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Abstract:

Astrophysical, geophysical, meteorological, and other types of physical data
can be the result of an experiment, emerge as a signal from a dynamical
system, or include sociological, economic, or biological data. It is always
assumed that a certain level of noise will be present in time series data,
regardless of its source. The analysis of all such data in the presence of noise
frequently produces inaccurate results. The time series data filtering
technique is a tool to remove as many of these bugs as we can and simply
prepare the data for additional analysis. When you filter a time series, you
keep some frequencies while removing the spectral strength at others. Both
time series analysis and digital signal processing (DSP) make extensive use
of filters in applications for DSP. Here, we tried to create an adjustable
method of filtering a time series with the idea that the series had performed
the necessary de-noising and modification updates. These qualities were
determined in this study. We've proven analytically that the current model
can effectively resist errors and preserve positional significance in the time
series. When such data are analyzed in a noisy environment, the results are
frequently misinterpreted. So, before we can begin the extensive
investigation, we must first build an initial platform by de-identifying the
data. It is usually necessary to deal with the problem of filtering a time series
of data. In this work, we analysis the Fourier series with respect to the finite
Fourier transform, resulting in the determination of the properties of this
series. The outcomes of this study improve understanding of this series'
characteristics.

Keywords- asymptotes Normalization, disjointed time series, The Finite Fourier
Transform, de- noising data, tapered data.
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INTRODUCTION

Manipulative approaches are frequently used in time-series analysis. In specifically,
the linear de-noising process looks like this if we take into account a process whose
domain consists of a matrix of (i) vector-valued series X (t), t € R and whose range
consists of a matrix of (j) vector-valued series Y (t),t € R, the linear de- noising
process is as follows:

Y =1+ Z Bt —v)X(D)

v=—0o0
=T+ Yoo B(W)X(t —v). (1.1)
Where f(v),v € R, is a series of j X i matrices that achieves
Y-l B(W)] < oo, (1.2)

That the de-noising process was a j X i Summable, indicated by{f(v)}. De-noising
process in equation (1.1) can be produced by a transfer function,

Glw)= Y2 _f(v)e @t —00 < @ < oo. (1.3)

Given that fy (), fyy(w),arei X i and j X j vector-valued matrices of the spectral
density functions of X(t) and Y (t), consequently, we have

fry (@) = G(@) frr ()G (@), (1.4)
Assuming that the j X j Hermitian matrix is used to evaluate proximity,
E{(IY(6) = 1= T2 oo Bt — )XWI[IY() = °C = X200 Bt = X (W)}
where,

°C= Cy— (Z ﬁ(v))cx

v=—00
= Cy — G(0)Cy,
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B(v) = %3, 4(9) Exp (ivd)do,
where,

G(w) = frx(w)fyx(@)™, (1.5)

where G(w), also known as the complex regression coefficient of Y (t)on X(t) at
recurrence w, is the transfer function of the j X i De-noising process that achieves
the desired minimal G (w), Therefore, given the constraint of Equation, we analyse
the stochastic characteristics of the extended disjoined Fourier transform of Equation

(1.1).
Types of Filters for Fourier Transform [11].

Filter for Low-Pass Signals Filter: Take this simulated time series, which consists
of a linear trend and some random Gaussian noise shown in fig. (1).

me

Fig (1)
Apply the linear filter illustrated in Fig. 2 as a convolver on the original series so,
we get Fig (3).

I I
Fig(é)
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A low-pass filter, as seen above, mutes higher frequencies in the data while letting
lower frequencies "pass" through.

Fig (3)
The filtered series is displayed as a blue line, and it clearly represents a more purified
version of the original series. We can observe that the higher frequencies are given
less weight than the lower frequencies (close to = 0).
Filter for High-Pass Signals: Here is an illustration of a linear filter that mutes low
frequencies while letting high frequencies pass, fig (4) shows the high pass filter.

|
Fig (4)

Now, there is the high-pass filtered version of the original series. It appears to be a
sequence of residuals from which the trend has been deleted, presented in Fig. (5).

Fig (5)
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Matching Filter: A time series with a visible jump at a particular point in time can
be seen in the simulated series shown below in Fig (6).

time

Fig (6)
We can determine when the series jump by employing a filter below in Fig. (7) , that

reflects the jump in tT dar. H HHHH
Ll HH\HHMHHHW

Fig (7)
The output of applying the matching filter to the data is shown in figure (8). The
filtered series reaches a very high value at the data jump point and a very low value
when the data move back down.

Fig (8)
Below is displayed the transfer function for the matching filter. The sines and
cosines of the Fourier transform have difficulty approximating the discontinuous
nature of this linear filter, as observed. Consequently, there is an oscillation in the
transfer function. Fig9, 10, and fig 11 shows many examples of matching filter.
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TN

Fig (9) Fig (10)

Tima

Fig (11)

Brillinger [1, 2], Ghazal, [3], Ghazal, et al, [7], Ghazal, et al [10], examined the
stochastic properties of the disjoint Fourier transform in the regular case. Ghazal, et
al [6], investigated the stochastic properties of the disjoint Fourier transform in the
irregular case. Ghazal and Elhassanein [4], studied the analysis of Periodogram with
missing observations. Ghazal, et al [5] investigated some properties of the discrete
expanded finite fourier transform with missed observations. Ghazal, et al [8,9],
examined the Periodogram analysis with missed observation between two vector
valued stochastic process in continuous case. In this study the discrete extended
Fourier transform was studied, assuming that the series had been De-noising. We
studied the most important aspects beginning with Introduction, and then studying
the Stochastic Characteristics of the modulated Series, and concluded with
determining the Characteristics of the De-noising Extended Finite Fourier
Transform.
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The Stochastic Characteristics of the modulated Series:

