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Abstract

In this paper the authors want to prove that the trendless sequences (TLS) can be transformed to 3D-surface having only 10
statistically-significant parameters. These ten parameters can be extracted from random noise with the help of the Comparative
Analysis of Positive/Negative fluctuations (CAPoNeF) method. Actually, without using of a treatment error (usually accompanying
any data treatment procedure) and imposed model assumptions one can form 10-measured feature space for comparison of one
random sequence with another one. This feature space can be projected to the Euclidean 3D-space having 10 statistical parameters.
Comparison of these parameters associated with different noise tracks allows to use this set of the parameters for selection and other
purposes associated with “standard”/reference equipment. This combined method (CAPoNeF+3D-DGI) is applied for comparison
of the TLS obtained for operational amplifiers. Another example is related to transformation of acoustic signals corresponding to a
"calm", "tranquil" and "storming" waves, correspondingly. Not pretending to complete description of the considered data the authors
want to show that the combined method is "universal" and can be used for analysis of different data. Thanks to high sensitivity of this
combined method, we can compare filtered and non-filtered data and express the difference of 10 parameters in terms of the corre-
sponding 3D-surfaces. This method can detect easily the differences between the compared waves and represent them in the form of
the 3D-surfaces also. These surfaces are convenient for detecting the differences between initial TLS(s) and sequences having hidden

trends that initially are similar to each other.

Keywords: Trendless Sequences (TLS); Combination of the 3D-Discrete Geometrical Invariants (DGI) and CAPoNeF Methods; Noise
of Operational Amplifiers; Comparison of Acoustic Sea Waves of Different Intensity

Abbreviations consideration, any random trend was considered as a response/

DGI: Discrete Geometrical Invariants; CAPoNeF: Comparati- reaction on some applied external field. This field could be mec-

ve Analysis of Positive and Negative Fluctuations; TLS: Trendless

Sequence; OA: Operational Amplifier

Introduction
Nowadays a “noise” (oscillations of random fluctuations) be-

comes an important object of research. Before of fluctuations

hanical, electromagnetic and etc. Then the theory tries to describe
the obtained response and the coincidence of the fitting curve with
the measured trend gives us a portion of definite information and,
therefore, deeps the understanding of the surrounding world. In
nowadays another tendency is observed. Scientists try to get an in-
formation from random fluctuations that earlier were considered

as insignificant and useless “noise”.
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The idea that arandom noise represents a source of information
is not a new one. Part of the researchers try to extract an informati-
on based on some reasonable suppositions. In particular, the basics
of the fluctuation noise spectroscopy (including also many useful
references) are given in the book [1] and in papers [2,3]. The appro-
ach based on the Mori-Zwanzig formalism was given in the papers
[4,5]. Unfortunately, these approaches include some unjustified
suppositions and become useless in analysis of random sequences
having different nature. These suppositions and their analysis are
listed in paper [6]. The essential results were obtained from analy-
sis of electro-chemical noise [7-12], other type of ‘noises’ associa-
ted with the earthquakes phenomenon and their quantitative desc-
ription, medical data analysis is given in [3,4,13,14]. Unfortunately,
in spite of these promising attempts the general picture associated
with analysis of arbitrary types of random sequences (especially
TLS) is far from an ‘ideal’ one. Researchers based on their own (and
in many cases unjustified suppositions) try to process many types
of random sequences and extract an ‘information” mixed, unfortu-
nately, with treatment/uncontrollable errors. Especially, they will
have problems with analysis of equipment “noise” (pure TLS) that
in many cases is not the Gaussian, uniform and other type of noises
widely used in the mathematical statistics as model TLS(s).There-
fore, for description of random fluctuations we need very accurate
tool that is free from the model assumptions and treatment errors.
Only experimental errors related to the equipment measurements
and influence of different uncontrollable factors should be taken

into account.

Therefore, there is an urgent task in creation of the reliable pro-
cessing tool that (a) should be free from the treatment errors and
(b) rather universal for application to any TLS(s) that are genera-
ted or contained in the given equipment. Only in this case we can
compare the given type of fluctuations with other ones and select
a calibration equipment based on the measurements of ‘reference’
data.

The basic problem that we are going to solve in this paper can
be formulated as follows: we are trying to combine the merits and
effectiveness of the CAPoNeF method [15] with a “fine” sensitivity
and geometric visualization of 3D-DGI (Discrete Geometrical Inva-
riants) surfaces [16]. Then this combined method will be applied
for detection of the differences between filtered and unfiltered TL-

S(s) that were obtained fromthe operational amplifiers. One can

24
show that initial rectangle matrix representing the initial TLS(s)
measurements, where N(number of rows)x M(number of colum-
ns) can be transformed into the compact matrix (P = 10, number of
parameters)x(E = 3, number of extreme values) that is represented
by six 3D- surfaces, at least. These surfaces can be used as specific
detectors for differentiation of the hidden factors that are “dissol-
ved” in initial TLS(s).

