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The eye is a visual organ that functions to capture light and convert it into
signals that are processed by the brain to form visual perception.
Cataracts are a condition in which the eye lens becomes cloudy, blocking
light from entering, and causing visual impairment. Early detection of
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ccepted : Oct 30, 2024 cataracts is essential to prevent or slow down vision loss. In this study, the

performance optimization of the Support Vector Machine (SVM) and
Keywords: Linear Discriminant Analysis (LDA) algorithms was carried out in
detecting cataracts from eye images using digital image processing
techniques. Digital image processing is used to improve image quality,
extract information, and perform classification with machine learning.
LDA is used as a dimensionality reduction technique to improve
classification efficiency, while SVM is used to find the optimal hyperplane
that separates data with high accuracy. Several studies have combined
LDA and SVM in the classification process to improve system
performance. The results showed that SVM was superior to LDA in terms
of accuracy, recall, and Fi-score. The highest accuracy of SVM reached
95.98%, while LDA was only 90.20%. Both algorithms have 100%
precision, but SVM recall is higher (92.0%) than LDA (79.3%). The Fi-
score of SVM is also better (90.9%) than LDA (84.0%), indicating an
optimal balance between precision and recall. Thus, SVM is more
recommended for cataract detection than LDA due to its higher accuracy
and recall, while LDA is more suitable for classification tasks with lower
complexity.
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1. Introduction

The eye is an organ of sight that functions to capture light and convert it into signals that are processed
by the brain to form visual perception (Abbasov, 2019; Gregory, 2015; Zhang, 2019). Cataracts are a
condition in which the lens of the eye becomes cloudy, blocking light from entering and causing visual
impairment (Munteanu et al., 2024; Suh & Kane, 2019). Machine learning algorithms have become very
popular and continue to be widely studied. Support Vector Machine (SVM) is one of the techniques of
machine learning classification algorithms that has supervised learning properties that work by finding
the optimal hyperplane (decision boundary) that separates the distance between classes,
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generalization and stable classification accuracy (Boateng et al., 2020; Pisner & Schnyer, 2020). Linear
Discriminant Analysis (LDA) is a dimensional reduction technique that is carried out for the pattern
classification stage and machine learning applications (Choubey et al., 2020). LDA is used to obtain
image features and provide a larger distance between classes, while the distance between training data
in a class becomes smaller (Ghojogh & Crowley, 2019; Zhao et al., 2024; Zhu et al., 2022). Early detection
of eye disease is very important, especially for individuals who have a history of eye disease in the
family of people over 60 years of age or less than 60 years depending on the eye disease experienced
by each individual. Detecting eye disease early is essential to prevent or slow the progression of vision
loss and blindness.

Digital image processing is a computational engineering process to improve the quality of digital
images, extracting information from the eye lens that can be used in identifying cataract classification.
Images from a mathematical perspective are continuous functions of light intensity in a 2-dimensional
plane f(x, y), with x and y being spatial coordinates and amplitude f in the companion coordinates (x,
y) which are interpreted as the intensity or degree of gray of the image at a point (Kumar et al., 2019).
In the era of increasingly advanced technology in the health sector including the use of medical
equipment and information technology can improve the quality and efficiency of health services such
as digital image processing used in MRI, CT scans, and image-based disease detection, including
cataract detection from eye images using machine learning algorithms (Tong et al., 2020). Machine
learning algorithms have been applied to solve various problems and are widely used in the field of
science. In its implementation, there are various algorithms that can be used for classification tasks,
including Support Vector Machine (SVM) and Convolutional Neural Network (CNN) (Chaganti et al.,
2020; Hasan et al., 2019).

Some researchers generally combine the application of SVM with LDA. Where LDA is used as one
of the Feature Reduction methods to reduce complexity in SVM. However, some researchers such as
have used LDA as a fairly good image processing method with good computing time in image
recognition. Conducting research on which method is better between High Dimensional Features and
Low Dimensional Features and obtaining results that which method is better depends on the size of
the existing dataset and also the size of the training data and testing data used. This is also the same
as research on the use of the Linear Discriminant Analysis method for face recognition by comparing
the amount of training data and research by Bansal (2022) on the effect of training dataset size on the
performance of Support Vector Machine and Discision Tree. It is interesting to observe how the
performance optimization between SVM and LDA in detecting cataract and normal eye image diseases,
especially with the percentage of data and the percentage of training data and testing data. Recognition
of digital image eye diseases is converted from rgb to grayscale then the preprocessing stage,
segmentation, feature extraction and identification of eye disease detection and which is the highest
accuracy result of the two machine algorithms. Therefore, researchers in this study are interested in
optimizing the performance of the LDA and SVM algorithms in early detection of cataracts, especially
related to the percentage of datasets and also the percentage of training data and testing data.

