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Keywords: improve the visual appearance of MRI images. The goal of denoising is to
remove the noise, which may corrupt an image during its acquisition or
transmission, while retaining its quality. In this paper effectiveness of seven
denoising algorithms viz. median filter, wiener filter, wavelet filter, wavelet

Denoising
Image quality metrics

Median filter based wiener, NLM, wavelet based NLM, proposed wavelet based weighted
Preprocessing median filter(WMF) using MRI images in the presence of additive white
Wavelet Gaussian noise is compared. The experimental results are analyzed in terms

of various image quality metrics.
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1. INTRODUCTION

The image acquired by the acquisition device is susceptible by the environment. The restoration of
images tries to minimize the effects of these degradations by means of a filter [1]. Therefore, a fundamental
problem in the image processing is the improvement of their quality through the reduction of the noise [2]. A
great variety of techniques dedicated to carry out this task exist. Each of them depends on the types of the
noise in images. Noise not only lowers image quality but also can cause feature extraction, analysis and
recognition algorithms to be unreliable The MRI images are normally affected by a type of noise called
gaussian Noise. The presence of noise hampers diagnosis. The diagnostic and visual quality of the MR
images are affected by the noise added while acquisition. Noise removal is essential in medical imaging
applications in order to enhance and recover anatomical details that may be hidden in the data. In recent
years, wavelet transform [3] shows a clear advantage in the field of image denoising domains, and has many
research results. The important property of a good image-denoising model is that it should completely
remove noise as far as possible as well as preserve edges. The paper is organized as follows: Section Il
describes methodology of the proposed system. Section 111 describes denoising performance measures and
also Experimental results are provided, followed by summary, conclusion in section 1V and V. This paper
compares recent existing denoising schemes with proposed wavelet based weighted median filter.
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2. PROPOSED WAVELET BASED WEIGHTED MEDIAN FILTER

This proposed approach; First MR brain image is subjected to AWGN noise and is decomposed by
Haar wavelet transform produces | scales, and then 3I1+1 sub images. High frequency sub-image contains
edge feature of an image, detail information and also noises mainly concentrated on high frequency
components. Second to preserve the edges “sobel masks [9]”are applied to horizontal, vertical and diagonal
sub images; then each sub images produces binary edge patterns. Based on the binary edge map, filtering is
performed. That is, if the position (m,n) in the sub-image belongs to an edge, denoising process is not
performed. On the other hand, if the position (m,n) does not belong to an edge, denoising process has been
performed using weighted median filter with 5x5 mask on each sub image. Third combine 3 binary edge
maps which have produced 4™ binary edge map using this, filtering has performed on low frequency sub
image by weighted median filter. Finally through inverse Haar transform, the enhanced image is obtained.
The alleged method removes noises and preserves edges effectively without blurring the details. The
experimental results disclose that the proposed method is effective in filtering the noises. Tablel shows the
performance of listed filters [4]-[7], [10], [11]. For Concluding, the best filter [12] of wavelet based weighted
median filter is identified and used for MR brain image enhancement. It is used for diminishing noise from
MRI brain image and also preserves edges even at high noise level with high contrast [13]. The performance
analysis of the filters is compared in terms of peak-signal-to-noise ratio, and signal-to-noise ratio, MSE
quantitatively; the proposed method has produced high PSNR and low MSE comparable to other methods.
Figure 1, shows different denoising mechanism of MR brain image Figure 2. Shows denoising outputs of
MRI brain images corrupted by AWGN noise of 10% and 20% probability densities. Figure 3 illustrates the
graphical representation of MSE, PSNR, SNR of 10% and 20% noise density.
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Figure 1. Block diagram of different denoising mechanism of MR brain image

Algorithm for proposed weighted median wavelet filter

Input: Noisy image N of size(m*n)

Output: DN -> Denoised image

[HV D A] = wavelt_decompose(N) using Harr, Wavelet components
foreachHV DAas|

Find sliding windo for I hich windo of size 3*3 -> K
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for each window K
C = center pixel of K
if C = max(K) and ¢ = min(K)

noise = 1;
else

noise = 0;
endif
end for

Find Noise Density, Noise Density = (number of noise pixel / number of pixel in I)

Noise Density Suggested Wp; * Wp,
0% <p<15% 3*3
15% <p<30% | 5*5
30% <p<45% | ™7
45% <p<60% | 99
60% <p<70% | 11*11

b=edge(l) by sobel
for x=1 to Row size of |
for y =1 to column size of |
if b(x,y) ==1
d(x,y) = I(x.y)
else
Find sliding which window of size Wp; * Wp; * -> K
for each window K
C = center pixel of K
if C = max(K) and C = min(K)
d(x,y) = weighter median filter is performed on c(x,y)
else
d(x,y) = 1(x,y)
endif
end for
endif
end for
end for
update HV D Abyd
end for
Dn = wavelet_compose(H,V,D,A);

3. DENOISING PERFORMANCE MEASURES
A. PSNR

The PSNR computes the peak signal-to-noise ratio, between two images in the unit of decibels [14].
This ratio is often used as a quality measurement between the original and a compressed image. The higher
the PSNR, the better the quality of the compressed [8] or reconstructed image.

