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ABSTRACT

Context. When constructing specialized and programmable mobile systems, there arises the problem of system restructuring, un-
der system functioning conditions breach because of changes in the noise-signaling environment or the system operating conditions.
Any rearrangement of the system’s digital frequency-dependent components leads to the occurrence of transient process, which dura-
tion is determined by the components characteristics. The traditional approach to the transient process analysis refers to the zero ini-
tial conditions, however, the intelligent sensors and specialized computer systems operation as well as parameters adjustment as well
as other system components can be performed under non-zero initial conditions. This implies the need for a large number of compu-
tations, not feasible sometimes in real time. Here essential is to assess the duration of process’ transition to readjustment process to
provide the system operability under new conditions.

Objective. To estimate the transient process’ maximum duration when rearrangement, to determine the possible rearrangements
range and width, taking into account the system stability.

Method. This research carrying out improved is the indirect method of transient process duration estimating by the transfer func-
tion poles simplifying the irrational function expansion.

Results. The effected analysis with relevant modeling and theoretical verification allowed obtaining relations to estimate the
transient process maximum duration and to determine possible modifications range and width taking into account the system stabil-
ity. Upon research results we built the dependencies of transient process duration onto the cutoff respective frequency. Simplified is
the representation of relation used to determine the transient process length at the expense of decomposing into order series.

Conclusions. The results obtained allow us to estimate the transient process duration upper limit by improving the indirect
method of estimating the transient process duration along the transfer function poles, while simplifying the irrational function expan-
sion, that making possible, before the rearrangement beginning, considering the given new relative cutoff frequency and the compo-
nent order, to predict the component stability afterwards. From a practical point of view, this reduces the calculations amount and due
to the predicted result, increases the specialized computer system overall and by-components efficiency for specified performance
criteria. The results obtained are applicable to the design of computer systems’ microprocessor components.

KEYWORDS: filtering, intelligent sensors, transient process duration analysis, filter parameters rearrangement.

ABBREVIATIONS
DTC — discrete transient characteristics;
LO FDDC — low-order frequency-dependent digital
components;
LPF — low-pass filter.

NOMENCLATURE
trp — transient process time;

ab — real coefficients;

N —transient process duration;

A — constant depending on the initial conditions at an
equivalent relative damping constant T;

B — complex root modulus;

1 — relative damping constant;

¢ — relative cutoff frequency;

H(z) — transfer function;

T — quantification period;

f4 — linear discretisation frequency;
f —linear cutoff frequency;

z — complex variable;
A — some given number.

INTRODUCTION
A rapid microprocessor equipment development, its
computational power growth, along to the cost decrease,
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enabled modern microprocessors’ incorporation into vari-
ous specialized computer systems components. The com-
bination of a measuring transducer and a microprocessor
at such systems allows performing basic operations to
transform and increase the measurement information reli-
ability at those data origination point [1-6]. Such sensors
are called smart sensors.

In accordance with the Fieldbus Foundation ideology and
t standard, typical algorithms for measurement information
processing (filtration, scaling, linearization, etc.), control and
regulation are transferred to the lowest control level; this one
of intelligent sensors and actuators [1, 4-6]. For example, the
choice of filters and their parameters in accordance with the
interference characteristics is based on the sensor signal
analysis or the control command.

Such situation involves the need to develop adjustable
LO FDDC, because their connection considering it is pos-
sible to construct a FDDC of any order. It should be noted
that the FDDC concept is broader than this one of digital
filter. Such structure of an adjustable high-order digital
filter allows much easier tuning and rearrangement [7, 8].

1 PROBLEM STATEMENT
The operating conditions at an intelligent sensor may
vary. When some operating conditions change the filter
shall readjust to control these changes in accordance with
the specified criterion. If the changes are slow, i.e. occur
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over time exceeding the filter transient process duration,
the filter, as a rule, is tracking them [9, 10]. The change
speed increasing the adjustable filter efficiency will de-
crease, because the filter does not have time enough to
fully retune during that change time (in this case, its tran-
sient process has not been ended).

Then, there arises the problem of analyzing the tran-
sient process duration and type, as well as estimating the
similar LO FDDCs; transient process maximum duration
when the transfer functions coefficients are rearranged.

