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ABSTRACT: Fundoscopic diagnosis involves assessing the proper functioning of the eye’s nerves, blood vessels, retinal
health, and the impact of diabetes on the optic nerves. Fundus disorders are a major global health concern, affecting
millions of people worldwide due to their widespread occurrence. Fundus photography generates machine-based eye
images that assist in diagnosing and treating ocular diseases such as diabetic retinopathy. As a result, accurate fundus
detection is essential for early diagnosis and effective treatment, helping to prevent severe complications and improve
patient outcomes. To address this need, this article introduces a Derivative Model for Fundus Detection using Deep
Neural Networks (DMFD-DNN) to enhance diagnostic precision. This method selects key features for fundus detection
using the least derivative, which identifies features correlating with stored fundus images. Feature filtering relies on the
minimum derivative, determined by extracting both similar and varying textures. In this research, the DNN model
was integrated with the derivative model. Fundus images were segmented, features were extracted, and the DNN was
iteratively trained to identify fundus regions reliably. The goal was to improve the precision of fundoscopic diagnosis by
training the DNN incrementally, taking into account the least possible derivative across iterations, and using outputs
from previous cycles. The hidden layer of the neural network operates on the most significant derivative, which may
reduce precision across iterations. These derivatives are treated as inaccurate, and the model is subsequently trained
using selective features and their corresponding extractions. The proposed model outperforms previous techniques
in detecting fundus regions, achieving 94.98% accuracy and 91.57% sensitivity, with a minimal error rate of 5.43%.
It significantly reduces feature extraction time to 1.462 s and minimizes computational overhead, thereby improving
operational efficiency and scalability. Ultimately, the proposed model enhances diagnostic precision and reduces errors,
leading to more effective fundus dysfunction diagnosis and treatment.
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1 Introduction

Fundus disorders generally occur in diabetic patients due to high blood sugar levels. Diabetic retinopa-
thy (DR) is a disease that affects retinal parts such as blood vessels, optic nerves, and tissues of the eyes.
Nearly 285 million people across the globe suffer from fundus problems, making them a major issue in public
health. Common eye diseases include DR, hypertensive retinopathy, Age-related Macular Degeneration,
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and retinal detachment. These issues reduce one’s field of vision and put one’s eye health and well-being
in danger. Although Age-related Macular Degeneration primarily impacts the elderly and is anticipated to
increase in prevalence as a result of the ageing population, DR is the primary cause of blindness among
adults of working age. An alarming systemic problem is hypertensive retinopathy, a result of uncontrolled
hypertension. Fundus imaging and diagnosis are being enhanced by the development of advanced diagnostic
technologies [1]. Retinal scanning is commonly used to detect and diagnose fundus disorders such as
DR. Retinal scanning captures high-resolution images of the retina, including its texture and features,
allowing healthcare professionals to analyze and detect any abnormalities in the fundus [2]. Fundus detection
requires proper data, improving the diagnosis processs accuracy. Retinal images are collected from the
database that provides feasible data for fundus detection. These databases contain large collections of retinal
images annotated with relevant clinical information. These databases increase fundus detection’s accuracy,
enhancing the diagnosis process’s efficiency and feasibility range [3,4]. Artificial neural networks (ANNs),
such as DNN and convolutional neural networks (CNNs), are commonly used for automated fundus
detection [5,6]. These algorithms are trained on large datasets of fundus images and have shown great
promise in improving the accuracy and efficiency of fundus detection. These models identify the patterns and
features indicative of fundus based on given retinal images and have been shown to reduce the complexity
and latency in fundus detection [7].

DR detection is a complicated task to perform in healthcare centres. DR detection typically requires
a trained specialist to manually examine retinal images and identify any abnormalities or signs of DR.
This process is time-consuming and may be prone to errors or inconsistencies due to variations in human
interpretation and expertise. Therefore, automated techniques are used by healthcare centres that potentially
reduce the complexity and time required for DR detection, enabling earlier detection and treatment of
this serious complication of diabetes [8]. Feature filtering is also used in fundus detection. Feature filtering
involves selecting and prioritizing specific features or characteristics in retinal images indicative of particular
fundus disorders. Feature filtering techniques are often used in the selection and classification process in
fundus detection [9]. Once the most relevant features have been identified, they can be used to train machine
learning (ML) algorithms, such as support vector machines, to classify and diagnose fundus disorders
accurately. Feature filtering technique reduces the computation process’s time and energy consumption
ratio, improving the detection process’s efficiency [10]. In addition, feature filtering helps to reduce the risk
of overfitting, which can occur when an ML algorithm is trained on too many features irrelevant to the
classification task [11]. The region of interest is identified by feature filtering that reduces the error in further
detection. Once the relevant features are selected, automated algorithms such as CNNs are used to classify
and diagnose fundus disorders [9,12].

1.1 Problem Statement

Millions worldwide sufter from fundus problems. Despite medical imaging advances, fundus abnormal-
ities are difficult to detect due to substantial false positive rates and poor fundus region identification. Manual
fundus picture interpretation is time-consuming and subjective, causing diagnostic errors and therapy
delays. Increasing fundus problems and restricted access to expert care worsen the problem. Innovative ways
using DNN and derivative models are required to solve these difficulties. A unique strategy combining deep
learning (DL) and derivative models will be developed and tested to better fundus disorder detection and
diagnosis, reduce fundus-related illness burden, and improve patient outcomes worldwide.

ANN algorithm-based fundus detection methods diagnose retinal images in healthcare systems. ANN
identifies the exact texture, patterns, colour, and shape of the disorder in retinal images from diabetic
patients [13]. Computer-assisted tools also use ANN to detect the actual information about fundus disease.
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ANNs maximize detection accuracy, reducing the error ratio in the diagnosis process [14]. A deep convolu-
tional neural network (DCNN) algorithm is used for detection that predicts the fundus’s patterns, textures,
and features. DCNN algorithm improves the energy-efficiency ratio in the computation process [15]. DCNN
increases the overall accuracy of fundus detection, reducing the complexity of the detection process [16].
K-nearest neighbour network (KNN) is also used for fundus detection methods. KNN detects the key values
and patterns required for the fundus detection process. KNN uses feature extraction to extract key features
from the retinal images [17]. With this introduction, the contributions of this article are:

(a) Designinga feature-dependent derivative model with precise feature classification for fundus detection
from the medical input.

(b)  Performing a layered independent process for textural feature correlation and less accuracy in feature
classification and detection.

(c) Performing an experimental and comparative analysis with precise dataset input and variables to prove
the proposed methods’ efficiency.

