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Abstract— Diabetic retinopathy (DR) is a significant cause 
of vision impairment among individuals with diabetes. Early 
detection and timely intervention are crucial for preventing 
vision loss. This study presents a deep learning-based approach 
for the prediction of diabetic retinopathy using retinal images. 
We employed a convolutional neural network (CNN) 
architecture to extract meaningful features from a large dataset 
of retinal images. The dataset consisted of both normal and 
diabetic retinopathy-affected images, with gradings for the 
severity of DR. Our model achieved promising results in 
classifying retinal images into different stages of diabetic 
retinopathy, with high accuracy and sensitivity. 

 

Keywords: DR grading, DR detection, deep learning, convolutional 

neural network, retinal fundus images. 

 

INTRODUCTION 

 

Diabetic retinopathy (DR) is a chronic complication of 

diabetes that damages the retina. Diabetic retinopathy (DR) is 

a severe and progressive eye disease that affects individuals 

with diabetes. The blindness caused by DR can be prevented 

through regular fundus examinations Researchers have 

explored various methodologies, including convolutional 

neural networks (CNNs), transfer learning, and the integration 

of diverse datasets, to enhance the predictive capabilities of 

these models. Moreover, efforts have been made to 

incorporate not only imaging data but also relevant clinical 

information, such as patient demographics and medical 

history, to improve the overall accuracy and clinical relevance 

of predictive systems. 

 

This project focuses on developing an advanced deep learning 

model for predicting diabetic retinopathy through the analysis 

of retinal images. Leveraging state-of-the-art machine learning 

techniques, the project encompasses diverse stages, starting 

with the collection and preprocessing of a comprehensive 

retinal image dataset. The model architecture, rooted in 

Convolutional Neural Networks (CNNs), undergoes fine-

tuning and transfer learning to adapt to the unique features of 

diabetic retinopathy. 

This project focuses on developing an advanced deep learning 

model for predicting diabetic retinopathy through the analysis of 

retinal images. Leveraging state-of-the-art machine learning 

techniques, the project encompasses diverse stages, starting with 

the collection and preprocessing of a comprehensive retinal image 

dataset. The model architecture, rooted in Convolutional Neural 

Networks (CNNs), undergoes fine-tuning and transfer learning to 

adapt to the unique features of diabetic retinopathy. 

 

DENSENET 

 

The term "Densely Connected Convolutional Network" 

(DenseNet) refers to a type of neural network architecture that is 

particularly effective for image classification tasks. DenseNet 

introduces a unique connectivity pattern among layers compared 

to traditional convolutional neural networks (CNNs). Let's 

elaborate on the key aspects of DenseNet. Parameter Efficiency-

Dense connectivity encourages feature reuse, reducing the number 

of parameters compared to traditional architectures. Mitigating 

Vanishing Gradient-The dense connections help alleviate the 

vanishing gradient problem by providing shorter paths for 

gradients to propagate during training.
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Dense Connectivity: In a DenseNet, each layer is connected to 

every other layer in a feed-forward fashion. This is in contrast to 

traditional architectures where layers are typically connected 

sequentially. 

Dense Blocks: The building block of DenseNet is the "Dense 

Block." A dense block comprises several densely connected 

layers. Each layer receives feature maps from all preceding layers 

as inputs, and its own feature maps are used as inputs by all 

subsequent layers within the block.  

Bottleneck Layers: Within a dense block, bottleneck layers (1x1 

convolutions) are often used to reduce the number of input feature 

maps before passing them to the subsequent layers. This helps in 

reducing computational complexity.  

Transition Layers: Between dense blocks, transition layers are 

used to downsample the spatial dimensions (width and height) of 

the feature maps. This is typically done using pooling layers. 

Additionally, 1x1 convolutions may be employed to adjust the 

number of feature maps. 

 

TECHNOLOGIES USED 

 

MATLAB serves as the primary programming language for 

implementing the proposed methodology. Its syntax facilitates 

mathematical computations, image processing, and algorithm 

development. Enables efficient and streamlined implementation 

of the entire diabetic retinopathy detection process, from 

preprocessing to image detection. 

