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INCREASE OF GENERAL STABILITY AND CORRECTION OF DIRECT
INDEXES OF QUALITY OF TRANSIENTS NONMINIMAL FINITE DURATION
IN DIGITAL CONTROL SYSTEMS

The methods of supplementing the general method of synthesis of discrete (digital) control systems in solving
problems associated with the transition from discrete transient minimum finite duration to transients
nonminimal finite duration. This allows direct measures to improve the quality of the processes involved. The
solution to this type of problem associated with certain difficulties due to discrepancies between the amounts of
the coefficients of the characteristic equation of the synthesized system number of initial calculated equations.
Using the proposed methods in many cases allows to circumvent this problem by using special relations
estimated coefficients obtained from the analysis of discrete transient characteristics desired or by obtaining
more robust synthesized system after increasing its general stability. This is accomplished by a formal
chargeability to unstable of stable roots in direct proximity to the stability boundary. Also, the proposed
methods in aggregate allow you to customize by a finite duration transients even those systems for which it was

beginning not possible due to their small dimensions, or similar reason.
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Introduction

A major task at planning of digital control systems
(DCS) is development of algorithm of work of digital
computing device (DCD) on making of the managing
affecting of object control, able to provide on an output
the systems transitional a process is the best on a fast-
acting with optimum correlation of all direct indexes of
quality [1-6]. It is considered that such algorithms can
provide the best fast-acting the system managements,
stopped up in DCD, a job of which performance on the
output of the system are transients, having minimum
and finite duration. Wide distribution at the decision of
similar class of tasks was got by the so-called criterion
of fast-acting, allowing forming the law of work of
digital regulator so that discrete transitional description
(DTD) of the synthesized system assumes an air of
steady transient of minimum and finite duration.

At tuning of the systems in accordance with the
criterion adopted higher it is necessary necessarily to
take into account two conditions: condition of physical
realizability of the system and condition of rudeness of
synthesized DCS. A failure to observe of these terms
can result in impossibility of hardware (physical)
representation of system control as such, and also to the
loss of the desired descriptions of transients by the
designed system from correlations of internal
parameters of component blocks of DCS, arising up in
the process of functioning of the system after its
hardware representation [5].

Other complication, arising up at the synthesis of

the systems in obedience to the criterion of fast-acting,
large the overshoot of the got transients of minimum
and finite duration of DSC is, as a rule [6].

This problem can be removed by the waiver of
minimum duration and passing to nonminimum and
finite duration of transients, but there is new
complication which consists in impossibility of receipt
analytically of synonymous values of coefficients of
tuning of DCD from the increase of their number
because of afore-named transition.

Two methods are grounded in this work, which it
is possible to use in the process of synthesis of the
systems in obedience to the criterion of fast-acting
consistently: method of increase of general stability of
DCS and method of correction of direct indexes of
quality of transients of synthesized DCS. Thus, the first
method allows as early as beginning of synthesis of
DCS to strengthen the condition of rudeness of the
system, not violating the condition of its physical
realizability, and the same to protect the system from
negative influence of correlations of internal parameters
of component blocks of DCS. The second method
allows, in the case of unsatisfactory value of the
overshoot of transient of minimum and finite duration in
the synthesized system, to pass to the transient of
unminimum eventual duration. Thus, the process of
transition becomes simpler, with the less number of
calculations of parameters of DCD, without the
substantial loss of fast-acting the system and by
possibility of prognostication of value of the overshoot
of DTD of the system got as a result.
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1. Analysis of general method of synthesis
of algorithms of management of DCS
on condition of minimum and finite
duration of transients in the system

The synthesis of the digital systems of automatic
control (SAC) consists of development of such program
of treatment of information in DCD, at which the
synthesized system satisfies the requirements put
initially to the transient in it. As be said higher, at the
synthesis of DCS it is necessary to take into account
some special terms major from which is a condition of
physical realizability and condition of rudeness of the
system. In general formulation a condition of physical
realizability of discrete (digital) SAC is the following:
desired discrete transmission function (DTF) of the
reserved system, taken in a kind
Wies(2) =P(2)/Q(z) ,P(z) - where is a polynomial of
numerator, and Q(z) is a polynomial of denominator

