
 

o
d
m
L
E
T
c
t
m
c
T
R
t
i
m
m
e
s
t
a
t
e
c
a

1

t
C
u
i
b
i
r
w
u
[
m
f
b

g

Auto

A

G

1577 K

y
 

In the field 
of retina and i
diagnosis of 
measurement 
Limiting Me
Epithelium (R
Tomography (
conventional 
techniques and
most cases of n
cannot be app
This paper pro
RPE using
two-dimension
images to imp
method, retina
morphologica
extract RPE 
structure of th
the proposed
actual 30 norm
the effectiven
experimental 
can extract IL
and correct ex

1. Introdu

Recently, to
tained nonco
Coherence To
using OCT de
nfrared (NIR

boundaries wh
nterference w

reflected wav
waves, as a re
ure 1 is gener
[1][2]. The ge
macular area a
fore the needs 
been growing 

Meanwhile,
glaucoma, age

matic Ex

Usi

Ai Yamakaw
Hiroh

Graduate Sc
Mie

Kurima-mac
J

yamakawa@

Ab

of ophthalmo
its quantitative

retinal dise
methods of 

embrane (ILM
PE) in the re
(OCT) images
methods emp
d can extract I
normal OCT im
lied to some im
oposes a new 
g morphol
nal dynamic n
prove extractio
a layer and 
l operations, a
in the retina

he retina can b
d method. Ev
mal OCT imag
ness of th
results showe

LM and RPE 
xtraction rate 

uction 

omographic im
ontactly and 
omography (O
evices, eyegro
R) laser first.
here the tissue 
waves are gen
es. OCT dev

esult. The tom
rated by the d
enerated OCT 
and discus ne
of retina diag
[3][4][5]. 
, there are m
e-related macu

xtraction

ing Morp

wa, Shinji T
haru Kawana
chool of Eng
e University
chiya, Tsu, 
JAPAN 
@ip.elec.mi

bstract

ology, automa
e evaluation a

eases. Previo
the thickness
M) and R
tina using Op
s have been 
ploy basic im
ILM and RPE 
mage. Howev
mages with da
extraction me

logical op
et model (Acti
on accuracy. 
ILM are det
and Active Ne
a. It is expe
be extracted a
valuation exp
ges were cond
e proposed 
ed that the p
with damage

of 80% was o

mages of retin
noninvasive

OCT). In a 
ounds are irra
. Incident w
density of ret
nerated by th
ices observe 

mography imag
difference amo

image can sh
ervi optici as 
gnosis using O

many retinal d
ular degenerat

n of Lay

phologic

Tsuruoka, 
aka 
gineering, 
y 
Mie 514-85

ie-u.ac.jp

tic measurem
are important f
ously, automa
s between Inn
etinal Pigm

ptical Coheren
reported. The

mage process
appropriately
er these metho

amages of reti
ethod of ILM a
erations a
ive Net) for O
In the propos

termined by 
et is employed
ected that lay
appropriately 
periments us

ducted to valid
method. T

roposed meth
es appropriate
obtained. 

na have been o
ely by Opti
retina diagno
diated with n

waves reflect 
tina changes, a
he incident a
the interferen

ge shown in F
ong these wav
how the status
an image, the

OCT images ha

diseases such 
tion, retinopat

yer Struc

cal Oper

507, 

ent 
for 

atic
ner 
ent 
nce 
ese
ing 
y in 
ods 
na. 
and
and

OCT 
sed
the

d to 
yer 
by 

ing
date 
The 
hod
ely, 

ob-
ical 
osis 
near 

on 
and 
and 
nce 

Fig-
ves 
s of 
ere-
ave 

as 
thia 

diab
dise
are 
dise
tina

C
betw
Pigm
eva
(Fig
ILM

cture for

ration an

Fum
Graduate S

Unive
1001-1 Ki

fok

betic and so 
eases cause vi
not well unde

ease condition
al diseases. 
Currently the 
ween Inner L
ment Epithel

aluate the con
gure 2), the de
M and RPE ha

Figure1. Exam

Figure
 

Figure3. 

r Retina 

nd Active

mio Okuyam
School of He
ersity of Me
ishioka, Suz

JAPA
kuyama@su

on [6]. Altho
ision loss, the
erstood and qu
n is so import

method that
Limiting Mem
ium (RPE) [7

ndition of reti
evelopment o
s been require

mple of tomog
OCT

 

e2. Inner limit
 retinal pigm

 

Extraction re

in OCT 

e Net 

ma, Toshiki Y
ealth Scienc
edical Scien
zuka, Mie 5

AN 
uzuka-u.ac.j

ough most of
eir pathogenic
uantitative eva
tant in the tre

t calculates 
mbrane (ILM)
7] is mainly 
inal diseases 
f the extractio

ed as a practica

graphic image
T 

ting membran
ment epithelium

sult by Yagi’s

Image

Yagi
ce, Suzuka 
nce 
510-0293, 

jp 

f these retinal
c mechanisms
aluation of the
eatment of re-

the thickness
) and Retinal
employed to

quantitatively
on method for
al application.

e of retina by 

 
ne and  
m 

 
 method 

l 
s 
e 
-

s 
l 
o 
y 
r 
. 

