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Abstract: A manipulation of four circles arranged along the Cartesian coordinates in uniform circular aperture is compared
with selected four blood cells forming the object using the technique of speckle photography. The aperture model is considered
have two- fold symmetry. A diffuser is placed in the same plane of the object or the model of four circles in order to get the
modulated speckle pattern which is the Fourier spectrum of object information convoluted with the Fourier spectrum of the
random diffuser. The modulated speckle pattern is smeared by the Point Spread Function computed from the diffraction
corresponding to the whole circular aperture. The reconstruction process gave nearly similar speckle images little degraded by
the noise originated from the diffuser. The Point Spread Function corresponding to the model of four circles is computed
analytically and also using the FFT technique. A comparison is made with the Fourier spectrum of the blood cells and its
corresponding autocorrelation function giving nearly similar results. We can acquire the erythrocytes blood cells in the imaging
plane by operating the FFT upon the modulated speckle images. The reconstructed images of blood cells are affected by the
noise originated from the diffuser. A Mat- Lab code is made in the construction of the aperture and all the images computed in
the processing.
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moving fast enough to blur all the speckles. Retinal blood-
flow visualization by means of laser speckle photography [1]
and other work on capillary blood flow was investigated [4].

1. Introduction

A lot of work made by many authors applied on medical

images concerning the speckle images used only circular
window. For example, the image contrast is computed for the
speckle images corresponding to the blood cells using
conventional window Briers and Webster in [1-5]. The
contrast K values are between 0 and 1. If there is no or little
motion to blur all the speckles, Goodman [6] showed that
assuming ideal conditions for producing a speckle pattern
(i.e., perfectly diffusing surface, polarized light, and absence
of noise), the standard deviation and mean intensity will be
same, and the speckle contrast is then equal to unity, which is
the maximum value for the speckle contrast. Such types of
speckle pattern are called “fully developed speckle”. In
contrast, a speckle contrast of zero means that the scatters are

Francon and Goodman [6, 7] published enormous work on
laser speckle and its application in different fields.

In the past decade [8, 9] suggested the linear, the quadratic,
and the B/W apertures of constant annular width in the study
of the Confocal Laser Scanning Microscope. They computed
the Point Spread Function (PSF) and the image of a point in
case of conventional and confocal microscopes and obtained
resolution improvement compared with circular aperture
manipulations. In addition, an arrangement of four circles
and two annuli forming two- fold symmetry and another
arrangement of four - fold is suggested [10] symmetry in
order to get compromised improvement of resolution and
contrast. Recently, discrimination between modified
apertures is given [11, 12] for elliptic, kidney, graded index



American Journal of Optics and Photonics 2019; 7(3): 57-62 58

shapes using speckle images and the PSF is computed in all
cases. In addition, discrimination between the malignant and
benign mammographic images is attained using speckle
imaging and correlation techniques [13]. Image analysis of
modified Hamming aperture and its application on confocal
microscopy and holography is presented [14]. Later, Linear-
quadratic aperture is investigated [15]. Recently, image
processing of Erythrocytes blood cells using the B/W
concentric annuli of different widths of annuli is investigated
[16, 17] in the Confocal Scanning Laser Microscope.

In this study, we investigate the speckle images for the
microscopic blood cells using apertures of two- fold
symmetry composed of four circles instead of clear circular
window. The obtained speckle images are discussed and the
contrast is computed for the different images.

2. Theoretical Analysis

A modeling of the image of the Erythrocytes blood cells is
presented. It consists of four equal circles placed along the
Cartesian coordinates two circles are at distances (£ 3/4 Praxo
0) along the x- axis, and the other two circles are at distances
(0, £ 3/4 pu.x) along the y- axis. The described circular
aperture of radius P, provided with the four circles each has
radius Ppnax/4 is shown in the figure 1. A matrix of 1024
%1024 pixels represent the whole image, where P, = 512
pixels represent the radius of the external contour. While
each of the four circles has radius py./4 = 128 pixels which
placed symmetrically at distances + 3/4 P« = * 384 pixels.

The aperture shown in the figure 1, is mathematically
represented as follows:

P(p) =

Where P,(p) is written as follows:

LR (psi=12,...4 (1)

I(r) = [ h(r) ? = [@]2 { cos

Consider coherent illumination obtained using laser beam
after it is spatially filtered. A randomly distributed function
in the form d (x, y) is coherently illuminated by the described
aperture giving the transmitted function represented as
follows:

T(x,y) =P(p).d(p); wherep=(x,y)  (8)

The speckle pattern formed in the Fourier plane is
computed by operating the Fourier transform upon equation
(8), where the direct multiplication of the two functions is

transformed into convolution product of the Fourier
_ 4]1(w1){ 3P ax? COSO
S(u,v) = “w, 1608 (—2”

