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Abstract: Digital images and digital image processing were widely researched in the past decades and special place
in this field have medical images. Magnetic resonance images are a very important class of medical images and
their enhancement is very significant for diagnostic process. In this paper we presented an algorithm for improving
magnetic resonance images of the brain. Common degradation of the magnetic resonance images is caused by the
noise. We tested adjusted non-local means filter for removing random noise in the magnetic resonance images of
the brain. Several evolution metrics were used to prove the quality of the proposed method.
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1

Introduction

such as X-ray, computed tomography and others, but
MRI may also present some problems that cannot be
seen using other methods.

Digital images were widely used during recent years.
Many different fields use applications that include
digital images and some image processing, including quality control [1], astronomy [2], meteorology
[3], etc. Image processing can be at the lower lever
(denoising [4], contrast enhancement [5], etc.) or
higher level (segmentation [6], thresholding [7], [8],
[9], shape recognition that includes optical character recognition [10], [11], [12], face recognition [13],
skin detection [14], lip detection [15], etc.)
One of the areas in which digital image processing is very necessary is medicine since digital images
are very important for medical diagnosis. In the field
of medical imaging, techniques for digital image processing began to be used first in late 1960’s and early
1970’s. There are several types of medical images that
are used such as magnetic resonance imaging (MRI),
ultrasound imaging (US) and computed tomography
(CT).
Magnetic resonance is used in medicine radiology to diagnose and report the diseases like tumors or
cancer. Also it is used for treatment monitoring. This
method does not use damaging radiation which makes
this method very popular. Magnetic resonance imaging uses a magnetic field and pulses of radio wave energy in order to make pictures of organs and structures
inside the human body. Reading MRI can give different information about organs. Some of that information can be seen using other medical imaging methods
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For making MRI images, the area of the body
that need to be studied is placed inside a special machine that creates strong magnetic field. That magnetic field makes protons in the body to align with
the field. Radio-frequency pulses through the patient, which stimulates protons to spin out and strain
around the magnetic field. After turning off the radiofrequency field the MRI sensors detect released energy of the protons. Time necessary for the protons
to realign with the magnetic field and the amount of
energy that was released are changing based on the
environment as well as on the chemical nature of the
molecules. Pictures from an MRI scan are digital images that can be saved and stored on a computer for
further study. The images also can be reviewed remotely, such as in a clinic or an operating room. In
some cases, contrast material may be used during the
MRI scan to show certain structures more clearly. Advantage of the MRI is that it generates high resolution images of soft tissues that are found in the human
body. Most complex soft organ in human body is the
brain.
For medical image processing noise is one of the
major problems which undesirably corrupts medical
images. Procedure of image denoising in image processing has a role to remove a noise from image, while
retaining its quality. Noise removal is applied to var-
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filter method is used to remove noise for True and
False sets to decrease Indeterminacy. Magnetic resonance images can be found from database Brainweb that contains images affected by the Rician noise.
Performance of the Wiener filter could be compared
with some other filters, like a non-local means filter or
anisotropic diffusion filter.
Magnetic resonance images may be affected by
random noise which limits accuracy of measurements.
Removing the noise of this type from an image can
be done through a non-local means filter which has
its own parameters. For this method it is necessary
to find the optimal parameters for different levels of
noise so that the filter be adaptable to the characteristics of the noise in the magnetic resonance images.
This technique was successfully tested by Manjon et
al. [21].
In the magnetic resonance images main source
of noise is thermal noise. Image reconstruction is
performed by inverse discrete Fourier transformation. Noise which was reconstructed is complex white
Gaussian noise. Signal magnitude is used for computerized analysis and diagnosis. The method that can be
used over noisy MRI images is bilateral filter in underestimated wavelet domain [22]. The wavelet transform allows to ensure the presence of coefficients that
are noisy. Bilateral filter is applied to the transformed
coefficients and it removes noisy coefficients. Compared with classical wavelet domain denoising, reconstructive MRI data will give higher peak to signal ratio.
Using magnetic resonance imaging the brain tumor can be extracted by applying a mathematical morphological reconstruction. MRI images of the brain
are affected by noise pulses. This method is explained
by Sharma and Meghrajani [23]. In the preprocessing
the magnetic resonance image global threshold technique is applied. On the processed image mathematical morphological reconstruction operation was used
in order to segment the brain tumor. Proposed algorithm was adjusted to segment non-uniform intensity
regions of brain tumor. Salt and pepper noise was removed by mathematical morphological operator.
Denoising based on wavelet transform has the
possibility to improve the magnetic resonance imaging. Usually, uniform spatial distribution of the noise
is required which is not the case in the images obtained with parallel MRI. Delakis et al. in [24] proposed a new algorithm for filtering parallel magnetic
resonance images. This algorithm takes out edges
from the original image and than generates a noise
map from wavelet coefficients. With the aim to save
the spatial resolution, at locations of edges noise map
was set to zero. Directional analysis was used to calculate noise in the area where edges have a low con-

