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Abstract 

Background:  The proposal of spiky apertures showed resolution improvement compared with the circular apertures. 
Three models of corona virus are given. The 1st model consists of uniform circular aperture provided with 8 spikes 
while the 2nd model has 16 spikes for the same uniform circular aperture. The 3rd model has circular linear distribu-
tion with 8 spikes.

Results:  The Normalized Point Spread Function (PSF) or the impulse response is computed for the three models 
using fast Fourier transform technique. In addition, the autocorrelation function corresponding to these apertures is 
calculated and compared with that corresponding to the ordinary circular and conic apertures. Coronavirus image 
is used as an object in the formation of images using confocal scanning laser microscope provided with suggested 
models. The fabricated MATLAB code is used to compute and plot all images and line plots.

Conclusions:  The PSF plots are computed from Eqs. (8) and (12) using MATLAB code showing narrower cutoff in the 
PSF for spiky aperture compared with that corresponding to the uniform circular aperture and modulated linear and 
quadratic apertures. Hence, I reached resolution improvement in the case of spiky aperture.
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1 � Background
There is resolution improvement by using annular aper-
ture as compared with the open circular aperture shown 
[1]. In addition, we applied aperture modulation using 
linear, quadratic, and other types of amplitude modi-
fication inside the circular aperture to a confocal laser 
microscope [2–7] for further resolution improvement in 
the microscope. Optimization of axial resolution in con-
focal imaging using annular pupils [8] is performed.

The principle of aperture modulation and intensity 
extrapolation (AMIE) are described in a recent report [9] 
as a sequence of images obtained with the same imaging 
system but different aperture sizes. The image sequence 
is used to fit the intensity function of the aperture size 
at each position on the image plane. Then, there is fit-
ted intensity function extrapolation to the aperture size 

larger than the maximum one of the imaging systems. 
Finally, a super-resolution (SR) image [10–14] is recon-
structed with the extrapolated intensity values of all posi-
tion on the image plane. The critical point of the method 
is how to achieve the fitting process of the intensity func-
tion with the image sequence, and the key assumption is 
that the intensity function is analytic and continuous.

Different approaches for predicting the spread of 
COVID-19 epidemic in different countries outlined in 
recent publication [15–19] are summarized in the next 
paragraph.

A mathematical model investigates the impact of unre-
ported cases of the COVID-19 in three North African 
countries: Algeria, Egypt, and Morocco [15]. In this issue, 
massive infection in the population is created if the con-
trol measures are not respected (such as wearing the face 
mask and social distancing), while the progress of the 
COVID-19 epidemic is reported in the modeling in the 
USA, UAE, and Algeria [16]. The main propagation of the 
COVID-19 to find the control for the rapid spread of this 
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viral disease in real life a discrete form of the model con-
siders the dynamics of population in four classes [17]. A 
robust study of a piecewise fractional-order COVID-19 
mathematical model with quarantine class and vaccina-
tion using SEIQR epidemic model [18] is performed. The 
evolution of the COVID-19 infection cases is predicted 
the spread of COVID-19 disease in Algeria and India 
using the least square method [19].

Meanwhile, my work deals with the image processing 
of corona virus using modulated shapes as the COVID-
19. The interest of my work uses spiky aperture as the 
COVID- 19 shape applying it in the formation of images 
using confocal scanning laser microscope (CSLM). 
Hence, we proposed spiky models of apertures as the 
Omicron COVID19 images [20] used in the formation 
of images in (CSLM) [6, 7]. The method is followed by 
results and discussions, and finally a conclusion.

2 � Methods

A collimated beam from He-Ne laser is obtained using 
spatially filtered techniques as shown in Fig. 1. The colli-
mated parallel beam is incident on the confocal arrange-
ment of the microscope [2, 3, 6, 7]. In this confocal 
arrangement, the mechanical scanning synchronized 

with the electronic scanning in the detection plane allows 
to construct the image. The formation of images using 
scanned object (omicron corona virus) is summarized as 
follows:

Consider unit amplitude of coherent radiation incident 
upon the 1st spiky aperture P1 (u, v) composed of a cir-
cle surrounded by irregular spikes. Then, the transmitted 
complex amplitude is represented as follows:

ρ: is the radial coordinate in the aperture plane,ρ0 : the 
internal aperture radius surrounded by the spikes of 
average width r  . Hence, the external radius is ρ0 + εr 
and the ratio between the internal and external radii is 
α =

ρ0

(ρ0+εr )
.

