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Abstract: Now-a-days, image processing is extensively used for 

analysis of several biomedical images to identify the 
complications in one’s health. Most of the solutions offered are 
based on application software. Since these solutions are 
expensive, an embedded system approach is being explored in the 
recent years, considering its cost-effectiveness. This paper 
propounds an embedded system approach to identify exudates in 
retinal images. These exudates are often identified as indicators of 
a medical disorder known as Diabetic Retinopathy, which is one 
of the medical complications that arise due to high blood sugar 
levels. The algorithm employs statistical analysis using histogram 
to enhance the contrast of the images, thus assisting in extracting 
exudates by utilising the elementary concepts of image processing. 
Since the pixel characteristics of exudates and optic disk match, it 
becomes inevitable to first eliminate optic disk from retinal 
images, and then extract exudates. The prototype has been 
developed on MATLAB and is downloaded on an Artix 7 FPGA 
with minimal usage of its resources. The system proposed in this 
paper results in an accuracy of 90%. 
 

Keywords: Diabetic Retinopathy, Exudates, FPGA, Image 
Processing, Histogram, Labeling, Optic Disc, Elimination, 
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I. INTRODUCTION 

Healthcare Engineering is defined as “the involvement of 

aspects of engineering to assist in diagnosis, treatment and 
prevention of illness” [1]. This discipline covers development 

of basic instruments used in biological fields like stethoscope 
and thermometer, to complex machines like X-Ray Machines, 
Magnetic Resonance Image Scanners and scalpel-wielding 
robots to automated diagnosis machines such as Automated 
DNA Sequencer and Blood Chemistry Analyzer. Along with 
inventing and implementing above mentioned systems, this 
field also encompasses development of algorithms to detect 
disorders such as cancer [2], brain tumor [3], skin diseases [4] 
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and many more. The algorithms often are implemented as a 
“software package” which utilizes general-purpose 
processors. Though these devices offer workability of varying 
any parameters concerned with the algorithm at any time, 
inefficacy related to the speed and resource allocation stay 
unresolved. On the other hand, implementing an algorithm 
entirely on hardware may resolve the above-mentioned issues, 
but are not feasible when it comes to processing images of 
higher dimensions. Thus, as a solution, a combination of both 
hardware and software, known as an “embedded system” is 

preferred which can harness the advantages of both platforms 
[5]. 

The condition where blood sugar level varies either above 
or below normal threshold is called Diabetes Mellitus [6]. 
One of the disorders associated with Diabetes is Diabetic 
Retinopathy (abbreviated as DR). DR summarizes the 
abnormalities caused by irregular glucose levels in blood in 
the retina of eyes [7]. One of the traits indicating the presence 
of DR is existence of exudates in the retina [8]. The blood 
vessels in retina rupture and the lipids that are carried by these 
vessels tend to accumulate in the posterior pole of fundus 
image [9]. These accumulations are coined the term Exudates.  

Exudates are classified into two categories – hard exudates 
and soft exudates [10]. Soft exudates are usually harmless. 
Hard exudates, on the other hand, can cause blurred vision. If 
they are left untreated or ignored, they can lead to permanent 
blindness. These abnormalities are noticed in fundus images 
[11]. 

This paper deals with implementation of a novel image 
processing algorithm on an embedded system platform that 
involves MATLAB and FPGA. MATLAB’s Image 

Processing toolbox is utilized for the same and an Artix 7 
FPGA is also employed. The paper is divided into the below 
mentioned sections. Existing algorithms and proposed work 
are explained in Section 2 and Section 3 respectively. While 
Section 4 covers results, Section 5 concludes the paper. 

II. EXISTING METHODOLOGIES 

The authors in [12] propose application of convolutional 
neural network (CNN) for exudate classification. The green 
component is initially tapped out of an RGB image. Since the 
illumination across a fundus image varies from region to 
region, an illumination correction algorithm is applied. 
Looking at the images, it can be clearly noticed that the colour 
and texture of optic disc (abbreviated as OD) matches with 
that of exudates. Thus, it becomes a necessity to remove OD 
first and then extract exudates. 
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 In order to eliminate OD, local phase symmetry algorithm 
is utilized. In this method, the center of OD is identified and 
region growing is carried out to engulf the OD, thus 
eliminating it from the image. In order to remove blood 
vessels and small dark lesions, morphological opening and 
closing are employed. Furthermore, candidate points of 
exudates are analyzed using Ultimate opening. The resulting 
image is superimposed on modified green image.  

