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ABSTRACT 

 

Diabetes mellitus is a chronic disorder that can lead to serious complications, including diabetic retinopathy, which 

affects the eyes and can potentially lead to blindness. Rapid identification of diabetic retinopathy is crucial to facilitate 

quicker and more efficient treatment for patients. This study aims to segment hemorrhages in retinal images using the 

Laplacian of Gaussian (LoG) approach in conjunction with threshold-based segmentation and analysis of region 

properties, including eccentricity. The LoG approach is utilized for its ability to detect edges, features, and abrupt 

variations in image intensity, thereby optimally highlighting the bleeding lesion area. With accurate segmentation, it is 

hoped that early detection and monitoring of diabetic retinopathy can be improved. This research uses the IDRiD, 

DR_2000, and DIARETDB1 datasets, recommending the use of IDRiD and DIARETDB1 for optimal results. Through 

this methodology, it is expected to make a significant contribution to reducing the risk of blindness in diabetes patients. 
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1. INTRODUCTION  

Diabetes Mellitus, more commonly known as diabetes, is a chronic condition that affects millions of individuals 

throughout the world. Diabetes mellitus is a chronic illness characterized by the pancreas' inability to produce adequate 

insulin or the existence of insulin resistance. Diabetes mellitus increases the risk of many disorders, including stroke, 

heart disease, renal failure, neuropathy, and even diabetic retinopathy [1], [2]. Diabetic retinopathy, an eye condition 

that can compromise vision, is a common consequence among diabetes patients [3], [4]. 

A person suffering from diabetic retinopathy may experience impaired vision, difficulties seeing in the dark, 

and sudden loss of eyesight. Diabetic retinopathy develops when high blood sugar levels persist for an extended period 

of time, causing damage to the tiny blood vessels in the retina [5], [6].  This condition is defined by changes in the 

retinal blood vessels, such as leakage and occlusion, which can result in the creation of aberrant blood vessels. These 

aberrant arteries can cause bleeding in the retina, potentially leading to blindness [7]. 

Diabetic retinopathy cannot be diagnosed immediately by human eye examination since the symptoms arise in 

the retinal nerves. Images from a fundus camera can reveal signs of this condition, but the interpretation process takes 

a long time and can be harmful to the patient [8]. Diabetes patients can benefit from the early identification of diabetic 

retinopathy [9].  There are two forms of diabetic retinopathy, each with three phases. There are two types, Non 

Proliferative Diabetic Retinopathy (NPDR) and Proliferative Diabetic Retinopathy. NPDR is the initial stage of diabetic 

retinopathy and can advance to more significant phases such as mild NPDR, moderate NPDR, and severe NPDR [10], 

[11]. NPDR has distinct disease features such as microaneurysms, hemorrhages, soft exudates, and hard exudates. 

Meanwhile, PDR becomes problematic when minute blood vessels form and cover the surface of the retina without 

causing any symptoms. Proliferative Diabetic Retinopathy (PDR) may cause vitreous hemorrhage (HE), 

neovascularization, and retinal detachment [12], [13]. Further study into the management and therapy of this condition 

is critical to avoid significant effects that might compromise vision [14]. 

This research develops an automated approach for bleeding segmentation in fundus retinal images, which is 

highly valuable for the early diagnosis of diabetic retinopathy. The focus of this work includes the development of 
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effective problem-solving methods for image segmentation by utilizing image processing techniques. The dataset used 

in this study comprises images from various sources, allowing for model testing across different conditions and image 

qualities. The testing process was conducted to evaluate the accuracy and reliability of the model in detecting bleeding. 

The results of this research indicate that the proposed automated approach can enhance early detection capabilities, 

potentially improving treatment outcomes for diabetes patients. 

. 

2. RESEARCH METHODOLOGY 

2.1 Research Flowchart 

The method used in this research involves preparing materials for segmentation, consisting of seven steps: first 

process resizing the image, next process converting RGB to grayscale, applying top-hat, bottom-hat, Laplacian of 

Gaussian (LoG), thresholding, and region properties analysis. The method flow used in this research is illustrated in 

Figure 1.  

