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KHOI PHUC PHAN DU LIEU BI MAT

TRONG ANH PONG

ABSTRACT:

eNguyén Ping Quang

Making use of PDE in digital image processing has been widely developed recently.
First introduced by Bertalmio, digital image inpainting algorithms did give impressive
results in removing scratches in old images. This paper is dedicated to briefly present
achieved works has been made to apply this technique in removing blotches and

scratchesin old films.
|. GIOI THIEU

Khoi phuc dit ligu bi mat trong anh dong la
mot nhu cau rat 16n hién nay trong xu thé 50
hoé phim nhya. Trong qua trinh sb hoa phim
nhya, mot budc khong thé thiéu 1a xir 1y
tang cuong chit luong ph1rn tham chi khoi
phuc lai cac phan bi rnat dir li€u trong doan
phim. Day la mot vin d& 16n va da dugc
nghlen Clu tir rat 1au trén thé gioi. Cac cong
ty n01 tiéng nhu Kodak, Quantel . datn rat
nhi éu cong slrc trong viée dau tu nghién ciu
va da co két qua tot. O Viet Nam, Trung tam
Ung dung Khoa hoc Truyén hinh BRAC
cing daco nhung @ tai ‘nghién ctru vé van
dé ndy vada co két qua tot.

Dt liéu bi mat trong anh dong gdm 2 dang:
(1) Céc vét tray xudc doc, ngang (line
scratch) gay ra do ma sat phim nhua véi
thiét bi chiéu (2) Cac vét mau ban (Blotch)
gay rado vat liéu lam phim l&u ngay bi thay
ddi tinh chat hodc diéu kién luu trir khong
dam bao.

Nguyén tic chung dé giai quyét ba todn
khéi phuc dit liéu gdm hai bude: (1) DO
ving mét va (2) Khéi phuc.

Vét trdy xude doc duoc do bang cich so
sanh do xdm cua cac pixels trén cung cot
(bang ngu’orng) voi d0 xam cua cac pixels
trén cot lan can (bang ngudng). Viéc khoi
phuc duoc thuc hién bang cach thay pixels
trén cot mit bang gia tri trung binh cua cac
pixelslan can.

Vét mau ban dugc do bing cac bo do SDI,
SDla, SDIp, ROD hoac SROD [7]. Viéc
khdi phuc dugc thuc hién bang cach tinh ndi
suy trung binh cac khung trude va sau khung

bi mit hodc st dung bod loc Media da 16p
ML3DEX.

Bai toan khdi phuc di liéu bi mit dugc giai
quyét béng cach khac so véi cac phu'ong
phap truyén thong da thyc hién. Ving mat
vin dugc x4c dinh bang cic by do truyén
thong [71, riéng viéc khoi phuc duoc thuc
hién bang cac giai thuat khdi phyc anh dua
trén thdng tin ciia vung anh xung quanh
viing bi mat (image inpainting).

Noi dung ba bdo duoc trinh bay nhue sau:
Dau tién |& nguyén |y va giai thuit cta cac
phuong phép khdi phuc ving dit liéu bi mét
ctua Bertalmio va Oliveira. Sau d6 la cac dé
Xuit, cac thuc nghiém da tién hanh va cudi
cling |a danh gia két luan kha ning 4p dung
céc giai thuat trén vao khéi phuc dir liéu bi
mét trong anh dong.

I1. CAC GIAI THUAT KHOI PHUC
VUNG DU LIEU BI MAT

a. Giai Thuat Bertalmio [9]

Goi lofi,j): [O,M] X [O,N] = R, véi [O,M] X
[ON] & N x N latap cac diém anh. Gia
thuat nham tao ra mot ho cac anh I(I,J n) :

[0,M] x [ON] Xx N> R (R latip sb thuc)
v 10100 = 161, 1) s

lim,_,. 1(i, j,n) = 1., j)

trong d6 Ix(i,j) lakét qua khoi phuc.

Phuong trinh biéu dién ba todn khéi phuc

|
G, =—10°m
A YU
€O dang: ng
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= Trongdé:

v+ :Vector vudng goc voi gradient
( —0,,0,)
2 2

: Toén tir laplace Ox+ 9y

= Loi giai ctia phuong trinh cé dang:
L™, )= 17G, ) + At G ), Y, ) eQ
Trong d6 n la ky hiéu thoi diém t6, (i,j) 1a

toa do diém, At latdc do cai thién va l,(i,j)
|agiatri cap nhat cua In(i j).

