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Glaucoma Detection Based On Shape Features and
SMOTE Algorithm
Arwa A. Gasm Elseid and Alnazier O. Hamza

Abstract---Glaucoma is a chronic eye condition in which the optic
nerve is progressively damaged. As the disease progresses, more optic
head damage due to loss of peripheral vision and a resultant in
gradually vision loss. Glaucoma progression precedes some structural
damage in the retina are signs of glaucoma appear as changes in size,
structure, shape, and color of the optic disc and optic cup, which suffer
from the subjectivity of human due to experience, fatigue factor etc.
There are increasing demands for medical image-based ComputerAided Diagnosis (CAD) systems based on fundus image for glaucoma
detection, thus the human mistakes, other retinal diseases like Agerelated Macular Degeneration (AMD) affecting in early glaucoma
detection, and the existing medical devices like Optical Coherence
Tomography (OCT) and Heidelberg Retinal Tomography (HRT) are
expensive. This paper proposes a novel algorithm by extract 13 shape
features from disc and cup. Next, the best features selected using the
student t-test method and balanced using SMOTE algorithm. The
evaluation of the proposed algorithm is performed using a RIM_ONE
database, the average accuracy 91.3%, maximize the area under the
curve (AUC) 0.92, using Ensembles RUSBoosted tree. Future works
suggested designing a complete, automated CAD system using a
different type of features.

damage. Visual field test requires special equipment present
only in hospitals and is a subjective examination needs patient
cooperation and test complete. Sometime, and the information
obtained may not be reliable for kids or ICU patient.
In the second method, a large proportion of glaucoma
patients have a normal level of IOP like normal tension
glaucoma. Thus, IOP measurement some time-specific nor
sensitive for early glaucoma. The assessment of optic nerve
damage is the best compared to the other two methods [3]. The
optic nerve can be assessed by trained specialists or through 3D
imaging techniques such as Heidelberg Retinal Tomography
(HRT) and Ocular Computing Tomography (OCT). However,
optic nerve evaluation by specialists is subjective and the
availability of HRT and OCT equipment is limited due to the
high cost involved. That lead to there is still no systematic and
economic way of detecting glaucoma. There is a need for
automatic and economic system for detection of glaucoma in an
accurate way, using the digital color fundus image as Figure [1]
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I.

INTRODUCTION

S

HAPE features are important in the CAD system because
they provide an alternative to describing an object, using its
most important characteristics. Shapes features example are:
center of Gravity/centroid, axis of least inertia, digital bending
energy, eccentricity, circularity ratios, elliptic variance,
rectangularity, convexity, solidity, Euler number, profiles, and
whole area ratio, thus the glaucoma is dangerous an ocular
disease and the second cause of blindness in the world with
about 60 million glaucomatous cases [1], and it is responsible
for 5.2 million cases of blindness with more than 90% of the
patients unaware of the condition mentioned [2] early diagnosis
and managed are needed. In glaucoma, the optic nerve is
progressively damaged with the disease progresses, and
resultant in gradually blindness. As the optic nerve damage is
Irreversible, early detection of glaucoma is essential to prevent
from blindness.
Generally, there are three ways for detecting glaucoma:
assessment of the abnormal visual field, assessment of
intraocular pressure (IOP) and assessment of optic nerve
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Fig.1 shows an example of the Fundus Image obtained from Fundus
Camera [4].

Features extraction technique in fundus images is classified
based on the type of features. The types of features are divided
into two groups namely morphological and non-morphological
[5], the morphological features based on optic disc and optic
cup segmentation then calculate features like RNFL, CDR, PPA
and ISNT rule Sharanagouda at [6] proposed a method unlike
past works which relies on a single color channel for extracting
the Optic Disk (OD) and Optic Cup (OC) used in CDR
calculation, they propose a novel combined color channel and
ISNT rule-based automated glaucoma detection, and find that
the proposed method betters single channel based giving an
overall efficiency of 97%.
Babu at [7] proposed for the measurement of CDR as a sign
for the diagnosis of glaucoma and 90% accuracy is obtained.
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Yuji at [8] proposes a method to measure the cup-to-disc
ratio using a vertical profile on the optic disc. Via these steps:
the blood vessels were removed, the edge of optic disc detected
by the canny edge detection filter, extract twenty profiles
around the disc center in the blue channel, the profile was
smoothed by averaging these profiles, and the cup area
calculated by thresholding technique. Lastly, the CDR ratio was
calculated using seventy-nine images, contain twenty-five
glaucoma images, and obtained a sensitivity of 80% and a
specificity of 85%.
Non-Morphological features are whole image features
without segmentation like color, shape, and texture are the type
of features that captured from the existing image. As Bock at
[9] developed the previous research by modifying the feature
extraction method used. The feature extraction methods were
used such as the value of intensity pixel rows, FFT and B-spline
methods, then reduced the size of the features dimensions using
PCA. This research made the Glaucoma Risk Index (GRI)
system using two-stage in the first stage classification combine
different features (fraw, ffft, fspline), then in the second stage,
the features normalized. The algorithm tested with 575 images
(239 glaucoma and 336 normal images) and achieved an
accuracy of Area under Convergence (AUC) 80% and GRI
88%.
The use of texture feature extraction has done by Karthikeyan
[10] using two methods: histogram and Gray Level Cooccurrence Matrix (GLCM). The results obtained using the
Sequential Forward Floating Selection (SFFS). Experimental
fundus images obtained using the fundus camera Topcon
TRC50 EX with image size 1900x1600 pixels derived from the
Aravind eye hospital, Madurai. The results of the sensitivity,
specificity, and accuracy reached respectively 96%, 94% and
95% with 32 GLCM quantize level.
Therefore, this study provides an expert system for real-time
fundus image analysis, which gives an opportunity to improve
the image interpretation. The proposed system will improve the
diagnosis of glaucoma and therefore, it will minimize the miss
detection rate and help in early diagnosis and treatment, which
can significantly improve the chance of managing the glaucoma
disease.
II.

