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MO HINH KHU NHIEU ANH DU'A TREN TONG BIEN PHAN THiCH NGHI

AN IMAGE DENOISING MODEL USING AN ADAPTIVE TOTAL VARIATION
REGULARIZATION

Phan Trin Ping Khoa
Truong Pai hoc Bach khoa — Pai hoc Pa Nang; ptdkhoa@dut.udn.vn

Tom tat - Trong bai bao nay, chung téi trinh bay vé mo hinh khiv
nhiéu anh dwa trén huwéng tiép can bién phan. Dé cé két qua khiv
nhiéu tdt hon va bao toan dwdng bién, chung toi dé xuét thanh
phan tdng bién phan thich nghi duoc xay dwng dwa trén ham trong
s6 co gia tri bién @i tuy thudc vao dac trung ctia diém anh. Phép
do do6 cong trung binh dwoc str dung dé mo ta dac trweng cda anh
va diéu chinh gia tri cia ham trong s6, qua dé thay ddi do lam min
anh ctia mé hinh. Phwong phap Split Bregman dwoc ap dung dé
giai bai toan téi wu. Két qua mé phdéng cho thay, mé hinh dé xuét
c6 kha nang khir nhiéu tot hon so véi mé hinh cb dién dbi voi ca
hai tiéu chi dinh lwgng va dinh tinh.

Tir khéa - khir nhiéu; tdng bién phan; Split Bregman; mé hinh ROF

1. Pit van dé

Trong qua trinh thu nhan, truyén va ghi dit liéu, hinh
anh s& bi nhicu do khiém khuy¢t trong cau tao cua thiét bi
thu phat hinh anh hodc do mdi truong bén ngoai. Do do,
vi€c khur cac hi¢u trng nhiéu la can thiet nham phuc vu cho
cac bude xur ly anh tiep theo.

Goi u: 0 c R? - R la anh gdc (khdng nhidu) va f 1a
anh nhiéu caa u. Qué trinh gay nhidu anh dugc mé hinh
héa nhu sau:

f=u+n, 1
Trong d6, n~N'(0,0?) la nhidu cong Gauss véi gia tri
trung binh u = 0 va phuong sai o2.

Viéc khdi phuc anh géc u duge xem nhu mét bai toan
ngugc (inverse problem) véi rang bude yéu. Phuong phép
thong thuong dé giai quyét cac bai toan nguoc 1a bd sung
thanh phan on dinh héa (regularization term) vao ham
ning lugng (energy function) dé rang budc bai toén cb
nghiém duy nhat. M6 hinh Rudin- Osher Fatemi (ROF) [1]
1a mét trong nhiing nghién ctru ndi tiéng theo huéng nay,
va duoc biéu dién nhu sau:

mlzn (%fn (u— f)2dx 4—/’1]Q |Vu|dx>, 2

V6i V - toan tir gradient; A 1a hé s6 6n dinh héa.

Thanh phan thtr nhét cia ham ning luong (2) do luong
“d6 trung thuc” (fidelity) cua anh khir nhiéu so véi anh
nhiéu f duéi dang khoang cach Euclid; con thanh phan thir
hai duoc goi la tong bién phan (total variation), dong vai
trd ciia thanh phan 6n dinh hoa. Thanh phan tong bién phan
dac trung cho d6 muogt cua anh khir nhiéu, dong thoi cho
phép su ton tai ciia dudng bién (edges).

Nhuoc diém chinh cia m6 hinh ROF la hi¢u tmg béc
thang (staircase effect) xut hién tai cac cuc tri va bién cua
anh. Hiéu ung béc thang dac trung boi viée hinh thanh cac
ving anh ¢6 do sang dong nhat. Bé giai quyét van dé nay, cac

Abstract - In this paper, we present a denoising model based on
the variational approach. To better denoise and preserve edges,
we propose an adaptive total variation term based on a weighted
function, values of which are adapted to the features of pixels.
The mean curvature is used to describe the features of images
and adjusts values of the weighted function, i.e. strength of
smoothing of the model. The Split Bregman is applied to solve
the minimization problem. The numerical results demonstrate
that, the proposed model yields better denosing performance
compared with the classical model in both terms of quatitative and
qualitative criteria.
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tac gia da dé xuét két hop tong bién phan va Non-local means
(NLM) [2, 3]. Trong d6, NLM [4] dong vai tro x4c dinh trong
s6 cho thanh phan 6n dinh hoa duya trén sy twong dong giita
cac diém anh. Trong nghién ctru [5], mot mé hinh thich nghi
da duoc dé xuét voi thanh phan 6n dinh hoa c6 kha ning ty
didu chinh tuong (mg véi dic trung ciia diém anh.