2 Related Works

Pan et al. [18] proposed a Multi-Level Remote Relational Modelling Network (MRRM-Net) for the
segmentation of fundus blood vessels—a critical task in fundus detection. The model employs a CNN
to facilitate feature extraction, focusing on identifying relevant features associated with fundus blood
vessels. By implementing CNNs, the segmentation process achieves reduced latency. The MRRM-Net
enhances segmentation accuracy, significantly improving the diagnostic process’s performance. Accurate
segmentation of retinal blood vessels is vital for diagnosing fundus diseases. Existing CNN-based methods
often face challenges due to poor image quality and the intricate topology of blood vessels. The MRRM-Net
addresses these limitations by integrating multi-level remote relational modelling with attention modules.
This architecture enables establishing and fusing long-range semantic contexts, correcting low-level errors,
and transmitting high-level semantic information into the decoder. The model demonstrates superior
performance, particularly in segmenting capillaries within complex backgrounds and varying structures.
It exhibits better adaptability and stability than other state-of-the-art network architectures, even with a
smaller capacity. MRRM-Net provides a robust theoretical foundation for real-time detection technologies
for retinopathy, paving the way for advanced diagnostic solutions.

Ju et al. [19] introduced a novel technique for training an ultra-widefield (UWF) fundus diagnosis
model, aiming to optimize and regulate the fundus images captured through scans. This technique focuses
on identifying critical factors and relevant data within UWF fundus images to ensure that only the most
significant features are utilized for diagnosis. High-quality data is emphasized as a prerequisite for effectively
training datasets used in fundus diagnosis and detection processes. By enhancing the quality and relevance
of UWF images, the proposed method improves the feasibility, effectiveness, and accuracy of the diagnostic
process. This approach not only maximizes the utility of UWF imaging but also sets a foundation for
achieving superior diagnostic performance in fundus-related applications.

Yang et al. [20] proposed a robust framework for grading the severity of DR using a collaborative
technique that combines image-level and patch-level annotations. This approach leverages fundus images
to provide optimal information necessary for accurately assessing DR severity. An optimization method
is employed to refine and prioritize relevant data, ensuring its suitability for subsequent detection and
prediction processes. Experimental results demonstrate that the proposed framework significantly enhances
the effectiveness and reliability of the DR annotation process, offering a more accurate and dependable
method for severity grading in clinical and diagnostic applications.
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Ding et al. [21] developed a DL based method for vessel detection in UWF fundus photography (FP).
The proposed approach employs a weakly-supervised vessel detection framework that significantly enhances
the performance of the detection process. It integrates multi-modal registration steps to accurately identify
the distinct characteristics present in FP images. By leveraging DL, the method effectively trains data related
to fundus features, minimizing latency in the computation process. The proposed method demonstrates high
accuracy in vessel detection, contributing to improved efficiency in the diagnosis of retinal conditions.

Yang et al. [22] introduced a hybrid deep segmentation method for vessel detection, utilizing a DCNN
algorithm to identify microvessels in fundus images. The method employs segmentation within the DCNN
framework, segmenting images based on specific functions and characteristics. Multi-segmentation in
this approach requires well-structured datasets, which help reduce the energy consumption during the
computation process. Compared to existing methods, the proposed approach significantly improves the
accuracy of vessel detection, delivering high performance and enhancing the diagnostic process.

Xia etal. [23] designed a multi-scale segmentation-to-classification model (MSSM) for microaneurysm
(MA) detection. Both segmentation and classification techniques are used in the proposed model to
maximize the accuracy of the MA detection process. A multi-scale residual network named MSRNet is used
here for the classification process. The MSRNet reduces the computation’s energy and time consumption
level, increasing the feasibility of the detection process. The proposed model maximizes the robustness and
efficiency range of the MA detection process.

Ou et al. [24] proposed a bilateral feature enhancement network for multi-level ophthalmic disease
classification, utilizing a CNN architecture to address bilateral features from fundus images. The CNN
employs a feature extraction method that identifies important patterns and features in the images, which is
crucial for accurate classification. This approach significantly reduces the classification latency, enhancing
both the performance and feasibility of the disease classification process. By leveraging this network,
the classification of ophthalmic diseases becomes more efficient, reliable, and faster, ultimately improving
diagnostic outcomes in retinal image analysis.

Han etal. [25] introduced a novel fundus retinal vessel image segmentation method aimed at accurately
identifying retinal vessels for further diagnostic processes. The method utilizes an improved version of the
U-Net architecture, which is employed to train the datasets for the segmentation task. U-Net effectively
identifies the essential convolutional blocks in the dataset, allowing for precise segmentation of the retinal
vessels. By decoding the structure of the images, the method produces relevant and feasible data that
supports the accurate detection of retinal vessels. This approach enhances the vessel segmentation process,
contributing to improved diagnostic accuracy in retinal image analysis.

Sun et al. [26] developed a multi-label classification method named MCGL-Net for fundus images,
primarily aimed at improving the performance and efficiency of the diagnostic process. The method employs
ahigh graph convolutional module to classify fundus images based on their key characteristics and functions.
Additionally, a light gradient boosting machine network is used to identify and model the relationships
among patterns and features present in the images. The experimental results demonstrate that the proposed
method achieves high accuracy in the classification process, enhancing its potential for accurate diagnosis
in retinal disease detection.

Dos Santos et al. [27] proposed the use of contrast-limited adaptive histogram equalization (CLAHE)
for blood vessel detection in fundus images, enhancing the clarity of the vessels in the images. To optimize
the results from CLAHE and further improve segmentation, a multilayer artificial neural network (MANN)
was employed. The main objective of this approach is to accurately identify blood vessels, even in images
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of varying quality. Additionally, Wiener filters are applied to filter out noise and irrelevant data, reduc-
ing the computational energy required. This method outperforms other existing techniques, significantly
improving the accuracy of blood vessel detection and making it more efficient and effective for diagnosing
retinal diseases.

Moon et al. [28] developed a novel approach for identifying retinal breaks in ultra-widefield fundus
imaging. This method employs a digital green filtering technique to enhance the identification of retinal
breaks, which are often challenging to detect due to their complexity and potential to cause significant
errors in subsequent detection and classification processes. By using fundus images as inputs, the proposed
approach improves the robustness of the overall diagnostic process. The approach significantly increases
the accuracy of retinal break identification, thereby enhancing the feasibility and efficiency of the diagnosis
process, making it more reliable for clinical applications.

