TAP CHI KHOA HOC TRUSNG BAI HOC M3 TP.HCM - SO 8 (1) 2013 107

NGHIEN CUU SO SANH CONTOURLET VA RIDGELET
QUA MO HINH KHU NHIEU ANH Y KHOA

Ngay nhén bai: 12/06/2013
Ngay nhén lai: 20/08/2013
Ngay duyét dang: 26/08/2013

Truwong Hoang Vinh'

TOM TAT

Ho bién déi anh trén mién khong gian dwa vao bdc thang hinh hoc da dwoc de
Xudat va phat trién rat nhiéu cac mo hinh khac nhau trong nhitng nam gan day. Co thé ke
ra mot so phép bién doi moi thuoc the hé X-let, tww wavelet tro vé sau nay nhu Ridgelet,
Contourlet, Bandelet [1,2,3,4]. Khwr nhiéu anh la mot van dé quan trong trong nganh xur
ly anh, dac biét la trong xu Iy anh y sinh [7,8,9], viéc loai bo nhiéu anh dé giup cho viéc
chan doan, diéu tri trong linh vuc y khoa mot cach chinh xac hon la mot nhu cdu can
thiét. Bai bdo nay trinh bay nghién cuu vé mo hinh khw nhiéu anh y thong qua viéc so
sanh ket qua khw nhiéu cua 2 phép bién doi cua the hé X-let la Ridgelet va Contourlet.
Thong qua két qua nghién cuu, chung toi nhdn thay rang mo hinh Contourlet hiéu qua
hon Ridgelet trong viéc khu nhiéu anh y khoa.

Twr khoa: Ridgelet, Contourlet, khur nhiéu anh y khoa. X-let.

ABSTRACT

A special member of the transforming of multiscale in the frequency domain
has been proposed and developed in the last few years ago. We mention here some
transformations after X-let generation such as: Ridgelet, Contourlet, Bandelet [1,2,3,4].
Denoising image has been an important field in image processing, especially on medical
image [7,8,9]. In order to diagnosing more and more exactly, the noise must have
been removed completely after acquiring from the machine. This paper introduces the
comparison of two model transform for denoising medical image. The results show that
the Contourlet transform has more efficiency than the Ridgelet transform.

Keywords: Ridgelet, Contourlet, denoising medical image, X-let.

1. GIOI THIEU

Ngay nay cac thiét bi chup/quét dé
tao ra anh y khoa nham hd tro cic bac
sT trong viéc chan doan va diéu tri ngay
cang tro nén hi¢n dai. Cac hé théng MRI,
X-ray, Si€u am tao ra cac buc anh chinh
xac vé bénh trang cua cac bénh nhan. Tuy
nhién qua trinh tai tao anh doi khi lai gay
ra nhiéu do nhiéu nguyén nhan khac nhu:

I'ThS, Truong PH Mo TP.HCM.

tinh trang cir dong cua bénh nhéan trong
qua trinh chup anh, cdc cam bién sensor
cua thiét bj qua nhay. Cac nhiéu anh nay
c6 thé gy ra mot sé két qua khong mong
mudn trén hinh anh nhu: ddm den, c6 hat
trén anh, hodc 13 ¢6 hinh nhu dém tuyét.
Theo phan loai thi anh cOng huong tur
(MRI) tao ra mirc @6 nhiéu cao nhat. Mirc
nhidu thip nhat 1a anh X-ray. Viéc xur 1y
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dé khir bo cac nhiéu anh nay sé gitip cho
viéc chan doan tré nén thun tién hon. Tuy
nhién cong viéc xir Iy anh nay can sy phoi
hop véi cac ngudi o chuyén mon vé anh y
sinh nham dé tranh loai bo cac thanh phan
quan trong trén burc &nh ma c6 chura thong
tin vé tinh trang bénh.

M0 hinh bién d6i anh dya trén bac
thang hinh hoc xut phat tir ho bién doi
Wavelet, tiép ndi thé hé X-let 1a mot chudi
cac ho Ridgelet, Contoulet, Bandelet. bé
biéu dién mot dudng canh cong chinh
xac tir bién doi wavelet can nhiéu hé sd
dé xay dung [2] Dua trén ¥ tuéng va khic
phuc han ché cua wavelet, Do va cong su
[3] d3 phat trién contourlet, vu diém cua
contourlet 14 ¢6 thé biéu dién mot canh
cong voi ty 1¢ nhé hon 1/ JN.

