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Hinh énh véng mac & mot finh vire quen trong trong y t vé viéc didu Irj céc bnh 1. Béng cch quan 58

nhOmg thay doi cia céc duong mach mau & vang mac gilp cac bac s§ co chén doan nhidu bénh, h‘g;’;g’j:‘
phan tich cac triéu ching va phat trién céc phuong phap didu trj hén quan. Do vay, néng ¢ao ¢l \ g
hinh dnh vbng mac la budce tién xir Iy quan rong. Va dé céi thign chét luong hinh énh vong mac nfd v
thudt @5 duoc de xuét nhu Histogram Equalization|1,2,3], Local Normahzation]4), Contrast_ ler! aptive
Histogram Equalization{5,6], Lapaczan[7 nhung vén chua thé dem lai h:eu qué cao do van ton tar nhidu
cao va cho k&t qué hinh anh khéng 16t Do @8, & bai bao nay, ching (6 dé xudt mOPP”W”g phap nang cza
chdt luong nh ving mac st dung bién déi Curvelet két hop loc khuéch tén phi tuyén va thugt toan 61 thiéu
Minimax. Bang cac phan tch va két qud tinh todn cac tham sb chét luong 8nh xirly qua thire nghiém, ching
{a $& dua ra két luan chi ra réng phuong phap dé xudt céi thign chét hiong dnh 16t hon cac phuong phép
trute day.

Tir khoa: Nang cao chat lugng anh Retina, Thuat todn téi thiéu Minimax, Bién ddi Curvelet. Loc khuéch tan
phi tuyén.

Abtracts

The relina image 1s an important area for medical treatment of the disease. By observing the changes in the
blood vessels in the reting lines help doctors diagnose disesses, lo collect and analyze the symptoms and
the development of related treatments. Consequently, improve retinal image qualty is an important
preprocessing step. And to improve retinal image quality several lechniques have been proposed such as
Histogram Equali; [1,2,3], Local ion [4], Contrast Limit Adaptive Histogram Equalization [5,6],
Lapacian (7], ... but still can not provide high efficiency by persists high noise and poor image resulls.
Therefore, in this paper, we propose a method of raising the quality of retinal images using filter change

curvele! combines noninesr diffusion and minimum Mlmmax algorithm. By the anslys:s and calculation

results in picture quality p through

, we will draw fusions indicate thet

the proposed method improves the image quality better than prsvmus methods.
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1. Anh vang mac

Véng mac Ja mol c:iu triic nhida lop voi nhiéu
lép té bao than kluh két ndi voi phau bang cac khép
than kinh. Céc té bao lhén kmh cbi nbay cam véi dnh
sing Lr\Jc tidp 14 cAc 1 bio uep nhin 4nh sing. Déi
voi thm nhin, ddy 14 hai loai: cdc que va hinh nén.
Thanh chirc nang chu yéu trong dnh sing ma va cung

cap t3m nhin mau den va trang, rong kh 1 bio hinh
non hd tro nhan thirc ve mau sic. Loai thir ba cia uep
nhjn anh séng, ce 1é bao hach quang, ta quan trong
d6i voi cuda theo va phan phan ing v&n o sdng cua
4nh sang.

* Pra chi lién hé: Tel: (+84) 912612826
Email: anh.nguyenthuy1 @hust.edu.vn

Pénh gia hinh dnh véng mac 1a diéu can thiét dé
chim soc mat hién dai. Vér su ra doi cia chc thiét bi
X ly hioh dnh, ghi am k¥ thuz s6 va xir 1y hioh anh
vong mac duoc bit ddu ngh m1 phat trién. Cc
nghién ciru chi tiét hom trong X - cho thiy, tdt
nhit, cai thién chdn dodn khiém to o 1208 cudmg.

