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In this paper, we propose an intelligent early
1schemic stroke detection system. It can help doctor
to diagnosis. The system will be divided into three
parts. First, the input Computed Tomography (CT)
image will be performed preprocessing. The
preprocessing step includes contrast enhancement
using cubic curve, and extraction brain tissue using
morphology technology in the image processing. The
second, the brain tissue area will be segmented using
Unsupervised Features region growing algorithm
(UFRGA). Its goal is to distinguish the white matter
and gray matter in the brain area. Finally, we use a
simple position coincidence method to coincide the
intensity according to the intensity of areas
obtained by our proposed method. Hence, the brain
stroke area will be found out. In the experiment
result, we invite the two radiologists to help us to
test our proposed system. And, the three statistic
indices and an empirical evaluation index are used to
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evaluate our proposed system. From the result, we
know that our proposed system can aided radiologist
to increase themselves success rate to 64% up and the
sensitivity of the system is 85.55% The empirical
evaluation index (Object-level Consistency Error,
OCE) is 0.8678.

[schemic Stroke, Computed Tomography, Mathematical
Morphology, Region Growing, Object-level Consistency
Error
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Abstract

In this paper, we propose an intelligent early ischemic stroke detection system.It can
help doctor to diagnosis. The system will be divided into three parts. First, the input
Computed Tomography (CT) image will be performed preprocessing. The
preprocessing step includes contrast enhancement using cubic curve, and extraction
brain tissue using morphology technology in the image processing. The second, the
brain tissue area will be segmented using Unsupervised Features region growing
algorithm (UFRGA). Its goal is to distinguish the white matter and gray matter in the
brain area. Finally, we use a simple position coincidence method to coincide the
intensity according to the intensity of areas obtained by our proposed method. Hence,
the brain stroke area will be found out. In the experiment result, we invite the two
radiologists to help us to test our proposed system. And, the three statistic indices and
an empirical evaluation index are used to evaluate our proposed system. From the
result, we know that our proposed system can aided radiologist to increase themselves
success rate to 64% up and the sensitivity of the system is 85.55%. The empirical
evaluation index (Object-level Consistency Error, OCE) is 0.8678.

Keywords - Ischemic Stroke, Computed Tomography, Mathematical Morphology,
Region Growing, Object-level Consistency Error.
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A e opinions of specialized doctors,  same research we ure doing here “Ref. [4]-{6]". however,

in our study, the CT images ofien seen in the ordin:
hospitals are used, even though MRI offers very good
diagnosis results, the MRI machinery is t0o expensive to
be affordable for a lot of small hospitals and
centers. and it is generally to exist in large hospitals only,
marcover, due the costs of MRI are high, and the length
of time is long to complete scanming, it is not su
be used for preliminary brain stroke
abave mentioned problems on e
time, we find out th

' stroke is very important, and with these
ble, anly then medical treatments can Iw
: However, for any delay trea
n very Hkely 54 the Key attributed to (he
patieats. t-m-um there are a fot of
the development methods with
R for dagnasis of brain siroke. ot there
3 in this paper, CT image is used to
Mreke. And, we use laws' mask to extract
the CT image, and further to input them
erative Fuzry LDA (iFuzzylDA)
. Next, we will make classification
features (stroke, CSF, gray and white
ok among them, In order to get
Y for diagnosis. Experimental result shows

le to
After solving the
mination method and
ton the aspect of actual examination,
traditional cxamination method is sometimes with
results, and this is possibly due the examination
ot new comer wha is lack of experience, as well
as the trait of Ischemic brain stroke itself, for example,
Im the diagnosis in the preliminary stage of b

possibly to be wrong in a large deg
xlmng_&\ of images are \cr\ delicate for brain stroke in the
preliminary stage “Ref, [7-{9]" It is compu
obvious for the kind of situation to

n stroke,
e due the

be verified that the aceuracy rate of our
1090°% through object-level consistency error

ubly more
occur in the
developing countries and underdeveloped countries, or
rural villa and towns. Currently, there are very few
researches done on the aspect, and being able to develop
it out for implementation is very important, Even though
! necd CT image. it can also belp ors
e s i commnly seen desh L o cperics o e gt S
BB 6 cumaplc i the Usitod Stases,  reslt, Belon kxietion: 80, 85 secicy
s zanked the third major death factor
b survey of World Health Organization apters in this paper. Th
b in Tuiwan, there are around 17,000 the first section is Infroduction
of brsin stroke cvery year “Ref. [2}-  the following sections, in
. ffom the expericnces. of \puml\/\d
that the acc gnasis is very
Peopie with preliminary brain stroke, if
precaution taken in the be
follow with severe effe
within the first three hours
taken place, if there is no proper
 the paticnt, the \umh!lun of the
omedifticult o recover, tuming into
g instead
Spplication of MRI, it just happens 1o
b position of brain stroke, and this is
Botly used massively for completion of

sean, lins' musk, iFuzzyLDA, OCE

L INTRoDUCTION

gnosis
the sections and

conteats i the chap
There are five ¢

arlier part of
Then arder description is
section 11 is a detaited
description of the complete process. In section 111 is
experimental results. In section [V is conclusions.

