Foz do Iguaçu
Paraná

Active filtering applied to radiographic images
unfolded by the Richardson-Lucy algorithm
Gevaldo L. de Almeida, Maria Ines Silvani
Instituto de Engenaria Nuclear - CNEN

Ricardo T. Lopes
Laboratorio de Instrumentação Nuclear- COPPE/UFRJ

Foz do Iguaçu
Paraná

Reducing the impact of the spoiling agents
Character of the spoling agent
Random

Systematic
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Smoothing

Unfolding

Methods to restore
degraded images

Filtering
The principle behind the unfolding is that every pixel in the degraded image transfers
part of its contents to its surrounding companions.
Therefore, knowing the law of this transference it is possible to recover the original
unknown image, or at least to improve the degraded one.
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Response of an Isotropic System
The Point Spread Function for an
isotropic system has a radial symmetry,
making the image processing easier.
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Point Spread Function - PSF
The Point Spread Function expresses the optical density of the spot
furnished by the imaging system, as a response to a point source.
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Point Spread Function
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For isotropic systems the PSF
exhibits a bell-shaped profile.
For digitized images the PSF
has also a discrete character.

Pixel Degradation
The contents of a single pixel is spread out over their neighbors.
The information is therefore degraded.

Yet, it can be retrieved if one knows the law ruling the degradation.
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Deconvolution by solving a linear system
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The coefficient matrix would be deduced from the Point
Spread Function, while the independent vector would be
comprised by the pixel amplitudes of the degraded image.
Under this approach, a modest 640x480 image would
require a huge coefficient matrix to solve the linear
system.
A nxm image matrix would turn out into a [nxm]x[nxm]
system matrix.
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Deconvolution by solving a linear system
The deblurring of an image by deconvolution through the
solving of a linear system present two main hindrances:
The matrix that the written software has to handle with is
very large, even for images of modest size. Its size quickly
surpass the maximal capacity of the software or that of its
environment.
Even for small size images the approach does not work
properly, as many outliers and negative values arise in the
final result. This a well known flaw caused rounding errors,
which turns the coefficent matrices ill-conditioned.
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Degradation Mechanism
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1. Original unblurred Image

2. The contents of every single pixels spread out
over their neighbor companions after the PSF.
3. The Point Spread Points overlap yieling the
final blurred image..

Encontro de Física

Foz do Iguaçu
Paraná

2011

Q
>iíf\ !-ir-.i-jp.
■
r
*
-*1 L

Richardson-Lucy Iteration Scheme
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Results achieved applying the Richardson-Lucy
deconvolution algorithm
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Parameters affecting the final quality
of the unfolded image

Function used as Point Spread Function
Chosen among bell-shaped curves

Width (FWHM) of the function
Experimentally measured or determined by other means

Number of iterations
Defined by visual inspection or by other means
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Photo and Neutrongraph of a pocket chronometer
The metallic case has been removed to take the conventional photograph.

Conventional photograph

Thermal Neutrongraph
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Neutrongraphs of a mechanical chronometer
The neutrongraphic image has been unfolded by Richardson-Lucy
alhgorithm with a 0.5mm-width Point Spread Function

Original Neutrongraphic Image

Unfolded Image
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Impact of w on deconvoluted image
The optimum w-region where
the deconvoluted image exhibits
a better quality - in this example
around 6 - matches with the region
where X reaches a minimum.

Foz do Iguaçu
Paraná

Impact of FWHM of the deconvolution function on the f matrix

The higher the X the
greater the number of
f(ij) deviating from the
unitary value.

A minimum average
deviation of the whole
matrix f, expressed as
X , occurs at the same
value of w, for any
number of iterations.

Impact of the number of iterations
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Effect of a high number of iterations
*

-

Original

A high number of iterations, besides
the additional computational cost,
may even degrade the previously
improved images.

50 iterations

1000 iterations
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Effect of number of iterations on the overall f-deviation
x10'

The overall deviation o ff
from 1.0, expressed as the
square root of I 2 shows
that the cost/benefit ratio
increases swiftly with the
number of iterations.

Moreover, the quality of
the final image does not
follow the behavior of 1
an even becomes poorer
at high iteration numbers.
Number of iterations
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Effect of number of iterations on the profile of the f matrix
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At a low number iterations only
a small number of f reaches 1.0
or their neighborhood. As this
number increases, the profiles
become steeper, reducing the
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Best achievable results using the Richardson-Lucy
deconvolution algorithm
Once the best FWHM is found (i.e. the resolution of the image
acquisition system) the image can be improved by sucessive
iterations after the Richardson-Lucy iterative approach.

