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Abstract : Image quality enhancement is a very predominant
domain of discussion as the complexity of system increases, the
software implementation becomes a key factor but it is not always
reliable to use the approach for adaptable applications such as
medical, military or real time purpose. In order to address such
scenarios it is necessary to have a reconfigurable and an
adaptable implementation. In this paper we have addressed the
hardware modeling of a median filter using double iteration
process. The iterative median filter isimplemented on an Artix-7
FPGA.
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. INTRODUCTION

Most commonly images are impacted by impulsive noise
during its transmission after the capture. There are multiple
strategies which can be incorporated in order to implement
the different filtering techniques. The type of filtering can be
decided based on the severity of the application. Many
industrial automation applications require real time results
where the predetermined features of theimage are analyzed to
identify the defects and process variations during
manufacturing [1].

Median filtering involves a dliding window spatia filter. It
functions more effectively than the other types of convolution
filters since it not only eliminates the impul se noise but also
helps to retain the edges used in order to provide a better
quality of image. Authors discuss about the adaptive window
size using modified PCNN model. The stepsimplemented are
used to calculate the pollution level for a standard image
[2].sdt and pepper noise exists in most of the image
transmissions. Sukhwinder Singh et. al [3] discuss a Rank
Ordered Absolute Difference statistic which detects the
impulse noise in corrupted image. ROAD dtatisticsis used to
calculate a specific value of selected window.es that window
is noisy and applies MAMF on the selected window.
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1. EXISTING WORKS

Rashmi et.al [4] discusses the concept of switching median
filters (SMF) which is a type of nonlinear image filter. It
comprises of four blocks mentioned below:

» Forward moving window block.

» Median calculation block

> Arithmetic operation block

» Output section block
Here sorting architecture is designed for horizontal datafirst,
vertical data next and finally diagona sorting is done in
ascending order. The second element represents the new
median value. Ismaeil et.al [5] has implemented an adaptive
decision based median filter. They discuss the utilization of
hardware for implementation of their design namely the dice
registers, LUTS, flip flops, BUFG. The iterative approach in
our design clearly shows a reduction in the hardware
utilization.
Hanumanthargju et.a [6] indicate the various derivatives of
median filters such as weighted median filter, switched
median (SM), Iterative median and center weighted median.
Median filtering offers low computational complexity and
preserves edges predominantly. Sometimes fine details of the
image are removed. The window size adjusts depending on
the noise density in an AMF. Greater the noise density,
greater will be the window size to clean up the noise. AROF
proposed eliminates the drawback of AMF. This method
replaces the center noisy pixel with any other non-median
pixel which is not noisy. Hardware architecture employs
pipelining to reduce the computation time and parallel
processing helps to accelerate the tasks. The noise detection
unit checks if the pixel valueis 0 or 255 and gives the output
as zero. Sorting network employs a bitonic sorter and further
concatenates the pixels using Batchers Odd-even merge
sorting and the median value is computed. Parinita et.a [7]
have adopted a comparator based approach which requires 19
comparators and 30 multiplexers for a window size of 3x3.
Dr. K. Bikshaluet.al [8] have proposed an AMF which works
at two levels. First level to fix the window size using
comparators and an algorithm indicating the median value.
Priyanka has proposed a new algorithm to removethe noisein
the retinaimage. The methodology proves a better approach
by preserving the predominant edges using 3 x 3 dliding
window for extended median filtering. The triple input sorter
modul e takes the input from a comparator. The comparator is
in turn designed using D flip flops which comprises of single
stage cal culation of median value.
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[Il. DESIGNOFITERATIVEMEDIANFILTER

Our design aims in determining the median value with the
help of iterative sorter module, an adaptive computation and
error detection module as shown in figure 1.

Fig 1: Iterative-AMF Overview
The various internal blocks and sub blocks are shown in
figure 2. We are considering the window operation for 3x3
size. Nine D-FF's (DFF1-DFF9) are used to determine pixels
WO-WS.