 

SCOPE OF THE PROJECT 

 

The prediction of diabetic retinopathy through deep learning on 

retinal images offers a transformative scope in advancing early 

diagnosis, personalized treatment, and population wide 

screening. This technology not only reduces the burden on 

healthcare systems but also facilitates telemedicine integration, 

continuous monitoring, and global public health impact. 

Collaboration with healthcare professionals, ongoing research, 

and ethical considerations are central to realizing the full 

potential of this approach, promising improved outcomes for 

diabetic patients worldwide. In the pursuit of diagnosing 

diabetic retinopathy through deep learning, diverse approaches 

harness the capabilities of neural networks to interpret retinal 

images. 

Convolutional Neural Networks (CNNs) serve as the backbone, 

extracting intricate features essential for precise classification. 

Transfer learning, a prevalent strategy, capitalizes on pretrained 

models' knowledge, fine-tuning them to discern diabetic 

retinopathy markers from retinal scans. Ensemble methods 

fortify predictions by amalgamating insights from multiple 

models, fostering heightened accuracy and resilience. 

 
 

 

 

 

 

 

 

 

 

 

 

 

OBJECTIVE 

 

Develop an accurate and robust deep learning model for the 

prediction of diabetic retinopathy (DR) through analysis of retinal 

images, aiming to enhance early diagnosis and intervention. The 

primary goal is to achieve high sensitivity and specificity in 

identifying different stages of DR, ultimately contributing to the 

improvement of patient outcomes and reducing the burden on 

healthcare resources." our primary objective is to develop an 

advanced deep learning model for predicting diabetic retinopathy 

through the analysis of retinal images. The foundation of this 

project lies in the comprehensive collection and preprocessing of 

a diverse dataset, encompassing various stages of diabetic 

retinopathy. Leveraging state-of-theart deep learning 

architectures, particularly Convolutional Neural Networks 

(CNNs), we aim to design a model that not only achieves high 

accuracy but is also interpretable and scalable. Through 

comprehensive documentation, knowledge transfer initiatives, 

and collaboration with healthcare practitioners, we aim to 

empower the medical community with a tool that significantly 

enhances the early diagnosis and management of diabetic 

retinopathy, ultimately improving patient outcomes. 

 

 

LITERATURE SURVEY 

 

A degenerative condition that affects the eyes, diabetic 

retinopathy (DR) is a result of diabetes mellitus, a condition in 

which elevated blood glucose levels cause lesions on the retina of 

the eyes. For diabetic patients, especially those in underdeveloped 

countries who are of working age, diabetic retinopathy is thought 

to be the primary cause of blindness. Because the illness is 

permanent, the goal of treatment is to maintain the patient's 

existing level of eyesight. Effective management of diabetic 

retinopathy requires early identification in order to preserve the 

patient's vision. The primary problem with DR detection is that it 

requires a lot of time, money, and effort to manually diagnose, 

which entails having an ophthalmologist examine retinal 

fundus photographs.[1]. 

The realm of diabetic retinopathy detection through deep learning 

methods has witnessed remarkable advancements. Introducing a 

highly accurate deep learning algorithm for detecting diabetic 

retinopathy from retinal fundus photographs. Additionally, 

proposed a system focusing on automated detection of diabetic 

retinopathy and macular edema. DR with a deep neural network-

based algorithm to classify severity levels of diabetic retinopathy 

from fundus images. This model presented a model for automated 

grading of diabetic retinopathy using extensive retinal image 

datasets.[2]. 

 

Recent literature on diabetic retinopathy classification using 

multipath CNNs and machine learning classifiers demonstrates a 

concerted effort towards enhancing accuracy and efficiency. 

Studies have extensively explored multipath CNN architectures to 

extract intricate features from retinal images, leveraging the 

network's ability to capture nuanced details.[3]. 

