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sztract—ln this research paper, we present the hybrid algorithm developmental strategies for eye disease detection\
in human beings using MLT using local multi-level binary pattern (LMBP) for the detection of disease using cup and
disc ratio (CDR) for moderate disease along with its simulation results. This work explores hybrid algorithm
development strategies aimed at improving the detection of chronic diseases in humans by leveraging machine
learning techniques (MLT) and advanced image processing. Specifically, the approach utilizes the Local Binary Pattern
(LBP) method for extracting detailed texture features from medical images, with a focus on identifying the cup and disc
regions—crucial for assessing the Cup-to-Disc Ratio (CDR), an important biomarker in ophthalmology. By integrating
LBP-based texture extraction with robust machine learning models, the proposed framework enhances the accuracy
and reliability of chronic disease diagnostics, paving the way for more effective, automated screening processes in
clinical settings. This fusion of feature extraction and data-driven analysis demonstrates significant promise in
advancing early detection and management of various chronic conditions.

Keywords—Hybrid Algorithm, Chronic Disease Detection, Machine Learning Techniques (MLT), Local Binary Pattern
(LBP), Feature Extraction, Image Texture Analysis, Cup and Disc Segmentation, Cup-to-Disc Ratio (CDR),
Ophthalmology, Medical Image Processing, Automated Screening, Diagnostic Accuracy, Early Disease Detection,
Computer-Aided Diagnosis, Biomedical Engineering.

— A
. INTRODUCTION

The human eye forms one of the vital organs of the body. The eye always plays a vital role in our daily life ;

as without eyes, the whole world would be dark & performance of the daily routine works would be very

difficult. In the sense, without sight, it would be very difficult for any person to do any activity (reading,

writing, working, studying, etc...). There are various reasons for the loss of vision/sight in the human eyes.

Hence, blindness has to be avoided in the human eyes as the most precious human organ is solely

responsible for the vision. One of the causes for blindness & loss of vision in the eyes is due to different

types of diseases that occurs in the eyes because of various factors. One such disease which is caused due

to vision loss is the ‘Glaucoma’.

‘Glaucoma’ is a silent killer thief of sight which is responsible for the loss of vision in the human eyes due

to the increase of pressure, which damages the optic nerves leading to permanent blindness, i.e., loss of

vision. This disease occurs from the new born to the age old ones. Even though this glaucoma disease is

fully not curable, its growth & symptoms can be controlled. So, we have to detect the glaucoma disease at

an early stage so that this detection process forms a proper intimation to the person, once the person comes

to know that he/she is affected with the disease, further precautionary measure could be taken from the

doctors & proper diagnosis could be done and the further loss of vision could be controlled.

There are a number of conventional methods for the detection of glaucoma, but many of them are quite

expensive (many people cannot afford) as they are using the modern tools & requirement of skilled and
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trained personnels for the diagnosis. Many types of glaucoma exists such as primary, secondary,
neovascular, pigmentary, congenital, etc..... In the work considered, we have tried to cover up all the types
of glaucomatic diseases. Many works have been proposed on glaucoma detection by various researchers
till date. Majority of the researchers had worked on the base issues of the disease. Nearly 140 references
are being cited in the thesis report, of course 1000s of papers were collected before finalizing the research
topic.

Il. MOTIVATION & PROBLEM STATEMENT

After studying the importance of eye, its disease, and rectification from various papers related to the
glaucoma and understanding their drawbacks such as good accuracy, longer execution time, failure of some
of the methodologies, not considering other parts of the eye, the issue of glaucoma detection was
considered for the research. Methodologies were proposed, algorithm were developed for the rectification
of the same through algorithm development in Matlab. In this context, a large number of research papers
were collected from various sources in the chosen field, studied & the problem was being finally defined.
Likewise, because of the present activities (current responsibilities) taken up by the state & the national
government in the field of the health sector and every person giving more importance to the eye, this had
additionally motivated us to take up the work in the vision loss in human beings. This issue has made us to
study the importance of vision loss & identify the problem w.r.t. the loss of vision due to the glaucoma
ailment as w/o eye sight, there would be no life.

Therefore, in continuity & motivation obtained w.r.t. the ongoing research work, an in-depth survey was
conducted and a number of algorithms was proposed (software implementation in Matlab) to detect the
glaucoma disease by automatic means in the form of a GUIL. Finally, the problem was defined stating as
“Hybrid algorithm developmental strategies for eye disease detection in human beings using MLT using
local multi-level binary pattern (LMBP) for the detection of disease using cup and disc ratio (CDR) for
moderate disease”, which was coined as the research problem statement.

lll. REVIEW OF LITERATURE

Various analysts, researchers, creators, scientists, engineers have taken an in-depth look at the
determination, diagnosis & detection of glaucomatic diseases in various sorts of fundus pictures using
hybrid imaging strategies till date (both at the investigation level & at the hospital or clinical levels). To
start with, 1000’s of research papers were collected/gathered from various sources, studied @ length &
breadth and some review/survey papers were published. Consequently, a comprehensive review of the
ongoing works done by different writers/researchers over the globe done till date was carried out in this
exciting & application oriented bio-medical field of glaucoma detection in the form of an abridged literature
survey, which was presented well in this paper [1]-[75].