The Figure 1 is a flowchart created for this research that explains the flow of the segmentation process in retinal 

pictures to detect hemorrhage. The process starts with loading the input retinal picture. The next process image is scaled 

to guarantee consistency in further processing. Next step, convert to grayscale. The color image is transformed to 

grayscale to make analysis and processing easier. The Top-Hat filter is used in the following step of the study to improve 

contrast and accentuate light details against a darker background. The bottom-hat filter is used to highlight dark elements 

against a light background. The following step Laplacian of a Gaussian (LoG) filter: In this part, the LoG filter is used 

to detect edges and major intensity changes in the image, making it easier to locate key structures. The following phase 

uses global thresholding to identify the area containing the target object from the background. The following stage in 

this study employs region features, which are used to evaluate and filter out areas that indicate hemorrhage areas, 

eccentricity is important for finding specific sites of bleeding. 

 

 

Figure 1. Proposed Method 

 

 
 

Figure 2. Resize image 
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2.2 Resize Image 

This technique involves a picture with a resolution of 1500x1152 pixels. When utilizing a normal dataset, the 

study duration is prolonged; however, using an image with a resolution of 729x552 pixels expedites the process 

compared to the default setting [15]. Figure 2 depicts the original image following the resizing procedure.  Decreased 

image pixel count allows for faster image segmentation while maintaining acceptable picture quality. 

 

2.3 RGB to Gray  

The initial fundus retina image is a 24-bit true color RGB image including three color channels: red, green, and 

blue. Pixel intensities for each channel possess an 8-bit depth, ranging from 0 to 255. Equation 1 demonstrates the 

formula that produces a grayscale image with uniformly balanced color intensities throughout the three color channels. 

Green light provokes a heightened sensitivity in the human eye compared to red or blue light. Consequently, an often 

utilized method is the brightness formula; equation 1 represents the conversion from RGB to grayscale.  

 

       (𝑅 + 𝐺 + 𝐵)/3                (1) 

The formula R+G+B/3, represented as Gray=0.2989×Red+0.5870×Green+0.1140×Blue, signifies the 

calculation of grayscale value from the RGB color model. The color intensity levels of the individual channels in the 

RGB image are denoted by Red, Green, and Blue. The value of gray denotes the resultant intensity in grayscale. This 

method preserves substantial information from the image while facilitating analysis and processing. The result is 

presented in Figure 3. 

The transition from RGB to grayscale is a crucial phase in digital picture analysis. At this stage, a color image 

comprising three channels (red, green, and blue) is transformed into a grayscale image with a single channel. The 

objective is to streamline picture processing, diminish computing complexity, and highlight significant characteristics 

while minimizing extraneous color information.In a grayscale image, each pixel denotes a light intensity ranging from 

black (0) to white (255), representing the cumulative contribution of all color channels. This conversion enables 

additional analysis, including the implementation of filters, edge detection, and segmentation, as illustrated in the image 

where retinal structures are more distinctly visible and contrast is adjusted to highlight critical locations such as blood 

arteries and lesions. 

 

2.4 Filter Top-hat  

The completion of this stage involves employing a top hat filter on the initial fundus retina image, which is a 

24-bit truecolor RGB image including three color channels, red channel, green channel, and blue channel. Each channel 

pixel intensities are represented using 8 bits, permitting values from 0 to 255. Employing a Top-hat filter enhances 

image quality by highlighting subtle characteristics often overlooked by conventional image processing methods. This 

filter can be employed in several applications, including medical image processing. The result is a grayscale image that 

precisely depicts uniform color intensities throughout the three color channels. Equation 2 illustrates the formula for top 

hat filtering. 

  

                        𝑇𝑜𝑝 − ℎ𝑎𝑡(𝑓) = (𝑓) − (𝑓 ∘ g)              (2) 

 
 

Figure 3. Grayscale Fundus Retina Image 
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The Top-hat modification is utilized to identify features or objects with increased brightness in fundus retina 

pictures, including areas affected by hemorrhage [16]. In this scenario, the Top-hat filter is employed alongside the Bot-

hat filter. A top hat filter accentuates visual features that are more luminous than the surrounding background. This 

phase entails mitigating the impact of dilatation erosion (expansion) on the original image. 

