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HOAN THIEN CAC VUNG PHA HUY HINH DANG BAT KY TRONG ANH SU
DUNG KIEN TRUC MANG THANG DU VA NHAN CHAP TUNG PHAN
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TOM TAT

Ngay nay, cac giai thuat dya trén hoc sau cho bai toan hoan thién anh (image inpainting) da thu
dugce két qua tdt khi xir 1y cac viing mat mét thong tin ¢6 hinh dang vudng hodc cac hinh phé dung.
Tuy nhién, van thit bai trong viéc tao ra cac két cau hop 1y bén trong ving bi pha huy do thiéu cac
thong tin xung quanh. Trong nghién ctru nay, bit ngudn tir giai thuat hoc thing du dwoc ding dé
dy doan cac thong tin bi mat trong vung bi pha huy, thuan lgi cho tich hop cac dac trung va du
doan két cdu, chung t6i d& xuit mang nhan chap timg phin thing du cai tién dya trén kién trac ma
hoa va giai ma U-net dé l4p day ving bi pha huy bao toan két cdu khong chi v6i cac hinh dang phd
dung ma con cho céac hinh dang bat ky. Céc thi nghi¢m duya trén dinh tinh va dinh lugng déu cho
thiy m6 hinh dé xuét co thé giai quyét cac ving bi pha hity c6 hinh dang bat ky va dat hiéu suat
thuc thi tt hon cac phuong phép inpainting trude do.

T khéa: inpainting anh; mdt na khéng phé dung; mdt na bdt ky; mang thang di; thi gidc mdy
tinh; nhdn chdp timg phan;
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IMAGE INPAINTING FOR ARBITRARY HOLES USING CUSTUMIZED
RESIDUAL BLOCK ARCHITECTURE WITH PARTIAL CONVOLUTIONS
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ABSTRACT

Recently, learning-based algorithms for image inpainting achieve remarkable progress dealing
with squared or regular holes. However, they still fail to generate plausible textures inside
damaged area because there lacks surrounding information. In this paper, motivated by the residual
learning algorithm which aims to learn the missing information in corrupted regions, thus
facilitating feature integration and texture prediction we propose Residual Partial Convolution
network (RBPConv) based on encoder and decoder U-net architecture to maintain texture while
filling not only regular regions but also random holes. Both qualitative and quantitative
experimental demonstrate that our model can deal with the corrupted regions of arbitrary shapes
and performs favorably against previous state-of-the-art methods.
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1. Gi6i thiéu

Inpainting anh 1a mét tién trinh 1ap day hay
khoi phuc lai cac ving bi mat mat thong tin
hay vung bi pha huy (goi 1a vung dich) trong
anh bang cach tong hop tir cac ving khong bi
pha huy hay cac anh gbc khac (goi 1a ving
ngudn). Inpainting duoc st dung trong rat
nhiéu ung dung thuc té nhu: loai bo cac ddi
tugng khong mong mudn ra khoi anh, khoi
phuc céc vung anh bi pha hiy, hoan thién cac
ving bi che khuat, khir nhiéu. Mic du da
dugc nghién ciru trong nhiéu thap nién qua,
inpainting anh van 1a mot bai toAn m¢ va khé
trong linh vic d0 hoa va thi giac may tinh do
tinh mo ho khong rd rang va do phuc tap cua
anh ty nhién. No6i chung, két qua anh
inpainting phai thoa min yéu cau vé bao toan
cAu tric ngit nghia tong thé va két cdu chi tiét.
Céc phuong phap inpainting c¢6 dién dua trén
khuyéch tan [1] [2] hay ldy mau [3] [4] [5] [6]
déu sir dung ¥ tuong tham thau cac thong tin
vé céu trac va két cdu trong tir cac ving
ngudn vio trong cac vung dich. Véi cac cach
tiép can nay tién trinh inpainting anh dugc
thuc hién theo tirng budc tr ria vung dich vao
trong. Vi vay, két qua cia budc sau phuc
thudc rat nhiéu vao do chinh xac cua budc
trude do, 16i tham thdu s& xuat hién néu nhu
viéc khoi phuc thit bai & mot budc nao d6 thi
két cau tong thé ciing nhu chi tiét s& bi sai
l1éch (hinh 1b).

