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ABSTRACT

Ukhina H.V.Models and methods to increase the frequatependent
components efficiency of computeyssems.- Qualifying scientific work on the
manuscript.

Thesis for the PhD degree in specialty 128omputer Engineering. Odesa
NationalPolytechnic University, Ods, 2020.

The introduction considers systems in which there is a problem of using
computer systems components that can comprehensively or separately restructu
their characteristics by software and hardware depending on the operating condition
to improve system efficiency. Fora@axple, unmanned aerial vehicles (UAVS) have
systems for determining safe landing heights, and ground platforms have devices fc
determining the distance to an obstacle. Also in the internal combustion engines o
modern cars, such components are used &ymete the detonation in the engine.

However, in the considered computer systems, which operate in real time, the
existing approaches have time constraints, which has an impact on systen
efficiency.

Therefore, the task of computer systems components tgildnat can
comprehensively or separately restructure their characteristics by software ant
hardware, depending on the operating conditions is relevant. Also, to increase th
frequencydependent components (FDC) efficiency, it is necessary to develop
methals for tuning, assessing the stability and duration of the transition process witr
reduced computational costs.

The computer system components efficiency is defined as the reduction of
computing costs in the restructuring due to the fact that such syspemnae in real
time with limited computing resources and limited power

Thefirst section considers the existing FDC models, their restructuring methods,
assessing the stability and duration of the transition process methods. The

computational costs foheir implementation are calculated. It was found that:
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1. Methods, algorithms and direct methods procedures of tuning, frequency
conversion are much more difficult to calculate in real time.

2. When applying signal frequency conversion, there is a needninate
unnecessary copy of the spectrum, as well as filtering tiwalkad mirror channel,
and this is an additional hardware or software cost. To eliminate these frequencies
you can use a controlled LP or HP with an octave change in the cutoff frggquenc
which, however, requires additional computational costs.

3. The implementation of these methods requires a large number of operations
and therefore they have high computational costs, which complicates their use i
reattime systems.

Based on thighere is a need to develop the restructuring the frequegcgndent
components method with reduced computing costs, which makes it possible tc
increase the FDC efficiency.

In thesecond sectiorhe transfer functions and FDC frequency characteristics of
the Butterworth, Chebyshev, Chebyshev inverse and elliptical first and second
orders analysis is carried out. The analysis is showed that:

1. The amplituddrequency and phase responses of different typesofidetr LP
and HP have approximately the samearelteristics. Significant changes in
characteristics are manifested in the second order.

2. The amplituddrequency and phase responses of different types first order BP
and SP, which are described by the second order transfer functions, hav
approximatey the same characteristics. Significant changes in the characteristics are
manifested in the second order when describing the fourth order transfer function.

3. For the LP and HP firgirder transfer functions, the numerator coefficients are
equalla,| =|a, but for LP isa, = a and for HP isa, = 4,
4. For the LP and HP secoondder transfer functions, the numerator coefficients

are equal, = a,, and the coefficien, can take different values.
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5. The same picture is found for the BP and SP first order, when the numerato

coefficients are equad, = a,, the coefficienta, for BP is zeroa, =0, and for SP
has different valueg, = 0.

As a result, the components specific mathematical models were obtained, whicl
take into account the peculiarities of their frequency characteristics, which allows to
structure theitransfer functions.

Thus, the thesis research second task, the developing of nevaridstecond
order FDC mathematical models, which reflect the components frequency
characteristics, is completed.

We can formulate the first point of scientific novelty:

For the first time the frequenaependent components mathematical models are
constructed, which, in contrast to the existing ones, take into account the
peculiarities of their frequency characteristics, which allows to offer tuning methods
with reduced coputational costs based on finding the transfer function coefficients
at given cutoff frequencies.

In thethird section, the transfer functions coefficients calculation formulas are
obtained, based on new mathematical models. This allows us to indicateetha
channels construction for processing and filtering signals in a computer systen
should be built on the combination of leswder FDC for better components
adjustment and controllability. In this case, you can dramatically reduce the
computational costo recalculate the components coefficients and rebuild all the
components simultaneously or in parts.

If we compare the calculation formulas for LP and HP, it is recommended to build
BP and SP by sequential connection of these LP and HP. In this case, som
coefficients are suitable for both LP and HP, which allows in real time to reduce the
computational costs to find new coefficients.

- LP
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The components phase response study showed that thleeecistoff frequency
dependence on the level of component oscillation. The dependencies complexity he
led to the need for functional approximation with a technical error that satisfies the
implementation

exg1+0.1666¢) +0.008'( 1 +0.0244) ¢
— _M]X = g} 5 -
& (1+ 0.5 ) +0.041% ( 1 +o.o336)

As a result, the formusafor calculating the transfer functions coefficients with
reduced computational costs due to the "constants"” conversion or an additional valu
are obtained.