  

2.5 Bot-Hat Filtering  

Subsequently, the Bot-hat filter is implemented, wherein Bot-hat (f) denotes the outcome of the Bot-hat 

transformation applied to the picture (f). The Bot-hat alteration enhances the visibility of things against a luminous 

background. The product of the functions f and g, which signifies the kernel or filter, indicates the structural elements 

in the Bot-hat transformation. This filter assists in detecting objects or features with lower intensities, including regions 

impacted by bleeding. The subtraction of the original image (f) from the product of the multiplication with the structural 

element (g) amplifies the distinction of boundaries or contrast between the salient objects (hemorrhage zones) and the 

picture backdrop [16]. This filter facilitates the comprehension of regions potentially impacted by bleeding in fundus 

retinal imaging. 

 

    𝐵𝑜𝑡 − ℎ𝑎𝑡(𝑓) = (𝑓 ⦁ g) − (𝑓)                                     (3) 

The Bot-hat modification is utilized to identify features or entities with diminished intensities in fundus retina 

pictures, potentially including areas affected by bleeding. The bot hat filter is utilized to enhance visual features that are 

less pronounced than the surrounding background. At this stage, the method entails reducing the effects of dilatation, 

erosion, and closure processes applied to the original image. The tophat and bothat filter methods are now integrated to 

enhance image segmentation results. Figure 4 depicts an example of the integration of the tophat and bothat filtering 

techniques. 

The Figure 4 depicts the application of combining tophat and bothat filters. This combination aims to improve 

local contrast, thereby highlighting the lighter and darker features of the background. This phase is especially significant 

in medical imaging and microscopy. Another application of integrating both Tophat and bot hat filters is to augment 

Edge Detection by accentuating the contrast between luminous and shadowy areas in the image. This facilitates the 

identification of the contours and shapes of objects. The objective of integrating these two filters is to reduce noise. The 

Top-hat filter removes small luminous artifacts in dim images, and the bottom-hat filter removes small obscure artifacts 

in brilliant images. Employing both methods simultaneously facilitates the elimination of unwanted artifacts from the 

image. 

 

 
 

Figure 4. Fundus Retina Image with Top-Hat and Bot-Hat Filters 
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2.6 Laplacian Of Gaussian  

 LoG filter is a derivative utilized to identify regions in a picture that experience abrupt variations, such as 

edges. Nonetheless, this laplacian filter may exhibit sensitivity to noise interference. The preliminary procedure prior 

to edge detection involves applying a Gaussian filter to smooth the image. The Laplacian of Gaussian technique is 

denoted by (𝑥, 𝑦) , incorporating the laplacian operator  ∇2 and the second partial derivatives of the variables x and y. 

The part 
𝜕2𝑓(𝑥.𝑦)

𝜕𝑥2  measures the rate of change of the rate of change of the function f  with respect to x , while the part  

𝜕2𝑓(𝑥.𝑦)

𝜕𝑦2   measures the rate of change of the rate of change of the function f  with respect to y. The laplacian operator is 

the sum of these two second derivatives, reflecting the total change in the rate of change of the function f with respect 

to both of its variables[11]. Therefore, 𝐿(𝑥, 𝑦) is the laplacian of the function 𝑓(𝑥. 𝑦) and can be used to identify rapid 

changes or edges in images [17]. Overall, this formula reflects the laplacian of Gaussian value at a point in the image 

and highlights areas around edge details. In the methodology of hemorrhage segmentation in fundus retina, the 

application of LoG can assist in extracting relevant edge features for identifying areas that may be affected by 

hemorrhage. 

           𝐿(𝑥, 𝑦) = ∇2𝑓(𝑥, 𝑦) =
𝜕2𝑓(𝑥.𝑦)

𝜕𝑥2 +
𝜕2𝑓(𝑥.𝑦)

𝜕𝑦2                (4) 

 

This formula represents the value of the LoG at a certain place in the image and emphasizes the region 

surrounding edge details. The second derivative of the Gaussian function is typically known as the LoG function or the 

Mexican hat function, owing to its similarity to the form of a Mexican hat. Figure 5 is the result of image processing 

using the LoG filter. 

The Figure 5 presents a retinal image that has undergone processing with a Laplacian of Gaussian filter. LoG 

methodology is an image processing method that integrates Gaussian blur with the Laplacian operator. This technique 

is utilized to delineate the boundaries of several retinal regions, including Microaneurysm (MA) and hemorrhage (HA) 

blood vessels, by the identification of edges and characteristics in hemorrhage images. The logarithmic filter is essential 

for noise reduction and is particularly important in medical imaging for concealing signals that necessitate study. 