1. MATERIALS AND METHODS

In the paper, we use CT i
for analysis and processing,

ges with DICOM format
all of which are 8 bites
512 ere

zes at pixel size of 5 ed by the instrument
of TOSHIBA_MEC_CT3 from the doclors who are in
cooperation with us. Next, we put our focus on regions
likely to occur bray e

size for extractio

re features, further to make
classification of them, There are a total of 90 ¢
study

ses in the
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pons with color of red, which ure very likely
fib the regional points for brain stroke, as shown

5 (a)is possible stroke area. (b) s 3 divided image fos
performing laws” mask.

Figure 6. iFuzzyLDA algorsibie

(N MATRIX

TABLEL  Cosi

ition and Feature Extraction Wit Mianer | il ss |
T [ Whie v r

e obtsin the red regions which are possibly as
of brain stroke, as shown in Fig, 5(a), some of
al is 1o say, the

s we will eliminate them, U
without brain stroke, for example, the ones
BinFig. S(a), such as region 1, region 2 and region i
gt 10 making the further elimination of them, we

these regions, and use Laws'mask, whose size
pinel 10 extract texture feature on these arcas, as
@ Fig. 5(b), later on, extracting them as the input
values for iFuzzyLDA. The reason we will use
feture extraction and classification is duc there

EXPERIMENTAL RESULTS

y of our system, firstly
1o help

ur

In order to evaluate the ac
we will request professional doctor of Radiology
Il taking out the region with brain stroke
with brain stroke regions. (o then use
\hem as ground-truth image, as shown in_ Fig. 7(b).
moreover, through caleulation via  iFuzzylDA
#Ofissucs in the brain, and when there is lOTng i cagjon, we are able to obtain the calculation result
d yesscls, the tissuc brightness value of such & po e final region with brain stroke, as shown in Fig
Wil change along, morcover, the given issues  70c)
with occurrence of brain stroke a
maiter, Grey matter and Basal Nuclei, as a result,
differences on textures, in the way for us to
texture detection, an approach which is 10 extract
e an the basis of texture energy principle, and it
pdimensional mask, respectively as edge, level,
. and wave, afterwards, using the 11 mask, we
u combination of 25 2D masks, mext, by
ot the original images with the 25 masks, there
up 25 sheets of result images, morcover, due  Figure
fihicets of result images will vary according 10 the
position of one-dimensional mask, there are Also. in the results of iFuzzyLDA, there are

PN, FPN, TNN and
of 14 sheets of s with constant spinning, jons as TPN, ”’”;‘.HLTTL an

us out by manu
from the im:

e respectively

al image. (b) s grown
=

respectively with indic

each of image with constant spinning. it can  FNN. Meawhile, the DR (detection rafc) is defi
fhree cigenvalues [10] as Mean, Standard TPN/ number of malignant cases;
b Nl FAR( false alarm rate) is defined
o FAR= FPN/ number of benign cases;

g and CR(cormect classification rate) is defined as
’ ~ TNN)/ total number of cases.
Al three values can be caleulated, and their results a
11, Finally, we use a novel error measure,

gwently, given the result from the classification
By our proposed iFuzzyLDA. it is shown in Table 1 7L (RPN
fision Matrx, and the algorithm of iFuzzyLDA TS 0 for cvaluating a segmentation algorithm at the
33 Fig. 6, To know from the Confusion Matrix, Object level “Re. [14]", The OCE s a better approach on
s i the diagonal positions are higher as well 35 cror than its precedent, and it can accurately look |::
Balies in other positions, it is meant that the result  whether there are divisions as being less or excessive,
well o fo make differentiation with the segmented results
% e scurate accordingly well o

g and Technokogy Publishing %
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The system process flow chart offered by us Is shown
in Fig. 1. The system is divided into four parss, Firstly,
the system will work on preprocessing of the images.
Afterwards, the system will use URGA (unsupervised
region growing algorithm) to extract automatically for the
s in suspicion of brain stroke. Then, for the regions in
suspi n stroke, they are divided into sections
for extraction of traits. Finally, we will enter the traits
extracted into our proposed iFuzzyL.DA method for
classification “Ref. [10]", and the area with brain stroke
can be obtained accurately right away

