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Original pulmonary CT Typical cases for nodule types

3D model for nodule 
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• Enhancement towards original medical images
• [Yao et al. IEEE Trans Biomed Eng(2013)]

• [Song et al. IEEE Trans Med Imag (2013)]

• [Mansoor et al. EMBC (2014)]

• [Gao et al. ICNC (2007)]

• Feature to describe nodules’ characteristics

• CNNs-based method in the field of medical analysis

• Researches on nodule type classification
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• Enhancement towards original medical images

• Feature to describe nodules’ characteristics

• CNNs-based method in the field of medical analysis

• Researches focus on nodule type classification
• [Farag et al. ISBI (2011)]

• [Zhang et al. IEEE Trans Biomed Eng (2014)]

• [Song et al. ISBI (2012)]

Related Work



CAD/Graphics 2017
Zhangjiajie , China 2017.8.24-27Challenges

• How to precisely capture nodules characteristics ?

• How to take both statistical features and geometrical features into 

consideration for better classification ?
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• A normalized spherical sampling pattern, a nodule radius estimation

method and a best view selection method 

• A multi-view multi-scale CNN to extract the most discriminative 

statistical features from original data automatically

• An approach to combine CNN features and FV encoding features into 

hybrid features and use to classify nodule types accurately
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Images Generation
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Statistical Features
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Geometrical Features

Overview
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Hybrid Features and Classify

Overview
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Nodule Radii Estimation View SortingPreprocessing Nodule Spherical Sampling
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Nodule Radii Estimation View SortingPreprocessing

Icosahedron-based sampling corresponding sampling patterns

Nodule Spherical Sampling
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Nodule Radii Estimation View SortingPreprocessing Nodule Spherical Sampling
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View Sorting Results

Original axial slice

View sorting slice

View sorting based on high frequency content analysis
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Feature Fusion based on Multiple 

Kernel Learning and Classification
Multi-view Multi-scale 

CNN Feature Extraction

Fisher Vector 

Feature Extraction

Statistical Features
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Feature Fusion based on Multiple 

Kernel Learning and Classification
Multi-view Multi-scale 

CNN Feature Extraction

Fisher Vector 

Feature Extraction
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The multiple kernel learning approach for feature fusion

Hybrid Feature Extraction   
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• LIDC-IDRI 

• Nodule agreement levels ≥ 2

• 1738 nodules, 1000 non-nodules from 744 chest CTs 

• W: 905, 52.0%; P: 329, 19%

• V: 219,12.5%; G: 82, 6%; J: 203, 11.5% 

• Original CT

• 512×512 pixels 

• In-plane spacing, 0.4-1.0 mm 

• Slice thickness, 0.5-3 mm

W

52%

P

19%

V

12%

G

6%

J

11%

Distribution of Nodule Types in LIDC 

W

P

V

G

J



CAD/Graphics 2017
Zhangjiajie , China 2017.8.24-27

• ELCAP

• 46 cases with 421 nodules 

• W:92, 21.8%; V: 49, 11.6%; 

• P: 155, 36.8%; J: 106, 25.2%, G: 19,4.6%

• Data Augmentation

• Classical methods 

• Image rotation, scaling, flipping

• Random selection based on the estimated nodule radii and sorted views
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Classification Results for Typical Cases
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Classification Results for Typical Cases



CAD/Graphics 2017
Zhangjiajie , China 2017.8.24-27Comparison

Confusion matrix for comparison with  PB method on ELCAP  

Overall classification rate 

89%(PB)\93.9%(Ours)



CAD/Graphics 2017
Zhangjiajie , China 2017.8.24-27

• CNNS

• classical pure CNN + soft-max

• CNNS+Pooling
• with max-pooling layer

• CNNF

• multi-view multi-scale CNN

• CNNF+Pooling
• with max-pooling layer

• FV+SIFT

• BOW+SIFT

Comparison
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The Proposed 93.9%, CNNS 80.6%, CNNS+Pooling 68.1%, CNNF 85.9%, CNNF+Pooling 86.8%, FV+SIFT 65.5%, BOW+SIFT 56.6%

Comparison
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• Devise a hybrid-feature-based lung nodule type classification method

• The experiments on LIDC-IDRI and ELCAP have shown we achieve 

an overall classification rate of 93.1% (911 out of 979) and 93.9% 

(647 out of 689) separately

• Limitations

• Complex pipeline

• Low efficiency for the feature extraction and fusion
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• Estimate radius more robustly and scale in-variant towards very tiny 

nodules (radius < 3 mm) and juxta-pleural nodules

• Label out types, positions and sizes automatically for nodules not 

centered in images with few human interactions

• Design 3D CNNs to effectively reduce error results in lung nodule 

classification from volumetric CT scans
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