A high number of iterations does assure always a good image.
Beyond a certain number, besides the additional computational
costs, further iterations degradation may occur.

Once the best FWHM and the best number of iterations are found
no further improvement can be achieved with the R-L approach.
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Are further improvements possible after the image
treatment by the Richardson-Lucy algorithm?
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Basic Concept for the filtering algorithm

1
/
As the iterations proceeds, the profile
becomes narrower, but its width reaches
a minimum which cannot be surpassed
by further iterations.

/
If somehow it were be possible to shrink
the profile width, keeping it although
centered at 1.0, it sholud be expected
an improvement of the image quality.
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Example of a filter capable to shrink the profile

f 0( i j ) = Old factor
f\ (U j ) = New factor
p= Filter parameter
f
This filter shifts both f-values towards the central point 1.0. The magnitude
of this shift is ruled by the parameter p.
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Results achieved by applying an active
filtering a fte r the deconvolution
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Synthetic Images
The original image has been degraded by a Gaussian convolution function.
No statistical noise has been added. The degradation is caused solely by
the convolution.

Original

Degraded
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Synthetic Images
The degraded image has been unfolded by the Richardson-Lucy alhgorithm
with an exponential-type Point Spread Function with the same FWHM used
in the convolution procedure.

Degraded

Unfolded
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Synthetic Images
The unfolded image has undertaken an active filtering aiming at to push
the values off, both above and below 1.0 towards this value.
Although some artifacts arise in the filtered image, the overall quality is
slightly improved, as seen by the higher resolution.

Unfolded

Unfolded & Filtered
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Comparison of processed synthetic images
Degraded

Unfolded

Unfolded & Filtered

Both, B&W and color images, show a fair improvement of quality through the
filtration after the unfolding. The colors were generated by assigning a color
to each grey tonality after the rainbow sequence.
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Overall Comparison between the chronometer images
Original

The zoomed regions show
a fair improvement of the
image quality, beyond the
maximum achievable by the
Richardson-Lucy algorithm.

Unfolded & Filtered
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Map of the matrix f fop the chronometer
Unfolded & Filtered

Black & White map

Color map
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The values of f prior to filtration have been translated into B&W and color
tonalities to allow a general view of the matrix. Higher deviations from unity
correspond to the edges of the individual components.
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How to choose the parameter p?
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Impact of the parameter p on the filtered image

There is an optimum p-region where
the filtered image exhibits a better
quality - in this example around 50.
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Effect of the p-value on the overall f-deviation
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As p tends to zero %tends to zero as well, disregarding
the original matrix fo(i,j). At p=0 all the f1(ij) elements
would reach 1.0 degrading the formerly unfolded image.
High p-values yield ‘’catastrophic” high 1-values spoiling
the unfolded image as well.

U , j ) = e P Í'- M ,J>l

The best filtered image correspond to a p-value around
50, above which 1 begins to "explode”.
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Conclusions
As applied in this work, the Richardson-Lucy algorithm requires
the previous knowledge of the deconvolution function width, i.e.,
the resolution of the acquistion system which produced the
original degraded image.
It has been found that the chi-square of the factors linking
consecutive iterations reaches a minimum at the best width as
ratified by the unfolded images. This happens for any number
of iterations above 5.
This outcome allows the embodying of an algorithm into the
program in order to find the best width for the deconvolution
function, since only a small number of iterations are required.
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Conclusions
Once the best width for the deconvolution function is found,
the computational effort may be directed towards a high
number of iterations.
Although the chi-square of the factors linking consecutive
iterations decreases - at the begining - with the image
improvement, it is not an effective benchmark to evaluate the
image quality, nor to define where to stop the iteration.
Indeed, although the chi-square decreases steadly with the
number of iterations, the quality of the image may be spoiled
by a high number of iterations.
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Conclusions
The application of an active filter capable to shrink the f-profile
has produced images with qualities slightly better than those
submitted to deconvolution only.
This outcome opens the possibility and makes affordable the
search for types of filters, other than that proposed and used
in this work.
In spit of the slight image improvement, it should be stressed
that the additional computational cost to perform the filtering
is negligible compared to the previously carried out unfolding.
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