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Abstract-Magnetic Resonance Images of Brain often contain herringbone artifact in the form of stripes spread in frequency
encoding or phase encoding direction throughout the image. The presence of artifacts create problem in image enhancement
and reduces the accuracy of segmentation. In this paper, we propose an efficient, powerful and stable filter based on combined
wavelet and Fourier transform for the removal of herringbone artifact. The algorithm strictly separates the features between
artifact and original image information and also suppresses the unwanted structures present in the artifact image. It tries to
preserve original image information at high degree. The quality of the processed image is evaluated using signal to noise ratio
and energy loss measures. The performance and feasibility of the filter are tested on several MR images of brain taken from
open source and from radiologists. The results shows that there is a greater improvement in signal to noise ratio and minimal
energy loss in the processed image and suggests that the algorithm presented in this paper is suitable in processing and
removing herringbone artifact in brain MR images.

Keywords-Magnetic Resonance Imaging (MRI), Herringbone Artifact, Wavelet Transform, Fast Fourier Transform (FFT),
Signal to noise ratio (SNR), Energy loss.

slice or multiple slices in any directionon the image. The
herringbone artifact is a term used in MRI for stripe noise or

I. INTRODUCTON

Magnetic Resonance Imaging (MRI) is a powerful and
widely used medical imaging technique in radiology to
investigate the anatomy and physiology of the human brain in
both health and disease. A wide variety of artifacts are
commonly being encountered during MR image acquisition.
An artifact is any undesirable feature that appears in an image
which is not present in the original imaged object [1]. The
presence of artifacts in the image may be confused with
pathology or just reduce the quality of examinations. To
detect any abnormality in the brain like tumor or lesion, the
artifact must be removed or minimized [2]. Artifacts create a
problem in the enhancement process and affect segmentation
accuracy. Artifacts have some spurious features appeared in
the original image. Artifacts are classified as patient related
and system related depending on their origin of the cause.
Several artifacts occur in MRI [2] but in this paper, system
related artifact such as herringbone is considered for removal.

The herringbone artifact is an MRI artifact that appears as a
fabric or herring bone throughout the image. It is also called
as crisscross artifact or corduroy artifact. The artifact is
scattered all over the image in the form of stripes in a single
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artifact found in other images. The reasons to cause
herringbone artifacts are,

¢ Electromagnetic spikes by gradient coils,
¢  Fluctuating power supply and
e RF pulse discrepancy.

Successful removal of herringbone artifacts implies that

e Artifact must be disappeared from an image after
filtering

e  All structural features and the quantitative values of
the image information are optimally preserved.

Several different filtering techniques are available to
minimize or eliminate the artifact in MR images, such as
lowpass filter, moving average filter, histogram matching,
interpolation method, frequency filtering with fast
FourierTransform as well as wavelets [5-12]. Although
different methods give satisfactory results for different
images, the basic idea of removal of artifact is that artifact
should be known before processing.

It is clearly understood from the above discussion that there
is no particular algorithm which can completely tackle the
herringbone artifact problem in the MR image. In this
proposed method, Wavelet and Fast Fourier transform is
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being used to remove the herringbone artifact in MR images
of brain.

II. METHODOLOGY

A. Concept of Wavelet Transform

The wavelet transform has gained widespreadacceptance in
signal processing and image processing. Wavelet transform
decomposes a signal into a set ofbasis functions. These basis
functions are called wavelets. A wavelet is a waveform of
effectively limited duration that has an average value of
zero. The term ‘wavelet’ comes from the fact that they
integrate to zero; they wave up and down across the axis.
Wavelets are obtained from single prototypewavelet called
mother wavelet by dilations and shifting. The Wavelet
transform is multi-resolution analysisthat can be used to
decompose a signal or image into wavelets coefficients and
scaling function.

A wavelet function ¥(t) has two main properties,

[, w(®de=0; (1)
that is, the function is oscillatory or has wavy appearance.
[0 19| dt<oo; )

That is, the most of the energy in W(t) is confined to a
finite duration.

