[ Downloaded from tumj.tums.ac.ir on 2026-06-23 ]

Saeo] lis FY 51T (slatadon o) o,lacs VT 500 VPV Sty g8 155 (Sibip psle 5S4 Sy 0y alao Il ”V”

Olls guoddb § jadedd Cga 40 (ol dindis 83 bojlwdgd amas B 51 (Jao )yl

Rbd (Flgdy gaias yd (gl A

WAVAY/TO 15T AWWAVAYN 05 2 WAV s il s YAV sl s 04&

2235, 5 0 6555 5 2l SalS @ e ek (25058 sl L S el i (ole (il i 5 4aj
aS=d Sluls laib 5 e iS S s e dedi es0leslan s as SlaaSS Sl e sy ol
Al (s SLssy)

S Sty pe sl8s )3 WWAE il LS (g3 5l S ASk Szl alae <y oty anlllas 5 isan A
mad 4 S il A2 o iy il B 5l s VYo Jels S MESSIDOR oS0 (555 allas b lon
S S5 gl SO ) S s G il (gt S 5 o e it s a4 4SS slal
ol oleiy e il 0l ) aSd Do jes i (¢l - Self-organising map (SOM) algorithm
R e 5 Bl e sl S U bl Culg s 5 Sl 6 by e S5 ol S & I
St 3l Gy Gy e Glabdr Sl 5 o S 3l (e Slalss gl g3l AT an 3 s
5 o0 s B (s ge le it glaci o5 wlud b S 3l (glas sazme g5 o8 ol s S5
3 @l S 45 Al o (e i 030l 2 (Sl Sl e S ol ol (sduaib L e aie s
e s bl (S5l gl s basls (VL e Dol 15 e b el sy IS 53 B

e s Gl s Sl (siiuib (ol sslety Jie Sl sdelcansa S35 5 (Shs ol Ul cloadil
5 (740 G 74N CL95%) AVIAY 5 (/A% 5 74V C195%) ZAVVY (/47 b 74470 C195%) /AA/0Y L il

5 sl als SLssy kel 531 Sluls cod 36 algtn Je edelcmssy bt ol g Sy
Al stuaib owbe Cis L

o30bojlas s eme oSS (b Sl asl Oluls (cluaib ieids olals

JE\» G Jl o Sl s A.s"ti}"‘:U C}:_;e (Jw Jl Y j‘ij)
7A0 31 e a ubs 4 Ml 3l Jle Yo cl2dS Gl e s o

‘a)b’dﬁ):é e
ol ilanae
Al ol &

T gl sl 8

() et s oIS g gortin 215 =)
Ol Oloeindy Sl

Dl Ol s A S gl o2 =T
5 pale s 5 s DAL o2 a1

st 05 SIS 2 SK1S ol

*
eeplel Ol Olwnd;y Ol S HUFCR P Y
g 035 Dlaid; (72) pae s o880 (o))
FE-TATIYYAA 5 0pdls S

E-mail: h.ghayoumizadeh@gmail.com

FURVY

S)lee 1Y0) > Al sl He sl b SLss, b Sl
Lol sdisoleys Cobs oS LS a8 slaypiS s (6, S
Spms Lls 3le 3l 4 Cand (65 Gl St LE il YO
Jsb 5 obew o b i sty o 5 by SLgd, Sl
Prr 53 olaw g 3 e Jl T B b ks DL Cals ke

4 e el 525l bl b aS Cl ald (golen 2l

kol Jolss 51 S s Sl 208 0 6055 5 sl
A Oke 558 i 3)lpe e S mld 5 Oler s bl
Sl fard T agd e e 58 Gla)5ES 3 AL VE LY

Ol Olley 3 sl jite (gl Oloy de 5 Culis @f‘“u““l‘

FY G YF o) ojlads VF 0,50 PV (00,05 g5 (Ssy pale oKl o Kby 0uSiils alme


https://tumj.tums.ac.ir/article-1-8666-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-23 ]

v bo (Flsis) subia o sl wSid oluls puidib g pandlds

Lol o3 gsaib 5 Slals sl S ol el (a3l e
S S a8l Cilite glacio g bl 5 (S l (glas geres
Sl ok wl)l 3,8 o 13 eslizad 350 (ghudid (gl 45 Ll
ol ok o3zl (S5 2l Sl Olpoas b )5S ae slaess
Sl e Gres pas oS pamen LAlaBl Cus AV Cdra &S
Vil ek elinad S B ,e S, 05 S s
do osleslus s pae GlaaSis 51 s s ol 2
Slr Sl oluls il 5 el e e Sl