on of bra

Figure 1. Syvtem flowchart

(. Preprocessing

In the pust, for most of the doctors, if they want to
view CT or MRI images, they will use an approach called
“window method” “Ref. [11]" 1o increase on the dey
of contrast for images, for example, viewing a region
with brain stroke, they will then put a set of parsmeters;
window center is set as 40HU and the window width (W)
is set as 80. bowever, for this approach, it is lack of
nstead in the chapter, we will take adoption of
cubic curve method “Ref. [12]" for contrast adjustment
on images due the approach is with nice responsive
effects in its sensibility to light changes. and its formula
s shown as (1). The adaptive cubic curve is shown in Fig
2. After preprocessing, we can enhance the brain fissue
from the original im:
with preprocessing in Fig. 3(b)

ige in Fig. 3(a), as well as the one

y=fx)=ax +b +ex+d m

Outpnt gray level

N
|
b
0 . 255 Input gray level
Figure 2 ive cubie curve for backlight image compenss

©2013 Enginecring and Techoology Publishing 95
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more sensibly. The reason we use OCE in our case here is

due OCE will not become flimsy under natural scene:

which can cause the rise of difficultness on high-level
ition tasks.

TABLE [l CLASSIFICATION RESULT

TN [FPNTINNTANNT DR [w\x R J

|

T875% | ¥555%

TABLE Il OCE Exror MEAsURES ResuLt

| Procadure mie Torar

In Table 11l, we sum up the deviation standards as
result of comparison among onc another, and the
approaches used are respectively s GCE, LCE and OCE,
in which the value of OCE is higher than 90%., 1o
represent that the comparison results are satisfying

IV. CONCLUSIONS

In the recent years, there are more and more academic
rescarches on the examinations of brain stroke, bu
1 accurately predict the
stroke is relatively low. In the paper, with adoption of
image identification technology and image processing
techniques, there is offering of brain stroke examination
system with enhancement of visualized perception. This
is able to effectively help the doctors of Radiology who
are lack of experiences for disgnosis and treatment within
a short period of time. as well as to reduce the rate of
mistakes. In the future, we will continue to do rescarches
of the related documentarics, enabling
become more ideal, as wefl as in auxiliary to the doctors
from the hospitals we are in cooperation with, to have
nice results in actual implementation of the software
functions in the medical diagnosis system.

rate of suc gion with brain

the sys
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According to the opinions of specialized doctors, being able to accurately make diagnosis
with both the regions and types of stroke is very important, and with these information
available, only then medical treatments can be applied properly. However, for any delay
treatment or misdiagnosis, it is very likely as the key attributed to the fatal death of the
patients. Currently, there are a lot of researches on the development of many methods with
application of MRI for diagnosis of brain stroke out there already. However, in this paper,
CT image is used to diagnosis brain stroke. And, we use laws’ mask to extract texture
feature on the CT image, and further to input them into our proposed iterative Fuzzy LDA
(iIFuzzyLDA) method for classification. Next, we will make classification of four different
features (stroke, CSF, gray and white matter), as well as to put a link among them, in order
to get better accuracy for diagnosis. Experimental result shows our method has a good
accuracy, and be able to precisely help the doctors for marking out the regions of brain
stroke. In addition, it can be verified that the accuracy rate of our method is up to 90%
through object-level consistency error (OCE) method.

Keywords: CT scan, laws’ mask, iFuzzyLDA, OCE
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A e opinions of specialized doctors,  same research we ure doing here “Ref. [4]-{6]". however,

in our study, the CT images ofien seen in the ordin:
hospitals are used, even though MRI offers very good
diagnosis results, the MRI machinery is t0o expensive to
be affordable for a lot of small hospitals and
centers. and it is generally to exist in large hospitals only,
marcover, due the costs of MRI are high, and the length
of time is long to complete scanming, it is not su
be used for preliminary brain stroke
abave mentioned problems on e
time, we find out th

' stroke is very important, and with these
ble, anly then medical treatments can Iw
: However, for any delay trea
n very Hkely 54 the Key attributed to (he
patients, Carrently, there are a ot of
the development of many methods with
RI for diagnosis of brain stroke out there
3 in this paper, CT image is used to
Mreke. And, we use laws' mask to extract
the CT image, and further to input them
erative Fuzry LDA (iFuzzylDA)

le to
After solving the
mination method and
t on the aspect of actual examination,
P . ety traditional examination method is sometimes with
e results, and this is possibly due the examination
ink among ‘m.m n order to get ‘Imlm 18 a new comer wha is lack of experience, as well