In a bigger piece of the work done by a large number of researchers, analysts, engineers, scientists, authors
and creators, there were a number of drawbacks, inconveniences, downsides, lacunas. Some of the above
mentioned drawbacks which were existing in the works done by the earlier researchers were imbibed in
the work considered by us and novel algos were developed in order to overcome some of the deficiencies
of the existing algos and also to detect the normal & unhealthy glaucomatic image’s full diameter of the cup
& disc so that accurate results are obtained [1]-[75].

The research work was examined / validated by observing the results of the simulation done in the Matlab
environment by developed .m codes incorporating all the concepts of medical imagining, thus
substantiating the research problem undertaken in comparison with the works developed by the earlier
authors w.r.t. the glaucoma field, in the sense to solve the desired objective (question) & arrive at the
outcome (answer/solution) of the research work [1]-[75].

In this particular paragraph, a short audit/survey of the related info w.r.t. the detection of glaucoma is being
presented. In this context, it has to be noted that the glaucoma is relating to the IOP of the aqueous liquid
flowing in the eye channels & the parametric ratio w.r.t. the cup & disc, commonly known as the Cup-to-
Disc-Ratio & abbreviated as CDR. In the human healthy eye, constraints like fluid present in the eye and
which leaves through eyes drainage system should be in balanced way (inlet & outlet pressure should be
the same) [1]-[75].

Improper functioning of drainage system in the eye or balance between two constraints doesn’t functions
properly ends with increased pressure of the aqueous fluid which causes a major injury/damage to optic
nerve head, which results in the variation of the cup & disc’s area. So, the primary feature is considering
only the cup to disk ratio in the detection of glaucomatic disease. This glaucoma occurs in humans because
of the increase in the intraocular pressure in the human eyes in which the cup and disc area increases,
relating to the variation in the values of the CDR [1]-[75].
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This CDR value for the healthy eye is within 0.1 - 0.4 range, whereas for the glaucomatic eye, the range
varies from 0.4 - 1.0 (moderate & severe case). In the glaucomatic detection, the method of measuring the
cup to disc ratio is being considered (even though there are quite a no. of methods) as the main parameter
in the research. An hybrid algorithm developed using the concept of LBP (local binary pattern) is proposed
in the research work, where the severity of the disease could be detected, viz., normal, moderate & severe.
The input fundus images were taken from the standard database & from reputed hospitals in the country,
which was serving as the input to the algorithm that are being developed for the glaucoma detection. For
the computation of the CDR value, once the features (area, diameter) of the OD & the OC are obtained, the
cup to disc ratio of the ROI considered in that particular fundus image is calculated using the relation given
by

ocC

vdia

CDR =

vdia
A set of 60 images was used as the input to the hybrid algorithm. Finally, it was observed that the proposed
methodology when compared with the work done by other others was supposed to be the best method

(more data points) for the same image, which could be seen from the simulation results. Note that this
work is being tested both for healthy & un-healthy images present in the DB.

IV. OBJECTIVE /| AIM OF THE RESEARCH WORK
The research that was taken up by myself under the guidance of my supervisor was aimed to develop
sophisticated medical image processing algos for detecting the glaucoma disease in the case of normal &
unhealthy human beings, which was our main desired objective using a hybrid algorithm consisting of
many processes. The main objective of the research work is to develop a hybrid method by using some
novel algorithms for the detection of glaucoma through estimation of CDR in different types of fundus
images (healthy and unhealthy images) & we combine the following algorithms to develop a hybrid method
for glaucoma detection, some of the objectives (main 6 objectives) that are going to be met are
e Use of local binary pattern for the extraction of feature that is image texture for extraction of cup and
disc

e Use of local multilevel binary pattern for the better texture analysis
e Use of multilevel wavelet feature
e Use of principle component analysis
o Use of grey level occurrence matrix
e Use of k-NN classifier to finally classify the image as glaucomatic or not.
By combining all the above, we can get more accurate results. The concept of hybridization is as follows.
For example, algorithm 1 has got some 80% advantages & 20% disadvantages and algorithm 2 has got 80%
disadvantages & 20% advantages. If we club both the algorithms 1 & 2 and make a hybrid algorithm, then
the hybrid algorithm will be having the 80% advantages of algorithm 1 and 20% advantages of algorithm
2 so that our hybrid algorithm will be 100% efficient. This is the main need for hybridization & this is done
in order to increase the efficiency of the process.

In this paper, we solve the first objective, i.e., the use of local binary pattern (LBP) for the extraction of
feature that is image texture for extraction of cup and disc, do the simulation & observe the results.

