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Abstract — Dental Panoramic X-ray images are im-
ages having complex content, because several lay-
ers of tissue, bone, fat, etc. are superimposed.
Non-uniform illumination, stemming from the X-
ray source, gives extra modulation to the image,
which causes spatially varying X-ray photon den-
sity. The interaction of the X-ray photons with the
density of matter causes spatially coherent varying
noise contribution. Many algorithms exist to com-
pensate background effects, by pixel based or global
methods. However, if the image is contaminated
by a non-negligible amount of noise, that is usually
non-Gaussian, the methods cannot approximate the
background efficiently. In this paper, a dedicated ap-
proach for the removal of a multiplying background
is presented using polynomial scaling and the A-
Trous multiresolution transform. The new method
uses a background image and a diagnostic image to-
gether to estimate the density of the diagnostic con-
tent. It assumes a locally Gaussian statistic scaled
by a hidden factor, where the hidden factor repre-
sents the variance of the non-Gaussian process of im-
age generation. Because, the method also removes
noise from the compound signal, a comparison to a
standard denoising method is given. This approach
has been tested on 50 images from a database of
panoramic X-ray images where the results are cross
validated by medical experts.

1 INTRODUCTION

Non-uniform illumination of any kind generates
non-uniform background in an image. The term
background comes from the usual classification
of the image data into regions of interest and
unwanted regions, referred foreground and back-
ground, respectively [10]. In [12] the background
is defined to be the bright surrounding area of the
X-ray film viewing box, where the X-ray film size
is smaller than that viewing box. The proposed,
new approach is different in that it removes also
unwanted modulation from the image of interest.

1.1 Background Removal Methods

There exist Non-parametric [7], Pixel Based (like
Kalman filtration [8] or Adaptive Thresholding [9])
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and Global Methods, which generate the rules for
the adaption of the background estimate from some
measurable image attributes.

A polynomial fit to a number of points associ-
ated with the background is appropriate when the
non-uniformity is additive, and the resulting poly-
nomial surface is subtracted from the whole im-
age. For multiplicative non-uniformity, a correction
image is generated, corresponding to the polyno-
mial surface. The correction image has factors that
represent the ratio of brightness between the non-
uniform image and the uniform one and is applied
to scale the original image values appropriately.

1.2 Basics of Panoramic Radiography

Dental Panoramic Radiography (DPR) is a tech-
nique where the entire dentition is projected onto a
sensing device. The physics of such a radiographic
process can be subdivided into X-ray source, inter-
action of the beam with matters and imaging of the
surviving photons. Source and detector are in op-
position, rotated around the patients head. The fo-
cal area of the X-ray beam describes a planar curve,
which is standardized for the human teeth and jaws.
The photon attenuation of each type of matter de-
pends on its elementary and chemical composition
as well as the beam. This effect is quantified by the
linear mass attenuation coefficient p, which gives
the fraction of photons that are absorbed by unit
thickness of matter [5], which varies by photoelec-
tric absorption, coherent scatter, Compton scatter
and the energy spectrum of the beam [1, 3].

1.3 Image Degradation

In [3] the authors of this paper introduced a noise
estimation model for DPR. It models the probabil-
ities for scattering events and generates a scatter
prior table, which is used together with a back-
ground and a diagnostic image to estimate the
amount of scatter-glare. The spatially varying con-
tribution of noise is modeled by local Gaussian ran-
dom variables N (0, 1), modulated by hidden factors
¢, representing the variance of every pixel in the
image. Only photons absorbed by matter generate
good image contrast. During a DPR scan of the en-
tire dentition, the photon rate has to be increased,
when the X-ray beam crosses bones from the spine



region. Thus a non-uniform illumination of the ra-
dio graph is caused, leading to extra modulation of
the image.

In this paper, a dedicated approach for the re-
moval of a multiplying background is presented us-
ing polynomial scaling and the A-Trous multireso-
lution transform.

2 THE METHOD EXPLAINED

As the geometry of the DPR system is fixed, a scan,
taken without a patient gives an estimate for the
background.

2.1 The Image Model

The X-ray generator in Figure 1 produces photons
with intensity Iy, which travel through collimator
and filter to the patient. The intensity I; can be
measured incidently to the patient and is the pa-
tient’s photon input energy. Suppose this energy
interacts with the different layers ¢ of K matters,
of thickness d; and attenuation pu; inside the pa-
tient, then one can measure I at the sensor.

X-ray
Generator

Figure 1: Outline of the X-ray Physics.
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Care has to be taken, removing the multiplying
background, to not overcompensate the spine re-
gion (see section 1.3). Formulating the physical
situation of Figure 1 into mathematical terms of
linear attenuation coefficients, gives

K
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background scatter
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In (1) the intensity 2 at the sensor is decomposed
into the background part I; (Figure 3) and is at-
tenuated by the diagnostic part, which is that of
interest (Figure 4 top). The Inversion of (1) leads

to
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Where in (2) the ) ... represents the total diag-
nostic cross section of the image and the fraction

% is in effect the optical transmittance of the pa-
tient. Concerning an evenness criteria, the non-
uniformity is compensated by fitting two polyno-
mials p; and py of order 2 and 17, respectively, to
the vertical profile of the transmittance % Correc-
tion factors Fj, = z—f are then applied to gain image
I{ = I F}; and the compensated transmittance im-
age %2 (Figure 4 bottom). Since I{ and I, are indi-
vidual samples,; assuming statistical independence,

the noise variance for £ is given from [6]
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In (3) the noise contribution o2 of (2) is determined,
where 0% and m; (j = 1,2) is the local variance and
the local mean of I} and I, respectively. Filtering
I} by a median 9x9 filter sets o7 = 0, thus the noise
variance from (2) is only scaled by the local mean
m1 and one can define the additive noise model

(é> =T+ &, (0%) N(O,1)
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Where T is the noise free transmittance image, xy
are pixel coordinates. The spatially varying o2 from
(3) is modeled by a locally Gaussian random field
with scale factors £(zy) and locally Gaussian noise
N(0,1). Thus, subtracting that field of randoms
will reconstruct properly the image 7T'.