2 REVIEW OF THE LITERATURE

It is known from the systems theory that the transient
process duration is most often determined by the transfer
function root at minimal real part [11-15]. A classical
approach to the transient process duration analysis of the
implies zero initial conditions. However, the operation of
intelligent sensors, specialized computer systems, and
parameters adjustment can occur even under non-zero
initial conditions. Such an analysis is rather complicated
and requires large calculations with different variants of
the transient process, which sometimes is not feasible in
real time.

When creating intelligent sensors and specialized
computer systems, which include a large number of com-
ponents, such an analysis is rather problematic. Therefore,
several authors suggest setting, at the design stage, the
system critical frequency, that shall be higher than the
frequency of possible interference or effects on the system
[11, 16].

In addition, it is proposed to estimate not the time of
the transient itself, but only the exponential time constant,
serving to approximate the transient process or time of the
studied transient process [16].

When engineering analysis of the system, it is proposed
to take as the first approximation departing point the tran-
sient process duration at zero initial conditions [17].

Since basically systems operate under non-stationary
conditions, several foreign authors suggest analyzing the
quasi-stationary duration, for example, based on statistical
linearization methods. In this case, the quasi-stationary
regions should overpass the system transient process du-
ration [18].

All these approaches determine the range of possible
changes or rearrangements when system adaptation or
restructuring takes place.

Works [19, 20] expose results of transient processes’
analysis for digital automatic control systems.

Usually, the transient process quality is estimated by
direct or indirect indicators [12]. Direct indicators charac-
terize immediately the transition process itself, as a re-
sponse to a typical impact (usually stepwise). Indirect
indicators evaluate the transient process by locating the
characteristic equation roots or the poles of the transfer
function, according to the system frequency characteris-
tics or integral estimates. In general, the transient process
quality is affected by both the transfer function’s poles
and zeros location.

3 MATERIALS AND METHODS

To analyse the transient process, we use the discrete
transition characteristic (DTC) influenced by the 5-pulse,
thus analysing the transient process free component and
the single step response, as well as the studied transient
process forced component [10, 20-21].

The transient process duration is defined as the time
interval from the time, e.g., the stepwise action has been
applied to the time point after which the deviations of the
output value from its new steady-state cipher become less
than a certain predetermined number A. In general, this
value is determined by the device task and condition, but
usually this cipher is taken at a level 5% of the steady-
state value. Depending on the device, such time is speci-
fied as the number of output value oscillations or as (4-5)
T, where 7 is the relative attenuation constant. Therefore,
everything depends on the type of transient process: oscil-
latory, aperiodic or monotonic [12, 19, 20].

4 RESULTS
Let us consider the effect on the first-order and sec-
ond-order FDDC transient process duration and type on
the example of the low and high pass filters transfer func-
tions when the relative cut-off frequency . changes on

2th

Ja

0_302[0,1+0,9], where 0_)c= )
T

the segment,

o e[0+1].
The transient process duration was determined in rela-
tive units: cycles, as N =t - f; . Such representation of

the result allows comparing different FDDCs at different
sampling rates.

The analysis results are given in Tables 1-4, showing
the relative frequency, transfer function poles, and the
components’ transient process duration in cycles.

Table 1 — Duration of the first-order FDDC transient process free component

e 0.1 0.26 0.42 0.58 0.74 0.9

B 0.7265 0.3959 0.1263 —0.1263 —0.3959 —0.7265
HP 7 5 4 4 5 7

LP 7 5 4 4 5 7

Table 2 — Duration of the first-order FDDC transient process forced component

e 0.1 0.26 0.42 0.58 0.74 0.9

B 0.7265 0.3959 0.1263 —0.1263 —0.3959 —0.7265
HP 11 5 4 4 4 6
LP 11 5 4 4 4 6
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Table 3 — Duration of the second-order FDDC transient process free component

e 0.1 0.26 0.42 0.58 0.74 0.9

z 0.7805 +0.1793i 0.4517 £ 0.3401i 0.1476 + 0.4065i —0.1476 + 0.4065i —0.4517 £ 0.3401i —0.7805 + 0.1793i
HP 11 6 6 6 4 7

LP 7 7 5 6 6 11

Table 4 — Duration of the second-order FDDC transient process forced component

e 0.1 0.26 0.42 0.58 0.74 0.9

z 0.7805 £ 0.1793i 0.4517 £0.3401i 0.1476 £ 0.40651 —0.1476 + 0.40651 —0.4517 £ 0.3401i —0.7805 + 0.1793i
HP 11 8 6 5 4 6
LP 16 7 5 4 6 9

5 EXPERIMENTS The results obtained in a generalized form for digital

To analyze and evaluate the transient process duration,
a simulative modeling was carried out with the mathe-
matical package SciLab.