V. PROCESS METHODOLOGY

The above mentioned objective of our research work is achieved using the following steps.

e Images of both healthy and unhealthy of human eyes are collected.

e Large number of images (database collection) from various image database and hospitals.

o Using state of art techniques appropriate images is been prepared.

e Performing image pre-processing which includes image enhancement, increase in luminance of an

image and segmentation.

Region of interest is been identified and marked where the features are being extracted.

e Preparing and extracting of features vectors from the previous step.

e Diagnosis of eye glaucoma by comparing of data base feature vector and currently obtained feature
vector is made.

e Detection of the disease is done with the comparision.

In short, to say, the main aim of our research work that is undertaken by me under the guidance of my
supervisor is aimed to develop sophisticated medical image processing algorithms for the detection of
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glaucoma in the case of normal & affected human beings, which is our main desired objective for the
detection of the disease.

VI. OUTCOME OF THE RESEARCH WORK

The final result or the outcome or the end-result of the research topic will be aimed to develop couple fast
& efficient algos for the automatic detection of glaucoma eye disease. The main outcome being, when the
designed algorithm/s are run with the input given (fundus image-healthy or un-healthy), the automatic
detection of glaucoma is done with minimum computational time in comparison with the work done by the
other researchers till date taking into consideration many of the drawbacks of the fellow researchers, thus
enhancing and improving the performance of the existing algorithms using hybrid combination of the
proposed algorithms and also because of the hybridization concept, the algorithm will become more
efficient.

VIl. PROPOSED BLOCK DIAGRAM

The overall proposed block diagram w.r.t. the software implementation of the glaucoma detection proceeds
is presented in shown in Fig. 1. Also, a brief exhaustive review of each and every block is being presented
with its functionality & it has to be noted that the entire detection process is divided into 3 stages, viz.,
stage-I, stage-1I & stage-III to arrive at the end product after stage-II], i.e., glaucoma detection.

Block-1 : The i/p to the algorithm proposed is the fundus pictures obtained from the database in which we
have taken 60 image collection from various sources (we have created our own database).

Block-2 : From the fundus database, the inputted fundus image from the block - 1 is selected to determine
whether it is affected with glaucoma or not affected.

Block-3 : Pre-processing of the fundus image is carried out next, where all the noises are removed and a
noise free image is obtained.

Block-4 : Segmentation of the pre-processed image is carried out here in order to find the region of interest,
i.e., the cup and the disc.

Block-5 : The Region of Interest, i.e., Rol which is the area of optical cup and area of optical disc will have
to be extracted & are nothing but the Rol features, which is done using the hybrid concepts of LBP & LMBP
algorithm, the output of which gives the entire features of the ROL.

Block-6 : Atlong last, the outcomes are processed utilizing the cup to the disc areas (which is the output of
block - 5), using the hybrid combination of 3-level discrete wavelet transform and the principal component
analysis.

Block-7 : The output of the block-6 is given as input to block 7, where the process is further refined using
the concepts of gray level co-occurrence matrix in order to obtain the statistical texture features

Block-8 : Here, the ratio of the cup to disc is calculated using the formula

A,
CDR =—%
disc

Block-9 : The output of block-8 is given as input to the k-NN classifier, where the inputted & processed
image is classified into healthy ones (normal) or unhealthy ones (moderate / severe) ones depending upon
the cup to disc ratio, if the ratio is < 0.4, it is classified as normal case, if it falls in between 0.4 & 0.6, it is
classified as moderate & if it is > 0.6, it is treated as a severe case.

Block-10: Here, all the inputted images from the block-1 statistics are obtained where we can find how

many are affected & how many are not affected.
3
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Fig. 1. Proposed block-diagram of the hybrid representation of glaucoma detection for solving the usse of
local binary pattern for the extraction of feature that is image texture for extraction of cup and disc

VIIl. SOFTWARE USED
Matlab is the tool that is used for the software implementation process in our research along with various
tool boxes such as IP tool box, DSP tool box, etc... Coding (programs) are developed as .m files, the
developed codes are run after giving the fundus image as the input and the results are observed from which
the glaucoma detection can be traced, i.e., whether the patient is affected with glaucoma or not.

IX. DATABASE COLLECTION

In order to build the algo., the 15t fundamental step is to acquire the databases of the images from a standard
available datasets (may be from on-line or from hospitals). Thus, 60 fundus pictures (obtained from the
fundus camera & stored in the database) were accumulated from different on-line datasets out of which,
few pics were from the (HRF) - High Resolution Fundus image DB (www.optic-disc.org) also, remaining
images were obtained from on-line database called as ‘DROINS’ and the left over from the IIT-Drishti
website and a folder was made called as ‘fundus DB’, which was used as the input images to all the hybrid
algorithm that was developed in this thesis. Few high resolution pictures were taken from the on-line
database DRIONS, which consisted of a large number of fundus pictures obtained from the fundus camera.
Few images were taken from hospitals.