In the front focal plane of the converging lens L1, we get 
by applying the Fourier transform (F.T.) upon Eq. (1) the 
following:

where h1 x, y  is the PSF or amplitude impulse response 
corresponding to the irregular aperture of random spikes 
P1.

The F.T. in Eq.  (2), for the irregular spiky aperture, is 
rewritten in integral radial form as follows:

(1)
P1(u, v) = 1; for

ρ

ρ0 + ǫr
≤ 1; ǫr << ρ0

= zero; otherwise

(2)h1
(

x, y
)

= F.T.{P1(u, v)} =
∞
∫

−∞

∞
∫

−∞
P1(u, v) exp

[

−
j2π

f �

(

ux + vy
)

]

dudv

Fig. 1  Set-up for the confocal scanning laser microscope provided with illumination spiky aperture P1 and detection uniform circular aperture 
P2. The He-Ne laser made parallel beam using spatial filter composed with adequate pinhole and collimating lens L. The object is mechanically 
scanned with the electronic scanning of the detector to construct the image
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Substitute from Eq. (1) in Eq. (3), we get:

where x = r cosφ , y = r sin φ , and r =
√

x2 + y2 . The 
polar coordinates in the aperture plane (ρ, θ) are related 
to the cartesian coordinates (u, v) as follows:
u = ρ cos θ ,  v = ρ sin θ , and ρ =

√
u2 + v2.

Assuming spherical symmetry of revolution for 
the aperture and hence using Bessel identity Eq.  (4) 
becomes:

where J0: Bessel function of zero order.
The above integral is solved by separation into two 

parts as follows:

The solution of the above integral from zero to ρ0 gives 
the known Airy disc, and we get the following:

where w is the reduced coordinate given by w = 2πρ0r
f� .

The 2nd integral is approximated by annulus of random 
surface; hence, we finally get for the PSF the following 

formula:

It is assumed that for the spiky pattern it is approxi-
mated by annular distribution where the value of the 
parameter = 0.5.

Accurate solution obtained for the second integral cor-
responding to the spiky part is computed from the differ-
ence between the computed values corresponding to the 
external and internal radii. Hence, from Eq.  (7), we get 
the following result for the PSF [21].

(3)h1
(

x, y
)

=
2π
∫
0

∞
∫
0
P1(u, v) exp

[

−j

(

2π

f �

)

ρr cos (θ − φ)

]

ρdρ dθ

(4)h1
(

x, y
)

=
2π
∫
0

ρ0+ǫr
∫
0

exp

[

−j

(

2π

f �

)

ρ r cos (θ − φ)

]

ρdρ dθ

(5)h1
(

x, y
)

= 2π
ρ0+ǫr
∫
0

J0

(

2πρr

f�

)

ρ dρ

(6)

h1
(

x, y
)

= 2π
ρ0
∫
0
J0

(

2πρr

f�

)

ρ d ρ + 2π
ρ0+ǫr
∫
ρ0

J0

(

2πρr

f�

)

ρ d ρ

(7)h1
(

x, y
)

=
2J1(w)

w
+ 2π

ρ0+ǫr
∫
ρ0

J0

(

2πρr

f�

)

ρ d ρ

(8)h1(w) =
2J1(w)

w
+ βJ0(w);β < 1

The reduced coordinate w1 is related to the reduced 
coordinate w by the formula:

The omicron corona virus image is placed in the object 
plane of transmitted amplitude g(x, y).

The 2nd lens shown conjugate to the 1st lens where 
the pupil aperture P2(u, v) are placed in front of the 2nd 
lens. The point spread function is equal h2

(

x, y
)

 for uni-
form circular aperture represented as:

Hence, operating F.T. upon Eq. (11), we get the known 
result of Airy disc represented as follows:

where w is the reduced coordinate as given in Eq. (7).
The object g

(

x, y
)

 is placed in the common short focus 
corresponding to the two microscope lenses. Conse-
quently, the scanned object transparency g (x, y) is con-
voluted by both the PSF’s. Hence, we get the following 
convolution in the object plane of transmitted complex 
amplitude C (x, y) written in integral form as follows:

The mechanical scanning in the object plane is repre-
sented by ( xs, ys).