Furthermore, the logarithmic filter is advantageous for improving the contrast of tiny characteristics such as MA and 

HA.  

 

2.7 Thresholding 

In the following segmentation phase, the digital image denoted by f (x,y) may undergo thresholding using a 

threshold value T, which is established based on particular attributes, including the average gray level values of adjacent 

pixels surrounding (x,y) in the context of hemorrhage segmentation in the fundus retina [18]. The result segmented 

image, referred to as g(x,y), can be articulated as follows. 

 

 
 

Figure 5. Fundus Retina Image with Laplacian of Gaussian Filter. 
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                   𝑔(𝑥, 𝑦) = {
1 𝑗𝑖𝑘𝑎 𝑓 (𝑥, 𝑦) ≥ 𝑇

0 𝑗𝑖𝑘𝑎 𝑓 (𝑥, 𝑦) ≤ 𝑇
             (5) 

Where f is the outcome and g is the ultimate result of segmentation, where the value 0 represents the black area 

to be segmented. If f ≥1, the region is the white area that needs to be separated, or not. Using this method, the picture 

𝑔(𝑥, 𝑦), becomes the final segmentation result, where the value 0 represents the black area to be segmented and the 

value 1 indicates the white area to be segmented. Figure 6 shows the outcome of the image using thresholding. 

The Figure 6 depicts the application of thresholding for segmentation, which enhances the visibility of bleeding 

features. Utilizing thresholding enhances the precision of diagnosis. The region obtained through thresholding can be 

further examined to quantify the dimensions, morphology, and quantity of hemorrhages, which serve as crucial markers 

in the diagnosis of diabetic retinopathy. 

 

2.8 Region Properties  

Eccentricity is used to extract additional information from each generated region after going through 

preprocessing stages such as employing the LoG filter and global thresholding segmentation to isolate bleeding spots. 

Eccentricity is a measurable quantity for each region in the resulting binary segmented image. Eccentricity can be 

defined in geometry as the distance between an ellipse (a visual representation of a region) and a circle [19]. The 

eccentricity (E) equation can be calculated using the lengths of the major semi-axis (a) and minor semi-axis (b), as 

discussed in Chapter 2 on eccentricity. An eccentricity around zero indicates a circular form, whereas a value near one 

indicates a significantly elongated elliptical shape. Using this approach on fundus retina images, the authors can acquire 

measurements, shapes, and locations suspected of hemorrhage. The result is the average intensity value for the image's 

region or item. Figure 7 is the image result using region properties using eccentricity. 

Eccentricity, in the context of regional features in image analysis, quantifies the form of an item or region in 

relation to its similarity to an ellipse. Eccentricity varies from 0 to 1, wherein: A value of 0 signifies that the region is a 

perfect circle. Values approaching 1 signify that the region is more elongated or elliptical, with the length of the major 

axis significantly exceeding that of the minor axis. Figure 7 illustrates multiple locations (white areas) against a dark 

backdrop. Examining the eccentricity of each region will yield insights into the morphology of each object or cluster 

within the image. Objects exhibiting high eccentricity are typically oval in shape. 

 

3. RESULTS AND DISCUSSIONS 

3.1 Result  

This research demonstrates that the Laplacian of Gaussian (LoG) method effectively categorizes hemorrhages 

in retinal images, which are significant indicators of Diabetic Retinopathy (DR). The LoG method allows for the precise 

identification of areas affected by hemorrhages, thus facilitating the early detection of this disease. 

 
Figure 6. Retina Image with Thresholding Segmentation 
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Figure 7. Fundus Retina Image with Region Properties (Eccentricity) 

 

This work utilizes three primary datasets: IDRiD, DR_2000, and DIARETDB1, during the results phase to 

ensure the generalizability and reliability of the proposed technique. Each dataset contains 20 retinal images that 

explicitly show the presence of hemorrhage in the fundus retinal images. The segmentation results indicate that the LoG 

approach reliably identifies hemorrhage areas across all three datasets with a high level of precision. LoG demonstrates 

enhanced sensitivity in detecting intensity fluctuations characteristic of hemorrhage areas while effectively 

distinguishing these areas from adjacent retinal structures. Figure 8 shows the results of image processing using the 

IDRiD dataset. Figure 9 depicts retinal image processing with the DR_2000 dataset, while Figure 10 illustrates retinal 

image processing using the DIARETDB1 dataset and 20 images of hemorrhage. 

