ISSN: 1682-39015

Medwen

Online

Asian Journal of Information Technology 7 (2): 53-57, 2008

© Medwell Journals, 2008

A Multiscale Contourlet Transform Denoising Algorithm
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Abstract: Although, X-ray gastrointestinal imaging system 1s a necessary medical diagnosis method, various
noises will unavoidably appear in the image when X-ray gastrointestinal imaging is performed. An effective
method to improve image quality is to reduce adverse effect on the image brought by noises, so as to de-noise
K-ray gastromtestinal image. According to the features of X-ray gastrointestinal images with high resolution
and complex details, Contourlet transform, which 13 capable of expressing high dimension geometry features
such as image edges, details, etc., is used to propose an X-ray gastrointestinal image de-noising algorithm
based on Multi-resolution Contourlet transform. This algorithm introduces cycle-spinning into de-noising
process, thus, the “nick”™ problem brought by Contourlet transform hard threshold de-noising 1s overcome.
Result shows that, for actual X-ray gastromtestinal mmage, this algorithm can both retain details in
gastrointestinal images and obtain good de-noising effect and at the same time the calculation efficiency is
high.
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INTRODUCTION of optics, mechanics, electronics

and calculation.

K-ray was discovered by Germany scientist, Rontgen
(1986). It 18 well-known for its application in medical
diagnosis. For example, when somebody’s physical
fitness is examined, the doctor usually takes an X-ray
image of his/her chest to determine whether the inner
pleural is healthy. Another example 1s X-ray
gastrointestinal imaging. X-ray imaging technique has
its superiority i dynamic inspection and small lesions
mspection, mamly because medical X-ray 1maging
equipment has high spatial resolution that makes it
possible to display the detail information of tissues at the
scale of less than 0.1 mm and high temporal resolution at
the order of millisecond which makes it possible to
observe the activity of human organs (Eastman Kodak
Company, 1998, 2006). As a branch of X-ray imaging
examination, digitalized X-ray gastrointestinal imaging
can relieve people’s pams of conducting traditional
gastromntestinal endoscope examination; therefore, it 1s
experiencing fast development in the gastrointestinal
diagnosis in the medical field (DICOM, 1997; Nema, 2001 ).

Actually, the acquired gastromtestinal images are
unavoidable corrupted by noise, because X-ray
gastrointestinal imaging system is an integration system

Especially when the X-ray coefficient of the normal tissue
of the stomach 1s close to the one of the lesion tissue, the
detail characteristics m the gastromtestinal image 1s
submerged in strong noise; it has adverse effect on the
accurate  identification of lesion tissue from
gastromntestinal ~ X-ray  images. Accordingly, the
Contourlet transform based de-noising algorithm for X-ray
gastrointestinal 1mages 1s investigated and some
significant results are given.

THE PRINCIPLE OF IMAGING SYSTEM

The principle of X-ray gastrointestinal digital imaging
K-ray penetrate through human body and the
attenuated X-ray beam, which carries the information of
the gastrointestinal structure, is transformed into visible
light by image intensifier, The visible light from intensifier

18

output screen 1s focused on the photosensitive surface of
CCD (Charge Coupled Device) digital camera and is
transformed into electrical signals by photoelectric
conversion, The analogue electrical signals representing
an image 15 transformed mto digital signals and by
A/D convertor and finally, The output signals are
acquired, processed and stored in computer. Digitalized
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Fig 1: The theoretical diagram of X ray gastrointestinal imaging system based on CCD digital camera

X-ray gastrointestinal image can be displayed in
monitor after D/A convention, providing doctors writh
gastrointestinal  lesion  information diagnosis,

treatrnent or consultation purpose Fig. 1.

for

NOISE SOURCE ANALYSIS OF IMAGING SY STEM

According to the possible sources of noise m
imaging process as shown in Fig. 1, the noises generated
in the imagmg system are classified into 2 categories,
systemn inherent noise and system random noise.

