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Diseases associated with the retina and macula of the eye, causing permanent loss of
vision or a great deal of loss of vision in people, leads to a decrease in the quality of life
and a lot of problems in daily life. For this reason, the timely and correct identification
of these diseases and disorders has become important. The optical coherence
tomography imaging method provides high precision in imaging and good information
about the depth of the retina. This imaging technique is a great help in the accurate
identification of macular-related diseases. Age-related macular degeneration is one of
the most common retinal diseases. The purpose of this study is to design and implement
a system that is reliable, fast and can detect the age-related macular degeneration by
using optical coherence tomography image processing accurately and quickly. In these
studies, histograms of orientational gradients and principal component analysis for
extraction of features and AdaBoost ensemble classification method have been used to
classify the data. The database used includes 269 patients and 115 healthy people. All
three indicators of accuracy, sensitivity and specificity of the implemented system were
measured at 100%.
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* Spatial Pyramid

* Histogram of Oriented Gradients (HOG)
' Support Vector Machine (SVM)

" Principal Component Analysis (PCA)
' Random Forest

'" Region of Interest (ROI)
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' Optical Coherence Tomography (OCT)

" Fundus

" Macula

¥ Age-Related Macular Degeneration (AMD)
® Neural Networks

* Area Under the Curve (AUC)

' Convolutional Neural Network
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' Linear Configuration Pattern (LCP)
" Local Binary Patterns (LBP)

Copyright © 2019 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



Yra YES © YT OTAA 5l o o)lad VY 0,58 o iy (Kb omikigen (slome .y

el 1y Ban sl 5o e S0 Gijeel 5l ey
)‘ (Df) WL».A Ls)...ws.n)).u) ul.?L..u‘ Ls‘)" oﬁ.wsa ‘Bl.?u‘ W)
D9 o oslaiwl (V) galal,

A = (ki,s;) = argmaxys|(cy.s yin)| QD)

Lso)Lq...f.v S 54...05.7 LSO)LQ..:: k dxlad 60)Lo.~':.¥ | cd.'aJ“) u"-‘ )Q
g k-means slaaigs L blie Fuug i ol Cks o wlibe
P93 plF 55 Cal anlad o UL LS5 saddye 3

Nigd o dls (V) salal; b goas cal o lalo

(@, B.) = argming, g, {[ly: = Dt} + Axlltslly

M
+ Aol = Billo}

lpe Golel jlop 0 B Culpohe 9 M alal) cal 5o
wlpe bl Jlop Big o ot g Bd> (gaskd
Slabad plos oLl (Sealons 5l g ol 258 9o (sanlad
ol Slo ..\;%TGA Cawsd & D) 00y 395 Bl lakad (@)

el ssalie LB (¥) US55 MSBTD s, IS

."' .

5 A s e
.
-

15 Al (5 S
—— : E
q i o] ﬁ
[Dis|eee Dy -
S8
a1 ian)

ML 5 108

MSBTD s, ol SLs —(¥) Jsis

sy O ) J9:8 BB oS Jeas 5 2, MSBTD b,
Bl p slal (g9, g,y onl Jlesl boo)ls g als
clhol polas 55, Vg 4 JUiSKow Cand Sy (ks o0l
ool odl Cews 4 g Yo bl oad a8 B>

P ol Gead ng Bl psal g pl> paal SOl glaiges
el o al,) (F) S

® Subdictionary
* Centroid Atom
" Peak Signal To Noise Ratio (PSNR)

sl MSBTDY (5, 5l 5 oo ' ISl (Sl (sgoes
il o g0 ol g,y ol LYV 095 o oolil T Bas
a4 B-scan jslai col g (lelS 5 ToraShs el
L 5 yobas olel M g N a5 oo iy, YERNMAL &
Taalad 12 g ool (goinankad pglas .ol 0,8, yglas slows
Dgds oo iy a5 Xx=Dat 5 XERQ 5.0 4 Q=N'XM’ (s03lail L
oad 0aial (D) (5,20500 iy mlys (s oS 5 sasgane
2525 051 gy cnl )0 el goue culys Sy Sha
Gl 3l g ool i8S (Sl 03 52 )3 Bua gl 4 S5
J= ool gl s colatul (6o obml lp pslas
ol 2 D)ge d gs A sl Ghe, onl solerin
@ = argming llallo
[|xm€ — Dal|, < w

5 el as ke © 5 Siup8 (gnkad X Lufy ) ol s
K-SVD )58l bawgs (6,050 (3550l MSBTD
slaizle 59, e (g ©lp g 0ad plxil wlabis g9,
MSBTD g, 5o .04 o0 oolail Pla g iiSss 15 5 calizs
ol g,lSle gadg> Ve K-means o635l 5l colail b
abe> o 3l Lol saddae Judou 5l oolinl b s g 00l
ol Gl o9y ol g iliee s 4 (6180005 S
oo 55 5 wommlie 8l 5 g bsle olelbl s
el 00y oslaw! Downsample al> o 4w ¢ Upsample
Lol somlie LB (V) UKo j0 (6,mi500 o390l ol SLo

L= g7

o

..-. . . b l
.

chasal -

H AR H
PEm 1ate K
At Mstr|
-
.