ol ol ) by Sbss ) (ghuas o

SeIR SRS

G oo 3l Sl o3 KasdlS abais &y sma anlllas &)
Win ol oy plol (51 S psle o200 L3 AL i
o35 udb 5 Sy pl A (Gl Sl dde e an Jels
s Ny Gl g sy se gl (B3l e e ey
S gl LSS eSS Gl S
28 molt b o e (ol )5 sla S oslginy
oSt bld & ae 3 iy, sl b ST A
NPDR (soaxs & Aib o des (5,850 5 o30lojlus s oae
A s

ol adlas & el Jgane b (Jlizes Fundus 5l
Sl ol abll (S ey g g oS Gl sl S e o
o (S iy w0 30 b SLsd) el ¢l
RS s il sl B3l T s ey
3 St ES LSS Gl Jold e opl ) sddall
oles g obea il e IS GlT 5 S HSle 5 i
Lo oS (G 13) asl ol oS 5 S dal ot SaS acseSs (p
238 il (suaib S sl il

o3Il oS 55 MESSIDOR e3ls ol 5l s 3550 pslss

3 Sles o Sl gl il on g VEAAXYY S L gar o il
O "3 s oS OAEXOT0 4y pslas sl daesls S5ls
S ks S b S b e (SO S Syl s

JMJA.:FJJZJ)&QS@AJUJJ\);LSJJWSB@JQ)J\?

Tehran Univ Med J (TUMJ) 2018 April;76(1):26-32

http://tumj.tums.ac.ir

g ks w0 Ohlan Te-AY 5 S g obs D Olley
(Srs 5 rais s spr boissel Ll iy Slgss 3
3 2 o S (a3 4 Sen Sl 31 S S n L
S i 4 oo Gl 4 byde (il Lalp L als
"l anrl e

Cobs sl e Gl sl RSl i 5 2latash
el b Sl 5 IS Gl el 5 e S
G5 Gas e ety s 03y asil (S GBS,
(Gpaib (S5 | Al (b 03,5 ) gl (s o
(S LS, Gl gl il T LSS 5 S ks
Hard exudates (HE), Cotton-wool spot (CWS),  azi3
i 3 el oS S ale (S5 557 3 Microaneurysm (MA)
dagg ISt o s 5l psas Hoba aS0d Sluls Lasis
(Sisail awey 53 bl ol e eslinad ol S5 sl g
Support vector machine Al dvaib LSS 3l ol Kaass
Multi-layer perceptron (MLP) akozr 3| e slaali L(SVM)
V2l S saliid (5 s SlanSct

Slol, S5 ) eliad b aSl aole gluail g
Mahalanobis and K-nearest  s.tail (Bayesian classifier) (¢l
Ol ol odd a8 S 513 bl 5,5 neighbor (KNN)
5 SR el S 53 shuid l 3l edalnsay Sl
Jde sl sl a5 788 JAY A sl i s Slbed S
Sl asle SWH 55 Doy g 55 Sy Fobpde el
Al (S5 G Sy 5 gl Gla S5 8 5 sl
Non-proliferative diabetic retinopathy (NPDR) - 5l g
232 S gl el plies  (glas, 5l LA NPDR 5 L s
aslinal b e, Vet jag; cpl 5o Vil sl al)) el Lol
Lol 6“‘;}1} Lgh o3y jasls bl BYT LRIV
Jasl b baydsmn 5 baaes, 515 Koo dalss 81 S S
Mgk e o3l RS e 5 32 Dyt S5 e Sles
s 3 adlil Ul ol ol 55 e S5 3 sl a5
aen 3 oddalyl iy &S Gl ol w5 (g ISk
Glaiasy 53k | adsl e mul aw e esls slaelKL
Jolo mls SLsss sl deds glaab X, x2S


https://tumj.tums.ac.ir/article-1-8666-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-23 ]