2. Research Methodolgy
Research Design

In this study, the second performance optimization of the identification algorithm on normal
cataract eye images and those affected by cataract eye disease was carried out. This study will produce
the highest accuracy results in recognizing the identification of an image from the highest accuracy
results detected as normal eye images and cataract eyes, when implementing both LDA and SVM
algorithms. The following figure shows the general flow of the research methodology Figure 1.
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Figure 1. Research Methodology

A. Data Collection

The data used in this study are secondary data sourced from the largest collection of open source
computer vision datasets that can be found on the website address kaggle.com Cataract Eye Image
Dataset, the author collected with 150 training data and 150 testing data images including, cataract eye
disease classes and normal eyes. The following image shows a sample of one image dataset containing
cataract eye disease and normal eyes

Mata Katarak.jpg Mata Normal.jpg

Figure 2. Cataract Eye and Normal Eye Image
The complete data can be seen in table 1 of variations in creating training and testing data as follows:

Table 1. Percentage of Training Data and Testing Data

Dataset Training Data
No . . Total
Variations Data Testing
1. 50% :500% 150 images 150 images 300
2. 60%:40% 180 images 120 images images

B. Training Data Preprocessing

The image preprocessing stage in processing is image quality improvement (Image Enhancement)
consisting of dot operations and special operations and the resize process is carried out to standardize
the size of the same data set. The image is improved in image quality to one of the dot operations with
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the histogram Equalization technique. The following grayscale image has been improved in quality to
the Intensity Adjustment Image image shown in figure 3. dataset preprocessing stage:

Intensity Adjustment Image Histogram
ty Adj . 9 2000 9

Figure 3. (a) Adjustment Image (b) Histogram

In figure 3 Image quality improvement from grayscale to Intensity Adjustment Image (Histogram) aims
to increase the difference between pixel intensity values in the image and help to facilitate the
differentiation of objects in the image such as reducing noise, increasing feature visibility, for the
Identification process. At this stage the pixel intensity value in the image is changed to a higher
intensity value so that objects in the image are more visible and the segmentation process becomes
easier.

C. Segmentation

At the segmentation stage of separating objects or features in the image, the pixel intensity value
in the image is converted into a threshold with a threshold value of (128) with the aim of dividing the
image that is categorized into objects and backgrounds before being converted from thresholding
images to binary images. Binary images are produced from the thresholding process to facilitate the
segmentation process. Binary images have two contrasting colors, so that objects in the image are
easier to separate from the background. The following are the results of cataract eye images from the
conversion of thresholding image values to binary can be seen in the following image

Citra Thresholding Citra Biner

N =

Figure 4. Thresholding Image Conversion to Binary

D. Gray Level Co-occurrence Matrix (GLCM) Feature Extraction

The process of feature extraction or taking features from an image object, the results are as input
values for the next stage of the classification process. The results of feature extraction used in this study
are using texture feature extraction (GLCM) based on contrast, correlation and energy values, to
distinguish objects with certain textures, the contrast value can be used to distinguish objects with
smooth and rough textures and the correlation value distinguishes textures that have regular and
irregular directions in the pattern, while the energy value distinguishes objects with repetitive and
non-repetitive textures from objects in an area.
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' Figure 5. GLCM Feature Extraction

The following are the results of the GLCM texture feature extraction. The percentage of training
data and testing data of 300 images can be seen in the table below, splitting the results of the feature
values in GLCM:

Table 2. GLCM Texture Feature Extraction

Testing Data
No. File Name Contrast Correlation  Energy
1. 'cataractljpg’  0.042281 0.91546 0.45956
2. 'cataract2.jpg' 0.35421 0.97702 0.65626
130. 'cataracti3o.jpg = 0.27252 0.87622 0.76542

150. 'cataractizo.jpg  0.19782 0.24311 0.42311
Training Data

1 ‘normal1.jpg’ 0.87252 0.87622 0.76542

2. ‘normalz.jpg' 0.09788 0.24311 0.42311

149. ‘'mormali49.jpg’  0.042281 0.92546 0.45956
150. 'mormaliso.jpg’  0.35421 0.87702 0.15626

In table 2 the results of texture feature extraction using Gray Level Co-occurrence Matrix (GLCM)
on two data sets, training data and testing data. glcm is used to analyze texture in images by examining
the spatial relationship between pixel intensities. In the testing data, a similar pattern can be seen. The
image 'noramli49.jpg' has a lower contrast value and a higher correlation value compared to the image
'katarkz.jpg'. The results obtained are used to train a classification model to distinguish between
cataract and normal eye images based on GLCM texture feature extraction.