ious medical images enhancements. There are different types of noise that appear in digital images. Some
types include Gaussian noise, salt and pepper noise,
speckle noise, Rician noise, fractional Brownian motion noise, etc. Gaussian noise often appears in natural
images, speckle noise is observed in ultrasound images, Rician noise affects magnetic resonance images
while random noise can appear in any type of images.
Model of the noise depends on its source [16]. In digital images is very difficult to remove the noise that
has a low frequency because it is difficult to distinguish low frequency noise from the real signal [17].
Generation of noise can arise because of poor instruments in image processing or interface. Noise on digital images may be obtained by compression, error in
transmission or some other factors. MRI images are
corrupted by various types of noise [18].
For the mentioned types of noise, denoising techniques should consider the image quality. Better image quality contributes to better diagnosis of the disease. In the diagnosis of a tumor an important role
plays accurate detection and location of tumors [19].
The cells that reproduce uncontrollably result in a
brain tumor. To diagnose this disease the most common method used is magnetic resonance imaging.
In this paper we proposed an algorithm for removing random noise from MRI brain images. We
proposed a non-local means filter and we evaluated
results using several metrics.
The remainder of this paper is divided into five
sections. Section 2 provides literature overview of
techniques and methods used for magnetic resonance
image denoising. That section describes different
types of transformations used for denoising. Section
3 describes various types of noise that can be found in
magnetic resonance images and their characteristics.
Section 4 presents the proposed algorithm to eliminate random noise from magnetic resonance images
of brain which is based on non-local means filter. Section 5 presents the results obtained during the processing of magnetic resonance images with the proposed
algorithm and evaluation metrics. Evaluation metrics
were used for comparison of some calculation results.
At the end in 6 conclusion is given.

2

Literature Review

There are different methods and filters for noise reduction in magnetic resonance images. One of the filters which removes noise like Rician noise is based
on Wiener filter [20]. This filter uses neutrosophic
set which is applied in image domain. The image is
transformed to neutrosophic set domain which uses
three sets: True, Indeterminacy and False. Wiener
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motion noise was explained and implemented in [18]
by Rajeswaran and Gokilavani. Fractional Brownian
motion is non-stationary stochastic process and it represents continuous Gaussian process that has mean
equal to zero. Parameter of this noise is Hurst parameter H 0 < H < 1, and it determines the kind of
the process. Special case is for H = 1/2 [27]. Fractional Brownian motion is defined by the following
equation:

trast. The performance of this algorithm was compared with other methods and the results showed that
proposed algorithm is comparable with them.
Magnetic resonance images can be affected by
fractional Brownian motion noise. To reduce this
kind of the noise from the brain MRI images methods
that use wavelet-based thresholding techniques can be
used. Some of these techniques of thresholding are:
visu shrink, sure shrink and Bayes shrink. In [18] Rajeswaran and Gokilavani compared mentioned techniques. For comparing performance evaluation metrics were used. Evaluation metrics included calculation for: peak signal to noise ratio (PSNR), absolute error, fractal dimension, image enhancement factor (IEF), structural content, structural similarity index metric (SSIM), average difference (AD) and maximum difference (MD). These metric are also used in
this paper.
For denoising magnetic resonance images discrete wavelet transform algorithm can also be used.
In [25] technique based on discrete wavelet transform
and wavelet thresholding at different level for removing random noise was proposed. Different wavelet
families for denoising magnetic resonance images of
the brain were used such as Haar transform, DB2,
DB4, Sym2, Sym4 and others. Evaluation metrics
were used for comparing the results. Quality of magnetic resonance image denoised with the Haar wavelet
transform were better in visual terms.
Magnetic resonance imaging is used in various
fields of medicine to determine a disease such as cancer or tumor. Noise corrupts medical images and contributes to the fact that brings bad diagnosis of the diseases. Therefore, the methods of removing noise and
keeping important signal in the best possible condition are very important for further medical research of
illness that occurred in a patient.

3

1
BH (t) =
Γ(H + 1/2)
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where B(t) represents standard Brownian motion and
H ∈ (0, 1) represents Hurst parameter. This equation gives poor results for applications with fractional
Brownian motion because of its over-emphasizing of
the origin [28]. Instead of Eq. 1 Weyl’s integral was
introduced:
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Another equation for fractional Brownian motion
represented with time-frequency and dual-frequency
were described by Oigard et al. in [29].
Second common type of noise in MRI images is
Gaussian noise. Noise is distributed evenly over the
image, at each pixel of the image random value from
Gaussian distribution was added. Gaussian distribution of noise is implemented using the following equation:

Magnetic Resonance Image Noise

F (g) = √

MRI technique is often used in the diagnostics of tumors of different parts of the body. With this technique a high quality image of the human body should
be obtained that reveals a possible disease. The patient is scanned using an MRI machine while the MRI
images are generated via computer [26].
In this paper we consider MRI images of the
brain. MRI images can contain some kind of degradation such as noise. In the MRI images of the brain
there are several various types of noise which can be
present. Some MRI images can be affected by Gaussian noise, Rician noise, fractional Brownian motion
noise, speckle noise, random noise and others.
Technique for generation of fractional Brownian
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Z

1
2πσ 2

e−

(g−m)2
2σ 2

(3)

where g is gray level, m is average or mean of the
function and σ is the standard deviation.
Rician noise can be obtained from complex Gaussian noise. Rician noise is another noise that can corrupt magnetic resonance images. This noise had probability density function for intensity x given by the
following equation:
2
x − x2 +A
xA
2σ 2 I0 (
e
)
(4)
σ2
σ2
Rician noise dependents on the signal in magnetic
resonance image, which is not zero-mean. Distribution of Rician noise is closer to Gaussian in bright

p(x) =
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in the neighborhood. The impact of noise in magnetic resonance imaging significantly affects the accuracy of similarity weight. Non-local algorithm calculates pixel similarity weight of the entire neighborhood. The accuracy similarity weights depend on the
level of the noise intensity.
Non-local means algorithm is based on a process
of averaging to incorporate all pixes in the image. In
the filter processing, the process of averaging may be
restricted to M ×M window matrix that includes only
some pixels, so that the window matrix M × M is
smaller than the dimensions of the entire image. Value
of centered pixel of window matrix is calculated as
weighted average of pixels that belong to that window.
In our proposed method we used window of the size
3 × 3 biased by the empirically determined weighted
mean of the larger 9 × 9 window. Non-local means
algorithm is based on the definition of the concept of
similarity in the local context intensity in the neighborhood of each pixel rather than the intensity which
is related only to the pixel itself. Non-local means algorithm is defined by the following equation:

regions. Denoising the Rician noise with Wiener filter was implemented by Nowak in [30]. This method
refers errors between observed data and intensities of
the magnetic resonance images. Magnetic resonance
images which had Rician noise could also be denoised
using wave atom shrinkage [31].
Multiplicative noise also known as speckle noise,
appears in different imaging systems as well as
in magnetic resonance images. Speckle noise in
medicine images often appeare in images that can provide useful diagnostic information about the disease in
the human body. This noise is caused by errors in data
transmission. Speckle noise can be based on gamma
distribution and in that case it can be defined by the
following equation:
F (g) =

g2
ga
e− a
α
(a − 1)!a

(5)

