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ABSTRACT

Image Denoising has become a topic of great interest in various computer vision fields
thanks to its practical applications. Images are often affected by noise due to various
factors such as environment, lighting conditions, and camera quality. Denoising
helps to increase the accuracy and reliability of these images, thereby improving their
analysis, recognition, and classification. Some previous image denoising methods
focus on extracting features directly from the image in the spatial domain. However,
restoring a clearly image from a noisy image captured by a camera requires more
information about the noise frequency. This can be achieved by utilizing the rich
representation of noise images using Fourier Transformation, which transforms the
image from spatial domain to frequency domain. This study proposes using DeepRFT
(Deep Learning Residual Fourier Transformation) to build an image denoising
model specifically for Fujifilm camera noise. This solution is based on the use of an
improved Fourier Transformation for the Residual block of the MIMO-UNet network.
The experimental results show that our denoising model competes well with other
denoising approaches in terms of evaluation metrics PSNR in both the self-collected
dataset and the SIDD benchmark dataset.

TOM TAT

Khir nhiéu tré thanh mét trong nhitng chii dé dwoc quan tam cia linh v thi gide
mdy tinh nho vao kha nang dp dung vao thue té, nhitng anh thuong bi nhiéu do nhiéu
Yéu t6 khdc nhau nhir méi truong, diéu kién dnh sdng, chdt lwong mdy anh, cdc yéu
16 khdc. Viéc khir nhiéu gitip tang dé chinh xdc va dé tin cdy cia nhﬁ’ng anh nay, tur
do cai thién kha nang phan tich, nhdn dang va phan logi. Mot so phu’ong phap khu
nhiéu hinh anh truée day déu tdp trung rit trich ddc trung truc tiép trén anh ¢ mlen
khong gian. Dé tdi tao lai hmh anh sach tir dnh nhiéu chup béi mdy danh doi hoi can
nhiéu théng tin hon nita vé nhiéu. Tan dung kha ning bleu dzen phongphu danh nhiéu
boi phép bién doi Fourter tir mién khéng gian sang mién tan so. Trong nghlen ciu
nay, chiing téi dé xudt sir dung DeepRFT dé xdy dung mé hinh khir nhiéu, cu thé anh
nhiéu dwrge chup tir mdy anh Fujifilm. Gidi phdp nay dua trén sir dung phép bién doi
Fourier cdi tién cho khéi diw ciia mang MIMO-UNet. Két qua thiee nghiém cho thdy
mé hinh khir nhiéu sir dung mang DeepRFT dat két qua canh tranh véi cdc cdch tiép
can khw nhiéu khdac nhw Autoencoder, RidNet, DnCNN, MIMO-UNet vé chi s6 ddnh
gia PSNR trén ca tdp dir liéu tw thu thap va tap dir liéu chudan SIDD.
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1. Giéi thi¢u

Trong nhitng nim gan déy, thi giac may
tinh (Computer Vision) da tr¢ thanh mot trong
nhiing chu dé duoc nhiéu linh vyc quan tim
nho vao kha nang tmg dung ctia chung vao céac
bai toan thuc té. Mot trong nhitng tmg dung
nay d6 1a khir nhiéu anh (Imaging Denoising).
Ung dung nay khong chi duoc sir dung cho
viéc phuc hoi hinh anh va video trong thuc té
ma no con lién quan dén viéc cai thién chat
lugng cac mo hinh thi gidc may tinh nho vao
kha ndng xr Iy manh mé cua ching. Do do,
c6 thé néi rang chu dé khir nhiéu hinh anh da
duoc nghién ciru rong rdi va c6 nhiéu cach
tiép can khac nhau. Mdi cach tiép can déu c6
loi ich va bat loi riéng ctia no. Cac phuong
phap dién hinh nhu loc mién khong gian
(Transformation Domain Filtering) va loc
mién chuyén doi (Spatial Domain Filtering)
thi don gian hon, nhanh hon va dé sir dung
hon so v&i cac phuong phap hoc sau (Deep
Learning), hay mot sé phuong phap khac.
Tuy nhién, loc mién khong gian chi hoat dong
hiéu qua khi xtr 1y nhidu va loc mién chuyén
ddi c6 thé gay ra bién dang diém anh. Mic
du, phuong phap tiép can hoc sau phic tap
hon so v6i cac phuong phap khir nhiéu khac,
nhung phuong phap nay di dat dugc két qua
t6t hon va dang duoc st dung cung vdi cac
phuong phép khac dé bu dip cho nhing sai
sot cua chung.

Gan day, mo hinh sir dung tap anh véi
nhiéu kich thudc khac nhau vao mot bo giai ma
két hop voi phuong phap hoc siu bt dau xuat
hién v&i hiéu sudt ngay cang nhiéu. Phuong
phap nay da dugc chung minh la hi¢u qua trén
cac bai toan khir mo, khtr swong mu hay ca
khtr nhidu déu da dat dugc két qua tot vé do do
chat luwong anh PSNR (Peak Signal-To-Noise
Ratio) va SSIM (Structural Similarity Index
Measure) khi dau vao 1a anh da kich thuéc
(Calin-Adrian Popa va Cosmin Cernazanu,
2018), (Hanssie, 2018), (Mansurov N.,2012),
(Healey G.E. va Kondepudy R.,1994). Piéu
nay da chiung minh tiém ning ctua phuong
phdp hoc sau trong thoi gian qua. Trong

nghién ctru nay, chung t61 st dung mang hoc
sau Mimo-Unet (Hui R, 2020, trang 125 —
154) 1a md hinh cai tién cua mang hoc sau
Unet (Ronneberger O va cong sy, 2015) va
phép bién doi Fourier dé xay dung mé hinh
mang DeepRFT cho viéc xir Iy nhiéu anh & tap
anh dugc lay tir may anh Fujifilm.

Bai bao nay gdbm 5 phan. Phan dau tién
gi6i thiéu chung vé bai bao. Phan thir hai trinh
bay nhitng nghién ctru ¢6 lién quan. Phan thir
ba trinh bay phuong phép nghién ctru va mo
hinh dé xuat. Noi dung tiép theo trinh bay két
qua thuc nghiém. Cudi ciing 1a phan nhan xét,
danh gia két luan cta bai viét.

