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Abstract-Digital image processing is the processing and 

display of images. This field has wide number of applications 

each of which is useful in our everyday life. Various image 

processing algorithms help a user to clearly view the image 

and to be able to recognise different characteristics of the 

image. Median filtering is effective in removing salt and 

pepper noise from an image and morphological image 

processing algorithms like erosion and dilation are concerned 

with the shape analysis of the image. These two morphological 

operations help in image enhancement and their different 

combinations can yield many more useful processing 

algorithms. In this paper, implementation of these image 

processing algorithms on Xilinx Spartan 6 (Nexys 3) FPGA 

board is presented. The original gray scale image of size 

200x150 is used and processed image is displayed on the VGA 

monitor. Hardware implementation is popular because they 

are efficient in terms of speed, complexity and offers 

parallelism and flexibility. 

 

Keywords - dilation, erosion, FPGA, Median filtering, 

VGA. 

I. INTRODUCTION 

In the recent years, the area of digital image processing, is 

gaining immense importance with applications like 

medicine, space exploration, surveillance, authentication, 

automated industry, remote sensing, transportation and 

many more. One of the most important image processing 

operations is image enhancement. Image enhancement 

provides more effective display of image for visual 

interpretation. It helps a user to clearly view the image and 

to be able to recognise different characteristics of the 

image. This technique is very useful for assisting with 

distinction of different objects in an image. Image  

enhancement deals largely with image correction, which 

may be necessary due to the image being affected by 

geometric distortion or noise. It can also remove blurring 

whereby a poor quality image may be upgraded to one with 

better quality and distinguishable features. [5] 

For hardware implementation of image processing 

algorithms, FPGA has emerged as a viable target. This is 

because FPGA offers various advantages like it proves to 

be much more efficient in terms of cost and 

performance,offers parallelism performing various 

operations simultaneously, provides flexibility to 

reprogram or upgrade the design andcan speed up 

implementations by avoiding redundant operations. [1] 

This paper focuses on image processing algorithms like 

median filtering and morphological image processing. 

Median filtering helps in removing impulsive noise from an 

image while preserving the edges. [9]. Morphological 

image processing includes two basic operations like 

Erosion and Dilation that help in enhancing the darker and 

lighter intensities in the image respectively. [3] 

The original grayscale image of size 200x150  is first 

stored in Block ROM of the Spartan 6 FPGA and then the 

image processing algorithms are implemented using the 

3x3 moving window technique being applied on each pixel 

using Xilinx ISE 12.1 and the processed pixels are stored in 

Block RAM of FPGA. Finally the original and processed 

images are displayed on the VGA (Video graphics array) 

monitor.  

The following image processing algorithms are used: 

1. Median filtering 

 

Median filter is a non-linear filter used in image processing 

for impulse noise removal while preserving the edges. The 

principal function of median filtering is to force points with 

distinct intensity levels to be more like

their neighbours. This filtering algorithm is applied by 

moving a mask on the input image from pixel to pixel. This 

mask selects a neighbourhood and applies a predefined 

operation on the image pixels 

encompassed by the neighbourhood. The mask can be of 

varying sizes like 3x3, 5x5, 7x7 etc. [8]. In non linear 

filtering instead of using linear algorithms certain different 

operation is implemented on neighbourhood pixels to 

determine the centre or processed pixel value. This offers 
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the advantage of not distorting the edges of original image 

while removing the noise. 

The response of median filter is based on ordering 

(ranking) the pixels contained in the image area 

encompassed by the filter and then replacing the centre 

pixel with the median value determined by ranking 

result.For a 3x3 neighbourhood the median value is the 

fifth largest value obtained by performing sorting of the 9 

pixels 

 

 

Fig 1. Selecting median of series of values 

It can be used as a pre-processing technique in many image 

processing applications where the input image is affected 

by impulse noise that is caused by malfunctioning pixels in 

camera sensors, faulty memory locations in hardware or 

errors in data transmission. [5] 

2. Morphological processing 

The word morphology is a combination of morphe, Greek 

for “form” or “shape”, and the suffix -ology, which means 

“the study of”. Consequently, the word morphology means 

the study of shapes. [5] 

Morphology refers to a branch of biology that deals with 

the form and structure of animals and plants. The same 

word is used in the context of mathematical morphology as 

a tool for extracting image components that are used in the 

representation and description of shape of the image [5]. 

The two basic operations of morphological image 

processing are erosion and dilation. 

 

 Erosion  

It grows the darker intensities of the input image.Grayscale 

erosion can be achieved by ordering the pixels in the 3x3 

neighbourhood selected by the mask and then picking up 

the minimum value from these pixels and replacing the 

centre pixel with this minimum value.Erosion can split 

apart joined objects and can strip away extrusions. 

 Dilation 

It grows the darker intensities of the input image. Grayscale 

dilation can be achieved by ordering the pixels in the 3x3 

neighbourhood selected by the mask and then picking up 

the maximum value from these pixels and replacing the 

centre pixel with this maximum value. Dilation can repair 

breaks and intrusions in an image. 

Many other morphological image processing operations are 

obtained from the two basic operations erosion and 

dilation. Such operations are called as Compound 

Operations and can help in image enhancement, image 

segmentation,edge detection, feature generation, shape 

analysis and noise reduction. 

I. IMPLEMENTATION 

 

Fig 2 shows the block diagram of the proposed architecture. 

 

 
Fig 2 Proposed architecture of the system 
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The process of building an image processing system that 

performs median filtering/morphological operations 

(erosion and dilation) is divided into two phases: 

 

1. FPGA implementation of VGA display with BROM as 

image memory 

2. FPGA implementation of morphological image processing. 

 

In the first phase the original image of size 240x160 is 

displayed on VGA screen which involves creating a .coe 

file in MATLAB, using Xilinx core generator for BROM 

and developing a VGA controller to set resolution.[6] 

 

The second phase involves taking an imageand performing 

median filtering and morphological image processing on 

that image using 3x3 window, and displaying input and 

processed image through VGA display.[4] 

 

II. RESULTS 

TABLE I 

FPGA  Median Filter +Morphological Operations(Erosion 

& Dilation) 

# Slices(18224) 396(2%) 

# Slice LUTs(9112) 1031(11%) 

# bonded IOBs(232) 15(6%) 

# BUFG/BUFGMUXs (16) 2(12%) 

# DCM/DCM_CLKGENs (4) 1(25%) 

Memory usage 178980 KB 

 

 

III. CONCLUSIONS AND FUTURE WORK 

 

The successful implementation of morphological image 

processing operations like erosion and dilation and median 

filtering illustrates that a series of image processing 

algorithms useful for various applications can be efficiently 

implemented on FPGA hardware. This work can be used as 

a pre-processing task in many applications where it is 

useful to perform operations like noise removal, shape 

analysis, edge detection and many more.  

The design could be extended to make it possible to 

generalize the implementation such that it can adapt 

automatically to different mask sizes, for example 5x5, 7x7 

or 9x9 whichever is needed. This can be useful when 

operating large size images where bigger mask size is 

useful. 

Much more morphological image processing operations 

and adaptive median filtering can be included. Also this 

work can be modified to fit to real time applications where 

the user can directly load the input image by interfacing 

FPGA with the camera.  
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