As it was mentioned before, magnetic resonance
imaging techniques can be an effective way to determine the diagnosis of the patient. Magnetic resonance
images can be damaged by random noise. Random
noise limits the image analysis when processing on
computers. It is difficult to carry out an assessment
based on MRI that is affected with this kind of noise.
Denoising technique makes it possible to eliminate the
noise in order to obtain a more certain diagnosis of
the patient. Denoising technique uses a filter through
which the noise is removed. Methods of filtering can
have a defect, such that high-frequency signals are
eliminated from the component causing blurred edges
in magnetic resonance images. Removing the random
noise in the magnetic resonance images using a filter
is explained in the next section.

4

u(p) =

Z

v(q)f (p, q)dq

(6)

Ω

where Ω is the area of the image, p and q are two
points within the image, u(p) is filtered value of the
image at point p while v(q) is unfiltered value of the
image at point q. Weighting function is f (p, q). The
integral is evaluated over ∀ q ∈ Ω. C(p) presents a
normalizing factor, defined by following equation:
Z

C(p) =

f (p, q)dq

(7)

Ω

For non-local means method which is used to remove
the noise of the magnetic resonance images, there are
some criteria for testing the performance of this algorithm [33], [18]. There are different types of evaluation metrics for testing the performance such as MSE
(mean square error), PSNR (peak to signal ratio), NK
(normalized cross correlation), AD (average difference), SC (structural content), MD (maximum difference), NAE (normalized absolute error) and IEF (image enhancement factor). This metrics were presented
and used in [18].
The mathematical formula for calculating mean
square error (MSE) is defined by the following equation (smaller is better):

Proposed Algorithm

The proposed algorithm for removing noise from images of magnetic resonance technique is non-local
means (NL-means) which is based on non-local averaging of all the pixels in images. Non-local means
filter for denoising takes a mean of all pixels contained in the image. The measurement is performed
between the pixels and the extent of their similarity
to the marked pixel. Compared to the local means algorithms, non-local means algorithm gives clearer filter results so less detail is lost in images. Non-local
means algorithm was proposed by Buades et al. [32].
Non-local means filter is an efficient method for
denoising magnetic resonance image, because it keeps
the borders of tissue in the right way. This type of
filter has its limitations, because the calculation of
similarity weight is exercised over the whole space
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1
C(p)

M SE =

N X
N
1 X
(x∗ − xi,j )2
N ∗ N i=1 j=1 i,j

(8)

where x∗i,j represents pixels of the original image, xi,j
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represents pixels of the restored image and N is the
dimension of the image.
For peak to signal noise ratio (PSNR) mathematical equation is presented by (larger is better):

PN PN
i=1

65025
(9)
M SE
The equation for normalized cross correlation
(NK) is presented by (closer to 1 is better):
x∗i,j xi,j

i,j

i,j

i,j

∗ 2
i,j (xi,j )

N K = PN PN

AD =

∗
j=1 (xi,j

i=1

5

− xi,j )

PN PN

2
j=1 xi,j
∗ 2
j=1 (xi,j )

SC = PN PN
i=1

(12)

Next metrics that can be used for quality estimation of denoising image techniques is maximum difference (MD). Maximum difference can be calculated
by the following equation (smaller is better):
M D = max(|x∗i,j − xi,j |)

(13)

Normalized absolute error (NAE) is defined by
the following expression (smaller is better):
PN PN

N AE =

∗
j=1 |xi,j

i=1

− xi,j |

(14)

PN PN
i=1

(15)

