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Texture Analysis and Image Enhancement for Aided Diagnosis of
Acute Ischemic Stroke in CT Image
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Abstract

This study used texture quantification and image
enhancement technique to analyze the brain CT images
within 3 hours after acute ischemic stroke onset. Steps of
texture quantizing analysis include: 1.calculated texture
features of middle cerebral artery (MCA) territory after
using texture feature coding method (TFCM), 2.using
t-test statistical analysis to analyze the difference of
hemispheres side by side. There were 18 abnormal and 4
normal cases used thru back propagation neural network
to evaluate this system. The accuracy, sensitivity,
specificity and kappa value for evaluation of system to
detect acute cerebral ischemic stroke with/without
texture features were 0.95/0.77, 1.00/0.78, 0.75/0.75 and
0.81/0.40, respectively. For Image enhancement: brain
image was separated into several sub-bands via 5/3
wavelet transform, and then use multi-scale enhancement

algorithm to improve local contrast. Finally, the
inverse transform was used to created an enhancement
image. There were 10 enhanced abnormal and 2
enhanced normal images provided to physicians for
evaluation. The accuracy, sensitivity, specificity and
ratio of detected position were raised from 0.63 to 0.81,
0.66 to 0.84, 0.50 to 0.80, 0.40 to 0.72, respectively.
Keywords: acute ischemic stroke, texture quantizing
analysis, image enhancement, back propagation neural
network, wavelet transform.

96

SFR

& 7 > midori@cycu.org.tw

1 %2
n%é&ﬁﬂ%ﬁ&#iﬁq;ﬁ@%— A T
Bra ¥ boA 0 R T 0 TSR B B X

B fmd ik B b AP AR Rei
ERTREHER T R ARG R AR Tl B2 b
TSR PR 3 RN A SR A A RAARRE o
1L R RETR R R Rk AT T RIE
eV S A EAR UL A SR Y e ] r’v’v“‘vi‘“%“
INAELRLE Sl BT RO L
ﬁ%*’@ F- e Rl *%J‘émﬁﬁ*’ MM%
R E R R ?ﬁgmg«\g At ’L"zﬁ{"%?féﬁ
xﬁw@wwﬂ BE O MR EFEOTT R BT
SR TaT 5 4 1215}7;} V- H R TR ER R LD
R g
2~ H

A G AR A IR A RINT R BT
MAREENE L FREGFEH B ] 5 512x
512 fzc% P 4Fe % 5 DICOM #5% o 4z 8 22

1‘%\ & g 4 G ¥ 18 V‘Jﬂ# ’J_'ﬁtzs/?]‘aﬁ$

/"‘FE'P‘:’)}‘}]%QI};W R4 G 25d ﬂﬁ'lﬁiv'
i &AL e B 3R 2 i El*#f}ism
FE XA 6] PR (8 enT T R & T
SRS R A2 B o AT 7 inARde Figure 1 #7T o
B~ B T BlAE 7 TR S 47 2 O A

CT image

Preprocessing Preprocessing

" (Window/Level)
MCA Region L’
Separation Decomposition
(Wavelet transform)
v v
Extract Texture Noise Reduction
Features M
‘_P - Contrast
Statistic Enhancement
Analysis M

Display

.

Test & Evaluation <€
Figure 1 #7 3 /it 72 ]




2008

21~ XE LT

EMaEa BgeY b d ARSI *fg#a‘u{zm@@lt ’
el PG h A RBFAFANE A 8 FRA P
EERERE TGRS S PO L S A A

P gl 1 Mgl e s 2 B R R ik
e L
BATRR K B R e S e R g
ﬁ;%u—i “ﬁz:fi # 5T e

R T Y SR Yt E N ANAS SO
SERE R E B E A FRF o P R ITL TR
2 S AT GRS SR TR Rl s < P
(P 2 P PR (s A &R s f) o w R AU RS
3 et & B (Ventricle Angle;VA) 154 & 2 & & o 1
T RIEAI SR A I AR AR XA S B AR -