(a) (b) (© (d)
Hinh 1. M¢t s6 ky thudt inpainting. (a) anh véi
viing can hodn thién. (b) Anh hodan thién diea trén
ldy mau PathMach [6]. (C) Anh hoan thién dia
trén mang Context Encoder [7]. (d) Anh goc

Bén canh d6 qua trinh tim kiém 1an can gan
nhit c6 chi phi thoi gian 16n. Cach tiép can
nay hiéu qua khi c6 thé tim thdy cac miu anh
v6i day du sy twong quan vé mit truc quan

tuy nhién s& thit bai néu khong tim thidy mau
anh tuong tu trong co s& dir li€u. Hon niia,
céc phuong phap nay c6 thé can dén co so dir
liéu mau bén ngoai lam giam pham vi ctia anh
can hoan thién.

Nguoc lai véi cac phuong phép truyén thong
dya trén ldy mau sir dung cac dic trung xung
quanh ving tréng trong anh hodc tir tip miu
chon trudc, cac giai thuat dya trén mang nhan
chap hoc sau (Deep Convolution Neural
Network (DCNN)) ciing di dugc dé xuét dé
hoc céc dac trung dung cho du doan céc phﬁn
mat mat thong tin dya trén tap dir liéu huin
luyén. Loi ich tir dit liéu hudn luyén 16n, cac
phuong phap dua trén DCNN dua két qua
inpainting voi ngt nghia hop 1y hon. Tuy
nhién, mot sé phwong phap dya trén DCNN
thuong hoan thién cac ving méat mat thong tin
bang cach thim thiu cac dic trung nhan chap
clia cac ving xung quanh thong qua mot tang
két ndi day dii, 1am cho két qua inpainting doi
khi thiéu c4c chi tiét két cAu tot va c6 vét mo
(hinh 1c).

M0t gidi han khac cta cac ky thuat inpainting
trude day 1a chi tip trung trén cac ving trong
hinh chit nhat va gia thiét no thuong duogc dat
¢ xung quanh trung tdm caa anh [7] [8] [9].
Nhitng giéi han ndy c¢6 thé din dén tinh trang
qua khop trén cac ving tréng hinh chit nhat
va gi6i han ung dung cua cdc mo hinh nay
trong thuc té. Mot vai nghién ciru [10] [11]
gin day dd mo rong hinh dang ctua mit na
ving trong voi cac khudén dang phd dung nhu
hinh ch@r nhat, hinh thoi, hinh elip... va dat
chiing & céac vi tri ngau nhién trong anh. Tuy
nhién nghién ctru ciing chua thu dugc két qua
tdt trén tdp mat na nay. Duya trén tdp mat na
v6i hinh dang va duong ké da dang c6 duoc
tir nghién ctru [12], két hop v6i phép nhan
chap timg phan nghién ctru [13] cho két qua
inpainting tuong ddi t6t trén tap mat na khong
phd dung nay.

bé gia ting tbc @6, hiéu suit thuc thi cling
nhu két qua inpainting, ching toi dé xuat mot
md hinh kién trac mang DCNN st dung cac
khéi residual két hop voi nhan chap ting
phan duoc gidi thiéu lan dau trong [13] nhim
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gia tang kha nang triru tugng hoéa dac trung
tao ra cac anh hoan tién tdt hon. Cac thuc
nghiém dugc thuc hién trén céac tap dir liéu
chuan cho thay phuong phap dé xuat thu dugc
hiéu suit cao va thoi gian xtr 1y nhanh, bén
virng vai cac thé loai mat na khac nhau vdi ca
hinh dang théng dung, khong thong dung,
hoic mit na bat ky khi so sanh voi cac
phuong phap trude do Céc phan tiép theo ctia
bai viét nay duogc t6 chirc nhu sau: trudc hét
cac nghién ctru lién quan duogc trinh bay trong
phan 2; kién tric mo hinh dé xuét voi cac
khéi Residual cai tién két hop v6i nhan chap
ting phan dwoc gidi thiéu trong phan 3; moi
truong thuc nghiém va cac két qua duge trinh
bay trong phan 4; cudi cing, két ludn dugc
dua ra trong phan 5.

