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ABSTRACT

This research focused on study and development of software for pre-diagnosis
diabetic retinopathy patients considered from fundus images in order to prevent loss
of vision and blindness in patients. In general, the pre-diagnosis process is done by
investigating fundus digital image manually observed by ophithal molagist. However,
nowadays ophthalmology are insufficient for all hospitals. Such that, it might take long
time to find diabetic patient who has risk of blindness. The fundus images from
Bhumibol Adulyadej’s Hospital are used to be samples and analyzed the color level
and type of diabetic retinopathy symptom. At the first step, a fundus image is
separated into several parts for analysis. Defining threshold and image characteristic
analysis are performed to detect area of disease. After that, the results from the
analysis are compared with the analysis of ophthalmologist in order to define accuracy
and preciseness of the developed software. According to result of comparison, we
found that the software has accuracy about 82.80 % in the analysis of Microaneurysms
and 81.00 % of Hemorrhage compared with ophthalmologist analysis. So the
developed software can be used efficiently to separate diabetic retinopathy patients

instead of diagnosis from ophthalmologist.
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2.5.1 Mild Nonproliferative (increase permeability)
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31.]171' 2.2 Mild Nonproliferative

2.5.2 Moderate to Severe Nonproliferative (NPDR, vascular closer)
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2.5.3 Proliferative diabetic retinopathy (new blood vessel on retina)
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g‘ll‘ﬁ 2.4 Proliferative Diabetic Retinopathy

2.5.4 Macula edema
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3.2 n3UTuU5a0 W (Image Enhancement)

1 dy 1 ] L7 L8 o s A
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Histrogram Equalization

3.2.1 52UIUUAVR9EIT7 (Green Channel)
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3.2.2 msUsuwindalaunsu (Histrogram Equalization)
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p=2,i€0,.,L-1 (3.1)

[

. A 1 o &£ = " o .
o p()  fAeo anuunasdunfaduvesines (Pixal) Tuseauanudu (i)

ni Ao NUIUIATIAATUYEININNTALTY
n AD TUIUNNLEE VIaNUALLNIN
L AD TNUIUAMULTUYIIAUA LN N

C) = Zj.zop(i) (3.2)

lae p(i) Ao MNdumsnszateazan (Cumulative Distribution Function)

3.2.3 Adaptive Histrogram Equalization
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Adaptive Histrogram Equalization 9zlais1eazidennania

3.2.4 N1SAUNGUNNLEATLIALAN (Remove Small Objects)
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3.2.5 n1sANusLInd (Region Filling)

Tasnssdumsmldeziuiuilunm lneezduiuilugaidunuiige

L.

W < v B i = v LY P~
AauanIaINNITUUaLIUR 3.2 (n) Memaidnuiion Jaeglanadnshagui 3.2 (v) Nr1uns

AUV

FBENNSIAUNNYTY — A7

(n) Auatu () HAUNSIRLUS Y

- = = as o
gﬂ‘lﬂ 3.2 MIANUILIUAUAINYT — AN

3.2.6 mMsinwnaur1lua (Digital Negative)
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fgﬂﬁ 3.3 NSy mnaurIdumfuAIwY1 - A1
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3.2.7 n1sveenw (Dilation)
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3.3 N15wUedUNN (Image Segmentation)

3 d‘l 1 s o A 1 a
Tudauilazifudumdnvedusunsy TashamiiniunsuudgsnmunUszanana
- ' [ ' = oA e 1 da [
Wausnnguvesgusanitu 2 nau fie nquililulse waznquifiennisveadulsauivau

2 ad & 2 - ) o ' i
lnglinguiineatos Ae N1sRRsEAUATIALLY, Canny Edge Detection

3.3.1 N1SNIMUAAIUALUY (Thresholding)
° a W e aa o4 da (Y] - '

NM3AUAAIIALUY LWUISMsEnwuetusnisudsntdenldiu houendiu
= w & W o aaa ° W = - W
Mduinguaznunaseanainiudiisnisie diganmleq vusiuatu £ (x, y) vud3suifisuiu
ANWUasEAUAMUTY T 3aiieninmdnuus fMganwsuatuiiAiauduannnimsswiniu
i P (v £ o o v  f r o [ 5 o [ =
AUNTZAUUANTN 2AMUALMAIWHAANS £ (x, v) ATy 1 yenantuaglvandu 0 &