Equation (13) is written symbolically as follows:

where symbolforconvolutionproduct.

The multiplication of

Substitute from Eqs.  (8, 12), we get the following 
resultant PSF:

(9)h1(w) =
2J1(w)

w
+

2

1− α2

[

J1(w1)

w1
− α

J1(w)

w

]

(10)w1 =
2π(ρ0 + ǫr)r

�f
= w(1+

ǫr

ρ0
)

(11)
P2(u, v) = 1; for |

ρ

ρ0
|≤ 1

= zero; otherwise

(12)h2(w) =
2J1(w)

w

(13)C
(

x, y
)

= ∫
−
∫
−
g
(

xs, ys
)

h1
(

x− xs, y− ys
)

.h2
(

x− xs, y− ys
)

dxsdys

(14)C
(

x, y
)

= {h1
(

x, y
)

.h2
(

x, y
)

} g
(

x, y
)

(15)h1
(

x, y
)

.h2
(

x, y
)

= heff
(

x, y
)
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heff
(

x, y
)

 is the effective or resultant PSF in confo-
cal microscope using the illuminating aperture P1 of 
irregular spiky shape while the 2nd aperture corre-
sponding the detector has uniform circular shape. It is 
shown that the 2nd term in the R.H.S. of Eq. (16) is the 
contribution of the spiky part of the aperture upon the 
heff(w).

The detected intensity is represented as the modulus 
square of the complex amplitude C

(

x, y
)

, represented as 
follows:

Equation  (17) is the intensity distribution in case of 
Confocal Scanning Laser Microscope (CSLM).

3 � Results
Setup for the confocal scanning laser microscope is pro-
vided with illumination spiky aperture P1 and detection 
uniform circular aperture P2. The He-Ne laser made par-
allel beam using spatial filter composed with adequate 
pinhole and collimating lens L. The object mechanically 
is scanned with the electronic scanning of the detector to 
construct the image as shown in Fig. 1.

Irregular circular aperture with 8 spikes in a matrix of 
dimensions 2048 × 2048 pixels is fabricated and plotted 
as shown in Fig.  2a. The average diameter = 900 pixels. 
The diffracted image or the intensity impulse response 
corresponding to the aperture shown in Fig.  2a is com-
puted using FFT and plotted as shown in Fig.  2b. The 
Normalized PSF plot in the range from 990 up to 1058 
pixels is obtained from the image shown in Fig.  2b and 
plotted as shown in Fig. 2c. It is shown that the central 
peak is found at 36 pixels. The PSF for the 1st model in 
the range from 1040 up to 1100 pixels outside the center 
found at 1024 pixels is obtained from the diffracted 
image and plotted as shown in Fig. 2d. The profile is plot-
ted at constant x = 1024 pixels, while the PSF at constant 
y = 1024 pixels from 1040 up to 1100 pixels outside the 
center is plotted as shown in Fig. 2e.

Another uniform circular aperture with 8 spikes in a 
matrix of dimensions 2048 × 2048 pixels while the aver-
age diameter = 1360 pixels is plotted as shown in Fig. 3a. 

(16)heff(w) =
[

2J1(w)

w

]2

+ βJ0(w)
2J1(w)

w

(17)I
(

x, y
)

=| C
(

x, y
)

|2=| heff
(

x, y
)

g
(

x, y
)

|2

The diffracted image corresponding to the aperture is 
plotted as shown in Fig. 3b.

The Normalized PSF plot in the range from 990 up 
to 1058 pixels corresponding to the image is shown in 
Fig.  3a and Fig.  3c. It is shown that the central peak is 
found at 36 pixels, while the normalized PSF plot in the 
range from 990 up to 1058 pixels corresponding to the 
image is shown in Fig.  3a. It is shown that the central 
peak is found at 38 pixels and hence shifted by 4 pixels 
around center as compared with Fig. 3c. In addition, dif-
ferent strong legs are shown. The shift attributed to the 
plot at 1020 pixels which are shifted from the center at 
1024 pixels.

