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Abstract 

Recent day’s biomedical image analysis has a strong custom of 

developing image analysis techniques that show potential for 

high effect in clinical practice for diagnosing.Automated 

analysis of retinal images is a challenging research area that 

aims to provide automated methods in setting up medical 

system that can monitor a large number of people for sight 

threatening diseases likely Retinoblastoma and Diabetic 

Retinopathy to help in the early detection. The most common 

degradations indetection of retinal images is their poor contrast 

quality and noise.The gray scale retina image feature analysis 

by segmentation are inappropriate for diagnosing the 

pathologies in retinal images since it needs to be analyzed in 

terms of color, texture and luminance. In this paper, a new 

approach based on morphological White Top-Hat Transformis 

carried out on retinal images to enhance the contrast and 

quality.The White Top-Hat Transform is used to enhance 

brighterregion in a dark background by suppress large regions 

and keeping the small size features to detect the pathologies 

part. The results indicate that proposed method improves the 

contrast of medical images and can help with better diagnosis. 

Keywords---Retinoblastoma, Diabetic Retinopathy, Edge 

Detection, Mathematical Morphological Operations and White 

Top-Hat Transform. 

 

INTRODUCTION 

The retina is the light sensitive, multi-layered sensory tissue of 

the eye [10]. The retinal is asignificant part of the blood 

circulatory system in which a number of systemic illness can 

be diagnosed by the detection of retinal features.  Changes in 

these retinal features relates with pathology and provide 

information about state of various diseases such as diabetes, 

arteriosclerosis, hypertension and coronary heart disease. The 

blood vessel in human eye is very small and hence more 

susceptible. Automated analysis of retinal images is a 

challenging research area that aims to provide automated 

methods to help in the early detection. Retinoblastoma is the 

intraocular malignantcancer of one eye orboth in young 

children that rapidly develops from the immature cells of a 

retina, withranging from 1 in 15,000 to 1 in 18,000 live births 

[9]. The noticeable sign of retinoblastoma is an 

irregularoccurrence of the red eye in retinalappearance as 

leukocoria, commonly named as amaurotic cat's eye reflex or 

white eye or cat's eye. It falls under two categories a genetic, 

inheritable form and a non-genetic or non-heritable form. The 

symptoms are including white color in the center circle of the 

eye (pupil) when light is shone in the eye, such as when taking 

a flash photograph, Eyes that appear to be looking in different 

directions and Eye redness. 

The retinoblastoma appears as a squint, as cross-eyed or wall-

eyed (strabismus) [6]. The significance of retinoblastoma 

treatment is to protect the life of the child, then to preserve 

vision. Roughly 80% of children with retinoblastoma are 

spotted before 3 years of age and diagnosis in children beyond 

6 years of age is enormously rare [7]. 

The term retinopathy denotes the retina disorder, due to 

damage to the tiny retina blood vessels and commonly caused 

by diabetes and very high blood pressure which can affect 

vision [8]. Diabetic Retinopathy is a micro vascular 

complication of diabetes, creates a small change in the retinal 

capillaries causing abnormalities in the retina shows in figure 

1. 

The detectable abnormalities such as Micro Aneurysms (MA) 

appear as small red dots in the retina [18] which damage the 

capillary walls, then the small blood vessels may rupture and 

cause intra retinal Hemorrhages (HA) appear as small red dots, 

differentiates from micro aneurysms or larger round-shaped 

blots with irregular outline [19]. Symptoms of diabetic 

retinopathy include blurred vision and slow vision loss over 

time, Floaters, Shadows or missing areas of vision, Trouble 

seeing at night, Double Vision and Eye pain. 

 

Figure 1. Retinopathy 

 

In DR, initially the normal vision of a human is blur and then 

vision tends to become weaker [17]. To classify DR the 

features are to be extracted are exudates (leakage of protein 

and lipids from blood vessel), micro aneurysms and 

abnormalities in blood vessels.Early detection of these features 

helps the ophthalmologist to detect the DR and also help in 

preventing blindness byadvice the required treatment to the 

patients.Therefore early detection through regular screening 

and will be highly beneficial for controlling the disease is 
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achieved by mathematical morphological operations. 

