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Hinb anh vong mac la mpt tinh vac quan trgng trong y ti ve viec diiu tri cac benhly. ^"^ .^^^ f^^ y,^p 
nhirng thay doi cua cac daang mach mau a vong mac giup cac bac sy co chan doan n leu ̂  . ^ juxrnQ 
phan tich cac trieu chung va phat trien cac phaang phap diiu tri lien quan. Do vay, nang c uy y 
hinh anh vong mac la bade tiin xd ly quan trong. Va di cai thien chit lagng hinh anh vong rn^c _ J 
thuat da daoc di xuk nha Histogram Equalization[1.2,3], Local Nonn3lization[4l Contrast urnii -^"-^P' | « 
Histogram Equalization[5.6}, Lapacianf/] nhang vin chaa thi dem lai hieu qua cao do vanion lai nnieu 
cao va cho kk qua hinh anh khong tit Do do. d bai bao nay. chung toi de xuat mot phaang pnap nang cao 
chk laang anh vong mac sd dung biin ddi Cun/elet ket hap loc khuech tan phi tuyen va thuat toan loi inieu 
Minimax. Bing cac phan tich va kk qua tinh toan cac tham s6 chk laung anh xa lyqua thgc ngniem, cnung 
ta se daa ra kk luan chi ra rang phuang phap de xuat cai thien chit lagng anh tot han cac phaang pnap 
traac day. 

Tir khda; Nang cao chSt lugng anh Retina, Thuat toan tdi thieu Minimax, Bidn ddi Curvelet, Loc khuech tan 

phi tuydn. 

Abtracts 

The retina image is an impodant area for medical treatment of ihe 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 impodant 
preprocessing step. And to improve retinal image quality several techniques have been pmposed such as 
Histogram Equalization [1,2,3], Local Normalization [4], Contrast Umit 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 v/e pnDpose a method of raising the quality of retinal images using filter change 
curvelet combines nonlinear diffusion and minimum Minimax algodthm. 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-iinear 
diffusion filtering. 

1. Anh vong mac Danh gia hinh dnh vong mac la dieu can thiet de 

Vong mac la mot ciu tnic nhtju lop voi nhiSu '^'"! l°\''K'"t * ' X^u'"-'" -**' ™,'' , '*l"^^ ' ^ 
lop tS bao thin kinh k6t n6i vdi nhau bins cac khop '"'. '>" " " ^ f ' ' ^'. ™ "^ * " " ' ^° ™ ™ 'y "'P* ""* 
thin kinh, Cac ti bao thjn kinh chi nhay cim voi anh ™"^ " » ' *""= ¥ ' •>»" "Shte^ cm phat trim. Cac 

sang tmc tiSp la cac ti bao n^p nhau'anh sang. D6i "f^'^.'Z " ' ' Tu"* ' ' - "''° *°>'' ' " ' 
voi tSm nhin, « y la hai loai: cac que va hinh non. "•"* ' ' ' " ""«" ^l^"" *°™ "'"="' '" "^ '^lE ™™S. 
Thanh chirc nang chti yeu trong anh sang rad va cung miixng khd khan dac biet dc, vdi cai thien hmh 
cap tam nhm mau den ya ffang, trong khi te bao hinh anh nhan khoa duoc thao luan her. .[uan d6n nhiem vu 
ndn ho tro nhan thiic ye man sac. Loai thiir ba ciia ti€p chin doan va lira chon phuang ph, n nghien ctru 
nhan anh sang, cac te bao hach quang, la quan trong , .1 , . ; , 1 
ddi vdi cudn theo va phan plan ling vol dd sang ctia - ^?' ^"' T, ? u"* , v?" ' ^° " ' " ' ='«'» *^'' 
, ^ . ° • " bien dot Cmvelet ket hop loc khe an pl,i tuyjn va 

. • ^ . chdt iugng anh nham phuc vu âc t-TC chin 
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Bd cue cua bai bao nhu sau: gidi thieu vd dnh 
von^ mac, ca sd ly thuyit vd bidn ddi Curvelet, lpc 
khuech tan phi tuyen vd thuat todn tdi thidu minimax, 
dua ra so dd nguyen ly eho phuong phdp dd xuat. 
Phin cudi dua ra kdt tjud thuc nghiem, va cac thara sd 
tinh toan so sanh chat luong xu ly giSa cac phuong 
phap truygn thdng va phuang phdp dd xudt. 

