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NOISY DISTORTED IMAGES RECOVERY USING BLIND
DECONVOLUTION

The problem of noisy and linearly distorted images recovery is considered. For the solving
the blind deconvolution method is proposed. This method ensures contour preservation and

high quality of restoration.
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INTRODUCTION

The practice of preparing printing of publications
involves the processing of a variety of images. These images
may be distorted due to the conditions of photographing
(motion effects, defocus, low light), or because of improperly
selected digitization modes. Traditional methods for
improving such defects use a variety of digital filters and
ways to correct the brightness, contrast and sharpness,
which are implemented in popular graphics packages. This
approach to the problem of image enhancement based on
heuristics, which result depends on the characteristics of
human visual perception.

In contrast to enhancement, image reconstruction is
based on the modeling of the distortion and the use of
inverse models to restore the original image — this approach
is also called deconvolution. Restoration can be done if
you know the operator of distortion, or if it is not known
(«blind deconvolution») [1, 2]. Spatial distortion operator is
often called the point spread function (PSF).

Deconvolution methods with a known distortion
operator are very sensitive to differences between the model
and the real distortion. Moreover, the effectiveness of such
methods is greatly reduced in the presence of noise, which
only increases the discrepancy.
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However, in practice, the distortion operator is rarely
known, especially in the printing industry. In general, the
reconstruction problem is very ill-defined — in fact there are
an infinite number of solutions corresponding to the possible
combinations of «distortion + noise». The developed models
describe the distortion rather limited cases characterized by
a small number of parameters, and do not allow us to
formulate a more general description. For example, to model
the defocus function is typically used with a uniform
intensity distribution in a circle of a given radius, to model
the blurring — function with the intensity distribution along
a line segment of fixed length and location [3, 4], although
the actual distortions are more complex, they often described
by more complex dispersion functions, and are usually
accompanied by noisy.

To solve these problems methods using several
predefined point spread function [5, 6] were developed.
Some methods are based on the idea total variance (TV)
reducing — for the regularization of ill-posed problems [7].
This idea reflects the fact of the presence of several types
of areas on the images that can be distinguished by the
variance — is of textures, borders and smooth changes tone,
because the action of recovery methods to these areas is
different.
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STATEMENT OF THE PROBLEM

Task of the image restoring can be viewed as a special
case of the variational problem for changes in space
variables. When you move the operator along of the image
plane processed neighborhood differ in the brightness level
and the deviation between the calculated value and the
measured (or given) brightness in the image should be
minimum by the norm

L(f.x)=5(x)=]f(x)-g(x)],- )
here f'(x)—the original image, g (x) — measured distorted
image, and for the deviation estimates is most often used

rule which leads to the least squares method. L( f ,x) —
function, which depends on the original image, the spatial
coordinates x and their possible changes. In the L, case the
formulation (1) includes only the similarity term

og
S(f.x.1)=]/Ve-gl,, where & =7 Q)
The motion ofthe operator on the image plane also occurs
in time, and changes in brightness are some indissoluble
process, also called optical flow. Properties of the flow are
described by the brightness continuity equation [2]

f(x,t)Vg(x,t)+gt(x,t):0. 3)

Obviously, the first term —a member of the optical flow
similarity, can not be determined, when the spatial gradient
is equal to zero (in areas with constant brightness), so that
the function (1) is required to add another regularizing term
that depends on the spatial derivative:

L(f.Vf,x)=8(f.x)+R(f.Vf,x). @)

One possible regularizer is a smoothness parameter. If
the brightness of pixels varies strongly in one direction, the
similarity will be the dominant term of the smoothness term,
and vice versa — when little change in intensity occures,
smoothness term becomes dominant. In areas of contours
derivatives became discontinuous, so the restriction of
smoothness (3) is not uniform. This heterogeneity may be
modeled by the modified smoothness term.