Mst
soe
ﬁ

R

G A g0l pl Sl = (V) S

' Speckle

" Multiscale Sparsity Based Tomoghraphic Denoising
" Dictionary

¥ Patch

Copyright © 2019 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



\:g/ (el (gmgdod (5 fSadatio gl jf ool b UgSlo (s & iy (ygmnil 550 (o S 095 (st (sl dpizr (o9, (o) el yudl Ve

Wﬁﬁﬁ@uwﬂ)bodﬁ—lwom)fuudb‘
0L ML’?LA )‘..\.Q.o ‘50)‘\.\.1‘ aQ 05"""" UT 9 IR d.a.wl.’?un ))-"
L asl ub e Sl 5l )ees wis Sed o Lasl>
5 (W0) JS& )3 ol sl tld b (55 bl) ;0 poriee

Ll 00l o0ls QL.....J (—-0) 5 LR C.la.m.a By

al

[ Cbaa;ﬁ f}@(u 0L }:5.: Bi> ]:9.\4:(;0.” -(0) J&&

Ry g -Y-1-Y
poabinl sl glis )l (uSiloo (5310 i Jidu B a8 o
\YY 6°}“'\3‘ VTR W d.f.mbr.a ol Blo 6“"5“*‘" dc\ibgf.;)
5l S 00 g o ails &5 o)1 5l Sl g SUL JeSo
3 dils 092y Jdo 4y IS oyl g g0 BA> pgal 8 )b
Gl g aSil S pgal lol Cond 5 S 53 5 g nugal
R Sy SAged Db o plil )05 o0 ;36 Ul 59,
el 0y oals Hlas (F) USG50 o sade e Jlesl 5l o

u,..»)b).»w...’ O 0l CU..o‘ g oo ool o0 ).»5..4.1—(9) f tS.m

R
i olael jl JSais jlop &y o Sy (ie nl s
@ dl sl o hilon i iou ) ead gllal pglai s,
PS5 g 5,8kl 5 2l ad (oldd o gal> sy

il ol slaadlse Sl g Jbocwzr laglsl S

¥ Convex Hull

all

oo g Bd> pgai(w el pgas(all —(F) Jsi

auSs bl Lol Y)Y
b a5 00gs grndo Ll S gl Ugans a0l gl
Sl 20l (6l sl psbai ol g il slaoged |
2 Sl Lzl Wb oS gunaib (g5, b Ll
2 50 aSed bzl 59,5 SBlo (6l 098 havs pgai o
ISy pordil gall 5l (ctalojl 0551 S Tl ¢ ppgas
Casd &y (4:5s gl 50 558 S5k G e 1)1) T4
PO LI 45 (g o 50 alali 90 i g 0dd 03]
@ bl claide (:Sle 5 ool QLU s 558 (2U5L
0dD 03] Cpredd Al (A, pondinl sl o lgie
ol o0ims i 5y o bl (IF) S o e
Caws 4 blas Glbl o Toame sain ol 5 e el U
35915 Olgie & oz G4 Gl 50 5 0 dslons ool
Grb pazme ainy el ond ad I a0 o Sl Gl e

LYyl sgs co Gy s (F) salad,

n n
Zlix"llp--,anO,ZlFl} ™)
i=1

i=1

conv(X):=

Gy &S Sl blas sae gozme X={X!,.. X"} ksl ol 5o
Bl a5 s wlpo Mg 9gd e dwle o] Cose
(@H0) Sy S Gos aolee 0 g ool dewle
9 LI (SAK (Godiad (LS ja )8 g jrw (Sotie 99 Egene
Lol Bl sl el Sl Gl 50 S0k 308 (S

' Retinal Pigment Epithelium (RPE)

Copyright © 2019 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



Y¥) YES © YT OTAA 5l o o)lad VY 0,58 o iy (Kb omikigen (slome .y

o g 03 o2Bly gladd e 4y Suo 3 jlws S5 il
3l oolatwl b (sog0s g 6“3‘ slcgs 10 paai slags
Sy oo dolzes (M) 5 (V) «(F) Lals,

1 x2+y?