In Fig. 1 and Fig. 2 shown is the free component tran-
sient process type when the 5-pulse is applied to the first
and second order low-pass filters.

It can be seen from the figures that, for relative cut-off
frequency small values, the transient process is aperiodic,
and for relative cut-off frequency large values the process
is oscillatory with a damped amplitude.

Based on the above, the dependence between transient
process duration and the relative cutoff frequency is plot-
ted, Fig. 3 and Fig. 4.

The obtained data allow estimating the transient proc-
ess maximum duration to select the range of possible ef-
fects on the component operation and the component
transfer function coefficients adjustment range.

6 DISCUSSION

Theoretical research and simulative modeling showed
that to estimate the transient process duration upper limit,
the relations proposed in [11-12] can be modified.

For example, in [12] the author shows that the tran-
sient process duration is determined only by the complex
root module B or by the module of the bigger (from
among two) real root. The process discrete values at the
points of time quantization will be located inside the re-
gion bounded by the symmetric envelopes

1 o .
where T = —— quantization period, A — constant, de-
d

pending on the initial conditions, containing an equivalent
relative damping constant t. In accordance with these
provisions, obtained is the theoretical curve shown in
Fig. 3 and Fig. 4.
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systems can be represented by the relation [21]
a
N=——+b, 1
i) M

where ab — real coefficients (1<a<3,2<b<4), B —
complex root module or module of the bigger real root,
0<B<l.

However, in this form the obtained ratio is difficult to
use at microprocessor and computer systems. Therefore,
we replace ln(B) by expanding into power series [23, 24].
Then transforming and simplifying, we obtain the follow-
ing representation

1 ()
1+

A , 1-p)’
n(p) 31+pY  5(1+p)

After modeling and experimental verification, it is
possible to relay onto the first term

_n(p)=212P
1n([3)—21+B.

In this case, relation (1), taking into account the sim-
plification, can be represented as follows

—_

+

=

N = +b.

4.
2

—_
=

Graphically the theoretical dependence between of the
transient process duration upper limit in cycles that shall

be N=f (60) , where oc — the relative cutoff frequency,

determined by the component transfer function coeffi-
cients a and b has the form shown in Fig. 5.
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Figure 1 — 1% order low-pass filter transient process at:
a— oc =026, $=0.3959;b— wc =0.74, B=-0.3959
035 : - : - - - 0.8
0.3
06|
0.25 4
0.2} l 04|
2 015 E
0.2
0.1 -
0.05 - A
ol oaar
{ i W —
-0.2
-0.05 : : ; : : — | . | | . ,
o s 10 15 2 25 30 35 > 20 s 303
N
N
a b

Figure 2 — 2" order low-pass filter transient process at:
a— =026, 2=0.4517+0.3401i ; b — ¢ =0.74, z=-0.4517+0.3401i
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Figure 3 — 1% order low-pass filter transient process duration dependency on the relative cut-off frequency o :
a — experimental; b — theoretical
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CONCLUSIONS

At the issue of analysis, simulation and experimental
verification carried out, we obtained relationships allow-
ing us to estimate the transition process upper limit as a
function of the relative cut-off frequency and the fre-
quency-dependent component. Such a representation of
the transient process duration upper limit estimation ren-
ders possible to analyze the of the specialized computer
system components capacities when their parameters or
transfer function coefficients and whole system properties
undergo changes, therefore to determine the possible rear-
rangements ranges and widths, taking into account the
system stability. This is especially important when adjust-
ing the coefficients of frequency-dependent components
in adaptive systems. Results obtained therefore are appli-
cable to the design of specialized computer systems ad-
justable frequency-dependent components, for example,
an ultrasonic rangefinder [6].
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NEPEXITHUI ITPOIIEC Y IIA®POBUX YACTOTHO-3AJEXKHUX KOMIIOHEHTAX HU3bKOI'O IMOPSAJIKY

Vxina I'. B. — acmipant kadenpu «Komn’totepHi cucteMn» [HCTUTYTY KoM toTepHUX cucTeM OmechKoro HalioOHaIBHOTO IMOJIi-

TEXHIYHOTO YHiBepcuteTy, Oneca, YkpaiHa.