MVA2009 IAPR Conference on Machine Vision Applications, May 20-22, 2009, Yokohama, JAPAN3-4

42



t
u
b
R
w

m
t
m
m
e
r
w
d
e
e

2

2

a
g
g

G
n
r
s
i
t

t
c
p
o
A

2

i
t

Figure4. Pr

To comply w
the extraction 
using morphol
basic examina
RPE line is int
with disappear

In this pape
method using 
tour model. 
minimization 
method of a tw
extract the con
region enclose
we expect to e
damage part. 
extract properl
examined the 

2. Extract
Morph

2.1. Prepro
In this pape

as the experim
gitized to a pix
gray scale and

Figure 4 sh
Generally OC
noises due to m
retina layer. 
smoothing pro
mage as prepr

the average fil
The propos

tions and the 
can reduce th
prove the ext
operations can
Active Net can

2.2. Segme
In this pape

s formed in a 
titive operation

roposed extrac

with such requ
method of IL

logical operat
ations. But this
termittently ex
rment parts (F
er, we propos
Active Net, w
Active Net 
theory and i

wo dimension
ntour using im
ed with net mo
extract RPE u
In this paper
ly for retinal l
extraction res

tion of Neig
hological Op

ocessing for
er, OCT image
mental materia
xel size of 0.0

d resolution of
hows the outl
CT images of
multipath refl
In the propo
ocess to redu
rocessing. Th
lter of 3×3 pix
sed method us
Active Net. T

he processing 
traction accur
n extract the 
n extract RPE

entation of n
r, the initial po
quadrangle. A

n until extract

ction method o
 

uest, Yagi at. 
LM and RPE f
tion and so on
s method has 
xtracted in ret

Figure 3). 
se a new auto
which is one o

is based o
is widely use

nal region [9]. 
mage texture in
odel. By apply
using neighbo
r, we propose
layer image w
ult of ILM an

ghborhood
peration 

r OCT image
es of 30 norma
al. These OCT
006 mm × 0.0
f 512 × 480 pi
line of our pr
ften have spe
lection and int
osed method,
uce these noi
he smoothing p
xels. 
ses the morph
The morpholo

time of Acti
racy, and the
neighborhood

E precisely. 

neighborhoo
osition of nod
Active Net pr
ting object. Th

of ILM and RP

el. [8] propos
from OCT ima
n, and conduc
the problem t
tinal layer ima

omatic extracti
of dynamic co
on the ener
ed as extracti
The method c

nformation in 
ying Active N

or information
e the method

with damage, a
nd RPE. 

d of Retina b

e
al retina are us
T images are 
006 mm, an 8-
xels. 
roposed meth
eckle and sp
terference in
, we employ
ises in the O
process emplo

hological ope
ogical operatio
ive Net and i
e morphologi
d of retina. T

od of retina
des in Active N
ocesses by rep
herefore, it tak

 
PE 

sed 
age 
ted 

that 
age 

ion 
on-
rgy 
ion 
can 
the 

Net, 
n of 
d to 
and 

by

sed 
di-

-bit 

od. 
ike 
the 

y a 
CT 
oys 

era-
ons 
im-
ical 
The 

Net 
pe-
kes 

so l
sho
pro
des
from
Act
hoo
met
sho
the 
bec

2.3
S

The
orig
pro
mor
this
tim
nec
com
clos
side
com
dila
retin
rem
ups
whi
mov
rem
min
ope
pro
figu
rem
to w
rega
ILM
extr

3.

3.1
W

tion
retin
is lo
mar

W
tion
pos
eve
heig
init

long to set the
orten processi
cessing to nei
cribe the met
m OCT image
tive Net. As t
od of retina, 
thod is applie

ows the result 
intensity of m

comes white.

