
© 2020 JETIR January 2020, Volume 7, Issue 1                                                 www.jetir.org (ISSN-2349-5162) 

JETIR2001092 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 705 

 

FPGA BASED IMPLEMENTATION AND 

ANALYSIS OF MEGA FILTER FOR 

EFFECTIVE DENOISING OF IMAGES  

                   
1Siddesh Kumar B   2Shilpa S N 

1Lecturer, 2Lecturer, 
1Dept. of Electronics & Communication Engineering, Government Polytechnic, Channapatna, 

Ramanagara, Karnataka, India - 562 160 
2Dept. of Electronics & Communication Engineering, Government Polytechnic, Ramanagara, Karnataka, India - 562 159 

 

                                                 

    

 

   
Abstract – MeGa filter design and implementation on FPGA has been proposed in the paper. The proposed MeGa filter is 

a hybrid filtering technique used to effectively suppress the combination of Gaussian and Impulse noise present in the images. The 

proposed filtering technique is a two-stage process. In the first level linear filtering through Gaussian filter of various masks is 

employed to eliminate the different intensity noises. At the second level a non-linear method of filtering the images using Median 

filter is implemented to filter impulse noise/salt and pepper noise. The size of the image used/data of the design proposed is 256*256 

pixels.  To achieve high speed of image processing, filter design is implemented on Field Programmable Gate Array (FPGA). The 

proposed work shows the implementation of MeGa filter design on FPGA and to run the design on Spartan 6E FPGA board. 

 

Keywords: Gaussian, Median, MeGa, FPGA, SAP. 

 

I. INTRODUCTION  
 

Image processing is a wide area with tremendous application in our day to day life activities such as Biometric 

registrations, Industrial Automation, Automatic machine controlling [20]. Image processing is also being extensively used in 

the field of space, research and military applications [22]. 

In most of the real time images captured, different kinds of distortions such as noise may get added differences in the 

capturing hardware, limitations in the memory storages or error encountered during transmission or due various 

environmental factors. The variation in the intensity of the images might also reduce the quality of the images.  The presence 

of noise and intensity variation in the image makes images difficult for further analysis and decision making .  

Image noise may originate from various sources. While transferring images from one device to another through cable such 

as optical cable, the electrical to optical conversion is done at the transmitter side and optical to electrical conversion is 

performed at the receiver side. During this conversion and because of reflection of the signal in the cable while transferring, 

the noise may get added in the images [20]. Each step in conversion process is associated with random changes which 

contributes noise component to the image thereby altering the intensity of a given pixel [15]. As the image goes through 

multiple conversions before being processed noise gets added to the original image and the added noise may alter the original 

image content.  

 The main dominating noises in the digital image are Gaussian noise and SAP noise [ 23]. Because of the Gaussian 

noise, the edges of the objects in the image become dominant due to high frequency components [23]. The step of pre-

processing is done to extract the image data and suppress the noises, such as Gaussian noise. 

At present, most of the real time image processing systems are based on the standard median filter with little modifications 

[13,14]. The traditional method of Filtering has several shortcomings [10,11,12]. They can only filter one kind of noise of 

particular intensity level with certain or improved PSNR value. An effective filtering technique is needed to get rid of the 

combination of noises or varying noise intensity levels in images without reducing the quality. An effort has been made to 

design a hybrid or a combination of filtering technique to get rid of the combination of noises like Gaussian noise and the salt 

and pepper noise of varying noise intensity levels in images without reducing the quality. 
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The design implementation is carried out on FPGA Spartan 6E for large data to be processed. 

To meet the real time implementation requirements such as filtering the images with multiple noises  so that this technique 

is applicable in applications such as robot vision. To filter multiple noises of various intensity levels. Compared with the 

implementation in a PC based system, pipelined implementation on FPGA takes much less implementation time and can 

therefore be used for the mobile robot vision system which is very strict for the real-time performance of its vision system 

[3]. 

 

 

 

 

II          PROPOSED METHODOLOGY AND BLOCK DIAGRAM OF MEGA FILTER DESIGN 

 
Pre-processing is the first step in robotic vision. In pre-processing step the input image is filtered to remove noise. Noise 

consists of undesirable components which degrades image standard..  