CurtnikoB B. C. — 1-p TexH. Hayk, npodecop kadenpu «Komm’totepHi cuctemm» OnecbKOro HAI[iOHATHHOTO MOJITEXHIYHOTO

yHiBepcuretry, Oneca, Ykpaina.

AHOTAIIS
AxTyanbHicTs. [Ipy noOy1oBi crienianizoBaHHX i MPOrpaMOBAaHUX MOOIIBHUX CHCTEM BHHHKAE 3aBJIAHHS Iepe0yIOBU CUCTEMH,
KOJIU TIOPYILIYIOThCS YMOBH (DYHKLIOHYBaHHS CHCTEMH 4epe3 3MiHM HOMEXO-CHI'HAJIbHOTO OTOYEHHS abo yMOB POOOTH CHCTEMH.
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Bynp-ska nepedynoBa HUGPOBUX YaCTOTHO-3aJI)KHUX KOMIOHEHT CHCTEMH IPHU3BOAUTH 10 BUHHKHEHHS B CHCTEMi MEPEXiJHOro
MPOIIECY, TPUBATICTD SKOTO BU3HAYAETHCS XAPAKTEPUCTHKAMU KOMIOHEHT. TpaIuiiifHAil miaxig O0 aHaji3y MepexiHOro Mpolecy
3IIHCHIOETHCS NIPH HYJIBOBHUX ITOYaTKOBUX YMOBAX, OJHAK POOOTA IHTENICKTyalbHUX JaTUMKIB, CHEIiaTi30BaHUX KOMIT IOTEPHHUX CHC-
TeM i repeOymoBa mapaMeTpiB MoXe 3/iHCHIOBATHCS NIPH HEHYJIHOBUX MOYATKOBUX yMoBax. Lle mpu3BoauTh 10 HEOOXiJHOCTI BEIH-
KOT'0 4HCJIa 00YUCIICHb, 110 1HOI HE MOXIIMBO y pealbHOMY MacmTadi yacy. ¥ nuxX yMoBax HEOOXIIHO OL[IHUTH TPUBAIICTh Iepexi-
JIHOTO TIpoLIeCy JI0 TpoLecy nepedynoBH, o0 3abe3neunT podoTy CHCTEMHU IO HOBOT epeOyI0Bu.

Iinb. OuiHUTH MaKCUMalbHY TPUBANIICTh MEPEXiAHOTO MPOLECY, BU3HAYUTH Jiana3oH 1 LIMPHHY MOXIJIMBHX 11epeOy 0B 3 ypaxy-
BaHHSM 3a0€3M1eUCHHS CTIHKOCTI CHCTEMH.

MeTtoa. Y po0OTi BIOCKOHAJICHO HENPSAMHIA METOJ OLIHKH TPHBAJIOCTI MEPEXiJHOTO MPOIIECY IO MOI0Ccax MepeaaBaibHol PpyHK-
1ii 32 paxXyHOK CHPOLICHHS PO3KIaJIaHHA ipallioHaTbHOT QYHKIII.

Pe3yabsTarn. [IpoBenennit anasi3, MOAENTIOBAaHHS 1 TEOPETHYHA IEPEBipKa TO3BOIMIN OTPUMATH CIIBBIJHOMICHHS IS OLIHKH
MaKCHMAJBHOI TPHBAJIOCTI MEPEXiJHOTO MPOIeCy, BU3HAYNUTH Jiala30H i ITUPHHY MOXKINBUX IepeOyoB 3 ypaxXyBaHHIM 3a0e3re-
YeHHs CTIHKOCTI CHCTeMH. 3HalieHa 3aJISKHICTh BTy MEPEXiJHOro MPOLeCy Bij BiTHOCHOT YacToTH 3pi3y. [loOymnoBaHO 3aneHOCTI
TPUBAJIOCTI MEPEXiTHOTO MPOLECY BiJ BiIHOCHOI yacTOTH 3pi3y. CHpOIIEHO NpeICTaBICHHS CIiBBIAHOMICHHS ISl BU3HAUCHHS TPH-
BAJIOCTI MEPEXiAHOrO MPOLECY 3a PaXyHOK PO3KJIaJaHHS B CTYIICHEBUH PAA.