Long et al. [29] introduced a method for detecting MA based on an ML algorithm. The approach
utilizes directional local contrast to identify MA at an early stage, which is crucial for timely diagnosis. The
ML algorithm is employed to classify MA based on specific patterns and conditions identified within the
fundus images. A feature extraction technique is used to extract relevant features from the provided datasets,
enhancing the accuracy of the detection process. Experimental results demonstrate that the proposed
method achieves high performance in both classification and detection, making it an effective tool for early
detection of microaneurysms in retinal images.

Theera-Umpon et al. [30] proposed a method for detecting hard exudates in DR using supervised
learning. The method uses fundus retinal images to extract relevant information for DR detection. Hard
exudates, characterized by yellowish and white margins in the images, are key indicators in DR diagnosis.
The approach demonstrates high accuracy in detecting hard exudates, enhancing the overall effectiveness of
DR detection systems.

Ozbay et al. [31] introduced a DL method for DR detection, incorporating an artificial bee colony
(ABC) algorithm. The ABC algorithm segments fundus images by identifying complex retinal features,
enhancing the detection process. It also reduces the energy consumption in computation. The proposed
method significantly improves the accuracy of DR classification and detection.

Celik et al. [32] proposed an automated retinal image analysis system for detecting optic nerve
hypoplasia. The system uses a U-Net architecture with a pre-trained ResNet encoder to segment the optic disc
and fovea structures, providing robust performance in ONH diagnosis. The proposed method was evaluated
using retinal images from databases such as Messidor, Diaretdbl, DRIVE, HRF, APTOS, and IDRID.
Additionally, 189 retinal scans were used to establish a specialized database called ONH-NET, acquired from
Diizce University’s Department of Ophthalmology. In optic disc detection, the method achieved a score of
0.9069, sensitivity of 0.9626, precision of 0.9411, accuracy of 0.9974, and a Dice coeflicient of 0.9505. For
fovea detection, it achieved a score of 0.8282, sensitivity of 0.8442, precision of 0.8252, accuracy of 0.8992,
and a Dice coefficient of 0.7873.

Ramasamy et al. [33] proposed a method for detecting diabetic retinopathy (DR) by fusing textural
and ridgelet features from retinal images, along with using a Sequential Minimal Optimization (SMO)
classifier. The method extracts and combines textural features, such as co-occurrence, run-length matrices,
and Ridgelet Transform coeflicients, from ophthalmoscopic images to enhance DR diagnosis. The model
uses publicly available retinal image datasets for performance evaluation. On the DIARETDBI dataset,
the method achieved 98.87% sensitivity, 95.24% specificity, and 97.05% accuracy, while on the KAGGLE
dataset, it achieved 90.9% sensitivity, 91.0% specificity, and 91.0% accuracy. The results demonstrate the high
effectiveness and quality of the proposed method.
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Sarmad et al. [34] proposed a 3D CNN framework combined with feature fusion for evaluating retinal
abnormalities in diabetic patients, specifically for hemorrhage detection. The method involves extracting
features from identified hemorrhages using a modified pre-trained CNN model, followed by selecting the
best features using a multi-logistic regression controlled entropy variance approach. The extracted feature
vectors are then fused using a convolutional sparse image decomposition method. When tested on 1509
images from several databases (HRF, DRIVE, STARE, MESSIDOR, DIARETDBO, and DIARETDBI), the
proposed method achieved an average accuracy of 97.71%. Compared to previous efforts, this hemorrhage
detection system outperforms state-of-the-art techniques in both visual quality and quantitative analysis.

Pandey et al. [35] proposed a cascaded network with Atrous convolution and fundus biomarkers for
discriminative analysis of Diabetic Retinopathy (DR). The model combines lightweight CNNs with the
pre-trained Xception CNN to form a discriminative network. A restricted data merging strategy is also
incorporated into the training set to enhance the model’s performance. The study explores various network
topologies and cascade networks using different pre-trained CNNs to identify the best configuration. The
model is tested on the challenging IDRiD dataset, and performance is evaluated using accuracy, false positive
rate (FPR), precision, recall, and Fl-score. The results demonstrate the relevance and effectiveness of the
proposed system in DR detection, particularly when compared to state-of-the-art studies.

Tohye et al. [36] proposed the use of Contour-Guided and Augmented Vision Transformers (ViT) to
enhance glaucoma classification using fundus images. The approach starts by creating a more diverse and
robust training dataset using a Conditional Variational Generative Adversarial Network (CVGAN), which
incorporates conditional sample creation and reconstruction. A contour-guided method is then applied
to focus on the optic disc and cup areas, providing more detailed insights into the condition. The ViT
backbone is trained with both the original fundus images and the generated contours, and feature alignment
is achieved using a weighted cross-entropy loss. The final step involves multi-class glaucoma classification
using the trained ViT model. Testing on several datasets, including EYEPACS, DRISHTI-GS, RIM-ONE, and
REFUGE, resulted in an accuracy of 93.0%, precision of 93.08%, F1-score of 92.9%, and recall of 93.08%. The
proposed model significantly outperforms existing methods, showing that the integration of augmentation
through CVGAN and contour-guided techniques can greatly enhance glaucoma classification.

Nazih et al. [37] presented a CNN with a Vision Transformer (ViT) model for predicting the severity
of DR using fundus photography-based retinal images. The model was built using the FGADR dataset and
fine-tuned with the AdamW optimizer, which helps identify the global context of images. To address data
imbalance in the FGADR dataset, the authors implemented several techniques, including data augmentation,
label smoothing, F1-score as the optimization metric, class weights, and focus loss. The effectiveness of these
methods was evaluated alongside top CNN algorithms such as ResNet50, InceptionV3, and VGGI9. The
proposed model effectively extracted important features from retinal images, improving the understanding
of DR severity. Performance results showed an Fl-score of 0.825, accuracy of 0.825, balanced accuracy of
0.826, area under the curve of 0.964, precision of 0.825, recall of 0.825, and specificity of 0.956, outperforming
other CNN and baseline ViT models. Table 1 summarizes the key studies in the literature.