The figure 2.1 shows the block diagram of a Modified MeGa Filter. The noisy image of different intensity is applied as 

input to the Gaussian filter of 3 different masks. There is block called noise intensity, where the noisy intensity level is 

measured and corresponding decision is made to which filter to operate. Which of the three Gaussian filters is used depends 

on the image noise intensity. Then the median filter to remove SAP noise present after filtering using Gaussian filter. Finally 

the filtered image output is obtained.  

The proposed design is different from the design in the literature survey[22] in the way in which two level of filtering is done 

on noisy image where in which, at first level Gaussian filtering is done  based on noise intensity followed by median filtering 

to remove SAP as  against the paper[22] 

where mean and median filters are used to filter same kind of noise at two levels on particular intensity level. Where as in 

traditional method single filter with modified algorithm is used for filtering. 

 

 
Fig.2.1 Block Diagram of proposed MeGa filter design 

 

Gaussian Filter Implementation and  Method to find the Gaussian Kernel/Mask: 

The Gaussian filter is most suitable to remove Gaussian noise [15 ]. The one dimension Gaussian function is given by 

equation (1) [23] and the corresponding Impulse response curve is shown in figure 2.2. 

 
 

 

𝒈(𝒙, 𝒚) =
𝟏

𝟐𝝅𝝈𝟐
𝒆
−(

𝒙𝟐+𝒚𝟐

𝟐𝝈𝟐
)
-----------------------Equation (1) 

Where   σ is standard deviation of Gaussian distribution  

x is the distance from origin in the horizontal direction 

  y is the vertical distance from the origin 

For σ=1, the impulse response is given in Equation (2). 

          𝒈(𝒙, 𝒚) =
𝟏

𝟐𝝅
𝒆
−(

𝒙𝟐+𝒚𝟐

𝟐
)
-------------------- Equation (2) 

The values of x and y are ranging between -1 and 1 as shown in 3X3 matrix Table 2.1. 

 

(-1,1) (0,1) (1,1) 

Fig 2.2 Impulse Response of Gaussian Filter 
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(-1,0) (0,0) (1,0) 

(-1,-1) (0,-1) (1,-1) 

Table 2.1 x and y coordinates 

 

The different combinations of x and y values of table 2.1 are substituted in equation (2) to obtain approximate numerical 

values yields Gaussian mask as given in table 2.2.[25] 

g (-1,-1) = 0.0585≈0.0625=g(1,1) =g(-1,1)= g(1,-1) 

g(0,1) = 0.096 ≈0.125=g(-1,0)= g(1,0)= g(0,-1)= g(0,1)  

g (0,0) = 0.159 ≈ 0.25 

 
Table 2.2 Gaussian 3x3 mask,5x5 mask & 7x7 mask 

 

To obtain Gaussian filtered image, first the image is divided into 3X3 overlapping window as shown in the figure 3.1. Where 

in which the block of nine pixels of original image are convolved with Gaussian kernel (table 2.2) of Size 3×3.  

 

 

Median Filter Implementation 

Median Filter is a simple and powerful non-linear filter which is based order statistics. It is easy to implement method of 

smoothing images. Median filter is used for reducing the amount of intensity variation between one pixel and the other pixel. 

In this filter, we do not replace the pixel value of image with the mean of all neighbouring pixel values, we replaces it with 

the median value. Then the median is calculated by first sorting all the pixel values into ascending order and then replace the 

pixel being calculated with the middle pixel value. 
The method of median filter is articulated using Sort optimization 

a(x,y) =med b[(x-i)，(y-j)]，Ikε W（1） 

b(x, y) and a(x,y) represents  the input image and the filtered output image respectively. W represents a 2D format, usually 

it is 3 × 3 or 5 × 5  in size.  Here is an example of 3 X 3 moving window for median filter.  

 
Fig.2.3 Considering the pixel values row-wise 

 

According to the Median filter design sorting as to be performed on the 9 pixels under consideration and the middle value 

is used to replace the (2,2) pixel. Where in the algorithm of finding the median value reduces the number of comparisons to 9 

thereby reducing the sorting time to 13 from 21 which greatly improves the systems efficiency[24].  

  The proposed algorithm is similar the image pre-processing block on FPGA. This algorithm works for a 3 X 3 filter 

structure. The lines n-1, n and n+1 saves the short term data. A three element FIFO memory structure can be used to store 

these three data. After processing of data present on line n , the data on n+1 is processed and continued so on.  

 

 

III        HARDWARE IMPLEMENTATION 

 

The hardware implementation of the block diagram as shown in 2.1 is explained in detail in the following section. 