2. Cac nghién ciru lién quan

Cac cach tiép can khong dya trén mang hoc
sau thuong duoc chia thanh hai loai: phuong
phap dua trén khuyéch tan [14] [1] [2] va
phuong phap dua trén 1y mau [6] [15] [16]
[17] [18]. Cac phuong phap dya trén khuyéch
tan thuong lap day cac vung dich chi dua trén
viéc tham thau cac thong tin bé mit tir cia
vung xung quanh chung Phuong phap nay

chi ¢6 thé xir 1y cac ving trong hep trong anh
¢6 su bién thién vé két ciu va mau sic nho.
Chung that bai trong viéc tong hop cac noi
dung ngir nghia do cac thong tin chi dén tir
céc 1an can cua né va nhu vay khong thé giai
quyét truong hop ving trong kich thude 16m.
Céc phuong phép dya trén 1dy mau chia nho
ving dich thanh cac ving tréng nhé va nd luc
tim cac vung tuong tu hodc ¢ lién quan dén
céc ving nay sau d6 lip ghép chung vao ving
trbng nho tuong tng. Cac phuong phap nay
c6 thé tong hop cho ket qua tuong dbi muot
va chap nhan duge néu nhu giai thudt tham
lam dung dé xac dinh wu tién ciia manh ghép
t6t, nhung chi phi tinh toan 14 rat 16n. Khic
phuc nhuoc diém nay PatchMatch [6] dé xuét
mot giai thuat tim kiém mau xap xi nhanh cho
két qua kha tdt, tuy nhién viéc hoan thién anh
s& thit bai néu khong tim thidy mau ghép c6
d6 so khép cao va van chua di nhanh cho cac
ung dung thoi gian thuc. Mot gidi han khac
clia cac cach tiép can nay la khong tao ra
duoc cac ciu trac chi tiét vi chung chi xur ly
trén bé mat cuc bo mirc tha"ip va khong thé thu
nhan cac thong tin ngli nghia & muc cao.

Hinh 2. Kién triic mé hinh dé xudt

Gén day, cac cach tiép can dya trén mang DCNN thu dugc nhiéu két qua vuot trdi trong linh vuc
inpainting anh vai cac ving dich ¢6 kich thude 1on [7] [19] [10] [9] [20]. Cac phuong phap trong
cach tiép can nay cai thién két qua inpainting bang cach sir dung cac thong tin ngir nghia trong
anh. Mot trong cic nghién ciru dau tién dwa trén DCNN cho bai toan inpainting 1a Context
Encoder [7], sit dung mot kién triic ma héa — giai ma (encoder-decoder) dé 1ap ddy ving trong,
ddng thoi bd sung thém ham loss dbi khang (adversarial loss) trong pha huan luyén dé nang cao
chét luong truc quan ctia anh hoan thién. Mac du Context Encoder hi€u qua trong viéc dat dugc
cAu tric tong thé va ngir nghia ctia anh, nhung chi véi kién trac mang chuyén tiép don cac két cau
chi tiét t6t van khong duoc sinh ra. Sau khi cac mang dbi khang sinh (generative adversarial
networks (GAN)) dugc gidi thiéu trong nghién ctru [21], cac nghién ciru sau d6 dua trén GAN
nhu [22] [23] [24] [20] [11] hoan thién ving dich dwa trén 16p ngir nghia ciia ving ngudn dua ra
két qua hop 1y hon vé mit tryc quan. Nghién ctru [25] b6 sung thém ham loss cau triic nham duy
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tri tai cdu tric cua canh. Zhang va cac cong
su [26] chia tién trinh 1ap day ving tréng nay
thanh nhiéu pha, qua mdi pha kich thudc cua
ving tréng giam dan tao ra két qua kha tot.
Tuy nhién kich thudc cua ving trdng bi gidi
han 14 céc vung hinh vudng hodac oval. Ching
khong thé xtr Iy véi cac vung tréng khac hodc
cac madt na vdi kich thudc da dang. Lui va céc
cong su [13] sir dung cac phép nhan chap
ting phan (partial convolution) trong d6 phép
nhan chdp chi dua trén céc diém anh chic
chan nham giam thiéu tac dong gay ra boi su
khac biét phan bd giira ving mat na va ving
ngoai mat na. Phuong phép nay ngoai viéc su
dung cac mat na hinh dang phé dung con co
thé ap dung cho cac mit na khong phd dung
dugc sinh ra trong nghién ctu [12] dya trén
udc lwong anh mat na gitia hai khung anh lién
tiép trong video.