Trong d6:
176, 1) =| o, o NGL gyag gy
NG, ],n)

S (i, )= (LG +1, )~ LG -1 ), LG, ] +D - L7, j-D)

L@, ) = L G, ) + L5, (s )

NG 601G D)
NG| VOGN 006 )
B0y =, ) L)

N(i.j.n)

V) 24 () + (1) + (1) 2 KN B> 0
V) 2+ (157 4 (1) + (1) 2 K B <0

N

Trong d6 B" 1a hinh chiéu cia - 1&n vector

Nl"a,j){

chuén hda N . Cac chi 6 £ b ky hiéu sai
phan thuan (forward), nghich (backward),
m, M ky hiéu gia tri nho nhit (minimum) va
I6n nhat (maximum) cia gia tri sai phan so
Vvéi 0.

Giai thuat lip lai cho dén khi It=0, diéu ndy
tuong duwong Vi viée giai phuong trinh

VY =0. Do tron 1a hing sd doc theo
dudng mirc. Theo Bertalmio, s 1an t6 vao 1a
15, sau méi lan t6 vao thuc hién 3 1an 1dm
tron anh bing anisotropic diffusion, qua
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trinh trén duoc hoan tit sau khoang 300 lin
lap.

b. Gidi Thuat Khoéi Phuc Nhanh Cua
Oliveira

Giai thuat nay do Manuel Oliveira, Brian
Bowen, Richard McKenna va Yu-Sung
Chang [8] d& xuit. Giai thuat ndy co téc do
thuc hién rat nhanh, tuy nhién né chi ap
dung cho nhing ving mét c¢6 do rong nho
khoang vai pixel.

Goi 0 la bién cua mién anh can khéi phuc,
giai thuat khoi phuc s&€ mé rong bién 0 vao
bén trong ving mét dua trén thdng tin cia
vung anh bén ngoai bién o.

Giai thuat duoc thuc hién bang cach thuc
hién chap vlng anh can khoi phuc véi 2
diffusion kernels sau:

Diffusion kernel 1: Diffusion kernel 2:

a|b|a clci|c

b |0 |Db c|0|c

al|b|a c|c|c
a=0.073235, c=0.125
b=0.176765

Magia (pseudo-code) cia giai thuat:
Khei dong mién (mask)
for (iter = O ; iter < n; iter+

Chdp mién mask véi diffusion kernel

C. Giai Thuét Bertalmio Va Oliveira
Pa Phan Giai

Bang cach chia ving mét ra nhimg phan c6
d6 rong nho hon, giai thuat Oliveira cé thé
thuc hién duoc trén ving mat 16n hon va
giai thud Bertalmio c6 thé thyc hién nhanh
hon . Bé dam bao chit luong anh khéi phuc,
phuong phdp chia nhé duge thuc hién bang
cach thu nho anh (ving mat nho theo). Giai
thuat duoc thyc hién trén anh thu nho. Ké
qua khéi phuc ¢ vung bi mat s& dugc phong
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lén 1am dit liéu dau vao cho anh & ti 1 16n
hon.

[1l. DE XUAT

a. P& Xuat Khéi Phuc Ving Dir Li¢u
Bi Mat Dang Blotch

Giai thuat d¢é xuat khoi phuc dir liéu mat
dang Blotch nhu sau:

GT 511

* Ubc lugng chuyén dong bang phuong
phap tim kiém 3 budc,

= DO viing mit bang SDI, SDIp, ROD hoic
SROD,

= Khéi phuc bang giai thuat Bertalmio da
phan giai.

GT 512

= Udc luong chuyén dong bang phuong
phap tim kiém 3 budc,

= DO viing mit bang SDI, SDIp, ROD hoic
SROD,

» Khéi phuc bi”i’ng cach thay thé cac pixel
trong vung mat bang trung binh cong cua
cac pixel khung truée va khung bi mat
sau khi d& bu chuyén dong.

b. Pé Xuat Poi Vi Dir Liéu Mat Dang
Tray Swot Doc Va Ngang hoic bat ky
Dbi voi cac vét t1:§y sudt ¢6 do rong khoang
va pixel, cach tot nhat dé khoi phuc la s
dung giai thuét cia Oliveira da phan giai.