This superimposed result is then subtracted from original 
image to procure precise candidate points of exudates. Later, 
images are split into templates of size 64 x 64 pixels and are 
given as input to CNN. Convolutional, maxpooling and fully 
connected layers of CNN assist in learning these candidate 
points, so that they can be used for further testing. 

According to authors of [13], L* layer of L*u*v* colour 
model can help in easy exudate extraction. The extracted L* 
colour model is made to undergo top hat transform. The 
transformed image is added up with unmodified L* layer. 
This sum is subtracted from bottom hat transformed image of 
L* layer, which results in contrast enhanced image. Regional 
minima are calculated on the contrast adjusted image to 
further reduce brighter areas of the image. Using regional 
minima as marker, the preprocessed image is reconstructed 
based on morphological dilation. The difference between 
preprocessed image and reconstructed image results in an 
image where OD and exudates get highlighted and other 
artifacts get nullified. In order to retain only exudates, OD is 
removed. This is realized by searching for circular objects in 
the image. Once the circular object is identified, which 
indicates OD, its center is located. To mask OD, a circle with 
its center lying at the coordinates estimated earlier is drawn. 
The resulting image’s maxima are suppressed by 

implementing H-maxima transform. The exudates are 
segmented using Renyi Entropy Thresholding, where 
threshold is calculated by summing up entropies of 
background and foreground. These entropies are estimated 
using probability distribution of image.  

Ruba and Ramalakshmi [14] propose that the original 
fundus image must be resized to a resolution of 256 x 256 
pixels. To smoothen the image, green channel is extracted, 
and median filtering is applied. 24 features of the image such 
as mean, variance and standard deviation at numerous 
orientations are calculated using Gabor filter. Correlation, 
entropy, contrast, energy and other 8 features are calculated 
using Gray level co-occurrence matrix (GLCM). Using these 
features, a binary support vector machine (SVM) classifier is 
trained to group the images into two categories – positive and 
negative. Positive class indicates defective retina and negative 
class indicates healthy retina. In test mode, if a normal fundus 
image is fed to the algorithm then the result should be 
declared as normal and no further processing should be 
performed on the image. Contrarily, upon feeding an image of 
defective fundus image, the result should be declared as 
positive and the defect should also be stated. In case of 
exudates, OD must be removed using segmentation and 
morphological operations, thus retaining exudates.  

Similar to algorithm explained in [14], authors of [15] 
suggest that the RGB image has to be reduced in size to 126 x 
126 pixels. The resized image must be then converted to a 
grayscale image. To denoise image, median filter is 

employed. Next, OD is localized and is segmented using 
GVK’s Snake algorithm. Region growing is utilized to 

discard non-exudate regions. Later, to perform feature 
extraction, Gabor filter is deployed. 

Jadhav and Patil in [16] insist that the grayscale fundus 
image has to be filtered using median filtering. In order to 
attain uniform illumination all over the image, Adaptive 
Histogram Equalization has to be performed. To extract 
exudates and OD, segmentation has to be carried out. To 
extract blood vessels, wavelet transform, matched filter and 
derivative of Gaussian are employed. To discard OD, 
windowing method is put to use, according to which the 
window that consists largest number of white pixels is deemed 
as the one that contains OD. Mean, variance and standard 
deviation are calculated for further classification. [17] 
explains a similar algorithm. In case of [18], matched filtering 
is used for segmentation. 

Ahmed in [19] proposes resizing RGB images to 200 x 280 
pixels and extracting green colour layer. Hough transform is 
applied to eliminate OD. The RGB image is considered again 
and red and green channels are improvised, without altering 
blue component. This is done as exudates are clearly visible in 
red and green channels and not in blue channel. Next, in order 
to train the algorithm, 500 pixels are chosen, and their pixel 
intensity values are enlisted. The minimum and maximum 
points are found out which define the extremes of intensity of 
exudates ’pixels. All the pixels lying within the extremes are 

stockpiled into a vector. Average, variance and three times the 
standard deviation (also known as three-sigma or 3σ) are 

calculated on this vector. The intensity range for thresholding 
is defined between standard deviation and three-sigma 
calculated. 