0O R A A AR T ﬁmﬂf P ERB AR
ATk A5 FRt RS B D s LY A RgE R
R R 1R TR e R \(Texture Feature Coding
Method)[1] £ #7 % #8 = RTR Tt & M FEB~ Sdicl 47 o

— 4

BF

212 212
e P
1]2 2

N

N

N
N
[EY

Figure 2 H#EMR TR

- M
BWO(6) G (i) (iv)
|1 2 3 4

¥

[ (i) 2 5 6 7

g (i) 3 6 8 9
V| 4 7 9 10

Figure 3 #Z [t 4 572 74y 2 &

TIPSR Y R B e 2 M B

FiE o MRT G 28 rd-E e 28 K G R - M

e g LARER 2 AHER2 TR G

% = MU 4 8> 4o Figure 2 #757 o P~ ab,c3 2k »

ﬁ#ﬁﬁm LREDRfERT €7 2 AH( 5 Xld 2
257 E):

O Ji@-10)<A, [I(B)-1@C)]<A
() |i@-1m|<A, [I(b)-1(c)>A
[I@-1b)>A, [Ib)-1(c)<A
(i) 1@-1(b)>A, I(b)-1@)>A
I(b)—1(a)>A, 1(c)-1(b)>A
(iv) 1(@-1()>A,1(c)-1()>A

1(b)-1(a) > A, 1(B)—1(c) > A
B 5 - RIS R S B el
e DA KRS BV 24 10482 & > 4o Figure 3

97

(JCMIT2008)

AT o A HE P - BB 000 -180" K T R e
% - M4y 25 2 A HERFH S e 7 F
I‘J LSS G a0 MERY - BEMG0 - 270°

EfFmp oy - Fa.?%rr*m135 -315° - A ¥ & A
%"B\?"'ﬁ" EFY - e ;‘~5=,alg :l-%—abtiﬂ;fg
F o TE R Y P oo iR oI pii(Texture
Feature Number ; TFN) » 4054 (1)#57
TEN(X,y) = a (X, y)x B(XY) 1)

T8 e A S 1~1000 R RFH E 5
BAchlicE > FINMTRREERETITHET O
41 PP BRI R ACE B s Bl ik 216 it Xk
R G- E R RS ¢ A S FE
Btz 2 B Arbip M A ic® - AL FFE AT
£ (417 0 p(TEN(x y) 2 T FLFFE 5 A
R R R FLRoys Sl R

Hue (A) == p, (TFN(x, y)) log p, (TFN (x, y)) (@)

FRET R RAURS Lk ST

’% EAE BTt 9%%\,5'\@;}\4 ,%ﬂ y Fa B L L
oL sk P bz AR BT o T &»J.gk\*fr
iﬂ#ﬁwﬁéﬁiﬂimﬁ%ﬁ%ﬂtma@ﬁg
’f‘ru P I/E_/]%“ 005%7? I%%i‘f_lz_l_FE',*_,E_'—ﬁ ;‘,-‘b—;_j___]» %F'_%‘ﬁ;ﬂ
[B=ite i%ﬁﬁ&@ﬁﬁﬁ£$&Wﬁ1@%°
b f8 ks i R AT g R S

42

W 1% i 1= an AE S ot
Fio B FrTa 7 o

22 B4 %

ERaa Brge b AR B DR aEs 1
HREBATA 0 AR5 R 6 e
Loy % g Window/LeveI BAERGFRGERRR
Window Width 2% z_% 30H.U. > Window Center % z_
35H.U. -

AN L %Y R BGA RS F B

F o B RIERIRRAEF 3 2 )k TR RS
O Qﬁ:&-}-u;&%ﬁ[Z] j\/pﬁ # %3 ® 53] /)L//E/P‘»
R R &ﬁ?ﬂ&» |40 3¢ (3)(4)
N
1131 8 1.1
hy=[-2. 5% )
0[8444 8 ch= [2 ﬂ
1131 L 11 1
h il P R R R _— — (4)
° [8444 8 M= [42 ﬂ
dNBAEAR G AP~ B Y o feam i ¥
A ¢ Ly <L o SR

fv@])‘ R EUE /Fm%l
AR B SEHRE R .