PSNRy; = 10logy, (MAXZ)

MSE (1)
B. MSE

The mean square error (MSE) quantifies the strength of error signal and is calculated according to
the formula

MSE = —- S5 S50 11G,)) = K@ D)) @

Where mn is the image dimension, I(i, j) and K (i, j) represents the intensities of pixels (i, j) in the original
image and denoised image, respectively.
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C.SNR

The signal to noise ratio (SNR) determines how grainy the image appears, the more grainy, the less
the SNR. The SNR is measured frequently by calculating the difference in signal intensity between the area
of interest and the background.

¥ x; €02 (v(xi)%-D(xi)?)

SNR = 10log
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Figure 2. Denoising outputs of MRI brain images corrupted by AWGN noise of 10% probability density (a)
Input image (b) Noisy image-AWGN (c) After wiener filter (d) After median (e) After wavelet (f) After
wavelet-median (g) NLM (h) wavelet-NLM (i) Proposed wavelet based WMF
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Figure 3. PSNR, SNR and MSE comparison of various denoising schemes for Noise (c)=10, 20
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Table 1. Qualitative analysis-different denoising schemes of mr (magnetic resonance) brain image corrupted
by additive white gaussian noise

L Noise(c)=10 Noise(c)=20

Denoising schemes PSNR  SNR  MSE  PSNR  SNR MSE
Wiener Filter[4] 20.07 1060  639.93 19.64  10.17 706.13
Median filter[5] 26.45 11.21 117.13  25.99 10.87 119.12
Wavelet-soft thresholding[6] 27.14 13.81 92.34 25.16 12.61 97.71
Wavelet based wiener[7] 38.13 16.75 41.15 3711 15.67 42.02
NLM[10] 33.42 14.11 62.17 31.23 13.33 67.66
Wavelet Based NLM Filter[11] 43.12 18.98 12.34 39.11 16.71 14.45
Proposed wavelet based WMF 56.89 27.71 1.223 51.21  26.11 3.112

4. SUMMARY

The experiments were conducted on T2 weighted MRI datasets, which are corrupted with additive
white Gaussian noise, the images are acquired using Siemens Magnetom Avanto 1.5TScanner. T2 weighted
MR brain image with TR = 4000ms, TE = 114 ms, 5mm thick and 590x612 resolution. Well-known
objective evaluations such as MSE, SNR and PSNR have been used for measuring the image quality. The
comparisons of seven denoising schemes are tabulated in Tablel. It is observed from the Table 1, for T2
weighted MR brain images wavelet based weighted median filter technique gives better result as compared to
other denoising schemes. Higher the value of PSNR and higher the value of SNR, lower the value of MSE
shows that the proposed wavelet based weighted median filter perform superior than the other denoising
methods. From the enhanced results, quantitatively the method produces good PSNR outputs.

5. CONCLUSION

In this article, the performance comparison of various filtering methods for removing additive white
Gaussian noise from MR images have been discussed. In this work T2 weighted MRI brain images were
used. The wavelet based weighted median filter method tends to produce good denoised image not only in
terms of visual perception but also in terms of the quality metrics such as PSNR, SNR and MSE. Hence the
new proposed algorithm is found to be more efficient than the other methods in MR brain image denoising
particularly for the removal of Gaussian noise. Thus the obtained results in qualitative and quantitative
analysis show that this proposed algorithm outperforms the other methods both visually and in terms of
PSNR. SNR, MSE.

REFERENCES

[1] D.L. Donoho., Denoise by softthresholding, “ IEEE Transactions on Information Theory, 41(1995), pp. 613-627.

[2] R. Gonzalez and R. Woods, “Digital Image Processing using MATLAB,” Second Edition, THM (2009).

[3] S. Kara and F. Dirgenali, “A system to diagnose atherosclerosis via wavelet transforms, principal component
analysis and artificial neural networks,” Expert Systems with Applications, vol . 32, no.2, pp. 632-640, 2007.

[4] Ashok Kumar Nagawat, Manoj Gupta, Papendra Kumar and Suresh Kumar, “Performance Comparison of Median
and Wiener Filter in Image De-noising,” International Journal of Computer Applications, 12(2010), 0975-8887.