Nhimg khé khan dic bigt d¢
anh nhan khoa duge thao ludn liér

V6i ca thign hinh
1an den nhiém vu

chn dosn va lya chon phuong pk. > nghiéy ey,

Bai bao nay dé cip dén anl 12 mac dua trén
bién ddi Curvelet két hop toc kht an phj ru-yén v
thudt toan t&i thiéu Minimax dé 2 cac. caj thién
chét Jugng anh nhim phuc w ¢ic bede chdn
doan 1dm sang ve cac benh ly an | iy nhan

kboa.
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B cuc cia bai béo nhu sau: g:ﬁvu thiéu vé anh
vdng mac, co s¢ ly thuyét v& bién ddi Curvelet, loc
khuéch tip phi tuyén va thuit toén tdi thidu mmlmax
dia ra so a nguyén ly cho phuong phﬁp aé xual
Phén cudi dua ra két qua thyc nghlcm va cAc tham sé
tinh todn so sénh chit lugng xir ly gira cac phuong
phép truyén théng va phuong phép dé xudt.

2. Co s& ly thuyée
2.1. Bién d6i Curveler

Bidn ddi Curvelet 1a hudng uep cdn mdi trong
xir ly tin hlcu Bién déi Curvelet dwoc xay dung i y
fwémg bidu didn mot dudng cong bing t6 hgp cac ham
6 d6 dai khdc nhau tudn theo ludt Curvelet, tuc 1adé
rdng xdp xi binh phuong 3 dai (8]. Trong mién anh
hai chudu, mét cip cic cira s6 W(r) va V(&) dugc
dinh nghia 14 ce cira s6 radial va angular. C4c cira 0
ndy li cdc ham tron, khng 4m va gid trj thue, Nhu
vay, V nhan cic gid trj duong trén doan t € [—1,1] va
W trén doan r € E 2]. Cic cira sb thda mén céc diéu
kién chép nhin

,gyl(/-/)
iw’(z-u-):l\ r>0

=

telR
()

Pé xay dimg cac ham Curvelel, ta phai sir dung cac
bam cira s déc bigt. Xét cic bam cira s6 Meyer ¢6 ty
1& thoa mn didu kién trén nhir sau

1 <173
v(r)= co:[%v(3|1|-1)]1/3 <l|s2/3 )
0 Chn 4
1 5/6<r<4/3
cas[ v(s- 6;)]2/35:‘55/6
B (r)= 3)
cos[gv(Br—d)]‘i/BSrSS/B
0 Chn i
trong dé v 14 mat ham tron thdéa man
0 x<0
v(:):{] Loy Erv(imx)=leeR )

Déi véi trudmg hop don gian v(t) = ¢ cic ham cva s6
V(t) va W(r) duoc biéu dién trong hinh sau :

23

Hinh 1. Cira sd V(1) (2) va W(r) (b)
Cac cira s6 W va V duoe sir dung dé xdy dumg ho
ham phirc ¢ ba théng s6: Ti 1é a € (0,1]; Vit b €
R? vi huémg 6 € [0,2).

Hinh 2. Cira 58 Ug(E)(bén trér) va hinh chidu dung
(bén phai)

Curvelet & ti 1§ mirc thd dé phan tich thn s6 thép
Porok (")éw-l (xfk)’ W (lf‘)

Bé don gian, cho u = (j, 1, k) 13 tip hop cia ba tham

sb. HE& Curvelet (‘Pu) biéu didn khung chat trong

LA(R2), mi ham f € L2(R?) cb thé duge biéu difn

r=3cHo, )
I

6.(5)2 (©)]

Cac hé s Curvele roi rac duoce xac dinh nhu sau :

o, ()Es e, = [ﬂ:)«‘»,(é)dé

= [7(6, (R, "

I
2.2 Lpc khuéch tdn phi tiyén

™

Perona va Malik A& xudt mét phuong phip
khuéch tan phi tuyén dé khic phuc cac van d& cuc by
va 1am mé ciia loc khuéeh tan ‘tuyén tinh. Ho 4p dung
mét qué trinh khdng dbng nhit lam gidm khuéch tan
& nhing v tri c6 tinh hop 1y Jon hon cée bién. Tinh
hop 1y ndy duge do bing |Vu|? . Cic bd loc Perona-
Malik dya trén phuong trinh:

d,u = div(g(|9u|*)Vu) ®
Vi n6 sir dung c4c tinh chit khuéch tan nhu
1
2y = 0
(%) TTs8 a>0) ®

Bbi vor khuéeh tan (9) suy ra ham théng luong
@(s) = sg(s%) théa man @'(s) = 0 cho[s| <A, va



142p €bi Rhoa hoc

@'(5) < 0choJs| > X, khi do (8) co thé duge viét lai
nhu sau

Beu = " (U (10)

Trong truéng hop hai chiu, (10) duge thay thé bai
19]

Bu = &' (Vi + g(IVul?)ug, (1)

Trong d6 tga dé & va n biéu thi hudng vudng gée va
song song vai Vu tuong ing.