. Removal
Some black co
ese componen
ginally, howev
cedures. Ther
rphological op
s step, a circu
es to the bina

cted compone
mponents in r
sing operation
e ILM wer
mponents are 
ation of closi
nal layer effec

move minimum
side ILM. Wh
ite connected
ved by labelin

moval minimu
nimum compo
eration. Closin
cessing image
ure shows that

moved and mos
white pixels. A
arded as retin

M is distinguis
raction proces

Extraction
Active Net

. Setting t
We ease the u
n of the white
na) with a ma
ocated at the b
rgin (15 pixels
We set the no
ned area (Fig
sition of every
ery node. The 
ght 20 × width
ial position of

 initial net for
ing time by 
ighborhood o
thod to extra
e as preproces
the first step o
binarization b

ed to the smo
of binarizatio

most pixels in 

l of extra co
onnected comp
nts are the ele
ver, not regard
refore closing 
perations, is a
ular filter is e
arized image 

ents with sma
retinal layer c
n. But white c
re existed. 

linked white
ng operation,
ctually. So, la
m white conn
hite connected
d components
ng operation. F
um white conn
onents could 
ng operation w
e, and applie
t small black c
st pixels in the
As the result, 

nal layer is ex
shed by figure
ssing of neighb

n of Retinal 
t

the initial po
upper area that
e area in Fig
argin (20 pixe
bottom positio
s). 
ode of Active
gure 7(a)). A
y node to mi
number of no

h 30). The met
f Active Net. 

r full of OCT i
confining th

f retina. In th
ct neighborho

ssing to set the
of the extract
by a discrimi
oothed image
on. The Figur
the neighborh

omponents 
ponents exist i
ements of the

ded as them in 
processing, w

applied to the
employed and

to remove th
all size. Bla
can be remov
connected com
These whit

e components
, therefore it 
abeling was ap
nected compon
d components
s contained IL
Fig.5(b) show
nected compo

be removed
was applied to
d result was 

connected com
e retinal layer 
only the proc

xtracted (figur
 5(c), we extra
borhood of re

Pigment Ep

osition of Ac
t is located at

gure 5(c) (neig
els), and the l
on of the whi

e Net for the
Active Net tr

nimize the to
ode of Active 
thod extracts R

image. So, we
he object of

his section, we
ood of retina
e initial net of
ting neighbor-
inant analysis
e. Figure 5(a)
re shows that
hood of retina

in Figure 5(a).
e retinal layer
the following

which is one of
e next step. In
d applied five
he black con-
ck connected
ved by using
mponents up-
te connected
s of ILM by
can’t extract

pplied so as to
nents existing
s upside large
LM were re-

ws the result of
onents. These
d by labeling
o the labeling
Fig.5(c). The

mponents were
were changed

cessing region
re 5(c)). Also,
act ILM using

etina. 

pithelium by

ctive Net
t the top posi-
ghborhood of
lower are that
te area with a

e above men-
ransforms the
otal energy of

Net is 600 (=
RPE using the

e 
f 
e 
a 
f 
-
s 
) 
t 
a 

. 
r 
g 
f 
n 
e 
-
d 
g 
-
d 
y 
t 
o 
g 
e 
-
f 
e 
g 
g 
e 
e 
d 
n 
, 

g 

y

-
f 
t 
a 

-
e 
f 
= 
e 

43



3

m
m
s
c
f
c
r
r
m
c

h
b
t

i
c
v
e

3.2. Confo
age

Active Net 
model based o
method that e
stability state
characteristics
function of Ac
corresponds w
region in an im
region by def
markably char
conformity ch

In OCT ima
higher than th
beams strongly
the strength of

In this pape
mage is defin

can be extracte
variance of in
energy of imag

 

Figure5. R

Fi

ormity char

represents the
on mechanics 
extracts the o
e with energy
s energy of ne
ctive Net. The

with the power
mage. It is po
fining energy
racteristics of
aracteristics e
ages, intensity

he surrounding
y reflect at the
f interference 
er, the conform
ned as the follo
ed properly by
ntensity in th
ge. 

(a) Bina

(b) L

(c) Closi
Result of extra

gure 6. Node 

acteristics e

e behavior of d
equation as e

object from im
y minimizati
et and image 
e power lesse
r drawing net 
ossible to extr

y function tha
f region hopin
energy of imag
y in retinal lay
g tissue becau
e boundary of 
waves becom
mity characte
owing equatio
y the regional
he conformity

arized image 
 

Labeling 
 

ing operation 
acted neighbor

 

points of Acti

energy of im

dynamic conto
nergy, and is 

mage by findi
ion. Conform
is one of ener

ening this ener
to characteris

ract the selec
at represents 
ng to extract 
ge. 
yer are genera

use the NIR la
f retina tissue a

me high.  
eristics energy
on, because R
l average and 
y characterist

 