A. Sorter module

Sorter module comprises of three comparators and six
multiplexersto generate the Max, Min and Med pixel values.
The noisy image text file contains the 8-bit input image pixels
datawhichisserially fed based onaclock signal. DFF-1 holds
the 8-bit one-pixel value and forward next DFF2 and continue
the operation till DFF-9 with alatency of 9 clock cycles. The
DFF-9 stores the first-pixel output ‘w0’.Similarly, DFF-1
stores the 9th-pixel output ‘w8’ and same operation continues
till 65536 pixels. The ‘w4’ is the partial median value centre
pixel (CP) for the 3x3 window operation which isused further
in adaptive computation and error detection modules.

Window operator module

DFF(1-9)

Pixels
WO0-W8

Fig 2: Internal architectureof I-AMF
3.2 Partial M edian Filtered value using 3-Input Sorter
Module
The median filtering is designed to find the median value
using 3-input sorter module, also can see the maximum and
minimum values which help to find the error pixels which is
affected by the noise.
The median filtering module mainly includes nine 3-input
sorter module which is connected according to the sorting
order. The window w0-w8 outputs are inputted to the median
filtering three 3-input sorter SM1, SM2, and SM3 modules
and generate the three different output Minimum, median and

Itetive Sorter Module

Adaptive computation module

Adaptive Error detection
computation module
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maximum values which are connected in sorting order and are
fed to SM4, SM5, and SM6. The maximum outputs of SM1,
SM2 and SM3 arefed asinputsto SM4. Thisin turn generates
thefinal Maximum value (Max).Similarly the minimum pixel
values generated from SM1,SM2 and SM3 are given asinputs
to SM6.SM6 generates the final minimum amount (min) and
again continue the sorting operation in SM7, SM8, and SM9.
SM-9 obtains the partial median filter values as indicated in
fig2. Further these median values are fine tuned for more
precise median value in adaptive computation and error
detection process.

The 3-input sorter module mainly includes the three
comparators and 6- Multiplexors. The window outputs ‘w0'
and ‘w1' are applied to comp-1to find the select lineto mux-1
and mux-2. The comparator-1 works, if the ‘w0 is greater
than ‘w1'then output is zero and if it is , then output is ‘1'.The
mux-1 selects the inputs based on the select line which is
generated by the comp-1. If the select lineis zero, it will select
the ‘w0' else it will select ‘wl'. The mux-2 output is input to
the comp-2 along with input ‘w2' and select line to mux-3 and
mux-4. Mux-4 generates the minimum value (min). The
mux-3 output is input to comp-3 along with mux1 output and
chooses the line to mux-5 and mux-6. The mux-5 generates
the maximum (max) val ue and mux-6 create the median (med)
value.

3.3 Adaptive computation M odule and Error detection
Adaptive computation is the main module works with
adaptive nature. The outcomes of this module are the centre
pixel (CP) output of the window module or median value of
3x3 window output and it depends on the adaptive decision.
The adaptive computation module mainly includes four
comparators, three-AND gates, and one Multiplexor. The
median filtering outputs like minimum value (Minl), a
maximum value (Max1l) median value (Medl) and aso
centre pixel (w4) from window module input to four
comparator modules followed by AND operations, and it
gives the select line to MUX module. The centre pixel (w4)
and Median value are inputted to the MUX module and obtain
the filtered output represented in.

Theerror detection module givestheinformation of corrupted
(error) and uncorrupted pixels of the filtered output image. It
mainly contains two comparators and OR gate. The error
signal is high when any one of the comparator outputsis high.