Hién nay, cac mang DCNN dat duoc hiéu
suat thuc thi rat cao trong nhan dang va phan
loai anh. Pac biét la mang ResNet [27] ¢ tac
dong to 16n dén su phat trién ctia mang nhan
chap hoc sau. Vi khdi cdu trac dugc thiét ké
hi€u qua tao ra mang cé kién trac sau hon,
khic phuc dugc van dé mat mat gradient tai
pha huén huyén [27]. Ngoai ra cac khdi residual
con chira cac két ndi nhanh (short-cut) cho két
qua t6t hon voi ca hiéu sudt va thoi gian thuc
thi. Cac uu diém cua kién tric residual duoc
nghién ctru cai tién dua vao mo hinh d& xuat
nham gia ting két qua inpainting anh.

3. M hinh dé xuit

M6 hinh dé xuat RBPconv ciia chiing t6i cho
bai toan inpainting trén kién trac nén U-net
két hop voi cac khdi Residual cai tién va phép
nhan chap timg phan. So do tong quéat cua
mo hinh dugc minh hoa trong hinh 2.

3.1. Khéi Residual

Kién tric cua cac khdi residual cai tién dugc
minh hoa trong hinh 3. Khéi nay dugc chia
thanh 2 khdi con. Pau tién bo loc nhan chap
kich thudc 1x1 dugc ap dung cho mdi khdi
con trong kién truc hinh thap véi muc dich

lam giam s chiéu ctia ban d6 dic trung trude
khi 4p dung bo loc thong dung 3x3. Diéu nay
gitip cho s chiéu cua ban dd dic trung, giam
chi phi tinh toan. Vi du dau ra ciia ting trudc
(1a dau vao cua tang hién tai) 1a 100x100x128
di qua téng nhan chap hién tai cho dau ra 1a
100x100x256 sau khi nhan chap voi mat na
3x3 v6i 256 kénh (stride =1, pad=2), thi cac
tham s6 s& 1a 128x3x3x256 = 294912. Néu
dau ra cia tang truée di qua ting nhan chap
kich thudc 1x1 véi 64 kénh trude va sau do
nhan chdp véi mat na 3x3, 256 kénh thi két
qué van 1a 100x100x256, nhung tham sé nhan
chap giam  xudng  128xIx1x64  +
64x3x3x256=155648, tic 1 giam gan 2 lan.

4

u.nr.rgcum
1x1 Conw, 64
4 Y
mewm BJ‘M"’WH'I
Ixl Carw, 64 .,#._,
h J
Batchiorm ) x 3 Conv
Y '
Ratu BatcnNarm
3 x 3 Conv sl
v v
BatchNorm ]'va
BatchNorm
v
concat

Qutput

Hinh 3. Kién triic khoi residual cdi tién

Mot khéi con chira mot tang nhan chap 3x3
khdi con lai chira hai ting 3x3 (hinh 3). Cac
dic trung cuc b cua hai khdi nay véi kich
thude khac nhau dugc tap hop va ndi lai véi
nhau. Két néi short-cut duoc ap dung truc tiép
gilta diu vao va ddu ra ngin chin mat
gradient trong mang hoc sdu. Cac két ndi
short-cut dugc chirmg minh trong nghién ctru
[27] khong 1am gia ting thém cac tham sb
cling nhu d6 phtrc tap chi phi tinh toan.