The Normalized PSF plot in the range from 1014 up to 
1034 pixels at y = 1024 pixels corresponding to the image 
is shown in Fig. 3a plotted as in Fig. 3e, while the normal-
ized PSF plot in the range from 1014 up to 1034 pixels at 
x = 1024 pixels is shown in Fig. 3f.

Similar plots are plotted for the PSF, using the cir-
cular aperture but with 16 spikes in a matrix of dimen-
sions 2048 × 2048 pixels and average diameter = 1445 
pixels. Figure 4a is plotted and Fig. 4b–e is plotted. The 
diffracted image or the intensity impulse response cor-
responding to the aperture of 16 spikes is shown in 
Fig. 4b. The Normalized PSF plot in the range from 990 
up to 1058 pixels corresponding to the image is shown 
in Fig. 4a and Fig. 4c. It is shown that the central peak is 
found at 36 pixels, while the normalized PSF plot in the 
range from 1014 up to 1034 pixels at y = 1024 pixels is 
shown in Fig. 4d and at x = 1024 pixels shown in Fig. 4e.

A circular aperture of linear distribution with 8 spikes 
in a matrix of dimensions 2048 × 2048 pixels is shown 
in Fig.  5a. Its diffracted image is shown in Fig.  5b. The 
Normalized PSF plot in the range from 990 up to 1058 
pixels is corresponding to the image shown in Fig. 5a and 
Fig.  5c. It is shown that the central peak is found at 36 
pixels, while the normalized PSF plot in the range from 
1014 up to 1034 pixels at y = 1024 pixels is shown in 
Fig. 5d and at x = 1024 pixels shown in Fig. 5e.

Color image of omicron corona virus image with spikes 
in a matrix of dimensions 512 × 512 pixels is shown in 
Fig. 6a. Gray scale image of omicron corona virus image 
with spikes in a matrix of dimensions 512 × 512 pixels is 
shown in Fig. 6b. The average diameter = 340 pixels.

The corresponding diffracted image is shown in Fig. 6c, 
of matrix dimensions 512 × 512 pixels. The Normalized 

Fig. 2  a: Circular aperture with irregular spikes in a matrix of dimensions 2048 × 2048 pixels. The average diameter = 900 pixels. b: The diffracted 
image or the intensity impulse response corresponding to the aperture is shown in (a). c: The Normalized PSF plot in the range from 990 up to 1058 
pixels obtained from the image is shown in the (b). d: The PSF, for the 1st model in the range from 1040 up to 1100 pixels. The profile is plotted at 
constant x = 1024 pixels. e: The PSF, for the 1st model in the range from 1040 up to 1100 pixels. The profile is  plotted at constant y = 1024 pixels

(See figure on next page.)
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Fig. 2  (See legend on previous page.)
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PSF plot in the range from 990 up to 1058 pixels is cor-
responding to the Omicron corona virus image shown in 
Fig. 6d.

Two apertures corresponding to the confocal micro-
scope lenses are shown in Fig.  7. In the L.H.S., circular 
aperture is shown while in the R.H.S., the aperture is 

provided with 8 spikes (1st model of Covid 19). The two 
apertures have the same sizes of radius = 128 pixels, and 
the whole matrix has dimensions of 512 × 512 pixels.

The normalized PSF, for the spiky aperture in the 
R.H.S. of Fig. 7, is shown in Fig. 8. The radial coordinate 

Fig. 3  a Uniform circular aperture with 8 spikes in a matrix of dimensions 2048 × 2048 pixels. The average diameter = 1360 pixels. b: The diffracted 
image corresponding to the aperture is shown in (a). c: The Normalized PSF plot in the range from 990 up to 1058 pixels corresponding to the 
image is shown in the a. d: The Normalized PSF plot in the range from 990 up to 1058 pixels at y = 1020 pixels corresponding to the image is 
shown in a. e: The Normalized PSF plot in the range from 1014 up to 1034 pixels at y = 1024 pixels corresponding to the image is shown in a. f: The 
Normalized PSF plot in the range from 1014 up to 1034 pixels at x = 1024 pixels for the PSF image is shown in (a)
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range is from 236 up to 296 pixels of total width = 60 pix-
els where the center is at 256 pixels.

