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TOM TAT:

Khtr nhiéu hinh anh ludn 1a mot van dé duoc quan tdm hang dau trong xir Iy anh. Trong bai viét
nay, chung toi dé xuat sir dung k¥ thuat bo ma tu dong két hop mang no-ron tich chap dé giai quyét
bai toan xtr ly anh nhiéu dong thoi cho thay hiéu qua cia phuong phap nay ddi véi céc loai nhidu
thudng gap trong viéc sé hoa hinh anh.
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ABSTRACT:

Denoising images is one of the principal problems in image processing in particular and data
cleaning in general - the first step of machine learning. This paper proposed a model using
autoencoder techniques combining the convolutional neural network to denoise the images. We also
show the effectiveness of this model in the different types of popular noise in digital image
processing: Gaussian noise, Salt and pepper noise, Poisson noise.
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I. PAT VAN BE

Ngay nay vai su phét trién manh mé cua cong nghé s hoa, thong tin sb dic biét 1a hinh anh
s6 da tré nén vo cung phd bién. Nhiéu anh ludn tdn tai trong cac bic anh k¥ thuat sé do qua trinh
ma& hoa, truyén phét, thu nhan hinh anh. Do d6 kht nhiéu cho hinh anh tir 1au da tré thanh van dé
luén duge quan tdm dac biét trong linh vuc Thi giac may tinh. C6 rat nhiéu phuong phap dé khir
nhidu anh da dugc dé xuat nhu bién doi wavelets (Coifman va cong su, 1995), partial differential
equations (PDEs) (Perona va cong su, 1990). Hién nay, véi su phat trién manh mé cua cong nghé
Hoc may (Machine Learning), viéc khir nhidu hinh anh cé thé duoc thuc hién biang cac thuat toan
Machine Learning va thu duoc nhitng két qua kha quan. Trong d6 c6 thé ké dén thuat toan B6 ma
tu dong (Autoencoder), mot mang no-ron duoc phét trién va wng dung trong nhitng nam gan day.
Pugc danh gia 1a mot phuong phap hiéu qua va khong bi giéi han boi loai nhidu can xir ly,
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Autoencoder dugc st dung rong rai trong linh vuc nay (Gondara, 2016; Vincent va cong su, 2008,
Xie va cong sy, 2012). Trong khudn khé bai béo nay, chung toi st dung mét phién ban cua
Autoencoder 12 Bo6 ma tu dong tich chap dé tién hanh loai nhiéu trén tap hinh anh MNIST. Sau khi
duoc xay dung, bd ma tu dong nay s& chay thir trén cac loai nhiéu thuong gap trong xir ly anh.

II. BO MA TU DPONG (AUTOENCODER) & MANG NO-RON TICH CHAP
(CONVOLUTIONAL NEURAL NETWORK)

2.1. B¢ ma tw dong (Autoencoder)

Autoencoder la mang no-ron tu dong ma hoa, mot thuat toan may hoc khdng giam sat ap
dung su lan truyén nguoc, dit cac gia tri dich bang véi cac dau vao. MA ty dong dugc st dung dé
giam kich thuéc dau vao thanh mot biéu dién nho hon. Kién tric cua Autoencoder tao ra mot nit
that co chai vi vay nhiing dic trung dai dién duoc gii lai.
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Hinh 1. Kién tric Autoencoder

Mot Autoencoder gém 3 phan chinh (Hinh 1):
—  Encoder: ma héa dit liéu dau vao thanh mot phan di liéu véi s6 chiéu nho hon dit liéu ban
dau. Ciing c6 thé noi, day 1a budc nén dit liéu dau vao.
—  Code: duoc xem nhu phan that ndt ¢6 chai cua kién trtc, dai dién cho phan dit liéu da nén
dé chuén bi dua vao Decoder.
—  Decoder: ¢6 nhiém vy tai tao phan dit liéu da nén sao cho gidng dir liéu dau vao nhét co
thé.
Muc tiéu cua autoencoder 14 tai tao sao cho dau ra (output) gidng dau vao (input) nhat co thé.
Dit liéu dau vao duogc ky hiéu nhu sau:
X1, X2, ..., Xn
Dit liéu dau ra duoc ky hiéu:
21, 2y, ..., I
Khi dua vao dit liéu & dang vector n chidu Xy, Xo, ..., Xn, phan encoder s& ma héa (encode) thanh 1
vector y m chiéu (thuong thi m < n) :
y = s(Wx + b), véi s 1a 1 ham phi tuyén.
Nhiém vu caa decoder 1a nhan dir liéu m chiéu nay va giai ma (tai tao) thanh dir liéu dau ra z;, z,, ...,
Zn.
z=s(Wy+b’)
Khi d¢6 ham mat mat (loss function) s& duoc tinh toan dua trén su khéac nhau gitta z va x.