Chung 1a thiy rdag hoat dong khuéch tan thuan
nghich khéng chi gid han khuéch t4o dac biét (9) ma
con xudt hién trong it ca cac khuéch tdn g(s2) lam
suy giam phanh chong gay ra cic ham théng lugng
khong don diéu @(s) = sg(s?). Viéc Jam giam
nhanh chéng cac khuéch tan duge hudng 1o ot cach
15 rang trong phuong phap Perona-Malik khi n6 cho
két qud mong muébn vé viée lam m& cac dao dgng nho
vi lam nét cac bién Do vay, n6 1a 1y do chinh cho cac
két qua an twgng mot cach ro rang cita ky thuat khai
phuc nay [10].

2.3 Thugt todn 18i thiéu Minimax
Tim kiém syt 16i thiéu cia mot bas 1odn duge xa¢
dinh boi:
c(x)s0
ceg(x)=10
Axsh (12)
Aeq-x =beg
Ib<x<ub

min max F (x) vii
X 1 1

Trong d6 b va beq la cac vector, A va Aeq |3 cdc ma
tran, va c(x), ceq(x), vh F(x) 1a cic him ma cic
vevtor tra v&. F(x), c(x). va ceq(x) cé the |a cic ham
phi tuyén. x, b, va ub co thé théng qua nhu cic ma
trdn hodc vector, Chaog ta ¢ thé @131 quyét bai todn
max-min véi phuong rinh thugt toén sau [11].

max m’in Fix)= -rr!\in miax(—F,(.\']) 13)

2.4 So @b nguyén Iy cho plirong phip dé xuit
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Hinh 3. So d6 nguyén ly ting cuéomg anh v3ng mac

3. Két qué thye nghi¢m

P i cdc kénh man
3.1. Histogran ciia anh vong mac va cac kén

" —

— _

Hinh 4. Anh vang mac v cic bién doi cap xam

Biéu @b nay I biéu 36 hién thi s6 luoog pixel trong
mdt hinh anh & timg gid tri cudng délkh.éc phau ?ugc
tir théy frong binh anh d6, nr biéu do nay, cb theé tm
hiéu mize d¢ phai sang high anh 161 hon nhiéu so val
viée nhin vao hinh anh ndy trén man hm13 méy m?h
16n! Néu phoi sang Ja khong, 16i wu, ngay lap ru; |ha):'
cach cai thién né tir biéu do hioh anh. Muc dich dé
Iyra chon anh phi hep cho thyc nghiém.

Color band of Retmal imago

Bio (Band 1)

0

Green (Bard 2) o 0

Red (Bara 3)

Hinh S. Biéu dé 3 dai mau cia anh vdng mac

3.2. Két qua xir Iy amh véng mac va ddinh gid ba:ng
ngoai quan

Hinh anh thuc nghiém duge ldy tir co s& dir igu
DRIVE [12] c6ng khai (nguon anh vang mac ky thuat
$0). hinh 4nh ¢6 kich thude 565 x 584 pixel, 8 bt cho
moi kénh mau sic, dinh dang nén. *TIFF. Hinb anh
ban dau dugc bit tr mdt nonmydriatic 3 thiét bi tich
dién kép Canon CRS(CCD) camera tai 45 ° udng
nJ?in (FOV), va ban dau dugce luu ¢ dinh dang JPEG.
I-_hn]\ én_h gdc vong mac (kénh Green) va hinb anh
lang cudng vGi cdc phuong phap ning cao dya trén
chgl No_rmalizaliun (LN) [4]. thich img Contrast
Limit _ Histogram  Equalization (CL AHE) [5.6].
Laplacian [7], DWT {13.14). Decorrstreich va
phuong phap dé xudt cia ching 101 ( bién déi
Curvelet két hop loe khuéch tan phi tuyén va thudt
10an t&i thiéu Minimax - C\"F-Min) ax-NLDF) dugc
the hién trong hinh 6.
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Hinh 6. Két qua ting cudmg anh vang mac

Ching ta ¢6 thé thiy réng cic kél qua cua
phuong phép ciia chang 16i thé hién chét luong hinh
anh 161 nhat.