1% 5 EH Bl ) Gl
SARM i RBAEFY A GED FHER] R
BEER > kA RREY A S BA fido N (B)#F
FooopEXE 09 M N ARTTHFNAFHR
B e (B) o [2] o T i 1 el iE ] TR B M AR
P RN RIS R R A0 B4

VERE TR R

O R YRR RlPC] Bt R g
BRECERFOAL DR A E IR R 2
T



x - (
y(x) =4x-(
X

2008
Dyt |x| < n
n
D if < |x|<m
x|
it x|z m

®)

m= min xescale ﬂx‘}-'_ 09 : (max xescale ﬂx‘}_ min xescale ﬂx‘}) (6)

n= min xescale ﬂx‘}+ 03 : (maX xescale ﬂx‘}_ min xescale ﬂx‘})

&;;m‘&%ﬁﬁy B R L350 d Firrgs
rOJAVZ{/ p_]_#‘?}l}l’ ’—3JL;\
ot AAEETFHEFL -

......

3~ BE &

HF R

FIE AT Y OB iR 3t 22 5F 3 18 SR A& Mhak i

A

SARP R4 D F L

K%&Jﬁ_ﬁ

lg»\ L Sl X B E L1758 %40 Table 1 #7577 » & 12 t-test

R

ER Y &S

FooARRr BN kT LG Y
Bar P B3 0.05 i -

Entropy -~ Energy -~ Inertia ~ Intensity - Coarseness ~
Variance ~ Homogeneity /2 2 Mean Converge o i -}

8 B AFAc it (7 BEgEA
Leave-one-out & {7

Sensitivity=1 > Specificity-o 75
-ﬁnﬁ/z‘m#}‘ Q’IHY th\ /J ,L, ’

=0.81- ¥ &2 K 5k
I o4 **znb P%«ar Figure 4 #77% > BT 7§

Ml 2 o i S Bk S gl i
3 Kappa &% i F

Table 1 A £ 7

gae

% Kappa

42 By

AFFEoz 2R

'.‘q_ e V k —n‘
20 5 e el iE > Accuracy=0.95 -

s 1]

value

(JCMIT2008)

0.750.75

Accuracy

Figure 4 R 12 2 pcimis se » 22 F 2} B 67284y

Sensitivity ~ Specificity Kappa value

REFErSFeRG AR
BT %o Figure 5977 o 500 3R 5 B
PH o 2G| F R e 10 AP n BAGY b %
R LA B N R N N MR
Pl 4R e L3R Rdn @i W B i
FEZFAEHMBL RAE R L%ENE F R R
R4 THEE B 8RR o AwdSﬁ%Wﬁ@
70 R AR TG }?ﬁ%"? 4 2 i %% e Figure 6
S TR AL P R A A %%?&&;gﬂge
B ] B Bt 0 3 B R TR 2 en
WRIE G B L ARY .