w P

ANNTTUUWNUMILAUNITN 3.5

L f,(x,y) <Threshold

V)= 2.3
JwE0)=1y £,(x,) > Threshold =

=| r [ LY @
Taen fixy) AD RNNHATHSTIAANUITLARISYSU
T AD ANAITALUS
£, ) fin YN ARy

ameuduaesseduarlien 1 unuing w3e (anm (Foreground) warly
fi1 0 wnuauduiumds (Backeround) ssannisunuapududsfiarusanmein
ildifisansdwiniy Sugunamiin amluund @inary Image) AMNMYBINWIUUITE DM
agfurPnuuaily UnAnisidenandauisayldunanardalaunsuvesnin mndalaunsuves
amiidnwazifuwuululunea (Bimodal Histogram) 13Ul 3.4 szanunsaidanedaudsls
MnABalaunsugesngaiiogszninagngegn (Peak) Muandlusuil 3.4
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3.4 nsw1vaun (Edge Detection)

3.4.1 NIN1YUNMNIIN Kirsch’s Mask
Tudawiild Kirsch Mask WWuilawed fvianldlnenisuveulngiidiain
Wawmeos NW, N, NE, E, W, SW, S, SE ﬁwuuﬁlﬂﬁwmsﬂauhgﬁuﬁugﬂﬁq 8 Walmod wad
Wituiisuilemiiuiniign 3U7 3.6 (n) JUduatiu uazguil 3.6 (1) Hun1swveudae

Kirsch Mask 3nnWawmasng 8 #im
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-3 =3 =3 5 5 =3
g’=|-3 0 5| i=]|8 0 =3
-3 5 5 -3 =3 3

(n) Auavu (BW) (1) HIUNITVNUBUAIE Kirsch Mask (BW)
3U°71' 3.6 NIIWIVBUNINDNN Kirsch’s Mask AUATNWYII — #11

3.4.2 NSWIVOUATNAIEAS Canny Edge Detection
aw o a Vel v aa = aal = -
Tunuidetiidenldidmveumisis Canny Fuduisnismveuiansaiden
= = 1 4 1 4 =4 d‘ 1 o
fimnmaiinveunmlauarlanaslunismeeulunin Fegluvssinnisnismvauuuy

= ¢ o o aal [ a
nsieud Tuneuitmavnveulneisves Canny uanwsisguil 3.7

Smoothing with Gaussian

[ ]

Gradient Calculation

2

Nonmaxima Suppression

L

Thresholding

1 |
JUN 3.7 TuRBUNIIMIVBUNWAILTT Canny Edge Detection

N15%191U4184 Canny Edge Detection HulsuAuaINN1sUsSunmlmiseume

i
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1. MIVANTYYIUTUNIU (Smoothing with Gaussian Filter)
lutumauusnvesnisniveulaudanesfiuiazs aefdndyyiusuniuesnneu
Vo & d o 1

Taglgdansoanidildou Geanunsoanauliainnislantiaig (Mask) vuadnvunnves
wihsanmddsuimnivueninasiinaivasdygiusuniulaunnuaiinirsnniiuluag
= o f w i o « ! a ) o w ° v v %
fnavinliwaudes s Aluvesduswazidoatumely dmsumsmumamamilaainnisly

s L4 as o
fanseumAdey Wunsaunisy (3.4)

Sy=16(,j)*G(,j; O (3.4)

d‘ = e
o S A9 NINABWAINITNTON
v i - o v
1G,j) Ao AMWARBINITMVBY
G(,)) Ao AMNTBIUUNATEU

1 A
0] G0 ANUBAUULINTFIUTDINITNTZIEY

2. Anuiienanisiurauniw (Gradient Calculation)
lutuusnminmigni 3oy S; unashe x, y partial derivatives P; , wag Q;

auERU Seaunisi (3.5) uag (3.6)