 

Automatic detection using new technologies for early detection can 

help avoid complications such as the loss of vision. Currently, with 

the development of Artificial Intelligence (AI) techniques, 

especially Deep Learning (DL), DL-based methods are widely 

preferred for developing DR detection systems. For this purpose, 

this study surveyed the existing literature on diabetic retinopathy 

diagnoses from fundus images using deep learning.[4] 

The research on automatic detection of blood vessels and 

classification in retinal images for diabetic retinopathy diagnosis 
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using Convolutional Neural Networks (CNNs) has been an area 

of active exploration. Various studies have delved into this topic, 

aiming to enhance the accuracy and efficiency of diabetic 

retinopathy diagnosis. Research often focuses on leveraging 

CNNs for feature extraction, segmentation of blood vessels, and 

classification of retinal images to aid in early detection and 

management of diabetic retinopathy. Several approaches have 

been proposed, including different CNN architectures, pre-

processing techniques, and optimization strategies to achieve 

more precise results. Some studies also incorporate machine 

learning algorithms to improve the overall performance of the 

system.[5]. 

 

Automatic detection using new technologies for early detection 

can help avoid complications such as the loss of vision. 

Currently, with the development of Artificial Intelligence (AI) 

techniques, especially Deep Learning (DL), DL-based methods 

are widely preferred for developing DR detection systems. For 

this purpose, this study surveyed the existing literature on 

diabetic retinopathy diagnoses from fundus images using deep 

learning and provides a brief description of the current DL 

techniques that are used by researchers in this field.[6]. 

 

Prevention of DR is the early detection of a violation of 

morphology and a deterioration in the light sensitivity of the 

retina associated with this disease. To do this, highly informative 

methods of non-invasive retinal research are needed, with 

predictive capabilities. In this article, we propose an autonomous 

algorithm for such diagnostics, based on the training of the 

Artificial Neural Network (ANN) and the preprocessing of the 

image by an anisotropic diffusion filter. It allows not only to 

detect pathologies moreover to provide them with probabilistic 

evaluation of a possible variant of the disease.[7]. 

The epidemic nature of diabetes mellitus in different regions is 

reviewed. The Middle East and North Africa region has the 

highest prevalence of diabetes in adults (10.9%) whereas, the 

Western Pacific region has the highest number of adults 

diagnosed with diabetes and has countries with the highest 

prevalence of diabetes (37.5%). Different classes of diabetes 

mellitus, type 1, type 2, gestational diabetes and other types of 

diabetes mellitus are compared in terms of diagnostic criteria, 

etiology and genetics. The molecular genetics of diabetes 

received extensive attention in recent years by many prominent 

investigators and research groups in the biomedical field.[8]. 

Automatic detection using new technologies for early detection 

can help avoid complications such as the loss of vision. 

Currently, with the development of Artificial Intelligence (AI) 

techniques, especially Deep Learning (DL), DL-based methods 

are widely preferred for developing DR detection systems.[9]. 

 

The objective of this study is to provide an optical coherence 

tomography (OCT) image based diagnostic technology for 

automated early DR diagnosis, including at both 

grades 0 and 1.[10]

In this paper, we propose a new strategy, which applies multiple 

weighted paths into convolutional neural network, called the WP-

CNN, motivated by the ensemble learning.[11] 

 

 
PROPOSED SYSTEM 

 

The main objective of this work is to build a stable and 

noise compatible system for detection of diabetic retinopathy. This 

work employs the deep learning methodology for detecting the 

diabetic retinopathy based on severity level (No DR, Mild, 

Moderate, Severe and Proliferative DR). Many processes were 

carried out before feeding the images to the network. We use CNN 

Densenet architecture for DR classification and Expectation 

maximisation for segment the Diseased This work employs the 

deep learning methodology for detecting the diabetic retinopathy 

based on severity level (No DR, Mild, Moderate, Severe and 

Proliferative DR). In this proposed method, the datasets from both 

diabetic and non-diabetic patients are used to train the DL model. 

"Densely Connected Convolutional Network" (Dense Net) refers 

to a type of neural network architecture that is particularly used for 

DR image classification tasks. The proposed deep learning model 

shows promising results in classifying the DR images. Deep 

learning models can detect signs of diabetic retinopathy in its early 

stages, allowing for timely intervention and treatment, potentially 

preventing vision loss. These models can analyze retinal images 

with high accuracy and precision. These models can be integrated 

into existing healthcare systems, potentially reaching underserved 

populations or remote areas. Early detection and intervention 

through these predictive models can potentially reduce healthcare 

costs associated with advanced-stage diabetic retinopathy 

treatments or vision loss. The use of deep learning in predicting 

diabetic retinopathy fosters ongoing research and development in 

the field of ophthalmologist 

Early detection of diabetic retinopathy symptoms by deep learning 

models enables prompt diagnosis and therapy, perhaps averting 

visual loss. These models are highly accurate and precise in their 

analysis of retinal pictures. These approaches have the ability to 

reach disadvantaged groups or rural places by being incorporated 

into current healthcare systems. These predictive algorithms have 

the potential to lower healthcare expenses related to advanced-

stage diabetic retinopathy treatments or vision loss by facilitating 

early detection and intervention. The application of deep learning 

to the prediction of diabetic retinopathy promotes further 

ophthalmology research and development.  