At the points of image heterogeneity the smoothness
constraint may be weak or disappear. Modified smoothness
term should include the control function, which disables
the restriction on the smoothness in the relevant conditions.
One approach to such modification is presented in [6], where
the construction of the regularizer used a set of contour

detectors dy. The outputs of these detectors are formed in
accordance with the expression

vo (x)=dp*x, 5)

the result of their joint action:

fo(x)= /eéaye OF ©)

110

(here ® — the set of detectors orientations). Then a
regularized term of equation (4) becomes:

R0 =2 (o ()] 0

where € —a small parameter for finding the filter’s result in
the zero neighborhood, A — regularization parameter. As a
result of the iterative image reconstruction procedure a
regularizer takes the form shown in Fig. 1.

Such regularizer allows to modify the smoothness term
of constraints (3) depending on the type of the image, but
the function (7) has a fundamental defect — its derivative
has a discontinuity at fy; =0, and in the rest of the domain
the derivative can be calculated only by numerical methods
iteratively with the transform to the frequency domain and
back. All these factors seriously slow down the action even
considered regularizer estimated its authors.

The aim of this work is to develop a method for blind
deconvolution of color digital images in the presence of
linear distortion and noise, with maximum preservation of
contours, textures and smooth tone gradations for on-line
image processing.

BLIND DECONVOLUTION METHOD

In the restoration problem for modeling distortions use
g(x)= £ (x)*h(x)+&(x), ®

where h(x) — the point spread function modeling the

distortion, &(x)—additive noise.
The proposed method finds a local minimum of

C(xh)=3e(x)= £ (x)eh(x)] +3pR(x). )

where R(x) — regularizing function providing contour

strengthening in images without affecting the smooth tonal
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Fig. 1. Regulazer R(x)= KZ([fei (x)+ 8](1 )
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area. We propose to use a term based on the Cauchy
function:

R(x)=1- =
( ) x2 x2+0'2 (10
1+—

0_2
Here o —the width function parameter. The graph of this
function is shown in Fig. 2.
In this case, the objective function becomes:

C(x,h) =%||g(x)—f(x)*h(x)"2 +lp—+

Minimization of this function is associated with the
solution of the equation

VCh=—(g—hTf)f+pZ—§=O, (12)

that allows to enter a recursive algorithm for distorting
operator estimating in the form:

h(k+l)=h(k)+n(k+1)(g(k+1)—hT(k)f(k+1))f(k)+
+p+h(k):0,
() +<?) 1E)

g(k+1)=h" (k) f(k+1),

where n(k) — learning step parameter, g(k) — image
estim ation atter aeconvoiution. k—number of iteration step.

EXPERIMENTAL RESULTS

The task of deblurring the image differs from the usual
task of improving that the quality of solutions to be evaluated
objectively. Using the quadratic error as a measure of quality
is not justified — the error is calculated in the color space

RGB, do not reflect the features of the non-linearity of human
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Fig. 2. Graph of the function R(x) = The solid line

x2 +O
shows the graph for & = 0,01, long dashed lines — to G = 0,08;

short dotted line — to o = 0,1, dot-dash — to ¢ = 0,15

visual perception. For this reason, there are cases when
filtering methods or recovery, providing the minimum mean
square error, do not allow to get an image that is acceptable
from a visual point of view.

In this problem, apply assessment increase the signal /
noise ratio (increase in signal to noise ratio— ISNR) [6]:

2
Z (yi — ;)
ISNR =10log;, ’—2, (14)
X; = Xo; )
1
where x()—the original image, ¥ — distorted, x —restored, i —
pixel number.

Feature of such quality measure is the need for an
uncorrupted image. Under this conditions the experiment
includes the step for forming blur and noise with the
specified parameters. Model image includes extensive flat
areas and areas of sharp tone gradations (Fig. 3).

For the blur modeling used the point spread function as a
disk with radius of 16 pixels, a two-dimensional Gaussian
function blur with radius of 10 pixels, the scattering function
as a segment length of 20 pixels to simulate motion blur. Noise
component is modeled by Gaussian and Poisson noise:

—distortion 1 —Gaussian Blur, Gaussian noise with p=0,
o=0,005;

— distortion 2 — Gaussian Blur, Gaussian noise with
n=0,2,=0,005;

— distortion 3 — blur with distorting operator as a disk
with a Gaussian noise p=0,2,6=0,01;

— distortion of 4 — motion blur, Poisson noise with
a=0,1.