 

 

rhood of retin

 

ive Net 

m-

our 
the 
ing 

mity 
rgy 
rgy 
stic 
ted 
re-
for 

ally 
aser 
and 

y of 
RPE 

the 
tics 

na 

E
I

V

�

F
neig
the 
borh
step
sity
cha
laye
the 
neg
insi
laye
gav
wei
defi
(1),
Als
dire
trac

),( qpEimage
Inf(p,q) :Avera

at a no
Vnf(p,q):Varian

at a n
�1,�2   :Weigh

For each node
ghborhood re
average and 

hood region, a
ps. In this pap
y are the sm
aracteristics en
er in OCT im
variance is 

gative weight 
ide node point
er. Also the o

ve weight (�1

ight) so as to 
fining conform
, Active Net t
so Active Net
ection, becaus
ction to vertica

(a)

(b)

(c) Resul
F

,(1 pInf��
ge of intensity
ode point(p,q)
nce of intensit
ode point(p,q)
ht (2.0, 2.0) 

e points (Figur
gion (9 pixel
the variance

and regularize
per, if the aver
maller, then 
nergy of imag
age, the avera
small. Theref
and �2 is po

ts of Active N
outside node 
1 is positive w

be let to bou
mity characteri
transforms to 
t is not made
se Active Net 
al direction. 

) The initial po

) Result of Act

lt of morpholo
igure 7. Exper

 

() 2Vq nf��
y in neighborh
) 
ty in neighbor
) 

re 6). The m
ls). The meth
e of intensity 
es an obtained
rage and varia
the value o

ge is the smal
age of intensit
fore we gave 
ositive weight
Net were led to

points of Act
weight and �
undary of reti
istics energy o

surround the
e to contract 
can extract R

osition of nod

tive Net only 

ogy and Activ
rimental resul

),( qp  (1)
hood region 

hood region 

ethod sets the
hod calculates

in the neigh-
d value in 256
ance of inten-

of conformity
ler. At retinal
ty is high and
weight (�1 is
t) so that the
o inner retinal
tive Net were

�2 is negative
inal layer. By

of image as Eq
e retinal layer.

to horizontal
RPE only con-

des 

ve Net 
lt 

e 
s 
-
6 
-
y 
l 
d 
s 
e 
l 
e 
e 
y 
q. 
. 
l 
-

44



 
(a) Example 1 

 
(b) Example 2 

Figure 8. Experimental result for retinal layer image 
that have damage 

 

 
Figure 9. Failure example 

3.3. The reservation of the end of Active Net
Active Net transforms to make the energy minimum by 

repetitive operation and extracts the object. When the 
energy of Active Net is the minimum value (or converges), 
it observes that Active Net extracts the object. So, the 
reservation of the end of Active Net is set to continue 
convergent condition of energy in this paper. 

4. Experimental Results and Discussion
Figure 7 shows an experimental result by the proposed 

method. Figure 7(b) shows result by Active Net only, and 
Figure. 7(c) shows the result that put together ILM by 
morphological result of extracting neighborhood of retina 
and RPE by result of Active Net. Figure 7(c) shows the 
extracted result that ILM and RPE can be extracted by the 
proposed method. Figure 7(b) shows that the effective use 
of Active Net is depend on the initial position of nodes, 
and we propose a new method of setting the initial nodes 
automatically. 

Figure 8 shows the experimental result for retinal layer 
image with damage. Figure 8 shows that Active Net can 
resolve the intermitted problem by Yagi’s method[8].  

However, Figure 9 shows a failure example. As the 
cause, Active Net in this paper has the problem that it 
depends on the initial net and node points. For that reason, 

we should consider the conformity characteristics energy 
of image as it does not depend on the initial net and node 
points. 

As the result of the experiment, also, the extraction rate 
of 80% (24/30) was obtained. The extraction rate is de-
fined as error of retinal thickness (differential between 
manual answer and experimental result) is smaller than 
1/10 of retinal thickness by manual answer. 

5. Conclusion and Future Works 
In this paper, we propose an automatic extraction me-

thod using morphological operation and Active Net, and 
consider some basic examination. A result of the experi-
ment for OCT image suggests that ILM and RPE can be 
extracted for retinal layer image with damage by our 
proposed method. The experimental result shows that our 
method can measure at the extracted rate of 80% for 30 
normal images correctly. 

In the future, conformity characteristics energy of im-
age should be reconsidered, and we should experiment 
using many more experimental materials to improve the 
efficacy. 
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