Table 1: Comparative analysis of significant studies in the literature

Study Methodology Contribution Limitation
Pan et al. [18] MRRM-Net with CNN Enhanced vessel Vessel segmentation may
and attention modules segmentation accuracy not generalize well

(Continued)
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Table 1 (continued)

Study Methodology Contribution Limitation
Ding et al. [21] DL-based vessel High accuracy in vessel ~ Vessel detection may not
detection in UWF FP detection capture fine details
images

Xia et al. [23]

Dos Santos
etal. [27]

Multi-scale
segmentation-to-
classification model for
MA detection
Contrast-limited adaptive
histogram equalization

Increased detection
efficiency

Improved accuracy
across image qualities

It may not generalize well
across diverse datasets

Blood vessel detection
may not address other

for blood vessel detection features
Longetal. [29]  ML-based MA detection High performance in MA detection may not
method classification capture other retinal
abnormalities
Ozbay et al. [31] DL method for DR Maximized accuracy in DR detection may not
detection with ABC DR classification address other retinal
algorithm conditions

The problem of fundus detection requires variation suppression and textural feature identification as
designed in [20,25,26]. The variations in feature availability and extraction result in improper or overlay
region detection, as in [22,28]. In other methods discussed in [21,26], the training is intensified due to
irregular feature variations; therefore, the learning is re-instigated for better precision. Considering these
factors and the chance of error in sensitive medial images, this article introduces DMFD-DNN. The proposed
method segregates the learning layers for training and detection using selective measures to prevent high
extraction time and error chances.

3 Derivative Model for Fundus Detection Using Deep Neural Networks

The proposed model for fundus image processing using DNNs is designed to accurately differentiate
the fundus region from non-relevant areas during fundoscopic diagnosis, leveraging intelligent imaging
processes for optimized feature extraction. FP provides high-resolution retinal images as input, supporting
the diagnosis and management of conditions such as DR and glaucoma, which demand precise selection and
analysis of critical image features. Key attributes, including retinal image contrast, brightness, and texture,
are iteratively processed and analyzed using the DNN. The model sequentially processes medical imaging
data, focusing on identifying minimal textural derivatives and reducing feature variations across iterations
to improve diagnostic accuracy. By employing advanced filtering and extraction techniques, the proposed
model effectively detects small variations and critical features necessary for comprehensive fundoscopic
evaluation. To ensure clarity, a diagrammatic representation of the model’s workflow and methodology is
provided in Fig. 1, illustrating the step-by-step processes involved in fundus detection and analysis.
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Figure 1: Proposed model illustration

The automated fundus detection method analyzes the least derivatives to identify similar features,
correlating them with stored fundus images. Relevant features and their extractions are used to train the
learning model for continuous fundoscopic diagnosis. This approach ensures accurate identification of
textural derivatives and minimal variations, helping detect healthy regions and reduce the spread of fundus-
related diseases. Feature extraction is performed to recognize disease-affected areas, with training on similar
features from an available medical database. The learning model is trained to minimize false positives and
reduce unnecessary medical costs, supporting optimal treatment recommendations.

In fundus image processing image processing, FP is analyzed based on a healthy person’s retinal image
observation, the proper eye nerves functioning blood pressure, and diabetic observation. Therefore, the
healthy person’s retinal image observations were used for fundus detection from the various image inputs.
The least textural derivatives and minimum variations are identified to suppress the chance of inaccurate
iteration by causing errors across different features. The error occurrence is identified in a sequence of fundus
detection over varying iterations. The proposed derivative model for the fundus detection method focuses on
such false positives and errors through similarity analysis using a DNN. Initially, retinal imaging processing
assumes Eyeryqg4e, represents the number of eye images observed from humans at different time intervals,
such as the variations in contrast and brightness of the retinal FP due to the imaging conditions. First, retinal
image processing, in this image normalization, is analyzed using brightness correction. The retinal fundus
images are required to identify the FP’s variations in contrast and brightness. The brightness correction
BC (x, y) is expressed as:

BC (x,y) = Eyepmagey — PFX 0y
where
PFX = argmin, ZBC (x,9) VEyermagey )

As per Eqs. (1) and (2), the variable PFX denotes the possible feature extraction based on brightness
correction, contrast correction, and gamma correction from the input retinal image for fundoscopic
diagnosis and treating DR. This method selects precise features for fundus detection using the least derivative
to recognize similar features. The primary objective of suppressing the error across different features e to
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increase the treatment exposure and improve fundoscopic diagnosis. The possible textural feature can be
extracted in medical imaging processing to select precise features depending on the minimum derivative.
Based on the possible textural feature filtering, the least textural derivatives (Lp) and minimum variation
iterations (Miny ) are identified sequentially for fundus detection. In this DL model, the proposed medical
image processing is performed as Med, = (Lp + Miny ) for fundus detection where L, is detected over
varying iterations. If y, represents the number of DR affected patients, then Miny = ( p % Medp) -Lp
is used for identifying a single person’s retinal image analysis. Assume, C(Lp) and C(Miny) means the
correlated similar features observed from the given input are compared with stored fundus images. Therefore,
error e is identified using the least derivative given as:

1
C(LD):]O- Lp+ upVEyermageys€ =0 (3)

. L Miny +u
C(Mlnv):'[0 %VEyeImageN,e;tO (4)

Egs. (3) and (4) compute the similar features observed from the least derivative, and minimum variation
over the varying iterations, which are then correlated with Eyepy 4, to select precise features. Based on
the stored fundus images, the least textural derivative is applied to identify the fundus. The process of
derivative extraction, combined with variance classification, is visually represented in Fig. 2. The derivative-
based method identifies stable regions in fundus images with minimal intensity variation, which are less
prone to noise and artefacts. By focusing on these stable regions, the model reduces the risk of overfitting
irrelevant features, thereby improving precision. For instance, areas with lower derivative values correspond
to consistent anatomical features (e.g., blood vessels and macular regions), which are critical for fundus
abnormality detection.

C(L B)

Figure 2: Representation of derivative extraction with variance

Eyeimagey is used for PF* in varying T such that Lp for Med), and y, is performed. The extracted Lp
is correlated for different T such that ¢ (Lp) and C (Miny ) are the derivatives. Post the correlation with
the existing data inputs, Miny using different +y,. (x, y) V fol Lp is used for improving correlation for u,
(Refer to Fig. 2). In this medical image processing, DR and its features and their corresponding extraction
are performed to identify minimum variations and train the DNN from the previous output iteratively
through the learning process. Therefore, this learning is responsible for medical image data processing with
less variation and overloaded computations. For each variation identified in the retinal image, the derivative
model classifies minimum and maximum variations based on feature extraction from stored fundus images.
Sequential image processing with maximum variations and less accuracy using DNN will be employed for
the next fundus image processing at different intervals. The objective of fundus detection using textural
derivatives with less accuracy and precision is to identify similar features using a DL process. The possible
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features observation and fundus detected inputs are compared to identify misleading problems using DNN,
preventing errors and false positives in retinal fundus image processing. Hence, the continuous brightness
correction SRP from the input images is given as:

SRP (Lp, Miny) o = O;t (Lp),—1- (Z (LD(,M]\I;I)iinv)ob) ?