In diabetic retinopathy, image acquisition plays a crucial role in 

diagnosis and monitoring. Fundus photography is a common 

method where specialized cameras capture detailed images of the 

retina. These images help detect and assess the progression of 

diabetic retinopathy by revealing abnormalities like 

microaneurysms, hemorrhages, and vessel changes. The acquired 

images are then often analyzed using computer-based systems to 

identify and quantify specific features indicative of diabetic 

retinopathy severity. Regular imaging is essential for early 

detection and timely intervention, contributing to effective 

management of diabetic retinopathy in patients. Severity analysis 

in diabetic retinopathy involves assessing the degree or extent of 

damage to the retina caused by diabetes. It's crucial for 

determining appropriate treatment plans and predicting the 

progression of the disease.
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 WORKING OF PROPOSED SYSTEM 

 

Diabetic Retinopathy Detection on Kaggle provided the data for 

this investigation. Thousands of retinal photos taken under 

various settings are included in both datasets. Since the pictures 

are from many sources, such as various cameras, models, etc. 

There seems to be a lot of noise attached to it that needs to be 

eliminated, necessitating several preprocessing stages. Each 

picture's related diabetic retinopathy has been given a rating 

between 0 and No DR, 1 and Mild, 2 and Moderate, 3 and Severe, 

and 4 and Proliferative DR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Fig. 1. Block Diagram 

 

 

We use CNN Densenet architecture for DR classification and 

Expectation maximisation for segment the Diseased Area. The 

Convolutional Neural Networks (CNN) are used in a number of 

tasks which have a great performance in different applications. 

Recognition of handwritten digits was one of the first 

application where CNN architecture was successfully 

implemented. Since the creation of CNN, there has been 

continuous improvement in networks with the innovation of new 

layers and involvement of different computer vision techniques. 

CNNs have shown promising results in accurately detecting 

diabetic retinopathy, sometimes even outperforming human 

experts. Their ability to analyze large amounts of data quickly 

and efficiently makes them a valuable tool in assisting 

ophthalmologists. Here are some specific uses of CNNs in 

diabetic retinopathy: DR detection, DR grading, DR 

segmentation, DR prediction. 

 

 

 

 

 

The Convolutional Neural Networks (CNN) are used in a 

number of tasks which have a great performance in 

different applications. Recognition of handwritten digits 

was one of the first application where CNN architecture 

was successfully implemented. Since the creation of CNN, 

there has been continuous improvement in networks with 

the innovation of new layers and involvement of different 

computer vision techniques. Convolutional Neural 

Networks are mostly used in the ImageNet Challenge with 

various combinations of datasets of sketches. Few of the 

researchers have shown a comparison between the human 

subject and a trained network’s detection abilities on image 

datasets. CNNs have shown promising results in accurately 

detecting diabetic retinopathy, sometimes even 

outperforming human experts. Their ability to analyze 

large amounts of data quickly and efficiently makes them a 

valuable tool in assisting ophthalmologists and healthcare 

professionals in diagnosing and managing diabetic 

retinopathy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. CNN layers 

 

Convolutional neural networks (CNNs) have emerged as 

powerful tools for medical image analysis, including the 

detection and diagnosis of diabetic retinopathy (DR). DR is 

a leading cause of vision loss worldwide, and early 

detection and treatment are crucial for preventing 

blindness. CNNs can analyze retinal fundus images to 

identify subtle changes in the retinal vasculature and other 

features that are indicative of DR. Overall, CNNs have the 

potential to revolutionize the diagnosis and management of 

DR. They can provide accurate and efficient detection, 

grading, and segmentation of DR lesions, leading to earlier 

intervention and improved patient outcomes.
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RESULT 