BRI NENSPT BT YA

x4 Sle 2ld gdn oS s T amtls sl golec et 55
ook Al Sl S Sl S e i3S Jlasl i 5
i SV e 5l 5SS gl Sy e S S Sl
Ao s Jlasl el S5y JoSKe ST LAd G
R o kol Gl foS 0As e Gl oISk
G0 e 58505 S o3l 4 Ss S SeSiw s S dlas
S aSd s o3Il 4 Sl G Sl s 5 AS sl s
238 Gl ga 5l Sl Gl b uS s

S Gap 5 S8 S S I (S pleel Cer
Jb s S S1Rdl sy Syse 5 Bl a4l 3l sl gslulir
Olssas & o3 csbe S5 C!f;:.ﬂ\ S ol Jol> sal
Microaneurysms 4yl 4 a5 LS arls olg Gda s
«bls (MAs), haemorrhages (HMs), exudates (hard and soft) (EXs)
o Al e (S50 5 SO (JKE el 5l il ol
5 GASE a5l b 55 sdelis 6 Sda s ¢l
s S eslinad ol s s QTL;LAJM.(: E{ﬁ;) Condse 5l o

Rpd sl 4 by e glaesls VU e 4 a5 L
(S Ga 5 Sos S sl Bda il il oS
Lok e ahada 20l b 4S8 S oS0 s 23
55 33,8 wll b jmel b sliws J2alS 5 35 gl S e Siol53l Glla
Olej Ol o ahazm cpl 5148 25k 52y g Jole Ay 4o
O30 702 U el 4S8 5 bl LS 4 s 0305 200
3 s adsl ke s lo) el s Gl el i
2V aglse 5E S S caslsl 5oy pU ) e slalss s sl
Dyhie ols et 5 Salgin (A 5, e

DS g b 50 B aSS 4 L D555 0355 sk,
LS R e R P e P IS INT S TR E S PSP PP L
5 63005 SN Il byd sy end Gl el sl 35 5l
5 ey Oss o Aol Sl UL (W) el Osys
oy Oop b @i Dl S aslie We 2 les
o aSd il Gl Lok p Opp alol Sl 5l aty
ok Osyp &S gldd 55 $2555 & | 2,0 3L s D5
s Sl s bod s gl el 4B S5 13 das e i3y

nbﬁ& ealaie] ol sl ul};’b\ c.b'J._v u\}&“u Q})}" S L;“Lvﬁ:

Coye Sl Sy G Gl o3 ik bl ol glaadl s
3l Ol L il ea b ooy cals oS gkl of s S e S
3 o5y pdle Sl eslinad blakil bas 5 a5 b o oS oo
wtle L glaasls Sl aslizad bt b ol Siesan Ol
Sale 5l 03lizal b s el (9315 (glaosls (gl oS 555 e
Gl i @ (i ol S s giledilae SaSe X4
P oIl 4 Ss  SaSi sl s Ts atls slas
S Sl e 238 S pslal (3o 02 e SOSS %
3,8 ol sl 555 2 5S Hle A Olpee X4 Sls
25 AE S ke et 2l el Sl G SBE sl e
S35 2 MLkl ) edelimsa glar 035 Wy 6l ule
e e

4 by Al e g gl s ol 5l S e
Sl e oS5 e O L eladl s (s S
oS ol Sda bl Sl )5 Sews 4 by e bl ol
il Sl 5 plbid g ale e gl 53 S ol el g
o Sl el sl e diile Il s ()5 S
Liles) ol glaad po o 5 a5 5 b 5 (g pSt e b a
I Kgs Ky KaS s s ks hiF (g im0 Sl 5
S e A S sl s 58 (535 (i ST g SIS 5T
Sl gl 3 8 Jash odelnsty a5, X4 S0l kS
Gl o oslizal g (655 ISRl Sl s e S s
@S Mo &S gl Sl ol pson ) o5 Sags Ol S
S logls 5 e3ys0 Gy 1y ek ol gas JE S e
3,8 W el SN B et 4 B S5 (e

3lpe el w5 Sews Gilltr 3 S sbiles
&S 5 sbolas 5l C)B Sladid 55 Caa bl Jog 5l sl
53 alal 3l ge ool S (55 Sems 3Ll iy e
23 52 G Ba s U Sl B 5 S Bl Al e ol s Solg
SO 5 Gble cpl e o8 3 5 030 gLl 1) 4SS
o) (i ) e ilad .3 sas Bl (STl &y gn 53 i 3bls
S oslinad b (g puSle by (S5 Sl 5l asls Sl adsl gt
Sl eslezal b s .4 |5 Principal component analysis (PCA)
bl ol S Gludlie SaSe A Sl S