MATERIAL AND METHOD

Data Acquisition from An Open Retinal Image Database for
Optic Nerve Evaluation (RIM-ONE) , which contain 169
fundus ONH images, where the images are classified as
follows: normal 118 images, early glaucoma 12 images,
moderate glaucoma 14 images, severe glaucoma 14 images and
ocular hypertension (OHT) 11 images. In this study, the RIMONE database is used to test the algorithm validation [11].
Figure [2] an example of normal and abnormal glaucomatous
images taken from the RIM-ONE database.
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Fig.2 an example of RIM-ONE Database Images: (a) Normal Image,
(d) Glaucoma Image (Abnormal)

Proposed algorithm provides an automated glaucoma
detection computer-aided system used for early diagnosis of
glaucoma patients with high accuracy. The algorithm takes a
preprocessed fundus image and segment optic cup and optic
disc followed by extracting shape features and classify it. Result
used to classify the image as glaucoma and healthy. Figure [3]
illustrates the complete methodology.

Fig.3 Proposed Methodology

A.
Preprocessing Step
Image pre-processing steps are, resizing the image to 256 X
256 pixels so that it has the specified number of rows and
column to reduce computational time, denoising stage by
median filters (5× 5) Before any procedures made, red channel
has been extracted because it appears as good boundary and less
blood vessel, which is affecting segmentation accuracy as to
facilitate intensity analysis, as in figure [4].
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Fig.4 shows the Steps of An Image Preprocessing.

Fig.6 shows a Cup Segmentation and Binarization from the Disc Part.

B.
Optic Disc Segmentation
The Optic Disc Segmentation algorithm developed and
tested in the rim-one public database. The proposed method can
be divided into 4 steps, the first step is vessel remove to get
accurate segmentation, and it was done by the morphological
operation. The Second step is applying thresholding level 180
to segment disc region from the red channel which appears the
best contrast to the disc region, after that in the third step is the
boundary was smoothed and cleared from unconnected object
and binary image obtained at the final step circle image was
construct based on the radius and center of the detected region
to minimize segmentation errors resulting from the main blood
vessels and PPA surrounded the optic disc, using the formula
and the result shown in figure[5]
(𝑥 – ℎ )2 + (𝑦 – 𝑘)2 = 𝑟2
(1)
Where r= the radius from segmented object, ℎ, 𝑘 = the center
from segmented.

D.
Shape Feature Extraction Step
Glaucoma can be diagnosed by examination of size,
structure, shape, and color of the optic nerve head. Based on
this theory a shape features were applied to disc and cup to
classify glaucoma from non-glaucoma cases, the features are,
in this paper measures, several properties describe shape for
each disc and cup within an image via Matlab built-in function
(region prop) [12].
Region props compute Area, Euler Number, Centroid, Filled
Area, Filled Image, Extent, Major Axis Length, Minor Axis
Length, Solidity and Perimeter, these measurements applied for
disc and cup masks. For measuring these features a binary
image was obtained
1 𝑖𝑓(𝑥, 𝑦) ∈ 𝐷
𝑓(𝑥, 𝑦) = {
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

(3)

a)
The Centroid
The centroid determines the object center points, which
illustrate by this formula:
Cntroid(𝜗𝑥, 𝜗𝑦) is:
𝜗𝑥 =

1
𝑁





i



1𝑥𝑖



1
𝑁
N is the number of point in the shape
𝜗𝑦 =

C.
Cup Segmentation
The optic cup segmentation method proposed, mainly
depend on optic disc thresholding at level 240, which is the best
level differences between the disc and cup parts then clear
border, smoothing boundary and binaries the final image,
Fixed thresholding is of the form:
0 f(x, y) < 𝑡
∑
1 f(x, y) >= 𝑡
Where 𝑡 is thresholding level= 240.

i



1𝑦𝑖

b)
Eccentricity
Eccentricity is the measure of aspect ratio, it’s the ratio of the
length of the major axis to the minor axis which calculated by
principal axes method or minimum bounding rectangular box.