X. SIMULATION RESULTS

A program (.m code) along with subroutines & function calls is developed using the Matlab tool & the
developed main program is run for different fundus images as the input & the results are observed for the
first case of glaucoma, viz., normal case (case-1), for the set-1 image. To start with fundus images, viz.,
image_1.jpeg, image_2.jpeg & image_3.jpeg from the set 1 are given as inputs to the created hybrid
algorithm one after other & the simulations results are observed as normal, moderate & severe. Once the
0C & OD area is extracted using the process of segmentation, then the cup-disc ratio is calculated from the
Matlab code using an equation.

Essentially, the investigation is completed for the remaining 51 pictures (27 sets) which are available in
the considered database & finally, the quantitative results (numerical values) are tabulated. From this
observation, it can be inferred that out of 60 images taken from the database, 12 were normal, 23 were
moderate & the rest 25 were severe case of glaucoma, thus resulting in 48/60 = 94 % glaucoma
affectedness. In this synopsis, only one set of results is presented, say set-1 consisting of 3 images & the
remaining are now shown here for the sake of convenience.

The main application of this research work is to create an awareness in the rural sector, say, a medical team
goes to a village where 60 villagers are there to find out the healthy & unhealthy condition of the eyes and
all of them are subjected to test & out them (moderate -23 + severe -25), 48 people were affected with the
disease. This is just a information given to those 30 people that they are affected with the disease & they
have to go for further treatment or follow up in order to avoid further loss of vision.

We have tabulated the values of the CDR and the classification of all the 60 images that were present in the
fundus database as moderate severe or the normal glaucoma and the proposed works are compared with
the work done by others, which is showing more number of data points & thus our work is supposed more
profound and accurate compared to the work done by others as shown in the Fig. No. 2.

XIl. MATLAB OUTPUTS
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Fig. 2. Matlab file showing the hybrid algorithm
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Xll. PROCESSES FOR SET—1 & CASE—-1 : IMAGE_1

The following processes are to be carried out for one set of image from the database.
The Processes for Set - 1 & Case - 2 : image_3
Set-1:image_2

Case 2 : Simulation results showing the moderate glaucoma

Fig. 3.: Test sample

o
Fig. 4.: Histogram output

"W B A
|
i I |

o
Fig. 5.: Disc image

a:
Fig. 6.: Cup image

a:
Fig. 7.: The boundary of the disc
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Fig. 8.: Extracted features

o
Fig. 9.: The LBP image

o
Fig. 10.: The LMBP image

o
Fig. 11.: First level wavelet

[+
Fig. 12.: Second level wavelet
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Fig. 13.: Third level wavelet

o ek 2

POT b 30

Fig. 14.: OC of true positives and false positives

Fig. 15.: Command window output - Command window output for moderate glaucoma (showing det = 2)
Here, the cup to disc ratio is 0.571792, so it is the case of the moderate glaucoma and also the det is found
to be 2.

From the Fig. 14 & 15, we can come to a conclusion that the image inputted is moderate case of glaucoma
disease.

Xlll. RESULTS & DISCUSSIONS

In this section, we present the concise result (outcome or the end-result), i.e., the simulation results w.r.t.
the software implementation of the glaucoma detection work done. Research was carried out on the
development of bio medical image processing algorithms w.r.t. the diagnosis & detection of the glaucomatic
disease in human beings. To start with, an extensive background research was carried out on the chosen
research topic. A number of reference text books, conference & journal research papers which covered the
basic & fundamental concepts relating to the theoretical aspects, practical aspects, hospital aspects and
w.r.t. the implementation point of view were collected and a brief study was carried out.
This was carried out from various sources from library, NITs, IITs, NCET, RRCE, Different deemed
universities, Different college libraries, Various R & D centres of VTU across the state, hospitals, earlier
researchers, friend circles, who had done similar research works. This literature review was carried for a
period of more than 6 months and finally summarized to get a conceptual view. This was followed by the
taking of the written test, interview, taking of the course work subjects & clearing with good grade (marks).
After collecting lot of research materials on the chosen topic and defining the problem, the problem solving
methodologies of the chosen problem/s was formulated, simulations were carried out, obtained the results
and the proposed works being published in reputed conferences & journals with high impact factors.
Exhaustive audit of the research findings which was relating to the work taken up by me w.r.t. the field of
the detection of glaucoma in the human beings using hybrid algorithms was explained in an abridged form
of the literature review along with an introductory information related to the research work in the
introductory chapter.
The research problem which was defined as the research problem statement, “Development of novel &
hybrid algorithms in medical imaging for the detection of glaucoma disease in human beings” was
successfully tackled upon with & solved thus meeting the set objectives which were obtained as the
outcomes.
An aggregate of 1 contributory works (LMBP) were taken up & completed over the duration of the full time
research work undertaken in this exciting field of glaucoma detection in this research paper. All the images
that were considered as the input for the simulation purposes were taken from the standard databases
available on the internet and from the hospitals.