I 618 ) o)lads VE 0,58 PV (3,08 4ol oKy psle olCtilsy o K50 ouaiils aloee


https://tumj.tums.ac.ir/article-1-8666-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-23 ]

¥4 bo (Flsis) subia o sl wSid oluls puidib g pandlds

doder a3 b e Oss 5 4S Sliss Wged Olgew) O, s
Lyl i &S A8 e i susb bOss e Gl (i 4l
b SOl e S5 w4 05 S sk ealp W
o535 Wa eddosls (o xS G558 e Ll Uy, &S el
Sl (“r;"!'b“ ) ol G588 O3 oSl odd LS| I Elaglias
By esls 13 0s,5 53 cal O35 SSbe L
03l i 2 O35 4S5y 5053 035 dlam) e 4S5 S
Lol o 055 55 ) el anils aluan G 51 2l ol
PHllann p FG5 53 5 0l eals B 208 U558 05 Sk
WOss 5 3l S 05 oAb axils glaan G S ssd o 03ls 138
o3ls I3 Ol Gaslunn 5 ol o3ls S S Oss8 u.:f..l.:a Loaly
o3ls 2 a8 05,5 5 055 b pln K05 asp O3 5 ssdie
Loblae chis ol s glas adyl Jlaae 5,8 0 13 o
GO s ot 3l Ske a5 adsl O35 Gambe o2
slax adl A3l o Sl S S Sl S 0 b 3

Al e A A Oles b s el esly 328 U, 5

Laidl

-

&5 304 (Benchmark databases) el (slaell 5l (5 5k

S ety 1S Gl S Olge S Ll S e
s cpl 55 4 losls oL 3 S eslind DR aseis 5 (gilulis
losls oL MESSIDOR .ol MESSIDOR sl 05 3Lz
035 de bg 8 ol s Bl sl WY s
Topcon TRC-NW6 I aslizal b 5 sl sdelisa, S SHeE
 fundus camera (Topcon Europe, Rotterdam, the Netherlands)
sk SSE el 0d (sl S Glerss £00 s 4l
1440x960, 2240x1488, 2304x1536 L ol 2 cos55 b o dig 503 S
3 (o 313D s sl ol 31 55 oS0 (5l & Sl 5
Slp Sox praatie by Gasll s ik 4SS 5 als
VSl edl o (6 K0 5 Sl e (Sicwd sdd wl)l Se a
3 dow 0 odydm] 4S50S 3 slas MESSIDOR o3ls oKL s

Vdadr 5 ke Ll ban s ccais el oS Wiledd (gvazl

.A}N‘ s alin b oldeslaiwl osls o&:L; “ L‘yf Slasiin d‘):LSR

Tehran Univ Med J (TUMJ) 2018 April;76(1):26-32

http://tumj.tums.ac.ir

S el cpl Gl A3l zin slasbad as Sl sl ol )
el oz isel pg d B Osy s

B 02 S W) ol ot e pbay (5,00 Oy o 4K 0l 5o
Olsea 035 Sl b o ol wsde Sloinn ol
o358 ot jae ap ol Opp5 b (2505 O Ol w0l
L I s it e Ul b Oas 8 Sope opl 53 358 0
Sy Bl g cpl i D)5 b S s e il

oSl b Oaos il s g0 O e gl -
B30T 53 Gass oal 4 GlaSd g 3 pd Pl e (sl
Slalps s b b apdpe bl e oG5
by 453505 Gls s s Ll e oS5 03 5 0
23 a5 el & il gl sl anslie et 055 @
Lk o5 2ls DE e G855 4 Sl S 0mk oY
Aol Al xS Oy sldad &S 34 A Blsl 6\4—(:'3‘;:} @
Sl sl 5 Lol asll glaSl )y et Oy, &S 5o
Loddor o053 S ol (BIS oplil ey mom o a0 5 53 05 0
Gl sk e Mg bt 05,5 aSS 5 Olsew 058 2
3500 e |y il gl 3 4SS SIS B RS Ul
ol 03,5 S Sl Claslie slaad (681 alS 4 v &S
3 g o IS S Lulbl a5