Fig.5 shows Fundus Image OD Segmentation Steps

OC(x, y) =

(4)


(2)
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c)
Solidity
The proportion of the pixels in the convex hull that is also in
the region returned as a scalar. Computed as Area/Convex Area.
Solidity describes the extent to which the shape is convex or
concave and it is defined
𝑆𝑜𝑙𝑖𝑑𝑖𝑡𝑦 = 𝐴𝑠/ 𝐻
(5)
Where, 𝐴𝑠 is the area of the shape region and 𝐻 is the convex
hull area of the shape. The solidity of a convex shape is always
1.
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d)
Area
The actual number of pixels in the region. The equivalent
diameter of a circle with the same area as the region returned as
a scalar. Computed as
Area = (4∗𝐴𝑟𝑒𝑎/𝑝𝑖)
(6)
e)
Major Axes
Length of the major axis of the ellipse that has the same
normalized second central moments as the region in pixels.
f)
Minor Axes
Length of the minor axis of the ellipse that has the same
normalized second central moments as the region in pixels.

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 𝑇𝑃 + 𝑇𝑁/(𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁)

195
(9)

The ROC curve: shows true positive rate versus false positive
rate for the currently selected trained classifier.
The marker on the plot shows the performance of the
currently selected classifier. The marker shows the values of the
False Positive Rate (FPR) and the True Positive Rate (TPR) for
the currently selected classifier.
The selected features are cup minor axes and disc solidity,
these features are evaluated by many classifiers like SVM,
KNN, ensembles bagging classifier and ensembles boosting
classifier the classification result in Figure [7] show the best
result using SVM, which are accuracy 76.5% and AUC 0.052.

g)
Extent
The ratio of pixels in the region to pixels in the total
bounding box returned as a scalar. Computed as the Area
divided by the area of the bounding box Perimeter. The
perimeter is the length of the entire outside boundary of a
region, Distance around the boundary of the region by
calculating the distance between each adjoining pair of pixels
around the border of the region.
E.
Feature Selection Step
Feature selection is the process of selecting the more relevant
features for use in model construction and CAD building.
The objective of this step is three-fold: improving the
prediction performance of the predictors, providing faster and
more cost-effective predictors, and providing a better
understanding of the underlying process that generated the data.
In this paper T-test methods were applied with p<0.05 that
result in 5 features, where a t-test’s statistical significance used
to compare the means of glaucoma and healthy samples.
F.
Classification Step
Many classification techniques are used like SVM, KNN,
and ensembles which use multiple learning algorithms to obtain
better predictive performance than could be obtained from any
of the constituent learning algorithms alone. To get more model
accuracy Ensemble learning used to improve machine learning
results by combining several models that is ensembles RUS
Boost an excellent technique for learning from imbalanced data
(one class outnumbers other class by a large proportion), where
Synthetic Minority Oversampling Technique (SMOTE)
algorithm creates artificial data based on feature space (rather
than data space) similarities from minority samples. Therefore,
it generates a random set of minority class observations to shift
the classifier learning bias towards minority class, to generate
artificial data, using bootstrapping and k-nearest same
technique used before at [13], [14], and [15].
III.

RESULTS AND DISCUSSION

The performance of the proposed glaucoma detection
method is evaluated in terms of sensitivity, specificity,
accuracy, and the ROC curve. Those values are defined as
follows:
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = 𝑇𝑃/(𝑇𝑃 + 𝐹𝑁)
(7)
𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 = 𝑇𝑁/(𝐹𝑃 + 𝑇𝑁)
(8)
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(a)

(b)
Fig.7 shows (a) Confusion Matrix (b) ROC Curve Results from the
Shape Selected Features.

From the above results TP, TN, FP and FN=117, 0, 0 and 36
respectively, noticed that the healthy images are correctly
classified (117) and all glaucoma image are misclassified (36 of
36) due to imbalanced features (When examples of one class in
a training data set vastly outnumber examples of the other class,
traditional data mining algorithms tend to create suboptimal
classification models), to solve this problem the smote a
logarithm was applied to balance the features, here the balanced
features are classified again at cross-validation value 10 to get
more accuracy, the classification results are shown in Figure:[8]
are accuracy 91.3% and AUC 0.92 by ensemble
RUSBOOSTED tree classifier and final results shown in table
(I).
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[2]

[3]

[4]
[5]

[6]

(a)
[7]

[8]

[9]

[10]

[11]

(b)
Fig.8 shows (a) Confusion Matrix (b) ROC Curve Results from the
Shape Balanced Features at 10 Folds Cross-Validation.
TABLE I: SHOWS THE FINAL PROPOSED SYSTEM EVALUATION PARAMETERS
VALUES.
Sensitivity Specificity
Accuracy
AUC
85.1%

93.6%

91.3%

92%

CONCLUSION AND FUTURE WORK

In conclusion, this paper proposed a glaucoma detection
algorithm based on the analysis of digital fundus images using
shape features (cup minor axes, and disc solidity) classified by
ensemble RUSBOOSTED tree classifier. The proposed method
achieved an accuracy of 91.3%. The key contribution in this
work is proposed features are suitable for glaucoma detection
with high accuracy.
Future work suggests designing a complete, integrated,
automated system to classify all different types of glaucoma and
used for follow up and apply different types of features to
improve the accuracy and test different classifiers.
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