Céac thuat toan khtr nhiéu bat dau
tr thap nién 90 véi mo hinh khir nhiéu
ROF ( Rudin, Osher va Fatemi) [16] bang
phuong phéap bién phan toan phan. Céc
cong trinh khir nhiéu vé sau dugc sir dung
trén mién tan sé6 nhu DCT va Wavelet
[12,13,14,15,16] béng cach tach cac tin
hiéu nhidu mot cach gian tiép thong qua cac
hé s6 biéu dién. Bai bao nay tap trung chinh
vao gi6i thiéu phép bién d6i Contourlet va
Ridgelet & muc 2. Muc 3 sé& trinh bay vé 2
mo hinh nhiéu anh thuong gip trong qua
trinh chup/quét anh y khoa. Muc 4 gidi
thiéu vé phuong phap danh gia va so sanh
két qua cua Ridgelet va Contourlet trong

viéc khir nhiéu anh y khoa trén mién tan
s6. Muc 5 va 6 trinh bay két qua nghién
ctru va mot s thao luan cho trién vong cua
cac cong viéc tiép nbi.

2. BIEN POI CONTOURLET VA
RIDGELET

2.1. BIEN POI CONTOURLET

MO hinh bién d6i Contourlet [3] duoc
xay dung bdi Do va Vertteli dya trén phép
bién doi truc giao da hinh. Contourlet hi¢u
qua hon thé hé X-let dau tién vi n6 co kha
nang biéu dién anh tot hon cho cac duong
thang, canh va cac duong vién ciing nhu
dudng cong.

Bién d6i Controulet bao gdm 2
giai doan: phan doan ra cac subband va
giai doan bién ddi tryc giao. M6 hinh thap
Laplace dung dé két ndi cac diém roi nhau
sau d6 thuc hién phép bién doi loc cac dai
két ndi cac diém theo mot cau tric tuyén
tinh [3, 4]. C6 thé tom tat qua trinh bién
d6i Contoulet qua so d6 ¢ Hinh 2.1 nhu
sau: Thap Lapplace s€ phan ra lién tuc anh
ra thanh 2 mtrc twong phan cao va thap, va
qua trinh bién d6i tryc giao s& ap dung cho
muc twong phan cao nham thu duoc mot
tan s6 anh c6 do biéu dién rong.

MO hinh thap Laplace twong tu nhu
phép bién d6i Wavelet. Dudi diéu kién
thong thudng, muc tuong phan thap ciia bo
loc G duoc 1dp lai boi ham s6 ¢(¢) € L, (R?)
thoa diéu kién sau :

#(1) =2 glnlp(2t—n)

nez?

y t—=2'n
b rfis2)

Trong do:

Vol jeZneZ’

Khi @6 mot ho {¢j’n}neZz la mot khong gian con truc giao xa”ip xi V, & muc hé sb 2.
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Hinh 1. So d6 Contourlet

@

n

multiscale dec.

{V,} iz cho ta mot chudi cac
muic phan gidi khidc nhau cua éanh
Yy eVicV,cV, cV,c... VOi V] s€
tuong tng vé1 mot ho day twong Uing voi
kich thudc 2/x 2/ s& tao ra anh & mirc xap
xi 2. Sai biét clia hinh anh ¢ budc bién doi
Laplace nay chtra cac thong tin can thiét dé
gia tang do phan giai anh trong qua trinh

N

N

directional dec. ("%, %)

xap xi cac khong gian con. Céc anh tai cac
khong gian con /¥, la thanh phan bd sung
tryc giao cua 4 trong Vo Giai doan bién
d6i truc giao sé thuc hlen trén mién khong
gian lién tuc roi rac. Hinh 2.2 biéu dién
két qua cua phép bién d6i & mirc 2 sau khi
ap dung qua 2 giai doan bién dbi Laplace
va phan ra anh.

