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Hoc sau (deep learning) 1a mét phan clia hoc may (machine learning), con hoc may la thuat
nglr chung dé chi cac phwong phap, chuong trinh khién cho may tinh cé thé théng minh 1én,
tao ra tri tué nhan tao (Al). Kht* m& anh bi mo do chuyén dong (motion blur). Dya trén tién
bd dang ké& gan day da dat dwoc trong cac linh vic lién quan dén siéu phan giai hinh anh
(super-resolution) va xéa bd chi tiét thira trong anh (inpainting) béng cach ap dung
cac mang sinh phan biét (GANs). Bai bao nay trinh bay ky thuat hoc sadu deblurGAN - mét
cach tiép can dwa trén cac mang sinh phan biét c6 didu kién va ham mét mat da thanh
phan (multi-component loss function) &p dung cho bai toan kh&* m& anh sb bi me do
chuyén dong.

Hoc sau, mang sinh phan biét (GAN), deblurGAN, ham mét mat da thanh phan.

Deep learning is a part of machine learning. Machine learning is a general term that refers to
methods and programs that make computers smarter, and creating artificial intelligence (Al).
Image de-blur that are blurred due to motion. Building on the significant progress recently
made in the areas related to image super-resolution and remove redundant details in digital
photos remove excess detail in the image by applying Generative Adversarial Networks
(GANS). This paper presents deblurGAN deep learning technique - an approach based on
Generative Adversarial Networks and multi-component loss function applied to the problem
of de-blurring digital images that are blurred due to motion.

Deep learning, GANs , deblurGAN, Multi-component loss function.

1. GIOI THIEU

Hoc sau (deep learning) 12 mot phan cua hoc
may (machine learning), con machine learning
la thuat ngir chung dé chi cac phuong phap,
chuong trinh khién cho may tinh c6 thé théng
minh 1én, tao ra tri tu¢ nhan tao (Al). Nganh
tri tué nhan tao (AI) thuong dugc coi la chinh
thie ra doi vao nam 1956, va da trai qua hai
chu ky “boom-bust” (hay c6 thé goi 1a: sdi suc
— nguoi lanh), va hién dang ¢ thoi ky soi suc
mai, chinh nho vao hoc sau, nay da tré thanh
phan chinh, phan quan trong nhét cia linh vuc

hoc may. Rat nhiéu tng dung tin hoc quan
trong ndi bat gan day 1a c6 cong dong gop cia
hoc sau: dich vu khach hang, nhdn dang phim
anh, chuan doan bénh, phong chéng toi pham,
xe ty l4i, dich tiéng tu dong, thu ky robot... [4]
Hau nhu trong bét ¢ linh vyuc nao cling ¢6 thé
hinh dung c&c céng nghé méi trong dé Al
dong vai tro quan trong, va Al d6 chinh la dya
trén hoc may, va phan 16n 1a hoc sau. Khir mo
anh bi mo do chuyén dong (motion blur)[1]
bang phuwong phdp hoc sdu GAN. Dya trén
tién bo dang ké gan day da dat duoc trong cac
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linh vuc lién quan dén siéu phan giai hinh anh
(super-resolution) va x6a bo chi tiét thira trong
anh (inpainting) bang cach ap dung cac mang
sinh phan biét (GANs). GAN duoc biét dén
v6i kha niang bao toan cac chi tiét két cau
trong hinh anh, tao ra cac giai phap gan giéng
v6i ban sao hinh anh thyc va tréng c6 veé
thuyét phuc. LAy cam hang tir cdng viéc gan
day vé siéu phan giai hinh anh va dich tir hinh
anh sang hinh anh cua cdc mang GAN, ching
téi coi viéc khir mo la mot truong hop dac
biét cua dich t hinh anh sang hinh anh.
Chang t6i trinh bay deblurGAN - mét cach
tiép can dya trén cac mang sinh phan biét co
diéu kién va ham mat mat da thanh phan
(multi-component loss function). Bai b&o nay
trinh bay 3 véan dé chinh khi sir dung phuong
phap deblurGAN xir Iy anh s bi mo do
chuyén dong.