[5] Ali Nosrati, Hamed Nosrati, Masoud Nosrati and Ronak Karimi, “A method for detection and extraction of circular
shapes from noisy images using median filter and CHT,” Journal of American Science (2011), pp. 84-88.

[6] N. Rajalakshmi and LakshmiPrabha, “Brain Tumor Detection of MR Images Based on Color-Converted Hybrid
PSO-K-Means Clustering Segmentation,” European Journal of Scientific Research, vol. 70, no. 1, pp. 5-14, 2012.

[7] Xiaofeng Yang, Baowei Fei, “A wavelet multiscale denoising algorithm for magnetic resonance (MR) images,”
Meas Sci Technol. 2011 Feb 1; 22(2): 025803.

[8] P. Amudhavalli P, “Sparse Based Robust Point Set Matching for Partial Face Recognition,” International Journal of
Advanced Research in Management, Architecture, Technology and Engineering (IJARMATE), ISSN 2454-9762
(Print), vol. 2, Special Issue 6, March 2016.

[9] Rahul Malhotra, Minu Sethi and Parminder Kumar Luthra, “Denoising, Segmentation and Characterization of
Brain Tumor from Digital MR Images,” Computer and Information Science, vol. 4, no. 6, Nov 2011.

[10] Y. Gal, A.J. Mehnert, A.P. Bradley, K. McMahon and D. Kennedy, “Denoising of dynamic contrast-enhanced MR
images using dynamic nonlocal means,” IEEE Trans Med Imaging 29: pp. 302-310, 2010.

[11] R.Pavithra, R.Ramya, G.Alaiyarasi, “Wavelet Based Non Local Means Algorithm for Efficient Denoising of MRI
Images ” International Journal of Advanced Research in Computer and Communication Engineering Vol. 4, Issue
2, February 2015 pp.388-392.

[12] Pakutharivu P, Srinath M. V' “Analysis of Fingerprint Image Enhancement Using Gabor Filtering With Different
Orientation Field Values” Indonesian Journal of Electrical Engineering and Computer Science, Vol. 5, No. 2, pp.
427- 432, February 2017.

Wavelet-Based Weighted Median Filter for Image Denoising of MRI Brain Images (N. Rajalakshmi)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3707516/

206 a ISSN: 2502-4752

[13] Chawki Youness, El Asnaoui Khalid, Ouanan Mohammed and Aksasse Brahim “New Method of Content Based
Image Retrieval based on 2-D ESPRIT Method and the Gabor Filters”, TELKOMNIKA Telecommunication,
Computing,  Electronics and  Control Vol. 15, No. 2, August 2015, pp. 313-320.
DOI:10.11591/telkomnika.v15i2.8377.

[14] Manar A. Mizherl , Mei Choo Ang , Ahmad A. Mazhar “A meaningful Compact Key Frames Extraction in
Complex Video Shots”, Indonesian Journal of Electrical Engineering and Computer Science Vol. 7, No. 3,
September 2017,DOI: 10.11591/ijeecs.v7.i3.pp818-829

BIOGRAPHIES OF AUTHORS

Dr. N.Rajalakshmi is an associate professor in Karpagam Academy of Higher Education,
biomedical department Coimbatore. She received a B.E degree in Electronics and
Instrumentation Engineering from Bharathiar University in 1998 and M.E.in Medical Electronics
from Anna University Chennai in 2002. She finished her doctoral degree in information and
communication specializing in medical image processing. She has over 10 years of teaching
experience. She has published more than 14 papers in international journals and conferences.
Her area of interest includes Image processing, Soft computing, Medical image analysis.

Mr.Narayanan is an assistant professor in IRTT college Erode. He did his bachelor’s degree at
Mahendra College of Engineering, Salem in computer science and engineering. He then
completed his post graduate degree at Government College of technology, Coimbatore. He has
over 15 years of teaching experience. His area of interest includes Image processing, Theory of
computing, Networking, and Medical image analysis.

Dr.P.Amudhavalli is an Associate Professor in Karpagam Academy of Higher Education,
Department of Computer Science and Engineering, Coimbatore. She received a MCA degree
from University of Madras in 2003 and M.E.in Information and Communication engineering
from Anna University Chennai in 2008. She finished her doctoral degree in Computer Science
and Engineering. Specializing in Cloud Computing. She has over 12 years of teaching
experience. She has published more than 14 papers in international journals and conferences.
Her area of interest includes Cloud Computing, Big Data, Image processing and Soft computing.

Indonesian J Elec Eng & Comp Sci, Vol. 10, No. 1, April 2018 : 201 — 206