3,03 oo e pbay (gruite (Lsu5 53 4 by e SO AL o
LSS a3 s s e LSl OT & (S UISS 8 0 S
Ao b plpess ok 05 5 dsl el Dous o Jb ee it
A= Ol i Qb e pite &S Oy 3 gl edls LlE
Ll ansll JU Sass S e Gl U ool sl gl
g g Bl aSS )l il e Gl 5 romes

S Glalsss 5 O OB lan 50 0555 035 LSS 8
s Sl i aaly plal s aY e s ol
St pbn ols Jiisel Y a 55 ki s Sk
o O SN Gl s SO, 8 e 5 ol O, s
Bpdy o e 5,53k S 55 G205 b

@ by e il 55 o Glat ey SL L ol 0558 e sl
ot ol Al a2l a0 Oy 45 5 g0 ol O35 O

gl Ol Lo bl el b e Ol b ol


https://tumj.tums.ac.ir/article-1-8666-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-23 ]

BRI NENSPT BT v

ol o3liwl osls a@a‘\i 2obal 4 by Olbvs g N Jgie

LA k.wj{.a J._.&"' ‘;‘.3\.3: JL;):‘:::J déLﬁ ﬁ}w sldas Akg_l‘ti. b‘j&
Y. Yiv \ov 0f VYoo MESSIDOR

TPR

04

0.3

02|
01 -

1] 01 0.z 03 0.4 0.5 0.6 a.r 0.8 0.9 1
FPR

0k S 5 Kot aaseie 1\ s g0l

AL e Sl (GS sk casly S
oAl Crpe LS e S cl by SLas, gl S
Gloaih gl e G Al ol s 33,8 Jols Lol Jlezs
Ao aw oli e a5 8wl s Slss, il
523 S gl Al sl Esh ity Jels o Al e Lol
S Gda bl g5l Ae ade e ps Sl e ik Culg
s 3 dgm e ltle a5l ol eslinal WL gluadl S
Gluaih S aldenn (Shs 4 e LS gl WS
aedes e30bojlus o sdiSail S oCulg g 5 s S Cb:i;';w‘
S Sl esls S A8l YU i 5 ce e b Sl s
il Shedy palar s ) Sluls cnd B el Ju
Aled gkl ol S35 L Lasils
SOl g bosls 0L w2, S ol S3loind 5 oo
Loamlis o bl oogls Slal ool b Swl bl odlestl
L oS onl s 3l G e Shs s I3 wlie la i,

5 bl Gl bodss e 13 a5l slaen ) sSU 0 5Gs

AR dl.h)lsd‘,d L.\ 6:% ufa_;) )" AJWLL..AAQ @UJ W\EA Y JJJ;?

o Sa ol s
YANVE3 JAYTA! /4y "
/4V/04 /AV/ Y YAZaN 4

J— JANAY 74Y/80 v
AR /Yy 74Y/80 \A
JAV/AY AR 7an/0) Seox o)

dile Jole i oalgiiny e s Ss e S
(Acc) <35 5 (Spec) Sis dSen) Cuwle ahax 5l Cosl o
g e S D) o &S

TP | TN P N

Acm—— L Spec = ——
AcC = TP FINT PP L TN S = I P T IN+FF

5 e e TN OB Gt FP s 20 TP (6 5k
Saiebd 5l golgiiy ptemw 3,Shes Sb e O3S e FN
L amglis 53 DR anls il gl o35 5 (Shs ol
el ol Wl Y Ul s a2sdS sl 84 sl
Cod K ol S s eddatll 5 SR sy S
Mol sk, S 5 Ses aaiine gove 5l eslinal (Kbl
aasiie gove 03slcasa Gln e Skl S bl
33151 gl ged Il &S AL o oy s ipls a0k ,S 5 Sles
GRSl 0T (555 2 dbogye S 5 ol Cbsl Jlew 5 Wl
G BB 35 e S ke DS asly e 2 0
2 (S slee ) O3 e 5 Sl wials opl 53 Jlse
S i Sos s b BUE 3 s iy
Aol Cad ekl Sob S0l o o coles culg o
5S35 (S cobae) oyl Ll w5 e a3 (VL oS

el o 03l 2aled N 1s sed 3 el Jol 15 ged 5y dal

I 618 ) o)lads VE 0,58 PV (3,08 4ol oKy psle olCtilsy o K50 ouaiils aloee


https://tumj.tums.ac.ir/article-1-8666-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-23 ]

AR Ghayoumi Zadeh H, et al.