Hinh 2. Biéu dién bién d6i Contourlet

Anh gbc

2.2. Bién d6i ridgelet

Véi wavelet, phép bién d6i 2-D theo
bac thang dugc thuc hién theo ting vi tri
cua diém anh. Nguoc lai, véi Ridgelet
thuc hién theo vi tri ctia ting duong thing
pixel riéng 1¢.

Cho ham sb hai bién s6 f{x) lién tuc
trén R°. Ham s0 bién do6i Ridgelet [2] duoc
dinh nghia nhu sau:

R (a,b,0)= [ @, (%) (x)dx

Bién ddi Contourlet

V61 Ridgelet trong khong gian 2-D
dugc dinh nghia bdi 1 dang cua ham so
wavelet:

x, cos(0) + x, sin(0) - bj
a

1
a)a,b,a (X) = aza)(

Véi a 1a hé s6 ty 18, b 1a tham
s6 dich chuyen, va xX= (x1 +x2) Va 1
ridgelet 1a mot hang sé theo dudng thing
x, c0s (@) +x, sin () = const va c¢6 hinh dang
clia w(x) theo chiéu vudng goc. Thyc hién
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phép bién doi Ridgelet va xem hinh anh
nhu 1 1 bién d6i 1-D wavelet bang cach
thuc hi¢n phép bién doi Radon 1 chiéu [8]

. Hinh 3 biéu dién két qua cua phép bién
doi Ridgelet & muc 2 véi phép bién doi
wavelet 1-D két hop bién do61 Radon.

Hinh 3. Biéu dién phép bién déi Ridgelet

3. NHIEU ANH

Trong qua trinh tao anh y khoa thuong
tao ra cac nhidu anh. Mot s nhiéu anh cé
thé khong lam anh huong dén chan doan,
nhung trong trudng hop anh siéu am, cac
nhidu anh nay c6 thé lam anh huéng dén
két qua phan doan cua bac si do cac thong
tin quan trong ctia anh bi nhidu kha nhiéu
[14, 15]. Ngay nay mic du cac thiét bj y té
ngay cang phat trién va hd trg nhiéu vé mat
tinh toan nhung cac nhiéu anh van con ton
tai. Cac thuat toan khir nhiéu da duoc dua
tryc tiép vao qua trinh tai tao anh y khoa &
giai doan cudi cta qua trinh chup. Bai bao
nay tap trung vao hai mé hinh nhiéu anh

Bién ddi Ridgelet

don gian va duoc st dung thuong nhat dé
biéu dién nhiéu anh néi chung d6 13 nhiéu
anh Gaussian (AWGN) [18] va nhiéu anh
Poisson [19].

3.1. Nhiéu anh Gaussain (AWGN)

Xét md hinh nhiéu dnh nhu sau. Cho
X 14 4nh gdc ban dau, Y 1a anh cudi cliing
ctia qua trinh thu chup bang cac thiét bi véi
mot lugng thong tin nhiu anh duge thém
vao. Taco: Y =X+ 9

Véi 3= {7/,-, j} la mét anh ngau nhién
vol mot phan phdi chuin tuong ung
7,y =N (0,0°). Phan phdi ndy co thé dua
vé dang Gaussian nhu sau :

—log(p(X)=a(N-LM -1)/ (i, ] = O)Mfz]] w(i)+[s2] ¢h(i,j)}+c

Vi C 1a hang s6 va ham sd phan phéi »(8,.4,) 1a dang bac hai. Ham ky vong cua

X vay luc nay:

E(X,Y)=

20°

N-1,M -1

1 N:i_l[x(i,j)—y(i,j)]2+a > [52V(i,j)+52h(i,j)]2

i,j=0

Qua mo phong mot anh nhidu ngu nhién tir anh gdc, hinh 3 cho chung ta két qua ciia

nhiéu anh Gaussian.
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Hinh 4. Nhiéu anh ngiu nhién Gaussian(AWGN) ¢ mirc PSNR = 20,5 dB

