phan giai cao dugc xay dung lai bing
cach sir dung phép noi suy bicubic, DWT
[1,2,3], SRCNN [5], VDSR [4], va IDN.

B5: Panh gia chit luong caa hinh anh
siéu phan giai bang cich dinh lugng do
tuong tu cua hinh anh véi hinh anh tham
chiéu co d6 phan giai cao qua cac tham sé
tinh toan chat luong anh RMSE, PSNR,
Entropi, SC, NIQE, SSIM. Cuédi cing,
thuc hién dénh gia hiéu suat vé thoi gian
thuc thi gitra cac phuong phap.

4.3. Phan tich va danh gia két qua thwc
nghiém

Phan nay s& so sanh truc quan va dinh
lugng cac két qua thuc nghiém da tién
hanh vai cac phuong gidi thiéu va phuong
phap dé xuat.
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(b) Biéu d6 phan bd dit lisu

(a) Du anh

Hinh 5. Dw anh va sw phan b6 dir liéu
ctia anh vong mac

Céac tham sé tinh toan chat hrgng anh:

Tinh toan Entropi:

H=->"p,log(p,) (13)

trong d6 K 1a s luong cac mac xam va px
la x4c suat dugc két hop vai mac xam k.

Tinh toan RMSE:
~ [RG, 1)-FG, )]
RMSE = JZZ N

Trong d6 i va j biéu thi vi tri kndng gian
cua pixel trong khi M va N la kich thudc
cua anh.

Tinh toan PSNR:

(14)

(2"-1)
PSNR =10l0g,, (15)

MSE
s - ii'O)Fom

1(i,j): anh gbc, F(i,j): anh hop nhat (fused
image);

MxN: kich thudc anh 1.
Tinh toan SC:
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> 016D
KX

f(i,j): anh gdc; f°(ij): anh hop nhat (fused
image);

MxN : kich thudc anh f.
Tinh toan NIQE [16]:

Mz
MZ .

SC =

(16)

=1 J=]_

NIQE do khoang céch gitra cac tinh nang
dua trén NSS dugc tinh toan tir hinh anh
A dén cac tinh niang thu duoc tir co so dit
liéu hinh anh duoc st dung dé huan luyén
mo hinh. Cac tinh nang dugc mé hinh hdéa
nhu cac ban phan phéi Gaussian da chiéu.

Tinh toan SSIM [17]:

SSIM(x,y) = [1(x, 1% - [e(x, 1)1P
[sCx, )] (17)
trong do,
2ppty + Gy
(x,y) = 5———r
My + Hy + Cl
20,0y + C,
ctoy) = of + 0+ C,
_ O'xy + C3
stoy) = 0,0y + C3

trong do6 iy, ox, oy Va oy la trung binh
cuc bo, do léch chuan va hiép phuong sai
cho hinhanhx,y.Néua =4=y=1,va
C3 = C, /2 (lva chon mac dinh cua C3) su
don gian hoa chi sé dé:

(2pxty+C1)(2050y+C3)
(HF+u5+C1) (05 +05+C2)

SSIM(x,y) = (18)

So sanh truc quan anh duogc xir ly va biéu
dd mat do phé nang luong:
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(a) Anh goc (PSNR/SSIM)

(d) SRCNN (41.7592/0.957)

(¢) VDSR (82.5421/0.981)

(f) IDN (83.3184/0.998)

Hinh 6. So sanh trwc quan anh véng mac

0o

00 00

(d) SRCNN

(b) Bicubic

- m

(e) VDSR

g 8

o

2k

L

Hinh 7. Mat d6 phé nang lwong

Tir hinh 6, ching ta c6 thé thay rang két
qua tryc quan theo phuong phap dé xuét
thé hién chét luong hinh anh tét nhat. Anh
khdi phuc vé&i phuong phap dé xuat cho
d6 nhay sang tét hon va kha nang quan sat
13 rang hon céc chi tiét anh.

Theo két qua mo phong trong hinh 7, ddi
v6i mat do phd nang luong, anh chét

lwong thap s& cho mot mat do ning luong
quang pho phang. Do dé, tir cac két qua
PSD trén, dé dang thiy rang phuong phap
dé xuat cho chat luong xt ly tét nhat boi
vi PSD cang 16n cho thiy két qua ting
cuong anh cang tét.

So sénh dinh luwong qua cac tham s tinh
toan chat luong anh.
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Bang 1. Két qua dinh lwong chét lwong anh véng mac

Phuong phdp | Bicubic DWT SRCNN VDSR IDN

RMSE 3.074901084 | 49.7709469 | 2.082487134  0.019029733 | 0.006824656
PSNR 38.37418062 | 14.19128554 | 41.75915707 | 82.54214967 | 83.31838486
Entropi 5.341462778 | 4.435734623 | 5.299262245 | 6.519411707 | 7.272545443
sC 0.998209422 | 0.249589283 | 1.000384552 | 0.994228197 | 0.199988018
NIQE 5.004336182 | 5.313397536 | 5.069672023 | 5.229128662 | 4.163979766
SSIM 0.944457499 | 0.745228683 | 0.957719795 | 0.981807407 | 0.998874777
Time - 0.1597907 | 22.0877573 | 0.0333412 | 0.0218909

Chlng ta thdy, két qua tinh toan dinh
lwong chit luong anh vdng mac duoc xi
ly v&i mau xanh chi ra muac hiéu suét tot
nhat va mau do chi ra mac hiéu suat tot
thi hai.

5. KET LUAN

Trong bai bao nay, tac gia dé xuit mot
phuong phap méi dung tri tu¢ nhan tao
dua trén mang noron, sit dung cac khdi
chat loc dé trich xuat dan nguén dic trung
phong pht va hiéu qua nham muc dich tai
tao hinh anh d6 phan giai cao. Phuong

phap dé xuat thu duoc két qua co hiéu
suit rat tot vé RMSE, PSNR, Entropi, SC,
NIQE, SSIM va cho thai gian thuc thi rat
nhanh so vai cac phuong phap duoc gidi
thiéu. Mang nho gon nay sé duoc ap dung
rong rai hon trong thyc té. Trong twong
lai, phuong phap siéu phan giai hinh anh
nay sé& dugc nghién ctru dé hd tro van dé
vé phuc hdi hinh anh khac nhu giam
nhidu va giam thiéu hién tuong sai khac
gitta anh goc va anh sau xu ly (hién tuong
compression artifact).
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Gidi thiéu tac gia:

Tac gia Doan Thanh Binh t6t nghiép dai hoc nganh ky thuat dién ti nam 2008,
nhan bdng Thac si nam 2010, nhan bang Tién si nganh kY thudt dién t& nam
2018 tai Trudng Dai hoc Bach khoa Ha Noi. Tac gid hién dang cong tac tai Phong
Khao thi va Kiém dinh chéat lugng, Trudng Pai hoc Dién Iuc.

Linh vuc nghién clru: ly thuyét nghich dao suy rong (generalized inverses), GSVD
nhdm mo hinh hoa, danh gid cac hé théng MIMO; nghién cltu cac hé thdng théng
tin trai phd da séng mang (multi-carrier) dp dung cho cac hé théng théng tin thé
hé ti€p theo.
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