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Abstract: Iris diagnosis based on the sophisticated patterns and properties of the human iris has appeared
as a prospective method for use in medicine, particularly in ophthalmology and biometrics. Deep learning
methodologies have gained substantial attention over recent years due to their ability to automate and
enhance iris diagnosis at high accuracy and reliability. This critical analysis discusses the different deep
learning architectures and techniques employed in iris diagnosis, with primary emphasis on convolutional
neural networks (CNNs), recurrent neural networks (RNNs), and hybrid models integrating traditional
image processing techniques with machine learning algorithms. We discuss key challenges encountered
in iris recognition, including changes in lighting, image quality, and occlusions, and how deep learning
technologies counter these challenges. The review also includes different deep learning data sets,
performance measures, and performance analysis of existing models. We also discuss the clinical
application of iris diagnosis, specifically its application in the detection of disease, e.g., glaucoma, diabetic
retinopathy, kidney disease and other eye diseases. We finally offer potential future directions within the
field, including the requirement for more robust models, real-time diagnosis, and compatibility with
wearable technology. This review is intended to offer a comprehensive summary of the present status of
deep learning technologies within iris diagnosis and their potential in future medical advancement.

Keywords: Iris Diagnosis; Deep learning; Diabetic; ocular diseases; Convolution neural network; Recurrent
Neural Network;

Introduction

In the past decade, the blend of image processing and machine learning has picked up tremendous
momentum in the area of addressing real-world problems where surveillance and medical image analysis
are priorities [1],[2], [3]. Among the last two decades, alternate medicine and early diagnosis are the
primary requirements in health care system to supply quality health services and also to save from
numerous complications [4]. Iris diagnosis (iridology) has been applied globally to examine the patient's
health. The Iris of human eye helps a lot in monitoring health status during the assessment of potential
disruption of the internal body organs [5].

Figure 1 shows the different regions for different organs in the human body [6]. A sign, pattern or spot
can occur due to any weakness or damage of the organ [7]. These iris-patterns can help us determine the
affected or involved organ [8]. Figure 2 depicts the seven areas around the iris that surround the student

(8], [9].
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Figure 1. Iridology chart

Figure 1 shows the different regions for different organs in the human body [6]. A sign, pattern or spot
can occur due to any weakness or damage of the organ [7]. These iris-patterns can help us determine the
affected or involved organ [8] [9].

This paper presents an extensive overview of the applications of deep learning (DL) in iris diagnosis,
including several ophthalmic conditions and diagnostic techniques. This paper analyzes the techniques
employed and gauges the effectiveness of various DL models, and the pros and cons of this new research
area.

The evolution of Deep Learning in Ophthalmic Diagnosis

The increasing availability of large ophthalmic image datasets, and Advances in deep learning algorithms
have greatly propelled progress in automated iris recognition. diagnostic assessment. The article
summarizes remarkable findings from the latest research, highlighting the potential of DL to revolutionize
the practice of ophthalmology. [10] [11] [12] The integration of DL to ophthalmic practice can provide
more accurate diagnosis increased effectiveness, coupled with increased accessibility of healthcare
services, particularly in resource-poor settings. The capacity to automate processes such as image
segmentation, feature extraction, and disease classification can be significantly minimized the pressures
on ophthalmologists, allowing them to handle more complex cases and patient interaction. Diagnostic
tools based on DL can also enable early identification of the various eye diseases, which can be cured
immediately and better patient outcomes. Transitioning to Al-driven diagnosis tools also has the
advantage chances offered by telemedicine for remote monitoring and diagnosis of individuals residing in
rural or underprivileged communities. However, it is important to mention that challenges inherent to
this field, e.g., the need for high-quality, large datasets, rigorous model validation and sound consideration
of moral issues.
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Deep Learning Architectures for Iris Image Analysis

Convolutional Neural Networks (CNNs) and Their Variants

Convolutional Neural Networks (CNNs) are the leading deep learning architecture for image analysis tasks
since they can learn autonomously hierarchical feature representations of raw pixel data. Their success
across a variety image-related tasks, such as image classification, object detection, and Segmentation
made them a naturally appropriate candidate for iris image analysis. [13] [14] [15] Ininiris diagnosis, CNNs
are employed to learn informative features from iris images, which can then be used for classifying
different ophthalmic conditions. Most variants of CNNs have been employed, each of which has strengths
and weaknesses.

