
“Abstract” 

“Diabetic retinopathy” is damage to retina denotes one of the 

problems of diabetes which is a significant reason for visual infirmity and 

blindness. A comprehensive and routine eye check is important to early 

detection and rapid treatment. This study proposes a hardware system that 

can enhance the contrast in the “diabetic retinopathy eye fundus images” as 

the first step in different eye disease diagnoses. 

In this thesis, the performance of several techniques of image 

processing is examined and tested to improve a perfect and effective diabetic 

retinopathy images enhancement system. Among these techniques that 

include “fuzzy image processing on eye fundus images” give better results, 

as the performance metrics show, to allow the realization of the 

main objective, the earlier identification of issues to guarantee fast cure and 

prevent blindness, so it is used to be implemented in the designed system.  

“Fuzzy image processing” consists of a series of various fuzzy 

image processing methods. The description and analysis depend on the 

technique chosen and on the problem which needs to be solved. It consists 

of three main phases: data encoding (“fuzzification”) and results decoding 

(defuzzification) are the stages that allow image processing by fuzzy 

techniques. In the medium stage (modifying the membership values) the key 

strength of the fuzzy image processing. For image processing, there are 

various applications of  Fuzzy Logic such as noise detection and elimination, 

segmentation, edge detection, scene analysis, geometrical measurement, and 

enhanced contrast. The fuzzy histogram equalization technique is proposed 

to increases the local contrast of Diabetic Retinopathy Images. 

First, a histogram construction hardware architecture for different 

image processing purposes has been built then modified with fuzzy 

techniques to create fuzzy histogram equalization architecture which is used 

to enhance the original images. Both architectures are designed using a 

finite-state machine (FSM) technique and programmed with VHDL 



programming language. The first one is implemented using two (Spartan 3E-

XC3S500 and Xilinx Artix-7 XC7A100T) kits, while the second architecture 

is implemented using (Spartan 3E-XC3S500) kit because it needed resources 

that were not available on the second kit. The system consists also of a 

modified video graphics array (VGA) port to display the input and resulted 

images with a proper resolution. 

All the hardware outputs are compared to that results produce from 

MatLab for verification. A speedup of about 12 and 612 (for first and second 

architecture respectively) were achieved with Spartan3E-XC3S500 FPGA 

system over the software implementation using MATLAB on the art 

personal computer with a maximum area occupation 41% for the first one 

and 90% for the second architecture.   

 

 