2.1.1. B4 mé tuw déng khir nhiéu
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Nhu di noi & trén, muc tidu cua autoencoder 13 ti tao lai dir liéu hinh anh ¢ dau vao. Tuy
nhién & bai toan khir nhidu, dau vao s& 1a hinh anh c6 nhidu va muc tiéu cua mé hinh duoc mé rong
ra 12 khdi phuc lai hinh anh ban dau (truéc khi thém nhidu). Khi d6, tiéu chi dé danh gia mé hinh
khong con l1a su giéng nhau giita hinh anh dau vao va dau ra nira, ma sé& 1a sy gidng nhau giira hinh
anh dau ra va hinh anh truée nhiéu (Hinh 2).

Hinh 2. Denoising Autoencoder

Cu thé, hinh anh dau vao IGc nay s& c6 dang:
X=x+n
Vi % 1a hinh anh nhiéu dau vao, dugc tao ra tir phép “cong” caa hinh anh géc x va nhiéu n. O
cac phan sau, khi thir nghiém tinh hiéu qua cua mé hinh, n s& 1a cac loai nhiéu thuong gap trong xu
ly anh nhu nhiéu Gaussian, nhidu mudi tiéu (Salt & Pepper), nhiéu Speckle, ...
Khi d6, phan dir liéu sau ma hda (encode) sé la:

y = S(WR + b)
Pau ra ctia bo ma ty dong khir nhidu nay 1a :
z=s(W’y+b’)

Nhu da noéi, loss function cua bd ma tu dong nay s€ dua trén sy khac nhau cua z va x chir
khong phai gitra z va X.
2.1.2 Bo ma tw dong tich chdp

B ma ty dong tich chap CAE (Convolutional Autoencoder) dugc xay dung trén co sd cua
kién tric autoencoder voi mang no-ron tich chap (convolutional neural network) tai bo encoder va
decoder. B ma ty dong tich chdp dugc danh gia 1a vu viét hon so vdi bd ma tu dong truyén théng
nho tich hop dugc nhitng thé manh ciia mang no-ron tich chép.

2.2. Mang no-ron tich chép

Mang no-ron tich chiap (Convolutional Neural Network - CNN) (LeCun, 1989) 1a mot loai
mang than kinh chuyén biét dé xir 1y dir liéu c6 ciu trac lién két gidng nhu ludi, vi du nhu dit liéu
trén mién thoi gian, duoc xem nhu 13 ludi 1D caa cac miu duoc ldy trong timg khoang thoi gian
nhat dinh, hay dir liéu hinh anh, c6 thé xem 1a ludi 2D cic gia tri pixel. Mang tich chap da rat thanh
cong trong cac tng dung thyc té. Cai tén “mang tich chap” ¥ néi dén phép toan dugc sir dung trong
mang no-ron 13 phép toan tich chap. Mang no-ron tich chap c6 thé hiéu don gian 13 mang no-ron sir
dung tich chap thay cho phép nhan ma tran téng quét trong it nhit mot 16p ciia mang.

V& co ban, c6 3 loai 16p (layer) cau thanh nén mot mang no-ron tich chap :

— Convolutional Layers
— Pooling Layers
— Dense Layers hay con goi la Fully Connected Layers
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I11. KET QUA VA THAO LUAN

3.1 Xay duwng, huin luyén mé hinh
3.1.1 Dz liéu

Dé huan luyén md hinh CAE kht nhidu, ¢ ddy ching t6i str dung bd dix liéu ma nguén mé
MNIST, gdm 60.000 birc anh tring den cua cac chit sb viét tay, c6 kich thudc 28x28, thuong duoc
dung trong huan luyén cac hé théng xur Iy anh khéc nhau. Muc tiéu caa viéc huan luyén 12 tao ra 1
mod hinh CAE c¢6 kha ning khir nhiéu hinh 4nh, do dé cac hinh anh trong b MNIST dugc thém
nhidu va dwa vao mo hinh dé tién hanh huéan luyén (Hinh 3,4).
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Hinh 3. Bo dix liéu chit s6 viét tay MNIST

o 7 Any B ]

Hinh 4. Dit liéu dau vao da thém nhiéu

3.1.2 Hudn luyén mé hinh

Kién trac ctia mé hinh bao gdm 2 phan chinh: encoder va decoder, trong dé mdi phan déu c6
cac 16p co ban cia mot mang no-ron tich chap. Cac thong sé cu thé vé timg 16p trong mang no-ron
dugc thé hién ¢ Hinh 5.

input_1(Input layer) | input : | (None, 28,28,1)
output : | (None, 28,28,1)

conv2d_1 (Conv2d) |input: |(None, 14,14,32)

output : | (None, 7, 7, 64)

conv2d (Conv2d) input : | (None, 28,28,1)

leaky re lu input : | (None, 7, 7, 64)
output : | (None, 14,14,32) (LeakyReLU) output : | (None, 7, 7, 64)

leaky_re_lu inpu[ . (None, 14,14,32) batch_normalization input : (None, 7, 7, 64)