3. Results and Discussion

Implementation of test software and performance evaluation of research conducted using the
Matlab programming language for identification of cataract and normal eye diseases. The application
of algorithms using LDA and SVM in this study varies the percentage that has been set with the training
data dataset and test data.

A. Matlab Application Gui Result View

For model optimization of the two algorithms that have been built, the first step is to input
cataract eye images from the test data. Furthermore, the image goes through a preprocessing stage to
improve its quality before segmentation. After that, the image texture features are extracted using the
GLCM method with contrast, correlation, and energy parameters. The next step is to identify the image
using the lda and svm methods. The following are the test results on one of the cataract eye images.
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Figure 6. Matlab Application Identification Gui

The test was conducted using test data of 150, 120 images. There are two classes, namely cataract
eye class and normal eye class. In the figure, the results of the cataract eye disease image identification.
All test images will be compared with the detection results to evaluate the performance of the highest
accuracy algorithm.

B. Cross Validation Results

The algorithm used to test the validity of the accuracy results is k = 3 Cross Validation. The dataset
is divided into 3 folds, with a total of 270 of the testing data. In each iteration, the selection of the test
dataset is carried out according to the fold order. The training process is carried out twice with a
percentage of data ratio: 50:50, 60:40. After each training session is completed, testing is carried out
immediately to obtain the predicted value. The accuracy level is then calculated as the average of all
iterations. The results of the Cross Validation test can be seen in the following table

Table 3. Cross Validation Results K-3

ML Model Types Ite?(zlon Testing n-1%  Testingn-2%  Testing n-3%  Average
1 88.67 98.0 89.0 91,89
Support Vector 255382 88'2 gg'g 9(:'2269
Machine (SVM) 7 97- ) ot
Average 87,77 94,33 01.33 91.14
ML Model Types Iter{“iélon Testingn-1%  Testing n-2%  Testing n-3%  Average
1 80.01 79.55 81.00 80.18
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Linear 2 73'32 Z§g9 72.(())?) 88(;.923

Discriminant 72-33 -04 92. 3
Analysis (LDA

neyeis (DA Average 76.88 83.59 83.01 81.16

Based on Table 3. the average test results using Linear Discriminant Analysis (LDA) show that
the highest prediction was obtained in the 3rd iteration with a test data percentage of 40%, reaching
82.32%. Meanwhile, the lowest average value was found in the 1st iteration with a test data percentage
of 50%, which was 80.18%. Overall, the average system prediction accuracy using LDA was 81.16%.
While for testing using Support Vector Machine (SVM), the highest average prediction was achieved
in the 1st iteration with a test data percentage of 40%, amounting to 91.89%. The lowest accuracy value
was found in the 2nd iteration, which was 90.29%. Overall, the average system prediction accuracy
using SVM was 91.14%, obtained based on the results of each average of the number of iterations, the
following is a comparison graph of the accuracy of the testing data.
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Figure 7. Comparison Graph of Testing Accuracy of K-Fold Cross Method

C. Accuracy Results

The evaluation of the results was carried out using accuracy, precision, recall, and Fi-score
metrics on training and testing data to measure the effectiveness and performance of both algorithms,
in identifying cataract and normal eye images. The following are the accuracy results based on the
percentage of test data from the total dataset: The first percentage (50%): 150 test images from 300
total images. The second percentage (40%): 120 test images from a total of 300 images.

Table 4. Testing Data Accuracy Results for Both Algorithms

Amount

ML Model Types Percentage of Accurac Precision  Recall Fi-

P Variation Testing Y Score
Data

Linear o o o o
Discriminant 1st 150 90.66% 100% 79.3%  84.0%
Analysis (LDA) and 120 65.78% 100% 80.0%  89.0%
Support Vector 1st 150 95.98% 100% 92.0%  90.9%
Machine (SVM) 2nd 120 78.88% 100% 80.3%  90.0%

Application of SVM and LDA Models in Eye Image-Based Cataract Detection System (Finis Hermanto Laia, et al)



105 o p-ISSN 2086-7867 e-ISSN 2548-8309

In the testing data, the accuracy of the SVM algorithm is higher than LDA in the 1st and 2nd
percentage variations, LDA gives results in the 1st percentage variation with an accuracy of 90.20%,
precision 100%, recall 79.3%, and F1-Score 84.0%. SVM gives the best results in the 1st percentage
variation with an accuracy of 95.98%, precision 100%, recall 92.0%, and F1- Score 9 0.9% where
SVM tends to be better. The following is a visualization of the accuracy graph of the data testing
process of the two algorithms (LDA and SVM) based on the percentage variation of the data, the

following is a graphic image of the two percentage variation testing algorithms.
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Figure 8. Graph of Percentage Variation of LDA and SVM Testing

The results of the study showed that SVM is more effective in detecting cataract or normal eye images
compared to optimizing LDA performance. The results at the stage of the data testing process for the
1st percentage variation (50%), the 2nd percentage variation (40%), LDA performance decreased
significantly while SVM remained relatively stable, but with a precision value reaching 100% for both
algorithms.