G(x,y) = \/ﬁae 207 *)
G
(61|

v6 = [g:] =36 S
dy

VS = [gx] * Image ()

y

g ge drlzms (Vo) 9 (V) Luls, b 35S gojlail 5 g

m= |SZ+S; )
S
= _1—y .
0 = tan s, QR

s 5l ooliad b oad ol SLolS slbdy Lupw
40 abhd g oeuds (g5les ;L Non-Max-Suppression
oS 55k 4y 05 ge 0ol (yaly 5 UL aibin] 5o 5l (Bl
3505 S polie d Glyie 4 UL aibiwl 5l 555 S polia
S w90 o polie 5 4yl plyie 4 ol et
oAt 4 plgie 4y oad 48 5 a3 gad @ Jlail & )50
odd Wgi noal Sl 69, 5 2had LS Wed e 0ol
gl Sz oad j2ld pglai g ot Jlasl plad eya b
A Jleel @l wigd oo Jitie dn sal> 0 4 la Sy
sl e @) (A) S 30 b gl yo ol (g5, 5

e Lol ol 5 s —Y-Y-Y
)‘lﬁu )" csf)‘ﬁ C‘)’.‘L‘" 6‘)-.’ M“:’)“’é Sl“’ui‘s) )" «55"
Golow IVl el Jlocus slaobol 3 ol Sens oo,

" Canny

il oy \-Y-Y

O aaly gl 0 il 4l slaces! Sl (S
olis Gl la ubie o |, sudlS Sla Sis UsSle
RVFSN UOWES | & 0 & o IR 1P SRVt AT COW I0Y 0 FURREP N
oolaiwl 0y90 ctalS Tz jo Hlad s p aS B8 2 0.l
solie armle (sl 098 o0 hal g sl S (o0 )8
oolitul ey pa Sz ;5 (0) 5 (F) Laily, 5l b fuSey o
LW(M) colpo b JuSy B polie oS ol i ol 4 050 o0
S o obml 1) waz pgal JuSoy jlade g ol pex o

+2
Inew@® = ) w(m) X gora(2i +m) )
m=—2
1 al 11 a
=[~—= <, a-,——— ¥
w(m) 2 23 %37 2] )

0 JoeSon e Gotd g S0z JeSiy Hlaie Gnew Lalg) l o
lpo olnl lpa bl godg olad 0 o5 51 |5 g
64.?:..4.) w‘ 0l u)f)lm)a ~/Y’V l.)f‘fW(m) )o ‘5..:;
gl el o &LICY) IS 5 ol oo pebans o e
iS5 Gl zeoy Cuz (V) IS e Gl Sy

A 8 gl o so3lal i b ol g 00l

il pyn —(¥) JSCB

oISl g plyad ~¥-Y-Y
UsSle (o @ atsly gamsl 559 (5 )lo (IS 30 @ 4z L
al ol Ul QUL 5 aSed oSS ponlig] a9,
5 bad S So Ll pngal ;o bl plo & s
s 4y U ol g conlis ) gailin pha S
Fiod (Oladllas ol o ol oolaiul il 8 o )S sl 6 Sge
Sy o5 Sl 35 es ild cnl VO] el TS
el 45 Syo onl 4 ans e dl) e Jige slolis

5 @S)L‘.m) 6L‘a.> 9 osly ua...?h...o (5’9’ a |) 6'315
b ont lulis sload e o)l boad Casys meis

' Threshold

Copyright © 2019 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



\E/ Sl (gt (5 igdato gl fodliiad b UgSlo o 4y dialy (gl 555 (5 o 5055 a5 (6l e o9, 6l 29l el VY

Sl 6)0,3 Mg u,..ul.a)‘j}f w).)l.n C daoslo X ‘Ja."‘s) u.“ o
Abbee 093 b Bl Sl (nSla b plp o slye y2 a5
D5 en drmloes (VV) ol Lo slojls o yibe

w-icw =D QD)

S8 il Doy ohg sl uile Woeakal, cpl 5o
argi b ablige oy polie b ply o1 Jhd slaaylys as” ol
Orrpte 3l olans da Sy y8U 5 Coenl Gline g s 4
b S5 ple g ool CLl W glagygiw plaa b o S5
omple 0 (60g)5 slaosls s boasleas ais )8 ouyols
Slass aiile oo (Sl K5 990 5 pie oSy W et
Ot g 4dS 8 aslllas 0y50 piie (lgie 4 b S