Mathematical morphology can be used for extraction of 

required information from image. The morphology is an 

approach for analyzing the geometric structure within an 

image[4] and sometimes distort the underlying geometric form 

of the image. Some of the noticeable features for the 

morphological approach are as follows: 

 Morphological operations accommodate the systematic 

adjustment of the geometric content of a retina image 

while keeping up the stability of the important geometric 

retina qualities. 

 It is possible to express digital algorithms in terms of a 

very small class of primitive morphological operations  

 There exist rigorous representations theorems by means of 

which one can obtain the expression of morphological 

filters in terms of the primitive morphological operation. 

 

The morphological operations can be can be applicable for 

many applications which includes edge detection, 

segmentation and enhancement of images. Morphological 

operations [5] such as top hat transform are used in image 

contrast enhancement and to find the boundary of the retina 

optic disc. In this paper white top hat transform is employed to 

diagnosing the pathologies in retinal images [16]. At first edge 

detection is performedfor feature detection and feature 

extraction in retinal images. Secondly Morphological 

operations are performed to detect the pathologies in retinal 

images and to enhance the contrast and quality. 

The rest of the paper is organized as follows. Section II deals 

the related works about the retinal image detection and the 

existing methods for detection of pathologies in retinal images. 

Section III deals with the process of retinal image extraction 

and proposed Morphological Operations. Section IV, gives the 

result and performance analysis. Finally, the overall proposed 

method concludes in section V 

 

RELATED WORKS 

Medicinal imaging incorporates distinctive modalities and 

procedures to envision the inside of human body for diagnostic 

and treatment reason. Be that as it may, a standout amongst the 

most widely recognized degradation in medical images is their 

poor differentiation quality and noise. Singh et.al (2010) [19] 

exhibited a strategy on programmed discovery of diabetes 

related disarranges like Diabetic Retinopathy (DR) which is 

utilized to recognize different sores of the retina. The Retinal 

Grading Algorithm, which takes after the International board 

of Ophthalmology's criteria for the assessment of the severity 

of the disease, helps in setting up the establishing the severity 

of the disease with the goal that the patient can as needs be 

referred to the specialist and hence treated accordingly. 

Retinal vessel segmentation algorithms assume a vital part for 

the detection of numerous diseases, such as diabetic 

retinopathy, glaucoma and numerous others. Rodrigues et.al 

(2015) [4] detailed an automated method for segmentation of 

retinal veins utilizing the crest lines and morphological 

operations. At first, each image is preprocessed and the green 

channel is acquired. At that point, separate the vessels crest 

lines utilizing a parallel thinning algorithm for grayscale 

images, at the same time playing out the sum of top-hats 

transforms utilizing a linear structuring element in eight 

directions. The proposed strategy is straightforward and 

displayed robustness and high performance on the DRIVE 

retinal database. A drawback of this approach is the difficulty 

to segment thin vessels. 

The presence of several objects and the nearness of adjoining 

pixels esteems make the diagnostic process an overwhelming 

errand. An image enhancement technique is to enhance the 

quality of an image. Spatial Domain Edge Detection approach 

needs Gray scale images for feature extraction and very 

inclined to noise. Ravindraiahet.al (2011) [9] tackled the issue 

with spatial domain filtering by shading the edges of ROI and 

designed a 2-dimensional filter of a predetermined kind of 

edge operations in much helpful to discover the X-derivative 

and Y derivatives of the image. The Magnitude of the resultant 

gradient image achieved gives very ideal outcomes. 

Firoz et.al (2016) [5] influenced an examination on 

morphological transform operation is completed on medical 

images to improve the contrast and quality. A disk shaped 

mask is utilized as a part of Top-Hat and Bottom-Hat change 

and this cover assumes an essential part in the operation. For 

both these transforms, structural element of arbitrary size at 

first and afterward expanded it stepwise to accomplish an 

esteem that gave optimum contrast enhancement for the image. 

The newly created images shows better contrast over the 

original images. This is because of the morphological 

operations completed on the pixels. This system can be utilized 

to upgrade different medical images that can help medical 

practitioners with better diagnosis and treatment which are 

invaluable to improve public health. 