3.2. Partial Convolution

Khai niém vé nhan chap timg phan dugc dé
xudt lan dau trong nghién ctru [13] 4p dung
cho bai toan inpainting v&i cac ving trong

22

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Lé Pinh Nghiép va Ptg

Tap chi KHOA HOC & CONG NGHE DHTN

208(15): 19 - 26

khong phd dung di thu duoc két qua kha
quan. Nhan chap timg phan c6 thé dugc suy
ra b?mg cic mat na va c6 duoc tai chuan hoa
chi dua trén cac diém anh hop 18. Goi W 1a
trong sb cua bd loc nhan chap va b 1a d6 1éch
chuan tuong ung. X 1a céc gia tri dic trung
trong cura s6 trugt hién tai, M 1a mit na nhi
phan twong Gmg. Nhan chap timg phan tai mdi
vi tri duge biéu dién nhu sau:

: [WTEX O M) —
xr =

prr— + bsumi(M) = 0
0. ngBEe [Ei

D)

Trong d6 © biéu dién phép nhéan ting phan
tr trong Gmg cua hai ma trin. Co thé thiy
réng, cac gia tri tinh dugc chi phu thudc vao
ving ngoai mat na. Nhan chap ting phan co
anh huong t6t hon nhan chap chuén khi xir 1y
chinh x4c véi cac mat na kich thude bt ky.
Khac véi bai toan phan loai anh hay do tim
dbi tuong trong d6 tat ca cac diém anh cua
anh dau vao 1a hop 18, bai toan inpainting lai
¢6 nhiéu diém anh khong hop 1& néu bi roi
vao vung bi pha hiy hay cac vung trong mat
na. Cac gia tri diém anh cia ving mit na
thong thuong duoc dat 1a 0 hoac 1. Tan dung
cac uu diém cia phép nhan chap timg phan
nay, mo hinh dé xuét thay thé phép nhan chap
chuan ¢ tat ca cac ting nhan chap bang phép
nhan chap ting phén.

Ngoai ra, theo sau mdi phép nhan chap ting
phé‘ln 14 co ché phat sinh va cdp nhat mat na tu
dong cho cac tang nhan chap tiép theo nhu la
mot phan cua mang chuyén tiép. Néu nhu
phép nhan chap c6 thé udc dinh dau ra ctia no
trén it nhat mot gia tri dau vao hop 18 thi vi tri
nay duoc danh diu 1a hop 18. Piéu nay co thé
dugc biéu dién béi cong thirc:

(e @
3.3. Kién tric mé hinh

Nghién ciru ctia ching toi bat ngudn tir mo
hinh kién tric mang encoder-decoder. Tuy
nhién dé tang tdc d6 hudn luyén, ching t6i dé
xuit sir dung cac khdi residual thay vi cac
tang nhan chap thong thudng cho cac 16p &
giita mang nay. Tai cac mirc dic trung thap,

ca tang nhan chap don gian va tang nhan chap
phirc tap déu cho két qua tuong ty nhau [28].
Do d6 tai t?mg nhan chap thi nhét, cac mit na
3x3x64 duoc sir dung dé thu duoc ban d6 dic
trung murc thdp 64 chiéu. Sau d6 cac khbi
residual duogc thiét 1ap cho cac téng nhan
chap. Su thay thé nay lam gia ting nhiéu hiéu
suét thyc thi ciia mang.

Trong md hinh kién tric mang ciia ching toi,
tuong ty nhu kién tric mang st dung trong
[13] sir dung kién triic mang encoder-decoder
voi tong cong 16 tang trong do 8 tang trong
phan encoder va 8 ting trong phan decoder
tuong ung. Phin encoder dugc ding dé hoc
cac dic trung anh, dy cling chinh 1a mét tién
trinh md ta dic tinh cua cdc anh. Phan
Decoder 1a mdt tién trinh khoi phuc va giai
ma cac dic trung da hoc tao ra anh thyc.
Trong nhiéu trudng hop, cac théng tin dugc
cung cap boi cac diém anh xung quanh mot
diém anh duogc xem xét. U-net [29] sir dung
modt kién tric mang gém 2 phin gidm miu
(down-sampling) va ting mau (up-sampling).
Down-sampling dugc sir dung dé 1iy dan cac
thong tin moéi trudng va tién trinh up-
sampling tron cic dic trung da hoc va cac
thong tin méi trudng trong down-sampling dé
khéi phuc cac chi tiét.

