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Topics Working On
The current institution I am employed in: Zhejiang Lab
The current project I am working on:
1. The Deep Learning of EEG signals for epilepsy seizure 
detection (current working group)
2. The 3D game design about “Chronicles of the Earth”
3. Continuing on my current project and contribution 28004 
“Social Anxiety Disorder based on Mobile Sensing”



The background for this topic

• chronic and 
neurodegenerative 
ocular disease, optic 
disc cupping and 
optic nerver fiber 
degeneration

• cup to disc ratio (CDR) 
<0.6 or the difference 
of two eyes’CDRs 
>0.2

• 30 million US, 100 
million worldwide



Related Works
K. Chan et. al. [1]: 
• Comparing STATPAC software with some machine learning algorithms such as Multi-layered Perceptron 

(MLP), support vector machine (SVM), Mixture of Gaussian (MOG), Mixture of Generalized Gaussian (MGG). 
• Best machine learning better than STATPAC indices

S. J. Kim et. al. [2]:
• 399 cases training, 100 cases testing, 4 algorithms including C5.0, k-Nearest Neighbors (kNN), Random 

Forest (RF) and SVM. 
• RF best performance, no consideration about the cases on the border between healthy and glaucomatous 

cases

Dey and Bandyopadhyay [3]:
• Noise removal and constrast enhancement as preprocessing, Principal Component Analysis (PCA) for feature 

extraction, SVM for classification. 
• 90 images for training and 10 images for testing, 96% accuracy.(Too few samples)



Related Works

D. Yadav, M. P. Sarathi and M. K. Dutta [4]:
• Gray Level Cooccurence Matrices (GLCM) and PCA, along with deep learning models
• Accuracy of 72%, only 20 fundus images.

Chen et. al. [5]:
• Convolutional Neural Network (CNN) with 6 learning layers, 4 of them convolutional layers and 2 

fully-connected layers, extraction of the optic disc Region of Interest on two datasets. 
• The proof of feasibility of CNN for glaucoma detection

R. Hemelings et. al. [6]:
• Deep learning with CNN + transfer learning: optimized performances, minimizing the labeling cost of 

domain-specific mavens 



Methods: Experiment Design
Color fundus images 400, 360 normal eyes and 40 
glaucomatous eyes, 
Using Convolutional Neural Network (CNN) and GLCM to 
extract texture features, 3 machine learning classifiers (SVM, 
RF and MLP) to test the accuracy
Training Set : Test Set = 80% : 20%

glaucomatous
（+）

normal
（-）



Methods: CNN
The basic principle of CNN:
Convolutional Layer：Input image with a sliding 
Kernel. In this study, we use the matrix of 

to extract the texture features
ReLU Layer：activation function to enhance the 
nonlinearity

f(x) =  max(0, x)
Pooling Layer: 2-by-2 maxpooling
Finally, we will use the Fully-connected layer to 
yield the output

Based on Python 3, with libraries: skimage, cv2, 
keras
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Methods: GLCM

Gray-Level Co-occurence Matrices：
The calculation of correlation between the gray-level two 
points with specific distance and direction 

The process before feature extraction: 
rgb2gray()：colored images to black and white
img_as_ubyte()：pixels of image to 0 ~ 255
numpy.digitize()：bin numbers to 0 ~ 7 

The feature extraction process:
contrast/dissimilarity/homogeneity/energy/correlation/angul
ar second moments (ASM)
In four directions: �/4，�/2，3�/4，0



Methods: Machine Learning Classifiers



Results
Algorithms SVM RF MLP

Parameters
RBF kernel
coefficient γ = 
0.1

max_depth = 460
the number of 
estimators = 105
max_feature = 
'sqrt'

3 layers sizes:
(50,50,50)
tanh activation 
function

Accuracy(%) 86~92 86~96 86~90

True 
Positives(%) 0~10% 0~33% nearly 0

Conclusions：
Random Forest: the highest 
accuracy
Great improvement and more 
samples compared to [3] and [4] 
in Related Works
The main problems:
The high False Positive rate 

(The RF has somewhat higher 
ability to detect the 
glaucomatous images, and the 
other two are often unable to 
identify the glaucomatous 
images)



Future Work
Direction 1: High False Positive Rate
• Development of new techniques of feature extraction such as ResNet, AlexNet, 

VGG, …, etc. (Working on it with Pytorch now)
• Other machine learning algorithms, such as Decision Trees (DT), kNN, etc.
• More images for training and testing

Direction 2: VR Technologies and Glaucoma
• Construction of spatial cognitive maps for wayfinding [7]
• The use of smartphone-based VR inside VR goggles to assess activity 

limitations [8]
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