Divya (2015) [21] evaluated an automated detection of diabetic 

retinopathy utilizing feature extraction from digital fundus 

images is done. The quality of an image can be enhanced 

utilizing enhancement techniques such as Adaptive Histogram 

evening out. Watershed Transformation algorithm is utilized 

for optic disc feature extraction. In the event that the gradient 

image is considered as input image, the watershed 

transformation produces a segmentation which can be viewed 

as a set of closed contours of segmented regions. 

Nancy et.al (2007), [17] a novel unsupervised strategy to 

segment retinal blood vessels from color fundus images is 

proposed. Another vessel measure is presented which depends 

on distinguishing vessel centerlines and orientation in scale 

space. The expansive Eigen estimation of the Hessian matrix is 

utilized as a pointer of the vessel centerline. GGT image is 

utilized as known marks for clustered pixels keeping in mind 

the end goal to classify each cluster to its relating class (vessel 

or non-vessel). Results can be enhanced while acquainting a 

post processing step to reduce false positives. 

Raja et.al (2014) [18] made an execution investigation on 

segmentation of retinal image utilizing morphological 

operations and SVM classifier. The Co-occurrence features can 

be extricated from every Co-occurrence Matrix. Energy, 

contrast, correlation and homogeneity are utilized as GLCM 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 11 (2018) pp. 8882-8888 

© Research India Publications.  http://www.ripublication.com 

8884 

features. The blood vessel detection and segmentation system 

is connected on images accessible in DRIVE and STARE 

databases and the segmentation comes about were contrasted 

and their separate ground truth images. 

 

PROPOSED METHODOLOGY 

The diagnosis of pathologies in retinal is performed by 

morphological operationsto enhance the quality of detection of 

retinal diseases. Automated detection of retinal blood vessels is 

an important process for screening for diabetic retinopathy. 

Edge detection employed to identifying the edge points in 

retinal features. At first pre-processing is performed on the 

retinal image is enhanced using adaptive histogram 

equalization technique for the detection of retinal features [18] 

from the retinal image and secondly morphological operations 

are performed to detect the pathologies in retinal images. 

 

A. Edge Detection 

Edge detection aims at identifying edge points in a given image 

defined as a local change or discontinuity in image luminance 

and it plays an important role in a number of image processing 

applications in the areas of feature detection and feature 

extraction. The edges in an image provide useful structural 

information about object boundaries and identify the changes 

in edges of some physical properties of surfaces being 

photographed, such as illumination, geometry, and reflectance.  

The presence of noise in the image degrades the performance 

of morphological algorithms. The use of gray-scale 

morphology involves erosion and dilation operators and can be 

implemented for real time processing by using suitable 

hardware. When an image is subjected to an edge detection 

algorithm, significantly reduce the amount of data to be 

processed and filter out information that regarded as less 

relevant and preserving the structural properties of an image. 

After the successful step of edge detection, succeeding taskof 

interpretation of the information content present in the original 

image should be simplified. After the edge detection 

morphological operations are performed to detect the 

pathologies in retinal images and to enhance the quality of 

detection to identify the retinal disease.  

 

B. Morphological Operations 

Morphological operations are mainly apply to an input image 

then creating an output image of the same size and the each 

output image pixel value is based on a comparison of the 

parallel pixel in the input (original) image with its neighbors 

[12].  In mathematical morphology and digital image 

processing, top-hat transform is an operation is mainly 

preferred that extracts small elements from given images. 

There exist two types of top-hat transform are white top-hat 

transform are employed to find the difference between the 

input image and its opening by some structuring element 

andthe black top-hat transform represents the difference 

between the closing and the input image.  

 

C. White Top Hat Transform 

The morphological operations are adopted initially to identify 

the retinal blood vessels. Morphological operation processes 

the preprocessed image with structuring element [2]. The basic 

principle of mathematical morphology is to compare the image 

with reference image, in size denoted as structuring element. 

Each structuring element revealed the image in a new form and 

the white top hat transforms are used to enhance the contrast of 

images through morphological methods.White Top-Hat 

transform is obtained by subtracting the opening of the original 

image from the image itself.  