Y for diagoosis. Experimental result shows 45 e (it of Ischemic brain stroke tself, for example,
fo the diagnosis in the preliminary stage of b

possibly (o be wrong in u la

n stroke,

e degree due the
.m.,,m of images are sy delicate for brain stroke in the
preliminary stage “Ref. (71-[9]". It is compa
obvious for the kind of situation 1o

be verified that the aceuracy rate of our
1090°% through object-level consistency error

ably more
occur in the
developing countries and underdeveloped countries, or
rural villa and towns. Currently, there are very few
researches done on the aspect, and being able to develop
it out for implementation is very important, Even though
! necd CT image. it can also belp ors
s . commonly sen s L o cperics o e gt S
Word: o example, n he United Stas,  result. Below ntroductions 1o, the el
18 ranked the third mujor death factor  contents in the chaps
b survey of World Health Organization There are five chapters in this paper. Th
b in Tuiwan, there are around 17,000 the first section is Infroduction. Then order description is
9f buin stroke every year “Ref. [2)-  the following sections, in section 1l is a detailed
df:z‘mml:w ':]k‘rhmu ;,qumh/m description of the complete process. In section 111 is
osis s very  experimental results, In section [V is conclusions.
Peopie with preliminary brain stroke, if
precaution taken in the be
follow with severe effe
within the first three hours
taken place, if there is no proper
B o, he oty e ses al pixel size of 5 ted by the instrument
difficult to recover, tuming o © TOSHIBA MEC_CT3 from the dociors who are in
BBt instcad cooperation with us. Next, we put our focus on regions
plication of MRI it just happens 1o lIkely to aceur b
B posicion of bruin stroke, and this 1 57 for extractio re features, further to make
Bily used massively for completion of  Clssification of them, There are a fotal of 90 ca
study

sean, lins' musk, iFuzzyLDA, OCE

L INTRoDUCTION

gnosis
the sections and

arlier part of

1. MATERIALS AND METHODS

In the paper, we use CT i
for analysis and processing,

ges with DICOM format
all of which are 8 bites
512 ere

ses in the
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pons with color of red, which ure very likely
fib the regional points for brain stroke, as shown

5 (a)is possible stroke area. (b) s 3 divided image fos e PegDN Hlgetion
performing laws” mask.

(N MATRIX

TABLEL  Cosi

ition and Feature Extraction Wit Mianer | il ss |
T [ Whie v r

e obtsin the red regions which are possibly as
of brain stroke, as shown in Fig, 5(a), some of
al is 1o say, the

s we will eliminate them, U
without brain stroke, for example, the ones
BinFig. S(a), such as region 1, region 2 and region T —
gt 10 making the further elimination of them, we

these regions, and use Laws'mask, whose size
pixel 10 extract texture feature on these areas, as
@ Fig. 5(b), later on, extracting them as the input
salies for iFuzzyLDA. The reason we will USE 00l onyngauth image, as shown in Fig. 7(b).
foture extraction and classifieation is due there oo ™ ivaugh  calculation  via iFuzzyLDA
#Ofissucs in the brain, and when there is lOTng i cagjon, we are able to obtain the calculation result
d yesscls, the tissuc brightness value of such & po e final region with brain stroke, as shown in Fig
Will change along. morcover, the given tissues 7.y

with occurrence of brain stroke are respectively

atter, Grey matter and Basal Nuclei, as a result,
differences on textures, in the way for us 10
texture detection, an approach which is 10 extract
e an the basis of texture energy principle, and it
pdimensional mask, respectively as edge, level,
. and wave, afferwards, using the 11 mask, we
u combination of 25 2D masks, next, by
ot the original images with the 25 masks, there
up 25 sheets of result images, morcover, due  Figure 7
fihicets of result images will vary according 10 the

pasition of one-dimensional mask, there are Aloo, in the ‘results of iFuzyLE
of 14 sheets of 5 with constant spinning,

y of our system, firstly
1o help

ur

In order to evaluate the ac
we will request professional doctor of Radiology
lly taking out the region with brain stroke
with brain stroke regions, to then use

us out by manu
from the im:

al image. (b) s grown
=

respectively with indic

cawhile, the DR (detection rate) is defined as
each of image with constant spinning. it can  FNN. Meawhile, the ¢ n fn
fhree cigenvalues [10] as Mean, Standard DR~ TPN/ number of malignant cases;
b it FAR( false alarm rate) is defined
o FAR= FPN/ number of benign cases;

