Journal of Korea Multimedia Society Vol. 20, No.7, July 2017(pp. 994-1003)

https://doi.org/10.9717/kmms.2017.20.7.994

F3 CT JAelA o3
¢ 23y Y2o| Ze 3 AR

> 1=} o
¥ Qs 9ad 2ae
3

) B4
= Tt = = tHtt
sy, s

Classification of Ground-Glass Opacity Nodules with Small
Solid Components using Multiview Images and
Texture Analysis in Chest CT Images

Seon Young LeeT,Jqu JungTi Han Sang Leekw, Helen Hong

ABSTRACT

T

Ground-glass opacity nodules(GGNs) in chest CT images are associated with lung cancer, and have

a different malignant rate depending on existence of solid component in the nodules. In this paper, we
propose a method to classify pure GGNs and part-solid GGNs using multiview images and texture analysis
in pulmonary GGNs with solid components of 5Smm or smaller. We extracted 1521 features from the
GGNs segmented from the chest CT images and classified the GGNs using a SVM classification model
with selected features that classify pure GGNs and part-solid GGNs through a feature selection method.
Our method showed 85% accuracy using the SVM classifier with the top 10 features selected in the

multiview images.

Key words: Pulmonary Nodule Classification, Ground-glass Opacity Nodule, Texture Analysis,
Machine Learning, Support Vector Machine
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Fig. 1. Examples of GGNs in chest CT images. (a) solid nodule, (b) pure GGN, (c) part—solid GGN, and (d) part—solid

GGN with small solid component,
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Fig. 2. A pipeline of the proposed method.

Fig. 3. Examples of segmented GGNs, (a) pure GGNs, and (b) part—solid GGNs,
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Table 1. Features extracted from GGN
No. Categories Features
. Mean, Variance, Skewness, Kurtosis, Energy, Entropy,
1-8 Histogram

Min value(HU), Max value(HU)

9-20 Threshold 100, 0, 100

Above thresholding value(HU): -1000, 900, -800, -700, -600, -500, —400, —300, -200,

21-25 Percentile Percentile CT attenuation value: 2.5th, 25th, 50th, 75th, 97.5th
GLCM(16/32level, degree: 0°/45°/90°/135°, distance: 1): Energy, Correlation,
Contrast, Absolute value, Inverse difference, Entropy, Maximum probability
GLRLM(16/32level, degree: 0°/45°/90°/135°): Short run emphasis(SRE), Long run

26-169 Texture emphasis(LRE), Gray level non-uniformity(GLN), Run length non-uniformity

(RLN), Run percentage(RP), Low gray-level run emphasis(LGRE), High gray-level
run emphasis(HGRE), Short run low gray-level emphasis(SRLGE), Short run high
gray-level emphasis(SRHGE), Long run low gray-level emphasis(LRLGE), Long
run high gray-level emphasis(LRHGE)
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Table 2. Selected features in axial view image and multiview images

Categories Top 5 features in axial view image Top 10 features in multiview images
. xy-z(135°): Max value, yz-x(45°): Energy,
. Variance, Energy, on. oy
Histogram Entropy. Max value zx-y(45°): Max value, yz-x(45°): Max value,
Py, yz-x(135°): Max value
Threshold xy-z(135°): -600
. xy-2z(135°): 97.5th, yz—x(45°): 97.5th,
Percentile 97.5th v2-x(135°): 97.5th
Texture yz-x(0°): LRLGE(16level, direction: 135°)
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Table 3. Performance evaluation of GGNs classification results

Axial view without Axial view with Multiview without Multiview with

feature selection feature selection feature selection feature selection
Accuracy[ %] 35.00 60.00 45.00 85.00
Sensitivity[%] 30.00 50.00 50.00 90.00
Specificity[%] 40.00 70.00 40.00 80.00
PPV[%] 33.33 62.50 45.45 81.82
NPV[%] 36.36 58.33 44.44 88.89
AUC 37.00 58.00 41.00 88.00

)

(a
(b)

Fig. 7. Misclassified GGNs from SVM classifier. (a) misclassified GGNs from top 5 features in axial view, (b) mis—

classified GGNs from top 10 features in multiview,
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