The method effectiveness was compared with the
standard methods: regularization by the least squares
method, Lucy-Richardson method, maximum likelihood blind
deconvolution, deconvolution with the Wiener filter.
Distortion parameters, models, and the results of the
deconvolution using the proposed and standard methods
are given in Table 1.

Fig. 3. Model picture
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Table 1. The parameters of distortion and noise, and the results of the deconvolution

Deconvolution method Deconvolution method error, ISNR
Distortion 1 Distortion 2 Distortion 3 Distortion 4
[IpensoxeHHbli METO 4,5456 0,2065 0,2556 5,7870
Regularization by the
22,0797 3,1352 3,1872 22,8988

least squares method
Lucy-Rich

ucy-Richardson 5,9725 14,4450 13,7564 7,4408
method
Maxi likelihood

axumuin - Helinoo 5,9643 14,4152 13,5574 7,5277
blind deconvolution
Deconvolution with the 52415 1,8289 3,5633 19,4166
Wiener filter
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JEKOHBOJIIOLIUHA

PaCCMOTpeHa Hp06neMa BOCCTaHOBJICHUA H306pa)KeHPII>1, TIOABEPIKEHHBIX JIEHCTBHIO nuryma u JIMHEWHBIX HCKAXEHUH. I[J'Iﬂ penieHus

MIPEAJIOKEH METON CIIeTon JCKOHBOJIFOITNH, KOTOpBIﬁ obecrieunBaer COXPaHHOCTb KOHTYPOB IIPH BBICOKOM Ka4€CTBE BOCCTAHOBJICHHUA.
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BITHOBJIEHHS BUKPUBJIEHUX 3AITYMJEHAX 305PAKEHD 3A JIOIMIOMOT' OO CJIIITOI AEKOHBOJIFOIIIT
Po3msHyTO MpoGieMy BiTHOBIICHHS 300payKeHb, 0 3a3HAIOTH Iii OTyMa Ta JiHIHHUX BUKPUBIICHB. [ BUpIMICHHS 3alpOIIOHOBAHO

METOJI CIIOI JIEKOHBOJIOWIL, KUl 3a0e3eduye 30epeKeHHsT KOHTYPIB Pa3oM 3 BHCOKOIO SIKICTIO BiJIHOBJICHHSI.

Kao4oBi ciioBa: KombopoBi 300pakeHHS, JIEKOHBOJIOLIS, JIHIHHI BUKPUBICHHS, 3aBaja, KOHTYpH.

REFERENCES

Gonzales R., Woods R. Cifrovaja obrabotka izobrazhenij.
Moskwa, Technosfera, 2005, 1072 p.

Yane B. Cifrovaja obrabotka izobrazhenij. Moskwa,
Technosfera, 2007, 584 p.

Campisi P., Egiazarian K. Blind Image Deconvolution: Theory
and Applications, Boca Raton, FL., CRC, 2007.

Krahmer E, Lin Y., McAdoo B., Ott K., Wang J., Widemannk D.,
Wohlberg B. Blind Image Deconvolution, Motion Blur
Estimation, Tech. Rep., Univ. Minnesota, 2006.

112

Sorel M., Flusser J. Space-variant restoration of images
degraded by camera motion blur, /[EEE Trans. Signal Process.,
2008, vol. 17, No. 1, pp. 105-116.

Almeida M.S.C., Almeida L. B. Blind and Semi-Blind
Deblurring of Natural Images. [EEE Trans. on Image Process.,
2010, vol. 19, No. 1, pp. 36-52.

Beck A., Teboulle M. Fast Gradient-Based Algorithms for
Constrained Total Variation Image Denoising and Deblurring
Problems. /[EEE Trans. on Image Process., 2009, vol. 18,
No. 11, pp. 2419-2434.