The inherent noise of the imaging system include
CCD noise, noize induced by nomniform response of
the tnaging screen and image vignetting noise. CCD,
as an lmage detector, outputs space sampling discrete
signals, which are interfered by wvarious noises, such
as photon noise, shot noise, dark current noise, etc
The nonuniform responses of imaging plate to X-ray
induce pseudo defects such as significant stripes, light
spots, dark spots and bubbles Through image
procession, these pseudo defects can be removed.
After the image vignetting is treated, the image gray
level will be carrected and the wvisual effect will be
inproved.

Although, the randomly distributed noises of the
imaging systemn are difficult to predict, they can be
identified using probability and  statistics and then
classified as positive impulse noise, salt and pepper
noise, or Gaussian noise When the scattering X-ray
acts on the CCD chip, a lot of positive noises which
are randomly distributed in spatial position and shown
as positive impulse are produced. These noises have
great impact on the quality of gastrointestinal images
and their quantity and amplitude will increase along with
the time and energy of the radiation applied on CCD.
Salt and pepper noise can produce impulse noise like
black and white spots, which causes trouble to the
following tasks as extracting and 1dentifiring characteristic

information from images In X-ray digital imaging, the
noises which are Gaussian distributed in space n
every dimension are known as Gaussian noise Mot only
15 every different gray level of every pixel of the
Gaussian-noise-polluted 3ray  gastrointestinal image
affected, but also the pollution degree of the gray level
of the same pizel 15 of large difference. Define ncty ~
N0, o as a Gauss stationary stochastic process, E(E) as
the expectation wvalue of random wariable t, Dty as
variance, then, E[n(t)] = 0 and D[nd)] = ¢, the auto-
carrelation of nit) 1s E[n(uind )] = du-v) = o, tts wavelet
transform 15 o et al (1994) and Ramin and Hayder
(2002):

W, (5, 1) = n(t)*y, (1)

= I_:Dn(u)ws (t—uydu=> n(wy, (t—u)

For a given scale s, W,(5,t) 15 a random process of't,
then

W, 6.0f =3 T n@nyy, -y, t-v) @
Thereby,

Ef| W, s, 9]
=3 S E[n(wn(v) jy, (t- wy, (t- v)
= 5222 dlu— V)qjs(t — u)ws (t—v)

=Y |w, (t-wf
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Ecuation 3 shows that, the mean value of |Wisf[*
gradually decreases with the increase of scale s thatisto
say, the average power of W st) decrease with the
iherease of scale.

Besides the wariance of Gaussian white noise
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Through analysis of Eq. 4, the wariance of |Wig i
decreases as scale s gradually decreases and this
provides theoretical basis for moulti-scale Contoutlet
tranaform  based  de-noising  agoriftun for Hray
gastrointestinal imaging

CONTOURLET TRANSFORM AND ITS
IMAGE DE-NOISING AL GORITHM

Contourlet transform: Contourlet transform, proposed
by MI N Do, etc. i5 a multi-resolution, localized, mudti
ditrection represertation method for ivage (Do, 2003,
Po and Do, 2003; Stack ef al, 20027 It iz also called
Pyramidal Directional Filter Bark (FDFB). First LFP
(Laplace) transform is applied to decompose the image
to captire  singular points, second DFE (Directional
Filter Bank) is used to combine &l the sinndar points in
the same direction into one coefficient and the base
suppart interval of DFB have a “strip” stractare whose
lengttrto-width ratio changes with scale. Compared with
wavelet analysis, Contoudet transform can represent
images more “sparsely’. The principle of Contoutlet
tratisform is showninFig 2. Also, 3 layers decomposition
of a forest image is shown inFig 3.