Nhan xér Tu két qua trén, ta d& dang nhan ra
anh khoi phuc véi phuong phap d& xuft cho két qua
bién min bon, mém mai hon, va cho khé nang quan
sl 18 rang hom c4c chi tiét anh.

3.3. Danh gid dinh legng chét legng xit I nh

Diu tién ching ta s& quan s4t bidu db mat 6
phd ning lugng cria nh xi 1y,

Db véi mat (3] pho ning lugng, anh xir ly dn
wi nhidu cao s& cho mét mét d6 nang lugng quang
phé phéng Va tir céc két qui PSD teén hinh 7, dé
ding (hay rﬂng phuong phap dé xuit cho chit luong
xit Iy 16t nhit bén vi PSD cang 16n cho thiy két qua
ting cudmg anh cang t6t.

25

Hinh 7. Mat 49 phé ning lugng cia dnh vdng mac:
(a) Local Normalization, (b) Decorrstretch, (c)
Laplacian, (d) Contrast  Limit  Histogram
Equalization, (¢) DWT, (f) CVT-Minimax-NLDF

Tiép theo chung ta sé daoh gia két qui dinh
lugng trén cac tham sé tinh todn vé& RMSE (Root
Mean Square Ecror), PSNR (Peak Signal fo Noise
Ratio), Entropi, va SC (Structural Content).

Tinh toan Entropi: H = -ZP. log(p,)
T

trong d6 K Ia 56 luong cdc mire x4m vA pi 18 xéc sult
duoc két hop voi mirc xam k.

Tinh todn RMSE:

RMSE =

Trong d6 i vA j biéu thi vi tri khdng pian cba pixel
trong khi M va N 1a kich thude ciia anb.

(-

Tinh toén PSNR. PSNR =101 —
inh todn gy, BSE

1G, )~ FO.0)
MSE = ZZ:[ MxN L

1(1j) + anh gbc, F(ij) : anh hop nhét (fused image)
MxN : kich thuoc anh |
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Tinh todn SC- SC = -4 ———

>2[ran]

=

Sij) - énh gbe, £(i,j) - anh hop nhét (fused image)

MxN : kich thudc anh f

Bang 1. Pnh gia dinh lugng rén cic phuong phip

xily

[ Pbuong | RMSE | PSNR | Enfrapi | SC
me::ﬂaliu 2830416 10.963 6.90028) |1.805626)
DecorrStretch 2531616 | 1193204 634629 (2787172
LaPlacian 2791225 11.0841 5019764 [1.763734
CLAHE 1372879 | 1724735 | 7.325141 |1 296585
Wavelet- Tran 15.01935 | 1646698 | 4.716651 [1.344628|
CVT-Mimimax- | 3.297452 | 29.63643 | 5.491304 0981111
bLOF ‘

Pbi vai cac két qua dinh lugng: RMSE cang
nho cang 16t, PSNR cang Ion cang 161, Entropi cang
lon cang 81, va SC capg nhé cang t8t. Nbu vay, nir
bang 1, chiing ta d& dang thdy ring phuong phip dé
xubt cho két qua xir Iy tot nhér véi 3/4 tham 6 so
sanh (RMSE, PSNR, va SC) cho thiy gid tm dinh
lugng vugt tri.

4. Ké ludn vA hwémg phit trién

Trong bai bao nay, chiing 16i da trinh bay mét
céch (iép can xur ly nfng cao binh 4nh vong mac dva
trén bién d6i Curvelet két hop loc khuéch tan phi
tuyén va thuat 104n t6i thiéu Minimax. Qué minh xir
ly duoc tién hanh véi phuong pbép xur Jy tham s6 16i
uu ciia ham loc khuéch tan phi tuyen thdng qua thuit
todn Minimax, Cac két qué thye nghi¢m chimg minh
ring phuong phép dé xudt cung cip hinh anh ning
cao vugt trdi vé cic chi s6 danh g14 dinh lugng hinh
anb. Tuy nhién, mét diém yéu cva dé 4n d& xudt (3 tai
trong tinh toan nang hon mot chit so vé céc phuong
phép khac.
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