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Abstract

Detecting signals with hidden periodicity is a
wide and popular task in most complicated
technical systems. The fields, where this problem
is observed, can be astrophysics, engineering
and mechanics, adaptive control, information
control system, radio-localization and radio
technology, power engineering and
telecommunication, ecology and so on. In this
paper, process of signal detection under noise
background is considered by developing the
method based on synchronous detection. Here, it
is assumed that the signal is periodic in the
background of the noise and part of that signal is
partially lost. At the end, comparative empirical
results of different algorithms are presented by
computer modeling in different platforms and
final conclusions are described. At the end
comparative results which are received by
modeling of various algorithms are presented.
The conclusion contains the short review of a
problem and a method of its decision.

1. Introduction

cope with this problem, random character of the
noise is needed to be taken into account using
statistical method of analysis as well as the
theory of probability and theory of random

process. It is also essential to study the partial
loss of actual signal, a priori uncertainty with

regard to the frequency and phase of those
actual signals, which, as a result, make the
problem to be solved in the filed of research
work, embarrassing for constructing universal
method of solving concerned task.

Problem situation, which make difficulty in
the area of matter of research work, is specified
as the joint (system-defined) unsolved problem
of constructing quantity-based method and
algorithm of finding hidden periodicity in the
condition of limited length of realization,
considerable noise and partial lost of useful
signal, a priori uncertainty with regard to
frequency and phase of observed signals and
means of negotiating those difficulties with the
help of parallel processing.

The purpose of the research is to get over the
specified problem definition. In this research, we
discuss the critical analysis of means and method
of finding signals with hidden periodicity, choice
and quantity-based analysis of effectiveness of
methods and algorithms, which allow us

As far as signals with hidden periodicity takeyealizing the corresponding information system,

place among other environments of more seriousiented toward the requirements of technical
signals, the latter become the noise in thigpplication.

problem and the whole task concerned raises t0 Tg achieve the purpose of the research, we
the problem of detecting signals in thehave solved the following scientific tasks which
background of the noise. First of all, in order tqare organized in this paper as follows: In section



2, we analyze the task for finding hidden  Problems of finding periodicity of
periodicities of signals and show the problenastrophysical signals have been tried to be solved
statement including the review of the filed,by using analytical approach and methods
where the problems exist, and problems oéspecially developed around the year 1970.
analysis in finding hidden periodicities of Processes from the astrophysics are positively
signals. In section 3, we develop the algorithm adifferent from other technical fields because of
detecting hidden periodicities of noisy signalsts being stationary. Therefore, we chose the
based on synchronous detection or matched filtestrophysics as the more exact object field.

by analytical approach for solving the problem in  Firstly, in astrophysics, scientists used
the case of sinusoidal signals, for which weonventional analysis methods like Fourier
firstly determined the major part of regularanalysis, Folding and other [1, 2]. Fourier-
component, then we analyzed the statisticalnalysis method for astrophysical tasks was used
characteristics of random components, then joirly Deeming [3]. Folding methods are Jurkevich's
calculation of regular and random componentmethod [4], Taylor expansion, and Buccheri's
was done. In section 4, we model the proposddiding method [5]. Many methods were
method of detecting periodicities of hiddendeveloped for solving the similar task, among
signals. In section 5, we developed the algorithrithem the well known methods are those which
for organization of detecting hidden periodicitiesare used in radio technology and astrophysics.
with the help of distributed computing system. In  For the problem of influence of random
section 6, we research the effectiveness aomponent, in astrophysics, scientists use the
proposed algorithm in comparison with otherconventional statistical methods and
existing methods of detecting hiddencharacteristics like statistical test of Raler, x2
periodicities. Finally, conclusion comes indistribution and others [6].