 

3.2 Discussions 

  This study utilizes a variety of images from the three datasets to evaluate the performance of LoG segmentation 

under varying lighting and contrast settings, reflecting the discrepancies found in real clinical photographs [11]. 

 

 
Figure 8. Processing process using idrid dataset 
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Figure 9. Processing Dataset DR_2000 

 

The Figure 8 depicts the image processing phases of the IDRiD dataset for detecting hemorrhage and early 

identification of Diabetic Retinopathy (DR). This figure rows indicate one retinal fundus image from the IDRiD dataset, 

which had a total of 20 fundus photos evaluated.  

The Figure 9 shows the results of processing retinal fundus pictures from the DR_2000 dataset to detect 

hemorrhage as an early sign of diabetic retinopathy (DR). Each row in the graphic depicts one retinal image from the 

DR_2000 dataset, for a total of 20 retinal images tested. 

The Figure 10 depicts the image processing technique that uses the diaretdb1 dataset to find specific features 

in the retinal fundus picture. This procedure consists of numerous stages, including converting from RGB to grayscale, 

applying top-hat and bottom-hat filters, applying the Laplacian of Gaussian (LoG) filter, thresholding, and analyzing 

region attributes. Each level of processing seeks to improve the look of elements on the retina, such as blood vessels or 

lesions, to aid in the diagnosis of specific medical disorders. 
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Figure 10. Processing Dataset Diaretdb1 

 

3.2.1 Laplacian of Gaussian (LoG) 

In the results and discussion stage, the filter process is implemented in the retinal fundus image processing in 

order to reduce noise in the retinal fundus image and minimize the level of detection errors in the hemorrhage area of 

the retinal fundus image [16]. Figure 11 shows the results of image processing using the LoG filter, resulting in a more 

distinct and detailed bleeding area, hence enabling precise segmentation of the HE area. This filter is more successful 

in emphasizing features with abrupt intensity variations and offers sensitivity to the scale of items in the image [17]. 

LoG is frequently employed in diverse image processing applications, including edge detection, image segmentation, 

and texture structure analysis in retinal images to accurately identify hemorrhage regions. 

After applying the LoG filter, it has been observed that this filter effectively highlights the areas potentially 

containing hemorrhages in retinal images of patients with Diabetic Retinopathy. The results of using this filter reveal a 

significant improvement in the highlighting and segmentation of areas affected by hemorrhages as shown in Figure 11.  
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Figure 11.Processing Retina Image with filter Log 

 

 
 

Figure 12. Processing Retina image fundus with Thresholding 

 

3.2.2 Thresholding 

The area affected by the hemorrhage is clearly delineated from the background of the retinal image during this 

process. By choosing multiple suitable threshold values, specifically T=0.2, T=0.3, T=0.4, T=0.5, T=0.6, and T=0.8, 

regions with color intensities indicative of hemorrhages can be precisely recognized. The segmentation results identify 

regions likely harboring hemorrhages automatically, offering explicit direction. The results of the segmentation are 

presented in Figure 12.  

 

 
 

Figure 13. Processing retina fundus with eccentricity regionproperties. 
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The Figure 12 illustrates that thresholding in retinal fundus image analysis is a crucial technique for 

hemorrhage region detection. Utilizing the thresholding method, pixel intensity values in the image can be classified 

into two primary categories: hemorrhage regions and extraneous areas, such as blood vessels, which are deemed noise 

during the thresholding process, thereby enhancing the detection and monitoring of medical conditions. This technique 

offers an effective alternative for enhancing the accuracy of retinal fundus image-based diagnoses and can identify 

hemorrhage regions more distinctly. 

 

3.2.3 Region Properties (Eccentricity) 

This segmentation study employs region properties with eccentricity features in image analysis using the region 

properties approach, which is effective for analyzing shape-based object attributes in images. Eccentricity is a measure 

of an object's asymmetry. The application of eccentricity in this work facilitates the detection, segmentation, and 

characterization of objects in HE, particularly those with an elliptical or elongated shape. Eccentricity is commonly 

utilized to identify variations in items that are difficult to detect manually. The result is presented in Figure 13. 