Anh goc X

3.2. Nhiéu anh Poisson

Anh y khoa voi cac thiét bi
thu anh st dung 16p photon nhu anh
X-ray, anh chup cOng hudng tuor s€
tao ra tin hiéu nhidu theo phan phdi
Poisson. Cho Y:{yl.,].:i,jzl,...,N} va

p(XIY) =

Day 1a phan phdi chuan Poisson véi
tham s ty 1& x”} tvong tmg véi s6 lugng
photon thu dugc trong qua trinh thu chup
anh. Do d6, ham ky vong ctia phan phdi

nay tuong ing 1a E[N|=Var[N]=x, . Trén

Nhiéu anh &

Anh nhiéu Y

X =~{‘xi,j 0, ] = 1,...,N} tuong tng la anh b1
nhi€u sau qua trinh thu chyp va anh goc
ban d4u chura bi nhiéu. Mau dnh Y c6 chira
tin hiéu nhiéu Poisson. Ta c6 luong thong
tin quan sat dugc dudi diéu kién cua anh
gbe X sé la:

—Xij M
e xili

thuce té c6 thé giam mirc nhidu anh Poisson
bang cach gia ting tin hi¢u thu chup vi ty
s6 gitra lugng photon ting theo muic \/Z
. Hinh 3.2 md ta anh nhiéu Y sau khi thém
tin hiéu nhiéu Poisson.

Hinh 5. Nhiéu anh Poisson & mirc PSNR = 34.73dB

Nhieu anh Poisson

Anh nhiéu Y
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4. PHUONG PHAP DANH GIA
VA SO SANH

4.1. Panh gia chét lwong anh y khoa
Pé danh gia chat luong cua anh sb
noi chung va anh y khoa noi riéng, hién
nay co nhiéu sé do nhu SNR, PSNR ,
SSIM [6, 7]. O day, chung t6i chon chi
s& PSNR dé danh gia chat lugng ciia anh

sau khi khir nhiéu vi d6 sai 1éch cua tung
pixels trén cd hai anh trudc va sau la kha
16n do @6 nhiéu anh khong chi tap trung
vao mot vung riéng biét.

Cho anh 1 c6 kich thuéc MxN.
1(ij) va I (z,]) lan luot 13 cac thanh phan

cua anh gbéc va anh sau khi nén. Sai so
binh phuong trung binh (MSE)

(RIS = AR
MSE = WX 2 ”l(l,j)—l (l,j)” (1)
d2
PSNR =101 2
o8 10 MSE 2)

Chi s6 PSNR duoc do luong bang
don vi dB. Mot anh cé chat luong tot khi
gia tri PSNR nam trong khoang gia tri tir
[30, 40] dB.

4.2. Phwong phap so sanh

Chon tap anh gdc (Hinh 6) 1a mot
mau gdm 9 anh y khoa c6 chit luong va
vung anh hoan toan khéac nhau thu duogc
tr may X-Ray, may si€u am va may cong
hudéng tir. Thyuc hién lan luot qua trinh

nhiéu anh bang 2 phuong phap AWGN
va P01sson (Xem Muc 3) Két qua nhiu
anh nam trong mirc chat luong PSNR
cho phép. Qua trinh khir nhiéu duoc thuc
hién 1an luot biang 2 mo hinh Ridgelet
va Contourlet. V&1 tirng mirc phan doan
anh dugc sy kiém tra cia chuyén gia
bang mat thuong dé danh gia chat luong
cua anh co chép nhan duogc trong thuc té
hay khong.



TAP CHI KHOA HOC TRUSNG BAI HOC M3 TP.HCM - SO 8 (1) 2013

113

Hinh 6. Tap anh goc

5.KET QUA

Anh bi nhiu luén ¢ mic PSNR
16n hon 20dB. Sau ting budc khir nhiéu
bang ca hai phuong phap Ridgelet va
Contourlet. Bang 1 tom tit két qua qua
trinh khir nhiéu cua bd anh. Cot PSNR
cho biét mirc nhidu anh duoc thém vao
bang 2 m6 hinh Gaussian va Poisson. Cot
Contourtet va Ridgelet cho biét két qua
khir nhiéu & mirc phan doan ma dugc sy
chap nhan va co thé sir dung két qua nay
dé chan doan. Hinh 7 minh hoa két qua

ctia phép bién d6i Contourlet v6i mo hinh
nhiéu Gaussian.