4. Conclusion
From the results of the research on optimizing the performance of the Support Vector Machine
(SVM) and Linear Discriminant Analysis (LDA) algorithms in detecting cataracts from eye images as
follows:
1. Performance Comparison SVM is superior to LDA in terms of accuracy, recall, and Fi-score.
The highest accuracy of SVM reaches 95.98%, while LDA is only 90.20%.
2. Precision Both algorithms achieved 100% precision, demonstrating the ability to identify
cataract cases without false positives.
3. Recall SVM has a higher recall (92.0%) compared to LDA (79.3%), making it more effective
in detecting cataract eye images.
4. The Fi-score of SVM (90.9%) is better than LDA (84.0%), indicating a more optimal balance
between precision and recall.
Based on the performance optimization results of the evaluation matrix, SVM is better for cataract
detection due to its higher accuracy and recall. LDA is more suitable for classification tasks with lower
complexity.

References

Abbasov, 1. B. (2019). Psychology of visual perception. Amazon Digital Services LLC.

JICT, Vol. 15, No. 2, October 2024: 98-106



JICT p-ISSN 2086-7867  e-ISSN 2548-8309 m 106

Bansal, M., Goyal, A., & Choudhary, A. (2022). A comparative analysis of K-nearest neighbor, genetic,
support vector machine, decision tree, and long short term memory algorithms in machine
learning. Decision Analytics Journal, 3, 100071.

Boateng, E. Y., Otoo, J., & Abaye, D. A. (2020). Basic tenets of classification algorithms K-nearest-
neighbor, support vector machine, random forest and neural network: A review. Journal of Data
Analysis and Information Processing, 8(4), 341-357.

Chaganti, S. Y., Nanda, I, Pandi, K. R., Prudhvith, T. G., & Kumar, N. (2020). Image Classification using
SVM and CNN. 2020 International Conference on Computer Science, Engineering and Applications
(ICCSEA), 1-5.

Choubey, D. K., Kumar, M., Shukla, V., Tripathi, S., & Dhandhania, V. K. (2020). Comparative analysis
of classification methods with PCA and LDA for diabetes. Current Diabetes Reviews, 16(8), 833~
850.

Ghojogh, B., & Crowley, M. (2019). Linear and quadratic discriminant analysis: Tutorial. ArXiv Preprint
ArXiv:1906.02590.

Gregory, R. L. (2015). Eye and brain: The psychology of seeing.

Hasan, H., Shafri, H. Z. M., & Habshi, M. (2019). A comparison between support vector machine (SVM)
and convolutional neural network (CNN) models for hyperspectral image classification. IOP
Conference Series: Earth and Environmental Science, 357(1), 12035.

Kumar, S., Pathak, S., & Kumar, B. (2019). Automated detection of eye related diseases using digital
image processing. Handbook of Multimedia Information Security: Techniques and Applications,
513-544.

Munteanu, M., Mocanu, V., & Preda, A. (2024). Ophthalmological Pathology and Medical and Surgical
Management in Eye Disease Cataract. In Clinical Ophthalmology: A Guide to Diagnosis and
Treatment (pp. 225-247). Springer.

Pisner, D. A., & Schnyer, D. M. (2020). Support vector machine. In Machine learning (pp. 101-121).
Elsevier.

Suh, L. H., & Kane, S. A. (2019). Cataract. The Columbia Guide to Basic Elements of Eye Care: A Manual
for Healthcare Professionals, 117-136.

Tong, Y., Lu, W,, Yu, Y., & Shen, Y. (2020). Application of machine learning in ophthalmic imaging
modalities. Eye and Vision, 7, 1-15.

Zhang, J. (2019). Secrets of the brain: an introduction to the brain anatomical structure and biological
function. ArXiv Preprint ArXiv:1906.03314.

Zhao, S., Zhang, B., Yang, J., Zhou, J., & Xu, Y. (2024). Linear discriminant analysis. Nature Reviews
Methods Primers, 4(1), 70.

Zhu, F., Gao, J., Yang, J., & Ye, N. (2022). Neighborhood linear discriminant analysis. Pattern
Recognition, 123, 108422.

Application of SVM and LDA Models in Eye Image-Based Cataract Detection System (Finis Hermanto Laia, et al)