∗
j=1 xi,j

Experimental Results

In this paper experiments for magnetic resonance images denoising were implemented using the following
system: Intel R CoreTM i7-3770K CPU at 4GHz,
8GB RAM, Windows 10 Professional OS. Proposed
algorithm has been implemented in the M atlab version R2015a. Magnetic resonance images used for
testing of the proposed method are from dataset of
brain MRI and they can be found free for download
at [34]. All test images are downloaded images from
web-based medical image depository and all images
are 256 gray scale images of the size 256 × 256. Five
axial, T2-wighted brain MRI slices are considered.
The images are in .png format. The original images
are shown in Fig. 1.
Random noise was generated and inserted into the
mentioned magnetic resonance images. At each pixel
a random value from the range [−15, 15] from uniform distribution was added. After that proposed nonlocal means filter algorithm was used to remove random noise from images.
Graphical result of denoising image Slice 022 is
shown in Fig. 2. Fig. 2(a) shows original image, Fig.
2(b) represents the magnetic resonance image of brain
affected by random noise and finally Fig. 2(c) shows
the image where the noise is removed by the proposed
method.

(11)
N ∗N
Structural content (SC) is defined by the following equation (closer to 1 is better):
i=1

− x∗i,j |

(10)

The equation for average difference (AD) is presented by (smaller is better):
PN PN

j=1 |xi,j

− x∗i,j |

where xnoise
is image with noise, x∗i,j is original imi,j
age and xi,j is denoised image.
All this formulas are used for the estimation of the
results of denoising the magnetic resonance images
using the proposed method.

P SN R = 10 log

PN PN

noise
j=1 |xi,j

i=1

IEF = PN PN

Last metric that was used in this paper is image
enhancement factor (IEF). This metric is presented by
the following expression (larger is better):

Table 1: Calculation of evaluation metrics
Evaluation
metrics

MSE
PSNR
NK
AD
SC
MD
NAE
IEF

Slice 22
with
noise
39.2341
32.1942
1.0345
3.7775
0.9266
84
0.0909
-
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denoised
23.4604
34.4275
0.9929
2.6506
1.0082
74
0.0710
1.6697

Slice 32
with
noise
43.7980
31.7163
1.0320
3.7648
0.9313
168
0.0856
-

denoised
31.7724
33.1103
0.9915
2.9381
1.0099
80
0.0726
1.3749

Slice 42
with
noise
40.3466
32.0727
1.0308
3.7539
0.9351
132
0.0789
-

142

denoised
37.9051
32.3438
0.9918
3.1320
1.0092
99
0.0711
1.0684

Slice 52
with
noise
38.7754
32.2452
1.0327
3.7016
0.9323
104
0.0710
-

denoised
36.7468
32.4786
0.9919
3.1905
1.0095
59
0.0657
1.0662

Slice 62
with
noise
38.4724
32.2793
1.0303
3.7062
0.9377
128
0.0637
-

denoised
38.0105
32.3318
0.9930
3.2856
1.0082
81
0.0602
1.0161
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(a)

(b)

(a)

(c)

(d)

(e)

Figure 1: Original magnetic resonance images (a)
Slice 22, (b) Slice 32, (c) Slice 42, (d) Slice 52, (e)
Slice 62

(b)

In the Table 1 the calculation of evaluation metrics MSE, PSNR, IEF, NK, AD, SC, MD and NAE are
presented.

6

Conclusion

An algorithm with the adjusted non-local means filter
was constructed for removal of the random noise from
magnetic resonance images. In our proposed method
we used window of the size 3 × 3 biased by the empirically determined weighted mean of the larger 9 × 9
window. The proposed algorithm was tested on different magnetic resonance images of brain from the standard database [34]. For the quality of results different measures of quality evaluation metrics were used
that included MSE (mean square error), PSNR (peak
to signal ratio), NK (normalized cross correlation),
AD (average difference), SC (structural content), MD
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(c)

Figure 2: Slice 22 (a) Original MRI, (b) MRI with
noise, (c) Denoised MRI
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(maximum difference), NAE (normalized absolute error) and IEF (image enhancement factor). In all cases
results were satisfactory. Future research can include
different types of means filters like weighted median
filter and testing can be carried on images of other human organs.

Radioelektronika
(RADIOELEKTRONIKA),
pp. 326–330, April 2015.
[9] A. Alihodzic and M. Tuba, “Improved bat algorithm applied to multilevel image thresholding,”
The Scientific World Journal, vol. 2014, p. 16,
2014.