Trong mé hinh d& xuit mdi tng nhan chip
nguyén ban trong U-net dugc thay thé 1a mot
khéi residual cai tién co kién trac trong hinh
3. Trong cai tién nay mdi tang nhan chap con
duoc theo sau béi chudn hoa batch va ham
kich hoat. Ham kich hoat ReLLU duoc st dung
cho cac ting encoder va LeakyReLU vdi
alpha=0.2 dugc sir dung trong cac ting
decoder. Bén canh do, tit ca cic ting nhan
chap dugc thay thé biang nhan chip timg
phan. Zero padding véi kich thudc 1 dugce sir
dung dé 1am cho tat ca cac ban dd dic trung
¢6 cung kich thudc.

3.4. Ham loss

Ky hiéu I, 1a anh dau vao chira cic ving
tréng can hoan thién, I, 1a anh khoi phuc qua
mo6 hinh mang, Iy 1a 4nh chuin (grounth
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truth). Goi M 1a mgt méat na nhi phan khoi tao
tuong (mg v&i ving anh bi xéa. Cac phan tir
trong M ¢6 gia tri 0 néu diém anh d6 bi pha
hay va 255 cho cac diém anh con lai. Khi d6
dé so sanh su khac biét gitta hai cAu trac anh
khoi phuc va anh gdc trong ham Loss cau triic
su dung chuén L; dugc dinh nghia nhu sau:

"C?"sc = ||M®[:Igr - I’r‘ac]”l (3)

Ham loss vé truc quan (perceptual loss) ding
dé do su khac biét vé truc quan va ngili nghia
gitta hai anh dugc dinh nghia tuong ty nhu
trong [30]:

Lglé";(frec*fgr:l = ﬁ |'5|T-.’_i":frer:' - ‘tf’j'(‘!gr:l |1 (4)

Trong d6 @; (1) 1a cac ban dd dic trung kich
hoat dau ra cua ting thir j cia mang ¢ khi xur
ly anh I; qb}-(f ) 12 mot ban dd dic trung ¢o
kich thudc Cj x H;j X W;. Perceptual loss lan
dau tién dugc ap dung cho bai toan inpainting
anh trong nghién ctru [9].

Bén canh d6, ham loss hinh dang (style loss)
cling duogc stir dung dé loai bo cac thanh phan
la hinh ban co [23], tuong ty nhu perceptual
loss, nhung ma trdn tuong quan (ma tran
Gram) trén mdi ban dd dic trung duogc su
dung va dugc dinh nghia nhu sau:

2 (e lye) = ﬁ |65 Crea) — 67 (i), (5)

Trong do, qb}-(f ) 1a mot ban d6 dic trung
muc cao cd hinh dang Cj X H; X Wj, dua ra

Anh can hoan thién ~ GLCIC [10]

CA [1]

mot ma trdn gram G;-" kich thude Cj x C; va

1a h¢ s6 chuan héa cho tang th j.

I'___I-' H i W j

Qua cac thi nghiém, ching toi thiét 1ap cac
trong s6 dua trén kinh nghiém thu dugc ham
loss tong thé nhu sau:

Loss = 20Lyps; + Lashe +100L57,, (6)

4. Thuc nghiém va két qua

Trong nghién ctru nady, chung t6i st dung tap
mit na tao ra trong nghién ciru [13] dé kiém
thir mo hinh dé xuit va so sanh két qua véi
cac mod hinh khac. Téap mat na huén luyén nay
gém 55.116 mat na va tap kiém thur gém
24.886 mit na. TAt ca cic mat na va anh dung
cho pha huin luyén va kiém thir déu c¢6 cung
kich thudc 256x256. Mot sé mat na minh hoa
nhu trong hinh 4.