DTF reserved SAC, must be the proper fraction, thus a
Q(2)

(m <n). It should be noted that a condition of physical

degree P(z) must be a less or equal degree

realizability is necessary, but in general case
insufficient. During practical realization of discrete
(digital) correctings chains of their description can a few
to differ from initially necessary. If this difference will
be caused by the small change of processes in reserved
SAC, such SAC is the rough system. If the small
difference of descriptions will change a process high-
quality, the system will be not rough.

We will consider the method of synthesis of
discrete SAC on the criterion of fast-acting, when basic
is a requirement, that an output signal had finite and
minimum duration. We will accept the followings
denotations: — DTF of unalterable part; it is a
transmission function of DCD. Then it is possible to
write down for the transmission functions of the broken
a secret and reserved system:

W (2) = W (2)D(2) , (1)
Wiee (2) Wo(@)D(2) _ P(z) @)

Wies (2) = 1+ W (2) - 1+ W (2)D(z) - Q(z) .

If DTF of unalterable part and reserved system is
known, from (2) follows:

D(Z) — 1 Wres (Z) — WSCC (Z) .
Wo(2) 1-Ws(z)  Wo(2)
We will present the transmission function of unalterable
part in the following kind:
B(z) _ B (2)B'(2)
C» C (2)C'(2)
Polynomials with the index of “+” have all roots
into the circle of single radius, and polynomials with the

€)

Wo(2) = 4)

index of “~” out of this circle. The operation of
presentation of transmission function in a kind (4) is
named factorization.

The condition of rudeness of the system requires,
that the transmission function of the desired reserved
system contained the zeros of polynomial B~ (z) as the

zeros, and a transmission function 1-W_ . (z) as the

res

zeros contained the zeros of polynomial C™ (z) .

Wres (Z) = B ((;—EI\;I(Z) )
= (5)
=W, () = C @N@)
Q(2)

Choice of polynomials M(z), N(z) and Q(z)
provide the receipt of the set high-quality indexes of
process of adjusting in discrete moments of time. If
necessary to get finite duration of adjusting process
choose the characteristic polynomial of the reserved
system in a kind:

1
Q@2)=z", (6)
where 1 is a positive integer.
It is possible to get by virtue of expressions (4) and

(5) D(Z) = m ;
B" (z)N(z)
W ()~ BOME®)
C™(z)N(z)

Then it is possible to write down for the
characteristic polynomial of the reserved system:

Q2 =C @N@)+B (@M@ =7z". ()
The observance of principle
realizability is provided, if

“C‘ @[ +|N@) 2 “B_(z)

of physical

+ ||M(z)|| ) (8)

A sign ” .es ” is meant by the order of polynomial

and at arbitrary polynomials B (z) and C (z) this

condition (8) is executed, if
IN@| =B )
M@ e

>

©)
1.

It ensues from expressions (8) and (9), that the
minimum order of the desired characteristic polynomial
of the reserved system is equal

Linin = ”C (2

The select orders of polynomials M(z) and N(z)

. (10)

+ “B_ (2)

equalization of polynomials (9) decides development of
it in the system of algebraic equalizations in relation to
the coefficients of the indicated polynomials by
equating of members with the identical degrees of
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operator of z in the left and right part of initial
equalization.

A choice 1=1,;, is determined by the process of

n
minimum and finite duration. In this case the number of
equalizations of the got system is equal to the number of
unknown coefficients and it has the unique decision.
More frequent than all exactly at such choice of
duration of process the synthesized system does not
possess the sufficient supplies of stability and has high
the overshoot.