For instance, the least derivative and maximum variation are identified from the possible feature
extraction processing layer 1 with less accuracy, leading to fundus detection using DL. Similarly, the
minimum variation and maximum accuracy identified images perform the selection process in layer 2
to identify good regions. The maximum variations in medical imaging processing rely on the possible
feature extraction with MAX, = 1achieves high fundus detection using the DNN. The maximum variations
identified in input image features extraction achieve high accuracy for fundus detection. If O represents the
number of FP observations and (y P)i means the number of image processing instances. Instead, the time
interval ¢ for eye image analysis is not constant due to varying iterations for each variation, as MAX,, € [0,1]
over the varying iterations. Therefore, MAX, =1 output in errors and false positives. This problem is the
extraction of possible features with maximum variations. The DL process used in this proposed model for
fundus detection is based on similarity analysis and precise selection of features using the derivative model.

If O” represents the number of FP observations and ( yp)i means the number of image processing
instances. Instead, the time interval ¢ for eye image analysis is not constant due to varying iterations for
each variation, as MAX, € [0, 1] over the varying iterations. Therefore, MAX, =1 output in errors and false
positives. This problem is the extraction of possible features with maximum variations. The DL process used
in this proposed model for fundus detection is based on similarity analysis and precise selection of features
using the derivative model.

4 DNN for Fundus Detection

The DL process extracts essential features like brightness and contrast from input retinal images through
layer 1 and layer 2 processing. Retinal features specific to the patient are observed, enabling the precise
selection of features to train similar features identified within the image for fundoscopic diagnosis. Medical
imaging processing, guided by previously stored fundus images, achieves high accuracy through DL. These
stored images, containing fundus characteristics and their variations, are utilized to detect fundus-related
diseases as described in Eq. (1). The probability of feature selection is processed in t intervals with minimum
variations and high accuracy (i.e.) p (Fs) is given as:

ZObEtfp SgLTD‘C't (6)

Fo) =
p (Fs) S o Maxy

In Eq. (6), the variables f p and Maxy represent the false positives and maximum variation identified
retinal images for accurate fundus detection at any interval T. The remaining unidentified features are used
for layer 2 processing to prevent error occurrence. Similarly, the possible feature extraction relies on the

classification of min/max variation images, which are determined using the condition 1 - L ,is
>(Lp,Miny),p

estimated using c. The probability of extracting possible features and their corresponding selection from the
initial retinal image input is performed for fundus detection with M AX, = 1. Fundus detection, based on the
least derivative and maximum variation in identified images, is fed back to layer 1 to adjust accuracy for the
selected feature region. Therefore, differences in contrast enhancement, brightness correction, and gamma
correction are influenced by errors and false positive detections O” € T. The association of DR observed in
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retinal images is identified using DNN, which is trained iteratively based on previous output observations.
The probability of false identification is expressed as:

fpvolet= [(1 c) 2 ‘”P - Maxy.— — (Maxy — Minv)] , (‘”P)i €t (7)

In Eq. (7), false positives and error occurrences in fundoscopic diagnosis and detection are analyzed
using the least derivatives and variations identified from the features through DL at interval ¢. If the condition
fpVYOP et is met, similar feature correlation is required to train the learning process, resulting in the
identification of the good region. Unidentified features in the available database maximize ¢ and variations,
then refining the iterations to reduce the errors. Fundus detection utilizes the available dataset from the
healthcare domain for image processing. If the image features and textural derivatives match the stored
dataset, then the output from layer 1 is used as input for training, represented as { Maxy, MAX,, f p, p (Fs) }.
This occurs after processing layer 1 and identifying errors. The layered process of DNN is illustrated in Fig. 3.

c
Mediate
Output

|

Hp

Figure 3: DNN layer process

The mediate output of p (Fs) and ¢ are derived for identifying u, ensuring that Maxy and Max,
are accurately estimated. Depending on y,,Vi € T, the aforementioned classifications are performed. In this
classification process, p (Fs) and ¢ act as intermediate outputs with layer 1 processes operating between
c(Lp) and C(Miny). Therefore, the second layer is employed for false identification using Sf.,: for
preventing errors. This process is presented in Fig. 4.

P(Fy)

QQQ

[ % YT

Laver 2

Figure 4: Second layer processing
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p (Fs) and c are used as inputs across T, where O;, and f p are analyzed using S f.,. This process is
iterated to identify Max, and e from which SRP and y,, for all i is derived. Considering the iterations, SRP
is adjusted by reducing e from i € y,,. Furthermore, f p is minimized for Oy, across c to prevent its impact in
detection (Fig. 4). The detection of the fundus in the human eye through the derivative model and feature
extraction process matches stored fundus images during similarity analysis to identify good regions. Precise
features are selected for extraction, and related information is sequentially analyzed for error identification.
In this technique, layer 2 handles both minimum and maximum variation image processing using DL, relying
on the least derivatives and minimum variations.

According to the condition, Y ;. oe ( U p) o» = EYeimagey and f p and p (Fs) serve as inputs for layer 1 to
train the learning process, as described in Eq. (1). The feature filtering is performed based on the minimum
derivative over the varying iterations. Feature filtering is based on the minimum derivative over varying
iterations. The DNN is trained on the outputs of previous iterations and satisfies the requirements of the
derivative model and variation analysis. The neural network’s hidden layer operates on significant derivatives
to recognize fundus features for possible extraction and leverages stored fundus image information for
precise detection. Therefore, the selective feature and their corresponding extractions (S f.y¢) is given as:

BC(’M’)‘fP)

[4

Sfext = ( (8)

In Eq. (8), the learning model is trained using selective feature extractions, identifying fundus-affected
patients and their impacts while preventing errors and reducing computational overload. Consequently, only
the fundus region features are selected for each successive iteration, ensuring precise feature selection Fg
during fundus detection using DL.