Trong bai bao nay, nhém téc gia nghién ctru md hinh
khir nhidu dya trén hudng tiép can bién phan (variational
method). Bong gop chinh cua nghién ctru nam ¢ dé xuét
thanh phan tong bién phan thich nghi (adaptive total
variation) nham cai thién hiéu qua khir nhidu ciia mé hinh
ROF. So véi cac m hinh tong bién phan thich nghi da c6,
nhom tac gia dé xuét sir dung do cong trung binh ctia mot
miit anh dé mo ta ddc trung cua nh va tir d6 diéu chinh do
6n dinh héa (hay d6 min anh) ctia md hinh thich nghi véi
tinh chét cia timg diém anh.

2. M6 hinh d& xuat
Nhom tac gia dé xuat mo hinh khir nhiéu st dung thanh
phan tong bien phan thich nghi nhu sau:

muin (%L (u— f)2%dx +L a(x)quldx), (3)

V6i a(x) 12 ham trong s co gia tri bién ddi thich nghi voi
dic trung ctia timg diém anh.

Muc tiéu ciia mo hinh dé xuat 1a diéu chinh do 1am min
anh tuy thudc vao dic trung cia timg diém anh. Cu thé, déi
v6i cac ving c6 do sang twong ddng, mé hinh s& khir nhidu
manh, 1am min anh; Con ddi vé6i cac ving tai cac dudng
bién, d 1am min anh s& giam dé giir dugc cac chi tiét anh.
Dé dat dwoc muc tiéu nay, nhém tac gia xay dyng ham
trong s6 a(+) dua trén phép do d6 cong trung binh (mean
curvature) nhu sau:

Mbt anh u xéac dinh trén mién Q € R? ¢6 thé dugc xem
nhu mot mit (surface) trong R3 duoc xac dinh bai

= f(x,y) voi (x,y) € Q. Do cong trung binh [6] ciia mot
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mat anh dugc dinh nghia nhu sau:

v ( Vu ) @
Ky=V:|—).
! J1+|Vuf?

Do cong trung binh cua mét mét mé ta cac dac trung
hinh hoc ctia mat ;Ié, bao gom cac goc, du(‘mg bién va do
tuong phan [6]. D€ giam sy anh hudng cta nhieu, nhom tac
gia ap dung phép do d6 cong trung binh cho anh duogc loc
baé1 bo loc Gauss:

VG, xu
Ky =V | —/—————— ), (5)
J1+ VG, *ul?
véi, G, 1a bo loc Gaussian véi tham sb o; * 1a phép chap.
Ham trong sb duoc xac dinh boi biéu thirc:
a(x) =———, 6
® =155 ©)
Vai, B 1a hé s6 duong; i, 14 do cong trung binh chuin héa
va dugc biéu dién boi:
_ Ky
" max(k,) Y
Do &, € [0,1] nén ham a(x) ddng bién giam tir 1 dén
1/(1+ B). Poi véi cac vung c6 do sang tuwong dong,
K, = 0nén a(x) - 1. Contai cac duong bién, £, » 1 nén
oc(x) - 1/(1 + B). Nhu vay, ham a(x) diéu chinh trong
s6 cta thanh phan 6n dinh hoa trong ham nang lwong (3),
tr 6 tang d6 lam min trong cac vung c6 do sang tuong
dong va giam d6 lam min tai cac dudng bién.
3. Tinh hoi tu
bé chirng minh tinh hdi ty cua nghiﬂém cla bai toan (3),
nhom tac gia dua ra dinh nghia cta tong bién phan thich
nghi nhu sau.
Pinh nghia 1: Cho a(x) > 0 la mot ham s thyc trén
mién Q. Tong bién phan thich nghi (TV,) caa mét anh u
trén mién Q dugc dinh nghia bai:

TV, = f a(x)|Vu|dx

n

= sup! [ wdiv©dx:¢ € G@.BYIED] (g)

0
<a(x),Vx€Q;,

V61, sup 1a can trén dung (supremum); Cg (12, B?) 1a khong
gian compact ctia cac ham kha vi lién tuc trén mién Q;
B? 1a hinh tron don vi mo trong R?; va div 1a toan tir phan
ky (divergence).

_Tir dinh nghia trén, ta chimg minh sy ton tai va tinh duy
nhat ctia nghiém ctia bai toan (3) nhu sau.

Pinh ly 1: Gid siru,,(x,y) - u(x, y) trong khdng gian
cac ham kha tich bdc 1 L*(), ta co:

f A(x)|Vul < lim inff A00) [Vuy,|. ©)
Q noe Q

Ching minh. Theo dinh nghia cua TV,, d6i voi
& € C1(Q, B?) bat ky, ta co:

f u div(é)dx = lim f u, div(&)dx
9 e (10)
< lim

n—oo

Bang céch ldy can trén dung (supremum) cho 2 vé, ta
chirng minh dugc Pinh Iy 1. o

Pinh ly 2: Gig s anh f € L2(2), nghiém u* cua bai
toan (3) 1a duy nhdt trong BV (R2), véi BV la khéng gian
ciia cdc ham ¢6 bién phdn chan (bounded variation).

