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1. Anh vong mac

Nang cao chét lwgng anh retinal sir dung bién d6i Curvelet két hop loc
khuéch tan phi tuyén va thuit toan toi thieu Minimax

Retinal Image Enhancement using Curvelet Transform Combinate Non-Linear Diffusion Filter and
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Tom tat

Hinh &nh véng mac la mét linh vuc quan trong trong y té vé viéc diéu tri céc bénh ly. Bang cach quan sat
nhitng thay déi cta céc dudng mach mau & véng mac gitp cac béc sy ¢é chén doén nhiéu bénh, thu thap,
phén tich céac triéu chirng va phat trién cac phuong phép diéu tri lién quan. Do vay, ndng cao chét luong
hinh &nh véng mac la buéc tién xiv ly quan trong. Va dé cai thién chét lvong hinh dnh véng mac mét sé ky
thuat da duoc dé xuét nhw Histogram Equalization[1,2,3], Local Norma/ization[4], Contrast Limit Adaptive
Histogram Equallzat/on[5 6], Lapacian(7],... nhwng van chuwa thé dem lai hiéu qua cao do vén tén tai nhiéu
cao va cho két qua hinh dnh khéng tét. Do do & bai béo nay, chiing téi dé xuét mét ' phirong phap néng cao
chét lwgng dnh véng mac st dung bién déi Curvelet két hop loc khuéch tan phi tuyen va thuét toan tdi thidu
Minimax. Béng céac phén tich va két qua tinh toan cac tham sé chét luong dnh xiv Iy qua thuc nghiém, ching
ta s& duwa ra két luan chi ra rang phuong phép dé xuét cai thién chét luong anh tét hon céac phuong phép
triée day.

T khoa: Nang cao chét lugng anh Retina, Thuat toan toi thiéu Minimax, Bién déi Curvelet, Loc khuéch tan
phi tuyén.

Abtracts

The retina image is an important area for medical treatment of the disease. By observing the changes in the
blood vessels in the retina lines help doctors diagnose diseases, to collect and analyze the symptoms and
the development of related treatments. Consequently, improve retinal image quality is an important
preprocessing step. And to improve retinal image quality several techniques have been proposed such as
Histogram Equalization [1,2,3], Local Normalization [4], Contrast Limit Adaptive Histogram Equalization [5,6],
Lapacian [7], .... but still can not provide high efficiency by persists high noise and poor image results.
Therefore, in this paper, we propose a method of raising the quality of retinal images using filter change
curvelet combines nonlinear diffusion and minimum Minimax algorithm. By the analysis and calculation
results in picture quality parameters through experimental treatment, we will draw conclusions indicate that
the proposed method improves the image quality better than previous methods.

Keywords: Retinal image enhancement, Minimax optimization algorithm, Curvelet transform, Non-linear
diffusion filtering.

Danh gia hinh anh vong mac 1a diéu can thiét dé
cham s6c¢ mat hién dai. Vi su ra doi cua cac thiét bi

Vong mac 1a mot cau trilc nhicu I6p v6i mhieu oy ann Cohi am Kk thudt s va xi Iy hinh anh

16p té bao than kinh két ndi v6i nhau biang cac khép
than kinh. Cac té bao than kinh chi nhay cam vdi anh
sang truc tiép 1a cac t& bao tiép nhan anh sang. Do6i
v6i tim nhin, day la hai loai: cac que va hinh non.
Thanh chirc nang chu yéu trong anh sang mo va cung
cép tam nhin mau den va trang, trong khi té bao hinh
n6n hd trg nhan thic vé mau sic. Loai thir ba cua tiép
nhan anh sang, cac té bao hach quang, 1a quan trong
dbi v6i cubn theo va phan phan tmg véi d6 sang cia
anh sang.
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vong mac dugc bat dau nghién cu phat trién. Céc
nghién ctru chi tiét hon trong X quang cho thay, t6t
nhat, cai thién chan doan khiém tén véi ting cudng.

Nhitng kh6 khin dic biét ddi v6i cai thién hinh
anh nhan khoa duogc thao luan lién quan dén nhiém vu
chan doan va lya chon phuong phap nghién ciru.