When the transmittance of the image of the blood cells has
distribution A (X, y), then the speckle image is further
modulated by the Fourier spectrum of the blood cells
simultaneously with the PSF of the aperture. In this case, the
speckle is represented as follows:

) + cos (3”"%)} ® d(r)

Pi(p) = 1for|p — p] < "max )

P.(p)= 0; Otherwise
The Fourier spectrum or the Point Spread Function (PSF)
is calculated by operating the Fourier transform upon

equation (1) considering circular symmetry of revolution to
get the following result:

h(r) = % i, exp (—jkp,r/f); where k = 21U\ and
1

k
W= e (3)
powy [0 (57577 + e (+20) +
h( T') = e exp (_ 3jky0v) + exp (+ 3jky0v) “)
4f 4f

Since the circles are arranged symmetrically along the
coordinates and have equal radii, then
X0 = Yo = Pmax» Where the radial coordinate in the Fourier
plane is r = (u, v).
Consequently, we obtain, using equation (4), the following
result for the PSF:
T sing

3 3
h(r) =L cos (el D) 4 o5 (Mmel 0

)} )

where u = r cos @, and v = r sin @ With @ azimuthal
coordinate in the Fourier plane (r, ¢).
At @= 0, the PSF is reduced to the following:

h(r) =20 cos (mely) = P (cos (3wy)} (6)

The corresponding intensity for certain @ is calculated as
follows:

3 Pmax’ cos¢) + cos (3 TPmax” sm¢>} 2 (7)

2Af 2Af

transform corresponding to each function. Hence, we get:

S(u,v) =F.T.{T(x,y)} = F.T.{P(p).d(p)} =
F.T.{P(p)} ®F.T.{d(p)} ©)

The Fourier transform of the diffuser function give the
ordinary speckle image which is convolved with the Fourier
spectrum of the aperture or the PSF described by equation
(5). Hence the complex amplitude of the formed speckle,
which is smeared by the PSF corresponding to the aperture,
is computed giving the following result:

r singd.

(10)

Sbiooa(W, V) = F.T.ATh100a (%, y)} = F. T.{A(p). P(p).d(p )}
= F.T.{A(p)}®F.T.{P(p )} ® . T.{d(p)} (11)

Substitute equation (10) in equation (11), we get the
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following result for the speckle in presence of the blood cells:

Shiooa(,v) = F.T{A(p)}® S(u,v) = A (r) ® S(r);
where r = (u, v). (12)

We reconstruct the image of the aperture and the image of
the blood cells by operating the inverse Fourier transform
upon equation (10) and equation (12) independently. The

Spiooa(W, V) = E.T.{A(p)}®d(r) = A (r) ® d(r); where r = (u, v).

The speckle contrast defined as the ratio of the standard
deviation O to the mean intensity < I > Briers and Webster

[31:
- (1= <I>)?
K= —=-"—"— (14)

<I> <I>

The standard deviation and mean of the pixel intensity in
(14) are computed in a neighborhood N around the pixel P (x,
y) in the image matrix of dimensions NxN.

In general, the contrast of an image is computed for a
matrix of dimensions N x M. from the root mean square
value or the standard deviation as follows:

contrast = \—— LY Xhaall(j k) = B (15)

NMP

Where B = \/ﬁ S X Xkl g )]

3. Results and Discussions

We consider the shape of the model of four apertures located
symmetrically in an image as in Figure 1. The diameters of
each circular aperture are 256 pixels and the center of each
circular apertures is 383 pixels from the center of the image.
The dimension of the whole image is 1024 x1024.

We apply a diffuser to the image and obtained the speckle
pattern in Figure 2. A crowded grid structure can be seen in the
image which is originated from interference of four circular
apertures. The grid structure can be seen in the areas of the
circular apertures. The image appears noisy with salt and pepper
noise. The image of the speckle pattern is 256 x 256 pixels.
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Figure 1. Shape of the model composed of four circles arranged
symmetrically along the axes. Each circle has diameter = 256 pixels and its
center placed at a distance = 384 pixels from the center of the whole image
of dimensions 1024 x1024 pixels.

obtained images are affected by the noise originated from the
diffuser.

In absence of the aperture, equation (12) gives speckle
which is the convolution of the ordinary speckle
corresponding to the diffuser and the Fourier spectrum
corresponding to the blood cells. Hence, we get the following
result:

(13)
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Figure 2. The speckle pattern obtained from the illuminated four circles
superimposed over the diffuser. The speckle matrix has dimensions of 256 %
256 pixels. A crowded grid structure is shown in the image which is

originated from the interference of the four circles. The grid structure is
shown crowded for greater areas of the circles.

In Figure 3, we draw the same image with four symmetric
apertures and an image of erythrocytes having only four
cells. The dimensions of erythrocytes blood cells are nearly
analogous to that of the four circular apertures. Each circle
has diameter of 256 pixels and the center of each is at 256
pixels from the center of the whole image. The dimension of
the image is 1024 %1024 pixels.
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Figure 3. Shape of the model for aperture composed of four circles arranged
symmetrically along the axes. Each circle has diameter = 256 pixels and its
center placed at a distance = 256 pixels from the center of the whole image
of dimensions 1024 %1024 pixels. The object has four blood cells of the
same dimensions like the aperture.