section 7.
3. Analytical approach for solving the
2. Background theory signal detection problem
As discussed in introduction section, In the example of observation of binary-

detecting task of hidden periodicities is, on ongtars' radiation, radiation receiver from the earth
hand, wide-spread used in technical applicatiofetches the incoming rays of periodically
on the other hand, complicated and compleXovering star, which is rounding the gamma
task, in full measure, unsolvable so far. In man¥gyrce. Due to the spontaneous process of
technical systems, hidden periodicities can bgamma radiation, those signals themselves even
gradually emergent (therefore, time-dependenfjave random process. But in the cosmic, along
process — for instance, system of technicadpserved pair of stars, there are other objects.
diagnostic of growing malfunction. On the otherTheir radiations bring much noise to the signal,
hand, there are technical fields, where process@mich we want to detect. In this way, important
are more stationary — for instance, tasks frorgpsk is to select the useful signals from the noise
astrophysics, where observed objects steadfastly Eor the example of binary stars, the signals

exist for many years, hundred years and evte(t) come from cosmic to the earth. Useful

thousand years. It is clear that for solving those. I h the ch ¢ f q fluctuati
problems, researching stationary processes ?égnat 3_\#3 etc aratc er of random Huc gar:on
more preferable because being stationary (tim ue to difierent spontaneous process and huge

invariance) is an essential condition foramount of nois€(t) . Therefore, suppose that

ergodicity of random process, and consequentlygceijver got the signalx . (t) = x (t) +n(t),
it is probable to use statistical method in theecas herex is the i . ianal
of processing single realization. WNEreéXincom 1S th€ INCOMING Signal.



For further research, it is perspective to usthe noise in the form of "white noise". Therefore,
the method of synchronous detector (matchedseful signals and bearing signals are defined as:

filter). Schema of the process of signals inxl(t)=sin(a)1t) and x, (t) = sin(ew,t) . For the

FS_){r_\_C_f]I_’C_)_rIC_)_lJE_q_e_t_e_(_:EC_)_I’_I_S__F_)[?_S_(?_rl_t_e_(zi_l_r_]_t_f}(_a figure 1n'oise n(t), in computer modeling, we use the

|
! sensor of random number, evenly distributed in
| the interval from 0O to 1.

| Therefore, by calculating integral we can
: present regular component as:

|

|

|

17 .
Avagagoutbite |1 Im | 1 (T) = ?jsln(@t) X Sln(a)zt)dt
0

mange of [C,]]

|
i By solving the above equations, we obtained
! maximum and minimum of the functioh (T,

Figure 1. Schema of the processof signal | | =1[ 1,1 ] (2)
in a synchronous detector Plave 2\ (@ +@)T o+,

After multiplying incoming signal with | La :1+i ®)
plying g g P lo=w, 2 ZQ{T

bearing signaX, (t) , obtained signaly(t) is
averaged over the range of [0, T], forming the In this way, for regular component, we can
output signalZ (T) . prove'thar;c: ek of o f

_ _ - in the lack of convergence of frequency o
y(t)—[xl(t)+n(t)]><x2(t)—xl(t)xxz(t)+n(t)><x2(t) studied and bearing signals, regular component
falls down ( in the limit of 0) in the increment of
interval of observation;

- in the case of convergence of those
frequencies, regular component aims to 0.5 and

1T 1T 1T divergence of that value doesn't exceel .
2(T) = = [y == [xO <3 0dt+ = [0 Ot 20T
o ’ ’ Especially those results give the statement
zZm =1 |
(M =LO*10 (1) for searching frequency of signal studied. But
there is another case of random component, and

Note that in the above expression, there arge need to follow another approach to cope with
two compositions ofjland b: it

Values of the signal in output of integrator
Z(T) at the end of the interval [0, T] can be
defined as,

T

|1(t):?1j.xl(t)xx2(t)dt , (regular component) 3.2 Analysis of statistical properties of

$ random Component
_1 (random component).
L) ==[n t)ait
2t T !n( )% The value of random component is defined

by the ratio of

3.1 Deter mining the boundary of

17 .
I, (t) == n(t) xsin(w,t)dt
regular component () T-([ ()xsin@yt)