MAX, Sore, ot

_ _ fr
Fs= igb (‘up)i - MAXy Y ier e ©)
where
oo 2ieob Liet (Ma'xV)p - (1-eo) (10)
ZieOb (fP +e+ OV)

The variable Ov represents the overloaded computations observed from the sequential medical image
processing. These computations are crucial for precise region selection in fundus feature detection, based
on the least derivatives and minimum variations identified across instances, ensuring high accuracy in
computing the final output. Feature extraction for fundus region selection depends on accuracy levels, while
errors and false positives in the fundus detection computation contribute to accuracy improvement. The
learning process is trained using e, and maximum accuracy outputs in either 1 or 0 are required across
multiple iterations for successful fundus region selection to identify DR. This feature extraction process
involves both minimum and maximum variations, performed through DL, for selecting the fundus-affected
regions. The feature-selected region V, is modelled using the selective features given as:

t
Maxy * [_‘L)L(L,ﬂ—lye):l * (Mp - %)

(Maxv),

Vsr = (H)
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Eq. (11) estimates the first derivative output for classifying features based on variations and similarity
analysis outputs with maximum accuracy and fewer variations and y, =1 is identified from the current
image. Hence, it is considered as the selection of fundus region features, which are then used to train
similar features through the DNN for precise fundus detection. Sequential retinal image analysis for fundus
detection relies on feature extraction, with selection jointly performed to identify the fundus region in
the input image. The previous output is compared with a current selective feature for accurate fundus
detection using artificial intelligence based image processors and high-performance computing systems. The
probability of selection of fundus region with maximum accuracy using DL is given as:

p(Lp uMinV))

Finalouipu:) = 12
p (Finalouipu) (p(LDﬁMinv) 12)

In Eq. (12), the final image output is computed to prevent overloaded computations and errors, along
with reducing processing and computation time. The conditionp (Lp) > p (Miny) is used to identify
unidentified features from the input image with lower accuracy for successive iterations. The potential feature
extraction is verified by comparing the stored fundus outputs for fundus detection. This iterative retinal
image processing reduces the occurrence of errors and overloaded computations, thereby maximizing the
precision of fundus detection. Based on the inputs, a selected feature undergoes self-analysis, with specific
features derived from the variations included. Initially, L, for the varying PF* is analyzed in Fig. 5. In this
analysis, Miny is also identified between different iterations.

®lteration=200  ® lteration=400 W lteration=600 @ lteration=H400 Sheration=200  ® lteration=400  @lteration=600 ® lteration=800

AT s S a
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Figure 5: L, and Min, analyses

As the number of iterations increases, the likelihood of suppressing Miny also increases. This is
achieved by training layer 2 under different y, for all i. The iteration process is beneficial for increasing
Lp which in turn enhances the chances of reducing errors. Therefore, C (Lp) and C (Miny ) are balanced
by restricting Max,. In alternating layer 1, Sf,, is validated for providing stabilized sensitivity. Therefore,
the derivatives are increased only if the learning rate for level 2 is reduced (Refer to Fig. 5). Following this
process, the analysis of C (Lp) and C (Miny ) over different iterations is presented in Fig. 6.

The correlation analysis is performed across different iterations to achieve both Max, and Min,, which
are optimal for attaining high precision. Maximum training for Sf.; is performed for O, and f, such that
e is identified between y, for all i. As a result, layer 1 of the training instance is improved, which in turn
enhances p (Fs) by reducing ¢ preventing Miny and minimizing the complexity of ( Y P)i (Fig. 6). Finally,
fp for V,, is analyzed under different PF*.
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Figure 6: C(L,) and C(Min,) analyses

f p remains invariant for varying PF* and different A,,. Initially, an imbalance is observed due to ¢
which necessitates reliance on a new S f,;. As a result, improvements and reductions in Max, and ov are
performed. This enhances the feasibility for p (Final output) under maximum accuracy. Layers 1 and 2 work
together to suppress f p through improvements p (Fs) (Refer to Fig. 7).

fp

-0.2 Agr

Figure 7: f p analysis

The proposed method for fundus detection utilizes a DNN architecture. The process begins with
the input layer, where fundus images are fed into the network. Convolutional layers are then responsible
for feature extraction from the images. Pooling layers follow, reducing the size of the feature maps and
helping mitigate overfitting. The ReLU activation function is employed to introduce non-linearity into
the model, enabling it to learn complex patterns. Fully connected layers are used to learn global features
from the extracted local ones. In the output layer, multi-class classification is achieved using a softmax
activation function, whereas binary classification is performed with a sigmoid activation function. To
enhance the model’s performance and robustness, additional architectural components are incorporated.
Batch normalization is applied to stabilize and accelerate the training process. Dropout layers are included to
reduce overfitting, and L2 regularization helps prevent the model from becoming too complex. An optimizer,
such as Adam or stochastic gradient descent, is employed to minimize the loss function and adjust model
weights effectively during training.

5 Results and Discussion

The Results and Discussion section provides a comprehensive comparative analysis to validate the
proposed method. The evaluation is based on key performance metrics such as precision, sensitivity, error
rate, feature extraction, and computational complexity. The proposed method is analyzed with varying
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features (up to 14) and a maximum filtering rate of 1. To establish its effectiveness, the method is compared
with existing techniques, including MANN [27], MSSM [23], and MCGL-Net [26], as discussed in the related
works section. This comparison underscores the robustness and efficiency of the proposed approach in
addressing challenges associated with retinal fundus image analysis.

5.1 Experimental Results

The experimental analysis utilizes retinal fundus images obtained from [38], encompassing data from
medical databases and clinical libraries. The dataset includes images of both normal retinas and those with
abnormalities such as diabetic, age-related, and hypertensive conditions. This heterogeneous dataset, com-
prising thousands of samples, reflects the diversity encountered in clinical practice, with contributions from
patients of various ages, nationalities, and locations. While the dataset’s diversity enhances its robustness,
certain limitations may exist, such as an overrepresentation of fundus abnormalities and the potential subjec-
tivity or inaccuracy of image annotations. For testing, the dataset includes 47 DR images, while 1688+ images
are designated for training purposes. Each image is divided into segments for analysis, with the maximum
segmentation reaching 16 x 16 regions. Correlations are performed starting with 2 x 2 segments across
varying derivatives. Table 2 displays possible derivative extractions for a sample input. Table 3 highlights
minimum and maximum variation regions and their selected areas. Table 4 presents identified region outputs
along with corresponding training results and accuracy metrics. The performance of the proposed model
is evaluated using parameters such as sensitivity, error rate, extraction time, computational complexity,
accuracy, and specificity. K-fold cross-validation is employed to assess model performance comprehensively
across various dataset subsets. By iteratively training and validating on different fold combinations, this
technique ensures consistency, reliability, and accurate computation of metrics like accuracy, precision,
sensitivity, and specificity.