BucHoBku. OTprMaHi pe3yJibTaTH JO3BOJISIOTH OLIIHUTH BEPXHIO MEXY TPUBAJIOCTI MEPEXiTHOTO MPOLECY, MOKIHBOCTI KOMIIO-
HEHTH CIIeHiali30BaHOi KOMIT I0TEPHOT CUCTEMH NPH 3MiHi TapaMeTpiB, IPH LEOMY 3a0e3MeYNBIIHN ii CTiHKicTh. Pe3ynpTaT 3acToco-
BYIOTH IIPU MIPOEKTYBAaHHI MIKPONIPOIIECOPHUX KOMIIOHEHT KOMII FOTEPHHUX CHUCTEM.

KJIFOYOBI CJIOBA: dinbrparnisi, iHTENEKTyallbHI JATYMKH, aHATI3 TPUBAIOCTI IIEPEXiTHOTO Mpoliecy, epedyoBa mapaMeTpiB

¢buIBTPY.

YK 004.052
MEPEXOJHOM MPOIECC B IU®POBBIX YACTOTHO-3ABUCHMBIX KOMIIOHEHTAX HU3KOT'O TOPSIKA

Yxuna A. B. — acupant xadenps! «KommnbioTepHsie cucTeMb» MHCTUTYTa KOMIBIOTEPHBIX cucTeM OIeCCKOro HaIlMOHAIBHOTO
MOUTEXHUUECKOTO0 yHHBepcuTeTa, Onecca, YKpanHa.

CutnukoB B. C. — 1-p TexH. Hayk, npodeccop xadeapsr «KommprotepHsie cructeMbl» OIecCKOr0 HAMOHATBHOTO HMOJTUTEXHH-
yeckoro yHuBepcurera, Onecca, YkpauHa.

AHHOTANUA

AKTyanbHOCTB. [Ipy mocTpoeHHH CIeNUaNTu3MpPOBAaHHBIX U IPOrPaMMHPYEMBIX MOOWMIBHBIX CHCTEM BO3HHKAeT 3ajaya Iepe-
CTPOMKM CHCTEMBI, KOTJa HApyIIalOTCs ycnoBus (yHKIIMOHUPOBAHUSI CHCTEMBI U3-3a M3MEHEHHUS IOMEXO-CUTHAIBHON OOCTaHOBKH
WU yCIIOBHUH paboTsl cucTeMsl. JIo6ast mepecTpoiika Uu(POBLIX YaCTOTHO-3aBUCHMBIX KOMIOHEHT CHCTEMBI IPHUBOJUT K BOZHHKHO-
BEHHIO B IEPEXOTHOTO MPOIECCa, ITHTEILHOCTh KOTOPOTO ONPEAENACTCS XapaKTePHCTHKAMH KOMITIOHEHT. TpauInOHHBIN TOAXO0 K
aHANM3y MEPEeXOJHOTO MPOIecca OCYIIECTBISIETCS MPH HyJIEBBIX HaYalIbHBIX YCIOBHUSX, OJHAKO paboTa MHTEINICKTYalbHBIX JaTdH-
KOB CHELMAIN3UPOBAHHBIX KOMIIBIOTEPHBIX CUCTEM U IEPECTpOiiKa apaMeTpoB, a TAKXKE APYIMX KOMIOHEHT CUCTEMBI MOXKET OCY-
IIECTBIATHCS NPH HEHYJIEBBIX HAYAIBHBIX YCIOBHSAX. DTO NMPUBOAUT K HEOOXOAUMOCTH OOJBIIOTO YHCIIA BEYUCICHUH, YTO HHOT/A
HE OCYILECTBHMO B pEaJIbHOM MaciuTabe BpeMeHU. B 3THX ycnoBus HE0OX0JUMO OLIEHUTH JUIUTENIBHOCTD NIEPEXOJHOrO0 Iporecca 10
nporecca NepecTpoiky, 4ToObl 00eceynTh paboTy CHCTEMBI B HOBBIX YCIIOBUSIX.

