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Texture analysis of Thyroid Nodules in Ultrasound Image
for Computer Aided Diagnostic system

¥

Byung eun Park*, Won Seuk Jang”, Sun Kook Yoo'"

ABSTRACT

According to living environment, the number of deaths due to thyroid diseases increased. In this paper,
we proposed an algorithm for recognizing a thyroid detection using texture analysis based on shape,
gray level co-occurrence matrix and gray level run length matrix. First of all, we segmented the region
of interest (ROI) using active contour model algorithm. Then, we applied a total of 18 features (5 first
order descriptors, 10 Gray level co-occurrence matrix features(GLCM), 2 Gray level run length matrix
features and shape feature) to each thyroid region of interest. The extracted features are used as statistical
analysis. Our results show that first order statistics (Skewness, Entropy, Energy, Smoothness), GLCM
(Correlation, Contrast, Energy, Entropy, Difference variance, Difference Entropy, Homogeneity, Maximum
Probability, Sum average, Sum entropy), GLRLM features and shape feature helped to distinguish thyroid
benign and malignant. This algorithm will be helpful to diagnose of thyroid nodule on ultrasound images.

Key words: Ultrasound Image, Thyroid, Texture Analysis, Gray Level Co—occurrence Matrix, Gray
Level Run-length Matrix, Statistical Analysis
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Fig. 1. Thyroid benign image (a) and Thyroid cancer im—
age (b).
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Fig. 2. Flowchart for thyroid detection algorithm,
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Table 1, Mathematical description of the First order sta—
tistics features

Feature Description
L—1
Mean(m) m= E zip(zl)
i=0
A
Skewness( ) pt =Y (z,—m)’p(z,)
i=0
-1
Entropy (£nt) Fnt =— 2 p(zi )logzp(zi)
i=0
L—1
Energy (£) E= 2;02 (z,)
i=0
Smoothness(.9) S=1-(1/1+0?)
[10].

GLRLM (Gray level run length matrix) &iL
AF

9225 Yetdle BA8 H el ¥
& Zo](Gray Level run length matrix) S #8334
ot 34U = #Z8 o) (Gray level run length matrix)
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F weke JAoll A 0,45 ,90 ,135° 47}A17F ATk
=A==
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Table 2. Mathematical description of the GLRLM fea—
tures

Feature Description

Low gray level
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Table 3. Mathematical description of the GLCM features

Feature Description
n—1n—1
Energy ENR= Y)Y G,j5)*
i=0j=0
n—1n—1
Entropy ENT= =YY G, )n[GG,5)]
i=0j=0
n—1n—1 .
Contrast CON =YY Gli,j)i—j)*
i=0j=0
Diff =
Herence DENT=— ¥ G,_,(i)In[G,_, (i)l
Entropy =0 Y Y
Diff =
i .erence DVAR— — EG B (i)(i— DENT)?
variance
Maximum -y vp i x, 6G,)
probability ’

Sum Entropy

2n

SENT = — E @, . ,(i)n

G, ()

Sum Average

SVAR = Z Q. (i)

Homogeneity

—In—1

HOM = E EG” /14 (i—j)?

i=0j=

Correlation(Z_ )

cor

—In—1 G

COR = ZE

i—p, )G —p,)]

i=0j=0 0,0,

Ehi e &4
A 7F Aok £

aa5m, 0 poz

of s tH(Table 3).
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Fig. 3. Thyroid benign image(a),(b) and Thyroid cancer image(c),(d).



(e)

(g)

Fig. 4. Initial point of Thyroid benign image(e),(f), Initial point of Thyroid cancer image(g),(h).

(p)

Fig. 6. Thyroid benign segmentation image(n),(o), Thyroid cancer segmentation image(p),(q).

Table 4. Gray level co—occurrence matrix features of benign and cancer (0°)

Feature Benign Cancer P Feature Benign Cancer P

correlation | 09570019 | 09520021 | 0.0207 gfffgg;ce 24430249 | 2790+0.254 | <0.0001
contrast 40.651+24.943 | 69.951+33.615 | <0.0001 | Homogeneity 0.226+0.054 0.179+0.053 | <0.0001
Energy 0.003£0.001 | 000120001 | <0.0001 | Maximum 0.008+0.004 0.005+0.002 | <0.0001

probability

Entropy 6.278+0.367 | 6.906+0.341 | <0.0001 | Sum Average |119.512¢28915 |130.158+40.04| 0.0129
]\?iflf;;i?e 166169956 | 20.607+14.077 | <0.0001 | Sum Entropy | 4902:0264 | 5208:0.281 |<0.0001
=R O2EE 9A Ut 33 helld Bhr1zke Difference variance (p<0.0001), Difference Entropy
Ay B2V} AX QEZT ko] IA YehdS 89l (p<0.0001), Sum Average, Sum Entropy (p<0.0001)
S AU F A G A I FdRG S 7M. a8l 33 A FEe A dR
=& contrast (p<0.0001), Entropy (p<0.0001), =& correlation, Energy (p<0.0001), Homo—
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Fig. 7. Boxplot for first order statistics of the (a)benign and (b)cancer,

Table 5. Gray level run—length matrix features and shape feature of Benign and Cancer

Feature Benign Cancer p
Low gray level run Emphasis 0.913+0.022 0.945+0.018 <0.0001
High gray level length Emphasis 1.527+0.229 1.286+0.138 <0.0001
Shape feature circularity 0.202+0.023 0.178+0.018 <.0001

“Mean+Standard deviation

geneity (p<0.0001). Maximum probability (p<0.0001)
£ 7Hth
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