For the exception of this phenomenon there are
two ways. The first consists in the maintainance of finite
duration of transient at the increase of adjusting time by
a choice 1>1,;,. In this case the system of algebraic

equalizations contains unknown more than equalizations
and has numberless decision content. Difference
between the number of equalizations and number
unknown equal to the size of increase of order of the
system as compared to minimum. The method of choice
of “superfluous” unknown coefficients will be offered
below, which is based on imposition of limits on the
coefficients of numerator of transmission function of the
closed system and allows considerably to narrow the
ambiguousness of process of choice of unknown
coefficients of DTF DCD.

The second way consists in a refuse and from
finite duration of transient. In this case the characteristic
polynomial of the reserved system gets out in the
following kind:

Q2) =7 (z-a)" . (11)
In this case size of the overshoot and duration of
transient, determined the set time of adjusting, it is
frequently succeeded to get and at the minimum order
of the system by the proper choice of sizes and to, the
however limited exactness of DCS with such type of
DTD allows to use this way of correction of direct
indexes only in the very narrow class of digital SAC.

2. Increase of general stability of DCS
in the process of their synthesis

As stated above, during practical realization of
discrete (digital) correcting chains, a few their
description can to differ from necessary, that at the
insufficient rudeness of the realized system can result in
the of principle difference of type of transients in this
system from desired, up to violation of general stability
of the system [5]. From the mathematical point of view
such violation of general stability of the systems can be
explained appearance in expression (4) in composition

the factorized element C*(z) of coefficients which are

subject to correlation during their practical realization in
the proper elements of DCS. By the basic feature of

element C* (z), that roots, being in a direct closeness to

the border of stability of the system, appear in
composition his becomes in this case, that to the
circumference of single radius in the complex plane of
roots of z. In order to avoid this negative phenomenon
offered, in the process of synthesis, to extract the proper

roots from composition of factorized element C*(z),

and to attribute them to the element C™ (z), that will

allow to strengthen general stability of the designed
system, but as investigation and its rudeness, and also,
on occasion, to get in the separate contours of adjusting
the transients of minimum and finite duration even then,
when to it such were impossible, that easily to illustrate
on a next simple example.

If to accept as a linear transmission function of
unchanging part of one of contours of adjusting link
with a transmission function Wpp(p)=k/(Top+1)

(see fig.1), DTF of unchanging part of this contour of
adjusting taking into account the proper discrete-
continuous transformer will be equal
z—1 k _k(@1-4d)
p(Top+1)’  z-d

where d=exp{—(T /t)}; to is a transmission coefficient
of element;

Ty — permanent time of element;

T is time of discretization of the system;

Z is an operator of calculation of z-transformation of
function.

Then after factorization will become obvious
circumstance that the process of minimum and eventual
duration is impossible in this contour of adjusting
transitional, that optimum on a fast-acting (1, = 0).

Wo(2z) =

E

Xinp(t)

Xoutp(t)

=
=

Fig. 1 The scheme of the simplest contour
of adjusting in DCS

Is it enough to take into account for the removal of this
failing, that at small time of discretization of the system
of T—0 a value of size of d, being the root of the proper
characteristic equalization, will be near to unit, but here
will be in steady area of complex plane of roots of z. As
a result, using the above-described method of increase
of general stability of DCS, it is possible it will be in the
process of synthesis of the system to attribute this root

not to the factorized element C*(z) and to the element
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C™ (2), that as a result will allow to get in this contour

adjusting transitional process of minimum and finite
duration (see fig.2) and will promote general stability of
the system, and also its rudeness, from subsequent
structural indemnification of the proper root which can
go out for the border of stability because of correlation
of parameters of element during practical realization.