This original combination is described in the Mathematical
Appendices A and B. Another exampleis related to comparison of
acoustic signals recorded for “calm”, “tranquil” and “storming” Me-
diterranean Sea. The authors completely admit that they are not
specialists in marine acoustics. However, the authors want to attra-
ct attention of the specialists working in the field of marine acous-
tics to this original method.To investigation of a random sea noise
of different kind many papers are devoted. We can mark the papers
[17-20] related to the influence of different factors on the dynamics
of acoustic sea waves. However, the authors do hope that the pro-
posed method given in this paper can find interesting applications

in the modern marine acoustics, as well.

The content of the paper is organized as follows. In section 5.2.1
the experimental details are described related to measurements of
the OA(s) noises. As the second example (section 5.2.2) we added
the acoustic signals recorded for the Mediterranean Sea (waves in
“calm”, “tranquil/ordinary” and in the “storming” states, according-
ly). In the same section we describe the signal processing procedu-
re and analysis of data. In the final sections 6 and 7 we discuss the
obtained results and outline the perspective ofthe further research.
Some important details related to CAPoNeF and 3D-DGI methods

are given in the Mathematical Appendices A and B.

Materials and Methods

Experimental setup

The scheme of the experimental setup is shown in Figure 1a and
is generally accepted for connectingan operational amplifier. The
nominal values of the components are selected from the condition
of ensuring the best noise parameters of the system under study
and in accordance with the recommendations of the manufacturer
of the corresponding electronic chips. First of all, it was necessary

to simulate the amplifier stage in the Multisim electronic environ-
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The basic parameters of the CAPoNeF method

The CAPoNeF method described in paper [15] uses 10 key para-
meters that describe an arbitrary trendless noise. Here it is instruc-
tive to remind it again in order to combine them in one list.

1N

P ﬁ;yi this parameter determines the mean value of the TLS
that corresponds to a specific balance between positive and negati-

ve fluctuations.

p, =Rg(Dy) = max(Dy) - min(Dy) , this parameter defines the

range of the given sequence, namely,

- N .
Dy,=y, -N IZJH v; (=12,...N) This value is always positive and

corresponds to the maximal intensity of the given TLS.

P, *Rg(|Dy|) = max(Dy,)—|min(Dy._)| this parameter defines the
relative contribution of amplitudes that are on the opposite sides of
the TLS. When Rg (|Dy/) = 0 it corresponds to an “ideal” balance be-
tween positive and negative amplitudes. In the opposite case,
when Rg (|Dy/)<(>)0, we observe specific “spikes/outliers” of po-
sitive (negative) amplitudes in the given TLS relatively to each other.
ps= Rg(Sm(y)) = max(Sm.)—min(Sm.). Sm. =3 "= Dy,. which
defines the range of sums that evaluates the cumulative effect
of the given fluctuations. It is proved to be very effective together
with theindependent parameter p,. For “ideal” TLS this value

together with p, should be minimal.

ps =Sm={y}—0.5-(max(y)—min(y)) , which reflects a possible
asymmetry between positive and negative fluctuations with re-
spect to their mean value. If p5 is close to zero, then one concludes
that the TLS is completely symmetric, in other cases ( pg <0, or pg

> 0) it is possible to assess the value of asymmetry.

p, = DN+ = Nx4 - Nx_ , which determines the number of ampli-
tudes located in the opposite sides of the TLS. If (p, <0, orp, >0)
then the number of positive amplitudes exceeds the number of

negative amplitudes or vice versa.

p, = max(Bd). If all amplitudes of the initial TLS - yj are put
in descending order (y1>y2>..>yN) and the obtained sequence

of these ranged amplitudes is integrated, then one receives the

25

bell-like curve defined by Bd(x;a,,4) = A(x - x, ](x (x, = x)’and

the maximum of this integrated curve clearly indicates the

- . 0.
boundary between positive and negative fluctuations.

p, = Range(J(Dy)) =max(/(Dy)) - min(/(Dy)), which reflects the
range of the cumulative fluctuations that are obtained after sum-
mation of positive and negative fluctuations, where D]j = D]f Y
, DJ =0, j=1,2,..,N. N isthe number of samples in the considered
sequence. The minimal value of this parameter signifies about the

minimal range/stability of the given fluctuations.

p, = <(J(Dy))>, the mean value of the curve J(Dy) is also im-
portant for evaluating the contribution of the cumulative fluctu-
ations.

p,, = < w >, which is an important parameter to determine the
mean frequency of the fluctuations that crossthe horizontal axis.
In the most cases, the distribution of the roots can be approxima-
ted by a segment of the straight line rk = a.k + b, where the inte-
ger value k determines the number of the calculated roots. In this

simple case, the mean frequency < w > and the corresponding

cos ({®)r, —{@}) =0, or, equivalently ()., (¢} = g+nk _

The physical meaning of the parameter of p10 is the following.
The higher value of this parameter signifies about the degree of
“uniformity” of the given TLS to a “white noise” and vice versa.
The minimal value of < w > informs about the predominant inf-

luence of low-frequency fluctuations.

These 10 parameters can characterize a specific “competition”
between positive and negative fluctuations. These parameters are
almost independent from each other and tends to minimal values
if the considered TLS tends to stable state.