Lol odel Caws 4y (Shg WYl oolainl b ases

Gowadb -Y-Y

@ wb ot zllal 5 gl sl iy o sal> e 50
oo sl slagty, 5l (So s Jleel il
a5l ogy ool ,o IYAD cusl AdaBoost a5 anail
dsai b o 0gd e ooliiul g5 SOl Tlas andil
aS leools 31 (golaws ol (gamdads osls (Jol ars
oLl AdaBoost i ,63! b el olitil oyl gananl
L, cpl g Wgd oo &3] g0 mhaw cars wnadls 4 ol
I aelsl (ns sloanaa b sloxs) baplaw olows 4y 4z g
JLQ-»}‘ PRAY L§IL°"'>‘ SHgo & >ools s.:l?r.u‘ \.\-'SGA
cloads ool L)a"’"’“"’ Lle J.»_Q CJa...; B aS u.&l.boé‘é u.:l?u.)‘
[¥a] ¥ o <550 by o sial33l AdaBOOSE i ,65I1 L
295 anaib glp s glasnail Jolie 5l (S
slosdail olaw sl awlSgs sdllue ¢ AdaBoost
W8,5 )18 (o) 0 290 eite D50 A el S0 nd
omTwoc\gWQ})o VO 5l ool b doncl o o g
ol leolaiwl b o S5g cans gloonaid o ool
adgl g9, Cuond ;o Lol o 5 g 00l 2oLl Gini
S0 aSenl Gl @Bly yo WS oe B S0 e g
Sleldsl wilgs co b Sy plaS a5 02s e stid sl
Az ;0 040 oo ookl GiNi el 5l auas &l 65 ion
ol (6 5t Slelbl glhls (S5 il 565 Gini asLls
LY ogi oo cin s (V) galal, & 90 4 GiNi LasLs

K K
Gini: Y e (1= i) = 1= ) Prus” 0
k=1 k=1

" Decision Tree

sl )0 glrsel sbml el UsSle o ay ately (el 550
P9y 2550 ol o aile 4 5 45D Sl pseliyl
Sy alsy Ol 4 loier slaplalS el St
Slr 1y robie G RN SSE (nlplo g 009 (ol Sl yts
o ey lpg)inl Jlaws oo il 5 )len (nl sladiges
Joreas 50 (Seeiee slajisle jallh 5 So
el 0 olizul JJocgz slobal 8 ol Syiass S g
e (Jobo) o2 @2 e 3l 0 1) pgad (5980
wdF 0 Sob S plgre 4]y b Job 51 golass 0o,
S0l andly Slihgyee gom Sl b Wil oo Seb 2
A Sl ol FXF Ll b ok (sojluil (iagly ol
el o 0 e 70+ Uy il S sl Sligsem ¢ YXY L
Sl 51 sk o 53 ey 2 81 5 3300 slocbol S
5 omb JeSr STUL JeSoy poolie (0,5 o5 L sy
Shestitul b pbolS oz g ol g cly 5l o Sy
oS s adgs sl Sl oad aule (V) 9 (1) Ly,
Coond Vs a0 Ve o8 Laz 0 VA U yao o ooy
a9 b bl S ojlul polie Jobo o 5 5 00 oo
Loadylo J13 glas 10 Ve slapls 5l cod plas™ jo aSpl &
ol dwbe slapl Fgiucd solad o el 00 o o2
Mgy oad sl oo LS ol olad e e Jlez o
pled polas slp S nl aamo oo JoSasT 1) 08 S0 (S
ooy coles Cules ,o 5 ond plool aslllas og0 ol

el s 4 o Sy e lo U onds Gl o8 5 (S

Shol caigo Juloxi —F-Y-¥
e (5, ahie polai sl g Sy 4 4y b
Gl yls sy slal (lad po al e an Jlosl 55 5 Syl
la 9o 5 ke lS (sl ycnl 5| kibise Sy (Fis
Jelos (b 5l B SSE Gll 58 g Sy sleley
Gailge Julow w55l 09 o soliul [YY] Lol sadlge
bl 5 S 4 03,8 CuslSs lad 4y | nesls o Lol
$9) S obily med 5 Slatie jeme gl (53, 00l
5o Slaite 6[.&09.7:@ Q)ju;o )‘)3 Slaites BY B L O
L bosls uil)lgss b aiese b She slea osls

B=X-pu 4R))

C=B.B" QD)

' Concatenate
" Weak Learner

Copyright © 2019 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



Yey YES © YYD AVAA Sl o o)Ll Y 0,58 o) oSy (omkitn 5lone S

by -Y-¥

@lolid sy alaahen 5 woxr (SBy) Sk cnl o
ARl 0 51,1 UsSTo cyms Ay cygemsl 350 5 o
ol 3,891 5 Jles 9,8 VP Lol oolazul 5,50 (g00lo
sosls 1Y+ sandal slapivnaw ;o Jaors job 4ol
1Y g gomdil i (bgel Sz 00ls ol 40 9340
Cnl 4 gl go a8 S L5 50 et 903] Sz oaile Bl
el sl el 92 Ae g jlew 98 VAN laosls o5
o 3,3 70 5 Jlas 35 AV (slaosls 5 (sutpaisls ianses
b gy el oud i8S A 0w 905] Sz
&3, Matlab 2018b ,I5316 5 31 oolaswl b gty ol o oals
CPU intel core i5- (5l 38lcnn clasin b glaib,) s
GPU Nvidia 1060 RAM DDR4 16GB 3000MHz 7500
b yo Slandod )0 .l oo (g 3Llwosly SSD 120Gb Sata 4
4o 5l @lolid slaptarn 2b5)l 6l (SE5 ses9>
@ a5 ol Al 5 6,4 Cuols g ol (8BS (gdastie