ResNet, for instance, addresses the vanishing gradients problem of deep neural networks. via the
application of skip connections, thereby allowing training to be performed much deeper networks with
greater accuracy. [13] InceptionResNet combines the Inception module, which applies parallel
convolutional layers with varied kernel sizes in order to capture multi-scale features, utilizing ResNet
architecture to further enhance performance. [14] EfficientNet targets scaling network depth, width, and
resolution in a balanced strategy, with cutting-edge precision and maintaining computational efficiency.
[16] U-Net, on the other hand, is specifically designed for image segmentation tasks, capturing both the
local and the global context well in the image to produce proper segmentation masks. [8] Choosing the
CNN architecture depends on the specific application, dataset size, computational resources, and targeted
performance qualities. Data enhancement strategies, such as image Rotation, flipping, and scaling are
most often used to improve the size and range. of the training set, avoiding overfitting and encouraging
model generalization. [13] [17] [18] These methods are crucial in the improvement of the strength and
accuracy of CNN models of iris image processing.

Recurrent Neural Networks (RNNs) and Long Short-Term Memory (LSTM) Networks

Recurrent Neural Networks (RNNs) are designed to handle sequential data. data, as compared to the
feedforward nature of CNNs. Their capacity to have an internal state and process data over time render
them amenable to temporal analysis iris characteristic or combining information from several captured
images over time. [19] Long Short-Term Memory (LSTM) networks, a type of RNN, are particularly well-
equipped to deal with long-distance dependencies in sequential data, addressing the problem of the
vanishing gradient that may hinder the efficiency of standard RNNs. LSTMs, in the case of iris diagnosis,
can be used to investigate Longitudinal changes of iris features, especially those that are progressive
diseases such as glaucoma or diabetic retinopathy. For instance, an LSTM may learned from a sequence
of iris scans taken over several decades to predict the progression of a particular condition or assess the
effectiveness of a treatment.

However, the use of RNNs and LSTMs in iris diagnosis is comparatively less examined in contrast to CNNs.
[19] Additional work must be done to research the entire ability of such structures in handling temporal
data and improving diagnostic accuracy. The blend of CNNs and RNNs, wherein CNNs capture spatial
details from single images and RNNs handle the temporal order of Features can offer a strong hybrid
approach to longitudinal iris data analysis.
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Hybrid Models and Multimodal Approaches

The constraints inherent in some deep learning frameworks have prompted scholars to examine
hybrid models that leverage the advantages of various architectures to enhance performance. Hybrid
methods generally include CNNs for feature extraction and additional architectures, the latter of which
supports Support Vector Machines (SVMs) or transformers. segmentation or classification. For instance,
research has combined CNNs with SVMs to take advantage of the strong feature extraction ability of CNNs
and the strong classification capacity of SVMs. [14] [19] The fusion of CNNs with transformers, which
utilize the transformers' capability of perceiving long-distance. The data interdependencies have proved
to be effective in improving the accuracy of iris.
Image analysis. [20] Multimodal approaches are another significant progress in iris diagnosis, integrating
information from more than one source to enhance the stability and reliability of the diagnostic process.
[14] [19] [20] These Techniques commonly combine iris photography with other relevant patient
information, including such as age, medical history, and genetic information, to provide a more a full
description of the patient's condition. The merging of varied data types can substantially improve
diagnostic precision and enable detection of subtle patterns which can be lost when a single modality is
used. The creation of successful methods for data fusion of different modalities remain active area of
research.

Iris Segmentation and Feature Extraction

Accurate segmentation of the iris is a critical initial step in iris image processing as it defines the area of
interest (AOIl) to be processed. The effectiveness of the segmentation significantly determines the
accuracy of the subsequent phases of feature extraction and classification. [15] [20] [21] Traditional iris
segmentation methods have the tendency to apply handcrafted features and algorithms, which are
sensitive to image variations.