How to combine these parameters with other 10 parameters
that characterize the 3D-Discrete Geometrical Invariant (DGI)
that was described in paper [16]? The answer is given below in

Appendix B.
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Derivation of the 3D-DGI(s) surfaces

We remind that the Discrete Geometrical Invariants (DGI) in
3D space [16] is derived from any arbitrary chosen 3N data points
forming the complete fourth order form including three variables
can be reduced to 13 independent parameters forming the feature
space of the corresponding dimension. These parameters includ-
ing the desired combinations of the integer moments and their
correlations up to the fourth order inclusive are proved to be very
sensitive and general in order to compare one random sequence
with another one. Besides, these 13 parameters extracted from the
considered random sequence represent themselves a specific “fin-
gerprint” for observing the evolution of random sequence in time
or against another external factor as concentration, electromag-
net/acoustic field intensity etc., in 3D space. This reduction proce-
dure reminds a procedure used in the statistical mechanics when
with the help of theGibbs partition function 3N trajectories of the
microscopic particles are reduced to a finite set of thermodynamic
parameters. Actually, the 3D-DGI(s) method realizes a similar pro-
cedure, i.e., it reduces 3N combination of an arbitrary random data
points to 13 quantitative parameters forming the specific feature
space. We want to stress here that this reduction procedure does
not use any model and actually it is “universal”. Besides, it does not
contain any treatment errors as well and keeps only the measure-
ment errors. Let us consider the completer power-law form of the
4-th order:

L(;:) = Ai:fm(.)’l 77‘1%)4 +Ai§=0) (yz - rz;rf +A4E3=0) (ys 77‘3,%)4 -
2 2 2 2
_82(;2)(.);1_ 1%) '(yz_rzfc) _Bz%a)(yl_nk) '(ya_rait) -
2 2
732(5:3)(3’27 2;;) '(Y37r3k) +
2
+C;(121=3)(y1— 1:::) '(yz_rzk)'(ys_rafc)"'
+ szgj)(l"b _rzk)z '(Jfl_’i;c)'(J’s —r )+
+C231(11;2)(y3*r3k)2'(ylfrik)'(yz*rzk)*
1 2 2
75D3(i=2)(3"17’”1%)'(3;27"2,%)[(}"17”1&) +(Y27"2;r) :|*
1
*EDEJ)(J’H*rlfr)'(yafrak)[(yl*rla't)z+(y3*r3;t)2]*
1
7§D3(f;3)(3"27’”2,%)'(3;37’”3&)[(}’27’”2&)2+(J"37'§k)2:|-

(B1)
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In expression (B1) the upper indices define the combination of
the variables ya (a=1,2,3) fixing the location of an arbitrary point
M(y1,y2,y3) in 3D-space, the low indices determine the values of
the power-law exponents that correspond to the algebraic form
of the fourth order. The choice of the sign combination (%) before
the constants in (B1) will be explained below. Three random se-
quences are determined by the values rak (a=1,2,3; k=1,2,..,N).
Expression (B1) represents itself the complete form of the fourth
order that contains the combination of three variables associated
with an arbitrary point M(y,,y,,y,) and three arbitrary sequences

rak. The desired DGI is obtained from the following requirement

<o

N Z L’ =1,
=i . (B2)

In order to remove in expression (B2) the cubic terms we intro-

duce the variables

1
A O N
= (B3)

and nullify the linear terms. This requirement helps us to sepa-
rate the desired variables Ya from each otherand keep only the
terms of the second and fourth orders, correspondingly. In order to
decrease the number of constants in (B2) and derive the DGI not
depending on some additional constants one defines three keyra-
tio constants R(O‘:B), where (a,8) = (1,2), (1,3), (2,3)

R(“’ﬁ) _ B(“ﬁ) _ C’!(“ﬁ) _ D(“ﬁ)
A A A
AP =AY =AY =4 0 py=123.

>

(84)

It is convenient also to introduce the following notations for
the integer moments and theirintercorrelations and present them

in the form

0, =%§((mﬂ)’” (m;k)"(mu)’)z«m& ¥ (An) (A, )’>,
azPzy. (o.py)=L23.

(B5)

In the result of the introduced notations (B4) and (B5), the sys-
tem of linear equations for the finding of unknown ratios R(%B)
from the nullification requirement of the entering linear terms ac-

cepts the form
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3 1 2
|:2sz1 _Q_m +EQ:11 +EQ22::"RH '+

o+

[ 3 1 2,
29331 - Qs:z +E qu + EQm] R - 2Q321 R = ‘j'Qm:

[ —

3 1 P
2Q:u _Q_m +EQ}:1 "’EQ]M]'RC1 ’—ZQ_m R+

o

I 3 1 5,
2Q332 - lel +E QSH + E QSSS] 'Rc . = 4Q2215

2 3 1
_293:1 'R(]: '+ |:2Q311 _Qm +EQ331 +E Qlll] . Ru ¥ +

o

| 3 1 3
204, 7Q;11+EQ331 +EQ111] R =40y

The linear system of equations helps to reduce 3 moments (Q,..,
Q,,, Q,;,) and 7 intercorrelations of the third order (Q,,,, Q,,,, Q,,,
Q,,1 Quapr Q10 Q) to calculation of three unknown ratios R(%P) only.
We should notice also that the combination of the algebraic signs
in (A1) is chosen in that way for the keeping of the partial solution
R=1 of system (B6) in the case when all three random sequences

rak is identical to each other, i.e. r,=r, =r,.ltis natural to define

2k
it as the case of spherical symmetry. If only two sequences coin-
cide with other (for example, r;, =, #r, )ie, we deal with the
case of the cylindrical symmetry, then the linear system (6) is re-
duced to the couple of linear equations relatively the variables R"?