Chitng minh. R6 rang rang, ham TV, 1a ham 16i. Do ham
(3) latong co trong sé giira ham 16i TV, va ham 16i nghiém
ngit (thanh phan thir nhat caa ham (3)) nén ham (3) 1a ham
16i nghiém ngat trong BV (). Tinh duy nhat ciia nghiém
dugc suy ra tryc tiép tir tinh 10i nghiém ngt ctia ham (3).

AQ) |V

4. Phwong phap tinh

Nhom téc gia ap dung phuong phap Split Bregman [7]
dé giai bai toan t6i wu (3). Do tinh roi rac ctia anh s, nhom
tac gia lya chon dang roi rac cua cac toan tir vector nhu
sau: Goi u;; (i=1,..,Nvaj=1,..,M) la anh roi rac.
Toan tir gradient |7u = ((Vw};, (Vw)Z;) duge xéc dinh
boi:

néui <N

(Vu)i; = {ui“'j -

0 néui=N
—u;; néuj<M

w (11)
(wwz, = {*re T
neuj=M

Toan tir phan ky dugc dinh nghia twong tu nhu dang lién
tuc: div = —V*, v6i V* 1a d6i ngau (adjoint) of V. Ta c6:

(divp);; = (div p) + (div p)u, 12)
voi
Pij—piijnéul<i<N
(divp)}; = pijnéui=1 )
1 Koy 7 —
, Pwni= (1)
pij — bij-1 néu 1<j<M
(divp);; = pijnéuj=1

2 Koy i o—
—pij-inéuj = M
Bai toan téi wu (3) dwoc biéu dién lai dudi dang bai toan
c6 rang budc nhu sau:

p
min <a(x)|d| 5 - f||§) std=vu (14)
,2u

Béng cach bo sung thanh phan rang budc, ta c6 bai todn
khong rang budc nhu sau:

A u
min (@Cold] + 5l = FI3 + 2 lld - vall3).  (5)
du 2 2
Ap dung vong 1dp Bregman, ta co:
A
min (@Gold] + 5 1w - £13
du (16)

+£0d = vu - b3),

v6i, b 1a mot tham sb duoc cap nhat sau mdi vong lap
Bregman; u — h¢ s6 duong.

Ta giai bai toan (16) bang cach lan luot téi vu bai toan
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theo tirng bién u va d riéng 1¢ dén khi dat diéu kién hoi tu.

Nhu vay, ta cé 2 bai toan con can duoc giai quyét nhu sau:

- Bai toan con theo d: Bing céch cé dinh bién u, ta c6
bai toén theo bién d nhu sau:
u

k+1 _ : k k|2
@+ = min (atoll + glld = vt b 2). @7
Gia tri toi uu cua d duge xac dinh bang toan tir shrink [8]:

d**! = shrink (Vu + b¥, o )) (18)

Voi

shrink(x,y) = || * max(|x| —y, 0). (19)

- Bai toan con theo u: Bang céach ¢ dinh bién d, ta c6
bai toan theo bién u nhu sau:
A
1 = min |lu - I
u 2

u
4+ = dk+1
)

u
(20)
— Vu — b¥||3,

Diéu kién dat cuc trj cta bai toan trén duoc xac dinh
bdi phuong trinh:

(Al — uDd)uk*tt = Af 4+ uv:(d*** — b*), (21)
voi div := —=V* va A := div V; I — ma tran don vi.
Phuong trinh (21) ¢6 thé dugc giai trong mién Fourier
nhu sau:
F(Af + uvr(dk*t — b*
uktl = -1 ( f+uv( )) ) (22)
Al — uF(A)

v6i F and F~1 1an luot 1a bién dbi Fourier thuan va nguoc.
Bién b dugc cap nhat sau mdi vong lap Bregman nhu sau:
bk+1 — bk + Vuk+1 _ dk+1. (23)
Thuét toan dugc téng hop lai nhu sau:
Thuat toan Split Bregman dé giai bai toan (16)
1: Khai bdo: u® = £,d* =0,b° =0
2: While “chua thoa diéu kién hoi tu” do
3: Tinh d*** theo (18)
4: Tinh u*** theo (22)
5: Tinh b**1 theo (23)
6: end