2. Cff Sff ly thuyet 

2.1. Bien doi Curvelet 

Bien ddi Curvelet la hudng tiep can radi trong 
xiJ ly tm hieu. Bien ddi Curvelet dirge xay dimg tir y 
tudng bieu dien radt dudng cong bang td hgp cac ham 
cd dd dai khac nhau tudn theo luat Curvelet, tdc la dd 
rdng xap xi bmh phuong do dai [8]. Trong midn dnh 
hai chieu, mgt cap cac cira so W(r) va t ' ( t ) dugc 
dinh nghia la cac ciia sd radial va angular. Cac cua sd 
nay la cdc ham tron, khdng ara vd gia tri thuc. Nhu 
vay, V nhan cdc gid tri duong tren doan t e [—1,1] va 
W tren doan r G "• 2 . Cac ciia sd thda raan cdc dieu 
kien chap nhan 

£^-(2"V)-i,/•>o 
(1) 

De xay dung cac ham Curvelet, ta phai sir dung cac 
ham ciia sd dac biet. Xet cac ham ctia sd Meyer cd ty 
le thda man dieu kien tren nhu sau 

f 1 I'l - " ̂  
K(()= c o s [ - v ( 3 | / | - l ) l l / 3 < | l | < 2 / 3 (2) 

0 Cfin I'l 

W{r) = 
\ TT 

v(5-6/-) 2 / 3 < r < 5 / 6 

—v(3r -4 ) 4 / 3 < i - < 5 / 3 

0 Cfin IH 

trong dd v la mot ham tron thda man 

, , \0 x<a , . , , 
" W ' j j ^ ^ J , V W + V(1-;C) = U E R 

Bdi vdi trudng hop don gidn v(t) — t cdc hara cira so 
V(t) va W(r) duoc bieu dien trong hinh sau ; 

(3) 

(4) 

Hinh 1. Ciia sd V(t) (a) va W(r) (b) 

Cac ciia sd W va V dugc su dung de xay dung hg 
hara phuc cd ba thdng sd: Ti le a £ (0 ,1 | ; Vi tri b G 
M^ va hudng 0 G [0,27r). 

" • L ^ ^ ^ ^ ^ ^ ^ 

Hinh 2. Cira sd Uo(Q(ben trai) va hinh chieu diing 
(ben phai) 

Curvelet d ti le miic thd de phan tich tan sd thap 

De don gian, cho p — (j, I, k) la tap hop ciia ba thara 
sd. Hd Curvelet {(pfi) bidu dien khung chdt trong 
L^(M^), radi hara / e L^(M^) c6 thd dugc bidu dien 

Cac he so Curvelet r c dugc xac duih nhu sau : 

s (/)=/.*"„ = //W^„(fl<^^ 

= j/(f)c/^(R,„,fy*''<df 
(7) 

2.2 Lpc khuech idn phi tuyin 

Perona va Malik de xuat radt phuang phdp 
khuech tan phi tuyen de khac phuc cac van de cue bd 
va lara rad cua lpc khuech tan tuyen tinh. Hg ap dung 
radt qua trinh khdng ddng nhat lam giam khuech tan 
d nhung vi tri cd tinh hgp ly ldn ban cac bien, Tinh 
hgp ly nay dugc do bang |Vu|^ . Cac bd loc Perona-
Malik dua tren phuang trinh: 

dcu ^ div(g(\Vu\^)Vu) 

Va nd su dung cac tinh chat khuech tdn nhu 

9 ( s ' ) = l + s'/i.' 
{A>0) 

(8) 

(9) 

Ddi vdl khuech tdn (9) suy ra ham thdng lugng 
d>(s~) ~ sg(s^) thda man 0 ' ( s ) > 0 cho |s| <X,va 
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* ' ( ! ) < 0 cho |s| > ),. khi dd (8) cd thi duoc viit lai 
nhu sau 

a tu = 4 > ' ( u j u „ (10) 

Trong trudng hop hai chiiu, (10) duoc thay thi bdi 

m 
a,u = » ' ( V u ) u „ + s ( | V . i | 2 ) u ; f (11) 

Trong dd tpa dd ^ va rj bieu thi hudng vudng goc va 
song song vdi Vu tuong iing. 