It is obvious to analyze the case of By the stochastic noisen(t) IZ(T) N

sinusoidal signals from known (zero) phase anf@ndom value, which also depends upon the time
T. Here it needs to do analysis with the help of

the theory of random processes. So, for that
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purpose, we use the approach and methodology
stated in [7]. Let the noise be stationary random According to equation (1), value of signal at
process with zero mathematical expectation anithe output of integrator is defined by total value
finite dispersion, then of regular and random component.
M{ n(t)} =0 and M{n?(t)} =0’ According to the joint calculation of the
It should be noted right now that byequation 2, 3 and 4, interval, into which, with
averaging-out, huge number of random value@5% of the probability, values of (T) are fell
got mixed up. Therefore, from the view ofinto, can be defined as follows.
central limit theorem and law of the distributionyy/hije w?a,,

of value -1,(T) aims to be normal, therefore

ficiently define t ters (m Z(M)=—+ 4L .20y, 1
we can sufficien efine two parameters (m = *

g ) (W) et Yz VT 20T
mathematical expectation a8l - dispersion),

in cl)rd(_err to build the interval, into which vaIuesWh”e w@ =0,
of are brought up. In particular, with the
.(T) ght up. In p 1 1 2 1

probability of 95%, that interval is defined as Z,(TM)==+ +—" |1+
m+ 20 2 2wT 2T 2001
And so, mathematical expectation for

12(T)  will be defined as

With the calculation of the symmetry of
harmonic signal, fully 95% interval of the case of

.
m=M{ 1,()} =M {i [nct xsin(wzt)dt} G, = @, is defined as

T T 1 1 20 1
m:%!; M{ (1)} x sin(a,t)dt :%loxsin(wzt)dt =0 Z,(M)= 2 * [Za)lT + \/E" 1+ T j

In this way, | ,(T) becomes central value. 4 M odeling on Proposed Method
Here, its dispersion is defined as

o’ = M{[IZ(T)x IZ(T)]} The purpose of modeling is to analyze the
effect of proposed method of finding noisy

- . )
In the finite values of T, dispersiod™  qjgnals with hidden periodicity. Main part of
contains  falling-down harmonic - component,qeling is performed in Excel + VBA.

which depends oreT and own maximum in Moreover, modeling is performed in Mat lab v.

the case, whersin2at =-1 , ie., while 7.3, aswell asin VB.net environments.
2at = n3n,...2p+Y)7n . In this way External interface of the modeling program
) is presented in figure 3.
g'riaxza-”[l+lj and consequently, interval, By means of modeling in MATLAB, we
2T\ 200 obtained obvious presentation of joint distinctive

into which, with 95% of probability, values of impact of relational frequency of signal and the

I2(T)are fell down, can be defined as: number of averaging-out upon total effect of the
performance of synchronous detector (See Figure
20, 1 4
L(T) | <2722 v —— ). . :
o NZT 20T 4) When the efficiency of proposed method is
proved with confidence in the case of sinusoidal
3.3 Joint calculation of regular and signals, we can freely use developed formula for

modeling on proposed method in the case of

random component impulse signals.



By using Excel + VBA for modeling, we

In this way, the program obviously models

generate 8 experimental results for the case tffie experimental results for both variant of

convergence and 8 experimental results for theonvergence and

lack of convergence of

case of the lack of convergence of frequency dfequency of source and bearing signals.

signal with different noises, and they are copied

to new work sheet, where obvious presentation
made by means of line graphs. Modeling result
for useful signal are obtained obviously as show

0.15

0.1

Z(0) in he convergence

in figure 5.
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5. Proposed method for distributed
computing system

As described in the section 2 and 3, for
practically solving the task of finding hidden
periodicities in the condition of high noise level,
and also in the case of a priori uncertainty of
relational frequency and phase of useful signals,
it is required to gather huge amount of data and
to provide high performance of computing.
Therefore, procedure of the proposed algorithm
in a distributed computing system can be
organized in the following way.

Step 1: To organize physical and virtual
computing network based on computers of one
or several observatories.

Step 2: To map the plan of computing
process starting from first computers in
computing network, starting from assigning
frequency of bearing signal ( in the range under
study) for the research on discrete node of
network.

Step 3: To send achieved true signal to all
nodes of network.

Step 4: In each node, to calculate for the
group of phase and for given frequency (given
group of frequency) is performed.



Step 5: To collect all calculated results andve proposed algorithm for distributed computing
choose the best for narrowing the range afystem to solve the mentioned problem. At last,
frequency and further specified calculation. we compared proposed method with other

Step 6: To repeat previous steps fomethods of finding hidden periodicities.
narrowing the range of frequency.
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