Table 2: Possible derivatives

Input image Enhancement Derivatives

The REFUGE (Retinal Fundus Glaucoma Challenge) dataset [39] is also utilized for experimental
analysis. Originally developed for glaucoma diagnosis, this publicly accessible dataset has demonstrated its
suitability for various other retinal image processing applications. The dataset comprises 1200 fundus images,
divided into 360 for training, 120 for validation, and 720 for testing. Annotations include detailed optic disc
and cup segmentation, primarily intended for glaucoma assessment. The dataset encompasses both normal
and pathological retinal images, offering a robust platform for evaluating retinal analysis models. Beyond its
initial purpose for glaucoma detection, the REFUGE dataset serves as a versatile resource for testing model
generalization across multiple retinal conditions, such as DR.
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Table 3: Minimum and maximum feature region selection

Input Minimum Maximum Min_Selected Max_Selected

Table 4: Identified region output

Input Iterated possibilities Detected Result
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5.2 Precision

In Fig. 8, the medical imaging process for fundus detection using a DNN enhances the precision of
fundoscopic diagnosis through continuous monitoring. The deep learning model accounts for inaccurate
iterations by training to identify selective features and their corresponding extractions in the fundus region
across different time intervals. In layer 1, less accurate and precise fundus detection is observed, where the
least derivative and minimum variation are identified. The DNN is then retrained from the previous output,
preventing the overload of computations. The maximum variations in the derivative model are addressed
using the input retinal image, followed by the feature selection process, expressed with the formula 1 -

Up). . .. . .
(%) This process maximizes accuracy and ensures successive fundus detection. As a result,
> o

errors and computational overloads are reduced, and detection precision is improved. The method selectively
chooses features from the fundus region and other relevant areas for successive iterations, ultimately
enhancing fundus detection accuracy. Precision, as defined in Eq. (13), measures the accuracy of positive
predictions made by the model. It is calculated as the ratio of correctly predicted positive observations to the
total predicted positives. Mathematically, it can be expressed as:

. True Positives
Precision = — — (13)
True Positives + False Positives
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Figure 8: Precision analysis

5.3 Sensitivity

The proposed DMFD-DNN model for fundus detection in diabetic patients focuses on enhancing
image quality through brightness correction and contrast enhancement. This approach aims to achieve high
sensitivity, as depicted in Fig. 9. During the feature filtering process, if the minimum derivative is identified
over varying iterations in layer 1, the DNN is trained using the previous output. This iterative process ensures
that the least derivative model is pursued at different intervals. The extracted features from the input retinal
image are analyzed based on brightness observation, enabling the selection of fundus region features for more
accurate and efficient fundus detection. The use of these techniques enhances the precision of identifying the
fundus region, thereby improving the diagnostic process for diabetic patients.

True Positives

Sensitivity/Recall = — - (14)
True Positives + False Negatives

In Eq. (14), sensitivity measures the proportion of actual positive cases that the model correctly iden-
tifies. It is the ratio of correctly predicted positive observations to actual positives. For fundus detection in
diabetic patients, the good region and fundus region are identified separately through brightness correction
with minimum variations. Maximum accuracy is achieved using the derivative model for fundus detection,
which considers similarity features through DL. The least derivative is identified based on potential feature
extractions and the training process. The selection process uses the input retinal image and previous output
to select specific region features. As a result, the least derivative model is applied to select precise features,
improving the fundus detection precision and enhancing the sensitivity of feature selection in inaccurate
iterations. This leads to higher sensitivity, ensuring more accurate identification of fundus features for

diabetic patients.
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Figure 9: Sensitivity analysis
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5.4 Error

The selection of precise features for fundus detection in retinal image observation through a DNN
is illustrated in Fig. 10. The process involves identifying similar features and applying the least textural
derivative model with minimum variations. This approach helps reduce complexity and minimize errors in
fundus detection, enabling more accurate and efficient retinal image analysis.

Error =1- Accuracy (15)

Errorin Eq. (15) represents the proportion of misclassifications by the model, calculated as 1 — Accuracy,
where accuracy is the ratio of correctly predicted observations to the total observations. The proposed fundus
region selection model achieves lower error rates and enables the DNN to compute fundus detection with
high precision. Retinal imaging processes adapt to individual variations, ensuring continuous monitoring
and analysis for fundoscopic diagnosis with maximum accuracy. The final derivative processing minimizes
computational overload by analyzing the input retinal image for feature extraction with minimal variation.
Continuous monitoring simplifies identifying the fundus region in the human eye, facilitating easy diagnosis.
The hidden layers of the neural network operate during the identification of significant derivatives, which
may exhibit lower precision over varying iterations but maintain high sensitivity due to feature variation
changes. These computations, detailed in Eqs. (4)-(8), ensure that error remains minimal, enhancing the
model’s reliability for precise fundus detection.
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Figure 10: Error analysis

5.5 Extraction Time

The Extraction Time metric in Eq. (16) represents the duration required for feature extraction or data
preprocessing within the algorithm. It is often measured in seconds or other appropriate units of time.

Extraction Time = Time taken for feature extraction or preprocessing (16)

In Fig. 11, the process for fundus region selection leverages the least derivative and minimum variations
to identify features in layer 2. Using DL, the model determines similarity features by comparing variations
in the current image with the previous output, ensuring precise detection. Sequential monitoring of fundus-
affected patients enables continuous analysis of feature extraction to detect errors and false positives at
any time. The patient’s least textural derivative and maximum variations are examined to detect DR and
correlate similar features with stored fundus images, reducing errors in the analysis sequence. This derivative
model employs a DNN to process variations from stored images, minimizing errors and feature extraction
time. Extracted features allow for selecting good regions and fundus regions without complexity. The DNN
trains on the minimum derivatives identified over varying iterations, improving fundus detection precision.
Despite an increase in computational cost during iterative training, this one-time expense does not affect
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the inference phase. The feature extraction time remains constant at 1.462 s during real-world application.
For large datasets, where inference is frequently performed, the time saved during feature extraction far
outweighs the initial training overhead, enabling efficient and accurate fundoscopic diagnosis for patients.
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Figure 11: Extraction time analysis

5.6 Complexity

The proposed fundus detection method for diabetic patients emphasizes selecting fundus region
features from input retinal images to minimize feature extraction time and reduce complexity during
observation and analysis. Minimum variation in the significant derivative is identified to select good
regions with maximum accuracy, controlling variations in the initial image-processing phase. In layer 2 of
the DL process, maximum variation is reduced across varying iterations and time intervals. This process
identifies errors and overloaded computations during fundus region selection. If errors occur during image
processing, the learning model retrains using selective features and their corresponding extractions. Stored
fundus images are leveraged to facilitate current image processing across different time intervals, reducing
complexity. The proposed derivative model analyzes machine-observed eye images for diagnosing and
treating fundus diseases while minimizing errors and variations. This approach reduces overall complexity,
as illustrated in Fig. 12. A comparative analysis of varying features and filtering rates is presented in Tables 5
and 6, displaying the method’s efficacy in achieving precise fundus detection and error reduction.