PAu tién, dua ra mot sy mat mat va mo hinh
hoc sdu GAN dugc coi 12 hién dai nhét trong
viéc khir mo chuyén dong, né nhanh hon vai
ln so vé&i d6i tha canh tranh thudc loai nhanh
nhat.

Tha hai, trinh bay mot phuong phap dua trén
cac quy dao ngau nhién dé tao ra mot bo dir
liéu phuc vu cho dao tao khir md chuyén dong
theo kiéu tu dong tir bo dir liéu sac nét. Viéc

Real
Samples

=

X~ Pyata(X)

Latent
Space

:

két hop n6 véi mot bo dix lidu hién co dé hoc
cach 1am mo chuyén dong s& cai thién két qua
S0 V6i chi dao tao vé hinh anh trong thé gi6i
thuc.

Cudi cung, trinh bay mét bo dir lieu méi va
phuong phap dé danh gia cac thuat toan khi
mo dya trén cach ching cai thién két qua.

2. MOT SO PHUONG PHAP KHU MO’ ANH
2.1. Phwong phap khir m& anh truyén
théng

» Thuat toan Richardson-Lucy, hay giai chap
Lucy-Richardson (LR) [6].

= Khir ' mo anh bing phuong phéap
Regularized Filter (RF) [2].

2.2. Phuwong phap khir m& anh hién dai [8]
Nguoi ta phan chia cadc phuong phép khir mo
anh hién nay lam bon nhém chinh:

= Maximum a posteriori (MAP);

= \ariational Bayesian;

= Edge prediction;

= Power-spectrum methods.

3. KHI MO ANH BANG PHUONG PHAP
HOC SAU GAN

3.1. Generative Adversarial Network (GAN)

L. G
- T
z~p,(z) Nt

Hinh 1. M6 hinh hoat déng cia GAN
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Generative Adversarial Network (GAN):
mang sinh phan biét - hinh thanh trén y tuéng
vé sy canh tranh cua hai mang neural network
[3]:

= Discriminative network (mang phéan biét):
¢ nhiém vu cb ging phan biét giira data that
va data gia mao.

= Generative network (mang sinh): sinh ra
data gia, va muc tiéu la lam sao cho sinh ra
duoc cac data gidng véi that nhat, 1am cho
mang phan biét khdng thé phan biét noi.

M®& hinh hoat dong caa GAN xem hinh 1

Generator (bo sinh) ldy mét dau vao ngau
nhién va cé gang sinh ra dwoc mau maéi cua
data truyén vao. Nhu mé ta ¢ hinh trén,
generator G(z) lay input z tir pz(z), véi z la
mau thudc phan phéi xac suat p(z), duoc sinh
ngau nhién tur latent space, sau d6 gan thém
nhiéu (noise). Mau méi sinh ra tir G(z) dugc
nap vao Discriminator network D(x). Cdng
viéc cua Discriminator network 1 lay input tir
tap train (real sample) va mau méi dugc sinh
ra tr G (generated sample) va xac dinh xem
mau ndo méi la that. Mau that x duoc Iy tur
phan phdi xéc suat pdata(x).

D(x) xt ly van dé phan loai nhi phan bing
cach st dung ham sigmoid, tra vé két qua
khoang tir 0 dén 1, v&i xac suat dau ra cang
cao thi kha ning miu dé 1a that (mau lay tir
tap data) cang 16n, va nguoc lai. D duoc huan
luyén dé t6i da xac suat gan dung nhan cho
mau maéi, ddng thoi G lai dugc huan luyén dé
t6i thiéu kha nang phat hién cua D, tuwong
duong tdi thiéu log(1- D(G(z)). N6i cach khac,
viéc huin luyén D va G tuong (ng Véi trd
choi minimax gitra hai nguoi cho ham sé [3]:

mGin mng(D,G) =E, p..0[109 D(X)]
+E, ,,»[log(1-D(G(2)))]

Trong ham s6 V(D,G) [7]:

E, p...collog D(X)]1a gid tri ky vong khd nang
sample tir phan phéi training duoc D danh gia
dir liéu that. Gia tri nay cang cao thi kha niang
danh gi4 dur li¢u training cua D cang chinh
Xac.