In order to correct illumination of all three channels of 
RGB, authors of [20] propose to perform shadow correction. 
For contrast adjustment, median of m x n pixels is calculated 
and is subtracted from the original pixel values. Red 
component is picked from RGB image and segmentation 
based on thresholding is employed to extract OD and 
exudates. OD is localized using Hough transform and is 
masked out. In addition to this, RGB image is converted to 
HSV colour model and local contrast enhancement using 
local variation and mean is employed. Modified HSV image 
is converted back to RGB and is then converted to Lθϕ colour 
space. R, G, B, L, θ, ϕ together form six- dimensional vector.  
Different parts of the image are then represented using 
prototype vectors. Euclidian distance is used to measure 
distance between vectors and image patterns for template 
matching. Brightness, colour, shape and other features are 
considered to identify exudates. 

Most of the above-mentioned algorithms use Hough 
transform and feature extraction, which are not feasible when 
one thinks about hardware or embedded system-based 
implementation, as they are computationally complex. Thus, 
the method explained in next section has been developed 
carefully such that the steps are not difficult to implement on 
hardware, thus making the system efficient. 
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III. PROPOSED SYSTEM 

An overview of implementation of the algorithm on 
hardware and software is showcased in Fig. 1. The first and 
the foremost task of the designer/developer is to distinguish 
between the steps that must be implemented on MATLAB 
and FPGA. To successfully select the implementation 
procedure, one must acknowledge time consumption,  

memory requirement, area efficiency and complexity 
involved in every step of the proposed algorithm. Considering 
the above said parameters, image acquisition, colour model 
selection, OD removal and extraction of exudates are carried 
out on MATLAB, while average filtering, contrast 
adjustment, segmentation and morphological operations are 
performed on FPGA. 

The fundus images are collected from DiaRetDB0 [21], 
DiaRetDB1 [22], IDRiD [23] and MESSIDOR [24] 
databases.  

 

Fig. 1. Flowchart of the algorithm: blocks in blue 
represent that they have been realized on FPGA, 

while orange blocks indicate MATLAB 
implementation 

A. Input RGB Image 

The fundus image is input in MATLAB. These images are 
in RGB colour space. Since the resolution of images varies 
from database to database, all the images are resized to 576 x 
720 pixels.  

B. Green Channel Extraction 

Green channel highlights exudates more than any other 
colour model or colour layer. Hence it is separated from the 
input image. This also reduces the computation involved; by 
selecting one colour plane, one can process only 8 bits per 
pixel, instead of processing 24 bits if the entire colour model 
is selected [25]. Fig. 2 shows an RGB fundus image and its 
extracted green channel. 

    
                     (a)                                                 (b) 

Fig. 2. Fundus image: (a) RGB image (b) Green channel 

The pixels of green channel are stored into a coefficient file 
and passed to FPGA so that they can be stored into a block 
RAM for further processing. After each step of the algorithm 
is processed, the results are stored in BRAM, so that the 
values can be used for the next step. 

C. Average filtering 

In order to filter out small blemishes and irregularity in 
pixel intensity distribution, average filtering is performed on 
the green channel image. The entire image is divided into 3x3 
image patches for calculating mean of pixels. The mean of all 
9 pixels corresponding to a patch is calculated and these 
pixels are replaced by the resulting average [26]. 

For an image patch of 3x3 pixels, whose intensity values 
are represented as x0, x1, x2, x3, x4, x5, x6, x7, and x8, the mean 
(μ) is calculated as shown in (1). 

                   
9

..... 93210 xxxxx 
                 (1) 

To calculate mean, the sum of 9-pixel values is divided by 9 
using the method of restoring division [27]. The flowchart of 
division algorithm is shown in Fig. 3. Fig. 4 shows the mean 
filtered image output. 

 

Fig. 3. Average filtering flowchart with restoring division; 
r is index of row, c is index of column, RW is total 

number of rows, CL is total number of columns in the 
image, Q is quotient, count represents number of 

iterations, Di is divisor 

 

 



 
FPGA and MATLAB Based Solution for Retinal Exudate Detection 

730  

Retrieval Number: F7153038620/2020©BEIESP 
DOI:10.35940/ijrte.F7153.038620 
Journal Website: www.ijrte.org 
 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

D. Contrast Adjustment 

In order to gain uniformity in contrast across the image, 
contrast enhancement is performed. Thus, histogram-based 
contrast enhancement method is applied. The plot of 
frequency of pixels (also known as counts) against intensity of 
pixels (also referred as bins) is called Histogram [28]. The 
histogram obtained over the average filtered image is shown 
in Fig. 5. Fig. 6 shows the workflow to be followed to obtain 
histogram on FPGA. 

 

Fig. 4. Image obtained after performing Average filtering 
over the extracted green channel. 