However, deep learning-based segmentation methods, such as U-Net, have demonstrated remarkable
gains in accuracy and resilience. [15] [20] These methods learn automatically the iris characteristics that
distinguish it from the surrounding anatomy, and they are less sensitive to variations in image quality but
provide greater flexibility when dealing with different datasets. Using multi-class segmentation, which
divides different components of the eye (e.g., pupil, iris, sclera), can provide more information that can
lead to greater accuracy in iris analysis. [21] However, low-quality or oblique iris image segmentation is
still difficult, as occlusions, poor illumination, and gaze angle variations can significantly impair
segmentation quality. Sophisticated methods, such as the incorporation of attention mechanisms or
hybrid architectures using CNNs with other models are under investigation to solve these challenges and
enhance segmentation accuracy in difficult situations. Efficient and accurate iris segmentation techniques
are required for the reliable use of deep learning in iris diagnosis.

Applications of Deep Learning in Iris Diagnosis

Chronic Kidney Disease (CKD) Detection

The use of deep learning (DL) for the identification of chronic kidney disease (CKD) by iris analysis is a new
area of research. The capability of DL to identify subtle changes in iris patterns associated with CKD that
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might not be necessarily detectable to human observers has been explored through research. [22] These
changes can be identified as changes in iris texture, pigmentation, or vascular structures. Deep learning
models, particularly convolutional neural networks (CNNs), possess the capability of identifying complex
interrelationships between such parameters and CKD severity or presence. [22] In one research study, a
DL model correctly identified the iris photographs of dogs with CKD and could potentially outperform
veterinary imaging specialists. [22] This is reflective of the potential of DL as a useful tool in the facilitation
of CKD diagnosis as it can provide consistent and objective assessment. More effort, however, needs to
be done to replicate these findings in larger and more diverse groups of humans and assess the clinical
utility of DL-based CKD detection by iris testing. Standardized image acquisition and annotation protocols
need to be developed to render the data reproducible and reliable.

Diabetic Retinopathy (DR) and Other Retinal Diseases

Diabetic retinopathy (DR) is a leading cause of visual loss globally, and early identification is critical for
successful treatment. Deep learning has shown great promise for automating DR identification and
grading from retinal fundus pictures. [10] [23] While most research focuses on retinal imaging, the use of
iris images for DR detection is also being investigated. Changes in iris characteristics, including vascular
patterns and pigmentation, may indicate DR. Deep learning algorithms may be trained to detect these
tiny changes and determine the severity of DR. [10] [23] The adoption of lightweight CNN models, which
are built for fast processing on mobile devices, enables the creation of point-of-care diagnostic tools that
may be used in resource-constrained environments. [23] Integrating deep learning with mobile apps can
improve patient outcomes by allowing for early screening and identification of DR. Validating DL models
trained on iris pictures for DR detection requires larger and more diversified datasets to ensure accuracy
and generalizability. Adopting this technique requires strong and dependable models that can manage
fluctuations in picture quality, lighting, and patient demographics.

Glaucoma and Anterior Segment Diseases
Glaucoma, a progressive ocular neuropathy, is a major cause of permanent blindness. Early identification
and monitoring are critical for managing glaucoma and preventing visual loss. Deep learning can automate
glaucoma diagnosis and assessment using imaging modalities including eye OCT and fundus photography.
[14] [24] [25] Research is exploring the use of iris pictures for glaucoma detection, in addition to retinal
scans. Glaucoma can be linked to changes in iris properties such the anterior chamber angle and shape.
Deep learning algorithms can recognize and categorize changes in glaucoma severity. [14] [24] [25] Using
hybrid models that combine CNNs and other architectures, like as transformers, can enhance glaucoma
detection accuracy and resilience. [25] These algorithms can diagnose glaucoma by both local and global
characteristics in iris pictures.
Automated glaucoma identification using iris photographs can enhance access to prompt diagnosis and
treatment, especially in underprivileged communities. Further research is required to confirm the efficacy
of these systems in varied populations and solve difficulties related to picture quality and patient
characteristics.
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Other Ophthalmic Applications

Deep learning is becoming used in ocular applications beyond CKD, DR, and glaucoma. Deep learning
models can help detect and analyze cataracts, a primary cause of blindness. [16] These algorithms
examine iris pictures to detect lens transparency changes and identify cataracts. [16] Iris tumors, while
less prevalent, are a dangerous problem that should be detected early. Deep learning models may detect
tumors in iris scans by identifying worrisome aspects. [11] Applications include detecting infectious
keratitis, a dangerous corneal infection, and assessing anterior chamber angle characteristics, which are
critical for managing glaucoma.