E, .. »[log(l-D(G(x)))] lagia tri ky vong kha
nang sample tr G (dugc G sinh ra tor phan
phéi pz) duge D danh gia 1a dir liéu gia. Gia
tri cang cao kha nang danh gia dir liéu sinh
cua D cang chinh xéc.

Téng thé, D cb ging maximize V(D,G) trong
khi G thi nguoc lai. Qué trinh huan luyén
s&¢ hoi tu khi Py = Paata & D(x)=%<:> D
khong thé phan biét duoc 1 sample 14 that hay

gia (xac suat déu 12 0.5).

Qua trinh training cia GAN duoc chia thanh
phan, thuc hién theo cac bude nhu sau:

Huan luyén Discriminator network, ¢ dinh
Generator network (cd dinh nghia 1a chi lan
truyén xudi (feedforward), khong lan truyén
nguoc backpropagation): Discriminator dugc
dao tao vé dir liéu thuc cho n epoch va xem
liéu n6 co thé dy doan chinh xac chiing 1a that
hay khong. Ngoai ra, trong giai doan nay,
Discriminator ciing duoc dao tao vé dir liéu
duoc tao ra tir Trinh tao va xem liéu n6 c6 thé
du doan chinh xac chung la gia hay khong.

Sau khi Discriminator duoc huan luyén boi dit
liéu gia duoc tao ra tir Trinh tao, ching ta c6
thé nhan duoc du doan cua nd va sir dung két
qua dé huan luyén Trinh tao va nhan duoc tot
hon tir trang thai truéc d6 dé thir va danh lira
Trinh phén biét.

2.2. M6 ta thuat toan

Muc tiéu 1a dé khdi phuc hinh anh sic nét Ig
ma chi dugc cung cip mot hinh anh ma g 1am
dau vao, do d6 khong c6 thong tin nao vé hat
nhan mo dugc cung cép. Viéc khir mo duoc
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thuc hién bang cach huin luyén CNN Gy,
duoc goi la Trinh sinh. Bdi véi mbi I, nd wée
tinh hinh anh Is twong tng. Ngoai ra, trong
giai doan huan luyén, bai bao gisi thiéu Trinh
phan biét Dgp va huan luyén ca hai mang theo
cach d6i nghich [9].

Mang sinh ldy hinh anh mo lam dau vao va
tao ra cua hinh anh sic nét uéc tinh. Mang
phan biét Iy cac hinh anh duogc tao ra va hinh

anh sic nét dé tim ra do khac nhau giira ching.

Tbng mit méat bao gdm mat mat WGAN tir bo
phan biét va mat mat vé cam quan. Sy mat
mét vé nhan thac 1a sy khac biét gitra céc
mang dac trung VGG-19 conv3.3 cua hinh
anh sac nét va hinh anh duoc tao ra. Sau khi
huan luyén thanh céng, chi c6 trinh sinh dugc
gitt lai.

Wasserstein distance

Critic

E——

Perceptual loss +
WGAN loss

Restored

S
S
2
©
S
[}
=
@
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Hinh 2. M6 hinh dao tao deblurGAN

Ham mat mét duoc xay dung dua trén sy két
hop caa mat mat noi dung va mat mat phan
biét [5]:

L=CLgan + A-Lx
S’ N~
content losi

total loss

adv loss
N

Mat mat phan biét, hau hét cac bai bao lién
quan dén GAN co diéu kién déu sir dung
vanilla GAN am ham mat mét. Gan day xuat
hién mot cach khac la sir dung LSGAN (Least
Squares Generative Adversarial Networks) 6n
dinh hon va tao ra két qua chét luong cao hon.
Chung t6i sir dung WGAN-GP lam chirc nang
phan biét, dugc chiing minh la manh mé cho
su lya chon kién trac Trinh phan biét [9]. M4t
mat dugc tinh nhu sau [1]:

N
Lean =) —Do,(Gos(I?))

n=1
DeblurGAN dugc dao tao ma khéng c6 thanh
phan GAN héi ty, nhung tao ra hinh anh min
va mo.
M4t mat noi dung: Hai lva chon cé dién cho
ham mat mat noi dung 1a mat mat L1 hoic
MAE, mat mat L2 hoic MSE trén céc pixel
thd. Viéc su dung c&c chic nang d6 lam muc
tiéu toi uu hoa duy nhat dan dén cac tao pham
mo trén cac hinh anh duoc tao do trung binh
pixel cua cac giai phéap c6 thé cé trong khong
gian pixel. Thay vao do, ching t6i da thong
qua mat dé xuat Nhan thic gan day. Mat mat
cam quan la méat L2 don gian, nhung dya trén
su khac biét cua hinh anh duoc tao ra va mang
dac trung muc tiéu [9]. N6 dugc dinh nghia
nhu sau:

Wi Hi
Lx = g Y 9 (005(%)ay = 0:3(Gog(I7))ay)’
z=1 y=1

trong do ¢i,j 1& mang dac trung thu duoc tu
tich chap tha j (sau khi kich hoat) truéc lop
maxpooling tht i trong mang VGG19, dugc
dat truéc trén ImageNet, Wi va H;jla cac kich
thudc cua anh xa dac trung (feature map).
Trong bai bao nay tac gia sir dung kich hoat tur
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tich chap VGG3,3. Kich hoat cua céac 16p sau
hon dai dién cho céc dac trung triru tugng cao
hon.

Mat mat cam quan tap trung vao viéc khoi
phuc noi dung chung trong khi mat méat phan
biét tap trung vao khéi phuc chi tiét két ciu.
DeblurGAN dugc dao tao ma khong co6 mat
mat cam quan hoac véi MSE don gian trén
pixel thay vao d6 khong hoi tu vé trang théi
c6 y nghia.

Kién tric mang noron tich chap (CNN) cua
trinh tao nhu sau: N6 chtra hai khéi tich chap
c6 sai 1/2, chin khdi du (ResBlocks) va hai
khdi chap chuyén vi. Mdi ResBlock bao gom
mot 16p tich chap, 16p chuan hoa va kich hoat
ReLU. Chuan héa Dropout véi xac suit 0,5
duoc thém vao sau 16p chap dau tién trong
mdi ResBlock. CNN hoc IR hiéu chinh du
cho hinh anh mo IB, vi vay IS = IB + IR.
Cong thuc nhu vay lam cho dao tao nhanh
hon va két qua mé hinh tong quéat tét hon.
Trong giai doan dao tao, xac dinh mot mang
phan biét DOD, d6 la Wasserstein GAN vdi
hinh phat do dbc (gradient penalty) goi la
WGAN-GP. Kién tric cia mang phé binh
giong hét véi PatchGAN. Tat ca céac I6p chap
trir I6p cudi cling duoc theo sau bai 16p chuan
hoa InstanceNorm va kich hoat LeakyRelLU
Véia=0:2[9].

-

AAEAL

Hinh 3. Kién tric mang cta trinh tao

3. KET QUA THUYC NGHIEM

Trién khai tt ca cac moé hinh cua minh bang
khung hoc séu PyTorch [11]. Viéc dao tao
duoc thuc hién trén mot may tinh chuyén xu
1y d6 hoa c6 cau hinh GPU Nvidia GeForce
GTX Titan X, chip Core(TM) i9-12000K va
RAM 32Gb...

Chuan bj mét bo dir liéu anh tinh cua xe may
dugc chup tai chd dau xe trong mét sé trung
tam thwong mai I6n. Cac hinh anh duoc tién
hanh tién xir ly bang cach tach riéng noi dung
bién sb xe ra. Sau d6 mot s6 anh bién sb chinh
dién, khong phan biét mau sic hay kich thuéc.
Bo dir liéu sau d6 duoc xu ly bing ham
filter2D két hop voi cac hat nhan mo ngau
nhién dé tao ra nhitng anh mo chuyén dong
tuong ung.