A discrete signal f(t) can be approximated bya set of basis
functions I'n(t),n € {0,---,N}, yielding

f(t= Zn ap "ML 3
Where the basis functions are orthogonal to each other, that
is, the scalar product of every twol}, (t) meets
1, Vn=m
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Thereby, f(t) will be unequivocally represented by the
coefficients a,.

The main motivation for the decomposition of a
signal/image into  orthogonal basis functions is
thedeployment of the original signal/image information into
coefficient classes that specifically groupinteresting
structural patterns. This aspect is particularly attractive for
artifacts removal techniques. In addition, orthogonal
transforms often produces coefficients, which become partly
smallor even zero. This characteristic of wavelet analysis
makes signal/image decompositionespecially attractive for
artifacts removal techniques [13]. Moreover, the calculation
of the coefficients is very efficient and achieved in linear
timea, by simple evaluation of scalarproducts:

a, = (f(0), [ (D)) Q)
Furthermore, since Fourier and some wavelet transforms are
separable, they can be appliedsuccessively for each
dimension in the case of two or more dimensional signals.
For the discrete wavelet transform (DWT), a variety of
wavelet types exist, which allow perfect reconstruction of
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the original signal/image, in particular the Daubechies (DB)
wavelets shown in figure-1[14] [15].

L] @10 w20

0 (53 1 0 § 10 05 N Boa X .102‘03‘:1105:0
Figure-1Scaling (blue) and wavelet (red) functions of four
different types of wavelets: Haar (DB1), DB10,DB20 and
DB45.

The image f(r,c) is decomposed into a set of four coefficient
images Ci, Ch, Cv, Cd where CI is the low pass filtered
image or approximation area which includes information
about the global properties of analyzing image, Ch is the
horizontal area which includes information about the vertical
lines hidden in image.Cv is the vertical area which includes
information about the horizontal lines hidden in image. Cdis
the diagonal area which includes information about the
diagonal details of the image.Therefore, image is divided
into 4 sub-sampled spaces, and each piece of the image has
dimension (N/2)X(N/2). Thereby, wavelet decomposition of
level L produces for image

f(r,c) = Zm Zn Cl,L,m,n ’ (DI,L,m,n (r, o+
Zm Zn Ch,L,m,n ' ‘Ph,L,m,n (I', C) +

Zm Zn Cv,L,m,n ' \PU,L,m,n (I‘, C) +

Zm Zn Cd,L,m,n ' \Pd,L,m,n (I‘, C) (6)

Where, ®;;,,(r,c) is the scaling function,
W mn (@ 6), Wy pmn(r,c) and Wy, nn(r,c) are wavelet
coefficients of the image. Consequently, the wavelet
representation W of an image f(r,c) results in a set of
coefficients

f(r,c)@W:{Cl_L_myn, Ch,L,m,n: Cv,L,m,n: Cd,L,m,n }s

le {1,---,L} @)

This allows recovery of the original information of the
image without loss.Since wavelet transform is separable, the
wavelet coefficients in equation(7) are calculated by
successive filtering of the image in horizontal and vertical
directions applying either low (L) or high pass (H) filters
(i.e LL for C;p mn LH for C,pmn, HL for C, ) 1, HH for
Cd,L,m,n) [14] [15]

B. Concept of Fourier Transform

Suppose in f(r,c) with r=0,1, 2,..... M-1 and c=0,12,..... N-1
specifies the raw image. The two-dimensional Fourier
Transform F(u,v) is obtained from the equation (8)
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—jow+Z5
Fu,v) = YVt SNt f(r,c) e/ m™w (8)
Forallu=0,1,2,........ M-1andv=0,1,2,......N-1.