Cycle spinning contourlet de-noising akorithm for
images: Jimilar to wawvelet de-noising, an ithage is not
shift-irrrariant after it is cyclically shifted Between its
cortowlet decomposiion coefficients and its original
coefficients, there is no corresponding  translation
relationship and becavse the image energy distributes
am otag lots of bases many contoudlet decomposition
coefficierts have nonzero walue Liost decomposition
coefficients have small amplitudes, so, when threshold
de-noising is applied to one image, the reconstructed
image will appear pseudo comporert (Asaa Fake image),
especially, the Gibbs phenomenon will appears at the
neighbohood of singilar poitts and in the de-noiged
images after reconstruction the amplitode walues will
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Fig 2: A schematic diagram of contoul et transform

Fig 3: The 3-1evel decomposition of Forest image

vibrationn up and down at the neighborhood of the
singilar poirt. Due to the localization characteristics of
Contowrlet transform, the witeating anplitodes of Gibbs
phenomenon is closely related to the posiion of singdar
points. To a given filter, it can constrain Gibbs
phenomenon in some specific position in the image, so
catnt cycle spirming. By changing the order of the
image pixels to change the position of the singdar points
in the ithage, the oscillatiot amplitude iz decreased or
eliminated and the cuality of reconstructed image is
improved. Consequently, the process of Cyrle spitning
C ool et de-noising can be describe as foll owing steps:
first, make image translation for a certain distance;
second  apply  hard-threshold Cortowlet transform
de-nioising to the translated im age; third, through irmrerse
translation, the pixels of the image is restored to its
original order and the de-noising process is effectively
achi eved.

Toa M= N two-dim ensional image Irx, v), define
Crele spinting oper ator

C,, @ = I[modzx+ ), mod o, ] 53]
The cycle spinming operator iz imvertible. Its
irversion is
-1
[CisD] ™ = Ciy(D ®
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suppose 3 isthe noise image, 3= I+ n andn denotes
noise. Define the following de-noising procedure

[-C__(DNCT(C,(E)) N

Where, T denotes the result after applying Cycle
spinning de-noising to the noise image; DMCT means
the process of Contoutdet transform, de-noising
and reconstruction for two-dimensional  images.
That iz

DNCT(f) =T {h[T(£) ]} ()

Where, { denote the two-dimensional image before
processing, T denote the decomposition process using
Contoutdet transform, T denote the reconstruction
process of Contourlet transform, h iz the hard-threshold
operator.

A lot of singular points appearing in the image
will lead to the following contrmdiction: While a
translation produces the tbest effect for one singular
point, it might produce bad effect for another
Therefore, when there are lot of tesxtures and edges in
the image, it is difficult to determnine the translation
distance whichis optitnal forall singular points. To solve
this problem, trandlations are made in certain range and
the average iz made out of all the results. This process is
EXPrEss as

. KH,
I > Oy (DNCT(C (20 ey
M a5

Where, M, and M, denote the transdation distance
it honzontal  direction  and  wettical  direction,
sepatately.

RESULTS AND DISCUSSION

To test the feasibility and walidity of this de-
noizsing method, “Lena™ image with zero mean white
noise 15 used as test image, the size of which is
512=512. Decimated wavelet (Db977),  traditional
Contoudet tmnsfom and Cyode spinning Contoudet
are used to processthe noise irage and hard threshold
ig selected. Ondy the four sub-bands with minimum scale
are processed in Table 1. In wisual effect, Contourdet
transformm de-noising can remove noise and at the
samne time the image detail (e g, the tessture of thehat in

56

Tak 1: hnage’s FEHE before and after de modsing (Lera + Ganssianwhite

1oise’]
Hose Naise
varianee  image Wavelet Conmonarlet CCT
10 281387 300004 20n 34 4158
15 24,8251 2250 30,5988 25878
20 222153 273830 2195 312530
25 20,2565 26 1662 281583 301539

f

1)

Fig 4: Images before and after de-noidng vang different
methods, &) noise image, b wavelet denoising, o
Contoudet de-noising, & CCT de-noising