2. Nghién ctru lién quan

2.1. Anh nhiéu

Do céc han ché vat ly von co, cach cai
dat thong s6 cua cac thiét bi ghi khac nhau,
cac yéu td khach quan nhu mdi truong, anh
sang, hinh anh c6 xu hudng bi nhiéu ngau
nhién trong qué trinh thu nhan hinh anh.
Nhiéu ¢ thé hiéu 13 hién trong méo tin hiéu
co ban gay can trd qua trinh quan sat hinh anh,
trich xudt théng tin anh va 1a mot trong nhiing
nguyén nhan anh huong dén do chinh xac cta
may hoc. Vi su gia taing manh mé cong nghé
trong viéc tao ra hinh anh k¥ thuat s thuong
duoc chup trong diéu kién khong khi/anh sang
kém, cac phuong phap khoéi phuc hinh anh da
tré thanh cong cu khong thé thiéu trong ky
nguyén phan tich c¢6 sy hd trg cia may tinh.
Trong thuc tién, nhiép anh gia thuong s&
diéu chinh cac thong s tao nén su cin bang
sang ctia may anh 1a khau do (Aperture), toc
do man trap (Shutter) va ISO (International
Organisation for Standardisation) nhu Hinh 1.

Hinh 1. Sw dnh huéng ciia cdc théng sé
doi voi anh thu dwoc
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ISO 1a mot trong 3 thanh t& quan trong
nhit trong nhiép anh, va no ciing c6 nhiing
anh huong déng ké téi buc anh thu dugc, don
gian ISO 1a mot cai dit thong sb ctia may anh
n6 c6 tac dung 16n nhit 1a diéu chinh d nhay
sang ctia cam bién may anh v6i anh sang. Mic
du ISO ban dau chi dugc dua ra dé do d6 nhay
cua anh film trén cdc may anh phim, nhung
sau nay cac nha san xudt may anh k¥ thuat sd
d3 quyét dinh dung ludn tir ndy cho muyc dich
do d6 nhay sang trén cam bién ctia may anh ky
thuat s6 nhu trén may anh film. Khi ting ISO
thi cam bién tang thu nhan 4nh sdng cta moi
trong vao cam bién may anh lam cho btrc anh
sang hon, khi giam ISO thi btc anh ti hon.
Vi ly do nay ISO sé& gitip anh cho khi chup
trong diéu kién anh sang yéu, hodc trong mot
s6 truong hop dic biét ma khong mudn anh
huong dén téc do va khau do may anh. Tuy
nhién, mat trai cua viéc lam dung ISO dé tang
sang cho birc anh s& dan dén nhiing hiéu tmg
khong hay cho buc anh. Mot blrc anh dugc
chup v&i mic ISO qua cao sé€ bi hat hay con
goi 12 bi nhiéu, trong mot sé truong hop bic
anh sé khong dung duoc do qua nhiu anh
hudng dén tham my nhu Hinh 2.

Hinh 2. Mot buc anh dwoc chup voi
mirc ISO qud cao sé bi nhiéu

1SO 200

C6 nhiéu nguyén nhan giy ra cac loai
nhiéu trong thé gidi thuc, bao gom nhidu hat
photon (Photon Shot Noise), nhiéu c6 cau triic
(El Gamal A.A. va Kim Y.-H, 2011), nhiéu
dong dién t6i (Dark Current Noise) (Hui R,
2020, trang 125 — 154), nhiéu doc (Readout
Noise), nhiéu luong tir (Quantization Noise),...
Mbi loai nhiéu c6 cac thudc tinh riéng va co
thé khtr nhiu bang nhitng phuong phéap khéc
nhau. Tuy nhién, trong bai viét ny, chiing t6i
chi nghién ctru vé nhiéu thuc trong may anh vi
chung thuong gip trong anh k¥ thuat s6, do 1a
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van dé vé do nhay ctia cam bién may anh hay
con goi 1a ISO.

2.2. Khir nhiéu dnh

Khir nhiéu anh (Image denoising) 1a mot
chu dé duoc sy quan tdm 16n cta nha nghién
ctru do c6 rat nhiéu tng dung, tir phan loai va
phan ving hinh anh, dén khéi phuc hinh anh
cho céac phuong tién cii va cai thi¢n hinh anh.

Hinh 3. Anh nhiéu (bén trdi) va anh khir
nhiéu (bén phai) bang bé loc trung vi

Do murc d6 chi y ma né nhan duoc, cac
mo hinh va phuong phéap da va dang dugc phat
trién dé loai bo nhidu trong hinh anh. Dudi
day 1a mot s6 phwong phap duoc sir dung dé
khur nhiéu:

Loc khong gian (Spatial Filtering): Loc
khong gian xoay quanh truc tiép tuong tic véi
chinh cic diém anh cua hinh anh, bang cach
su dung mat na, tuong tu dé loc trong CNN,
dé ap dung cac mau cu thé trén mdi diém anh
trong hinh anh. Vi dy vé loc khong gian 1a: bo
loc tuyén tinh nhu dudi dang bé loc trung binh
- stir dung bo loc dé tinh trung binh gid tri cla
diém anh v&i moi diém anh lién ké (Jappreet
Kaur va cong su, 2012) va bo loc phi tuyén
tinh nhu trung vi bo loc - tim gié tri trung binh
trong mién gia tri cua bd loc va thay thé moi
diém anh trong mién gia tri v4i trung vi do .

eLoc mién chuyén doi (Transform
Domain Filtering): Loc mién chuyén d6i hoat
dong bang cach bién doi hinh anh sang céc
mién khac (chang han nhu mién tan sd) va loc
b6 nhiu trong mién d6 . C6 hai k¥ thuat dang
cha y trong danh muc nay: Loc tan s6 khong
gian, loc ra cac tan s6 khong gian nhat dinh
bang cach sir dung Fast Fourier Transform va
Wavelet Domain Filtering, chuyén doi sang



mién wavelet bang cach sit dung Discrete
Wavele Transform.