 

By employing deep learning methods, specifically the CNN 

Densenet architecture, you've structured a multi-step process: 

Initially, the process begins with image acquisition followed by 

a series of preprocessing steps. These include resizing images, 

converting colors to a standardized format, and removing any 

noise that might affect the analysis. An important stage involves 

ROI segmentation using the Expectation Maximization 

algorithm, which helps in isolating the Regions of Interest 

(ROIs) containing diseased areas. The heart of the system lies 

in the classification phase, where the CNN Densenet 

architecture is utilized. This step aims to categorize diabetic 

retinopathy based on various severity levels, ranging from No 

DR to Proliferative DR. Lastly, the system distinguishes 

between normal and DR cases while conducting a 

comprehensive severity analysis to determine the extent and 

severity of diabetic retinopathy detected. Your approach is well-

structured, focusing on each crucial stage of analysis to achieve 

accurate detection and severity assessment of diabetic 

retinopathy. 

 

Non-proliferative diabetic retinopathy (NPDR) refers to the 

early stage of diabetic retinopathy, a condition that affects the 

eyes of individuals with diabetes. "No DR" typically stands for 

"no diabetic retinopathy," indicating the absence of any visible 

signs of retinopathy in an eye examination of a person with 

diabetes. In NPDR, the blood vessels in the retina weaken, 

causing microaneurysms, hemorrhages, and other 

abnormalities. When there's "no DR," it suggests that these 

abnormalities haven't yet developed or aren't visible during the 

examination. It's a positive sign, indicating that the retinopathy 

hasn't progressed to a stage where it's causing observable 

damage to the retina. Predicting the likelihood of achieving or 

maintaining a state of No DR involves analyzing various 

factors, including the duration of diabetes, blood glucose 

control, blood pressure levels, lipid profiles, genetic 

predisposition, and lifestyle habits. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig.3.No DR 

 

 

 

 
In diabetic retinopathy, the term "mild" typically refers to the 

early stages of the condition. Diabetic retinopathy has different 

stages, and the severity is often categorized as mild, moderate, or 

severe based on the changes observed in the retina. In the early 

stages, known as non-proliferative diabetic retinopathy (NPDR), 

the blood vessels in the retina weaken, leading to various changes 

such as Microaneurysms: Small bulges in the blood vessels of 

the retina, Dot and blot hemorrhages: Minor bleeding from these 

weakened vessels. Hard exudates: Fatty deposits that leak from 

damaged blood vessels and accumulate in the retina. When a 

diagnosis mentions "mild" diabetic retinopathy, it typically 

means that these early signs of damage are present, but they're 

not extensive or severe enough to significantly impact vision. 

Regular eye exams are crucial to monitor the progression of the 

condition because mild diabetic retinopathy can progress to more 

severe stages if blood sugar levels remain uncontrolled or if other 

factors exacerbate the condition. 

 

 
Fig.4.Mild DR 

 

Moderate diabetic retinopathy marks a stage where the effects on 

the retina become more noticeable in individuals with diabetes. 

At this phase, changes in blood vessels within the retina 

intensify, showing a greater number of microaneurysms, 

increased hemorrhages, and visible abnormalities in vessel 

structure such as venous beading and intraretinal microvascular 

abnormalities (IRMAs). These alterations can impact vision to a 

greater extent compared to earlier stages, although significant 

vision impairment might not yet be present. However, this stage 

signifies a higher risk of progression to more severe forms of 

retinopathy that can lead to vision loss if left untreated. Effective 

management involves meticulous control of blood sugar, blood 

pressure, and cholesterol levels, along with regular eye 

examinations to closely monitor any advancements. 