In fact the Frequency domain is the coordinate systemthat
determined byF(u,v) and the frequency variables uand v.
This domain is comparable with the spatial domain ( the
coordinate system defined by the spatial variables r and c).
The rectangular M x N area defined by u = 0,1,2,..,M-1 and
v = 0,1,2, .., N-1 can be considered as a rectangular
frequency. Clearlyrectangular frequency has the same size of
the input image [4].

C. Algorithm

Following are the steps to
artifact in the vertical direction.

remove herringbone

1. Read the Herringbone artifact brain image from the
database.

2. Apply Wavelet transform to decompose the image to
separate the structural information into horizontal,
vertical and diagonal details bands at different
resolution scales.

3. Apply FFT to each detailed band which further tights
theartifact information into narrow bands.

4. FEliminate the artifact information by multiplying
vertical sub region with the Gaussian damping function

g(f, &)given by
(i)
g#,e)=1-e \2o° €))

Reconstruct the image from the filtered coefficients.
6. Display the resulted image.

v

D. Separation of Artifact Information

Artifact removal technique uses Fourier transform and
coefficient damping as filter to eliminate the artifact exist in
image. This filtering technique is applied to all detailed
bands since herringbone artifact is scattered throughout the
image in any direction.

After each single wavelet decomposition step, the remaining
low pass coefficients C;; ,,,still contain the self-similar full
image information, yet at a lower resolution. In contrast, all
other bands only contain details, i.e. high pass information
for getting increased resolution. Hence,the mean image
values at lower resolution are still completely preserved
when coefficients from the details bands are removed. This
is not the case if coefficient damping is performedin the
Fourier space only, since these coefficients also contain
quantitative information about regional offset values, which
will be affected during the filtering process.

E. Assessment of filter quality

For reliable validation of the filter quality, both, qualitative
and quantitative aspects are decisive. Qualitatively, the
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artifact removed images need to be free from artifact, while
all other image details have to be preserved. Quantitatively,
local mean values of the filtered image away from
herringbone artifact must be maintained which is an
important requirement for quantitative image analysis [14].

The well-known qualitative method in the Signal processing
is signal to noise ratio for images which is given by equation
(10)
_ Signal Power

SNR - 1010g10(N0iSE Power) (10)
where signal power is defined by equation (11) for input
image

Signal Power =y Mt N1 f(r, ) (11)
and noise power is defined by equation (12) for processed
image

Noise Power=ﬁ SMASN-Af(r, ¢) — f'(r,0)]? (12)

where, M and N are rows and columns of image matrix.
Original image is f(r,c) and processed image is f' (r,c).
Equation (12) is also called as Mean Square Error (MSE).

Quantitative evaluation of the results is the total energy of a

signal. The loss of the energy can be expressed by the

energy of the difference of the original image f(r,c) and the

filtered imagef'(r,c), relative to the original one, resulting in

the relative mean square error €r given by equation(13) [14].
Y0 =f (r,0)]?

&= S f(r,0)2 (13)

F. Choice of Wavelets

There are different types and sizes of wavelets used. The
use of Daubechies (DB) wavelets [15] shows visually
favorable results even at low energy changes €,. The reason
for this has not been explored andmay presumably be
accompanied with the wavelet smoothness. In figure-6&7,
the SNR and energy loss changes for filtering with
Daubechies wavelets of different size are displayed.

Observe in figure-6, that SNR is increasing with wavelet
filters size and energy loss is decreasing with
increasingwavelet filtersize.The wavelet filter is chosen to
obtain optimal results.

III. RESULTS AND DISCUSSION

The image database is created by collecting MR images of
brain from open source and also from radiologists. The
DICOM images are converted into jpeg format. The
proposed technique is implemented as a filter on the
MATLAB platform. Figure-1 shows brain MR image with
herringbone artifact appearing in the form of vertical stripes
spread over the entire image.
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Figure-1 MR image of brain with vertical
herringboneartifact

To illustrate the wavelet coefficients, here wavelet filter
'dbl' is applied to the input herringbone artifact image
shown in figure-1which produces four dyadic detailsshown
in figure-2 for decomposition level L =1.