Shesliad (ST Gas b e 2alS by Sl pa Sl
RISl gl Al Sl LS e Gree e slaeSS
Sl Gl Shsleiy 5ol esls oKL m S s L cds
Al eyl

oo Slud 03y Cnlie Sl Gls,a8 5 S5 g Kl
S 08 SRl Sy pske Ollan 53 (g3l anpuane iS5 Il
35 L L b bl bl s

References

1. Kempen JH, O'Colmain BJ, Leske MC, Haffher SM, Klein R, Moss
SE, et al; Eye Diseases Prevalence Research Group. The prevalence
of diabetic retinopathy among adults in the United States. Arch
Ophthalmol 2004;122(4):552-63.

2. Walter T, Klein JC, Massin P, Erginay A. A contribution of image
processing to the diagnosis of diabetic retinopathy: detection of
exudates in color fundus images of the human retina. /EEE Trans
Med Imaging 2002;21(10):1236-43.

3. Early Treatment Diabetic Retinopathy Study design and baseline
patient characteristics. ETDRS report number 7. Ophthalmology
1991;98(5 Suppl):741-56.

4. Adarsh P, Jeyakumari D, editors. Multiclass SVM-based automated
diagnosis of diabetic retinopathy. Communications and Signal
Processing (ICCSP), 2013 International Conference on; 2013: IEEE.

5. Ege BM, Hejlesen OK, Larsen OV, Moller K, Jennings B, Kerr D, et
al. Screening for diabetic retinopathy using computer based image
analysis and statistical classification. Comput Methods Programs
Biomed 2000;62(3):165-75.

6. Wang S, Yin Y, Cao G, Wei B, Zheng Y, Yang G. Hierarchical
retinal blood vessel segmentation based on feature and ensemble
learning. Neurocomputing 2015;149:708-17.

7. Vallabha D, Dorairaj R, Namuduri KR, Thompson H. Automated detection
and classification of vascular abnormalities in diabetic retinopathy.
38™ Asilomar Conference on Signals, Systems and Computers; 2004.

8. Ravishankar S, Jain A, Mittal A. Automated feature extraction for
early detection of diabetic retinopathy in fundus images. In: 2009
IEEE Computer Society Conference on Computer Vision and Pattern
Recognition (CVPR 2009), Miami, Florida; 2009.

9. Usman Akram M, Khalid S, Tariq A, Khan SA, Azam F. Detection
and classification of retinal lesions for grading of diabetic retinopathy.
Comput Biol Med 2014;45:161-71.

Tehran Univ Med J (TUMJ) 2018 April;76(1):26-32

http://tumj.tums.ac.ir

J.:)Lai S 2 w\jzs S g Jdhsl b sdias o sdoes
s lely (..:.LJJ.Q\ Jlasl 5 Jasls w h a5 o u‘<")
Lo daly 5008 “Qﬁ(’“;’ 449/\.:41 L;thf}u [ C\jir.”...«\

LSty s 5l U glacul Ul 5V Oledsl

ol gl L;J,_(SLJ,; e 0D pees Aad el
23 G Sy s e oV N Sl (2l SLsS,

6\}.3 p@ﬂr‘lz-)lsrao-lﬁ) ‘wl;u}b)uﬁj@@“

10.Melins¢ak M, Prentasi¢ P, Loncari¢ S. Retinal vessel segmentation
using deep neural networks. VISAPP 2015 (10th International
Conference on Computer Vision Theory and Applications); 2015.

11.Methods to evaluate segmentation and indexing techniques in the field
of retinal ophthalmology (MESSIDOR) [Internet] Normandy, France:
ADCIS corporate; 2017 [cited 2018 Jan 15]. Available from:
http://www.adcis.net/en/Download-Third-Party/Messidor.html

12.Tyo JS, Konsolakis A, Diersen DI, Olsen RC. Principal-components-
based display strategy for spectral imagery. IEEE Transactions on
Geoscience and Remote Sensing 2003;41(3):708-18.

13.Zuiderveld K. Contrast limited adaptive histograph. equalization. In:
Heckbert PS, editor. Graphics Gems IV. San Diego, CA: Academic
Press Professional, Inc.; 1994. P. 474-85.