# R*=R®”. The number of triple correlations equals four in this

case (Q,;;, Q15 Qpp Quzz)-

The system of equations (B6) facilitates considerably the fur-
ther calculations. After averaging procedure applied to expression
(B2) the structure of the fourth order form can be rewritten as
K4 (Y1'Y2'Y3) + Kz (Y1'Y2'Y3) = I4

(B7)

We chose the value of the invariant 14 as the double value of
the free constant figuring in the left- hand side of (B7). After some
algebraic manipulations the fourth and the second order forms en-
tering to the left-hand side can be presented as

-

K4(Y1.~Y25Y3):Y14+Y24+Y34 +R(H)Ylyz \‘Y; 7%(Y1+Y1) “+

, 1 2 2 o 1 2
+RYTY | I -~ (L +L) [+ RVVLL| I -— (5L +1,)
t 2 . 2 (88
a)
Ky (G0 F) = 4y + A0y + 4577 +
+ AV + A HY 4 Ay Y. (B8h)
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The Constants A, figuring in expression (B8b) are defined as

3 2 3 2
4, =60, — [Q:: + 2 Oy }R(]'A) - [ O+ 2 o, }Ra}) + Qs:R(‘ 2,
3 (L.2) 1.3 3 (2.3
Ay =60, — Qu"'EQu R+ 0, R — st"’ngz R,
— .2 3 (13) 3 (2.3)
e 6Q33 + Qle - Qu +EQs] R - Q:z +E Qs: R 2
3 3 (12) (L3) (2.3)
A== 4Q21+£Qu +EQ1: =05 |[RTH20,R 20, R,
12) 3 3 (13 (23)
4= ZQszR - 4931 + EQu +E Q33 _Q:: R + 2Q1:R >

Ay :szle.h "'ZQHRH3> _[4Q3: +§Q;: +EQ33 -0y JRQ'S:-
2 2 (Bg)

The Constant I, (defined by 3 moments and 12 intercorrela-
tions of the fourth order) figuring in theright-hand side of (B7) is

defined as
_ 1 1 12)
14 - Qllll + Q:x: + Qsm - Q::n - Qsz:l + E Q:ln + 5 sz R -

1 1 13
*[szn — O +5 O +EQ3331 JRC 7

1 1 2
—[sz -0 +£Q3m +5Q333: JRC =

(B10)

It is interesting to notice that in the case of the spherical sym-
metry (r, =r, =r,) all correlations coincidewith each other and
the value of 14 equals zero. The form of the fourth order (B7) ad-
mits the separation of the variables in the spherical system of coor-
dinates. If one accepts the conventional notations:

v, =(y1)+ Rsin6cos o,
¥, = <yg >+ R sin Bsin o,
¥3=(ys )+ Reosb,
0<0<m0=<0@<2m, (B11)
then substitution of these variables into (B7) leads to the

following biquadratic equation relatively the unknown radius

R(6,4)

[R(G,q))T+[EE2’$;][R(G,¢)]Z— L___,
LA (B12a)

The desired solution (R(6, ¢) > 0) is written as
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JB (8.9)+41,-P,(6.9) - B, (6. ‘PJT
2P, (6.9)

R(G,@)={

(812b)
The polynomials P24(8.¢) entering in (B12) are defined by the following expressions

P,(6.¢)=sin"6-cos’ +sin'0-sin’ p+cos’ 6+
-2
+R"sin> Bsin g cos (p|:C052 - sz

0, . 2:|
(sing+cosp) |+
+R" sin Bcos COSq{SiHZ fsin’ cpf%(sin Bcoso+ cosﬂ)2] +

+R"™ 5in 0 cos Bsin Lp[sin2 Ocos’ (pf%(siu Osin ¢ + cos 9)2]
(B13a)
P, (6.0)=4,5in*(8)cos’ (@) + 4, sin® (0)sin’ (@) + 4;; cos” (8) +
+4,, sin* (0)sin (@) cos(@)+ 45 sin (0) cos(0) cos( o) + 4,; sin () cos(0)sin (o).

(B13b)

The last expressions (B11)-(B13) determine the final form of the
DGI in 3D-space. It includes three surfaces determined by expres-
sions (B11). The further analysis shows that expression (B12b)
equals zero (becausel4 = 0) in the case of the coincidence of three
=r, ). The radius R(6,¢) can
contain the complex expression when the integrand in (B12b) be-

compared random sequences (r,, =T,
comes negative. It accepts the negative values when the constant 14
in the most cases defined by expression (B10) becomes negative. In

this case, it is convenient to rewrite expressions (B11) in the form

vo={nh+ |R(G. (p)|Si11 fcosq,
¥2 = {3} +[R(8.0)[sinBsin .
= (5 R(0 g)feost

[R(8.0)] = Re(R (6.¢)) + Im (R (6.9)).