 

Fig. 5. Histogram of image obtained after average 
filtering 

 

Fig. 6. Histogram flowchart; r is index of row, c is index of 
column, RW is total number of rows, CL is total 

number of columns in the image 

Let pixel values be bins = {0, 1, 2, ….., 254, 255} and the 

corresponding counts be counts = {count0, count1, count2, 
……, count254, count255}. The pixel counts whose frequencies 
are more than 100 are added up, and the sum is represented as 
N, as shown in (2). 

                   
255

0

100)();( icountsicountsN               (2) 

Also, the counts considered in (2) are multiplied with their 
respective pixel intensity values, and these products are 
summed up, as shown in (3). The sum obtained is represented 
as α. Fig. 7a depicts this process in a flowchart. 

            
255

0

100)();(*)( icountsicountsibins           (3) 

Sum of products (α) is then divided by sum of counts (N) to 
obtain a value, symbolized as δ, which serves as the mean of 
the pixels whose counts are greater than 100. This can be 
represented as shown in (4) and by Fig. 7b. Division is 
performed using unsigned binary division [29].  

                
N


                                        (4) 

 
(a) 

 
(b) 

Fig. 7. Flowcharts depicting (a) Obtaining α and N, and         
(b) Calculating δ from α and N using unsigned binary 

division 
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To enhance the contrast of the areas which imbibe exudates 
and OD, pixels of average filtered image are compared with δ. 
If pixel intensity is greater than δ, then it is multiplied with 2, 
otherwise it is divided by 2. In a hardware perspective, 
product resulting from multiplying a pixel value with 2 can be 
obtained by applying left shift by one position operation on 
the value. Similarly, logically shifting a pixel value to right by 
one position equates to division of the pixel value by 2. This is 
expressed using (5). The resulting image is showcased in Fig. 
8.  

                 













),(),(

),(),(
),( ,1

,1

yxyx

yxyx
yx avgavg

avgavg
ca               (5) 

 
Fig. 8. Image resulting from contrast enhancement. 

E. Segmentation 

Due to contrast enhancement, the pixels corresponding to 
exudates get brighter and are found to be of higher contrast 
compared to background. Thus, simple thresholding is 
performed to obtain binary image. A threshold of 135 is set. 
All pixels with intensity greater than or equal to the threshold 
are converted to white, represented by ‘1’, while the pixels 

with intensities less than 135 are converted to black, depicted 
by ‘0’ [30], as depicted in (6). This leads to extraction of both 

exudates and OD, as their colour and texture are almost 
similar. This process is showcased in Fig. 9. Fig .10 shows the 
resulting binary image. 

                        


 


otherwise

ca
seg yx

yx ,0

135,1 ),(
),(

                      (6) 

 

Fig. 9. Thresholding flowchart 

 

Fig. 10. Image resulting from thresholding operation. 

F. Morphological Closing 

Since the pixel values of OD and exudates match, 
segmentation on the contrast adjusted image often results in 
both extraction of both OD and exudates. Blood vessels run 
through OD. The pixels belonging to these vessels often have 
lower intensity than those lying in the area of OD. This makes 
blood vessels’ area black upon segmentation and OD area to 

white. This causes OD to disintegrate. The first task is to make 
sure that all the blobs belonging to OD accumulate to form 
one huge white blob. To attain this objective, morphological 
dilation is performed. A structuring element of shape ‘disk’ 

and radius 7 is chosen. 
Structuring element is a reference matrix/window that 

moves across the image. The pixel that lies to the centre of this 
reference matrix is considered as “centre pixel”, while the 

surrounding pixels are named as “neighbouring pixels”.   

Structuring element of shape disk with radius of 7 pixels 
closely approximates to a square matrix of size 13x13 pixels, 
where pixels at co-ordinates (0,0), (0,1), (0,11), (0,12), (1,0), 
(1,12), (11,0), (11,12), (12,0), (12,1), (12,11) and (12,12) are 
ignored, thus creating an illusion of a “disk” shaped matrix. 

The pixel lying at coordinate (6,6) is considered as the centre 
pixel. As per the definition of binary dilation [31], if any of 
the neighboring pixels is white, then the center pixel is made 
white, irrespective of its previous state. In case of absence of a 
white pixel in the neighborhood, the center pixel is retained as 
it is. The flowchart in Fig. 11 depicts how dilation is 
implemented on FPGA, where r is index of row, c is index of 
column, RW is total number of rows, CL is total number of 
columns in the image. 