Chimg ta thay rang boat dgng khuech tan thuan 
nghich khdng chi gidi ban khuech tan dac biet (9) ma 
con xudt hien trong tat ca cdc khuSch tdn g(s^) ldm 
suy giara nhanh chdng gay ra cdc hara thong lugng 
khdng don dieu 0is) = sg{s^). Viec lam giara 
nhanh chong cac khuech tan dugc hudng tdi mdt cdch 
rd rang trong phuong phap Perona-Malik khi nd cho 
ket qua mong mudn ve viec lara md cac dao ddng nhd 
va lara net cac bien Do vay, nd la ly do chinh cho cac 
ket qua an tugng rapt each ro rang ciia ky thuat khdi 
phuc nay [10]. 

2.3 Thuat todn loi thieu Minimax 

Tim kiem sir tdi thieu cua radt bai todn dugc xac 
dmh bdi: 

c(x) < 0 

ceg(x)=0 

A-x<b (12) 

Aeq • X = heq 

lb<x<ub 

3. K§t qua thirc nghiim 

3.1. Histogram cua dnh vong mac vd cdc henh mau 

nraaxF.(j:) vii • 
i ' 

Trong do b va beq ia cac vector, A va Aeq la cdc raa 
trdn, vd c(x), ceq(x), va F(x) la cac ham raa cac 
vevtor tra ve. F(x), c(x), va ceq(x) cd the Id cac hara 
phi tuygn. x, lb, vd ub cd the thong qua nhu cac ma 
tran hoac vector. Chiing ta cd the gidi quyet bai todn 
max-min vdi phuong trinh thudt toan sau [ 11 ], 

max rain F- (x) = - rain max(-F^ (x)) (13) 

2.4 Sadd nguyin ly cho phuffng phdp dexuat 

Bi m 
Cuntlrl 

B.l<.«, 
C=n,k -g^ 

^ 1 — • 
i 

Ht>nfchiJi,hlin 

HjioUnsormg 

Hinh 3. So dd nguyen Iy tang cudng anh vong mac 

Hinh 4, Anh vong mac va cac biin ddi cap xam 

Biiu dd nay la biiu dd hien thi sd luong pixel trong 
mdt hinh anh d t im. gia tti cudng 46 khac nhau dugc 
tim thiy ttong hinh anh do, til bieu dd niiy, co the am 
hiiu mirc do phoi sang hinh linh tdt hon nhieu so yoi 
viec nhin vao hinh anh nay tren man hinh may tinh 
ldn! Niu phoi sane la khdng tii uu. ngay lap tue thay 
each cai thien nd tu biiu ti hinh anh. Muc dich de 
Ilia chon anh phu hgp cho thuc nghiem. 

Color band ol Retnal unage 

Hinh 5. Bieu dd 3 dai mau ciia anh vong mac 

3.2. Ket qud xu ly anh vdng mac va ddnh gid bdng 
ngoaiquan 

Hinh anh thiic nghiem dugc liy tir co sd dir iieu 
DRIVE [12] cdng khai (ngudn anh vdng mac ky thuat 
so), hinh anh co ifich thudc 565 ^ 584 pixel 8 bit cho 
mdi kenh miiu sic, dinh dang nen. *TIFF. Hinh anh 
ban dau dugc bat hi mot nonmydriatic 3 thiit bi tich 
dijn kep Canon CR5(CCD) camera tai 45 ° mrdng 
nhin (FOV), va ban diu dugc luu d dinh dang WEG. 
Hinh anh goc vong mac (kenh Green) va' hinh anh 
tang cudng vdi cac phuong phap nang cao dua tten 
Local Nonnalization (LN) [4], thich (me Contrast 
Limit Histogram Equalization (CL.AHE) [5 6] 
Laplacian [7], DWT [13,14], Decorrstretch \k 
phuong pliap de xuat ciia chung tdi ( biin ddi 
Curvelet ket hgp loc khuich tan phi tuyin vji thuat 
toan tdi thieu Minimax - CVT-Mimmax-NLDF) duoc 
the hien ttong hinh 6. 
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Hinh 6. Ket qua tang cudng anh vong mac 

Chiing ta co the thdy rang cdc ket qud cua 
phuong phap cua chiing tdi the hien chat lugng hinh 
dnh tdt nhdt. 