Interventions such as laser therapy or injections may be 

employed to prevent further damage and preserve vision. The 

focus at this stage is on preventing deterioration and preserving 

eye health through vigilant monitoring and comprehensive 

diabetic care. 
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      Fig. 5. Moderate DR 

 

 

Severe diabetic retinopathy represents an advanced stage of 

retinal damage seen in individuals with diabetes. At this critical 

phase, the damage to the tiny blood vessels in the retina becomes 

extensive and pronounced. This often includes widespread 

bleeding into the retina, blockages in blood vessels leading to 

reduced oxygen supply (ischemia), and the growth of fragile, 

abnormal blood vessels on or within the retina. This stage poses 

a high risk of significant vision impairment or even blindness if 

not promptly managed. Complications such as retinal 

detachment or glaucoma may arise due to bleeding, swelling, or 

the formation of scar tissue. Treatment strategies at this stage 

typically involve laser surgery, intraocular injections, or in some 

cases, vitrectomy—a surgical procedure to remove blood and 

scar tissue from the eye. Early detection through regular eye 

examinations and immediate intervention are crucial to prevent 

further damage and preserve vision. Alongside targeted 

treatments, strict control of blood sugar levels, blood pressure, 

and cholesterol remains paramount in managing severe diabetic 

retinopathy. Seeking prompt care from eye care specialists is 

essential for tailored treatments and to mitigate the risks 

associated with this advanced stage of diabetic retinopathy, 

aiming to safeguard the individual's vision and eye health. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6.Severe DR 

 

 

 

Proliferative diabetic retinopathy (PDR) is an advanced 

stage of diabetic retinopathy, characterized by the growth 

of abnormal blood vessels in the retina. These new blood 

vessels are fragile and prone to bleeding, leading to various 

complications and severe vision problems. 

 

Key features of proliferative diabetic retinopathy include: 

 

Neovascularization: The growth of new blood vessels in 

the retina. These vessels are abnormal, fragile, and prone to 

leakage and bleeding  

 

Vitreous hemorrhage: Bleeding into the vitreous, the gel-

like substance that fills the center of the eye. This bleeding 

can cause sudden vision loss or floating spots or cobwebs 

in the vision. 

 

Retinal detachment: Abnormal blood vessel growth can 

cause the retina to pull away from the back of the eye, 

leading to severe vision loss if not treated promptly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7. Proliferative DR
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CONCLUSION 

 

An advanced form of diabetic retinopathy known as 

proliferative diabetic retinopathy (PDR) is defined by the 

development of aberrant blood vessels in the retina. These 

new blood vessels are brittle and prone to bleeding, which can 

cause a number of issues including serious visual 

impairments. Early DR detection is facilitated by the use of 

automated DR detection systems. The types of lesions that 

manifest on the retina determine the DR phases. In this work, 

we sought to offer our own deep learning methodology for 

the early detection of diabetic retinopathy by employing a 

DenseNet (a new CNN architecture, containing several deep 

layers). We also presented a thorough evaluation of numerous 

methodologies for identifying diabetic 

retinopathy automatically. 

 

A lot of preprocessing and augmentation was done to 

standardize the data in a desired format and to remove the 

unwanted noise. Where the best accuracy among all was 

obtained by the proposed model and it also classifies the 

images into more no of classes. Our proposed model 

performed better than the regression model by achieving the 

accuracy yielded by the other model. Automated screening 

systems significantly reduce the time required to determine 

diagnoses, saving effort and costs for ophthalmologists and 

result in the timely treatment of patients. 

 

 
FUTURE WORK 

 

Improve preprocessing techniques to enhance the quality of 

retinal images. This includes noise reduction, image 

enhancement, and artifact removal to provide cleaner input 

to the deep learning model. Develop real-time or near-real-

time systems for the early detection of diabetic retinopathy 

in clinical settings. Extend the capabilities of AI systems to 

support long-term monitoring of diabetic retinopathy 

progression and treatment effectiveness. Advancements in 

this field are poised to revolutionize how we detect and 

manage this sight-threatening condition. With ongoing 

developments, we anticipate more accurate and precise 

diagnostic models, capable of not only identifying diabetic 

retinopathy but also predicting its progression on an 

individual level. These innovations might lead to the 

creation of portable devices or smartphone applications, 

enabling real-time analysis of retinal images for early 

detection, especially in underserved areas. However, 

alongside these advancements, there will be ongoing 

discussions regarding ethics, patient privacy, and equitable 

access to these technologies. Collaborative efforts among 

researchers, clinicians, and technologists will be 

instrumental in driving these innovations forward, 

ultimately improving patient outcomes and reshaping the 

landscape of diabetic retinopathy diagnosis and 

management. 
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