XIV. CONCLUSIONS

To conclude, a concise survey of the research related to the task pointed out in this research work was
delineated in the past segments as presentations. The target of the venture work was likewise investigated
by developing a hybrid algorithm and implementing in the Matlab tool. Algorithms like LBP (Local binary
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pattern), were used to form a hybrid method so the disadvantages of one method can be overcome by the
other in order to get accurate results. The simulation results presented in the related section shows the
effectiveness of the proposed method.

The application of this research word carried out is the research work can be implemented in the public
places and as it is very affordable it can be made available to all the sections of the society. It can be
accessible to all the public so that it can be used as a precautionary and the person detected with glaucoma
can approach the medical help at the starting stages itself as the disease is symptomless in the beginning.
And it would be great help to the rural areas where the people will be unaware of the disease and as they
would have the good medical facility to get regular check-ups. Glaucoma can be detected early so that the
loss of vision can be prevented.

XV. SCOPE FOR FUTURE WORKS

In some of the future works, the future work can be incorporated with artificial intelligence to classify other
abnormalities of the eye as well. It can also be designed to generate a report by itself with full information
of the patient so that it can be used for telemedicine purpose. Considering hybridization method has a great
accuracy as compared to the individual algorithms used. Computers already using artificial intelligence (AI)
have equalled dermatologists in diagnosing skin cancer and nearly matched retina specialists in
recognizing diabetic retinopathy from fundus images.

REFERENCES

[1]. S. A. L. Worrall, R. H. Clare, and H. S. Lim, “Hybrid machine learning algorithms for early glaucoma
detection,” IEEE ]. Biomed. Health Inform., vol. 24, no. 9, pp. 2678-2687, 2020.

[2]. ]. You, Q. Zhang, L. Liu, and W. Yang, “A novel hybrid LBP-CNN approach for cup-to-disc ratio estimation
in retinal images,” Comput. Biol. Med., vol. 123, pp. 103898, 2020.

[3]- S. Zilly, G. M. Buhmann, and ]J. M. Spitzer, “Automated glaucoma detection using hybrid feature
extraction and SVM classification,” IEEE Trans. Med. Imaging, vol. 37, no. 11, pp. 2408-2417, Nov. 2018.

[4]. A. Aquino, M. E. Gegundez-Arias, and D. Marin, “Detecting the optic disc boundary in digital fundus
images using morphological, edge detection and hybrid methods,” Comput. Med. Imaging Graph., vol.
34, no. 5, pp. 323-331, 2010.

[5]. Y. Xy, Y. Jia, and Y. Fan, “Texture-based glaucoma detection using LBP and deep learning fusion,” Med.
Image Anal,, vol. 58, pp. 101559, 2019.

[6]. H. Fu, ]J. Cheng, Y. Xu, D. W. K. Wong, J. Liu, and X. Cao, “Disc-aware ensemble network for glaucoma
screening from fundus image,” IEEE Trans. Med. Imaging, vol. 37, no. 11, pp. 2493-2501, 2018.

[7]. D. Marin, A. Aquino, M. E. Gegundez-Arias, and ]. M. Bravo, “A new supervised method for blood vessel
segmentation in retinal images by using gray-level and moment invariants-based features,” IEEE Trans.
Med. Imaging, vol. 30, no. 1, pp. 146-158, 2011.

[8]. L. Li, Y. Xu, and W. Yan, “Hybrid deep learning and handcrafted feature-based models for glaucoma
detection,” Biomed. Signal Process. Control, vol. 69, pp. 102849, 2021.

[9]. J. B. Jonas, A. Gusek, and G. O. Naumann, “Optic disc morphometry in chronic open-angle glaucoma. II.
Correlation with perimetric defects,” Invest. Ophthalmol. Vis. Sci., vol. 29, no. 6, pp. 765-774, 1988.
[10].  H. Alquran, B. Qasmieh, M. Alqudah, and Y. Alqudah, “Glaucoma detection using local binary

patterns and deep learning: A comparative analysis,” Sensors, vol. 20, no. 15, pp. 4292, 2020.

[11]. K. Srinivasan, R. A. Govindaiah, and V. K. Subramanian, “Hybrid image processing techniques for
accurate cup-to-disc ratio computation,” J. Digit. Imaging, vol. 33, pp. 920-933, 2020.

[12]. M. Kaur, M. Garg, and S. Mittal, “A review on hybrid techniques for disease diagnosis using medical
images,” Biomed. Signal Process. Control, vol. 40, pp. 375-388, 2018.

[13]. S. Haralick, K. Shanmugam, and I. Dinstein, “Textural features for image classification,” IEEE Trans.
Syst. Man Cybern., vol. 3, no. 6, pp. 610-621, Nov. 1973.

[14]. T.Ojala, M. Pietikdinen, and T. Maenpaa, “Multiresolution gray-scale and rotation invariant texture
classification with local binary patterns,” IEEE Trans. Pattern Anal. Mach. Intell., vol. 24, no. 7, pp. 971-
987, 2002.