White Top hat(A) = WATH = A- (A o B)------- (1) 

These transforms are named Top-Hat after Cylinder Hat shown 

in Figure 2. Figure 2(a) shows an image of the cross-section of 

the transform and Figure 2(b) describes defined parameters. In 

this figure, h indicates the difference in contrast which acts as a 

threshold and d0 and d1 determine radius of the circle. 

According to Equation (1), since the opening operator leaves a 

background of the image, it is expected that top hat transform 

removes the image background. This transform acts like a 

high-pass filter and extracts the bright areas of the image (with 

contrast not less than h) [13] which are smaller than the mask. 

 

 

Figure 2. White Top Hat Transform (a) Cross-section of 

Transform (b) Parameters 

 

The figure 2 shows diagrammatic representation of white top 

hat transform which shows several stages for detecting the 

retinal pathologies. If f (i, j)and E (u, v) describe the gray-level 

image matrix and the structural element matrix respectively 

[2], The fundamental operations of mathematical 

morphological are erosion and dilation f is an image in levels 

of gray and E is a structuring element. Dilation and erosion of 

f(X) from (y), noted f ΘE and f ⊕E are defined respectively as 

follows, 

𝑓⨁𝐸 = max
𝑢,𝑣

(𝑓(𝑖 − 𝑢, 𝑗 − 𝑣) + 𝐸(𝑢, 𝑣)) ------ (2) 

𝑓 ⊝ 𝐸 = min
𝑢,𝑣

(𝑓(𝑖 + 𝑢, 𝑗 + 𝑣) + 𝐸(𝑢, 𝑣))------ (3) 
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Figure 2. Flowchart for White Top Hat Transform 

 

f(X) is the correspondingto the small clear zones of theimage,x 

is the x(i,j) is a point of an image, E(y) is thestructuring 

elementand y is the y(u,v) are the sizes of the structuring 

element E. The erosion operator reduces the size of objects. 

This operator increases the size of holes in an image and 

removes very small details of that image. Removing bright 

areas under the mask makes the final image looks darker than 

the original image [14]. The dilation operator acts in reverse; in 

other words, it increases and decreases the size of objects and 

holes in the image respectively. Based on dilation and erosion, 

the opening and losing f(x) from E(y), noting that f Ο E and f • 

E, are defined respectively as follows 

𝑓 𝛰 𝐸 = (𝑓 ⊝ 𝐸) ⊕ 𝐸     ------ (4) 

𝑓 ⋅  𝐸 = (𝑓⨁𝐸)𝐸 ------ (5) 

The detection of pathology in retinal features was done 

according to the Top-Hat transform resulting from the 

mathematical morphologywhich makes it possible to keep only 

these small structures.  

After the white Top-Hat transform, a contrast enhancement 

carried out to highlight all the dark spots (pathology) are likely 

to be detect [3]. When changing the brightness of the image, a 

constant is added or subtracted from the luminance of all 

sample values. Adding a constant value to each every pixel of 

the image will increase the intensity of the image. Similarly, 

the brightness can be decreased by subtracting a constant value 

from each and every pixel of the image. 

 

EXPERIMENTAL RESULTS 

The performance evaluation of proposed morphological 

operations are simulated in MATLAB tool under windows 

environment. It shows the detection of retinal diseases by white 

top hat transform and compared with existing Gradient filtered 

edge detection [1] and its significance in detection of diseases 

termed Retinoblastoma(Rb) and Diabetic 

Retinopathy(DR).The White Top Hat Transform 

morphological operations are adopted to detect the pathologies 

in retinal features. The proposed White Top Hat transform re 

valuated in terms of Mean and Standard Deviation. Mean 

represents the average of the intensity values in the images. 

Variance value is useful in specifying the intra cluster 

variation. The image size should be taken as 36.52 KB and 

color depth of 24(bits/pel). 

 

 

Figure 3. Input Images of Retina 

 

 

Figure 4. After preprocessing the result 

 

Reading the Retinal Image 

Superposition of the Previous Result to Original 

Image (Enhanced Image) 

Suppression of the noise 

Mathematical Morphology (White 

Top Hat Transform) 

Superposition of result of white Top Hat Transform 

Complement of the Enhanced Image 

Adjust the Contrast of the Enhanced Image 

Detection of Pathologies in 

Retinal Images 
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Table 1 shows the comparative analysis for Retinoblastoma 

disease based proposed morphological White Top Hat 

transform with the existing Gradient Filter method. The 

performance of proposed method is evaluated in terms of File 

Size, Color depth, Mean and Standard Deviation.  