0.4 WMANN =MSSM ®MCGL-Net mDMFD-DNN EMANN ®=MSSM wMCGL-Net mDMFD-DNN
035 A
4
- 03 0.35 -
5,025 T 034
5 -- 2025 -|
g'o 2 02
S 0.15
s :
o 01 1
0.05 0.05
0
T 9 10 11 111 14 lll 0.2 03 l].t 0.5 EIE- 0.7 08 09
Features Filtering Rate

Figure 12: Complexity analysis
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Table 5: Comparative analysis summary of features

Metrics MANN MSSM MCGL-Net DMFD-DNN Findings
Precision 0.755 0.804 0.812 0.949 15.95% High
Sensitivity 0.564 0.682 0.857 0.915 10.74% High

Error 0.176 0.129 0.084 0.054 7.54% Less

Extraction Time (s) 5.311 4.472 3.271 1.462 11.04% Less
Complexity (s) 0.374 0.256 0.179 0.093 8.83% Less

Accuracy 0.741 0.816 0.862 0.956 14.98 % High

Specificity 0.785 0.823 0.874 0.964 13.67 % High

Table 6: Comparative analysis summary of filtering rate

Metrics MANN MSSM MCGL-Net DMFD-DNN Findings
Precision 0.709 0.803 0.893 0.9425 14.08% High
Sensitivity 0.623 0.757 0.854 0.9472 10.13% High

Error 0.165 0.125 0.094 0.0545 7.35% Less

Extraction Time (s) 5.33 4.38 3.28 1.506 10.87% Less
Complexity (s) 0.373 0.261 0.186 0.0769 9.82% Less

Accuracy 0.712 0.856 0.911 0.954 12.77 % High

Specificity 0.695 0.812 0.882 0.946 14.97 % High

5.7 Specificity Ratio

The Specificity Ratio, depicted in Fig. 13, is a critical performance metric that evaluates the model’s
ability to accurately identify the true negatives, distinguishing normal cases from all actual negatives. In
fundus image analysis, achieving a high specificity ratio is vital to minimizing diagnostic errors and avoiding
unnecessary medical procedures. The results presented in Fig. 13 demonstrate the model’s robustness,
indicating its high specificity even in scenarios with imbalanced datasets or overlapping feature spaces. This
capability underscores the model’s suitability for clinical applications, where the precise classification of
normal and abnormal retinal images is paramount for ensuring accurate diagnoses and patient care.
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5.8 F1-Score Ratio

Fig. 14 illustrates the Fl-score Ratio, which provides a balanced assessment of the model’s performance
in fundus detection by integrating both precision and recall into a single metric—the harmonic mean. This
metric is particularly beneficial for evaluating models applied to unbalanced datasets, as it accounts for both
false positives and false negatives. In the context of fundus detection, the F1-score Ratio highlights the model’s
effectiveness in accurately distinguishing true anomalies from false alarms. The consistent performance
observed in Fig. 14, with high Fl-scores maintained across varied experimental conditions, underscores the
robustness and adaptability of the proposed method. This resilience is crucial for addressing the inherent
challenges posed by clinical datasets, ensuring reliable and precise diagnostics.
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Figure 14: Fl-score ratio

5.9 Accuracy

Tables 5 and 6 demonstrate a significant improvement in the accuracy rates across various methodolo-
gies, highlighting the effectiveness of the proposed strategy compared to existing approaches. The suggested
method achieves a precision of 0.956, marking a 14.98% increase over the next most effective technique,
which signifies considerable progress in fundus detection. The consistent enhancement in correctly identi-
tying fundus images across the evaluated methods reflects the growing sophistication of fundus detection
systems. The proposed method also attains a precision rate of 0.954, outperforming all other methods
assessed, with a notable improvement of 12.77% over the closest alternative. This continuous upward trend
in accuracy highlights the ongoing advancements and effectiveness of fundus detection technologies.

5.10 Specificity

The study compared various methodologies, including MANN, MSSM, MCGL-Net, and DMFD-DNN,
focusing on their characteristics and filtration rates. The findings, as shown in Tables 5 and 6, indicate
substantial improvements in specificity with the proposed DMFD-DNN method. The initial set of specificity
values showed a 13.67% improvement from MANN to DMFD-DNN, with DMFD-DNN achieving the
highest specificity of 0.964. This marks a significant advancement in accuracy compared to earlier methods,
demonstrating DMFD-DNN’s effectiveness in identifying negative instances in fundus detection. The
subsequent set of specificity values further illustrates notable improvements, with DMFD-DNN reaching the
best specificity score of 0.946, reflecting a substantial enhancement in specificity compared to other methods.
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DMFD-DNN, a deep learning technique, enhances segmentation accuracy by integrating multi-level
distant relational modeling and attention mechanisms. This algorithm effectively detects fundus regions in
complex images, reducing error rates and improving patient outcomes. Additionally, it boosts resource effi-
ciency by prioritizing relevant features and eliminating unnecessary calculations, leading to faster processing
and lower computational demands. The DMFD-DNN model is highly flexible and robust, consistently
delivering strong performance across various datasets despite differences in fundus images. However, its
application requires access to extensive and diverse datasets for effective training, which may necessitate
significant computational resources. Uniform rating criteria can help ensure fair and equitable comparisons
among different methodologies.

6 Conclusion

This article introduces a derivative model for fundus detection, supported by a DNN, to enhance
fundoscopic diagnosis. The proposed model extracts specific features by analyzing different regions and
segment derivatives, classifying them based on their minimum and maximum variations to reduce false
rates. The process addresses the correlation between textural derivatives and minimum variations to avoid
additional complexity. The learning process operates in two layers: the first identifies less accurate features
using minimum and maximum correlations, while the second layer focuses on identifying precise features
and their regions. Increasing the number of processing instances improves feature selection over time, with
textural derivatives helping to prevent errors during training iterations. The model achieves improvements
in precision (15.95%), sensitivity (10.74%), error reduction (7.54%), extraction time (11.04%), and complexity
(8.83%). However, challenges such as complex computations, noise sensitivity, potential dataset biases, and
data privacy concerns persist. Solutions include improving network design, applying model compression
techniques, leveraging hardware acceleration, using preprocessing methods to reduce noise, enhancing
model generalization through robust training, and ensuring careful data curation to address biases.
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