Pij = {S;j41 Sij + Sut,je1 5,151/ 2 (3.5)
Qij =15, Sier, j+ Sijsr Ser,p1 3/ 2 (3.6)
‘J = U 1
LB pi.j Ae ﬂ']ﬂ'J']ﬁJLLﬂﬂﬁl'l\ﬂ.‘ULLﬂULLU'JUE]U
-] 1 1 0‘:
Qi,j 310] ﬂ']ﬂ'l"lllLLGIﬂF\'N‘LULLﬂuLLU?WQ
S, B AIAIMTNLAIYDIAN N

v InUudniiunIsuasguuuuaIn Rectangular luilu Polar (Rectangular-

" d‘ - = L3 =J
To-Polar Conversion) lWWITUIALESNANINYDILNSEAEUR MINANN1TN (3.7)

Mij=Pij+Qj (3:.7)
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Q. ;
0 = arctan—2 (3.8)
i

Y [ | [ " € as
PnauMItauasnana 0 senunlaiiisunundiudsluilaidu arctan(x, y)

e ad " .
3. mi‘u-’mmﬁ‘lumnﬂfm (Non-maxima Suppression)
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Local Maxima Points #49z83a3eLauly

4. MINMNUAAIYALUY (Thresholding)
1 as s 5 1 v o = Vv A
amagiunsrindygusunuluduneunsnudl wiamitldediduveud
N o P ¥ a ] P s =4 [ as & s a da
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viuilu 1 (Bufineaiidurev) widiiosndt T2 asgnuiulu 0 daudriiegsendned

U
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3.5 n'ﬁqunejuﬁnwaﬁﬁﬂﬁu (Connected - Component Labeling)
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4.1 na1IU

Nniildindndmquiildlunmsiinget uazwdnnisnisdansesseslsauimiuiiue
Uszamen Tuuniazndnfamsoenuuuiuneuitvessruulassudunisuansuuanufn
vianmsviauresssuulidmauty wasduwumndlunisdiiiuamide Tneiigasmnedie
nﬁﬁ’mwmﬁumjuma.hﬁuiiﬂ wazUszinn Microaneurysms Wazlszian Hemorrhages 1ng
fisandunduneude nswiounmiduden n1sdauensoslsa Microaneurysms 97100
I9UsEAMAN MIAALENseElsA Hemorrhages 31NNMABYTEAIMAT WAZNITATIEABUADIY
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4.2 NISMBUNNLEULRDNA

a v o 17 & g = v 4 o
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Hardware Computer Processor Intel Core i7
2.4 MHz
Memory 4 GB of RAM
Database Input AN 1,000 A
Software Operating System Windows 7 Version 2010b
Program Simulation Matlab Version 2014
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Image 1 2.813262 Image 31 | 3.076224 Image 61 | 3.043462
Image 2 2.79769 Image 32 | 2.844197 Image 62 | 2.777485
Image 3 3.10821 Image 33 | 2.784701 Image 63 | 3.037361
Image 4 2.747109 Image 34 | 2.989702 Image 64 | 2.941898
Image 5 2.8689 Image 35 | 2.941098 Image 65 | 2.985105
Image 6 2.904208 Image 36 | 3.054543 Image 66 | 2.859761
Image 7 2993311 Image 37 | 3.497397 Image 67 | 3.108332
Image 8 2.784043 Image 38 | 2.924228 Image 68 | 2.709589
Image 9 3.009474 Image 39 | 2.928068 Image 69 | 2.693142
Image 10 | 2.93874 Image 40 | 3.184159 Image 70 | 2.621065
Image 11 2.926904 Image 41 | 2.979683 Image 71 3.037281
Image 12 | 3.136966 Image 42 | 2.909833 Image 72 | 2.955327
Image 13 | 2.834463 Image 43 | 2.891675 Image 73 | 3.004142
Image 14 | 2.838889 Image 44 | 2.934608 Image 74 | 3.291843
Image 15 | 3.037137 Image 45 | 2.909313 Image 75 | 2.861074
Image 16 3.093328 Image 46 | 2.912339 Image 76 3.093823
Image 17 | 2.858584 Image 47 | 2.849099 Image 77 | 2.901087
Image 18 | 2.850557 Image 48 | 2.88794 Image 78 | 2.870653
Image 19 | 2.892384 Image 49 | 2.905645 Image 79 | 2.891765
Image 20 | 3.033542 Image 50 | 2.806231 Image 80 | 2.827979
Image 21 | 2.963952 Image 51 2.805354 Image 81 2872614
Image 22 | 3.293022 Image 52 | 2.869804 Image 82 | 3.058128
Image 23 | 2.889741 Image 53 | 2.643495 Image 83 | 2.868739
Image 24 | 2.936427 Image 54 | 2.874958 Image 84 | 2.909611
Image 25 | 3.159836 Image 55 | 2.701179 Image 85 | 3.044564
Image 26 | 2.901554 Image 56 | 3.093912 Image 86 | 2.909006
Image 27 | 2.755798 Image 57 | 2.908804 Image 87 | 3.027573
Image 28 | 2.820758 Image 58 | 2.965399 Image 88 | 2.852846
Image 29 | 2.85515 Image 59 2911151 Image 89 2.9485