Acknowledgement: This research is supported by
the Ministry of Education, Science and Technological
Development of Republic of Serbia, Grant No. III44006.

[10] Z. Haddad, Y. Chen, and J. L. Krahe, Image Processing and Pattern Recognition Tools for the
Automatic Image Transcription, pp. 197–203.
Cham: Springer International Publishing, 2016.
[11] E. Tuba and N. Bacanin, “An algorithm for handwritten digit recognition using projection histograms and SVM classifier,” in 23rd Telecommunications Forum Telfor (TELFOR), pp. 464–
467, Nov 2015.

References:
[1] A. B. Watpade, M. S. Amrutkar, N. Y. Bagrecha,
and A. S. Vaidya, “Qcuip: Quality control using image processing,” International Journal of
Engineering Research and Applications, vol. 4,
pp. 15–18, March 2014.

[12] E. Tuba, M. Tuba, and D. Simian, “Handwritten digit recognition by support vector machine
optimized by bat algorithm,” in 24th International Conference in Central Europe on Computer Graphics, Visualization and Computer Vision, (WSCG 2016), pp. 369–376, 2016.

[2] R. Hueso, J. Legarreta, J. Rojas, J. Peralta,
S. Perez-Hoyos, T. del Rio-Gaztelurrutia, and
A. Sanchez-Lavega, “The planetary laboratory
for image analysis (PLIA),” Advances in Space
Research, vol. 46, no. 9, pp. 1120–1138, 2010.

[13] Y. Ban, S.-K. Kim, S. Kim, K.-A. Toh, and
S. Lee, “Face detection based on skin color
likelihood,” Pattern Recognition, vol. 47, no. 4,
pp. 1573–1585, 2014.

[3] E. Bradley, D. Roberts, and C. Still, “Design
of an image analysis website for phenological
and meteorological monitoring,” Environmental
Modelling and Software, vol. 25, no. 1, pp. 107–
116, 2010.

[14] W. R. Tan, C. S. Chan, P. Yogarajah, and J. Condell, “A fusion approach for efficient human skin
detection,” IEEE Transactions on Industrial Informatics, vol. 8, pp. 138–147, Feb 2012.

[4] N. Rankovic and M. Tuba, “Improved adaptive
median filter for denoising ultrasound images,”
in Proceedings of the 6th European Computing
Conference (ECC’12), pp. 169–174, 2012.

[15] A. Arsic, M. Jordanski, and M. Tuba, “Improved
lip detection algorithm based on region segmentation and edge detection,” in 23rd Telecommunications Forum Telfor (TELFOR), pp. 472–475,
Nov 2015.

[5] M. Jordanski, A. Arsic, and M. Tuba, “Dynamic
recursive subimage histogram equalization algorithm for image contrast enhancement,” in 23rd
Telecommunications Forum Telfor (TELFOR),
pp. 819–822, Nov 2015.

[16] M. A. Yousuf and M. N. Nobi, “A new method to
remove noise in magnetic resonance and ultrasound images,” Journal of Scientific Research,
vol. 3, no. 1, pp. 81–89, 2010.

[6] P. Arbelaez, M. Maire, C. Fowlkes, and J. Malik,
“Contour detection and hierarchical image segmentation,” IEEE Transactions on Pattern Analysis and Machine Intelligence, vol. 33, pp. 898–
916, May 2011.

[17] D. Bhonsle, V. Chandra, and G. Sinha, “Medical image denoising using bilateral filter,” International Journal of Image, Graphics and Signal
Processing, vol. 4, no. 6, pp. 36–43, 2012.

[7] M. Tuba, “Multilevel image thresholding by
nature-inspired algorithms-a short review,” The
Computer Science Journal of Moldova, vol. 22,
no. 3, pp. 318–338, 2014.

[18] N. Rajeswaran and C. Gokilavani, “Reduction of
FBM noise in brain MRI images using wavelet
thresholding techniques,” Asian Journal of Information Technology, vol. 15, no. 5, pp. 855–
861, 2016.