.bsa.u‘f c\.....ul.’z.o (\V)j (\7) ‘(\()) .Lulj) )‘ oolazul Lv w).:

A _ TP + TN 00
CUraY = TP ¥ TN + FP + FN
TP
Ty = —— Ve
Sensitivity TP TN 7
TN
Y] = \v
Specificity TN £ FP ayv)

w0l ololis ol Glgie 4 aS w] TP dalg,y ol yo
@ a5 collu FP oo Slulis ol olgie 4y aS” oJLL TN
o Glgie @ a5 ol FN g ool slolis cal lgie
30 S G olly Ojge 4y cBs alil e oul ololis
lpe plo jl g Wlo g gems lon 390 s 313
Slse 5955 My Gl ced S UG & 90 4 Cols
by sl s S QU &g @ oS 5 o 6 5lo
aS cubls az gl Wb 0gd o iy T Sy Wl Mg 0 S
shol sla Sy ohaai ald (gilwesly 5 (b e 3
et glaanail olass g Lol gadlse Jolow 5w o
Soges el oals 423,5 Jai 10 te O g0 A prenal S0
Shl (Vo) IS0 50 coine o Shg olass wlal 55 o
Sdss 0T el )l o)y sg2g (omin )z (o] )0 45 00
Sype cind ganaib sl ks OY) 5 (V1) () 0)
ool Gy .cwl AdaBoost 63l o eolatul
ey (00 510 B Y iy ) hend slavail sl

C30) Jlogad ;o aladi y Tdigs A4S 39l oo odaline el 0uls

" Devers Eye Institute
" National Eye Institute

Lm Sie Jlx>! Pk 5 LolS slows K aalal, ol o
5o oolaiwl 550 (gainatws v ,e) el K ullST oz
il lp a8 [¥V] el CART oo ,o8 cpmonas S50
03 )5 il Connd 90 43 4L 12 0 1) Wosls (puanal 50

Sl |y (6ml) 29090 <550 gl el

Sy g raidly Y

odld oL —V-Y

wghed &) Kighie plai sools ol 5l Awgs cnl 5o
ouds ool UsSle (s &y atiasly (5l 550 (5 ko (St
ot ol g g0l slRails M Sgs olKisls awg 4T eog
slosy 50 5 [VF] onds s TGl i (o sty 57 w90
o5 4 NTC00734487 o5 (so,les L ClinicalTrials.gov
Sl 5yl paal Cga oolaiiwl 550 i (Cowl oo,
oL !l jo addllas 0,0 of 31 s .ol Bioptigen =S,
Al ol TSR plaSz wog JLo AQ LB+ 1y o0ld
G 5o il Cel oS etz Glas lom s 9wl
3,8 Y8 gyl ools oSGl oyl ilosgus «digds oo (5,10 1 g
B-SCan .S )+ i o 5l aS oogs plle 9,8 V10 5 Lo
Jols B-Scan yypai o .Cowl 35290 OVYTXV e slal
3 99290 polai 5l oladige .cwol A-Scan JUSow Ve - .
Sl oals Q) S 50 sols oL oyl

(@ (o) 5 sloaSs polai saiges (ll -() S5l
Glow) ! (oS yyglal (gaiges

' Duke University
" Emory University

Copyright © 2019 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



\:g/ Sl (gt (5 igdato gl fodliiad b UgSlo o 4y dialy (gl 555 (5 o 5055 a5 (6l e o9, 6l 29l el AR

485 4 Covols 5 Comlus (85 logel dw 4 a5 L
Sogad dw yo j0 a8 Conl lalais calad oy Sdigs 45 S04l oo
bwfualdaw‘owwm \Af‘fTbLSaﬁbﬁds)
Gadlgo Julow 00,6l jo o (Lol (S b oow VY
ol o] Casd 4 ColS g Canlas (80 asls 4w o
Sl D90 )3 (B30 i (i slaSsh 51 Sy e Ba L
Lol o] Cews 1 (V) Jgax o de prie plo Haile (BL
(D3RR SSoh Sl plaS pe a8 wes oo (LA s
FB a5 )ls 53k 53U gmls g 50 5 009 (5902
BB Blal sleosls a5’ el pl o Sl Bi> 5 axgs
) 595 s liline Sl 5 0 LS i &y s
958 59 s 5 sl (8 WS sl 4575 5] e 0975
S5k D9 gal 8 lp (Shy lon o sl leesls Gl
SRR S9u> ;0 polal pbg WVeeeee S9a> 50 (b
Cel o Soby a8 D¢l o0 oadlicve .l 0a (5,50 5lul