0<8<m 0<p<2m (B14a)

Three other imaginary” surfaces (when 14 < 0) can be necessary

for more detailed analysis

Y1 =Im(R (¢, 8)) cos(dp)sin (0),
Y2 =Im(R (¢, 8)) sin (d)sin (0),
Y3 = Im(R (¢,0)) cos(8)

0<dp<2m 0<O<. (B14b)

For convenience of a potential reader, we reproduce the basic

28
expressions that will help us to combine these two methods. At-
tentive analysis shows that 3 parameters R(%B) derived from the
system (B6) and corresponding to correlations of the third order,
enter only in the polynomials of the P4(8,¢) from (B13a). Six cor-
relations of the second order enter only to polynomial of the
second order P,(6,¢) from (B13b). Therefore, if one adds the invari-
ant of the 4-th order from (B10) then we obtain 10 parameters then
can be identified with 10 parameters following from the CAPoNeF
method. Based on these 10 parameters one can determine only one
surface for R(6,¢p) that is defined by relationship (B12b). We want
to stress here that the 3D-DGI method is turned to be very flexible
because it allows to use any 10 or 13 parameters (irrespective of
their obtained sources) for construction of the desired 3D-surface
in the significance space of the chosen parameters. We want to
stress here again that the final expressions (B14) and (B15) do not
use any model assumptions and are determined completely by the

measured data together with their measurement errors only.
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ment for a preliminary assessment of the correctness of the choice
of the values of the corresponding components. This preliminary
analysis showed high accuracy of the system functioning. This is
necessary, among other things, in order to get a theoretical unders-

tanding of the behavior of our system.

The next task was to carry out measurements (Figure 1b-1d).
When measuring several computing components (devices, sen-
sors, chips), there are two possible connection schemes - serial
and parallel. In our work, we applied the first method in which the
signals from each sensor are taken in turn. In this case,there is a
problem of ensuring the identity of external conditions (tempera-
ture, pressure, humidity, illumination, etc.), as well as to exclude
the influence of the experimental installation itself on the sensor

output signals.

Data processing took place in the LabVIEW program manufa-
ctured by National Instruments (it is worth noting that Elvis was
developed by the same company, which ensures their full compa-
tibility). The built-in ELVIS was used as an ADC with a sampling
rate of 1.25 MS/s and a resolution of 16 bits. The application of the
filtration procedure allowed to eliminate interfering factors and ob-
tain smoother results. The filtration range was determined experi-

mentally.

The diagram of the assembled experimental setup using the EL-
VIS working platform is shown below in Figure 1a. The study was
conducted as follows. Amplifier noise was measured alternately
using the board shown in Figure 1b, the results were recorded in
the program. Each measurement was carried out with a small time
interval to give the transistors a “rest” and cool down. To exclude
external influences, the measuring board was closed with a metal
box. To exclude external interference, the installation (including the

metal box) was grounded (Figure 1c).

Signal processing procedure and the proposed algorithm
The differentiation of filtered and non-filtered data recorded
for the OAs

In this section, we want to compose the merits of two methods
described in the Mathematical Appendices A and B. A typical noise,
recorded from the chip mentioned in the previous section is shown
in figure 2. The basic aim of the treatment procedure is to find sig-
nificant differences between nonfiltered and filtered data. The tre-

atment algorithm is simple.

29

Figure 1: Experimental details: (a) Electrical diagram of the
measured experimental circuit; (b) An ELVIS workstation with a
measuring board installed on it; (c) A metal box that minimizes

external interference, it can be noted that the box, like the installa-

tion, is grounded; (d) A workplace for conducting the experiment.

—— Non_FLtd_Data
—— FLtd_Data

04+
02

0.0+

0,2

Filtered and NonFiltered Data of OA-1st column

00 05 1.0
X()=iN

Figure 2: If we put the same signals (filtered - shown by black
lines) and nonfiltered together then one can notice that they are
similar to each other. However, some reduced parameters enable

to differentiate them.
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Based on the CAPoNeF method one transforms the initial data
represented in the form of NxM rectangle matrix to the 10 param-
eters p1-p10. In the result of this transformation, we obtain the re-

duced matrix PxM.

The second stage is to extract only three extreme parameters

from all set of columns (max(M), mean(M), min(M), where M counts

all possible columns. In the result of this simple procedure we ob-
tain the reduced matrix P (p = 1,2,..,10) x E (max(M), mean(M),
min(M)) of the size (10°3). These 2 reduced matrices obtained for
the OA(s) are shown in tables 1 and 2.