This study used a variety of eccentricity values, including 0.5, 0.7, 0.8, and 0.9, to extract the distinguishing 

aspects of hemorrhage, allowing for a more comprehensive approach to hemorrhage detection. This method is highly 

effective in isolating undesirable materials, such as hard exudates, in order to detect HE regions. The inclusion of 

eccentricity as a criterion in retinal image processing not only enhances HE detection precision, but it also makes it 

easier to differentiate between different lesion types, which is critical for more accurate evaluation and diagnosis of 

diabetic retinopathy.   

 

4. CONCLUSION 

LoG technique is demonstrated to be successful in segmenting hemorrhage lesions in retinal fundus pictures. 

This approach leverages LoG's capability to identify edges and evaluate texture, effectively delineating the pertinent 

hemorrhage lesion area. The findings indicate that LoG can consistently identify early indicators of Diabetic 

Retinopathy (DR) via hemorrhage segmentation, a crucial phase in the early diagnosis of the disease. 

Analysis of three datasets revealed that DIARETDB1 and IDRiD are exemplary selections for Diabetic 

Retinopathy research, owing to their improved image quality, particularly in contrast and pixel sharpness, as compared 

to the DR_2000 dataset. The advantages render DIARETDB1 and IDRiD a superior reference for future study in the 

advancement of automated detection techniques for diabetic retinopathy. Consequently, it is advisable for future study 

to employ these datasets due to their superior consistency and representativeness in illustrating retinal diseases. This 

study significantly contributes to medical image analysis, particularly in developing an early detection system for 

Diabetic Retinopathy based on retinal fundus images. It is anticipated to serve as a reference for researchers and medical 

practitioners aiming to enhance the accuracy of DR diagnosis through advanced image processing techniques. 

 

REFERENCES 

[1] I. Kurniastuti and A. Andini, (2019), “Determination of RGB in Fingernail Image As Early Detection of 

Diabetes Mellitus,” Proceedings - 2019 International Conference on Computer Science, Information 

Technology, and Electrical Engineering, ICOMITEE 2019, pp. 206–210, 

doi:10.1109/ICOMITEE.2019.8920876. 

[2] A. Singh Gautam, S. Kumar Jana, and M. P. Dutta, (2019), “Automated diagnosis of diabetic retinopathy 

using image processing for non-invasive biomedical application,” 2019 International Conference on 

Intelligent Computing and Control Systems, ICCS 2019, pp. 809–812, 

doi:10.1109/ICCS45141.2019.9065446. 

[3] A. K. Whardana and P. H. Rantelinggi, (2023), “Detection Diabetic Retinopathy with Supervised Learning,” 

JEECS (Journal of Electrical Engineering and Computer Sciences), vol. 8, no. 2, pp. 157–162, 

doi:10.54732/JEECS.V8I2.7. 

[4] Q. Li, S. Fan, and C. Chen, (2019), “An Intelligent Segmentation and Diagnosis Method for Diabetic 

Retinopathy Based on Improved U-NET Network,” Journal of Medical Systems, vol. 43, no. 9, pp. 1–9, 

doi:10.1007/S10916-019-1432-0/METRICS. 

[5] L. Qiao, Y. Zhu, and H. Zhou, (2020), “Diabetic Retinopathy Detection Using Prognosis of Microaneurysm 

and Early Diagnosis System for Non-Proliferative Diabetic Retinopathy Based on Deep Learning 

Algorithms,” IEEE Access, vol. 8, pp. 104292–104302, doi:10.1109/ACCESS.2020.2993937. 

[6] A. K. Whardana and D. Sutaji, (2017), “Segmentasi pembuluh darah pada citra retina dengan menggunakan 



Journal of Electrical Engineering and Computer Sciences                  P-ISSN: 2528-0260 E-ISSN: 2579-5392  

Vol. 9, Issue 2, December 2024                                                    p.127-138 

 

138 
Available online at: https://ejournal.ubhara.ac.id/jeecs 

multi-scale line detector (Msld) dan adaptive morphology,” Register: Jurnal Ilmiah Teknologi Sistem 

Informasi, vol. 3, no. 1, pp. 49–56, doi:10.26594/REGISTER.V3I1.716. 