Further, to eliminate the spare pixels neither belonging to 
exudates nor OD, morphological erosion is conducted. 
Erosion is the complement of dilation; the center pixel is 
changed to black if at least one black pixel is found in its 
neighborhood. The chosen structuring element is same as that 
employed for dilation. The process in which erosion is carried 
out on a dilated image with same structuring element is known 
as Morphological closing [32]. The flowchart in Fig. 12 
depicts how erosion is implemented on FPGA. The image 
resulting from closing is shown in Fig. 13. 

Sometimes, due to application of morphological closing, 
the blobs tend to outgrow their original size. This implies that 
morphological operations may tamper the area of exudates.  
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In order to overcome this increase in number of pixels of 
exudates, closed image is multiplied with segmented image, 
thus eliminating noisy pixels and outgrown pixels. 

 

 

Fig. 11.  Dilation flowchart 

 

Fig. 12. Erosion flowchart 

 

Fig. 13. Image resulting from morphological closing. 

Once these processes are complete on FPGA, two .dat files 
are created – one to store all the pixel intensities 
corresponding to closed image, and the other to store the 
pixels obtained after multiplying closed image with 
segmented image. These two .dat files are read in MATLAB 
and the rest of the steps involved in the algorithm are carried 
out. 

G. Removal of OD 

It is well established fact that the size of OD is always 
larger than individual blobs of exudates [33]. Connected 
component labelling is carried out on the closed image 
obtained from FPGA to estimate area of every white blob 
[34]. Each connected component is tagged with a number or a 
‘label’. The frequency of each label indicates the area or 

number of pixels corresponding to that label. The label with 
highest frequency is deemed as OD. The other blobs are 
replaced with black pixels, thus retaining only OD. The centre 
of OD is calculated using ‘regionprops’ command of 

MATLAB [35]. The image obtained after retaining only OD 
is shown in Fig. 14.  

 

Fig. 14. OD extracted; the red dot on OD indicates its 
centre. 

It was found out from the dataset considered that the 
maximum diameter of the OD is found to be 200 pixels. Thus, 
in order to extract exudates a zero matrix of size 200x200 
pixels is drawn on the image obtained after multiplication, 
with its center coinciding with the center of OD detected. Fig. 
15 shows the final image obtained after the complete 
processing is done. 
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Fig. 15. Exudates extracted 

IV. RESULTS 

The algorithm has been tested for 60 images. 51 images 
yielded accurate outputs, successfully detecting all exudates. 
3 images which do not have exudates were also fed as inputs, 
which again were correctly diagnosed. 4 images are also 
loaded to this algorithm, in which few exudates were lost due 
to their extremely small size or due to their close proximity to 
OD, which are eliminated due to the square drawn. In 2 cases, 
blood vessels were wrongly diagnosed as exudates. To 
validate the results, true positive (TP), true negative (TN), 
false positive (FP) and false negative (FN) were calculated. 
Using these values, accuracy was calculated using (7) [36] 
and was found to be 90%. 

               
FNFPTNTP

TNTP
Accuracy




                 (7) 

The synthesis results for the steps implemented on Artix 7 
(XC7A100TCSG324-2) FPGA [37] with a timing constraint 
of 10 nanoseconds are disclosed in Table I. The values were 
synthesized using Vivado 2017.2. 

Table- I: Synthesis Summary on XC7A100TCSG324-2 

Circuits realized using 
Verilog for FPGA 

Time Delay 
(nanosecon

ds) 

Area 
(%) 

Average filtering 8.011 0.24 

Contrast Adjustment 13.417 7.08 

Segmentation 1.894 <0.01 

Dilation 3.857 0.12 

Erosion 3.857 0.12 

Image multiplication 0.991 <0.01 

 
Also, the synthesis values obtained for restoring division 

and unsigned binary division are shown below in Table II. 

Table-II: Division Synthesis Summary  

Division Circuits 
Time Delay 
(nanosecon

ds) 

Area 
(%) 

Restoring Division 2.795 0.09 

Unsigned binary division 5.3 0.55 

V. CONCLUSION 

As explained in [38], embedded systems are faster than the 
traditional software approach for biomedical applications of 
image processing. In this paper, a novel method for extraction 

of exudates and elimination of OD using MATLAB and 
FPGA is explained. The proposed method uses statistical 
analysis on histogram to improve the constrast of fundus 
images. Manual thresholding, Morphological operations and 
connected component labelling are employed to extract 
exudates. The steps are carefully chosen for hardware and 
software implementation. An accuracy of 90% is acquired 
using this technique. As future scope, the software part can be 
implemented on Python using OpenCV, to make the system 
further cost-effective. 
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