Image 30 | 2.75508 Image 60 3.003818 Image 90 3.033305
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Image 91 2.715969 Image 121 3.128883 Image 151 2776473
Image 92 2.929579 Image 122 | 2.867437 Image 152 2.740035
Image 93 29272 Image 123 2771919 Image 153 2.696726
Image 94 2.795458 Image 124 | 2.83262 Image 154 | 3.053597
Image 95 2.75594 Image 125 2.770648 Image 155 3.11034

Image 96 3.114146 Image 126 2.852462 Image 156 2.907705
Image 97 2949911 Image 127 2.822947 Image 157 2.899923
Image 98 2.781023 Image 128 | 2.727425 Image 158 | 2.713996
Image 99 2.834852 Image 129 2.978909 Image 159 2.658931
Image 100 2.930799 Image 130 2.891005 Image 160 | 2.692421
Image 101 2.848125 Image 131 3.021749 Image 161 2.946141
Image 102 | 2.838045 Image 132 | 2.583528 Image 162 2.986006
Image 103 2.824745 Image 133 2.670188 Image 163 | 2.797856
Image 104 | 2.720466 Image 134 2.7013 Image 164 | 2.912227
Image 105 | 2.718756 Image 135 2.712206 Image 165 2.891342
Image 106 | 2.90753 Image 136 3.007414 Image 166 2947175
Image 107 2.791724 Image 137 2.658299 Image 167 3.043481
Image 108 291745 Image 138 3.489018 Image 168 2.841534
Image 109 2.86979 Image 139 2.756571 Image 169 2.849889
Image 110 | 2.793503 Image 140 2911725 Image 170 2.846776
Image 111 3.38844 Image 141 2.913804 Image 171 2.734597
Image 112 2.805814 Image 142 2.881595 Image 172 2.969842
Image 113 2.808947 Image 143 2773747 Image 173 3.054329
Image 114 | 2.935865 Image 144 2.876315 Image 174 | 2.953107
Image 115 2.884798 Image 145 3.002931 Image 175 3.032091
Image 116 2.887325 Image 146 2.612986 Image 176 | 2.745863
Image 117 3.026729 Image 147 2.821106 Image 177 2.763997
Image 118 2.960125 Image 148 2.893086 Image 178 2.825977
Image 119 2.855406 Image 149 3.135015% Image 179 2.814278
Image 120 | 2.907913 Image 150 2.739538 Image 180 | 2.992506
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Image 181 2.896265 Image 188 2.831149 Image 195 2.936218
Image 182 3.206522 Image 189 3.243474 Image 196 2.87285
Image 183 2.782968 Image 190 2.705262 Image 197 | 2.821632
Image 184 | 3.013322 Image 191 3.009224 Image 198 2.897544
Image 185 | 2.727794 Image 192 | 2.712239 Image 199 | 2.935521
Image 186 2.832583 Image 193 2.957649 Image 200 2.909648
Image 187 | 2.765827 Image 194 | 2.919347
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Microaneurysms (MAs).
around 93% when compares to the analysis of ophthatmologists.