BNGES S0

Hinh 4. Mét s6 mat na
Pé tién so sanh két qua thyc nghiém cua md
hinh dé xuat véi cac két qua thuc nghiém cia
cic nghién ctru gan nhat, trong nghién ctu
nay thuc nghiém duoc tién hanh véi tap mat
na sinh ra bén trén cho tip dir liéu Places2
[31]. Tién trinh huin luyén dugc thuc hién
trén may cha Nvidia Tesla V100 GPU
(16GB). M6 hinh d& xuét dugc tbi vu hoa sir
dung giai thuat Adam [32] vai ty 1€ hoc la
0.0002, kich thudc mdi batch 1a 16.

PIC [33] RBPConv

Hinh 5. So sanh két qua ciia RBPconv véi cac phwong phép truée dé
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So sanh dinh tinh
Hinh 5 biéu dién cac két qua truc quan cua
RBPconv so v6i mft vai phuong phap dugc
phat trién gan day nhét nhu 1a GLCIC (Global
and Local Consistent Image Completion)
[10], CA(Contextual Attention) [11], PIC
(Pluralistic Image Completion) [33]. Nhiing
két qua nay minh chimg ring mic du khong
c6 mot mang tach biét cho phat sinh canh nhu
trong nghién ctru [33] nhung anh dugc khoi
phuc van bao toan cac cau tric hop ly. Mo
hinh dé xuat tan dung kién trac residual c6 thé
cap nhat cac mat na tung budc va ciing cho
phép céac bd loc nhan chap tu hoan thién cac
duong bao. Hon nita trong anh hoan thién cac
vét mo rét cling it xudt hién. Cac anh tao ra
boi md hinh RBPConv gan vdi ground truth
hon cac anh sinh tir cac phuong phép khac.
Mic du trong mot s6 it truong hop co thé xuat
hién vét mo, nhung né lai thich hop véi nén
cua cac vung xung quanh.
So sanh dinh lwgng
Trong nghién curu nay, chung t6i sir dung cac
do do chat lugng anh SSIM (Structural
Similarity Index) [34] va PSNR (Peak Signal-
to-Noise Ratio) [35] dugc cai dat trong bo
Matlab R2017a dé do chit lwong ciia phuong
phap dé xuit v6i cac phuong phap inpainting
khac. Cac phuong phap so sanh dugc phat
trién truée d6 gdm CA(Contextual Attention)
[11], PConv (Partial Convolution Unet) [13]
va EC (EdgeConnect) [26]. Cac gia tri cu thé
duoc thé hién trong bang 1. Pé ¢o duge sb
liéu nay chung toi da st dung cac trong sb cua
c4c mang huin luyén twong tng c6 san. Két
qua ctia PConv dugc ldy tir bai viét [13] do
mi ngudn chua duoc nhém tac gia cong bo.
Céc s6 lidu thong ké c6 dugc sau khi tinh toan
trén 1.000 anh ngu nhién ldy tir tap kiém thu.
Két qua cho thady md hinh RBPcov cho hiéu
suét thue thi t6t hon cac phuong phéap khac.
Bang 1. Két qua dinh tinh (PSNR, SSIM) trén tdp
dit liéu Places2 vdi cac phuong phap: CA [11],
PConv [13] and EC [23], * nghia la gid tri lay tir
bai bao [13]

CA PConvv EC RBPConv

PSNR  21.34 24.90 24.65 25.29
SSIM  0.806 0.777 0.857 0.868

5. Két luan

Trong nghién ctru nay, ching t6i phat trién
mot mang RBPConv cho bai toan inpainting
dua trén cac khéi residual cai tién, phép nhan
chap timg phan va kién trac nén U-net. Cac
khéi residual cai tién, thanh phan chinh cua
mang RBPconv duy tri su biéu dién anh d6
phan gii cao thich hop ca cho tai cdu trac két
cAu va su hdi tu cua mang. M6 hinh RBPconv
dé xuat dic biét hiéu qua cho viéc 1ap day cac
ving trong voi hinh dang bit ky va kich
thudc khong 16n phu hop véi cac mét na sinh
ra khi x6a bo mot d6i twong trong anh va thay
thé n6 bang déi twong khac tuong ing vé mit
kich thudc.
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