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Abstract—this paper covers the implementation 

methodologies of spatial filters in FPGA platform for video 

image enhancement. Video noise removal and image 

enhancement techniques are used in video applications. The 

Mean and Median have been implemented on FPGA. The 

Mat-lab version design result is also covered. 
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I. INTRODUCTION 

An image may be subject to noise at generation, distribution 

and display time. Image noise usually appears as discrete 

isolated pixel variations that are not spatially correlated. 

Pixels that are in error often appear visually to be markedly 

different from their neighbors. This observation is the basis 

of many noise-cleaning algorithms. 

It is possible to perform linear noise cleaning in the 

spatial domain as well as Fourier domain. Properly 

executed, there is no difference in results between spatial 

domain (convolution) and Fourier filtering; the choice is a 

matter of implementation considerations. This paper deals 

with the spatial filtering technique which is used for noise 

reduction (or smoothing) by mean and median filters. The 

described architecture is based on an impulse response array 

of 3x3 mask but can be scaled to have higher masks i.e. 5x5 

and 7x7, but at expense of resource utilization.  It is also 

possible to cascade and combine different type of filters to 

achieve better noise cleaning.  

The paper is organized as follows; in section-II 

concept of individual filter implementation is discussed. 

FPGA implementation of filters and functional modules is 

introduced in section-III. Section-IV deals with performance 

result. Concluding remark is given in section-V. Future 

scope for interested researchers is mentioned in section-VI. 

Section-VII followed by Acknowledgement and References. 

II. FILTER IMPLEMENTATION 

 Mean Filter A.

Noise added to an image generally has a higher-spatial-

frequency spectrum than the normal image components 

because of its spatial de-correlatedness. Hence, simple low-

pass filtering can be effective for noise cleaning. 

From our knowledge in signal processing theory, 

we know that low-pass filtering attenuates the high-

frequency components in the signal and is essentially 

equivalent to integrating the signal. Integration in turn 

implies summation and averaging the signal. When each 

pixel is replaced by a weighted average of its neighborhood 

pixels, the resulting image is a low pass filtered image. 

Low-pass filtering of an image is a spatial 

averaging operation. It produces an output image, which is a 

smooth version of the original image, devoid of the high 

spatial frequency components that may be present in the 

image. In particular, this operation is useful in removing 

visual noise, which generally appears as sharp bright points 

in the image. The low-pass filter attenuates such high spatial 

frequencies associated with these spikes. 

For noise cleaning, a simple common pixel impulse 

response array of low-pass form is shown below 
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This array, called noise cleaning mask, are 

normalized to unit weighting so that the noise-cleaning 

process does not introduce an amplitude bias in the 

processed image. The concept of low-pass filtering noise 

cleaning can be extended to larger impulse response arrays 

i.e. 5x5, 7x7. The use of a larger impulse response array 

provides more noise smoothing, but at the expense of the 

loss of fine image detail. 

The linear processing techniques described above 

perform reasonably well on images with continuous noise, 

such as additive uniform or Gaussian distributed noise. 

However, they tend to provide too much smoothing for 

impulse like noise. Nonlinear techniques often provide a 

better trade-off between noise smoothing and the retention 

of fine image detail. 

 Median Filter B.

Median filtering is a nonlinear signal processing technique 

developed by Tukey that is useful for noise suppression in 

images. In median filtering the input pixel is replaced by the 

median of the pixels contained in the neighborhood. The 

algorithm for median filtering requires arranging (sorting) 

the pixel gray values in the neighborhood in increasing or 

decreasing order and picking up the value at the center 

(median) of the array. Generally the size of the 

neighborhood is chosen as odd number so that a well-

defined center value exists. If, however, the size of the 

neighborhood is even the median is taken as the arithmetic 

mean of  the two values at the center. 

Median filter is useful in removing isolated lines or 

pixels while preserving spatial resolution. It is found that 

median filter works well on binary noise but not so well 

when the noise is Gaussian. In other words, median filtering 

provides little visual improvement. In the case of uniform 

noise, its performance is poor when the number of noise 

pixels is greater than or equal to half the number of pixels in 

the neighborhood. In some cases the median filter will 
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provide noise suppression, while in other cases it will cause 

signal suppression.  

Median filtering is computationally intensive; the 

number of operations grows exponentially with window 

size. A computationally simpler approach, called the pseud-

median filter, which possesses many of the properties of the 

median filter, is proposed.  

Operationally, the sorting sequence of 3x3 

elements is decomposed into following subsequences, which 

results into the positioning of the Median element. 