Nhgn xet- Tir ket qud tren, ta de dang nhan ra 
anh khdi phuc vdi phuong phap de xudt cho ket qud 
bien min ban, mem raai hon, va cho kha nang quan 
sat ro rang han cdc chi tiet anh. 

3,3. Ddnh gid dinh lupng chat luffng xu ly anh 

Ddu tien chung ta se quan sat bieu do raat do 
phd nang lugng eiia anh xir ly. 

Ddi vdi mat do phd nang lugng, anh xir ly tdn 
tai nhilu cao se cho mdt radt do nang lugng quang 
phd phang. Va tir cac kdt qud PSD tren hinh 7, de 
dang Ihay rdng phuong phdp de xuat cho chat lugng 
xu- !y tdt nhdt bdi vi PSD cang ldn cho thdy kdt qua 
tang cudng anh cang tdt. 

0' 
' < ^ ' ^ p , 

Hinh 7. Mat dd pho nang iugng eiia dnh vdng mac: 
(a) Local Normalization, (b) Decorrstretch, (c) 
Laplacian, (d) Contrast Lirait Histograra 
Equalization, (e) DWT, (f) CVT-Minimax-NLDF 

Tiep theo chiing ta se danh gia ket qua dinh 
lugng tren cac tham sd tinh todn ve RMSE (Root 
Mean Square Error), PSNR (Peak Signal to Noise 
Ratio), Entropi, vd SC (Structural Content). 

Tinh todn Entropi: H - - ^ p^ log(/'j) 

trong dd K la sd lugng cdc raiic xam vd pk la xdc suat 
dugc ket hgp vdi miic xam k. 

Tinh todn RMSE: 

^[R(Kj)-F{iJ)f 
RMSE = jj;^X-

Trong dd i vd j bieu thi vi tri khdng gian cua pixel 
trong khi M va N la kich thudc cua anh. 

(2-Mf 
Tilth loan PSNR. FSNR = lOlog„ 

t r ^ MxN 

I(i.j) • dnh gdc, F(i,j) : dnh hgp nhat (fused image) 

MxN : kich thudc anh I 



Tinh loan SC- SC = -

ffi.j) : anh g6c,f{i,j) : anh hgp nhdt (fused image) 

MxN: kieh thudc a n h / 

Bang 1. Danh gia dinh lugng tren cac phuong phdp 
xiily 

P h i n m g 
phSp 

,ocaiNormalize 

JecorrStretch 

,aP!acian 

:LAHE 

Wavelet-TraQ 

:VT-Minimax-
s'LDF 

RMSE 

28.30416 

25 31616 

27.91225 

13 72879 

15.01135 

3.297452 

PSNR 

10,963 

11 93204 

11.084! 

17 24735 

16 46698 

29,63643 

Eotropi 

6,900281 

6 34629 

5 019764 

7.325141 

4.71665! 

5-491304 

SC 

1-S05626 

2.787172 

1.753734 

1 296585 

1.344628 

0 9 8 I I I I 

Ddi vdi cac ket qua djnh lugng: RMSE cdng 
nhd cang tdt, PSNR cdng Idn cang tdt, Entropi cdng 
Idn cang tdt, va SC cang nhd cang tdt. Nhu vay, tir 
bang 1, chiing ta de dang thay rang phuong phap de 
xuat cho ket qua xir ly tdt nhat vdi 3/4 thara sd so 
sanh (RMSE, PSNR, va SC) cho thdy gia tn dinh 
luong vuot trdi, 

4. Ket loan va hirdng phat trien 

Trong bai bao nay, chiing tdi da trinh bay mgt 
cdch tiep can xu ly nang cao hinh anh vong mac dua 
tren bien ddi Curvelet ket hgp lpc khuech tan phi 
tuyen va thuat toan tdi thieu Miramax. Qua trinh xii 
ly duac tien hdnh vdi phuang phdp xii ly tham sd tdi 
uu cila ham loc khuech tan phi tuyen thdng qua thuat 
toan Minimax. Cac ket qud thuc nghiem chiing minh 
rSng phuong phap de xuat cung cap hinh dnh nang 
cao vugt trdi ve cdc chi so danh gia dinh Iugng hinh 
anh. Tuy nhien, mdt diera yeu ciia de dn de xuat Id tai 
trgng tinh todn nang hon rapt chut so vdi cac phuang 
phap khac. 
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