D,é xuit khtr vét trdy suét doc, ngang (hodc
bat ky):

GT 5.2

= DO Vét trdy sudt doc, ngang bang cac
phép todn Morphol ogy,

= Khéi phuc bing giai thuat Oliveira da
phan giai.

c. Pé Xuit Khoi Phuc Tong Quat

GT 5.3

* DO vét trdy sudt doc, ngang bing céc
phép todn Morphology,

= Khéi phuc bing giai thuat Oliveira da
phén giai,

» Do blotch bing SDI, SDIp, ROD hoic
SROD,

= Khéi phyc bang giai thuat Bertalmio da
phan giai.

d. Pé Xuit Xoa Logo, Quang Cio

Céc Logo, dong chir quang cdo, chir ky cua

hang san xuat chuong trinh hodc ky hi¢u cua

dai truyén hinh... cé thé dugc xem la vung

di ligu b mat trén khung anh. Nhiing thanh
phan nay ¢0 cac dic diém sau:

= C6 hinh dang, mau Sic, kich thudc va vi
tri khong thay d6i qua tat ca cac khung
anh,

* Thuodng xuat hién ¢ cac goc cua khung
hinh, véi muc dich khong 1am anh hudéng
dén phan chi ti€t khac trong khung,

= Céc ving mau doi khi ddng nhét, doi khi
trong suot,

= Cohién so véi ving rén anh.

Giai thuat X0alogo dé xuat gdbm cac budc:

GT 54

= L4y khung anh dau tién trong chudi anh,
* Pénh diu viing logo cin xo4,
» Luutrit céc pixel trong viing danh diu,

» X0& ving danh diu bing giai thuat
Bertalmio daphangiai,

= Lip lai cho tit ca cic khung trong chudi
anh.
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IV. THU'C NGHIEM VA PANH GIA
KET QUA

a. Khéi Phuc Dir Liéu Dang Blotch va
Scratch

Mdi thuc nghiém gom 3 khung anh lién tiép
duogc danh the tr 1,2,3 vadugce thuc hién:

= Rai blotch trén khung 2 va danh gia két
gua khoi phuc.

* Rai blotch trén khung 2, 3 va danh gia
két qua khoi phuc trén khung 2.

Phuong phép uéc lugng chuyén dong sir
dung cho cac thuc nghiém 1& tim kiém 3
budc véi cac by do SDI, SDIp, ROD,
SROD. C&c phuong phdp noi suy la
Inpainting va tinh trung binh pixel dya trén
khung trudc va sau. Blotch dugc rai tai mot
S0 vi tri déc biét trén khung nham danh gia
kha ning khoéi phuc chi tiét, kha ning khoi
phuc duong nét va kha nang khoi phuc cac
bién anh.

* Ppanh gia khach quan:

Két qua danh gia khach quan dugc trinh bay
bang cic do thi hinh 2.

* Dénh gia chu quan:

Vigc danh gia két _qua chu yéu dya trén viéc
quan sit bang mat anh khoi phuc cta mot
nhom ngudi va sau d6 ldy gia tri danh gia
trung binh.

Nhoém thuc hién danh gia chi quan gbm 10
nguoi trén cac két qua khoi phuc bédng
Inpal nting. K&t qua danh gia duoc trinh bay
bang cic do thi hinh 3.

b. X 04 vét triy sudt

Két qua do va khoi phuc trén anh phim tu
liu cii bang giai thuat dé xuat 5.2 cho théy
bo do hoat dong kha tét cho ca cac Vet tray
sudt doc, ngang va bit ky va vi vay két qua
khdi phuc trong trudng hop ndy kha tét.

c. Xoalogo
Thue nghiém xod logo ky hiéu chuong trinh

truyén hinh bang giai thuat dé xuat GT 54
dugc thuc hién trén mot sb canh phim quang
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céo cia dai truyén hinh TP. HCM (HTV7).
Kich thuéc mdi khung anh 352x240, kich
thude vung logo khoang 400 pixels.

Nhin chung céc két qua xoa la chap nhan
dugc vi nhirng logo hodc ky hi¢u thuong
XU4t hién ¢ goc cac khung anh, nén ving
xo0a khéng hoan hao cing khong dé dang
nhan ra dugc vi do tdm ly thi giac, nguoi
xem thuong bi phan tan boi cdc chi tié
chuyén dong khac trong chudi anh.

V.KET LUAN
a. Panh Gia Két Qua

Céc giai thuat khéi phuc cta Bertalmio va
Oliveira Cho két qua rat tot ddi v6i anh tinh
co Vung mat khong c6 nhidu chi tiét. Nén sir
dung giai thuat Bertalmio cho Vung mat co
do giai thuat Oliveira cho vung mat co do
nho.

Pé xuit do va khoi phuc ving méit dang
blotch cho két qua tot, khoi phuc bang
inpainting lun cho két qua tét hon khoi
phuc bang ndi suy trung binh.

Dé xuit do va khoi phuc vung mat dang
scratch cho két qua t6t ddi voi vét tray xudc
doc, ngang va bét ky.

Khéi phuc viing mit bang inpainting ¢ uu
diém so voi cac phuong phap noi suy khac
|a khdng phu thude nhidu vao chit lugng cac
bo u6c lwong chuyén dong.