Figure-2 Decompldsition up to is visualized

In the figure-2 decomposition of original image up to 1 level
is visualized. Upper left displays the low pass coefficients c;,
the horizontal detail c, is displayed in the upper right,
vertical detail c,is displayed in the bottom left and diagonal
detail ¢4 is displayed in the bottom right. In this example of
image, herringbone artifact is present in vertical direction.
Vertical detail C, is distorted by this artifact and can be
observed clearly in figure-2 bottom left.

Fourier transform is applied to the vertical detailed
coefficients C, resulted image is shown in figure-3 describes
how artifact is completely condensed to the abscissa.

Figure-3 Fourier spectrum showing vertical detail band and
artifact component as bright line

Information of the affected herringbone artifact is

completely condensed to the abscissa.

o
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Figure-4Eliminatio of the artifact after performing damping
by using Gaussian function

Information of the affected herringbone artifact is removed
by damping of the relevant coefficients by using a Gaussian
function. The result after damping is shown in figure-4.

Three parameters control the behavior of filtering and
accuracy of reconstruction with minimal loss of image
information. These parameters are decomposition level ‘L’,
wavelet sample type ‘db’ anddamping coefficient‘c’.

In figure-5 herringbone artifact is eliminated using wavelet
filter 'db45'for decomposition level L = 5 and damping
factor 6 = 6.

SNR for different wavelet fiters
69.5 T T T

B85

SNR in dB
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wavelet samples

Figure-6 Signal to noise ratio for different wavelet samples
forL=5and 6 = 6.
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Energy Loss for different wavelet fiters
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Figure-7 Energy Loss for different wavelet samples for

L=5and c = 6.
The signal to noise ratio and energy loss for different
Daubechieswavelet samples (db1-db45) are calculated for
the input image and are shown in figure-6 and figure-7
respectively for decomposition level L = 5 and damping
factor 6 = 6 ( these two parameters are kept constant). Signal
to noise ratio is increased with increasing wavelet samples
and energy loss is decreased with increasing wavelet
samples.

IV. CONCLUSION

The proposed algorithm for removal of herringbone artifact
in MR images of brain using wavelet and Fast Fourier
transform is a powerful approach in Spectral domain. The
algorithm is implemented on MATLAB platform and tested
on various herringbone artifact brain MR images taken from
open source and also from radiologists. The images are
analyzed both qualitatively and quantitatively using signal to
noise ratio and energy loss metrics. The graph of SNR and
energy loss versuswavelet samples shows thatSNR is
increasing and energy loss is decreasing with increasing
wavelet size.It is observed that there is a greater
improvement in SNR with minimal loss of energy for
different wavelet samples.

Three parameters allow controlling the filter behavior and
extending its applicability to artifacts: (1) the choice of the
wavelet, (2) the highest decompositionlevel L, and (3) the
damping factor c.Optimalresults have been achieved for
large Daubechieswavelets (i.e. large number of vanishing
moments, at least larger than DBS5).

The frequency domain technique preserves the image
details. The experimental results suggest that the proposed
algorithm is efficient and suitable to remove herringbone
artifact which occurs in vertical direction on brain MR
Images. The algorithm can be further modified to remove
the artifact in horizontal direction.

0
ASJCSE  ©2016, 1ICSE Al Rights Reserved

Vol.-4(02), PP(66-71) Feb 2016, E-ISSN: 2347-2693

(1]

(2]

(31

(4]

(51

(6]

(71

(8]

(91

(10]

(11]

[12]

[13]

REFERENCES

L J Erasmus, D Hurter, M Naude, H G Kiritzinger, S Acho,
“A Short overview of MRI artifacts”, South African
Journal of Radiology, August 2004,13-17.

Vishnumurthy T.D, Mohana H.S, Vaibhav A Meshram,“A
Review on Brain Magnetic Resonance Imaging Artifacts:
Description, Causes and their Elimination”, International
Journal of Advanced Information Science and Technology,
Vol.44, No.44,pp.88-93,December 2015.