. and CR{correct classification rate) is defined as
k. = TNN/ total number of cases.
All three values can be calculated, and their results 8

iscsently, given the result from the classification
BB o proposed iFuzzyLDA. it s shown in Table 1 All three yalues
BBBeion Masrix, ond the algorithm of iFuzzyLDA is S i TEE L mentation. alg
{8 i 6. To know from the Confusion Matrix, if  gbic. JoCei “Ref. [14]", The OCE i

B e diagonal positions are higher as well 35 cor thun its precedent, und it can acc
Bakics in other positions, it is meant that the result — whether there are divis

L e scurate accordingly

thm

g and Technokogy Publishing %

A. there are
jons as TPN, FPN, TNN and

11, Finally, we use a novel efror measure,
t the

A beticr approach on
tely look for
s as being less or excessive, 85
well as fo make diffcrentiation with the segmented results
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The system process flow chart offered by us Is shown
in Fig. 1. The system is divided into four parss, Firstly,
the system will work on preprocessing of the images.
Afterwards, the system will use URGA (unsupervised
region growing algorithm) 1o extract automatically for the
s in suspicion of brain stroke. Then, for the regions in
suspi n stroke, they are divided into sections
for extraction of traits. Finally, we will enter the traits
extracted into our proposed iFuzzyL.DA method for
classification “Ref. [10]", and the area with brain stroke
ately right away

on of bra

can be obtained acc

Figure 1. Syvtem flowchart

(. Preprocessing

In the pust, for most of the doctors, if they want to
view CT or MRI images, they will use an approach called
“window method” “Ref. [11]" 1o increase on the dey
of contrast for images, for example, viewing a region
with brain stroke, they will then put a set of parsmeters;
window center is set as 40HU and the window width (W)
is set as 80. bowever, for this approach, it is lack of
nstead in the chapter, we will take adoption of
cubic curve method “Ref. [12]" for contrast adjustment
on images due the approach is with nice responsive
effects in its sensibility to light changes. and its formula
s shown as (1). The adaptive cubic curve is shown in Fig
2. After preprocessing, we can enhance the brain fissue
from the original image in Fig. 3(a), as well as the one
with preprocessing in Fig. 3(b)

v=f0=axr’ +b +ex+d m

Outpnt gray level

N
|
b
0 . 255 Input gray level
Figure 2 ive cubie curve for backlight image compenss
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more sensibly. The reason we use OCE in our case here is

due OCE will not become flimsy under natural scene:

which can cause the rise of difficultness on high-level
ition tasks.

TABLE [l CLASSIFICATION RESULT

TN [FPNTINNTANNT DR [w\x R J

|

T875% | ¥555%

TABLE Il OCE Exror MEAsURES ResuLt

| Procadure mie Torar

In Table 11l, we sum up the deviation standards as
result of comparison among onc another, and the
approaches used are respectively s GCE, LCE and OCE,
in which the value of OCE is higher than 90%., 1o
represent that the comparison results are satisfying

IV. CONCLUSIONS

In the recent years, there are more and more academic
rescarches on the examinations of brain stroke, bu
1 accurately predict the
stroke is relatively low. In the paper, with adoption of
image identification technology and image processing
techniques, there is offering of brain stroke examination
system with enhancement of visualized perception. This
is able to effectively help the doctors of Radiology who
are lack of experiences for disgnosis and treatment within
a short period of time. as well as to reduce the rate of
mistakes. In the future, we will continue to do rescarches
of the related documentarics, enabling
become more ideal, as wefl as in auxiliary to the doctors
from the hospitals we are in cooperation with, to have
nice results in actual implementation of the software
functions in the medical diagnosis system.

rate of suc gion with brain

the sys
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According to the opinions of specialized doctors, being able to accurately make diagnosis
with both the regions and types of stroke is very important, and with these information
available, only then medical treatments can be applied properly. However, for any delay
treatment or misdiagnosis, it is very likely as the key attributed to the fatal death of the
patients. Currently, there are a lot of researches on the development of many methods with
application of MRI for diagnosis of brain stroke out there already. However, in this paper,
CT image is used to diagnosis brain stroke. And, we use laws’ mask to extract texture
feature on the CT image, and further to input them into our proposed iterative Fuzzy LDA
(iFuzzyLDA) method for classification. Next, we will make classification of four different
features (stroke, CSF, gray and white matter), as well as to put a link among them, in order
to get better accuracy for diagnosis. Experimental result shows our method has a good
accuracy, and be able to precisely help the doctors for marking out the regions of brain
stroke. In addition, it can be verified that the accuracy rate of our method is up to 90%
through object-level consistency error (OCE) method.

Keywords: CT scan, laws’ mask, iFuzzyLDA, OCE
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