Cac tham s6 co ban nhu: Kiéu GAN:
gan_type = wgan-gp (Wasserstein GAN with
Gradient Penalty), so luong anh huan luyén:
600, S6 epoch: 300, learning rate: 0.0001,
batchSize: 1

Mot s6 hinh anh thé hién qué trinh huan luyén.
Trong d6 biéu do thé hién d6 mat mat. 3 anh
tiép theo twong Gng 1a anh mo, anh duoc tao
ra nho bo sinh va anh nét.

Hinh 4. Hinh anh trwc quan cha viéc huén luyén
&epoch 1l

Bt dau huan luyén & epoch dau tién. Mat mét
dang con kha 16n, va bo sinh chua thé tao ra
nhiing birc anh tét.

hl o)

Hinh 5. Hinh anh trwc quan cta viéc huan luyén
& epoch 150

Pén Epoch thir 150, mat mat dang co xu
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huéng giam xudng rd rét, va bang cam mat
thuong co thé thay bo sinh da tao ra su khac
biét gitra anh sinh ra va anh mo truyén vao.

Hinh 6. Hinh anh trwc quan cda viéc huan luyén
& epoch 160

Hinh 9. Anh thwc té c6 chitra bién s6 xe bi m&

Tién hanh tach bién sb xe ra va dua vao khir
mo.

Hinh 7. Hinh anh trwec quan cta viéc huan luyén
& epoch 170

Cang vé sau, hinh anh dwgc tao ra di duoc
khit mo r6 rét. Phuong phap deblurGAN co
chi s6 PSNR 6n dinh va ngang bang hoic cao
hon céc phuong phép khac. Bén canh do chi
s6 SSIM xap xi bang voi mot sé phuong phap
hién nay. Mot sé hinh anh thyc té trong qué

trinh thu nghiém:
AITY (99T |
04125862

Hinh 8. Anh khir mé& 1 s6 trong qua trinh huén luyén

Bing mat thuong c6 thé thiy, anh di duogc
khir mo kha tét. Chi tiét duoc phuc hodi dang
ké. C6 thé doc dugc s6 mot cach rd rang.

Véi muc dich xem bd khir mo ¢6 thé sir dung
thuc té hay khong. 1y 1 anh bi mo trén mang
internet, sau d6 cit phan c6 bién s bi mo ra.

Hinh 10. Anh két qua th&r nghiém

Két qua cho thay anh dwoc khir mo twong ddi
tdt. Mac du anh duoc khit mo chua duoc sic
nét nhu cac anh mo nhan tao & trén, nhung két
qua nay ciing coi 1a chap nhan duoc.

4. KET LUAN

Trong bai bdo nay cac tac gia da tim hiéu va
trinh bay vé phuong phép khir mo anh s dya
trén ky thuat hoc sau deblurGAN. Pong thoi
trién khai mo hinh dé tién hanh huan luyén.
Két qua 1 s6 budc caa qua trinh thuc nghiém
duoc dua ra dudi dang hinh anh. Bang cac két
quéa thu duoc, cac tac gia nhan thay viéc (ng
dung k¥ thuat hoc sdu GAN vao khir mo anh
s6 do chuyén dong thu duoc két qua tét hon
s0 V&i nhiéu phuwong phap hién nay dang dung
va c6 thé dua vao tng dung trong cac bai toan
thuc t& vi du nhu nhan dang bién sé phuong
tién tir hinh anh thu dugc boi cac camera giam
sat dugc trinh bay ¢ trén. Trong tuong lai, Cac
tac gia s& tap trung nghién cau sau thém vé
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deblurGAN dé dua vao ap dung véi nhitng bd  hon nhdm ap dung cho cac bai toan kha mo
dir liéu Io6n két hop véi cac vong lap hudn  anh s thuc té nhu nhan dang van ban, khuén
luyén 16n va nhiing tham sé dau vao hop ly  mit... dat duoc két qua tét hon.
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