Gan déy, phuong phap hoc sau da duoc
ap dung dé khtr nhidu anh bang nhiéu cach
khéac nhau: tir hoc qua trinh loc va thu nho,
dén st dung cac mé hinh CNN vé6i bo ma hoa
tu dong dé chuyén doi hinh anh nhiu thanh
hinh anh binh thuong.

2.3. Phép bién ddi Fourier (Fourier
Transformer)

Bién d6i Fourier hay chuyén hoa
Fourier, dugc dat tén theo nha toan hoc nguoi
Phap Joseph Fourier, 1a phép bién d6i mot
ham s hodc mot tin hiéu theo mién thoi gian
sang mién tan so. Phép bién d6i Fourier dugc
sir dung dé bién déi mot anh ¢ mién khong
gian sang mién tan s, hay noi cach khac phan
rd anh thanh cac thanh phan sang tan sb va

phd ctia n6 (Mansurov N, 2012).
Hinh 4. Anh minh hoa vé tin hiéu qua
bien doi Fourier

FT

s(t) — S(w)

Time Domain Frequency Domain

Bién doi tin hiéu tir mién thoi gian (Time
Domain) lién tuc sang mién tan sé (Frequency
Domain) ctia bién doi Fourier. Trong xtr ly
anh bién d6i Fourier 2 chiéu (2DFT) véi anh
c6 kich thuéc M x N. dugc dinh nghia la:

—zim(ux) —E(ey) (1)

Flu,v) =XV ENZ0 flx,y)e” ™ e W

Trong do:

= M va N la so diém anh cua mot chicu
X vay trong mién khong gian.

« f(x, ¥) 14 anh gdc dau vao, Flu,v) 1a

anh sau khi bién doi fourier

= € ]a co sO logarit tu nhién xtr ly cho
moi chiéu cua anh.

= —1 ]a phan 4o cua so khi qua bién doi
Fourier

= St dung trong cong thic Euler:

v6i € 1a co sO Logarit ty nhién, i la don
vi cta sO phuc, va cos va sin lan lugt la cac
ham so lugng gidc Cosin va Sin trong tan so.

Khi thyuc hién bién doi Fourier trén anh
c6 kich thudc M X N véi M =4 va N=4. Thu
két qua thu dugc mot ma tran so phuc F, vdi
ss

F=U(x,u) = f(x,y) =V(y.,v) (3)

Ma tran bién d6i tinh véi cong thirc tinh

—zim(ux)
e~iw = cosw — isinw (2) (x,u)=e ™M vdixu = 0:M—1
L —TimR0K0  —ZimMOW1l  —ZimH0K2 —Zimw1x3-
e 4 e M e 2 e 2
0 0 0 0 —Zimx1x0  —Zimxlxl = —ZimX1KZ —ZimxK1%3
f(xv]=ﬂl 1D-U(xu]=e % e 4 e 4 e 4
.2 o 1 1 ol . —22'.1?:2)([!' —22'.1?;(2)-(1 —2:'.1?:::-:2 —22’3‘:;(2)(3
e e e e
0 0 0 0 —Zimw3=0  —Zimw3xl  —Zimx3=2 —Zimx3x3
Lo Z e 2 e 2 e 4 _
1 1 1 0
1 —i -1 i
= Ulx,u) =
' 1 -1 1 -1
1 i -1 —i
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Tuong tu

—2im(¥r)

Viyv,v) =e ¥ wEFiyvev = 0N-—1
1 1 1 0
1 —-i -1 i
1 i =1 —i

Thu duoc ma tran s6 phirc cia anh qua
bién d6i v6i F = U(x,u) = f(x,v) = V(y,v).

4 —2—i2 0 —-2+41i2
_|—2-i2 i2 0 i
F= 1 -1 0 -1
—24+i2 2 0 —i2

Bién d6i Fourier duoc sit dung cho bai
toan khir nhiéu:

Hinh 5. Anh nhiéu (bén phdi) va dnh
sach (bén trdi) sau khi dp dung bién doi
Fourier

Céc vung biéu thi bién do cua tan sb
dugc biéu dién phong phi cho phép phan tich
nhiéu hon céc thanh phan tan s6 khac nhau ctia
anh thun loi viéc trich xuét dic trung trong
xtt Iy anh. Dé bién ddi anh tré vé mién khong
gian tir mién Fourier hay mién tan s, st dung
bién ddi Fourier nguoc (IFT- Inverse Fourier
Transform) ctua anh (u, v) bdi cong thic:

IM(UX)  IA(RF)
M oet ¥ (4)

fl,y) = —ZMATNIF(y,v) €

MN

Khi anh d4u vao 16n, tinh toan bién déi
Fourier nhanh (FFT - Fast Fourier Transform)
duogc thay thé str dung cho bién d6i Fourier.
FFT chia nho 2 khéi 4 diém thay vi tinh toan
ca khéi 8 diém nhu FT.
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So sanh chi phi tinh toan:
= 2DFT véi N diém: N2 phép nhan phitc.

- FFT: 2 DFT vé6i = diém: = + 2 phép
nhan phiec.
Khi N cang lon: do loi tinh toan:
N® N

= = _1 Vay khi chia nho khbi

limy, .. 7 .
DFT N diém thanh 2 khoi DFT ¥, giam dugc

%chi phi tinh toan. Cang chia nhé cang tiét
kiém duogc chi phi tinh toan.

Hinh 6. FT (bén trdi) va FFT (bén phdi)
trong xir Iy 8 diém

(0} O——ef L——c x(0) ' O

4-point
DFT

X2 o— L——cx)'©

X(4) el ——cx@) ' ©

8-point ——ox@) ' o
x(1; o— DFT L xay ' 0—]
LG X(5) ' O——

4-point
DFT

——C X(6) ' &

(7} O - -G X(7) 1 O

Bién d6i Fourier 1a mot cong cu quan
trong trong xur 1y hinh anh va no cé thé
gitup ching ta hiéu rd hon vé cau trac va
tinh chat cua anh khi dwgc phd 1én mién
tan s6, ciing nhu thyc hién céc thao tac xir
ly khac nhau.