g g0 Mnddnbs 4y (535,9 slrosls sas,0 O ials

G5t slS ok B | Jals gl —(Y) Jgua

o | slesllal pe | S e

3 AS R

AY/E Ay ava e
AV av/A Voo Eodle
aV/f ABIY Ae ool

ol b o S gl Al slasSsh 51 S e SIS s )
w5 o0 Bi Cug & Ssl dayiie plo oils o5
SLIT) Jgom 5o gl ol 45 055 oo (6 ,e503l sl
s Sy sals cel Lol sadse Jdo Sy .ol ous
Sl Sy olass oS 5ok a4 0dd e 0d FE
She VW aFeeee S99 5l pgai ya 5l ead gl
Cawd 4y ( Sy ol (nl b e (G4 (i 45 Fge
o (§aipaiils (o) dz 50 g 005 lay tals wyl oo
39 g0 oddlive .ol 03,5 lay alS a sl VY 4 VYY)
EniSSE Galidl sl Lol sailye Jelos Sk oS
el 00l i Caols g ol (28D g 5 Woold

s gl sbSol Sl Jol> s —(F) Jgax

Jel g 08 PR O9N

kol sadlss bl slad
3510 A W cds
/0 AN o0 ol
A¥/Y v/ A¥)Y Caols

waties adadi bl J13NV0 Wl T L o g9, () -
il diadel 10 (28,5 Sl o b 2Bs (e 45 WS e
2 kol g pte (S VY g Adaboost ey S anails )
Slass dx o Wl e Cows 4 ol adlge Julow o ;65!
b bl S anail (6995 sbeesls olal L b S5
PO e Sy g 039 S (S 5 Slwlre
dndads j0 eolatwl 050 s slaaisddls slaws ST.cl
S5 Slwle b g (Soezmn il 555 AdaBoost 25,5
S o Lzl 93T 5 Gsgel Slibas i oo w5 0091
SIS 50 s Sl 5 Cols g Sunlas (a3l 90
@ e Gl Sy shasi 9 T ulul p lag] Jlages a5 0o

Sl oas oals Lzs (V) 9 (VY) o IS jo s 5

100

q
80
T=15
75 < T=10
T=5
> T=2
70

0 10 20 30 40 5 60 70 80 9% 100
(PCA) saldinl 3 30 sl Ly 2125

&8s laged —(Ve) S
[x13 |

80
T=15
75 o T=10
T=5
- T=2

70

0 10 20 30 40 50 60 70 80 90 100
(PCA) sadind 3,30 sla Sy 305

il Jfgm5 = (1Y) JS

X 13
| ¥ 100 T
100 o T=10
B > T=5
B T2
4
‘i s
e
= [

0 10 20 30 40 50 60 70 80 90 100
(PCAY 54l 4350 sla Sy 213

Copyright © 2019 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



Y£O YES © YYD AYAA 5ol o o)led T 090 « iy Sy (smriitio 54le G

iz gla g, 5l Jol> s —(8) Jgua

Cools | Conlus R &>

9.0 v/f ) /f [vel]

/) a%/A Qf/f [vy]

5/f A¥AY | av/fo [va]

A/A A A [vv]

Yoo Voo Voo (solgidan (yg,) Cawglo]

S oS Az —F

by i o33 plobid @l waz G4g) gl cnl )
bl 2 UsSle o s il gl 5359 (5 5l UL Lol

L 295 sl @S g 0ol (ilwesly Cudbge boods )b

Sl lon plo 4 puoxd b pinces ol el alils o er
e ol b ololis LB & UsSLe b Lagye

ool 09y BB s (SCH| cwgden

&=l -0

[1] Webb and G. C. Kagadis, "Introduction to
Biomedical Imaging,” Medical Physics, vol. 30,
no. 8, pp. 2267-2267, 2003.

[2] L. M. Sakata, J. DeLeon-Ortega, V. Sakata and
C. A. Girkin, "Optical coherence tomography of
the retina and optic nerve — a review," The
Canadian Journal of Chemical Engineering, vol.
137, no. 3, pp. 90-99, 2009.

[3] E. Margalit and S. Sadda, "Retinal and optic
nerve diseases," Artif Organs, vol. 27, pp. 74-
963, 2003.

[4] A.Puliafito, M. R.Hee, C. P.Lin, E. Reichel and
J. S.Schuman, "Imaging of Macular Diseases
with  Optical Coherence  Tomography,"
Ophthalmology, vol. 102, no. 2, pp. 217-229,
1995.

[5] M. Libbrecht and W. Noble, "Machine learning
applications in genetics and genomics,” Nature
Reviews, vol. 16, no. 6, pp. 2-231, 2015.