Maximal values

Mean values

Minimal values

pl = 2.85200x1071(-1)

1.35413x10-1(-1)

5.50126x10-2(-2)

p2 =7.30000x1071(-1)

6.44033x10-1(-1)

5.65000x10-1(-1)

p3 = 6.49470x1072(-2)

-3.25919x10-3(-3)

-7.29551x10-2.(-2)

p4 = 2.23135x102(2)

2.15190x102(2)

2.03618x102.(2)

p5 =-2.05498x1072(-2)

-1.86604x10-1(-1)

-3.09987x10-1.(-1)

p6 = 5.80000x101(1)

7.86667x100(0)

-6.20000x101.(1)

p7 =3.72541x1072(-2)

3.59329x10-2(-2)

3.39970x10-2-(-2)

p8 =5.84421x100(0)

4,99724x100(0)

4.38371x100.(0)

p9 = 1.19130x100(0)

-2.78621x10-1(-1)

-1.66859x100-(0)

p10 = 4.19437x103(3)

3.88713x103(3)

3.71354x103-(3)

Table 1: Reduced Table that it was obtained for nonfiltered data.

Maximal values

Mean values

Minimal values

pl =3.80768 107 (-5)

-1.29759 10-6 (-6)

-5.48296 10-5 (-5)

p2 =6.14000 10°1 (-1)

5.2153310-1 (-1)

4.59000 10-1 (-1)

p3 =6.99778 102 (-2)

1.06026 10-2 (-2)

-5.60384 10-2 (-2)

p4 = 1.83841 102 (2)

1.75657 102 (2)

1.66191 102 (2)

p5

=-2.294711071 (-1)

-2.6076810-1 (-1)

-3.06981 10-1 (-1)

p6 =5.00000 101 (1)

-1.60000 100 (0)

-6.20000 101 (1)

p7 =3.07007 102 (2)

2.9331910-2 (-2)

2.7747110-2 (-2)

p8 = 1.14964 100 (0)

8.89650 10-1 (-1)

7.5582410-1 (-1)

p9 =3.31283 101 (-1)

-7.5735510-3 (-3)

-3.02367 10-1 (-1)

p10 =5.01350 103 (3)

487626 103 (3)

466314103 (3)

Table 2: Reduced Table that it was obtained for filtered data.
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Comments to the Tables. The first six parameters are related to
correlations of the second order, other three parameters p7-p9 are
associated with correlations of the third order and, finally, p10 is

associated with the correlations of the 4-th order.

Itis interesting to know which part of the number [Nm = ex 104]
(order of the number d or its mantissa e (having 5 significant dig-
its) is the most significant in construction of the 3D-DGI surface.
Actually, for each column in Tables 1,2 one can receive two surfaces
that can be used for differentiation of filtered noise from unfiltered.
The first six parameters p1-p6 will be used for calculations of the
correlations of the second order, then parameters p7-p9 determine
the correlations of the third order and, finally, the last parameter
p10 is associated with the correlations of the 4-th order. We can-
not show all 2(e,d)"3(E- columns) 2 (nonfltd/fltd) = 12 surfaces. At-
tentive analysis shows that the surfaces based on the usage of the
orders 104 can differentiate easily the (non) filtered data from each
other. See Figures. 3-10 for comparison. One can notice that the
maximal and minimal values of the surfaces are more significant;
they detect easily the difference between non-filtered and filtered
data. One can notice also that the order of a number is more sensi-

tive in comparison of its mantissa.

Color Scale Title
2530

2.3%

Figure 3: This surface is used the orders of max values

corresponding to the nonfiltered data.
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Figure 6: This surface is used the orders of mean values corre-

Figure 4: This surface based on the orders of maximal values cor- ~ sponding to the filtered data. If one can compare these two sur-

responding to the filtered data. Comparison this surface with the ~ faces one can notice that these surfaces are identical and cannot

previous one shows that they are different. differentiate the differences between filtered and non-filtered data.
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Figure 5: This surface is used the orders of mean
values corresponding to the non-filtered data. Figure 7: This surface is used the orders of minimal

values corresponding to the non-filtered data.
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Figure 8: This surface is used the orders of minimal values corre-
sponding to the filtered data. Comparison of the last two surfaces
shows that they are quite different.
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Figure 9: This surface is based on the mantissa of maximal

values corresponding to the non-filtered data.
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Figure 10: This surface is based on the mantissa of maximal
values corresponding to the filtered data. Comparison of these
two surfaces shows that mantissa of the numbers is less sensi-

tive in comparison with orders of corresponding numbers. Small
differences are appeared in the distribution of the numeric values
of these surfaces. Other surfaces based on mantissa of mean and
minimal values, correspondingly, demonstrate the same behavior

and, therefore, they are not shown.

Analysis of acoustic data related to three types of waves.

As the second example, we consider the acoustic signals associ-
ated with sea waves. We downloaded these acoustic signals from
the site: “soundpunos.com”. Unfortunately, we do not have some
important details related to formation of these acoustic signals as
waves, in particular, the place (fixed depth) of the Mediterranean
Sea, where these acoustic signals were recorded, the wind force
and is velocity and other parameters that lead to formation of the
waves of the given intensity. We downloaded the signals for a “calm
(cw) - (law intensity), “tranquil “(tw) - (mean intensity) and “stor-
ming”(sw) - (high intensity) waves, correspondingly. For us it is
important only to highlight a certain “universality” of the method
applied to transformation of the initial TLS into 3D-DGI surface ba-
sed of the combined method described above.