Bai b4o nay dé cip dén anh vdng mac dua trén
bién ddi Curvelet két hop loc khuéch tan phi tuyén va
thuat toan toi thiéu Minimax dé nang cao, cai thién
chét luwong anh nham phuc vu cho cac budc chin
doan 1am sang vé cic bénh Iy lién quan dén nhan
khoa.
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B6 cuc cua bai bdo nhu sau: gidi thiéu vé anh
vong mac, co so 1y thuyét vé bién ddi Curvelet, loc
khuéch tan phi tuyén va thuat toan tdi thiéu minimax,
dua ra so dod nguyén 1y cho phuong phap dé xuat
Phan cudi dua ra két qua thuc nghiém, va cac tham 5O
tinh toan so sanh chét luong xu 1y gilta cac phuong
phap truyén théng va phuong phap dé xuat.

2. Co s& ly thuyét
2.1. Bién déi Curvelet

Bién d6i Curvelet 1a huéng tiép can méi trong
xtr Iy tin hiéu. Bién ddi Curvelet dwoc xay dung tir y
tuong biéu dién mot dudng cong bang té hop cac ham
c6 do dai khac nhau tuén theo luat Curvelet, tirc la do
rong xap xi binh phuong d6 dai [8]. Trong mién anh
hai chiéu, mot cap cac clra s6 W(r) va V(t) dugc
dinh nghia 1a cac ctra s6 radial va angular. Cac cira s6
nay la cac ham tron, khong am va gia tri thuc. Nhu
vay, V nhén céc gia tri duong trén doan t € [—1,1] va

A 1 , . A 5 ~ , SA
W trén doan r € [E’ 2]. Céc ctra s thda man cac di€u
kién chép nhan

SV (i-1)=1,
[=—0

i w>(27r)=1r>0
J=—0

bé xay dung cac ham Curvelet, ta phai st dung céac
ham ctra s6 dac biét. Xét cac ham cira s6 Meyer co ty
1€ thdéa man diéu kién trén nhu sau

teR
(D

1 lf|<1/3
v(r)= cos[%v(3|t|—l)}1/3S|t|£2/3 @
0 Chn D
1 S/I6<r<4/3
cos[ v(5- 6r)}2/3£r£5/6
w(r)={ - 3)
cos[z (3r- 4)}4/3935/3
0 Cpn i
trong d6 v 1a mot ham tron théa mén
0 x<0
v(x):{1 e (-n-leeR @

Dbi véi truong hop don gian v(t) = t cdc ham clra s0
V(t) va W(r) dugc biéu dién trong hinh sau :
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Hinh 1. Cira sé V(t) (a) va W(r) (b)
Céc clra sO0 W va V dugc su dung dé xay dung ho
ham phirc ¢6 ba théng so: Tilé a € (0,1]; Vitri b €
R? va huéng 6 € [0,2m).

Hinh 2. Cira s6 Uy(E)(bén trai) va hinh chiéu ding
(bén phai)

Curvelet & ti 1¢ murc tho dé phén tich tan s6 thap

DP_10.k (x)é(p—l (x_k)’ iI/VO(|§|)

Pé don gian, cho u = (j, 1, k) 1a tap hop ciia ba tham
s0. Hé Curvelet (‘Pu) biéu dién khung chat trong
L2(R?), mbi ham f € L2(R?) c6 thé dugc biéu dién
f=2c.(Nw, (6)

o

$.,(¢) Q)

Cac hé s0 Curvelet roi rac dugc xac dinh nhu sau :

¢, (N)2f.0, = [f(é)@ (£)d¢

e

2.2 Loc khuéch tan phi tuyén

()
U, (R, £ " a

Perona va Malik dé xuidt mot phuong phap
khuéch tan phi tuyén dé khic phuc céac van dé cuc b
va lam md cua loc khuéch tan tuyén tinh. Ho ap dung
mot qué trinh khong dong nhat lam giam khuéch tan
¢ nhitng vi tri ¢6 tinh hop 1y 16n hon cac bién. Tinh
hop ly nay dugc do bang |Vu|? . Cac bod loc Perona-
Malik dya trén phuong trinh:

dcu = div(g(|Vul?)Vu) ®)
Vano st dung cac tinh chat khuéch tan nhu
1
= A>0
g(s?) 1552/ ( ) o)

Déi voi khuéch tan (9) suy ra ham thong luong
@(s) == sg(s?) théa man @'(s) = 0 cho |s| <A, va
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@'(s) < 0 cho |s| > A. khi d6 (8) c6 thé dugc viét lai
nhu sau
(10)
Trong truong hop hai chiéu, (10) dugc thay thé boi
[9]

du = @' (Vwuy, + g(Vu|»uge

diu = d)’(ux)uxx

(11)

Trong d6 toa d6 & va n biéu thi hudng vudng goc va
song song voi Vu tuong ung.