2.4. Phuwong phap hoc siu (Deep
learning)

Hoc sau (Deep Learning) la mot linh
vuc cua tri tué¢ nhan tao va may hoc. Phuong
phap hoc sdu sir dung mang no-ron nhan tao
(Artificial Neural Networks) dé giai quyét
cac bai toan ma tinh toan thong thuong chua
thé xir Iy duoc nhu dir liéu triru tuwong, dir
liéu mo, dir liéu khong 1o rang,... Vai tinh
chit nhu vay, hoc sau thuong dugce ing dung
trong nhan dién hinh anh, nhan dién giong
no6i, xur Iy ngén nglr ty nhién hodc du doan,
du bao, giam nhiéu dir liéu (Yu S., Ma J., va
Wang W., 2018).

Ddi véi bai toan khir nhidu anh, hoc sau
da tiép can van dé nay theo nhiéu cach khac
nhau: tir hoc qua trinh loc va thu nho, dén su
dung cac mo6 hinh CNN vé1 bd ma hoa ty dong
dé chuyén d6i hinh anh nhiéu thanh hinh anh



binh thuong. Cac k¥ thuat dua trén phuong
phap mang tich chap hoc sau c¢6 thé duoc phan
thanh nhiéu loai nhiéu: Mang tich chap sau
cho anh nhiéu thém vao (nhiéu Gauss, Salt,..),
mang tich chap siu cho anh nhiéu thuc tir
may anh (nhiéu ISO,..), va mang tich chap sau
cho nhiéu kho thay duoc noi dung anh (Blind
Noise Image) hay nhiéu hén hop (Hybrid
Noisy Image) (Tian C. va cong su, 2020).

= Mang no-ron tich chap

Nhiéu mé hinh hoc sau hay hoc nhiéu
tang 1a mot tap cac thuat toan hoc may véi y
tuong xay dung mo hinh dir li€u muc do triru
tuong cao dua trén cac dir liéu c6 murc do triru
tugng hoa thap hon, bang cach phan 16p dir
lidu va cac bién ddi phi tuyén (Olivas E.S.
va cong su, 2010). Mang no-ron tich chap
(CNN) (Ahn B. va Cho N.I., 2017). La mot
md hinh hoc sau cé thé xay dung duoc cac
hé thdng khtr nhidu véi d6 chinh xé4c cao. Y
tuong cua CNNs duoc 1y cam himg tir kha

ning nhan biét thi gidc ctia bd ndo con ngudi.
Dé c6 thé nhan biét duge cac hinh anh trong
v6 ndo ngudi co hai loai té bao don gian va té
bao phirc tap. Cac té bao don gian phan tng
v6i cac hinh dang co ban céac vung kich thich
thi giac va cac té bao phc tap tong hop thong
tin tir cac té bao don gian dé xac dinh loai bo
nhiéu khéi cidc mau hinh dang co ban & cac
vung kich thich thi giac va cac té bao phic tap
hon. Mang no-ron dugc sur dung rong rai trong
xtt 1y hinh anh va khir nhiéu bang viéc sir dung
cac tich chap (Convolution) va pooling dé tién
hanh giam chiéu dir liéu va tim cac dic trung
cua hinh anh. Trong viéc khu nhiéu hinh anh,
mang CNN dugc st dung dé loai bo nhidu tir
hinh anh dau vao bé'mg cach hoc cac dac trung
ctia hinh anh chét luong cao va sir dung chiing
dé khic phuc nhidu trong hinh anh dau vao.
Mot s6 k¥ thuat khir nhiéu CNN duoc st dung
nhu Autoencoder, U-Net va Deep Denoising
CNN,...vv.

Hinh 7. Cdu triic co ban ciia mang no-ron tich chép trong mé hinh khir nhiéu [11]

Denoiwd
Residual

Feature Feature .
Inputblock ~_ extraction Processing | oconstruction
(Pilot+Noisy) 7

i
Noisy Patch
Céu trac co ban ctia mang no-ron tich
chap gém cac 16p tich chap (Convolution
Layers), 16p phi tuyén (Nonlinear Layer) va
chuan hoa dir liéu (Batch Normalization) nhu
hinh trén, ciu tric mang no-ron tich chap
trong mé hinh khtr nhidu gém:
v Khéi dau vao (Input Block).
v Trich  xuét
Extraction).

dac trung (Feature

v' Xt ly thong tin dac trung (Feature

Processing).

v’ Téi thiét 1ap cau trac (Reconstruction).
v B loc nhiéu di duoc xay dung tir
cac giai doan & trén két hop voi cac ban
véa nhiéu (Noisy Patch) dau vao dé khur
nhiéu cho anh.

Céc nghién ctru vé khir nhidu di va dang
ngay cang phat trién cho ra doi mot sd kién
tric mang 13 nén tang duoc s dung trong
nhiéu bai bao nghién ctru va cac du an. Mdi
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kién tric mang nay mang lai két qua tot & cac
bai todn khir nhiéu nhu Autoencoder (Mao
X.-J. va cong su, 2016), Ridnet (Anwar S.
va Barnes N., 2020), DnCNN (Zhang K. va
cong su, 2017, trang 3142-3155) l1a cac mod
hinh duoc dung dé so sanh trong nhiéu bai bao
trong nhitng nam gan day. Va ciing la nhiing
mo hinh dung dé so sanh véi mé hinh MIMO-
Unet, DeepRFT trong nghién ctru nay.