[26] [11] Deep learning in ophthalmology may enhance diagnosis accuracy and efficiency for a variety of
disorders, as demonstrated by these examples. Additional study is needed to confirm the performance
and clinical value of deep learning-based diagnostic tools, assuring their reliability and safety. Responsible
technology deployment requires careful consideration of ethical consequences, such as data privacy and
bias prevention.

Research Finding

While deep learning has made tremendous progress in iris diagnosis, there are still issues and constraints
to address. Obtaining big, high-quality datasets for training and verifying deep learning models is a
significant difficulty. [27] [28] Insufficient data can cause overfitting, where models excel on training data
but struggle on new data. Inaccurate or unjust predictions can result from data bias, which occurs when
training data is not representative of the target population. [27] [28] DL models must be adaptable to
various demographics and imaging modalities to be effective. Models trained on one dataset may not
perform well on other datasets obtained with different equipment or populations. [18] Validation studies,
especially external validation on separate datasets, are essential to ensure the reliability and therapeutic
value of deep learning models. [27] Interpreting DL model predictions might be problematic due to
unclear decision-making explanations. This lack of transparency may impede the use of DL models in
clinical practice, as clinicians seek clear and accessible explanations for diagnostic decisions. The ethical
issues of employing deep learning in clinical decision-making, such as data privacy and bias, must be
carefully explored. [29] Addressing these problems is crucial for appropriate and successful use of deep
learning in iris diagnostics.

Table 1. Compares this work with the related work or previous research by other researchers

Reference | Method Observation / Limitation

[1] This study developed a deep-learning framework | Model exhibited a low accuracy
capable of reliably classifying CKD IRIS stages 3 and 4 | of 0.46 in multi-class
in dogs using ultrasonograms. classification. Model accuracy

with 0.85% for binary class.

[2] The development of a lightweight convolutional | The best one having an accuracy
neural network (CNN)-based model for segmentation | of 90.72 %.

of retinal vessels and a mobile application for DR
grading.
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[3] A multitask deep learning method for simultaneous | No Clinical application of our
segmentation and landmark detection in AS-OCT | approach to a patient

(Optical Coherence Tomography) images, undergoing cataract surgery
demonstrate
[4] Model has the potential to address glaucoma using | Dataset used is fundus images

CNN model’s problem of classification accuracy, and
with imaging data,

[5] The artificial neural network is also used for | The whole process shows that
classification and feature extraction of diabetic | accuracy of 90-92 % between
detection using iris. diabetic and non-diabetic

patient’

[6] Concentrated on eye pathology and specifies whether | The principal outcome measure
eye disease will cause the iris recognition process to | was that of mathematical
fail difference in the iris

recognition templates obtained
from patients’ eyes before and
after treatment of the eye
disease.

Future Directions and Conclusion

This is the section in which you should introduce the readers to the key contributions your paper has
made. While it is always good to have novelty, however, for proceedings the novelty is not the primary
criterion. The criterion in proceedings is how you are adding additional information to the existing body
of knowledge. Eg. Your observations may be original.

The future of deep learning in iris diagnostics seems quite promising. Ongoing research aims to create
more accurate, resilient, and efficient models that can overcome the limits of present methodologies. [10]
[12] The creation of innovative deep learning architectures, such as enhanced CNN variants or hybrid
models that combine CNNs with other architectures like as transformers, is an important topic of study.
[10] Integrating multimodal data, including iris pictures and other patient information, can increase
diagnosis accuracy and discover subtle patterns that may be overlooked with a single modality. [12]
Standardized datasets with uniform picture acquisition techniques and extensive annotations are
essential for model comparison, validation, and generalization. This will help researchers create more
robust and trustworthy models that can be deployed in many clinical contexts. Developing explainable Al
(XAl) strategies improves the transparency and interpretability of deep learning (DL) models, making them
more acceptable to doctors and easier to integrate into clinical processes. The responsible development
and deployment of deep learning in iris diagnosis require careful consideration of ethical implications,
including data privacy, bias mitigation, and the potential impact on clinical decision-making.

In conclusion, deep learning holds immense potential to revolutionize iris diagnosis, offering the prospect
of improved diagnostic accuracy, increased efficiency, and enhanced accessibility to care. However,
addressing the challenges related to data availability, bias mitigation, model validation, and
interpretability is essential for realizing the full potential of this technology.
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