Chuing ta théy réng hoat dong khuéch tan thuan
nghich khong chi gidi han khuéch tan dic biét (9) ma
con xuat hién trong tat ca cac khuéch tan g(s?) lam
suy giam nhanh chong gay ra cac ham thong luong
khéng don diéu @(s) = sg(s?). Viéc lam gidm
nhanh chong cac khuéch tan dugc hudng téi mot cach
rd rang trong phuong phap Perona-Malik khi n6 cho
két qua mong mudn vé viéc 1am mo cac dao dong nho
va lam nét cac bién. Do vay, n6 1a Iy do chinh cho céac
két qua 4n twong mot cach rd rang cua k§ thuat khoi
phuc nay [10].

2.3 Thudt todn tdi thiéu Minimax

Tim kiém su tdi thiéu ctiia mot bai toan duge xac
dinh béi:
c(x)<0
ceq(x)=0
A-x<b
Aeq - x = beq
Ib<x<ub

(12)

min max F;(x) vii
X 1 l

Trong d6 b va beq 1a cac vector, A va Aeq la cac ma
trdn, va c(x), ceq(x), va F(x) 1a cac ham ma cac
vevtor tra vé. F(x), ¢(x), va ceq(x) co thé 1a cac ham
phi tuyén. x, Ib, va ub c6 thé thong qua nhu cac ma
tran hodc vector. Chung ta ¢6 thé giai quyét bai toan
max-min v&i phuong trinh thuét toan sau [11]:

(13)

max mim F; (x)=- min rnZaX(—Fl- (x))

2.4 So dé nguyén Iy cho phwong phdp dé xuit

Anh ving mae HK@nh GmenH

Bién ddi

Curvelet

Cic tham sb
tbi thiéu

Thuat todn Ham khuéch tan
Minimax phi tuyén

H¢ sb tiing cudmg

1
Bién doi
Curvelet nghich [~

Anh ving mac
dwge ting
cudmg

Hop nhit
anh

€

Hinh 3. So dd nguyén Iy ting cudng anh vong mac

24

3. Két qua thue nghiém

3.1. Histogram ciia dnh vong mac va cdc kénh mau

Green Cannel

Red channel

Blue Channel

Retinal color image

Hinh 4. Anh vdng mac va cac bién doi cap xam

Biéu d6 nay 1a biéu dd hién thi sé lwong pixel trong
mdt hinh anh ¢ tung gia tri cuong dd khac nhau duoc
tim thiy trong hinh anh d¢, tir biéu do nay, co thé tim
hiéu mirc d6 phoi sang hinh anh t6t hon nhiéu so véi
viéc nhin vao hinh anh nay trén man hinh may tinh
16n! Néu phoi sang 1a khong ti wu, ngay 1ap tirc thay
cach cai thién nod tir biéu dd hinh anh. Muc dich dé
lya chon anh phu hgp cho thuc nghiém.

Color band of Retinal image
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Hinh 5. Biéu do 3 dai mau ctia anh véng mac

3.2. Két qua xir Iy anh véng mac va dinh gid bang
ngogi quan

Hinh anh thyc nghiém dugc léy tr co s¢ dir liéu
DRIVE [12] c6ng khai (ngudn anh vong mac ky thuat
s6). hinh anh c6 kich thude 565 x 584 pixel, 8 bit cho
mdi kénh mau sic, dinh dang nén. *TIFF. Hinh anh
ban dau dugc bat tir mot nonmydriatic 3 thiét bi tich
dién kép Canon CR5(CCD) camera tai 45 ° truong
nhin (FOV), va ban dau dugc luu & dinh dang JPEG.
Hinh anh gbc vong mac (kénh Green) va hinh anh
tang cuong voi cac phuong phap nang cao dya trén
Local Normalization (LN) [4], thich ung Contrast
Limit Histogram Equalization (CLAHE) [5,6],
Laplacian [7], DWT [13,14], Decorrstretch va
phuong phap dé xudt cia ching toi ( bién doi
Curvelet két hop loc khuéch tan phi tuyén va thuat
toan tdi thiéu Minimax - CVT-Minimax-NLDF) dugc
thé hién trong hinh 6.
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Green Channel mage

DecorrStretch (DS)

Contrast-lmted
Adzptive Histogram
Equalization (CLAHE)

Wavelet ransform (WT) [ CVI-Mmmax-NLDF |

.