A h[t]

d - - - — —— — ——.—— - — . — — ——— ———— ——g— — — -

0o 1 2 3 4 5 6 7 8 9 t/T
Fig. 2 DTD of contour of adjusting, resulted in an

example, after a synthesis, on condition of the use of the
offered method of increase of general stability of DCS

3. A correction of direct indexes of quality
of transients is in digital system control

It was marked at the beginning of the article, that
synthesized on the general method of DCS does not
possess the sufficient supplies of stability and have a
large volume of adjusting of transients. Promoting the
supply of stability of such systems is possible, using a
method, described in p.3 of this work. Unexposed is the
second part of question, related to the sharp increase of
values of the overshoot in the process of synthesis in
accordance with the criterion of fast-acting [6]. We will
consider on the example of digital automat of
stabilizing, the flow diagram of which is resulted on the
fig.3 calculation of algorithm of making of DCD of
managing influence in the system, able to provide
minimum and finite duration of transients.

Fig. 3 Structural diagram of a digital automatic
stabilization damped by an analog channel

It is possible to accept at the calculated coefficient
of damping and beforehand preset parameter of object

1.495-1072 (2% - 0.6397z — 0.354)

. (12
(z—-3.5-1072)(z% =2z +1) (12

Wo(2) =

After a calculation in obedience to the general
method of synthesis of DCS it is possible to draw
conclusion in accordance with the criterion of fast-
acting, that for providing of minimum and eventual
duration of transients in this system it is necessary in
DCD to provide making of managing influence in
accordance with a next transmission function

C(2)2z-1
BY(z) 1
where B (z) =1.495-107 (2> - 0.6397z — 0.354) ,

D(z) =

C*(z)=2-35-1072.
DTF got reserved DCS will be equal
2z—1
Wies (2) = 5 -
Z
DTD of the got system will look like thus, represented

on fig. 4.

A h[t]

24 =

14 Y--p--T-T-

[

0o 1 2 3 4 5 6 7 8 9 t/T

Fig. 4 Discrete transient response of digital automat
of stabilizing after a synthesis in accordance
with criterion of fast-acting

Transitional does a process, resulted on fig.4, have
minimum and finite duration, however much a large
value has the overshoot ¢ = 100%. By obvious
possibility to be delivered this failing there is a waiver
of minimum finite and passing to nonminimum finite
duration of transient, that, as a result, entails the row of
difficulties related to impossibility of synonymous
calculation of whole set of internal parameters of
algorithms of work of DCD in the synthesized system.
Narrowing this problem is possible, if to analyze the
discrete transients of nonminimum finite duration using
properties of z-transformation.

In obedience to the system of equalizations (5) the
discrete transmission function of got DCS must be
evened
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B (9M(2) _ P(2)
Q(z) Q(2)
If to present the polynomial of numerator of
expression (12) in a kind

1-1
P(z)=) piz',
i=0
duration of selectable transient of
nonminimum finite duration, then DTD of the system to
the subject correction will be equal

-1
7 P
H(z) =—— Y piz ("D
z-1i5

Wies (2) =

(13)

(14)

where 1 is

(15)

The original of function (15) taking into account
properties of z-transformation will be equal:
1-1
h[t]= > p; [t (G +DT].
i=0
Geometrical interpretation of expression (16) is
presented on fig.5.

(16)

A h[i]

pl.. -——— e — — ey —

P24 -

—_——-——— — e — —a — — o -

——-— — ——d — e — — .

Pt 1

PoT ]’—— T T T 7 T T
0 1 2 3 4 1 t/T

Fig. 5 Geometrical interpretation of original DTD
the corrected system taking into account properties
of z-transformation

Resulted the higher given (fig.5) mean that a
resulting transitional process of nonminimum finite
duration is a sum of discrete single step signals rationed
on the sizes of p;, thus that stabilizing of the system was
carried out it is necessary at the level of unit, that the
following equality was executed:

11
> opi=L
iz0

It is also necessary to take into account that every
value of transitional description is determined as a sum

(17)

k-1

bt ]=h[kT]= Y p;, (18)
i=0

that allows in advance to define the desired value of the
overshoot of transient of the system.