Citation: RR Nigmatullin, et al. “Trendless Sequence as a New Source of Information: A Possibility to Present it in the Form of the Compact 3D-surface".

Acta Scientific Computer Sciences 5.4 (2023): 23-38.



Trendless Sequence as a New Source of Information: A Possibility to Present it in the Form of the Compact 3D-surface

‘— Acouslic data corresponding to "calm™ waves
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-4000 <

Acouslic data corresponding to "calm” waves

0.0 0:5 1,0
X=J/N (N=320000)

Figure 11: Here we demonstrate the acoustic signal

corresponding to "calm" sea containing 3.2.10° data points.

—— acoustic signals for "tranquil” waves
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Figure 12: The acoustic signal corresponding to

"tranquil" sea containing 5.0.10° data points.

—— acoustic signals corresponding to "storming” waves

4000
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Acoustic signals for “strorming” waves
o
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-4000 T T
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X=IN (N=10% data paints)

Figure 13: The acoustic signal corresponding to "storming" sea
containing 106 data points. Comparison of these acoustic signals
allows to notice the qualitative differences. In the "storming" state
the waves concentrate their energy in the amplitudes of the high
intensity, while for the waves that are in the "calm" and "tranquil"
states the energy of the waves are "fuzzy" or "dissolved" over all

amplitudes.
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In figures 11-13 we show the original data thatare obtained from
transformation of “wav” acoustic files into the text files. It can be
noticed that these original data contain interesting peculiarities.
Comparison of these acoustic signals allows to notice the qualitati-
ve differences. In the “storming” state the waves concentrate their
energy in the amplitudes of the high intensity, while for the waves
that are in the “calm” and “tranquil” states the energy of the wa-
ves becomes “fuzzy” and dissolved over all amplitudes. How many
3D-surfaces can reflect the state of the waves if we transform the
rectangle matrix (N = 100xM = N__./N) to the matrix P(P = 10) x
E (max(M), mean(M), min(M)) of the size (10°3)) containingonly
three columns? As it has been mentioned above for each column (if
we represent each number as Nm = ex10d) one can construct three
surfaces (Nm, e, d) having different sensitivity. Therefore, each co-
lumn will have three surfaces and each matrix will correspond to
9 surfaces. Finally, three matrices will give us 27 surfaces for more
careful analysis. We cannot give them all and only 9 surfaces (3°3) for
each selected wave (cw,tw,sw) corresponding to ten (Nm) numbers
(p1-p10) will be given. Each parameter pi is located in the interval
[min(pi), max(pi)]. These parameters are listed in Tables 3-5. The
most significant parameters p,, p,, p, are bolded. The figures 14-
16, 17-19, 20-22 demonstrate the surfaces for each type of waves
(cw,tw,sw) correspondingly. As one can notice that comparison of
surfaces corresponding to operational amplifiers with sea waves
is different. The reason of this difference, from our point of view,
is related to different contribution of parameters p,-p,  related to
construction of the last 9 surfaces. If the amplitudes become close
to each other their values become more noticeable, while for the
maximal and mean states the amplitudes distribution look more
“poor”. The surfaces corresponding to the values of mantissas (e)
and orders (d) that were used for TLS(s) of OA(s) have another ori-
gin. Therefore, we obtain interesting option for visual presentation
of trendless data or acoustic sea data (depicted in figures 14-22)
with a “hidden” trend.

Results and Discussion

The analysis of various sources and recent works [21-25] re-
lated to this area shows that the topicrelated to a noise data pro-
cessing becomes important today and finds wide application in
solving various applied tasks related to signal processing and the

construction of automated control systems.

In this paper we demonstrate the original combination of the
previously developed methods as CAPoNeF [15] and 3D-DGI met-

hod [16] in one efficient “instrument” that allows to transform ini-
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Maximal values

Mean values

Minimal values

3.49103x102

-1.02392x100

-3.37257x102

7.17679x103

2.87457x103

1.18957x103

1.10198x103

-3.34270x101

-1.95165x103

1.13018105 4.88655x104 1.69129x104
-5.06355x102 -1.43831x103 -3.56829x103
2.80000x101 -5.22293x10-1 -3.00000x101
5.85497x102 2.54744x102 8.88471x101
1.28436x101 6.88132x100 2.40581x100
5.77567x100 2.27785x10-1 -4.83263x100
1.42276x102 5.62900x101 6.00372x100

Table 3: The key parameters p1-p10 corresponding

to “calm” waves.