Normal(n=4) ,16\8t;normal(n: P value
Entropy 0.0033+0.002 | 0.0258+0.0169 | 0.002**
5
Energy 0.0013+0.000 | 0.0117+0.0075 | 0.001** : DW-MR%42
6 Figure 5 4 3 # /j\/;f//-"’/ o R
Contrast 20334.6+1415 | 34317.742924 | 0.169 g
4 29 R A R0 e TR AR BT b
1 *
Inertia 2.336110.214 3.9664410.836 0017%  (w g & peat + 5 fos pot i b Fgure 7 %57+ 7 5
‘_.2 & s v ¥ R > "4/-3': e
Intensity | 0.6549+0.421 | 2.2784+0.6549 | 0.005% ° =X FIF TR AR i s Lk WS
7 15@*”‘\"“‘%%3l%»f”bfiﬂ';%ﬁi’t—J » T yad 0.40
Regularity | 5.0404+1581 | 3.7537+3.1982 | 0.181 # = X 072 Figure 6 ~ &7 = 8.7 F &%l i % 2
Coarseness | 0.0216+0.018 | 0.0807+0.0914 Qmﬁ*iﬁ%%%’?i§ﬁﬁﬁﬁﬁiﬁﬁi%%ﬁﬂ%
4 Y e SRR TS R R 2EIR i 4
Homogeneit (;.000910.000 0.0066+0.0042 | 0.004*%* =1, 5 1y 538 (v 4 45 & b crlb pL 5 1 0 Ao o & 3
y FIARRL GRS o FRRRILF L sne s it
Variance 2%%&3& 2.3803+2.1304 omy*gpL,Agﬁﬁﬁ%%4ﬁ Lia ey
Z b 7 > Lo g
Mean 0.0304£0.024 | 0.1005+0.0077 | 0.016* A pEFLZEL Y %@**'w‘¢”FIi
Converge 5 TroT I A L Y R 2 HRpF S
31 *4 7 Pvalue<0.05 ; **4 5+ Pvalue<0.01 ° Al AE A AR FEEE R R 2 iy

98

W) - B R et T
Lie- g T e

BT ET ik



2008

DReF ke sr BASPRTRSs Biaptss |

1.2

1

BT

R AR FEAR

Figure 6 i $ 55 4 2 Ao 7707 R 27 F P TR

| BREBERHBEE  BHEBGREE

0.83

Figure 7 ﬁ%‘ﬁ* 4B zfl}%*f‘ FEIE

4~ B

YR SR S SN i T T R
ﬁﬁr@w@waﬁ}mwﬁi%w’vﬁfwmﬁ
I-,pfgb y TR T F]qul'-. &pgﬁ,gﬁpm,
T A B Y R o2 Rl o R
F] Accuracy % 0.95 -~ Sensitivity 3 1
Specificity 3 0.75 12 2 Kappavalue 5 0.81; &g 7w & st
3 EuEPEi B AN R EFFVRER AR
F =i 4o~ 35 B 2 % % Accuracy @ 0.63 3§ 4r 7
0.81 - Sensitivity ¢ 0.66 3§ +: 3 0.84 12 2 Specificity
d 05343 0.8 A HEH 2 =¥ (RS d 0384~
30757 R » BB BIS T sc L T RRUTR BTt
,P Elhata e b A F R om R R B

;ﬁd ﬁ’rbﬁ-ﬁrgw*«i\‘ﬂz &/"A’\‘H‘\%'hpqﬁ
%l““@z?’*ﬂﬂﬂﬁl“i‘aﬁm@» VAT § a4
x
E’FJ

Sy ¥ i

‘E%

EA su}‘f}ﬁi%’”}* ¥ R 2 A B2 B
REFFE- HRAGLREEEE o AR EF IR
La,,.,P?ﬂén»t!,a«mgpﬁ\z—fq'ﬂ:,—,_p_ﬁfg)\
PR TRpk - 2 T g E T T AU R
EME R R R 2 R g—‘iﬁ_io

n
2
w2

53 v

[1] M.H. Horng, “Texture feature coding method for
texture classification,” Opt. Eng., vol 42,
pp.228-238, 2003.

[2]
M. Biesiadko-Matuszewska, and M. Kazubek,
“Improved early stroke detection : Wavelet-based
perception  enhancement  of  computerized
tomography exams,” Computers in Biology and

A. Przelaskowski, K. Sklinda, P. Bargiel, J. Walecki,

99

(3]

(JCMI1T2008)

Medicine, vol.37, pp.524-533, 2007.

Jean-Luc Starck, Fionn Murtagh, Emmanuel J.
Candes, and David L. Donoho, “Gray and color
image contrast enhancement by the curvelet
transform,” 1IEEE, vol.12, pp.706-717, 2003.