“Lena™ image) iz well reserved and it is obviously superior
than decitnated wavelet. @ Az for PENE. (Fower Signal -to-
Moise Fatio), both the traditional Contourlet transform de-
noigang and the CCT (Cycle spinming Contourlet
Transform) de-noising are more effective than traditional
decirrate wawvelet denoizsing, bt CCT denoising has
higher PEME. and can reduce pseudo Gibbs phenormenon
in the image, Fig. 4@ Az for the reliance on the noise
vanance, the effect of decimated wavelet de-noising
15 bad when the noise wariance is large, whereas the
effect of Contoutlet transzform de-noizsing iz better than
decimated wavelet de-noising and CCT de-noising is
hest.

Bazed on the above research work, thiz method
iz applied to filter noize in the Xaay gastrointestinal
images. Figure 5, (h-d) are results after 27 wavelet de-
noisng, Contoudet transform de-noising, Multi-scale
Contourlet transfonm de-naising (this method) iz applied
to the noize image The proposed method can remove
noize and at the same time retain image details and
the wisual effect iz better than wawelet d-noising and
traditional Contoudet hard threshold de-noizsing,
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Fig. 5 Results of X ray gastrointestinal inage de-noising, a) actual -ray gastrointestinal image, b wavelet de-notsing,
c) Contoutd et de-noising, d) hulti-scale Contourlet transform

CONCLUSION

The fundamental principle of X-ray gastromntestinal
unagng system 15 described in this study and the noise
sources and noise types of this systemn 15 analyzed It
provide the de-noising algorithm of 3{-ray gastrointestinal
images wath the theoretical basis. Aiming at the features
of X-ray gastrointestinal images with high resolution and
complex details, Contourlet transform, whichis capable of
expressing image details, 15 used to propose an 3{-ray
gastrointestinal 1mage de-noising algonthm based on
Multi-resolution Contourlet transform  This algorithm
introduces cycle-spinning into de-noising process, thus,
the “nick” problem brought by Contoud et transform hard
threshold de-noising iz overcome. The experiment result
on the stmulation image and actual X-ray gastrointestinal
image show that, on the premi se that the image detail wall
not get lost, the multi-scale Contourlet transform
algorithm wall effectively remowve the noise in 3{-ray
gastrointestinal images and meanwhile the calculation
efficiency 15 high. The multi-scale Contoutl et transform
algorithm  applied to remove the noise in 3{-ray
gastrointestinal image 1= feasible and effective.

EEFERENCES
Bas Revet, 1997 DICOM cook B ook-for Implementations

in Modalittes, chapter | and 2, Plulips IMedical
Systemns Nederland,

57

Do, M., 2003, Contourlets and Sparse Image Expansions
[C]. SPIE, 5207 560-570.

Eastman Kodak Company, 1998 DICOM conformance
statement for Kodak Digital Science Medical Laser
Priniter 190,

Eastman Kodak Company, 2006, Kodak kai-4021 1image
sensor device perfonmance specification (revision 2.0%
mtdips-0719.

Netmna, Digital Imaging and Comnumication in Medicine,
1999, 2001. Diraft standard.

FPo, DD. and MN. Do, 2003, Directional Multiscale
Statistical Modeling of Images [4] SPIE Proc. San
Diego, U334, pp: 67-79.

Rontgen, W.C., 1896, &4 New Ray-Preliminary Report,
Mature.

Ramun Eslami and Hayder Eadha, 2003, The Contourlet
transform for image denoising using cycle spining,
Signals, Systems and Computers. The 37th Asilomar
Conf, 11(2): 1982-1986.

Stack, JL., EJ Candes and D L. Doncho, 2002 The

Cutvelet transform for image denoising[J]]. IEEE.

Trans. Image Proc, 1(6) 670-684

Y., B. Weaver and D. Healy, 19%4 Wavelet

Transform Domain Filters: & Spatially Selective

HoiseFiltration technique. IEEE. Trans. Image Proc.,

3 (6): 747-758.

Xu

E