= Mang MIMO-UNet

Trong md hinh khir nhiéu ciing nhu cac
mé hinh xir Iy hinh anh dé ting do hiéu qua
ctia md hinh, cac phuong phap truyén thong
thudng ap dung mang voi hinh anh dau vao da
kich thudc va nhiéu d6 nhidu khac nhau trong
cung mdt mang cho viéc khur nhiéu nhung mat
trai ctia viéc d6 dan dén luong dir lidu 16,
thoi gian tinh toan cao hon rat nhidu (Anwar
S. va Barnes N., 2020). Pa c6 mot s bai bao
nghién ctru phuong phap st dung nhiéu dau
vao va dau ra cho mang U-Net (Ronneberger
O va cong su, 2015) ¢ cac bai toan do do sau
siéu phan gidi, nhan dién déi tuong, tai tao
anh, phan loai anh, gidm m¢ cua anh (Cho S.-J
va cong su, 2021; Ahmed Raza S.E. va cong
su, 2017; Fu Y. va cong su 2020; Papyan V.

va Elad M., 2016; Xian C. va cong su 2020;
Zamir S.W. va cong su, 2021) Mang Unet
duogc sir dung trong khir nhidu anh bang cach
huan luyén mo hinh trén cac cip anh nhiéu
va anh gbc. Qué trinh nay gitip mo hinh hoc
cach loai bd cac nhiéu trong anh va tai tao lai
anh gbc. Phan encoder ctia mang Unet gitip
rut trich cac dac trung quan trong tir anh, trong
khi phan decoder gilip tao ra anh tai tao da
duoc khir nhiéu. Tuy nhién, mang Unet ciing
c6 thé gap mot s6 van dé trong viée khir nhidu
anh, dic biét 1a khi nhidu qua nhiéu hoic khi
c6 nhiéu loai nhiéu phtc tap trong anh.

MIMO-UNet (Multiple-Input Multiple-
Output U-Net) 13 mot kién trac mang neural
dugc phét trién béi nhom nghién ctru o dai
hoc Han Qudc vao nam 2021 cho bai toan khur
mo anh hay ting do nét anh vé6i dau vao da ty
1¢. MIMO-UNet la mdt phién ban nang cao
ciia mang UNet bang su két hop giita nhiéu
mang UNet va kién trac MIMO (Multiple
Input Multiple Output). MIMO-UNet dugc str
dung dé giai quyét cac van dé lién quan dén
viéc phan tich va xu ly hinh anh, vi du nhu
viéc phan tich tir nhiéu ngudn dau vao va tao
ra nhiéu két qua dau ra.

Hinh 8. Kién triic mang MiMoUnet ¢ mé hinh khir mo [22]

hxwx32

hxwx32

hxwx3

SCM;

. Convolution . Residual blocks

@ Concatenation
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Hinh 9. Cdc khoi trong MIMO-Unet (a) SCM (b) FAM (c)AFF
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* Khéi ma hoa don da diu vao (Multi-
input Single Encoder)

Trong MIMO-UNet, cic khdi ma hoa
(Encoder Block - EB) ldy anh dau vao véi
kich thudc khac nhau. Khi do, ngoai viéc trich
xuat dic trung theo kich thudc tir khdi ma hoa
phia trén truyén xudng, ciing trich xuit thong
tin dic trung bac thp tir anh giam kich thudc
tir khdi SCM va sau d6 két hop ca hai dic
trung. Bang cach tan dung viéc bo sung thong
tin tir dac trung giam kich thudc va dac trung
c6 thé thu dugc tir hinh anh giam d¢ phan giai,
khdi ma héa sé xtr 1y hinh anh da dang hiéu
qua hon.

+ Khdi giai mi don da diu ra (Multi-
output single decoder)

Cac khoi giai ma (Decoder Block-
DB) khac nhau c6 bg dac trung véi cac kich
thude khac nhau, cac bo dac trung véi kich
thudc khac nhau co thé sir dung bat chudc
dugc cac mang con da ting (Multi-Stacked
Sub-Networks). Khong giéng mang giam st
(Intermediate Supervision), & mang MIMO-
UNet giam sat trung gian dugc ap dung cho
tung khéi giai ma. Viée tai tao hinh anh & moi

(EBout
SCM}™ AL—E—@—»

(b)

AFE™

(c)
cap do str dung cong thirc sau:

. [ o(DB,(AFF™; DBS®)) 4 B,, n= 12, 5
T {U[DBHEEB:“])-I- B, n=3 O

V6i AFFS™ EB°“ pa DB 1a dau
ra cua theo ting cap do cia bé mé dun tron
dic trung bat ddi xing (Asymmetri,c Feature
Fusion -AFF), khoi ma hoéa EB, khoi giai ma
DB. Vi dau ra cua khoi giai mﬁ} la bd dac trung
khong phai 1a hinh dnh, nén can m¢t ham anh
xa 0 dé tao ra mot du ra trung gian bang sir
dung mét 16p tich chap.

Mang MIMO-UNet gom 4 thanh phan
chinh:

* SCM (Shallow Convolutional Module)

« Khéi ma héa EB (Encoder Block)

« M6 dun két hop dic trung bat dbi xtng
AFF (Asymmetric Feature Fusion)

« Khéi giai ma DB (Decoder Block)

e Shallow Convolutional Module

Vi cac m6 hinh phd bién hién nay tiéu

biéu lIa CNN cho bai toan khir nhiéu anh, anh
dau vao 1a toan bo anh véi kich thude cb dinh.
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Tuy nhién MIMO-Unet xtr Iy anh bang cach sir
dung ham ndi suy (interpolate) trong Pytorch
dé giam kich thudc anh dau vao va dua vao
khéi SCM (Shallow Convolutional Module)
tao ra cac by dac trung vaéi kich thude tuong
ung.

Ham ndi suy dugc st dung dé thuc
hién viéc thay ddi kich thudc anh dau vao dé
dam béo rang cac anh dau vao co kich thudc
khac nhau van c6 thé dugc xir Iy boi mé hinh
MIMO-Unet. Cu thé, khi dua vao mot anh
c6 kich thudce khac véi kich thuée anh huén
luyén ban dau, ham interpolate s€ thuc hi¢n
viéc ni suy gié tri cia cac pixel trén anh do
dé tao ra mot anh moi c6 kich thudc mong
mudn. Phuong phap nodi suy c6 thé 13 'Nearest',
'Linear’, 'Bilinear', 'Bicubic', 'Trilinear', 'Area’.

Viéc stt dung ham noi suy cho phép
mang xu ly dugc cac anh c6 kich thude khac
nhau ma khong can phai thyc hién mot bude
tién xur 1y dé dua tit ca cac anh vé cung mot
kich thuédc, gitp tiét kiém thoi gian va ting
tinh linh hoat ctia m6 hinh.

