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Introduction

Regarding spatial data analysis, detecting hidden dependencies in data ob-
servations is crucial. The second-order spatial process that exhibits peri-
odic rhythm in the structure is called periodically correlated spatial process
(PCSP), which necessitates explicitly the mean and covariance functions be
periodic with the same periods. PCSP has many applications in various
fields since it can be considered an intermediary between stationary and
non-stationary spatial processes, including a large class of stationary and
non-stationary spatial processes. As one of the PCSP applications, image
processing can be used to analyze images with an alternating structure. To
this end, appropriate statistics should be used to estimate spectral density.
First, this article introduces the periodic correlated spatial processes and
their features. Then, the spatial periodogram is presented as a tool for de-
tecting the periodicity of data and determining the value of the periodic
period. In the following, the accuracy of spatial periodicity in detecting the
periodicity of data is investigated through simulation. In the end, its appli-
cation is examined using authentic images.

Material and Methods

A second order spatial process £ = {& : t € 72} is called periodically
correlated spatial process (PCSP) if there exists T = (T3,72) € N2, such
that for any t,s € Z? and n € N2, its autocovariance function follow the
equation Rs(t,s) = Rg(t + (anl,ngTQ),S + (anl,nng)). If 77 and Ty
are the smallest natural numbers in this equation, then T is called period
of the spatial process . If £ is a PCSP with period T, then f¢, spec-
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tral density function of the spatial process &, is supported by Upecp,d,
where di, = {(0,m) : 0,m € [0,27)%, 6 —n = % = (27:#:1,27:}52)} and
Dy = {(i,j): i=0,....,71 —1,j =0,...,To — 1}. For some arbitrary
spatial process € and X € [0,27)2, the finite Fourier transform (FFT) of the
finite segment {& : t € Dn} is defined as dx(A) = \N|_%Et€DNXtei<t7>‘>.
Also, spatial periodogram and two-dimensional spatial periodogram of the

finite segment {& : t € Dn} are defined as I¢(A) = dg(A)de(A) and

Je(A, A) = dg()\)dg(j\). Considering the above definition, J¢ is an asymp-
totically unbiased estimator for fg, also, can be said that Jg is near zero
everywhere expect Uxeprdi and I¢ (%) = c|J¢ (0, %) |2 where ¢ is pos-
itive. It is clear if & is a PCSP with period T and we have N observation
from this process so I¢ (%), is positive for any % multiple of % and near

zero for another.

Results and Discussion

Concerning the present study’s primary objective, recognizing the data’s pe-
riodicity and determining their periodicity, periodic photos are considered
processes, and their periodogram is depicted. If the figures are observed
meticulously, the presence of peaks indicates the process’s periodicity and
the peak’s location determines the period’s value.

Conclusion

There are too many periodic images, while the main objective of image pro-
cessing is to recognize their periodicity and the type of their period. One
of the cases that should be considered is the Moire effect. The moire effect
mostly happens in images. Their data periodically correlates with spatial
processes, so if we are willing to erase that problem, we should notice their
period. One method to specify the period of these images is the spatial pe-
riodogram, which was elaborated in the present article.

Keywords: Image processing, Periodically Correlated Spatial Process, Spa-
tial Process, Spatial periodogram.
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