Let X(t),be an arbitrary static vector value. If X(t)and Y(t) have a linear
association, then, we can represent the modulated series of Equation (1.1) as:

Y(t) =1+ G(w)X(t), (2.1)
with,
Y.(t) =1+ G(w)X,(t), (2.2)
Where, G (w) is defined in Equation (1.5).
Consider that,

E{[X(t +v) = C][Y(®) — Cy]"} = Cxy(v), =
Y=o fxy(w) exp(iwv), (2.3)

with spectrum density function,

fXY(w) = (27.[)—1 2 ny(v)Exp(—iwv) )
P=—00
—o00 < w < 00, (2.4)
Characteristics of the De-noising Extended Finite Fourier Transform

Assumption I: Let's pretend X (t) is a finite, static, random time series with all its
moments. We have, for all = 1,2, ...,k — 1, and k tuple a4, a, ..., a;, then we have,

Yty tecs|tiCayary (Err ot <00, k=23, (3.1

Because cumulants are measurements of the joint dependent on random variables,
the spectral density can be defined as follows:
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fay,ar, (@1, W2, o, @) =
. ok—
(2m)k+1 Dtytis Cayynay (E1r o tem1 ) Exp(—i Zj:ll w;t;),

—o<w<™a,..a,=12,..,k=273,..
(3.2)

Assumption II. Let l,(lT)(t) = la(t/T) be a bounded function with bounded

variations equal to zero outside interval [0, T]. Function lgT)(t) is defined as a data
window; we construct the extended finite Fourier transform as:

-1/2

He" (@) = [ZnZLO (lé”(t))z] o lay.a (@)Y (©) exp{~iwt}, —o0 <
w < oo, (3.3)
where,
Y(®) = G@)X (D), (3.4)

Theorem 3.1: Given that Y ( t) is defined as equation (2.2), then we have

E(Y(®))=0
Var(Y,(t)) = Caq(0), (3.5)
Cov|Yy, (t1), Ya, (t2) | = G(@)6 T (0)Cq,a, ), (3.6)

Proof.

From the independence of X(t), and Y (t), and because they are arbitrary, static
time series, then E(Y(t)) =0.

- 669 -



Scientific Journal for Financial and Commercial Studies and Research 4(2)1 July 2023

Dr. Amira Ibrahim El-Desokey

Now,
Var(Y,(£))= Cov[Y, (1), Y, (t)]
=Cov[t+ G(W)X,(t), T+ G(w)X,(t)]
= G(@) 6P (W)Cov[Xa(t), Xa(0)]
= G(w) 6D (w)Cov[t —t]

= G(0) 6T (0)Cqq(0).

Then equation (3.5) is obtained. Turning to
COV[Ya1 (t1), Y, (t2) ]
= Cov 1+ G(w)Xq, (t1), T+ G(w)Xq,(t2)]
= G(@) 6P (W)Cov[Xq, (tr), Xq, (t2)]
= G(w) 6P (w)Cq,q,[t1 — t5]

Substitute t; — t, = v, then

= G(0)6 P (w)Cq,q,(¥)
And equation (3.6) is obtained, completing the proof.
Theorem 3.2

Let X(t),(t = 0,41, ...) be an arbitrary static (i)- vector valued, zero-mean time
series, satisfying the first assumption. If Y (t) is defined as equation (2.2) and

H CET) (w) is defined as equation (3.3), then we have:
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E [:}QET)(@)] =0, (3.7)

Cov [, (0, HP (@)] = Y 6(@) 6P(w) x
v=—-T

X Cala2 (v) exp(—iw;v) 5(T)a1a2 (v, w1 — wy), (3.8)

= Y20 G (@)D (W) fya, WP % (@01 — 1y 05 — 1),

(3.9)
where,
5(T)a1a2 (x) = Xi-o }féT)(t)exp (—iwt),
Y, (oY) =
2 —1/2
2m™ [Zg:o £2=0 (}[(T)(tl)> (?[é:)(tz)) ] M, 08D, (),
(3.10)
Proof.

From the independence of X(t), and Y (t), and because they are arbitrary static time
series, then equation (3.7) is obtained.

Now,
Cov [F D (@,), HY (@) = @) 6T 4,4, (0)] " %

X YT 2o 2F o LV (eI (8) exp (=i (wyty — waty) Cov[(Ya, (t1), Ya, (82)],
(3.11)

Substitutes t; — t, = v,t, = t, then we have:
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Cov [# 7 (1), 7D ()] = @m) [T g0, ()]

T
x Z 6 () GT(0)Ca,q, (v) exp(—iwv) X

v=—T

T

2 l(T)(tl + v)l(T)(t)exp( it(wy — wy)).

v=-T

which satisfies equation (3.6). By substituting (2.3) into (3.8), we obtain

Cov |[#g) (01), HE (@5)] = Z 6 (@), Wiz, (01 = U, 02 — 1),

u=—o0
And lpal a,» 18 given by (3.10). Which completes the prove.

for w; = w,, and let w — u = A, then

VarGt @) = D faalo = DY D).

A:—OO

THEOREM 3.3 Let /1, —h, =0,k ,h, cRand 2, (t),teR, a=1,.., min(s,r)
is bounded and the function 1,[)6(172 (x) defined as equation (28), then,
: T
Jim Cov [w;)(wl),}fg)(wz)] —0,
1454, = L,..., min(s,r)

for al

Jim D3g" () = 6(@)6 P (@) foa (@)
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Conclusion

De-noising time series were assumed, and the stochastic Characteristics of the
discrete extended finite Fourier transform were explored. Random noise has a
significant negative impact on forecasting in many fields such as Electricity,
Economy, etc. Real-time purifying can significantly enhance measurement
accuracy.
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