2.2 Shrinking Method for the Wavelet Co-
efficients by Preservation of Energy

Subtracting the noise contribution from (4) directly
from the transmittance 7 usually increases the
noise contribution in the difference image, because
noise cannot be subtracted from noise in the spatial
domain. Therefore, it is more convenient to per-
form this subtraction in another domain. The A-
Trous multi resolution transform [4] is used to form
an undecimated, over complete representation, by
decomposing the image into different contributions
in several frequency bands and at different scales.

Following (4), the idea is to subtract from the
energies of the mixture the energies of the noise.

Stressing Plancherel’s Theorem [11] for non-
orthogonal discrete wavelets and M < oo finite
scales, using the L?(R) norm, yields to
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where w; are the wavelet coefficients of the i*" scale,
ru is the residual scale and [ |s||> would be the



signal energy in the spatial domain. The constant
Cg in (5) is chosen for conservation of energy and is
determined for M=1 and an input impulse function
s =94, getting ||s|| = 1 (see [11] for more details).
Calculating the energies, using (5), gaining Ey
from the noise estimate of (4), the energy of the
output image E, and making up the balance by
the norm of the energies, leads to the energy of the
diagnostic mixture (Ep) with the noise removed

1o, = B2 |- 1Ex | ©

From the reconstructed energy FEp, shrinkage

weighting factors, for HEZE y‘ > 0 are introduced

to convey the result to the coefficients:

(7)

The corrected coefficients are calculated now, by
application of the shrinkage weights

(8)
Then, the usually reconstruction of the A-Trous

multiresolution transform yields to the recon-
structed image Ir

M-1
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1=0
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(9)
In the following a simulation illustrates the method.

2.3 A Mixing Simulation Example

Consider an image with a gently inclining gray
level ramp, and another image, having a gray level
checkerboard. From the checkerboard two images
are produced, corrupted by two independent in-
stances of Poisson noise.
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Figure 2: Simulation of the method.

Figure 2 shows the experiment, the images at
the left are added to form the mixture. In the mid-
dle, as cross validation, the proposed method recon-
structs the gray ramp image (top) and the checker-
board image (bottom) from the one mixture. At

right the images of the reconstruction errors show
that the method properly distinguishes the two im-
ages, including the noise contribution of the gray
checkerboard image.

3 ANALYSIS AND RESULTS

In this section the results of the background re-
moval of a DPR image and a 5-layer test phantom
[Quart (Ltd.), Germany, 2004].

3.1 Polynomial Background Correction

Figure 3 shows a background image, where one can
see the non-uniformity of the X-ray illumination.

| e—

Figure 3: Background image I;.

Top of Figure 4 shows a diagnostic image. Firstly
the background image is registered with the diag-
nostic image, then the polynomial correction (see
section 2.1) is applied, the result is shown in Fig-
ure 4 bottom. One can see the more evenly dis-
tributed contrast in the bottom image. There are
no artifacts from the background polynomial cor-
rection.

3.2 Removal of the Noise Contribution

The algorithm, explained in section 2 is applied to
the Quart phantom, which is put in place of the pa-
tient’s jaws. The phantom has a well defined struc-
ture and one is able to determine several charac-
teristic properties of the scanner system itself (e.g.
modulation transfer function (MTF), etc.).

Four stripes are shown in Figure 5: a) the re-
sult of a spatial background subtraction; b) the
original image; c) the result of the application of
a standard stationary wavelet (SWT) denoising by
a Daubechies wavelet db3 and soft thresholding at
3 scales [2]; and d) the result of the new method.
At the top of every stripe, a zoomed view from the
2.5% sine gratings of the phantom is shown, and
at the right hand side, an intensity plot of the sine
gratings are shown. The modulation transfer func-
tion (MTF) for a frequency of 2.512 gives: 53%
for the unprocessed image b), 21% for SWT method



Figure 4: DPR Images top: I unprocessed; bot-

tom: polynomial compensated transmittance %
1

c), and 44% for the proposed method d), which pre-
serves image contrast and small details better than
the SWT method.

4 CONCLUSIONS

In this paper, a new method for the removal of a
multiplying background in dental panoramic X-ray
by polynomial scaling and shrinking the wavelet co-
efficients under the constraint of preservation of en-
ergy is given. It is shown, that an adaptive polyno-
mial correction gives a good result for compensation
of the non-uniform illumination.

A new method is proposed to remove the con-
tributions of noise in the wavelet domain. The
method is compared to a spatial background correc-
tion method and to a standard denoising method,
in fact the results show improved quality in either
case. Considering terms of MTF, fine and weak
details are preserved by better support for high fre-
quency information, applying the method.
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