[6] JL.Prince and J. Links, "Basic Imaging
Principles,"” Medical Imaging Signals and
Systems, pp. 513-518, 2015.

[7] A. Carass, A. Lang, M. Hauser, P. A. Calabresi,
H. S. Ying and J. L. Prince, "Multiple-object
geometric deformable model for segmentation
of macular OCT," Biomed. Opt. Express, vol. 5,
no. 4, pp. 1062-1074, 2014.

[8] Lang, A. Carass, M. Hauser, E. S. Sotirchos, P.
A. Calabresi, H. S. Ying and J. L. Prince,
"Retinal layer segmentation of macular OCT
images using boundary classification," Biomed.
Opt. Express, vol. 4, no. 7, pp. 1133-1152, 2013.

" K-Nearest Neighbors
° Bootstrap Aggregating (Bagging)
* Adaptive Boosting (Adaboost)

Dygo d plad pye Sl (2,5 (S gl Sl i o
5 YYOXFD FOIYY Qe exVFD olal b pows Ll
Sl il 38,0 peal olul ax e il VITXY)
ooledie yo Slellbl (gol> 1505 Glo g o3l &Il (65 oo
ol Wl S SZsS ppal Sl 4z 2 g Cwl SooS
gl Glp cy ol & cl Sn eliie o Ol
el gmsn Ssh )0 laJokw (sojluil (ol Loz 5o Olelbl
b ol oa 48,5 i o BxF L ol ocgs slapbol s
S o ilie slaalide jo polas slul 4 axgs
VLY YT vyo s L ol Jsko sl 4 gl ola!
Jsblos slel w55 culls gonias lis aS sss [YA V] 4 [0F
ol S5 9 Sy slaelide jo by S gl 5o
Cowlez gz slaplal S ol S oSl Gl
sl anals Tale il g by, Oloass 4 Cond 6505
sobie ndy sl siledle Wb (oo slagualy Cunl S
Gble ;o 655 e plSgtae o pSojlil b (lgios
Sl plos by sloslil b 5 (S'sb) S5 )5 oz
Sl a4z gi b Ssly 5y ojlail 0,5 g5le b 1) Solk:
@bty Sl e (2Ulg5 I Seb S o b fuSey
A el 4 5SaeS Sob sojlul g osls 2alS ) (e
slal 4 azgs b s o S oo SwS by, Sl
Ar Sob ojlul (olad pra Sob (29> nolad 9 Joloo
Gl oo 5l liabsl gl il sl Sl YxY L
el ooy 20,l0de (£0+) VXV bl Sligyed ool puS
RS Smaib Loam g wnddb Sel o
Saib 7 5l Jols bl .l sawl caws 4 AdaBoost
Gedle So il Doy Talass (S0 S Tooles
Ll oo @11 (F) Jgaz jo Feamplol 5 laciin Slo

Codls | conlas | cdo

AAIBY v/6a | AVvY oslu 3
/¢ Voo av/f wlass o J G35 S
AAIBY Voo £/00 @yl S
AOIY /0 v/ bty o5 il

Qoo Yoo Qoo

(solgian (ybg,) Cawgalo]

5o dlisee gy s sl eslaiwl b s b sanaib mls
Goloiion  hg, wed eo olid aS oal &1 (@) Jgoo

el QLIS iy ol S (e 0 S e
' Illumination

" Shadowing
" Naive Bayes

Copyright © 2019 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



\E) (el (gwgded (5 fSadatio gl jf ool b UgSlo s b dliandly (ygundl 550 (6 o 5095 asit (sl doder (g (sl Jegll yudl \Aid

[18] R. Rasti, H. Rabbani, A. Mehridehnavi and F.
Hajizadeh, "Macular OCT Classification Using
a Multi-Scale Convolutional Neural Network
Ensemble,"” IEEE Transactions on Medical
Imaging, vol. 37, no. 4, pp. 1024-1034, 2018.

[19]S. Lee, D. M. Baughman and A. Y. Lee, "Deep
learning is effective for the classification of OCT
images of normal versus Age-related Macular
Degeneration,” Ophthalmology Retina, vol. 1,
no. 4, pp. 322-327, 2017.

[20]C.C.S.I.D.Z.S.W.a.R. S. S. Apostolopoulos,
"“Retinet: Automatic AMD identification in
OCT volumetric data,"” ArXiv preprint
arXiv:1610.03628, 2016.

[21]S.L. Q. N.J. 1. C. T. a. S. F. L. Fang, "Sparsity
based denoising of spectral domain optical
coherence tomography images,” Biomedical
Optics Express, vol. 3, no. 5, pp. 927-942, 2012.

[22]J. O. C. D. T. J.E. Goodman, in Handbook of
Discrete and Computational Geometry, boca
raton,FL, CRC press, 2017, p. 383.