(BatchNorm) Z
(LeakyReLU) output : | (None, 14,14,32) output : | (None, 7, 7, 64)

flatten (Flatten) inf)ul : | (None, 7,7, 64)
batch_normalization input : (None, 14,14,32) output : | (None, 316)
(BatchNorm) output : | (None, 14,14,32)
dense (Dense) input : (None, 316)
output : | (None, 16)
Hinh 5. Kién trac cuia mo6 hinh CAE
Training Loss
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Hinh 6. Két qua huan luyén Hinh 7. Hinh anh trudc va sau khir nhicu
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Hinh 6 biéu dién két qua hudn luyén qua ting epoch. Viéc huin luyén mé hinh nay duoc thuc
hién bang laptop ASUS Vivobook (Ryzen7 3700U, RAM 8GB, khong c6 GPU) trén nén tang thu
vién Keras, mot thu vién ma nguén m¢& chuyén dung trong linh vee Hoc may. Loss function dugc
sit dung & day 1a ham Mean-squared error (MSE). Qu4 trinh huin luyén véi 30 epochs va kich
thude cua 1 batch 1a 1875, dién ra trong 30 - 35 phit.

Tién hanh thir md hinh d3 huin luyén trén buc anh bi nhiéu, ta thu duoc két qua o dau ra nhu
Hinh 7.
3.2. Thue hién khir nhiéu trén cac loai nhiéu thwong gip

Nhu da d& cap o trén, trong khudn kho bai bao nay, ching t6i khong chi trinh bay vé mot ki
thuat khtr nhiéu hinh anh méi, convolutional autoencoder, ma con thir nghiém mo hinh da huén
luyén trén cac loai nhiéu thuong gip trong xtr 1y dnh nhu nhiéu Gaussian, nhiéu muéi tiéu,... Dé
thém cac loai nhiéu niy vao anh, chiing t6i sir dung ham random_noise trong thu vién scikit-image
ctia Python. Scikit-image (trudc day 1a scikits.image) 14 mot thu vién xt 1y anh ma nguén mé cho
ngdn ngir lap trinh Python. Thu vién nay bao gdm céc thuat toan cho phan doan, bién doi hinh hoc,
thao tac khong gian mau, phan tich, loc, hinh thai hoc, phat hién tinh ning va hon thé nita. Gidng
v6i cac thu vién khac ciia Python nhu Scikit-learn, Scikit-image ciing dugc thiét ké dé twong thich
v6i NumPy va SciPy. Hinh 8 1a két qua khir nhidu ctia mé hinh dugc xay dung. Dé dé so sanh, cac
két qua khir nhidu s& duoc dit canh hinh anh ban dau (d3 duoc thém nhiéu).

a) Khur nhiéu b)Khir nhidu  ¢) Khir nhiéu salt d) Khir nhiéu

Gausian speckle véi n= & pepper voi ty Poisson
0&c°=0.1 160.3

Hinh 8. Két qua khir nhiu ctia md hinh duogc xay dung

Bang 1 So sanh két qua loc nhidu bang CAE trén cac loai nhidu khac nhau véi thong s6 MSE (Mean

Squared Error) giita anh ban du va anh sau khi loc nhidu.

Bang 1. So séanh két qua khir nhidu
Loai nhiéu MSE
Gaussian 0.033
Speckle (n=0,6°=0.1) | 0.035
Salt & pepper (n =0.3) 0.041
Poisson 0.045
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IV. KET LUAN VA HUONG PHAT TRIEN
4.1. Két luan

Véi viéc tng dung k§y thuat autoencoder két hop véi mang no-ron tich chap, chung toi di tao
ra mot md hinh khtr nhiéu c6 thé ap dung trén céc loai nhiéu khac nhau. Tur nhitng két qua thu duoc,
c6 thé thiy mé hinh hoat dong tét nhat ddi véi loai nhidu speckle, nhiéu Gaussian. Riéng ddi voi
nhiéu salt & pepper, nhiéu Poisson két qua van chwa duoc tét. Tuy nhién, so véi cach 1am truyén
thdng sir dung céc bo loc nhu mean filter, Gaussian filter... thuong chi ¢6 tc dung véi mot loai
nhidu nhat dinh, thi day 1a mot phuong an kha quan va c6 tiém nang phat trién.
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4.2. Hwéng phat trién

Trong tuong lai, & nang cao hiéu suat khir nhiéu, c6 thé nghién ciru két hop thém cac phuong
phap dé tién xt ly hinh anh, cai thién chat luong dau vao trude khi tién hanh loc nhidu. Ngoai ra,
viéc ung dung autoencoder khdng chi dirng lai & loc nhidu anh ma con cé thé tng dung trong viéc
phat hién bit thuong (anomaly detection), nén anh... Thém vao d6, viéc két hop cac wu diém cua
autoencoder vai cac mang neuro thuong gap nhu Convolutional Neural Network (CNN), Long-
Short Term Memory (LSTM) htra hen 1 giai phap hiru hiéu dé giai quyét cac bai toan trong linh
vuc Hoc may, Hoc sau.
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