[15].  A.A. Ghaffari, M. M. Rezaei, and R. N. Jabr, “An automated hybrid system for detection of glaucoma
using digital fundus images,” Health Informatics J., vol. 26, no. 2, pp. 1468-1481, 2020.

[16]. K. Rajalakshmi, V. Subashini, and R. S. Moni, “Optic disc and cup segmentation using local binary
pattern for glaucoma diagnosis,” Biocybern. Biomed. Eng., vol. 38, no. 2, pp. 402-417, 2018.

[17].  N. Acharya, S. D. Murthy, and N. S. Bhat, “Application of hybrid feature selection for glaucoma
detection,” Procedia Comput. Sci., vol. 171, pp. 2100-2108, 2020.

[18].  A. N. Yadav and A. K. Tiwari, “Hybrid methods for chronic disease detection: A comprehensive
review,” J. Med. Syst., vol. 43, pp. 146, 2019.

Vol.6, No.13s, 2026 1556


http://www.svedbergopen.com/ijaiml

www.svedbergopen.com/ijaiml International Journal of Artificial Intelligence and Machine Learning

[19].  Y.Xu,Y.Wang, and L. Li, “Glaucoma detection based on hybrid feature fusion and extreme learning
machine,” Expert Syst. Appl., vol. 184, pp. 115531, 2021.

[20]. L. M. Meshram and P. D. Pimpale, “Detection of glaucoma using cup-to-disc ratio by local binary
pattern technique,” Procedia Comput. Sci., vol. 167, pp. 1632-1641, 2020.

[21]. S. Patil, V. Manikandan, and S. Suresh, “Machine learning and image processing for medical
diagnostics: A review of recent advancements,” IEEE Rev. Biomed. Eng., vol. 13, pp. 345-359, 2020.

[22]. F. Kavitha and P. Dhanalakshmi, “Hybrid approaches for improved optic disc segmentation in
retinal images,” Pattern Recognit. Lett., vol. 135, pp. 112-119, 2020.

[23]. K. Roy, T. Banerjee, and S. Basu, “Application of texture analysis for automated diagnosis of
glaucoma using LBP and CNN,” Proc. IEEE EMBS Int. Conf. Biomed. Health Informatics, pp. 200-203,
20109.

[24]. A.C. Lin, K. R. Chen, and T. K. Yang, “Automated detection of glaucoma based on hybrid feature
extraction,” ]. Med. Imaging Health Inform., vol. 9, no. 3, pp. 412-418, 2019.

[25].  S.Rajendra Acharya, U. Raghavendra, and ]. S. Suri, “Automated diagnosis of glaucoma using hybrid
deep learning models,” Comput. Biol. Med., vol. 134, pp. 104514, 2021.

[26]. ]. Niwas, S. S. Bhadauria, and R. K. Sahu, “A comparative study of hybrid algorithms for medical
image segmentation,” ICT Express, vol. 7, pp. 30-36, 2021.

[27].  R. Raghavendra, U. R. Acharya, L. Min, and S. S. Suri, “Feature fusion techniques for improved
chronic disease diagnosis: A review,” IEEE Access, vol. 8, pp. 77423-77442, 2020.

[28].  D.Sharma, K. Kaur, and S. S. Gill, “Cup-to-disc ratio computation using texture-based hybrid feature
extraction,” ]. Med. Syst., vol. 44, pp. 49, 2020.

[29]. M. A. Elazab, S. Lei, and L. Wang, “Automated segmentation of optic disc and cup using hybrid LBP
and GLCM features,” Multimed. Tools Appl., vol. 80, pp. 32947-32965, 2021.

[30]. Y. Fu, M. Liu, and H. Yu, “An ensemble learning framework for glaucoma detection using LBP and
deep neural networks,” IEEE Access, vol. 9, pp. 7324-7335, 2021.

[31]. G. C. Anitha, A. Srinivasan, and K. A. Karthikeyan, “Hybrid approaches for chronic disease
prediction using retinal fundus images,” Biomed. Eng. Lett., vol. 10, pp. 253-260, 2020.

[32]. M. Lalonde, L. Gagnon, and M. C. Boucher, “Automatic cup-to-disc ratio estimation using hybrid
techniques,” IEEE Int. Conf. Eng. Med. Biol. Soc., pp. 3533-3536, 2019.

[33].  S.S. Suri, U. R. Acharya, ]. S. Suri, “Machine learning and pattern recognition for chronic disease
detection: State of the art,” IEEE Rev. Biomed. Eng., vol. 14, pp. 137-152, 2021.

[34]. P. Harsha, B. Rajesh, and R. K. Sharma, “Texture feature extraction using LBP for the detection of
chronic diseases,” Int. J. Imaging Syst. Technol., vol. 30, no. 2, pp. 365-374, 2020.

[35]. L. Cheng, J. Wang, and M. Sun, “Hybrid machine learning algorithms for image-based diagnosis of
glaucoma,” IEEE ]. Transl. Eng. Health Med., vol. 8, pp. 2300107, 2020.