Heap. OneHNTs MaKCUMaNBHYIO IIUTEIBHOCTh TIEPEXOJHOTO IpoLecca MPH MEePecTpoiike, ONMPEAeNUTh IUANa30H U IIHPUHY
BO3MOXHBIX IIEPECTPOEK C YUETOM OOECIICUEHHSI yCTOHUMBOCTH CUCTEMBI.

Metoa. B paboTe ycoBepmieHCTBOBaH KOCBEHHBII METOJ] OLIEHKU JUIUTENFHOCTH MEPEXOAHOr0 Mpolecca Mo MoIiocaM Iepesa-
TOYHON (PyHKITHH 3a CUET YHPOIIEHHUS Pa3I0KEHNS HPPAHOHATFHON (yHKIIUH.

PesyabTatsel. IIpoBencHHbIC aHAIN3 U MOAEIMPOBAHUE MO3BOJIMIN IOIYyYUTh COOTHOLICHUS AJISL OLCHKM MaKCHUMAJIbHOU IJIM-
TEIBHOCTH TIEPEXOHOTO MpoIecca, ONPENETIUTh AUara3oH U IMUPHHY BO3MOXKHBIX NEPECTPOEK C YIETOM OOECIICUSHUs YCTOHINBO-
CTH cHCTeMBI. I10CTpOEHBI 3aBUCHMOCTH JUINTENBHOCTH IEPEXOJHOrO MPOLECCa OT OTHOCHTENBHOH YacTOThI CPe3a. YTPOILEHO
MIPE/ICTAaBIEHNE COOTHOILIEHUS 1JIsl ONIPEe/IENIEHNUs] JUTUTENLHOCTH TIEPEXOTHOTO MPOIIecca 3a CUET Pas3lIOKEHHs B CTEIIEHHOM sl

BoiBoabl. [lomyueHHbIE pe3ynbTaThl MO3BOMAIOT OLEHHTh BEPXHIOI TPAHHUIy ATMTEIBHOCTH MEPEXOAHOrO MpoIiecca, 3a CUET
YCOBEPIIEHCTBOBAHUSI KOCBEHHOTO METOJa OIEHKH JUIUTENBbHOCTH MEPEXOIHOr0 MpoIiecca Mo MOMocaM MepeaaTouHol (yHKINU
MIPH YNIPOIICHUH Pa3JIOKCHUS UPPALUOHATBHON (YHKIMH, YTO JacT BO3MOXKHOCTH JI0 Havaja MEPEeCTPOUKU MpHU 33JaHHON HOBOU
OTHOCHTEIIBHON 9acTOTE cpe3a U MOpsIKe KOMIIOHEHTHI JaTh IIPOTHO3 00 YCTOWYMBOCTH KOMIIOHEHTSI ociie mepectpoiiku. C mpak-
THYECKOH TOYKM 3PEHHMS 3TO COKpAaIlaeT 00beM BBIYMCICHHH M 3a CYET MPOTHO3a IOBHIMIAET d(PPEKTHBHOCTE PAOOTHI CHCTEMBI U
KOMITOHEHTHI CIEIHaIN3NPOBAaHHON KOMIIBIOTCPHOH CHCTEMBI IIPH 3aJaHHBIX KPUTEPHUSIX Ka4ecTBa paboThl. Pe3ybTaThl PpUMEHNMBI
IIPY IPOECKTUPOBAHUH MUKPOIIPOLECCOPHBIX KOMIIOHEHT KOMIIBIOTEPHBIX CUCTEM.

KJ/JIIOUEBBIE CJIOBA: ¢dunbrpanus, MHTEIUIEKTyalbHbIe NaTUYMKH, aHAIN3 JUIMTEILHOCTH INEPEXOAHOro IIpoliecca, Iepe-
CTpo¥iKa napamMeTpoB (UIbTpA.
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