In Fig.  9, in the L.H.S. the original image of corona 
virus is shown while in the R.H.S., the reconstructed 
image is obtained using CSLM provided with the aper-
tures shown in Fig. 7.

The normalized PSF is computed from Eq.  (8) for the 
spiky pattern where β = 0.5 is computed from Eq. (12) for 

the circular aperture. The same reduced coordinate range 
taken constant from -4π to 4π in both plots is shown in 
Fig.  10a. It is shown in Fig.  10a that cutoff spatial fre-
quency in reduced coordinate is computed as follows:

Wc =4.434, forthe spiky aperture and

Wc =5.234for the circular aperture.

Fig. 4  a Uniform circular aperture with 16 spikes in a matrix of dimensions 2048 × 2048 pixels. The average diameter = 1445 pixels. b: The diffracted 
image or the intensity impulse response is corresponding to the aperture of 16 spikes shown in (a). c: The Normalized PSF plot in the range from 
990 up to 1058 pixels is corresponding to the image shown in the (4- a). (4- d): The Normalized PSF plot in the range from 1014 up to 1034 pixels at 
y = 1024 pixels is corresponding to the image show4n in (a). e: The Normalized PSF plot in the range from 1014 up to 1034 pixels at x = 1024 pixels 
is corresponding to the image shown in (a)
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The PSF plots are shown in Figs.  10 b, c correspond-
ing to linear and quadratic apertures [2, 3] for compari-
son with the plot in Fig. 10a corresponding to the spiky 
aperture. The PSF corresponding to the uniform circular 
aperture is shown in all plots for comparison.

4 � Discussion
The irregular surface of spiky shape for the circular 
aperture, shown in Fig.  2a, is investigated since it has 
resemblance with the corona virus. The diffracted image 
in Fig.  2b showed moderate intense legs surrounding 

Fig. 5  a Circular aperture of linear distribution with 8 spikes in a matrix of dimensions 2048 × 2048 pixels. The average diameter = 1024 pixels. b: 
The PSF image or intensity impulse response is corresponding to the aperture shown in (a). c: The Normalized PSF plot in the range from 990 up 
to 1058 pixels is corresponding to the image shown in (a). It is shown that the central peak is found at 36 pixels. d: The Normalized PSF plot in the 
range from 1014 up to 1034 pixels at y = 1024 pixels is corresponding to the image shown in (a). e: The Normalized PSF plot in the range from 1014 
up to 1034 pixels at x = 1024 pixels is corresponding to the image shown in (a)
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the central intense peak. The normalized PSF shown in 
Fig.  2c has central peak of triangular shape surrounded 
by legs of irregular distribution and weak intensity com-
pared with the central peak intensity. To see the irregu-
larity outside the central peak, the plot in the range 
from 1040 up to 1100 pixels is shown in Fig. 2d at con-
stant x = 1024 pixels and in Fig.  2e at constant y = 1024 
pixels. The irregular distribution of the legs is attributed 
to the presence of irregular spikes surrounding the cir-
cular aperture. Hence, the PSF outside the central peak 

corresponding the model 1 Fig. 2a showed different irreg-
ular distributions as shown in Figs. 2d, e.

The diffracted image is computed and plotted as shown 
in Fig. 3b corresponding to the uniform circular aperture 
with 8 spikes shown in Fig. 3a. The diffracted image has 
intense central peak surrounded by weak intense legs. 
Figures shown in Fig.  3c–f represent plots for the nor-
malized PSF under different conditions. The plot in the 
range from 990 up to 1058 pixels at y = 1024 pixels shown 
in Fig.  3c has central peak at 36 pixels of rectangular 