For example, the equation for finding the coefficient of the LP-@irder transfer

function promun has the form

é [} é -1 6 C
T 2c%sifges @ cos% 07 ¢
b= 41 ¢ & i e ¢
1 2 a c & H l'? @ -
; C- coszag ? sin 6
| ¢ - % - B
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and after the additional value introductisr 2arcco¢c), 0<c < we can write

The equations for finding the Chebyshev type LP searddr transfefunction
coefficients have the form
2l 1 eof W) s
2177 {1 eof ) Hif

b,)

8
I,

i e — (- _
n= 0 m)eofir) G2 aif) ¢
|

1

7

{

T

f

It is advisable the value‘a% ,2/1+ F andcp refer to constants, calculate them

in advance (at the design and implementation stage) and write them down ir

memory.If you enter new notations for these values

A=f,B =},D 2/1 AE %’:,
then these equations will take the form
_ D+(1 mos(Wc)) Asir(_vg)
D+(1 mos(Wc)) Asir(_vg)’
b= 1 B)cofw) Bf1 b)sifw) g
18,=EL 0)(1 eofw)) B(1 b}sifu) 2 Eg=1 b) b

ra,=2a,,
fa, = a,

b,

—r——) =) =) = (D:

Thus, the thesis research third task, the development of the restructuring with
reduced computational costs method is completed.

We can formulate the second point of scientific novelty:
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The adjustment method with reduced computational costs due 'tcotngtants"
conversion or an additional value was developed, which allowed to obtain analytica
expressions for the transfer functions coefficients.

Thefourth section analyzes the stability, coefficients bit representation and the
transition process dumnthe FDC restructuring. The study showed that when
designing such FDCs, it is necessary to take into account these indicators dependir
on the adjustment range and the FDC type.

The stability study to estimate the change limits in the FDC coefficientgeab
the second order showed that it is necessary on the basis of

m n!

o=

" m(n- m

to determine the characteristic equation coefficients limit vatunes multiply
them by the correction factors that are determined in the thesis research. Th
obtained valuesare the limits of the components stability when the denominator
coefficients change. This greatly facilitates the stability assessment when adjusting
the transfer function coefficients.

The study of the second order denominator coefficiem@nge in the bit
representation showed that it is possible to go beyond stability, this necessitate
checking the FDC stability at a given coefficients bit representation and a given
coefficients range.

In the FDC transients during the restructuring gtuglations are obtained that
allow us to estimate the transient process upper limit depending on the relative cutof

frequency and the FDC order.
A
N :E bﬂ b’-|-
2 1- b,
wherea andb are real numberdka <8;2 & 4), b is complex root module

or real root moduleQ<bH 4.
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As a result, the conducted researches on above the second order FDC stability tt
relations allowing toestimate FDC stability at adjustment with the minimum
computing expenses are received.

Thus, the thesis research performed fourth task, development of a method fo
assessing stability with reduced computational costs is completed.

We can formulate the thdrpoint of scientific novelty:

The stability estimation with reduced computational costs method for FDC above
the second order was further developed on the Jury method basis by compiling
equations from even and odd degrees of the transfer function chiatexcéguation,
as well as coefficients that adjust the stability triangle, which reduced stability
estimation time.

As a result, the transient process during the FDC restructuring research, th
transient process upper limit was estimated.

Thus, thethesis research fifth task, the development of the transient process
estimation method at reorganization with the reduced computing expenses i
executed.

We can formulate the fourth point of scientific novelty:

The estimating the transition process duratioth reduced computational costs
method for loworder FDC due to the use of the transfer function coefficients during
the restructuring has been further developed, which simplifies the procedure for
estimating the transition process duration.

In thefift h section the obtained results evaluation is evaluated. The operations
number for the component restructuring implementation, the stability assessmen
and the transition process duration, the results are compared with existing method:
IntelQuark X1000 40 MHz was selected fagvaluation;the results are shown in
table 1.
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The estimatingtability improved methodomputational cost is 43% less than the
Jury method, and the advanced method of estimating the transition procassn
is 28% less.

Table 1. @mputational costs (CC)

Method FDC Order Type CcC
Variable LP/HP first 75
replacement second 140

BP/SP first 140
Improved methoq LP/HP first 65
second Butterworth 69
Chebishev 93
Chebyshev 96
inv.
elliptic 96
BP/SP first 114/125

The obtained results were tested experimentally using Intel NUC. Based on the
obtained results, it follows that the improved method is 27% more effective foer first
order LP and HP, 29%for second order LP and HP and 13%or BP and SP.

Thus, the thesisesearch purpose is achieved and the sixth task is performed,
conducting an experimental study of the developed methods for estimating
computational costs.

Keywords: the frequenegiependent component restructuring, system stability,
transmission functioncoefficients, frequency characteristics, cutoff frequency,
ripple level, transient process, computational costs.
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