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ABSTRACT
In this study, based on the analysis of texture feature values of statistical properties. And we examined the
normal and the applicability of the computer-aided diagnosis of cerebral infarction in the brain computed
tomography images. The experiment was analyzed to evaluate the ROC curve recognition rate of disease using six
parameters representing the feature values of the texture. As a result, it showed average mean 88%, variance
92%, relative smoothness 94%, uniformity of 88%, a high disease recognition rate of entropy 84%. However, it
showed a slightly lower disease recognition rate and 58% for skewness. In the analysis using ROC curve, the
area under the curve for each parameter indicates 0.886 (p = 0.0001) or more, resulted in a meaningful
recognition of the disease. Further, to determine the cut-off values for each parameter are determined to be the
prediction of disease through the computer-aided diagnosis.
Keywords: brain CT images, texture feature values, cerebral infarction, ROC curve
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AR o] 8% ATEA Fh(texture feature value) IFe}H]| 4 ok

EH:— bxEa-l 7](mean Value)[ 0 EH Varlance)[ 1] Jg%

L (relative smoothness)!'? 21 5= (Skewness)!?), 7 U&= 4. TAEH

(uniformity)", A E 23] (entropy)*1o| T FAIEA2 MedCale for window ver. 15.8((MedCalc
Table 12 817] B|2E7lo] 7|28 AzmAMpE  software, ostend, Belgium) o L21E o] §3hgl o,

94 zqg_g_ ‘/]’ﬂ"’“ Aolt}, 97|14 2= 8 E(gray level o wA0IA pkel 0.05018kd A5 BAH 02 o

2 Jellle &5 W (random variable)©] 3L, i = 0, (SR TR e e R B e e s I SR P I B R

l, 2, .., L-10]2} & uj pi)v ;M 3| =ETH (corresp < 537 9t 7S Lol a1A ROC Receiver O

onding gl 1% 4 olel, o of L& persing it AR5, 249 @

2o 5420 MEolr) S| AETY AR priE 4] & HEhl= #3EQ] AUC(Area Under the Curve),

&7k ASE GEolne, arage wy) g WHE(ensitvin) RSOl (specificin) & T

| E%Lfﬁ(probabﬂity density function)oﬂ et LAkl

Table 1. Parameters of texture feature by the gray level histogram

Parameter Equation Definition
Mean M= Z 2D (zl) a measure of mean value(average gray level)
1=0
. _ 2 .. .
Variance V= E (zi —m) p(z7) a measure of standard deviation(random variable)

i=0

a measure the relative smoothness of the intensity in a region
Relative Smoothness RS=1— [1/(1+02)] (R is 0 for a region of contrast intensity and approaches 1 for
regions with large excursions)

_ .3 3 measure skewness of a histogram. This measure is 0 for symetric
Skewness SK= Z Zi (z)/0 histogram, used to normalize the variance
Uniformity UN= Z pQ(zi) a measure of uniformity(around a similar grayscale level)
i=0
a measure of randomness
Entropy EN= Ep lOng( ) (measure the average amount of information)

i=0

Table 2. Comparison results of texture feature values in the brain CT images (CIL: cerebral infarction)
Max Min Mean SD

Parameters
Normal Cl Normal Cl Normal Cl Normal Cl
Mean 133.2381 132.2381 132.1012 131.0275 132.5925 131.5017 0.2767 0.3135
Variance 74.4182 74.0023 73.9216 73.0727 74.1211 73.3772 0.1374 0.2537
Relative Smoothness 0.0784 0.0774 0.0773 0.0760 0.0778 0.0765 0.0002 0.0004
Skewness -0.3500 -0.2769 -0.4384 -0.3993 -0.3961 -0.3339 0.0306 0.0346
Uniformity 0.0399 0.0328 0.0309 0.0208 0.0355 0.0258 0.0024 0.0033
Entropy 5.3565 6.2233 4.7624 5.1750 5.1083 5.7522 0.1494 0.2715
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. RESULT
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Fig. 2. Comparison of average mean in normal brain
and cerebral infarction images.

1.2 Variance
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Fig. 3. Comparison of variance in normal brain and
cerebral infarction images.

1.3 Relative smoothness
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Fig. 4. Comparison of relative smoothness in normal
brain and cerebral infarction images.

1.4 Skewness
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Fig. 5. Comparison of skewness in normal brain and
cerebral infarction images.

1.5 Uniformity
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Fig. 6. Comparison of uniformity in normal brain and
cerebral infarction images.

1.6 Entropy
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Fig. 7. Comparison of entropy in normal brain and
cerebral infarction images.

Z(AUC; Area Under the Curve)s LS| A RE o]
gsglon, Mg} Solwe] Fo] 7P & ghs cut
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Table 3 67119 AZA5AEA s 9] AUC, H
i, Bold Yed Adforh. Fetr|e] A4
AUC 0.994, FIZFE 98.00%, S°l% 94.00%(95% A=
T3 0.952~1.000), Youden index 0.920091A] cut-off
e 13221322 et dixee] 2443 AUC 0.
983, TI7FE 92.00%, 5% 100%(95% 212 7+7F 0.935
~0.998), Youden index 0.920094 cut-off %k 73.715
12 Yeisth getee] 2443 AuC 0.996, WIS
94%, 5-°]% 100%(95% Al 7-7F 0.955~1.000), Youde
n index 0.9400914] cut-off #t& 0.0772% LERGTE ¢
=20 BEA AT AUC 0.886, WE 66.00%, E0]% 9
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6.00%(95% 21Z]F+7F 0.807~0.941), Youden index 0.62
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Fig. 8. ROC curve analysis by six of texture feature
parameters.

Table 3. Result of ROC curve analysis

L o
Parameter AUC Sen(sol/z 1)V1ty Spe(colA) l)c1ty
Mean 0.994 98.00 94.00 .0001
Variance 0.983 92.00 100 .0001
Relative 0.996 94.50 100 .0001
Smoothness
Skewness 0.886 66.00 96.00 .0001
Uniformity 0.985 88.00 100 .0001
Entropy 0.982 92.00 100 .0001

Iv. DISCUSSION
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