 

TABLE 1. Statistical Analysis for Retinoblastoma 

Methods 

File 

Size 

(KB) 

Color 

Depth 

(bits/pel) 

Mean 

(Lumen) 

Standard 

Deviation 

(Lumen) 

Original 

Image 
36.52 24 0.09685 0.2552 

Gradient 

Filter 
22.61 24 0.07635 0.1863 

White 

Top Hat 

Transform 

15.65 24 0.06652 0.1796 

 

 

 

Figure 3. Mean Comparison for Retinoblastoma 

 

From the table it is clear that by adopting the proposed white 

top hat transform for the detection of pathologies 

(Retinoblastoma) in retinal features shows the effective result 

in terms of mean and standard deviation when compared to the 

existing Gradient Filter that shows that the lower mean and 

standard deviation values represents the less noise. 

 

 

Figure 4. Standard Deviation Comparison for Retinoblastoma 

 

Figure 3 and 4 shows the mean and Standard Deviation 

comparison for proposed White Top Hat Transform for the 

detection of Retinoblastoma. From the graph it is clearly shows 

that proposed morphological methods shows efficient result 

0

0.02

0.04

0.06

0.08

0.1

Original Image Gradient Filter White Top Hat

Transform

M
ea

n
 (

L
u

m
en

)

Methods

0
0.02
0.04
0.06
0.08
0.1

0.12
0.14
0.16
0.18
0.2

0.22
0.24

Original Image Gradient Filter White Top Hat

Transform

S
ta

n
d

a
rd

 D
ev

ia
ti

o
n

 

(L
u

m
en

)

Methods



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 11 (2018) pp. 8882-8888 

© Research India Publications.  http://www.ripublication.com 

8887 

when compared to the existing techniques. It shows that lower 

the mean value denotes lower the presence of noise. 

 

TABLE 2. Statistical Analysis for Diabetic Retinopathy 

Method 

File 

Size 

(KB) 

Color Depth 

(bits/pel) 

Mean 

(Lumen) 

Standard 

Deviation 

(Lumen) 

Original 

Image 
30.52 24 0.09654 0.2652 

Gradient 

Filter 
24.61 24 0.08635 0.1745 

White Top 

Hat 

Transform 

17.65 24 0.07422 0.1869 

 

Table 2 show the performance evaluation of proposed white 

top hat transform for the detection of Diabetes Retinopathy. It 

shows that the white top hat transform proves to be efficient 

method for detection of retinal pathology terms of mean and 

standard deviation which can be applicable for various 

applications. 

 

Figure 5. Mean Comparison for Diabetic Retinopathy 

 

 

Figure 6. Standard Deviation Comparison for Diabetic 

Retinopathy 

Figure 5 and 6 shows the efficient result for proposed White 

Top Hat Transform for the detection of Diabetes Retinopathy 

when compared to the existing techniques. In both the 

pathologies discussed the input image requires an amount of 

36.72 KB and 30.22 KB. After applying the morphological 

operations white top hat transform the number of regions will 

be extracted from the background. The obtained result provesto 

be efficient high quality, contrast and reduced noise. 

 

CONCLUSION 

The important challenge is to improve visual quality of the 

detection of retinal features by morphological operations in 

order to help the earlydetection of the Retinoblastoma and 

Diabetic Retinopathy. It is well-known that retinal features 

interpretation is a very difficult task, even with the availability 

of the experienced radiologists. Mathematical morphology 

proves to be a useful tool for the detection of pathologies in the 

digital retinal images. In this work,a new approach for the 

detection of pathologies mathematical morphology operations 

such as White top-hat transform are employed to extracts small 

elements (pathologies) from given retinal images. The 

extraction of retinal features is done with white Top-Hat trans-

form to enhance the quality and contrast of detection. The 

performance results show that proposed morphological 

operations white top hat transform are efficient for detection of 

pathology in retinal features. In future much development has 

to be done on this algorithm so that it will be useful to the 

ophthalmologists for easy analysis and to study the 

pathologies. 
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