A eywords—microancurysms; diabatic retino pathy!
opht halmologiss

L INTRODUCTION

The work s fimancial supponed by Coordmating Ceomter Tor Tha
Govermment Science and Techmology Scholarshap students (S TN and
i Agengy (NSTDA)

1

For the itial diagnosis, MAs detection technique is
implemented. There are several published papers proposed
methods to disgnose MAs which are the carliest signs of
diabetic retinopathy. Mendenca et al. [1] proposed a technique
10 detect MAs by wsing Gaussian Filter. Sophark et al {2]
proposed a technique 1o find the proper value by adjusting
morphological operators to detect MAs in case of MAs
and blood vessels are not clear Shanin et al [3] p
system 1o separate the abnormal retinal image by using
maorphological and thresholding techniques in order to identify
the odge and increase the image comtrast Yen ot al [4)
proposed & method by using the histogram egualization and
morphological operation techniques. Saleh et al [3] proposed
the grading of severity level of DR based on detecting and
analyzing the carly clinical signs associated with the disease.
such as MAs.

i

Most of techniques used for MAs detection are
detection or defining other components, but in the
diagnosis, the colors and components in retinal images also
MAs are different according 10 personal heredity. In this paper,
HSV color space is used with the eccentricity technique 1o find
out the abnormality of MAs.

The rest of this paper is organized as follows: methodalogy
is presented in section IL Section 1H is result which is come to
evaluate this work. Finally conclusion is shown in section 1V

ik

781 47990425 W1 3331 00 ©2013 IFEF



I METHODOLOGY

This paper proposes method 10 adentify MAs by using the
combination of these techniques HSV color maodel, area
wentification and eccentricity technigues as shown in Fig |
The fundus image has been used for anmalysis diabetic
retinopathy symptom first and then the red color pivels are
filtered by using HSV method 1o find the threshold level Afier
that the filtered image is converted 1o a binary image which is
casier 1o analyze the symptom. Finally. the binary image is
filtered by the area filter to find eccentncity

Fundus
magc

HSV color
image

Filter

"
RED Color | )
-
1]

. |

e

Area Filter

Eccentricity
Technique

Result
Image

Fig 1 Flow Chiartof Ths Work

4 HSF Coloar Model

HSV color model is the method considering hue. saturation
and value of image H is the value of main color (green blue)
which is in range of 0255, If the hue value s 0. it will be red
color and of the hue value 15 increased. the color will be
changed as spectrum color until the value is 255 and the color
will be red again S means the ssturation of color and V value
means the brightness. In the lowest V value, it is shown as
black color and the maximum V valuc will be white color. By
this reason, this method is proper 1o be used for the retinal
disease analysis HSV color model s also the most similar

78

color to the human color perception. HSY color model is a
cone shape as show in Fig.2.

Fig 2 HSV Cobor Madel Cybndrcal Coordmaie (6]

To convert RGR color 10 HSV color, the following equation
are used

Hue = 60 xH (1)

Satuati max(R.G,B) - min(R.G.B) 2
- ] =
(ruton max (R.G.B) (2)

Value = max(R.G.B) (3)

=N

max(RGE - min(RGH) if max(R.G.B) = R

. G-h .
H < 24 max(RGE) - min(RGE) i/ max(R,G.B) = G
-8

v man(RGE) - miniRGH) if max(R.G.B) = B

The advantage of HSV method s the flexibility. In case
that the new color tones of retina images are derived in the
system. the new target color may have 1o be analyzed and
adjusted 1o find a new suitable color for this system This
reason may be abic to support the diversity of human eye
component and also the tone of image received.

B Microanewr vsm [etections

Ihe samples of MAs colors in each color bar are analyzed
1o define the average 0 Hopp, Hews Siome Seene Vi 80d Vo, in
order 10 identify the range of target color

To find the suitable target color that has most correctness W
identify MASs in retina images, many color bar are armanged to
be compared Each color bar is composed of 10 random MAs
captured area
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Random retinal
ymages with MAs

.

10 captusred color
arranged into colos

har

v

Manually detect
MAs area

Find the avernge
range of color

v

v

Capture color of

Compare the

MAs average color from

[

various color bars

‘_J

Most effective color selected
o be "Target Color”

Fig 3 Tanger Calor Findsng Dingram

I'he average ranges of color found from each color bar were
wsed for MAs detection testing. A set of retinal image which
represents MAs disease was brought 10 use in testing The
statistical results were comrected to find the average color that
has most correctness The selected color was used 10 be the
base color for the retinal image diagnosis as shown in Fig 3

For MAs detection, the suspected retinal images were
applied with algorithm to detect the target color in the retinal
image The dot in image which was in the range of target color
was detected to define MAs position

g 4 Targer Cobor Caloulation

Fig 4 represents a part of onginal retinal images which the
MAs 15 occurred. Samphes of retinal images are captured and
arranged to color bar. For this picture, the analvsis result shows
Haveraae 18 0.019, S, 0 15 0,682, \ s 0647 This color 1
the most suitnble color 1o be used for MAs detection of this
image color tone. These HSV values are added 10 algonthm for
the retinal image detection,