Chi Chang-yan, Zhang Ji-xian, Liu Zheng-jun,"Study On
Methods of Noise Reduction in a striped Image", The
international Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, Vol 37, Part
B6b, pp.213-216, Beijing 2008

Mohammad Reza Mobasheri, ErfanAmraei, Seyyed Amir
Zendehbad, “Implementation and Performance
Comparison of Wavelet Based Filters with the Frequency
Domain and Spatial Domain Filters in Destriping of
Satellite Images”, Current Trends in Technology and
Sciences, pp.7-16, 2015

Jinsong Chen, Yun Shao, HuadongGuo, Weiming Wang,
and Boqin Zhu,"Destriping CMODIS Data by Power
Filtering " IEEE Transactions on Geoscience and Remote
Sensing, vol. 41, No.9, pp. 2119-2124, Sept 2003
G.GiovaniCorsini and M.MarcoDiani, “Striping Removal
in MOS-B Data,” IEEE Trans.on Geoscience and Remote
Sensing, vol. 38, pp. 1439-1446, May 2000

Shu-wen W  Chen, Jean-Luc Pellequer“DeStripe:
frequency-based algorithm for removing stripe noises from
AFM  images”.Springer, BMC Structural Biology,
11:7,pp.1-10, 2011

Zuoguan Wang, Yutian Fu, “Frequency-domain
Regularized Deconvolution for Images with Stripe Noise,”
ICIG Proc. 4™ International Conference, Image and
Graphics, 110-115,IEEE, 2007.

P. Rakwatin, W. Takeuchi, Y. Yasuoka, “Stripe Noise
Reduction in  MODIS Data by  Combining
HistogramMatching with Facet Filter,” IEEE Transactions
on Geoscience and Remote Sening,Vol. 45, No.6,pp.1844—
1856, 2007.

Toney Sebastian, Prem C Pandey, S M M Naidu, Vinod K
Pandey “Wavelet Based Denoising for Suppression of
Respiratoryand  Motion  Artifacts in  Impedance
Cardiography”,Computing in Cardiology;38:501-504,
2011

JianGuo Liu and Gareth Llewellyn Keith Morgan,”FFT
Selective and Adaptive Filtering for Removal ofSystematic
Noise in ETM+ Imageodesylmages”. IEEE Transactions on
Geoscience and Remote Sensing,Vol 44, No. 12, pp.3176-
3724, Dec 2006

Ghada A, Al Hudhud and Martin J. Turner, "Digital
Removal of Power Frequency Artifacts using a Fourier
Space Median Filter", IEEE Signal Processing Letters, Vol
12 No. 8, pp.573-576, Aug 2005

C. Christopoulos, T. Ebrahimi, “The JPEG2000 Still Image
Coding System: An Overview,” IEEE Trans. Consumer
Electronics 47, 1103-1127 (2000).

70



International Journal of Computer Sciences and Engineering

[14] Beat MTunch, PavelTrtik, Federica Marone, Marco
Stampanoni, "Stripe and ring artifact removal with
combined wavelet--Fourier filtering", OPTICS EXPRESS
8567, Vol. 17, No. 10,2009.

[15] I, Daubechies, ”Ten lectures on Wavelets”,
Philadelphia, PA (1992).

[16] Gonzalez, R. C.; Woods, R. E., "Digital Image Processing
using Matlab", Pearson Education, 2005.

[17] B. Chanda, D. DuttaMajumder, "Digital Image Processing
and Analysis". Prentice-Hall of India, 2005

[18] Yi-Hsuan Kao, James R. MacFall “Correctionof MR K-
Space Data Corrupted by Spike Noise” IEEE Transactions
on medical imaging, vol.19, No.7, pp.671-680, July 2000.