In Figure 4, we consider applying a diffuser to the aperture
alone and applying diffuser to the erythrocytes image. Then
we apply diffuser to both the aperture and the erythrocytes at
the time and obtain the speckle pattern. The speckle pattern
in the middle for the case of erythrocytes is noisy like salt
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and pepper noise. For the case of four circular apertures to
the left the speckle pattern appears brighter and solid. To the
right the speckle is more- brighter and more solid for the case
of circular apertures and the erythrocytes. In addition, grid
structure is shown in the speckle formed from the diffuser,
aperture, and the 4 cells of the object which is attributed to
the interference between the blood cells and the 4 circles of
the aperture. while a visual equality between the speckle
originated using either the aperture or the object as shown in
the figures as expected since both of the object and the
aperture each has four circles or cells. The contrast computed
for each speckle image using the definition of the SD or the
root mean square value represented by the formula (15),
where the speckle image matrix is 256 x 256. The
corresponding contrast values from the left of the figure 4.
are as follows: K = 0.5058, 0.5140, and 0.4882.
Consequently, the speckle obtained in presence of the blood
cells appears brighter than the other speckle images.
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Figure 4. The speckle pattern corresponding to the diffuser superimposed
over the aperture, diffuser superimposed over the object alone, and the last
is a combination of both the object and aperture superimposed over the
diffuser. The speckle images of dimensions 256 %256 pixels.

In Figures (5-8), we consider line profile of the speckle
pattern and get three profiles for different speckle images. In
each figure of (5), (6), (7), and (8) we obtain speckle pattern
corresponding to different images at 32, 64, 96, and 128
pixels using the same diffuser. The figures show many peaks
and troughs with different shapes giving discrimination
between the speckle images. The maximum value is different
in each case and the minimum value is always zero.
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Figure 5. Line plot of the speckle images shown in the figure 4 at horizontal
line at 32 pixels. Three different profiles are obtained for the different
speckle images using the same randomly distributed function.
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Figure 6. Line plot of the speckle images shown in the figure 4 at horizontal
line at 64 pixels. Three different profiles are obtained for the different
speckle images using the same randomly distributed function.
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Figure 7. Line plot of the speckle images shown in the figure 4 at horizontal
line at 96 pixels. Three different profiles are obtained for the different
speckle images using the same randomly distributed function.
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Figure 8. Line plot of the speckle images shown in the figure 4 at horizontal
line at 128 pixels. Three different profiles are obtained for the different
speckle images using the same randomly distributed function.

In Figure 9, we consider the image apertures and
erythrocytes. To the complete image of both aperture and
erythrocytes is reconstructed as in figure to the left. Circular
apertures upon reconstruction appear distorted. In this image
to the right we got segmentation of blood cells. The
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segmentation of the blood cells by the aperture is shown in
the right figure since the blood cells are misaligned as
compared with the four circles of the aperture. While
complete images are shown in the left and the middle images
corresponding to each of the aperture and the object.
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Figure 9. The reconstructed images corresponding to the speckle patterns
shown in the figure 4.

In Figure (10), we consider the image of the FFT of the
erythrocytes. The image of FFT shows peak at the center.
Then we get some line profile of the spectrum which shows a
peak. For figure (11) the peak is at 512 pixels and the value
of the peak is -2.947. For figure (12) the peak is at about 125
pixels its value is about -3. The line profile shows a
fluctuation about some certain curve.
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Figure 10. The image of the Fourier spectrum of the blood cells using FFT.
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Figure 11. The profile of the Fourier spectrum corresponding to the image
of the blood cells. The randomness in the profile distribution is due to the
interference occurred from the neighboring blood cells. The profile is nearly
similar to the model of the aperture composed of four circles.
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Figure 12. The profile of the Fourier spectrum, in the interval (384: 640)
pixels, corresponding to the image of the blood cells. The randomness in the

profile distribution is due to the interference occurred from the neighboring
blood cells.

4. Conclusion

Firstly, it is shown that speckle images formed in case of
either the aperture combined with the diffuser or the object
and the diffuser or both of them are completely different.

Secondly, the speckle image in case of diffuser combined
with the aperture and the object is brighter than that
corresponding to the speckle image obtained in absence of
the object. While the speckle formed from the diffuser and
the object in absence of aperture showed a noisy pattern like
salt- pepper noise. This information is justified from the
image contrast results.

Thirdly, the line plot at certain horizontal line in the
different speckle images showed different irregular shapes
for all. The difference between the speckle images is
originated from the convolution product of the ordinary
speckle due to the diffuser and the Fourier spectrum of either
the object or the aperture or both.
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