Hinh 9 cho thay két qua ctia hai phép
bién d6i thuc hién trén tip anh gdc (Hinh
6). Biéu d6 cho thay gia tri trung binh cua
Contourlet 16n hon so véi muc trung binh
tuyén tinh cua Contourlet va Ridgelet. Va
so sanh v6i két qua tir hinh 8 thi Contourlet
hiéu qua hon so voi Ridgelet trong viéc
khir nhiéu tin hiéu Gaussian. Tuy nhién
trong truong hop tin hiéu nhiéu Poisson thi
ty 18 ctia ca hai 1a gan bang nhau.
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Hinh 7. Két qua khir nhiéu ciia anh X5 bing Contourlet

X5 — Anh géc

X5 — Anh nhiéu AWGN

X5_ Anh khi nhiéu Conturlet

Hinh 8. So sanh twong quan giira Contourlet va Ridgelet

40
s B85 3
" A . 0
—m 30
Xk
25
+ Contourlet ® ¢ o o
) 20
B Ridgelet
15
——Linear (Ridgelet)
10
5
I T T T 0
20 15 10 5 0
Hinh 9. Biéu do so sanh két qua
40
35
| 30
— - 25
mmm PSNR nhiéu 20
Contourlet 15
= Ridgelet 10
— Linear (PSNR nhiéu) M2
1 1 0
[ o — = c — — = c c c — —
2| G o 3 5 5 2l 2l al 2@ 5
R G G o o R RGN o
X9 X3 X2
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Bang 1. Két qua khir nhiéu anh ciia phép bién d6i Contoulet va Ridgelet

Anh Nhiéu PSNR Contourlet Ridgelet
X1 Gaussian 20.2462 27.0045 29.5482
Poisson 27.4286 32.0235 33.5077

X2 Gaussian 22.8387 28.9464 26.8494
Poisson 34.8075 34.4158 35.9986

X3 Gaussian 22.6994 28.7644 26.7093
Poisson 33.8894 34.0309 34.6292

X4 Gaussian 22.5546 28.2678 26.5999
Poisson 33.4898 32.3965 33.6706

X5 Gaussian 21.9082 21.9591 25.8442
Poisson 31.5116 31.5884 29.6113

X6 Gaussian 22.1476 22.1476 25.9399
Poisson 31.3016 31.6292 30.4843

X7 Gaussian 22.5313 22.5313 26.1729
Poisson 32.3729 32.8470 32.3185

X8 Gaussian 22.5975 22.5975 26.0262
Poisson 32.6284 33.1115 32.6242

X9 Gaussian 22.6190 28.1893 26.0429
Poisson 33.2242 32.7949 32.9193

6. KET LUAN - THAO LUAN

Chung t6i vira trinh bay két qua
nghién ctru so sanh kha ning khir nhiéu
anh y khoa ctia hai phép bién ddi trén mién
Contourlet va Ridgelet. Tin hiéu nhiéu 4nh
duoc st dung trong bai bao nay thuc té
khong con ton tai vi ngdy nay céc ki thuat
chup va cac thiét bi kha hién dai di co thé
khir nhiéu truc tiép bang thuét toan tir khi
anh duoc tai tao. Ching t6i c6 gang mo
ta trong truong hop nay dé cho thay duoc
kha ning cua hai phép bién dbi hoan toan
c6 thé giai quyét duoc trong trudng hop
xau nhat. Tir két qua trén c6 thé thdy duoc

phép bién d6i anh hiéu qua va phu thudc
vao tuy loai tin hi¢u nhiéu anh khéac nhau.
Trién vong clia cong viéc trong twong lai
c6 thé 1a viéc danh gia va so sanh cac loai
nhiu anh khac nhau cho cac phép bién doi
thé hé X-let.

LOI CAM ON

Chung t61 chan thanh cam on phong
Lab anh y khoa (Image.net) di hé tro cho
chung t61 by Toolkit anh dé phuc vu cho
cong trinh nay. DPong thoi chung t6i xin
guri 161 cam on dén cac ban ddéng nghiép
bac si vé nhitng dong gbép va ¥ kién mang
tinh xay dung.
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