 

Gaussian Filter implementation  

            In this section we have taken 3x3 moving window construction and the same idea is extended for 5x5 and 7x7 

moving window. Next step is to construct a moving window, which results in 3x3 matrix of input image elements, so that 

this input matrix can be multiplied with the 3x3 Gaussian kernel. The calculation of the 3x3 Gaussian kernel is done in the 

following section. 

Nine D-flip flops and two FIFOs are employed in the moving window. The D-flip flops stores the input pixels. The FIFO 

act as a dynamic memory array. The array size is 253 as depicted in figure 3.1. The image size is standard 256x256 is chosen 

for filtering. 
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The operation of the moving window is explained in detail below. Each pixel is 8 bits wide. The image consists of 256x256 

pixels as shown in the below figure 3.1. The pixels are processed serially. The 8-bit pixel image  is first fed to the flip flop 

D0. As the D-flip flop is a delay flip flop, it just passes the input with some pre-defined delay. In our work, the clock period 

is 10ns, i.e. each D- flip flop will pass the input after 10ns. The output of each D-flip flop can be stored as an intermediate 

signal, for further calculation. As there are D0 to D8 D-flip flops are there, S0 to S8 are the intermediate signals.  

 
 

Fig 3.1. 3x3 Gaussian Moving Window Design 

 

The figure 3.2 shown below is the hardware structure and the median filter model structure. The working operation is as 

follows: the initial step includes writing of data into the  FIFO module of FPGA. when the last FIFO is in half full state, the 

median filter module working  begins. The 3 FIFO data will be ordered in ordering comparator and fed to the next stage of 

comparators. Two D Flip flops are used to introduce two circle delays to distinguish input data order before being fed to 

second comparator. The output of the second comparator is fed to the median comparator to get the final output. The finally 

obtained median value is replaced for the (2,2)th pixel in the 3x3 window. 

 

 
 

Fig 3.2. Hardware Structure of Median Filter Module 

 

The maximum and minimum values of three data can be obtained by two comparisons and the median values is obtained 

by ordering followed by three comparisons. There are four different comparators available for ordering, finding minimum, 

finding maximum and finding median. The figure below shows hardware structure of the four  comparators.  

In the below figures 3.3a, 3.3b, 3.3c, 3.3d, the basic processing element is PE which compares the two data inputs. D flip-

flop, introduces a single circle delay which is required for the process of synchronization. The proposed algorithm requires a 

two storage space to store temporary data and hence two flip flops are used.  The figure shows the hardware structure of this. 

 
 

Fig 3.3a Ordering Comparator    
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Fig 3.3b Minimum Comparator 

 
Fig 3.3c Median Comparator  

 

     

Fig 3.3d Maximum Comparator 

 

 Noise Intensity Module Implementation 

 First the Noisy Image is filtered by all the three types of Gaussian Filters and depending on the amount of noise intensity 

in the image , Image is calculated by  decision block the MUX output is selected and further processed by median filter. The 

noise intensity is calculated by the following equation 3.2.1, 

𝐍𝐈 =
∑ 𝑨𝒊𝒎−𝟏
𝒊=𝟎

𝟔𝟓𝟓𝟑𝟔
……    (3.2.1.) 

Where, NI is the Noise Intensity & Ai refers to the pixel value in the image. 

 

Based on the noise intensity(NI) value MUX input is selected and taken into its output for further process.  

a. If the NI value is between 0 & 85 then “00” of the MUX input ie. 3x3 Gaussian filtered image is allowed at its output to 

feed to median filter. 

b. If the NI value is between 85 & 170  then “01” of the MUX input input ie. 5x5 Gaussian filtered image is allowed at its 

output to feed to median filter. 

c. If the NI value is between 170 & 255 then “10” of the MUX input input ie. 7x7 Gaussian filtered image is allowed at its 

output to feed to median filter. 

 

 

IV    TESTING, RESULTS AND COMPARATIVE ANALYSIS 

In the following section the various blocks of MeGa Filter are designed using VHDL language, tested for simulation 

results and also noisy images are filtered to get PSNR values for comparative analysis purpose. Then all the blocks are 

combined into a single Hybrid filter to obtain MeGa filter also the noisy images are filtered to obtain the PSNR values for 

comparative analysis. 