Dé xuat xo04 logo, quang c&0 cho két qua kha
tot.

b. Mét sé han ché

Chua chon ty dong duoc gia tri ngudng cho
cac giai thuat do scratch vablotch.

Giai thuat do scratch bang cac phép toan
Morphology con qua don gian, chua phan
biét dugc dau 1a vét tray su6t, dau la chi tiét
anh, dan dén d6i khi chi tiét anh dugc xem
lavét tray sudt.

Phuong phap khOi phuc bing inpainting chi
cho két qud t6t khi thong tin xung quanh
ving mat du dé tai tao lai vung nay Vi the
khi két qua do khéng phi hét cac pixel can
khdi phuc thi két qua khoi phuc s& bi sai.
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Day la han ché cia phuong phép khoi phuc
dir liéu bi méat trong anh dong bing
inpainting so véi phuong phap ndi suy.

Cé&c bién phap dé xuét thyc chat 14 4p dung
mot giai thuat khoi phuc anh tinh trén timg
frame cia chu01 anh, chua tan dung duoc
mot dic diém quan trong khac do 1a tuong
quan thoi gian gitra cac frame. Néu xay
dyung dugc mot mo hinh khéi phuc day du
két hop gitra inpainting va tuong quan thoi
glan gitra cac frame - mot mo hinh 3D-
inpainting Chang han, thi két qua chic chin
s& t6t hon nhiéu.

VI.HUONG PHAT TRIEN

Tu dong hoa viéc xac dinh ngudng cho cac
b6 do blotch va scratch.

Chinh x&c hoa két qua do blotch bang cich
s dung giai thuét udc lu0'ng chuyén dong
phan cip dé c6 danh gia day da hon vé
phuong phdp khéi phuc bing inpainting.
Nghién ctru xac dinh mét cach ty dong do
rong cac vling mat nham ap dung mot cach
phu hop cac giai thuat khoi phuc Bertalmio
va Oliveira: Ty dong chay Oliveira cho cac
ving mét cé do rong nhd, chay Bertalmio
cho céc vung mat 16n.

Khung thir 2 dwgc rai blotch

Mot trong cac két qua thwe nghi¢m

U'6c hrgng tim kiém 3 buére, do
vung mat bang SROD, khéi phuc bang
Bertalmio da phan gi i.

Hinh 1: Thwe nghiém xo4 blotch va két qua
NM SE-R:0.002357, NM SE-G:0.005305, NM SE-B:0.005030

NMSE-R

r0.02

r0.015

r0.01

+0.005

p ROD

B ASRO

NMSE-G

r0.08

r0.06

+0.04

10.02

SDIp
p ROD

B AsRO
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A: Khéi phuc bing inpainting, khung 3 khéng

NVISES c6 blotch.
-0.08 B: Kh6i phuc bing inpainting, khung 3 ¢
.06 blotch.
) 04 C: Khéi phuc bang interpolation, khung 3
' khdng c6 blotch.
0.02 . s . .
D: Khoi phuc bang interpolation, khung 3 cO

0 blotch.

rop S -3 2 x >

ASROD Chiéu cao cot biéu dién gia tri NMSE. Chiéu

cao cang thap, cht luong khoi phuc cang tot.

Hinh 2: Panh gia khach quan két qua thue nghiém

Bang 1: Thang diém chit lwgng va kém chit lwgng danh gia chii quan

Thang chét lwgng Thang kém chit luong
5 | Rat tot 5 | Khong nhan biét 1o rét
4 | Tot 4 | Khong biét rd rét, nhung khéng anh huéng
3 | Thoa man, dat (trung binh) 3 | Anh huong nhe rd rét
2 | Xau 2 | Anh huong
1 | R4t x4u (khong sir dung dugc) 1 | Anhhudng tram trong
Thang chat lugng Thang kém chét lwong
4
3
2
1
0
A SROD B A SROD
A: Khung 3 khong cé blotch A: Khung 3 khong co6 blotch
B: Khung 3 c6 blotch B: Khung 3 c6 blotch

= Vi do thi thang chit luong, cot cang cao, chat lugng cang tht

» Vi dd thi thang kém chét lugng, cot cang thép, chét luong cang xau

Hinh 3: Panh gia chii quan két qua thwe nghiém
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Anh video thuc véi vét tray suct

XO0& bding gidi thudt dé xudt GT 5.2

Hinh 4: X6a vét tray swét (Anh tr li¢u ciia Pai THVN)

Phim quang cdo ciia HTV7

Két qua x6a ky hiéu Pai truyén hinh

Hinh 5: X6a ky hi¢u chuong trinh truyén hinh -
Phim quang cao cta dai truyen hinh TP.HCM (HTV?7)
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