Hinh 6. Két qua ting cudng anh vong mac

Chung ta c6 thé thiy ring cic két qua cia
phuong phap cua ching toi thé hién chat lwong hinh
anh tot nhat.

Nhén xét: Tir két qua trén, ta d& dang nhén ra
anh khéi phuc véi phuong phap dé xuat cho két qua
bién min hon, mém mai hon, va cho kha nang quan
sat 15 rang hon cac chi tiét anh.

3.3. Pdnh gid dinh luwgng chit lwong xi Iy dnh

Pau tién chung ta s& quan sat biéu dd mat do
pho nang lugng cua anh xir ly.

Dbi voi mat do phd ning lugng, anh xir 1y ton
tai nhidu cao s& cho mot mat do ning lwong quang
phd phing. Va tir cac két qua PSD trén hinh 7, dé
dang thiy rang phuong phap dé xuét cho chét luong
xtr 1y tdt nhat boi vi PSD cang 16n cho thay két qua
ting cuong anh cang tot.
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Hinh 7. Mat d6 phd ning luong cta anh vong mac:
(a) Local Normalization, (b) Decorrstretch, (c)
Laplacian, (d) Contrast Limit  Histogram
Equalization, (¢) DWT, (f) CVT-Minimax-NLDF

Tiép theo chung ta s& danh gia két qua dinh
lugng trén cic tham sb tinh toan vé RMSE (Root
Mean Square Error), PSNR (Peak Signal to Noise
Ratio), Entropi, va SC (Structural Content).

Tinh todn Entropi: H = —Z p, log(p,)
k
trong do K la s6 lwong cac mirc xam va pi 1a xac suit
duoc két hop voi mirc xam k.
Tinh toan RMSE:

RS \/ZZ [RG. )~ FG )]

MN

Trong d6 i va j biéu thi vi tri khong gian cta pixel
trong khi M va N la kich thudc cua anh.

2
2" —1

Tinh todn PSNR: PSNR =10log,, u
MSE

i=1 j=1
I(ij) : anh gbc, F(i,j) : anh hop nhét (fused image)
MxN : kich thuéc anh 1
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M N
YL HT
Tinh toén SC: SC =~

i[f W)

i=

Ma

f(ij) : anh gbc, f°(i,j) : anh hop nhét (fused image)
MxN : kich thudc anh f
Béang 1. Danh gia dinh luong trén cac phuong phap

xu ly
Phuong RMSE | PSNR | Entropi | SC
phip

LocalNormalize | 28.30416 10.963 6.900281 [1.805626
DecorrStretch 2531616 | 11.93204 | 6.34629 [2.787172
LaPlacian 27.91225 11.0841 5.019764 [1.763734
CLAHE 13.72879 | 17.24735 | 7.325141 |[1.296585
Wavelet-Tran 15.01935 | 16.46698 | 4.716651 (1.344628
CVT-Minimax- | 3.297452 | 29.63643 | 5.491304 [0.981111
NLDF

Dbi voi cac két qua dinh luong: RMSE cang
nho cang tot, PSNR cang 16n cang tot, Entropi cang
16n cang tt, va SC cang nho cang t6t. Nhu vay, tir
bang 1, chung ta dé dang thay rang phuong phap deé
Xuat cho két qua xir 1y tot nhat véi 3/4 tham s6 so
sanh (RMSE, PSNR, va SC) cho thay gia tri dinh
luong vuot troi.

4. Két luan va huéng phat trién

Trong bai bao nay, chiing t6i da trinh bay mot
cach tiép can xtr Iy nang cao hinh anh vong mac dua
trén bién d6i Curvelet két hop loc khuéch tan phi
tuyén va thuét toan tdi thiéu Minimax. Qua trinh xir
Iy dwogc tién hanh v6i phuong phap xir Iy tham sé toi
wu cta ham loc khuéch tan phi tuyén théng qua thuat
toan Minimax. Cac két qua thyc nghiém ching minh
rang phuong phap dé xuat cung cap hinh anh nang
cao vuot troi vé cac chi sd danh gia dinh luong hinh
anh. Tuy nhién, mot diém yéu cia dé an dé xuét 1a tai
trong tinh toan nang hon mot chut so vadi cac phuong
phap khac.
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