Fig. 6  a Color image of omicron corona virus image with spikes in a matrix of dimensions 512 × 512 pixels. b: Gray scale image of omicron corona 
virus image with spikes in a matrix of dimensions 512 × 512 pixels. The average diameter = 340 pixels. c: The diffracted image corresponding to 
the omicron covid 19, shown in b, of matrix dimensions 512 × 512 pixels. d: The Normalized PSF plot in the range from 990 up to 1058 pixels 
corresponding to the Omicron corona virus image shown in (a)
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shape with inclined wider width of linear distribution, 
while no diffracted legs are shown in the plot. It is shown 
in Fig. 3d that the central peak is found at 38 pixels and 
hence shifted by 4 pixels around center as compared with 
Fig. 3c. In addition, different strong legs are shown. The 
shift is attributed to the plot taken at 1020 pixels which 

are shifted from the center at 1024 pixels. Hence, using 
the uniform circular aperture provided with 8 spikes, 
it is shown 4 peaks on both sides of the central peak. 
Referring to Fig.  3e, it is shown central triangular peak 
and wider curved shape near the edges reaching zero at 
the cutoff of the diffraction pattern. The plot is taken at 
y = const, while in Fig.  3f, it is shown central peak fol-
lowed by wider linear shape near the edges reaching zero 
at the cutoff of the diffraction pattern. In addition, on 
peak of weak intensity on both sides it is shown where 
x = const.

The plots corresponding to the circular aperture with 16 
spikes are shown in Fig.  4a and Fig.  4c–e. The diffracted 
image shown in Fig. 4b is brighter than that corresponding 
with only 8 spikes. It is shown that the central peak is found 
at 36 pixels in all plots including Fig. 4c in the range from 
990 up to 1058 pixels. In addition, the central peak has tri-
angular shape followed by a constant value and then drops 
linearly reaching at the cutoff from the diffraction pattern 
as shown in Fig. 4d, e in the interval from 1014 up to 1034 
pixels. It is shown that the central peak surrounded by a 
linear decreased shape in case of 8-spiky aperture (Fig. 3c, 
e, f), while it is surrounded by a flat base followed by lin-
ear decreased shape in case of 16-spiky aperture, Fig.  4c, 
d, e. Equal cutoff shown in the PSF plots is taken at either 
y = 1024 pixels or x = 1024 pixels, respectively. Hence, the 
PSF plot shows difference as the number of spikes increases.

The diffracted image shown in Fig.  5b corresponding 
to the circular aperture of linear distribution provided 
with 8 spikes has central peak with spikes compared with 
the rectangular shapes shown in Figs. 3b, 4b. In addition, 
diffracted spots appear in Fig.  5b due to the presence of 
intense spikes in the aperture. The normalized PSF plot in 
the range from 990 up to 1058 pixels corresponding to the 
image is shown in Fig. 5a and Fig. 5c. It is shown that the 
central peak found at 36 pixels and has triangular shape, 
while the Normalized PSF plot, in the range from 1014 up 
to 1034 pixels at y = 1024 pixels, is shown in Fig. 5d and at 
x = 1024 pixels shown in Fig. 5e, having a near rocket shape.

The diffracted image shown in Fig. 6c corresponding to 
omicron corona virus image is shown in Fig. 6a, b The dif-
fracted image has randomness in the central peak which is 
attributed to the vast number of spikes in the corona virus 
image. The Normalized PSF plot in the range from 990 up 
to 1058 pixels has central peak found at 36 pixels as shown 
in Fig.  6d. In addition, the legs randomly distributed of 
irregular asymmetric shape depend on the image shape.

The Normalized PSF, for the spiky aperture in the R.H.S. 
of Fig. 7, is shown in Fig. 8. The radial coordinate range is 
from 236 up to 296 pixels of total width = 60 pixels where 
the center is at 256 pixels. Hence, in the figure the peak is 
found at 22 pixels which deviates from the theoretical value 
by 2 pixels.

Fig. 7  Two apertures corresponding to the confocal microscope 
lenses. In the L.H.S., circular aperture is shown while in the R.H.S., the 
aperture is provided with 8 spikes (1st model of Covid 19). The two 
apertures have the same sizes of radius = 128 pixels and the whole 
matrix has dimensions of 512 × 512 pixels

Fig. 8  Normalized PSF for the spiky aperture shown in the R.H.S. of 
(7). The radial coordinate range is from 236 up to 296 pixels of total 
range 60 pixels where the center is at 256 pixels. Hence, in the figure 
the peak is found at 22 pixels which deviate from the theoretical 
value by 2 pixels

Fig. 9  In the left, the original image of corona virus is shown while 
in the right, the reconstructed image is obtained using confocal laser 
microscope provided with the apertures shown in (7)
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The reconstructed image of corona virus, using CSLM 
provided with one spiky aperture and the other of uniform 
circular, is shown in Fig. 9.