[23]S. Lazebnik, C. Schmid and J. Ponce, "Beyond
bags of features: Spatial pyramid matching for
recognizing natural scene categories," in IEEE
Computer Vision, 2006.

[24]J. Wu and J. M. Rehg, "Where am I: Place
instance and category recognition using spatial
PACT," in IEEE Conference on Computer
Vision and Pattern Recognition, 2008.

[25]J. F. Canny, "A Computational Approach to
Edge Detection," IEEE Transactions on Pattern
Analysis and Machine Intelligence, vol. 8, no. 6,
pp. 679-698, 1986.

[26] N. Dalal and B. Triggs, "Histograms of Oriented
Gradients for Human  Detection,” in
International Conference on Computer Vision &
Pattern Recognition (CVPR), San Diego, 2005.

[27]1H. Abdi and L. Williams, "Principal component
analysis,” Wiley interdisciplinary reviews:
computational statistics, vol. 2, no. 4, pp. 433-
459, 2010.

[28]J. Chan and D. Paelinckx, "Evaluation of
Random Forest and Adaboost tree-based
ensemble classification and spectral band
selection for ecotope mapping using airborne
hyperspectral imagery," Remote Sensing of
Environment, vol. 112, no. 6, pp. 2999-3011,
2008.

[29]Y. Song and L. Ying, "Decision tree methods:
applications for classification and prediction,"
Shanghai archives of psychiatry, vol. 27, no. 2,
pp. 130-135, 2015.

[30]R. J. F. T.Hastie, "Tree-Based Methods," in The
Elements of Statistical Learning, New york,
Springer, 2009, p. 309.

[31]G. T. Denison, B. K. Mallick and A. F. M.
Smith, "A Bayesian CART algorithm,"
Biometrika, vol. 85, no. 2, pp. 363-377, 1998.

[9] H.R.S. K.R. Kafieh, "A Review of Algorithms
for Segmentation of Optical Coherence
Tomography from Retina," J Med Signals Sens.,
vol. 3, no. 1, pp. 45-60, 2013.

[10]P. P. Srinivasan, L. A. Kim, P. S. Mettu, S. W.
Cousins, G. M. Comer, J. A. lzatt and e. al,
"Fully automated detection of diabetic macular
edema and dry age-related macular degeneration
from optical coherence tomography images,"
Biomedical optics express, vol. 5, pp. 3568-
3577, 2014.

[11]F. G. Venhuizen, B. v. Ginneken, B. Bloemen,
M. J. v. Grinsven, R. Philipsen, T. T. C. Hoyng
and C. I. Sanchez, "Automated age-related
macular degeneration classification in oct using
unsupervised feature learning," in SPIE Medical
Imaging : Computer-Aided Diagnosis, 2015.

[12]W. Sun, X. Liu and Z. Yang, "Automated
detection of age-related macular degeneration in
OCT images using multiple instance learning,"
in Ninth International Conference on Digital
Image Processing (ICDIP 2017), 2017.

[13]Y. Wang, Y. Zhang, Z. Yao, R. Zhao and F.
Zhou, "Machine learning based detection of age-
related macular degeneration (AMD) and
diabetic macular edema (DME) from optical
coherence  tomography (OCT) images,"
Biomedical Optics Express, vol. 7, no. 12, p.
4928, 2016.

[14] Albarrak, F. Coenen and Y. Zheng, "Age-related
Macular  Degeneration  Identification In
Volumetric Optical Coherence Tomography
Using Decomposition and Local Feature
Extraction,” in The 17th Annual Conference in
Medical Image Understanding and Analysis,
2013.

[15]M. C. Y.Y. Liu, H. Ishikawa, G. Wollstein, J. S.
Schuman and J. M. Rehg, "Automated macular
pathology diagnosis in retinal OCT images using
multi-scale spatial pyramid and local binary
patterns in texture and shape encoding,” Medical
Image Analysis, vol. 15, no. 5, pp. 748-759,
2011.

[16]S. Farsiu, S. J. Chiu, R. V. Oconnell, F. A.
Folgar, E. Yuan, J. A. lzatt and C. A. Toth,
"Quantitative Classification of Eyes with and
without Intermediate Age-related Macular
Degeneration  Using  Optical  Coherence
Tomography,” Ophthalmology, vol. 121, no. 1,
pp. 162-172, 2014,

[17] Ravenscroft, J. Deng, X. Xie, L. Terry, T. H.
Margrain, R. V. North and A. Wood, "AMD
Classification in Choroidal OCT Using
Hierarchical Texton Mining," Advanced
Concepts for Intelligent Vision Systems Lecture
Notes in Computer Science, pp. 237-248, 2017.

Copyright © 2019 by ISBME, http://www.ijbme.org - All rights reserved
Thiswork islicensed under a Creative Commons Attribution-NonCommercial 4.0 International License