Khéi SCM gdm 16p tich chap 3 x 3 va
1 X 1 chong 1én nhau, ¢ 16p tich chap 1 x 1
cudi két hop dic trung voi ban va dau vao By
bang ham concat, & khdi nay trich xuét cac
ddc trung bac thép nhu canh, duong vién, mau
sdc. Pau ra cta khdéi SCM duoc dua vao cac
khéi ma hoa dé tiép tuc bd sung cho viée trich
xudt dic trung bac cao.

e Khéi mi héa

Khé6i mi héa (Encoder Block-EB) gom
cac 10p tich chap, khéi du (Residual Block) va
mo dun su cha y dic trung (Feature Attention
Module - FAM). Anh dau vao s& duoc dung
ham noi suy giam kich thudc anh xudng con
1/2 va 1/4 dé tao ra 2 anh giam kich thudc
méi, khdi SCM sé trich cac didc trung tir 2 anh
giam kich thudc va tao ra cac bo dic trung
m&i. Khdi ma hoa trich xuat dic trung anh dau
vao va khéi FAM két hop cac bo dic trung
duogc giam kich thudc boi ham nodi suy tir khbi
ma hoa EB va bd dac trung giam kich thudc
duoc tao tir khéi SCM dé tap trung vao viéc
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tang cuong moi lién hé cac dic trung va diéu
chinh bang cach giam thiéu do quan trong cua
cac dac trung khong quan trong va taing cuong
dd quan trong cua cac dic trung quan trong
hon. Sau d6 dua vao mo dun tron dac trung
bat d6i xtmg.

e Mo-dun tron diic trung bat doi xing

Trong mdt sé mang khir nhiéu truyén
thong, quy trinh bat dau tir nén t6i chi tiét dé
xtr Iy hinh anh, cdc dic trung tr mang con
quy mo nho hon dugc sir dung cho cac mang
con quy md 16n hon, 1am cho ludng thong tin
khong linh hoat. Mot phuong phap dac biét 1a
xép toan bd mang theo hudng ngang hoic doc,
cho phép théng tin luu thong tir trén xubng
dudi va tr dudi 1én trén.

Moé-dun két hop dic trung bat ddi xtimg
(AFF- Asymmetric Feature Fusion Module)
duoc thiét ké dé két hop cac dic trung tir cac
nhanh véi kich thudce khac nhau trong mang.
M&i khéi AFF ldy thong tin tir du ra cua tat
ca khdi ma hoa va két hop cac bo dic trung
do6 tao ra cac bg dac trung phtrc tap hon. Pau
ra cua khdi AFF duogc giao cho khdi giai ma
tuong ung.

AFF{™ = AFF, (EBS™, (EBS™), (EBS™)")
AFFS™ = AFF ,((EB{**)*, EBS*, (EBS™))

Trong d6, AFFS** 1a dai dién cho déu ra
cta khoi mo6 dun tron dac trung bat doi xing

v6i n 1a thtr tw khdi AFF. Vé6i (T) tang kich

thuéc (Upsample) va () (Downsample) giam
kich thudc duge sir dung cho ham concat khi
két hop cac dic trung tir cac kich c& khac
nhau.

e Khoi giai ma

Céc bd dac trung giam kich thudc 1/4
qua khéi du & khdi giai ma dé hoc cac dic
trung quan trong va tranh hién tuong bién
mat dao ham (Vanishing Gradient), cic bod
dic trung méi tao khi qua khoi du sé vira thuc
hién:

« Qua 16p tich chap cubi ciing tao cac bd



dic trung dau ra cudi cung ¢ kich thudc 1/4 so
v6i anh dau vao.

« Qua 16p tich chap chuyén vi
(convolution Transpose) tang kich thudc su
dung cho ndi cac bo dic trung kich thudc 1/2
tao boi khdi AFF,, sau d6 di qua 16p tich chap
va khéi du dé trich xuit thém dic trung méi
va thuc hi¢n lai cac budc trén.

3. M6 hinh @& xuét

Tan dung cac uu diém kién trac mang
MIMO-UNet va phép bién ddi Fourier, chiing
toi xay dung mang DeepRFT cho viéc xu
1y nhiéu anh ¢ tdp anh duoc ldy tir may anh
Fujifilm. DeepRFT dugc xay dung dua trén
kién trac MIMO-UNet bang cach sir dung

phép bién d6i Fourier tao thanh khdi ResFFT-
Conv Block thay vi Residual Block cai thién
hiéu suat va téc do tinh toan trong qua trinh
rat trich dic trung anh nhiéu.

Phép bién doi Fourier gitp tach thong
tin tan sd cao va thap trong anh Trong truong
hop anh bi nhiéu, thong tin tan sb cao thu’orng
tuong Ung voi nhidu va thong tin tan s6 thip
tuong ung voi ndi dung chinh cua anh. Bing
cach ap dung bién doi Fourier, chiing ta c6 thé
loc bo hodc giam thiéu nhidu béng cach loai
b6 thong tin tin sb cao va chi giit lai thong tin
tan s thap.

3.1. M6 hinh téng quan ciia hé thong

Mo hinh tong quan cta hé théng gom co
giai doan chinh nhu hinh sau:

Hinh 10. M6 hinh tong quan cia hé thong

Thuyc nghiém: Qér\l,l; gia
D ligu anh - Khir nhidu o o
j A | i n——.
/ /
/ Slrdung may anh Pt
/ thu thap di ligu -
.‘v /"/
_) ! ’ =
Str dung tap dir .
liéu SIDD
g

Tap hop di¥ liéu Tién xtr ly di lieu

= Tap hop dir liéu: Dir liéu anh ty thu
thap va tap dir liéu anh chuan SIDD c6 san.

= Tién xir Iy dix liéu dé c6 tap dit liéu anh
chuan phuc vu cho moé hinh khir nhicu.

= X4y dung mo hinh khtr nhidu dé khir
nhi¢u anh.

=» Panh gi4a mé hinh khir nhidu bang céac

Xay dwng md hinh Panh gia mo hinh

do do PSNR va SSIM.