14.Amin J, Sharif M, Yasmin M, Ali H, Fernandes SL. A method for the
detection and classification of diabetic retinopathy using structural
predictors of bright lesions. J Comput Sci 2017;19:153-64.

15.Baratloo A, Hosseini M, Negida A, El Ashal G. Part 1: simple
definition and calculation of accuracy, sensitivity and specificity.
Emerg (Tehran) 2015;3(2):48-9.

16.0sareh A, Mirmehdi M, Thomas B, Markham R. Automated
identification of diabetic retinal exudates in digital colour images.
Br J Ophthalmol 2003;87(10):1220-3.

17.Figueiredo IN, Kumar S, Oliveira CM, Ramos JD, Engquist B.
Automated lesion detectors in retinal fundus images. Comput Biol
Med 2015;66:47-65.

18.Rahim S8, Palade V, Shuttleworth J, Jayne C. Automatic screening
and classification of diabetic retinopathy and maculopathy using
fuzzy image processing. Brain Inform 2016;3(4):249-267.

19.Mickes L. Receiver operating characteristic analysis and confidence-
accuracy characteristic analysis in investigations of system variables
and estimator variables that affect eyewitness memory. J Appl Res
Memory Cogn 2015;4(2):93-102.


https://tumj.tums.ac.ir/article-1-8666-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-23 ]

I [ ] ] v I l Tehran University Medical Journal, April 2018, Vol. 76, No. 1: 26-32

Original Article

Model of hierarchical self-organizing neural networks for detecting and

Hossein Ghayoumi Zadeh
Ph.D.!"

Mostafa Danaeian Ph.D.!

Ali Fayazi Ph.D.!

Farshad Namdari M.D.2
Sayed Mohammad Mostafavi
Isfahani Ph.D .3

1- Department of Electrical Engi-
neering, Vali-e-Asr University of
Rafsanjan, Rafsanjan, Iran.

2- AJA University of Medical Sci-
ences, Tehran, Iran.

3- Visual Communications Lab,
Gwangju Institute of Science and
Technology (GIST), Gwangju,
South Korea.

* Corresponding author: Department of
Electrical Engineering, Vali-E-Asr
University of Rafsanjan, Imam Khomeini
Sq., Rafsanjan, Kerman, Iran.

Tel: +98 34 31312398

E-mail: h.ghayoumizadeh@gmail.com

classifying diabetic retinopathy

Abstract
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Background: One common symptom of diabetes is diabetic retinopathy, if not timely
diagnosed and treated, leads to blindness. Retinal image analysis has been currently
adopted to diagnose retinopathy. In this study, a model of hierarchical self-organized
neural networks has been presented for the detection and classification of retina in dia-
betic patients.

Methods: This study is a retrospective cross-sectional, conducted from December to Feb-
ruary 2015 at the AJA University of Medical Sciences, Tehran. The study has been con-
ducted on the MESSIDOR base, which included 1200 images from the posterior pole of
the eye. Retinal images are classified into 3 categories: mild, moderate and severe. A sys-
tem consisting of a new hybrid classification of SOM has been presented for the detection
of retina lesions. The proposed system includes rapid preprocessing, extraction of lesions
features, and finally provision of a classification model. In the preprocessing, the system
is composed of three processes of primary separation of target lesions, separation of the
optical disk, and separation of blood vessels from the retina. The second step is a collec-
tion of features based on various descriptions, such as morphology, color, light intensity,
and moments. The classification includes a model of hierarchical self-organized networks
named HSOM which is proposed to accelerate and increase the accuracy of lesions classi-
fication considering the high volume of information in the feature extraction.

Results: The sensitivity, specificity and accuracy of the proposed model for the classi-
fication of diabetic retinopathy lesions is 98.9%, 96.77%, 97.87%, respectively.
Conclusion: These days, the cases of diabetes with hypertension are constantly increas-
ing, and one of the main adverse effects of this disease is related to eyes. In this respect,
the diagnosis of retinopathy, which is the same as identification of exudates, micro-
anurysm and bleeding, is of particular importance. The results show that the proposed
model is able to detect lesions in diabetic retinopathy images and classify them with an
acceptable accuracy. In addition, the results suggest that this method has an acceptable

performance compared to other methods.
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