1V. EXPERIMENTAL RESULTS AND
DISCUSSIONS

The design proposed for the implementation of the I-AMF is
designed using verilog on hardware platform-Artix-7 board
and simulated using Model Sim 6.5f. The various PSNR
values are analysed for various standard images by keeping
the noise level 10%.Figure 3 and Table 1 signifies the
utilization of the hardware resources on the board. The
implementation cost is directly proportional to the number of
resources utilized like the dice registers, LUTs and the flip
flops. I-AMF utilizes 74, 480 and 36 registers, LUTs and the
flip flops respectively. The runtimeis estimated to be 0.754ns
with the device operating frequency of 1325.45 MHz. The
dynamic power dissipated is 0.019W and the total power for
the design is found to be
0.101W.
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Table 1: Resour ce Utilization of I-AMF on Artix-7
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FPGA Table 3: Percentage pixel Error calculation
Resour ce Utilization-Artix-7 FPGA | Obtained
Area | mages Uncorrupted | Corrupted % Pixel
Slice Reqisters 72 a9 pixels pixels Error
° R Cameraman | 64951 585 0.89
SliceLUTs 480 Lena 65410 126 0.192
LUT-FF pairs 36 Peppers 65001 535 0.816
Time Coins 64394 1142 1.742
Minimum period (ns) 0.754 Average 64939 597 0.91
Maximum Freguency (MHz) 1325.452 .
Power The corrupted and the uncorrupted pixels are generated
- through simulation results indicated in Figs 4 and 5. These
Dynamic Power (W) 0.019 - . b . .
figures also show the different standard images in origina
Totdl Power (W) 0.101 form, noisy form and filtered image. The spikes in the
simulated output waveforms indicate the errors in the
Logic Utization Used Available Utization corresponding pixels after filtering. On an average 0.91%
Number ofSice Regiters ] 1600 0% error is observed for various standard images shown below.
Nunber of Sice LUTs ] 8340 0%
Number of fuly used LUTF pas % 518 6%
Nuber of borded T0Bs 9 bil 9%
Nuber of BUFGIRUFGCTRLs 1 R £

Minimm period: 0.734ns (Maximm Frequency: 1325.452MHz)
Minimm input arrival time before clock: 0.743ns
Maximm output required time after clock: 38.580ns
Maximm combinational path delay: No path found

Fig 3: Screenshot of Resource utilization for I-AMF

Table2: PSNR and M SE values

Noise L evel- 10%
I mages PSNR(dB) MSE
Cameraman 34.644 22.318
Lena 35.076713 20.202682
Peppers 34.869813 21.188
coins 36.130284 15.85083
Average 35.18 19.88

Table 2 indicates the PSNR and the M SE values for various
standard image inputs. M SE signifies the cumul ative squared
error between the compressed and the original image. If the
value of MSE islow then the error will be less. To determine
PSNR, M SE value has to be computed which is given as:

1 M N 2
MSE=——+ ¥ X[(xy)-1"xyxn)] --(1)
MN y=1x=1
PSNR=10l0g; (R¥MSE).................. )

M, N signifies the dimensions of an image. I(x, y) is the
original image I’(x, y) is the compressed image. The various
PSNR and the MSE values generated through hardware
implementations for standard images are found to be
sufficiently good for image processing applications.

Table 3 gives the exact number of corrupted pixels,
uncorrupted pixels and percentage error of generation of a
corrupted pixel after I-AMF is applied. The difference of the
total number of pixels and the number of uncorrupted pixels
indicate the corrupted pixels
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Fig 4(e)

Fig 4(f)

| Fig 4(k)

Fig 4(c) | Fig4(g)

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



Effective Analysisof an Iterative Median Filter -Har dwar e and Softwar e Per spective

Fig 4(d) | Fig 4(h) | Fig 4(1)

Figure 4: Hardwareresults after Filtering, Original
images (a-d), Noisy Images (e-h) and Filtered images (i-1)
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Figure 5: Simulation resultsindicating the error pixels

V. CONCLUSION AND FUTURE WORK

The paper proposes one of the technique to achieve median
filtering and has some significant results which indicates that
greater PSNR values cannot be attained using the hardware
approach unlike the software implementations. The spikesin
the error waveform indicate the corrupted pixels transmitted.
The need for hardware implementation arises in various
image and video transmission applications and hence by
considering the type of application the method may be
decided. The work is extended to be implemented on a SoC
environment using various high speed transmission protocols
inachip.
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