Referring to Fig.  10a, the Normalized PSF correspond-
ing to the spiky aperture and the uniform circular aperture 
showed resolution improvement for the spiky aperture 
since the spiky zone approximated is by annular shape with 
amplitude decided by the parameter β.

The cutoff reduced coordinate Wc = 4.434for spiky

aperture compared withWc = 5.134for circular aperture
. Resolution improvement is attained in case of spiky 
aperture realized by computing the PSF from Eq.  (8) and 
comparing it with the computed PSF for circular aperture 
represented by the Airy disc.

Referring to Fig. 10a, b and c) corresponding to the PSF, 
we get these cutoff values:

Hence, it shown that the cutoff for the PSF corre-
sponding to the spiky aperture is sharper than in case 
of uniform circular aperture and modulated linear and 
quadratic apertures.

5 � Conclusions
The proposal of irregular distribution around the uniform 
circular aperture and around the circular apertures with 
linear distribution has a great similarity with the corona 
virus images. Hence, a study of models of irregular 

Wc(circluar) = 5.134,

Wc(linear) = 4.834,

Wc(quadratic) = 4.634,

Wc

(

spiky
)

= 4.434.

Fig. 10  a Normalized PSF computed from Eq. (8) for the spiky pattern where β = 0.5 computed from Eq. (12) for the circular aperture. The same 
reduced coordinate range is taken constant from − 4*pi to 4*pi in both plots. b: The Normalized PSF for the linear aperture compared with that 
corresponding to the circular aperture. The same reduced coordinate range is taken constant from − 4*pi to 4*pi in both plots. c: The Normalized 
PSF for the quadratic aperture is compared with that corresponding to the circular aperture. The same reduced coordinate range is taken constant 
from − 4*pi to 4*pi in both plots
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spikes, and other models of definite number of spikes, 8 
and 16 spikes, surrounding the apertures, is carried out. 
The resultant PSF for the microscope lenses, where the 
1st has a spiky pattern while the 2nd has uniform circular 
distribution, is computed in the section of methods. The 
impulse response or the PSF corresponding to the aper-
tures of definite spikes shows diffracted legs dependent 
on the number of spikes. In addition, the PSF plot shows 
difference as the number of spikes increases. It is shown 
that the central peak is surrounded by a linear decreased 
shape in case of 8-spiky aperture Fig. 3 c, e, f, while it is 
surrounded by a flat base followed by linear decreased 
shape in case of 16-spiky aperture, Fig.  4 c, d, e. There 
is equal cutoff shown in the PSF plots, taken at either 
y = 1024 pixels or x = 1024 pixels, respectively. A reso-
lution improvement reached in case of spiky aperture is 
compared with circular aperture.

In addition, the impulse response corresponding to 
omicron corona virus image showed randomness in the 
central peak of the diffraction pattern and its PSF has 
central peak surrounded by irregular legs, Fig.  6d. We 
apply the spiky apertures in the formation of images in 
the confocal laser microscope. The aperture with 8 spikes 
is placed in front of the 1st microscope lens while the 
uniform circular aperture is placed behind the 2nd lens 
facing the point detector. The mechanical scanning of 
the image (omicron corona virus) synchronized with the 
electronic scanning of the detector allows forming the 
image in the CSLM. It is proved that the spiky aperture 
used for laser illumination gives PSF better than the PSF 
for linear, quadratic, and circular apertures. This is shown 
from different cutoff values in the PSF corresponding to 
different apertures. Consequently, resolution improve-
ment is reached in the reconstructed images with spiky 
aperture.

Abbreviations
F.T: Fourier transform; FFT: Fast Fourier transform; PSF: Point spread function; 
CSLM: Confocal scanning laser microscope.
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