BveTap

I'he HSV values used for analysis in the algonthm have 1o
be mn range of [0.255] but the results from color bar are n
range of [0.1]. So the result value has 10 be resscaled by using
the equation (4)

fmabvas value Result value x 255 4

19

-

Fig § Dabenuc Retmopatin

12 & Mecroaneurvsins Ddtoctnn Resall

g 7 Bman Image

Various types of samples are chosen randomiy i order 10
increase the precision of MAs detection in retinal images.
Fig. § represents two fundus images caplured for diabetic
retinopathy analysis. Both fundus images have abnormalities in
retinal area which are both small and ke red prxel aress that
spreads around the images. Then the target areas are separated
from theirs background as shown in Fig 6 by defining
threshold value Threshold value is derived by identifving most
suitable gray scale in expeniments which in this example are
target color values. Then the images in Fig. 6 are converted 10
binary as show in Fig Theirs pixels will be shown as 2
varlues which are black and white that will be casier to analyze
The black color 1s value "0" and white color is *1°. The binary
mnige is used in the eccentricity method for idennfving MAs
that can be assumed as MAs

. Areo and Eccemricin

Area and Eccentricity is o method to identifi MAs and
eceentricity border of MAs

s Area of Microameuryyms

After the fundus image converted into HSV color model
image. it will be comverted agam into a binary mmage. The pixel
area of MAs will be white color ranged from 200-2200 pixels
in binary image The pivel which has its value less than 200



it will be defined as noise. The pixel having value more than
2200 will be defined as the emmor from the capturing process
such as the reflection from camera lens or the border color of
mage In Fig 8 shows the number of each range area pixel of
white color in binary image

Range of Piael

Fig & Show the mumber of cach ranpe arca pivel of white coker m bnary
mage

b Eccoentricay of Micaroancury sms

The shape of pixel groups can be divided by eccentricity
which ranges between O-1. A group of pixels s dot if
eccentricity is 0 and if eccentncity 1s |, it means that the group
of pixels s linc. Fig.8 shows the distribution of eccentricaty in
abnormakity of binary image

TARLE | Fquatsn for Fooemtroy
E nterval
0 e~ 0
f b
e= (1 -= O<e<l
al
h |

This paper uses the eccentricity that range between 0.3-0.89
and defines the cocentricity that less than 0.3 as noise. If the
eccentnicity 1s more than 0.89 then it is defined as vein, Fig. 9
shows the range of eccentricity from the group of pixels n
bmnary image

80

Niummber of Segmenis
N . i

' l
- |
. v L4 -

. B - 4 - -

Raage of Focomtrion

Fig 9 Range of Eocentncity i benany wnage

I risvLrs

In order to identify the MAs of dabetic retinopathy
symptom, the process to diagnose expansion of blood vessel in
fundus image is used The captured fundus image will go
through HSV method which will select the value of H. S and ¥
from color bar for identifving threshold value. The arget color
value will be selected and then converted 1o binary image for
easier analysis. After that the arca and eccentricity methods are
used for filering the abnormalities

Fig 10 Mucroancurysms Symptom Area

In Fig. 10 shows the binary images which are converted
from fundus images via the area and eccentricity methods for
distinguishing the abnormalities area The abnormality area
that has 200-2200 pixels and eccentricity value is within 0.3-
0.89 are defined as MAs identification arca and # shows as
color dot in the picture The accuracy result of experiment is
around 93% compared with the analysis of ophthalmologists

Iv CoNCLUSHON

In this paper presents an idea to design the structure of
automatic system for dimgnose diabetes eves of the patients by
using the charactersstic of diabetic retinopathy symptom which
is MAs 1o find abnormalities in retinal of patients. The
appropriate result of HSV 1s H,. which s 0,019, 8,
which s 0682 and V... which is 0647 The appropriate
area of MAs is 200-2000 pixels. The appropriate Eccentricity
is between 0.3-0.89 and the result has an accuracy of 93%
when compared 10 the analysis of expertise ophthalmologist
which can be wused 0 reduce diagnose time for
ophthalmologtst
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