3.2. M6 hinh khii nhiéu

Trong thuc nghiém nay, ching to61
st dung cac mo hinh khir nhiéu co san:
Autoencoder, DnCNN, RidNet, MIMO-UNet
dé so sanh v6i mo hinh dé xuét cua chiang t6i
DeepRFT trén cung tap dit lidu.

Hinh 11. M6 hinh khir nhiéu

-

Anh nhidu

Chup anh

Anh sach

Tién xtr ly

Huén luyén

M6 hinh khtr
nhiéu
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y

thudt toan t6i i R
wuAdam RERYE ¢

_— J anh khir

Inference

Anh

nhiéu
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4 M6 hinh
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Quy trinh huin luyén mot mé hinh khr
nhiéu c6 thé dugc thuc hién theo cac bude sau:

= Chuan bj dir liéu: Thu thap va chuin bi
cac tap dir liéu huin luyén, danh gia va kiém
tra.

= Thiét 14p mo hinh: thiét lap céc
thong s6 ctia méd hinh Autoencoder, DnCNN,
RidNet, MIMO-UNet, DeepRFT nhu ti I¢
hoc, ham kich hoat, v.v.

= Hu4n luyén mé hinh: Str dung tap dit
liéu huén luyén dé huan luyén mo hinh. Trong
qué trinh huan luyén, mo hinh trich xuat dc
trung tir anh nhiéu hoc cch khir nhiéu cho cac
hinh anh va dugc cap nhat thong s6 md hinh
dé cai thién higu sudt ciia no. D€ tranh hién
tuong b overfitting, t6i su dung cac k¥ thuat
nhu early stopping, batch norm.

* Panh gid mo6 hinh: St dung tap di
liéu danh gia dé danh gia hiéu suat ciia mo
hinh. Cac d6 do thong thuong duoc sur dung
dé danh gia mé hinh khtr nhidu 1a chi s6 danh
gia PSNR va SSIM.

» Kiém tra mo hinh: Sir dung tap dir li¢u
kiém tra dé danh gia kha ning tong quat hoa
ctiia mo hinh, tirc 1a kha ndng ap dung mo hinh
cho cac hinh anh méi, chua dugc su dung
trong qué trinh huan luyén.

= Tinh chinh mé hinh: Dya trén két qua
danh gia trén tap danh gia va tap kiém tra, ta
¢6 thé diéu chinh cac thong sé ciia mo hinh

hodc thiét 1ap lai cac tham s6 huan luyén dé
cai thién hiéu suit ctia mo hinh.

= Str dung md hinh (Inference): Sau khi
huin luyén va dénh gia, mé hinh da duoc tdi
wu dé khtr nhiu cho cac hinh anh méi. Ta c6
thé sir dung mé hinh nay dé khir nhiéu cho céac
hinh anh trong thuc té.

3.3. Dit liéu thwe nghiém

Trong thuc nghiém nay, ching toi
su dung hai tap dir liéu: Tap dir licu FND
(FujiNoiseDataset): Tt ca cac anh nhidu & tap
dir liéu duoc thyc hién béi nhom thong qua
thu tu thap bang may anh Fujifilm XT4, cam
bién ASP-C, Do phén giai: 26.1MP, Dai ISO:
80 — 51200 v6i dng kinh XF60mm Macro, cac
vat duogc chup la vat tinh véi nhiéu thong sb
ISO khac nhau, do thay doi ISO nén anh s&
dugc may do do sang EV va tu dong thay doi
tdc d6 chup bu sang cho anh, khau ong kinh
may anh duogc gitt nguyén, may anh duoc gin
c¢b dinh trén tripod va chup tir xa bang ung
dung Fujifilm Control (giam thiéu dugc viéc
tiép xtic voi may khi ting dai ISO bang tng
dung dién thoai); Tap dir liéu gom 1100 anh
ctia 100 canh va mdi canh ¢ 11 anh & cac ISO
khéc nhau véi kich thude 6240x4120. Ching
t61 str dung dai ISO tir 160 dén 51200 dé xem
timg murc d6 nhidu ctia cam bién may anh, cac
anh dugc dat tén dudi dinh dang [canh] [ISO].
Anh thu thap duoc tién xtr Iy nhu hinh sau:

Hinh 12. Quy trinh tién xir 1y tdp anh FND

6240x4160

6240x4160

Anh iso 160

W Cét anh

6240x4160

Anh iso 640-51 200}
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Tap di li¢u thir 2 st dung cho mo hinh
khtr nhiéu 1a tap dir liéu SIDD (Smartphone
Image Denoising Dataset ). Tap dir liéu gdm
30,000 hinh anh, tir 10 canh trong cac diéu
kién anh sang khac nhau dugc thu thap bang
camera cua 5 dién thoai thong minh (Google
Pixel, iPhone 7, Samsung Galaxy S6 Edge,
Motorola Nexus 6, LG G4), tap dir li€u co
3 phién ban bao gém phién ban nho (small),
trung binh (medium) va ban day du (full).
Anh s& ¢6 2 dinh dang 1a MAT danh cho anh
raw, PNG cho anh sRGB c6 d phan giai khac
nhau “2988x5312, 3000x5328, 3120x4208,..”
duogc to chire theo cach noi ching dugc sip
xép trong cac thu muc riéng biét c¢6 tén phu
hop v6i ndi dung. Ching t61 st dung phién
ban nho cua tap dir liéu va tién xur 1y bang
cach cit thanh cac ban va nho dé kiém tra do
hiéu qua mé hinh khir nhiéu.

4. Két qua thye nghiém

Trong qua trinh thuc nghi¢ém chung toi

dd c6 diéu chinh tham s6 dau vao nhu tdc
do hoc, kich thuge anh, ctra sb trugt ctia cac
mang sao cho ra két qua pht hop nhat dbi
v6i ting cdu tric. Cac mé hinh st dung k¥
thuat dirng s6m nhu: mo hinh Autoencoder
dat két qua cao nhit & epoch 21; DnCNN ¢
epoch 32; RIDNet ¢ epoch 26; MIMO-UNet
& epoch 65 va DeepRFT & epoch 71 & mdi
tap dir lidu du voi kich thude anh 512x512.
Téi wu duge d6 chinh xdc khi bat diu danh
gid mo6 hinh da duoc huin luyén, sau d6 cac
trong s6 ctia cac mo hinh da huin luyén duogc
kiém thir bang tap kiém thtr ctia tap dir lidu
tu thu thap.