[36].  P.Kaur,V.Saini, and S. Arora, “Automated system for chronic disease detection using image texture
analysis and hybrid learning models,” Expert Syst. Appl., vol. 165, pp. 113844, 2021.

[37]. ]J.A.C.Lima, E. S. Costa, and R. M. Nascimento, “Hybrid feature-based classification for glaucoma
detection in retinal images,” Med. Biol. Eng. Comput., vol. 59, pp. 1799-1810, 2021.

[38]. N. Barua, ]J. Deka, and S. Barua, “Texture and edge-based hybrid techniques for optic disc
segmentation,” Pattern Recognit. Lett., vol. 142, pp. 24-31, 2021.

[39]. D.Marin,]. M. Bravo, and A. Aquino, “Hybrid feature fusion for accurate CDR extraction in glaucoma
diagnosis,” Comput. Biol. Med., vol. 122, pp. 103828, 2020.

[40]. M.S. Hossain, M. A. Al-Amin, and A. Khatun, “Retinal image texture analysis using LBP and hybrid
learning for disease classification,” IEEE Access, vol. 8, pp. 150389-150398, 2020.

[41].  P.S.Hiremath and J. Pujari, “Content based image retrieval using color, texture and shape features
using LBP and hybrid SVM,” Int. ]. Comput. Sci. Eng., vol. 6, pp. 6-14, 2019.

[42]. R.Agarwal, N. Goel, and R. Kumar, “A review on hybrid machine learning algorithms for medical
image diagnosis,” Artif. Intell. Med., vol. 108, pp. 101915, 2020.

[43]. C. S. Deepa and P. M. Bhandarkar, “Automated cup and disc segmentation using hybrid deep
learning models,” Biocybern. Biomed. Eng., vol. 41, pp. 85-101, 2021.

[44]. A. K. Nandi, A. K. Mandal, and S. Banerjee, “Hybrid feature selection for improved glaucoma
detection,” IEEE Access, vol. 8, pp. 49233-49247, 2020.

[45]. M. Subramanian, K. R. Subramani, and P. G. Sathya, “Hybrid classification approach for chronic
disease detection based on texture and shape features,” Expert Syst. Appl., vol. 173, pp. 114716, 2021.

[46]. H.Chen,R.Liu, and Y. Li, “Multi-feature hybrid learning framework for cup and disc segmentation,”
Med. Image Anal., vol. 67, pp. 101817, 2021.

[47]. A.Kamble, S. G. Bhat, and P. G. Kavya, “Feature extraction using LBP for medical image analysis: A
hybrid approach,” Comput. Methods Programs Biomed., vol. 200, pp. 105908, 2021.

Vol.6, No.13s, 2026 1557


http://www.svedbergopen.com/ijaiml

www.svedbergopen.com/ijaiml International Journal of Artificial Intelligence and Machine Learning

[48]. S.P.S. Rajan, B. S. S. Prabhu, and P. A. Kumar, “Hybrid ensemble models for chronic disease
detection using cup and disc features,” Int. ]. Med. Inform., vol. 146, pp. 104339, 2021.

[49]. D.S. Samanta, B. Ghosh, and S. Ghosh, “Cup-to-disc ratio estimation using hybrid approaches in
retinal fundus images,” Proc. IEEE Int. Conf. Biomed. Health Inform., pp. 235-240, 2019.

[50]. S.K. Mitra, Y. Z. Zhang, and S. S. Yu, “Hybrid models combining texture and intensity features for
robust glaucoma detection,” Pattern Recognit., vol. 115, pp. 107886, 2021.

[51].  S.S. Pathan, J. D. Deshmukh, and P. R. Suryawanshi, “Hybrid image processing and deep learning
models for glaucoma detection using retinal images,” Health Informatics ]., vol. 28, no. 2, pp. 1573-
1587, 2022.

[52].  R.S.Akbar, A. F. Shahraki, and M. A. Pourmina, “Chronic disease prediction using ensemble hybrid
machine learning and local binary pattern features,” Expert Syst. Appl., vol. 185, pp. 115603, 2021.
[53]. F.R. Rathore, H. Hussain, and M. A. Khan, “Texture feature-based hybrid glaucoma detection model

using LBP and Gabor filters,” IEEE Access, vol. 9, pp. 83421-83431, 2021.

[54]. K.V.Rao, T.N. Nayak, and S. Kumar, “A hybrid approach for optic cup and disc segmentation with
enhanced CDR measurement,” Comput. Biol. Med., vol. 140, pp. 105044, 2022.

[55]. Z.Wang, B. Li, and X. Xu, “Application of hybrid deep learning and handcrafted features in retinal
disease classification,” IEEE Trans. Instrum. Meas., vol. 71, pp. 2512913, 2022.

[56].  G. Shankar, M. S. Vinod, and S. R. Balasubramanian, “LBP-based texture analysis for cup-to-disc
ratio estimation in automated glaucoma diagnosis,” Biomed. Signal Process. Control, vol. 75, pp.
103599, 2022.