[7] A. K. Whardana, P. H. Rentelinggi, and H. D. Timothy, (2023), “Diabetic Retinopathy Blood Vessel 

Detection Using CNN and RNN Techniques,” Journal of Information Technology and Cyber Security, vol. 1, 

no. 2, pp. 68–75, doi:10.30996/JITCS.8716. 

[8] A. K. Whardana and N. Suciati, (2014), “A Simple Method for Optic Disk Segmentation from Retinal Fundus 

Image,” International Journal of Image, Graphics and Signal Processing, vol. 6, no. 11, p. 36, 

doi:10.5815/IJIGSP.2014.11.05. 

[9] U. Ishtiaq, S. Abdul Kareem, E. R. M. F. Abdullah, G. Mujtaba, R. Jahangir, and H. Y. Ghafoor, (2020), 

“Diabetic retinopathy detection through artificial intelligent techniques: a review and open issues,” 

Multimedia Tools and Applications, vol. 79, no. 21–22, pp. 15209–15252, doi:10.1007/S11042-018-7044-

8/METRICS. 

[10] W. X. Lim, Z. Chen, A. Ahmed, T. Chandesa, and I. Liao, (2020), “A Review of Machine Learning 

Techniques for Applied Eye Fundus and Tongue Digital Image Processing with Diabetes Management 

System,” in DISP. 

[11] A. K. Whardana and H. Tjandrasa, (2014), “Segmentasi Microaneurysm Pada Citra Fundus Retina Untuk 

Deteksi Dini Diabetic Retinopathy,” Scan : Jurnal Teknologi Informasi dan Komunikasi, vol. 9, no. 3, pp. 49–

54, doi:10.33005/scan.v9i3.866. 

[12] S. Dubey and M. Dixit, (2022), “Recent developments on computer aided systems for diagnosis of diabetic 

retinopathy: a review,” Multimedia Tools and Applications 2022 82:10, vol. 82, no. 10, pp. 14471–14525, 

doi:10.1007/S11042-022-13841-9. 

[13] R. Naveen, S. A. Sivakumar, B. Maruthi Shankar, and A. Keerthana Priyaa, (2019), “Diabetic retinopathy 

detection using image processing,” International Journal of Engineering and Advanced Technology, vol. 8, 

no. 6 Special Issue, pp. 937–941, doi:10.35940/IJEAT.F1179.0886S19. 

[14] A. Skouta, A. Elmoufidi, S. Jai-Andaloussi, and O. Ouchetto, (2022), “Hemorrhage semantic segmentation in 

fundus images for the diagnosis of diabetic retinopathy by using a convolutional neural network,” Journal of 

Big Data, vol. 9, no. 1, pp. 1–24, doi:10.1186/S40537-022-00632-0/TABLES/3. 

[15] I. A. Thompson, A. K. Durrani, and S. Patel, (2018), “Optical coherence tomography angiography 

characteristics in diabetic patients without clinical diabetic retinopathy,” Eye 2018 33:4, vol. 33, no. 4, pp. 

648–652, doi:10.1038/s41433-018-0286-x. 

[16] F. Zhang, Y. Wu, M. Xu, S. Liu, C. Peng, and Z. Gao, (2021), “A Morphological Image Segmentation 

Algorithm for Circular Overlapping Cells,” Intelligent Automation & Soft Computing, vol. 32, no. 1, pp. 301–

321, doi:10.32604/IASC.2022.021929. 

[17] S. K. Ghosal, J. K. Mandal, and R. Sarkar, (2018), “High payload image steganography based on Laplacian of 

Gaussian (LoG) edge detector,” Multimedia Tools and Applications, vol. 77, no. 23, pp. 30403–30418, 

doi:10.1007/S11042-018-6126-Y/METRICS. 

[18] D. Oliva, E. H. Houssein, and S. Hinojosa, Eds., (2021), “Metaheuristics in Machine Learning: Theory and 

Applications,” vol. 967, doi:10.1007/978-3-030-70542-8. 

[19] R. I. Borman, Y. Fernando, and Y. E. P. Yudoutomo, (2022), “Identification of Vehicle Types Using Learning 

Vector Quantization Algorithm with Morphological Features,” Jurnal RESTI (Rekayasa Sistem dan Teknologi 

Informasi), vol. 6, no. 2, pp. 339–345, doi:10.29207/RESTI.V6I2.3954. 

 

 

 