Maximal values

Mean values

Minimal values

1.49001x102

-4.63522x100

-1.21468x102

1.61104x104

7.20618x103

2.98412x103

4.95318x103

-1.22273x101

-2.69404x103

2.12010x105

1.03680x105

5.05657x104

-1.48311x103

-3.60772x103

-8.15029x103

1.20000x101

-7.17300x10-1

-1.80000x101

1.11265%x103

5.43346x102

2.65697x102

1.88315x100

1.12578x100

6.86864x10-1

9.58175x10-1

1.54240%x10-2

-8.10886x10-1

2.43011x102

1.87150x102

1.25605x102

Table 4: The key parameters p1-p10 corresponding to

“tranquil” waves.
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Color Scale Title
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Figure 14: 3D-surface corresponding to the maximal

amplitudes for "calm" waves.
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Figure 15: 3D-surface corresponding to the mean

amplitudes for "calm" waves.
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Figure 16: 3D-surface corresponding to the minimal amplitudes  Figure 18: 3D-surface corresponding to the mean amplitudes for
for "calm" waves. Comparison of these three surfaces demonstrates
clearly one peculiarity. More "rich" distribution of the amplitudes

is observed for the surface corresponding to the minimal values.

"tranquil" waves.

Their distribution of the heights shown on the right has the am- g - Color Scale Title

plitudes with higher values in comparison with the surfaces with f__#_,_) [
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mean and maximal values. . | o
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Figure 19: 3D-surface corresponding to the minimal amplitudes
for "tranquil” waves. Comparison of the surfaces shown in figures
17-19 confirms the same peculiarity. More "rich" distribution of
= the amplitudes is observed for the surface corresponding to the

minimal values.

Figure 17: 3D-surface corresponding to the maximal amplitudes

for "tranquil” waves.

Citation: RR Nigmatullin, et al. “Trendless Sequence as a New Source of Information: A Possibility to Present it in the Form of the Compact 3D-surface".
Acta Scientific Computer Sciences 5.4 (2023): 23-38.



Trendless Sequence as a New Source of Information: A Possibility to Present it in the Form of the Compact 3D-surface

36

Color Scale Title ) = Color Scale Title

- 2150 T 945.0
,..:f--- 2 - | 1935 8505
20007 == L1720 7560
= 1505 6615
1290 5670
1075 4725
£ - 8600 E - 3780
n:: g 6450 2 2835
;f'. - 430,0 g 1880
t~2150 94,50
e — 0,000 e 0,000
Figure 20: 3D-surface corresponding to the maximal Figure 22: 3D-surface corresponding to the minimal amplitudes
amplitudes for "storming" waves. for "storming" waves. Comparison of the surfaces shown in the
previous figures confirms the same conclusion. More "rich" distri-
bution of the amplitudes is observed for the surface correspond-
= * Color Scale Tith ing to the minimal values.
e — 1018
"? T 9135
"""i 8120
‘ s Maximal values Mean values Minimal values
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Figure 21: 3D-surface corresponding to the mean

amplitudes for "storming" waves.

5.96314x104

1.33667x104

2.51879x103

-9.10990x101

-4.85594x102

-2.33242x103

1.60000x101

-5.20408x10-1

-2.00000x101

3.14379x102

7.01898x101

1.32219x101

4.12472x100

1.79398x100

8.03985x10-1

1.55555x100

3.08292x10-2

-1.35269x100

2.38450x102

1.82863x102

1.30930x102

Table 5: The key parameters p1-p10 corresponding to

“storming” waves.
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tial rectangle matrix N(number of data points)xM (number of co-
lumns) to the compact matrix P(= 10 number of parameters)xE(=
3 extreme values). Then this compact matrix can be transformed to
a finite set of 3D- surfaces. One can note that from one column of the
matrix E, i.e. (max(M), mean(M), min(M)) one can receive at least
three surfaces if one notice that any number forming a column can
be written in the form (Nm = ex109), where e is mantissa, d -is the
order of the given number. The triple of numbers (Nm, e, d) - has
different sensitivity and, therefore, the formed surfaces will have

different forms.

These surfaces were applied to differentiation of filtered from
nonfiltered data of the OAs. As it was turned out the surfaces for-
med from the orders (d) of from minimal and maximal values dif-
ferentiate the filtered from nonfiltered data. The surfaces formed

from mantissas have minimal differences.

As the second example we considered the marine acoustic data
having hidden/(quasi-horizontal)trends. Application of the propo-
sed method to these type of data helps to represent initial data in

the visual forms (Figures 14-22).

We would like to stress again that initial “big data” contained
matrices of the large dimensions (N = 105-106) x(M = 102-103) in
many cases can be compressed to very compact matrices 10x3 with
keepingof the influence of external factors that initially “dissolved”

in “big data”.

This paper is the first example of such kind. The authors will plan
to apply this combination to other data, in particular, to “noisy” data
related to production of chips and other devices, to detection of
hacker attacks on the communications represented in the form of
TLS(s), selection of the measuring device closest to the reference

sample and etc.

Conclusion
In this final section we want to underline some key points that
be associated with TLSs.

e Anybigdatarepresented in the form of rectangle matrices NxM
can be reduced to matrices P(P = 10)x3.

e The reduced matrix can be presented in the form of 3D sur-
faces, having different sensitivities to the “hidden” external

factors.
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e The proposed method is universal and can be applied to any
TLS. The selected 10 parameters are statistically significant
and efficiency of the proposed methodology is demonstrated

by the authors on available data.
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