[8] M. Tuba, N. Bacanin, and A. Alihodzic,
“Multilevel image thresholding by fireworks
algorithm,” in 25th International Conference

ISSN: 2367-8984

144

Volume 1, 2016

International Journal of Signal Processing
http://iaras.org/iaras/journals/ijsp

Stefan Korolija et al.

gineering (IJECSCSE), vol. 2, no. 1, pp. 1–4,
2012.

[19] M. Laddha and S. A. Ladhake, “Brain tumor detection using morphological and watershed operators,” International Journal of Application
or Innovation in Engineering and Management,
vol. 3, no. 3, pp. 383–387, 2014.

[27] P. Flandrin, “Wavelet analysis and synthesis of
fractional brownian motion,” IEEE Transactions
on Information Theory, vol. 38, pp. 910–917,
March 1992.

[20] J. Mohan, Y. Guo, V. Krishnaveni, and K. Jeganathan, “MRI denoising based on neutrosophic wiener filtering,” in 2012 IEEE International Conference on Imaging Systems and Techniques Proceedings, pp. 327–331, July 2012.

[28] B. B. Mandelbrot and J. W. Van Ness, “Fractional brownian motions, fractional noises and
applications,” SIAM review, vol. 10, no. 4,
pp. 422–437, 1968.

[21] J. V. Manjón, J. Carbonell-Caballero, J. J.
Lull, G. Garcı́a-Martı́, L. Martı́-Bonmatı́, and
M. Robles, “MRI denoising using non-local
means,” Medical image analysis, vol. 12, no. 4,
pp. 514–523, 2008.

[29] T. Oigard, L. L. Scharf, and A. Hanssen, “Timefrequency and dual-frequency representation
of fractional brownian motion,” in IEEE/SP
13th Workshop on Statistical Signal Processing,
pp. 889–894, IEEE, 2005.

[22] C. S. Anand and J. S. Sahambi, “Wavelet domain non-linear filtering for MRI denoising,”
Magnetic Resonance Imaging, vol. 28, no. 6,
pp. 842–861, 2010.

[30] R. D. Nowak, “Wavelet-based rician noise removal for magnetic resonance imaging,” IEEE
Transactions on Image Processing, vol. 8,
pp. 1408–1419, Oct 1999.

[23] Y. Sharma and Y. K. Meghrajani, “Brain tumor
extraction from MRI image using mathematical morphological reconstruction,” in 2nd International Conference on Emerging Technology
Trends in Electronics, Communication and Networking (ET2ECN), pp. 1–4, Dec 2014.

[31] V. Kumar, S. Saini, and S. Dhiman, “Quality improvement on MRI corrupted with rician noise
using wave atom transform,” International Journal of Computer Applications, vol. 37, no. 8,
pp. 28–32, 2012.
[32] A. Buades, B. Coll, and J.-M. Morel, “A nonlocal algorithm for image denoising,” in IEEE
Computer Society Conference on Computer Vision and Pattern Recognition (CVPR’05), vol. 2,
pp. 60–65, IEEE, 2005.

[24] I. Delakis, O. Hammad, and R. I. Kitney,
“Wavelet-based de-noising algorithm for images
acquired with parallel magnetic resonance imaging MRI,” Physics in Medicine and Biology,
vol. 52, no. 13, pp. 3741–3751, 2007.

[33] J. Hu, Y. Pu, X. Wu, Y. Zhang, and J. Zhou, “Improved DCT-based nonlocal means filter for MR
images denoising,” Computational and mathematical methods in medicine, vol. 2012, 2012.

[25] S. Agrawal and R. Sahu, “Wavelet based MRI
image denoising using thresholding techniques,”
International Journal of Science Engineering
and Technology Research (IJSETR), vol. 1,
no. 3, pp. 32–35, 2012.

[34] K. A. Johnson and J. A. Becker, “The
whole brain atlas [online],” June 1999.
http://www.med.harvard.edu/AANLIB/.

[26] R. C. Patil and A. Bhalchandra, “Brain tumour
extraction from MRI images using MATLAB,”
International Journal of Electronics, Communication and Soft Computing Science and En-

ISSN: 2367-8984

145

Volume 1, 2016