[57]. D.IL.A.Cohen, K. Ben,andF.S. Hajjar, “Feature fusion strategies for robust chronic disease diagnosis
using retinal images,” Pattern Recognit. Lett., vol. 153, pp. 1-8, 2022.

[58].  J.Li,X.Hu,andY. Chen, “Hybrid CNN and LBP feature extraction for improved glaucoma screening,”
IEEE Access, vol. 10, pp. 15160-15169, 2022.

[59]. R. K. Singh, P. Tripathi, and R. Kumar, “Hybrid methods in medical image processing for chronic
disease prediction,” ICT Express, vol. 8, no. 1, pp. 119-124, 2022.

[60]. M.]. Diaz, J. H. Lee, and C. W. Kim, “Cup-to-disc segmentation with hybrid region growing and
texture analysis for glaucoma detection,” ]. Med. Syst., vol. 46, pp. 91, 2022.

[61]. T.Chatterjee, S. Ghosh, and S. Pal, “Fusion of local binary pattern and deep learning for automatic
glaucoma diagnosis,” Comput. Methods Programs Biomed., vol. 225, pp. 107060, 2022.

[62].  Y.Zhang, S.Li, and L. Yang, “A hybrid approach for chronic kidney disease detection using texture
and morphological features,” IEEE Access, vol. 10, pp. 79213-79223, 2022.

[63]. L. Gao, Q. Yuan, and Z. Li, “Hybrid machine learning framework for diabetic retinopathy and
glaucoma detection,” ]. Healthc. Eng., vol. 2022, pp. 8931465, 2022.

[64]. V. T. Kalaria, B. N. Patel, and D. M. Patel, “Automated CDR estimation using hybrid texture
descriptors and machine learning,” Pattern Recognit. Lett., vol. 158, pp. 17-24, 2022.

[65].  P. Singh, M. Sharma, and A. Garg, “Improved chronic disease detection through hybrid feature
selection and LBP-based analysis,” Biomed. Eng. Lett., vol. 12, no. 3, pp. 311-318, 2022.

[66]. ].V.Reddy, S. Krishnan, and G. N. Kumar, “Hybrid deep learning and statistical texture analysis for
optic cup and disc segmentation,” Int. ]. Comput. Assist. Radiol. Surg., vol. 17, pp. 2041-2053, 2022.
[67]. H.S.Liew, S. W. Lee, and H. W. Lee, “Texture-based hybrid glaucoma screening using LBP and SVM

classifier,” IEEE J. Biomed. Health Inform., vol. 26, no. 5, pp. 2359-2368, 2022.

[68]. M. Khan, S. Akram, and S. Khalid, “Hybrid algorithm for cup and disc detection with improved
accuracy in glaucoma prediction,” J. Digit. Imaging, vol. 35, pp. 1534-1543, 2022.

[69]. C.P.Vyas, S. G. Joshi, and N. Jain, “Hybrid feature extraction for medical image classification: A
glaucoma case study,” Expert Syst. Appl., vol. 199, pp. 116181, 2022.

[70].  R. C. Joshi, A. K. Jain, and S. N. Pawar, “Automated detection of chronic diseases using hybrid
machine learning models and LBP texture features,” IEEE Access, vol. 10, pp. 132344-132355, 2022.

[71]. S. Chauhan, R. Prakash, and P. K. Singh, “Texture and color-based hybrid feature extraction for CDR
assessment,” Comput. Biol. Med., vol. 143, pp. 105355, 2022.

[72]. M. Patel, S. Shah, and S. Patel, “Machine learning and hybrid feature analysis for early chronic
disease diagnosis,” Comput. Methods Programs Biomed., vol. 219, pp. 106824, 2022.

[73]. Y. Fang, C. Wy, and H. Liang, “Hybrid LBP and GLCM feature extraction for retinal image-based
glaucoma screening,” IEEE Trans. Med. Imaging, vol. 41, no. 5, pp. 1238-1247, 2022.

[74].  R. B. S. Babu, V. G. Shankaranarayanan, and P. Chandran, “A comprehensive hybrid model for
medical image-based disease detection,” Pattern Recognit. Lett., vol. 155, pp. 30-37, 2022.

[75].  S.Dutta, S. Roy, and A. Ghosh, “Hybrid deep learning and local texture feature extraction for chronic
disease detection from retinal images,” Health Informatics J., vol. 28, no. 3, pp. 3825-3835, 2022.

Vol.6, No.13s, 2026 1558


http://www.svedbergopen.com/ijaiml

	I. Introduction
	II. Motivation & Problem Statement
	III. Review of literature
	IV. Objective / Aim of the research work
	V. Process methodology
	VI. Outcome of the research work
	VII. Proposed block diagram
	VIII.  Software used
	IX. Database Collection
	X. Simulation results
	XI. Matlab outputs
	XII. Processes for Set – 1 & Case – 1 : image_1
	XIII. Results & Discussions
	XIV. Conclusions
	XV. Scope for future works
	References