Dénh gid cac mo hinh khir nhiéu dya
trén cac chi s6 PSNR va SSIM thi cac mé
hinh c6 két qua canh tranh 1o dé dua ra nhan
xét vé dir liéu va mo hinh. Bang 1 va Bang 2
cho thay két qua danh gia cia 5 mo hinh khur
nhidu d3 huin luyén trén tap dir liéu tu thu
thap FND.

Bang 1. Két qua danh gic PSNR kiém thir ciia mé hinh trén tap dir liéu thu thap

ISO Anhnhiu Autoencoder DnCNN RidNet MiMoUnet DeepRFT
640 33.217 30.662 32.593  33.235 34.269 35.224
1000 32.081 29.609 30.711  30.870 32.968 33.343
1600 31.786 29.337 30.134  30.240 32.609 32.892
3200 31.463 29.467 30.12 30.246 32.683 32.87
6400 30.131 28.926 29.223  29.467 31.878 32.083
8000 29.891 28.772 28.996  29.225 31.692 31.888
10000 29.219 28.644 28.819  28.983 31.431 31.695
12800 28.426 28.521 28.215  28.405 30.974 31.262
25600 27.847 28.092 27.108  27.347 30.170 30.502
51200 26.150 26.723 25.562  25.795 28.599 28.947
Bang 2. Két qua danh gid SSIM kiém thir ciia mé hinh khir nhiéu trén tdp dir liéu thu thdp
ISO Anhnhiéu Autoencoder DnCNN RidNet MiMoUnet DeepRFT
640 0.8974 0.8964 09118 09131 0.9261 0.9324
1000 0.8652 0.8911 0.8739  0.8705 0.9104 0.9133
1600 0.8442 0.8847 0.8537  0.8490 0.8998 0.9039
3200 0.8377 0.8811 0.8453  0.8409 0.8951 0.8973
6400 0.8121 0.8739 0.8185  0.8135 0.8911 0.8915
8000 0.7972 0.8727 0.8054  0.7993 0.8915 0.8924
10000 0.7861 0.8706 0.7949  0.7882 0.8867 0.8889
12800 0.7677 0.8686 0.7676  0.7591 0.8853 0.8871
25600 0.6763 0.8568 0.6893  0.6770 0.8762 0.8795
51200 0.6363 0.8344 0.6495  0.6372 0.8694 0.8711
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Bang 1 va Bang 2 thé hién chi s6 danh
gia PSNR va SSIM cua anh nhiéu & modi
cép dd ISO dugce tinh theo chat luong anh &
mttc d6 ISO d6 so véi anh & ISO = 160. Két
qua nay cho thdy trong mot sb truong hop,
Autoencoder c6 thé khir nhiéu hiéu qua hon
DnCNN va RIDNet. Tuy nhién, diéu nay
khong c6 nghia 1a Autoencoder ludn tot hon
DnCNN va RIDNet trong viéc khir nhiéu anh.
Két qua danh gia cac mo hinh déu giam khi
muc do ISO cang tang, khi tap dix lleu nhiéu
muc do nhleu dé huan luyén mot s6 mo hinh
xuét hién van dé. Két qua cac mang MIMO-
UNet va DeepRFT dat dugc két qua canh tranh
voi cac muc nhiéu ISO, & mang MIMO-UNet

va DeepRFT khi st dung khéi du va khéi du
bién d6i Fourier nhanh dé khai thac dic trung
nhiéu da dat hoat dong kha hiéu qua véi nhiéu
do nhiéu.

DPé xem xét lai do hiéu qua cua cac mo
hinh khir nhidu ciing nhu van dé vé sai sot
trong tap dir liéu tu thu thdp nén chung t6i da
thuc hién trén tap dir liéu SIDD, Ia tap dir licu
tiéu chuan dugc s dung phd bién danh gia
cac mo hinh khir nhiéu anh nhu Autoencoder,
RIDNet, DnCNN (Anwar S. va Barnes N.,
2020; Jang G. va cong su, 2022) Bang 3 cho
thiy két qua khtr nhiu ctia mo hinh DeepRFT
trén tap dir liéu SIDD hiéu qua hon cac mod
hinh con lai.

Bang 3. Két qua ddanh gid PSNR va SSIM kiém thir ciia mé hinh trén tdp dir liéu SIDD

Danh gia  Autoencoder = DnCNN RidNet MIMO-UNet DeepRFT
PSNR 36.379 36.37 38.83 39.315 39.611
SSIM 0.9418 0.936 0.948 0.953 0.959

5. Két luan

Trong nghién ctru nay, ching to61 da
nghién ctru va dé xuat phuong phap sir dung
phép bién ddi Fourier va mo hinh mang hoc
sdu voi cach tiép can da kich thude dau vao
dé trich xuét dat trung tan sd nhiéu cho hé
thong khir nhidu. Ching t6i da xdy dung
thanh cong mo hinh thuc nghiém dé so sanh
cac phuong phap co dién nhu phuwong phap
loc trung binh, loc trung vi va 5 md hinh
khtr nhiéu Autoencoder, DnCNN, RIDNet,

MIMO-Unet, DeepRFT da duoc huén luyén
trén tap dir li€u thu thap va tap dir li¢u SIDD.
Két qua thuc nghiém cho thay phuong phap
dé xuét ciia chiing t6i DeepRFT khir nhidu tot
hon trén timg mirc d6 nhiéu khac nhau. Trong
twong lai, ching t6i s& tiép tuc mod rong nghién
ctru dé cai thién mo hinh hon nira khi sir dung
phuong phap dau vao anh da kich thudc va
khéi bién ddi fourier cho nhing bai toan khac
nhau trong linh vuye thi gidc may tinh dé khang
dinh tinh hi¢u qua cua no.
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