5. Két qua md phéng va danh gia

Trong muc ndy, nhom tac gia so sanh mo hinh dé xuét
(viét tat 1a ATVD) véi mé hinh ROF [1]. Nhém tac gia
danh gia hiéu qua cua cac md hinh dua trén 3 ti€u chi:
PSNR, SSIM va dénh gia truc quan. Mai tiéu chi do ludong
mot khia canh khac nhau cua két qua khir nhiéu. Trong khi
PSNR danh gié su chénh 1éch cuong d¢ sang gitra anh khu
nhidu va anh gdc thi SSIM do ludng su trong ddng vé cau
trac anh. Goi f va u 1 anh khong nhiéu va anh khir nhiéu.
Céc dai lugng PSNR va SSIM dugc dinh nghia nhu sau:

Ir%lax
1 )
MN llu = £ll2

(nyyu + cl)(Zaf,u + cz)
(W2 +pi +c1)(0f +0f + )
Vi gy 14 gid tri cuong d6 sang 1on nhét caa anh nhiéu f;
M va N 1a kich thudce cia anh; 1g, by, OF va gy, lan luot la
gia tri trung binh va do léch chuan cia f va u; ¢, Vac, la
céc hang sb.

Céc md hinh duoc danh gid trén 4 dnh thong dung
(Hinh 1). Cac anh duoc lam nhieu bai nhicu cong Gauss
véi gia tri trung binh bang 0 va do léch chuan . Ba mac
d6 nhiéu o = 10, 20, 30 duoc xem xét.

SSIM =

Hinh 1. Anh kiém tra. Tir trdi qua phdi: Lena, Cameraman,
Flinstones, Peppers
Bang 1 trinh bay két qua PSNR va SSIM ciia 2 mé hinh.
Két qua tot nhat cho timg anh duoc t6 dam. Bang 1 cho thiy
ATVD cho két qua PSNR and SSIM ting 1én trung binh
khoang 0,34dB va 0,0042. Két qua dugc cai thién nhiéu hon

1a d6i v6i cac anh “Cameraman” va “Flinstones”. Diéu nay
¢6 thé 1y giai 1a do cac anh “Cameraman” va “Flinstones”
dic trung boi cac ving ¢6 do sang tuong dong véi kich thude
16n, phit hop vé6i hoat dong cuia ham trong s trong mo hinh
ATVD. Con ddi v6i anh “Lena”, muac do cai thién vé chi sb
PSNR va SSIM khong dang ké.
Bing 1. Két qua PSNR va SSIM ciia cde mé hinh
(ket qua duoc trinh bay voi dinh dang PSNR(SSIM))

Lena Camera Flinstones | Peppers
man
=10
ROE | 3332 30,61 29,44 32,25
(0,8843) | (0,8737) | (0,8758) | (0,9097)
33,55 31,13 29,87 32,64
ATVDL 08s66) | (0.8786) | (0,8799) | (0.9122)
g=20
ROE | 3075 27,55 25,75 28,89
(0,8361) | (0,8095) | (0,8100) | (0,8560)
30,84 27,91 26,20 29,17
ATVDI 08371 | (08139) | (08183) | (0.8587)
o =30
ROE | 2933 25.86 23.86 27.14
(0,8037) | (0,7654) | (0,7621) | (0,8174)
29,43 26,30 24,25 27,52
ATVDL 08001) | ©7701) | (07722 | (0.:8189)

Hinh 2 md ta két qua khtr nhidu cua anh “Lena” dbi véi
muc d6 nhiéu ¢ = 20. Anh phéng to (hang thir ba) cho
thiy, ATVD cho két qua khtr nhidu t6t hon véi ving mit
min hon va it tao ra hi¢u ing bac thang hon so v&i mé hinh
ROF. Diéu nay dwoc thé hién rd hon & cac anh duong dong
mirc (contour lines). Co thé thiy ring, ATVD lam giam
hi€u ing bac thang tai cac ving ma va tran. Tém lai, ATVD
cai thién két qua khtr nhidu ciia mé hinh ROF trén cé hai
tiéu chi dinh lugng va dinh tinh.
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(c) ROF (d) ATVD

(f) ATVD
.‘ # i e ‘l
N\
] D] K //
{ /i J \‘ /I
(g) ROF (h) ATVD

Hinh 2. 4nh khii nhiéu cia anh “Lena” d6i véi mire dg nhiéu
o = 20. Hang thir hai: anh kich thudc day du; hang thir ba: anh

phéng to; hang thit tw: dnh dwong dong mirc (contour lines)
tuwong tng voi cdc anh phong to

6. Két luan

Trong bai bao nay, chung t6i di dé xuat mé hinh khir
nhiéu anh sir dung tong bién phén thich nghi. Bang cach s
dung ham trong s6 dwa trén phép do do cong trung binh,
mo hinh dé xuat ¢6 kha ning diéu chinh d¢ lam min anh
tiy thudc vao dic trung cua timg diém anh. Két qua mé
phong cho thay mé hinh dé xuét cho két qua khir nhidu t6t
hon so v6i m6 hinh ROF theo ca tiéu chi dinh lwong va
dinh tinh.
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