 

III. FPGA IMPLEMENTATION 

FPGA have added advantage over conventional DSP 

processor based implementation due to its concurrent 

process handling at every clock, pipeline methodology and 

image resolution scaling by increased clock speed and using 

parallel computing resources, flexible design changes in 

future. 

The video image filter algorithms have been 

implemented on FPGA board (ALTERA DE2 Kit). The 

Verilog code has been synthesized, simulated and 

implemented using ALTERA QUARTUS II tool. The video 

source used for the test from TV camera and the filtered 

output displayed on a 640x480 VGA PC monitor. The test 

setup is shown below: 

 

Fig. 1: FPGA set up for video filter implementation 

 Functional Module on FPGA A.

The video processing chain is shown in above Figure.2.  TV 

camera source video is passed to the TV Decoder ADC 

7181.  It converts the analog composite video input to the 

digital video output in ITU656 format. The I2C controller 

configures the TV decoder to decode PAL video standard. 

The ITU-656 decoder extracts the signals from the TV 

decoder and converts the digitized input video signal from 

serial to parallel Y, Cr, Cb format. The interlaced ITU 656 

digital video signals are de-interlaced, using Dual port line 

buffer. The de-interlaced Y, Cb, Cr digital video is 

converted to R, G, B video format. The R, G, B digital video 

is filtered and passed to the Video DAC 7123.  

It converts digital RGB format of the image to 

analog format for display on VGA monitor. 

 

Fig. 2: Video Data Path in FPGA 

 
Fig. 3: Storage of 3 lines of RGB pixel, Average Intensity 

calculation & Regeneration of RGB pixels 

Operation on 3x3 matrix pixels for calculation of 

center pixel: Average intensity w. r. t. surrounding                                                                                                                     

intensity for mean filter 

P642’ = (P1 +P2 + P3 + P641 + P642 + P643 + P1281 + P1282 

+P1283) / 9 

Shorting of 9 pixels as described above and 

assigning the median value 

 LINE 1 Row shorting 

 P1>P2 then   TEMP1 = P2, TEMP 2 = P1   

            Else   TEMP1 = P1,    TEMP 2 = P2 

TEMP 2 >P3 then   TEMP3 = P3, TEMP 4 = TEMP 2  

             Else   TEMP3 = TEMP 2, TEMP 2 = P3 
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The P1, P2, and P3 pixel order is sorted with new 

pixel Order TEMP1, TEMP3, TEMP4. 

The above step of row shorting is repeated for 

LINE 2 & 3. The new matrix formed after the 3 LINES row 

sorting is then sorted column wise followed by left and right 

diagonals sorting. 

IV. PERFORMANCE RESULT 

The two filters Mean and Median were synthesized using 

Altera Quartus II tool. The Altera FPGA device used in DE2 

board is Cyclone II EP2C35F672C8.  The summary of 

utilization of resources for the filter modules i.e., 3 line 

buffers and 3x3 matrix operators is given in following table. 

For the sake of comparison, FPGA resources used on 

modules other than filters are not included. 

Filter Type Mean Median 

Total logic 

elements 

291 / 33,216 

(< 1 %) 

2,474 / 33,216 

(7 %) 

Total 

registers 
170 2378 

Total 

memory bits 

73,728 / 

483,840 (15 %) 

73,728 / 483,840 (15 

%) 

Embedded 

Multiplier 

6 / 70 

(9 %) 

0 / 70 

(0 %) 

Table. 1: Type of Filters and their parameter values 

From the Table-1 above it is apparent that Median 

Filter is more logic intensive than Mean filter. The Mean 

and Median needs divider and multiplier primitives of 

FPGA. Dividers are realized in FPGA using multiplier.   

The Mat-lab simulated images are shown in 

following Figure. It is observed that the noise is suppressed 

in case of Mean filter but removed in case of Median filter.

 
Fig. 4: Mat-lab simulated result 

V. CONCLUSION 

The implementation of Mean and Median filters was 

implemented in FPGA as well as on Mat-lab platform and 

the result discussed. It is observed that the noise is 

suppressed in case of Mean filter but removed in case of 

Median filter. The FPGA resources used on Median filter is 

more logic intensive than MEAN filter. The present design 

works at 27 MHz clock at VGA resolution. 

VI. FUTURE SCOPE 

The present architecture can be extended to 5x5 or 7x7 array 

mask using additional Block rams resources in FPGA. The 

design can be scaled to higher resolution like XVGA at 65 

MHz clock speed or 100 MHz and more. The combination 

and cascading of these three basic filters with different 

coefficient mask suggested by various authors can be 

implemented to achieve desired result. 
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