[19] SubhroSarkar,ArdhenduMandal,”Comparison of Some
Classical Edge Detection Techniques with their Suitability
Analysis for Medical Images Processing”, International
Journal of Computer Sciences and Engineering, Volume-3,
Special Issue-1,PP(81-87) Feb 2015.

SIAM,

AUTHORS PROFILE

T D Vishnumurthy obtained B.E degree in
Electronics Engineering from BMS College of
Engineering, Bengaluru University during 1987. R
Since then serving as faculty in Technical ' '
Education field in various capacities. Obtained

M.Tech degree from REC (presently NIT) ?
Warangal with specialization in Electronic ’A" f[ J
Instrumentation during 1991. Presently working as Associate
Professor in Electronics & Instrumentation Engineering in
University BDT College of Engineering Davangere since 1993.
Worked as member of BOS/BOE with several universities. Area of
interest is signal & image processing. Published/Presented 08
research papers in Journals/Conferences. Presently registered for
pursuing Ph.D. as an external candidate in Jain University
Bengaluru, Karnataka.

Py

Dr. H.S.Mohana Obtained B.E Degree

inElectrical and  Electronics  Engineering
fromUniversity of Mysore, during 1986. =
Sincethen, serving technical education field i €
invarious capacities. Obtained M.E L
fromUniversity of Roorkee, presently IIT r
ROORKEE with thespecialization in

Measurement and Instrumentation. Worked aschairmen and
Member of Board of Examiner and Board of Studies with several
Universities. Obtained Ph.D degree from VTU Belagavi during
2011. Research Interest in Computer Vision Based Instrumentation,
Digital Image Processing, Pattern Recognition. Presented/Published
more than 35 research papers in National Conferences,
International conferences and journal ofinternational reputation.
Recognized as AICTE expert committeemember in the inspection
and reporting continuation of affiliationand Increase in intake of the
Engineering Colleges. Completed,one AICTE/MHRD-T APTECH
project and one AICTE/MHRDResearch project successfully.
Coordinated TWO ISTE SponsoredSTTP for the technical college
teachers. Presently, working asProfessor and Dean (A&A)in
Malnad College of Engineering, Hassan, Karnataka.

o
ASJCSE  ©2016, 1ICSE Al Rights Reserved

Vol.-4(02), PP(66-71) Feb 2016, E-ISSN: 2347-2693

Dr. Vaibhav A. Meshramreceived the B.Tech
Degree from the National Institute of
Technology. Kurukshetra (NITKKR), formerly
known as theRegional Engg.College in Haryana
in the year 1992.0ObtainedM.Tech. degree in
Microelectronics from IIT Bombay in the year
1999 and Ph.D. in Electronics &Communication from BITS Pilani
in theyear 2012 respectively in 22 nm technology. He has got
anoverall 10 years of Teaching in various Engg. colleges inMumbai
& in Bengaluru and 10 years of Industrial experience. He has
published research papers in international journals and
conferences.Hewas the Project Managerat Zilog India
ElectronicsPvt Ltd. Providing Development and Support
onZilogMicrocontroller, again in Bangalore. Then, he
startedworking as Project Manager at Hewlett-Packard providing
Development and Support for HP-PRINTER ASICtechnology in
Bengaluru. Further, he worked as TechnicalManager in “Hardware
practices” at MindTreeLtd, Bengaluru. His special areas of interest
are DSP,IP,Signals & systems, VLSI, Advanced VLSI, CAD
forVLSI, VHDL, CMOS, Semiconductor device physics,
MATLAB, etc. Presently working as Professor & HOD of
Electronics & Communication Engineering, SET, Jain University
Bengaluru.

PramodKammarObtained @ B.E  degree in
Electronics and Communication engineering from
University BDT College of Engineering,
Davanagere during 2011.0Obtained M.Tech degree in
Digital Electronics and Communication Systems
from Malanad College of Engineering, Hassan in the !
year 2015.His special areas of interest are Digital Image
Processing, Matlab, Digital Electronics, Satellite Communication.

71