 

SIMULATION RESULTS OF INDIVIDUAL BLOCKS 

 

i. Gaussian Filter with 3x3 mask 

 

Gaussian filter with 3x3 mask simulation results are given below which shows the result for 255 value input 
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ii. Median Filter 

 

Median filter simulation results are given below which shows the result for 255 value input 

 
 

 

iii. Decision Block 

Decision block simulation results are given below  which is test for intensity level of 150 so option 2 is 

selected ie 5x5 mask Gaussian filter is selected 

 
 

FILTERED IMAGE OUTPUT OF MeGa FILTER 
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COMPARATIVE ANALYSIS 

 

In the following section PSNR values of Median filter, 3x3 Gaussian Filter and MeGa Filter are considered for 

comparison. The Table 4.1 shown below gives the PSNR values of filtered output gray scale images. For which input gray 

scale images having different noise intensity levels are considered for this comparative analysis. The analysis is carried on 

the hardware model designed. In the below Table 4.1 column 1 represents the images with different noise intensity levels. 

i) ‘SP01’ represents gray scale image added with 01% Salt n Pepper noise .Similarly ‘GN01’ represents gray scale image 

added with 01% of Gaussian Noise. Also ‘GNSP01’ represents gray scale image added with 01% of each Gaussian noise 

followed by Salt n Pepper noise.  

ii) ‘SP04’ represents gray scale image added with 04% Salt n Pepper noise .Similarly ‘GN04’ represents gray scale image 

added with 04% of Gaussian Noise. Also ‘GNSP041’ represents gray scale image added with 04% of each Gaussian noise 

followed by Salt n  Pepper noise.  

iii) ‘SP10’ represents gray scale image added with 10% Salt n Pepper noise .Similarly ‘GN10’represents gray scale image 

added with 10% of Gaussian Noise. Also ‘GNSP10’ represents gray scale image added with 10% of each Gaussian noise 

followed by Salt n Pepper noise.  

 

Comparison Based on PSNR values 

 
 

Table 4.1 PSNR values obtained by 3 three filter under comparison for hardware model 
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Fig 4.1. Line chart for plot of PSNR values for 3 different filters 

 

Following are the observations made after the comparative analysis: 

Gaussian filter PSNR values are good for salt n pepper, Gaussian noise and combination of both over Median filter and 

MeGa filter. However its performance reduces with the increase in the percentage of noise intensity levels. Also its 

performance degrades with the increase in noise intensity level for combined noises. 

Even though Median filter is designed to remove salt n pepper noise effectively its PSNR values are less over Gaussian 

filter  but comparatively more over MeGa filter. But its performance it randomly varying over different kind of noises and 

their related intensity levels. MeGa filter PSNR values are less compared to other two  filter under comparison but its 

performance is consistently increasing with increased noise intensity levels and also with the combination of noises. Figure 

4.1 represents the line graph and line graph of comparison of performance of MeGa filter over 3x3 Gaussian and Median 

filters. 

 

 

Comparison Based on Synthesis Results 

This section compares the synthesis report of MeGa filter module and the results of [13] and [14].  

Tables 4.2 FPGA (Hardware) resource utilization of proposed MeGa filter 

 
Table 4.2 Synthesis report of MeGa filter & Other filter under comparison 

 

By observing above table 4.2 the number of fully used LUT –FF pairs is reduced at the cost 1% number slice LUTs are 

used more. The table tabulates resource utilization of the design on the FPGA board. Thus we can conclude that the proposed 

MeGa filter is uses less area compared to the existing median filters. 

 

 

V CONCLUSION AND FUTURE WORK 
  

The MeGa filter using Gaussian filter with three different masks and in combination with median filtering technique, 

accounts for the elimination of Gaussian and salt and pepper noise or combination of both. Depending on the amount of noise 

intensity, any one of the Gaussian masks that is that is 3x3, 5x5 and 7x7 is selected. The proposed algorithm is 

computationally efficient in removing salt n pepper noise from images. A new MeGa filter is useful for image restoration and 

elimination of salt and pepper noise is done while maintaining the information in the image.The proposed model has 

optimized area at the cost of speed. 

 

The proposed MeGa filter can be extended in various directions. Improved results can be obtained by implementing 

various noise suppressing techniques for various kinds of noises, such as the random-valued impulse noise or combination 

three or more kind of noises also with higher levels of noise intensity. The proposed filter can be used in the preprocessing 

step of biometric recognition techniques like iris and face recognition. That improves performance of the biometric 

recognition. 
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