We will return for example with the synthesis of

digital automat of stabilizing and will give up minimum

finite duration transitional and will accept duration of

transient equal 1 = 3, a characteristic polynomial must be
evened as a result

myz? +myz+m, +(ngz+n,)(z> —2z+1)=2>. (19)
Due to limitations (17) and (18) and the analysis of
transients offered higher is not difficult to set analytical
connections between the values of coefficients of the
proper polynomials of M(z) and N(z) (see table 1) and
expose their optimum correlation with the purpose of

lowering of correction.
Table 1

Comparative information for the choice of optimum
correlation of coefficients in the polynomials

of M(z) and N(z)
S =
* AL
ool mo ) g | L | EES
set £ 'é‘ S 8 %’
=
1 01| 19 | -0.8 | -0.1 90
2 02 | 18 | -06 | -0.2 80
3 03 | 1.7 | -04 | -03 70
4 | 04 | 16 | -02 | -04 60
5 05 | L5 0 -0.5 50
6 06 | 14 0.2 -0.6 60
7 07 | 13 0.4 -0.7 70
8 08 | 1.2 0.6 -0.8 80

Analyzing the data presented in the table it can be
concluded that considerably is possible to reduce
overshoot in the transition to nonminimum finite
duration of the transition process following the
minimum order (see Fig.6), when used in the system
settings polynomials M (z) and N (z) are in pos. 5 Table
1, at the same time that is important, do not need the big
mathematical calculations.

A hit]

o 1 2 3 4 5 6 7 8 9 t/T
Fig. 6 Discrete transitional description of digital
automat of stabilizing after the waiver of minimum

and finite duration of transient

Conclusions

Analyzed the general method of synthesis of
digital systems control based on the criterion of
performance as a result of which he was made a number
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of conclusions that can be useful in the design of the
DCS, using them can be improved algorithms
corresponding DCD. The most important may be
considered a factorization with discrete transfer function
of the constant part (DTFCP) system, which is
synthesized unstable parts of factorization DTFCP
except unstable roots of the characteristic polynomial
can be classified as persistent roots, but which are close
to the circle of radius, which is the limit of sustainability
complex z-plane roots. This can lead to a significant
increase in the overall stability of the system with its
internal parameters of correlation due to a slight
increase in the duration of transients in the DSC.

There was obtained and reasonable method that
lets you enter in the system of equations for calculation
settings DCD provided nonminimum finite duration
transients there, additional equations that are based on
the restrictions imposed on the coefficients of the
numerator polynomial of the transfer function of a
discrete system synthesized in a closed condition. Using
basic properties of z-transform has been proved that the
sum of all coefficients of the numerator polynomial of
the transfer function of a discrete system, which is
synthesized in a closed state in nonminimum and finite
duration of the transition process at the output of the
system, must be equal to the size staircase steps,
specified.
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HOBBIIEHUE OBIIENA CTOMKOCTH Y KOPPEKIIUS MPSIMBIX IOKA3ATEJIEM KAYECTBA
MEPEXO/JHBIX TPOIIECCOB HEMUHUMAJIbHOM KOHEYHOM JJIUTEJIbHOCTH
B IM®POBBIX CUCTEMAX YIIPABJIEHUSA

A. B. ITagnos, /1. H. baca, A. IO. Kypasnes

[IpennoxxeHsl MeETONBI, MOMOJHSIOIIME OOIIYI0 METOAWKY CHHTE3a MAUCKPETHBIX (UM(POBBIX) CHCTEM
YIIpaBJICHUS [IPH PELICHUH 3a]1a4, CBSI3aHHBIX C TIEPEXO/IOM OT JMCKPETHBIX MEPEXOJHBIX MPOLECCOB MUHUMAILHOMN
KOHEYHOU JUIMTEIHHOCTH K MEPEXOAHBIM ITpolleccaM HEMUHHUMAIILHOM KOHEYHOW UIMTEIBHOCTH. DTO MO3BOJISET
YAYYIIUTh TPSMBIE MTOKA3aTeNd KaueCcTBa COOTBETCTBYIOLIMX ITPOLIECCOB. PellieHne JaHHOTO THIIA 3a]a4 CBS3aHO C
OIpEe/IeTICHHBIMH CJIOKHOCTSIMH BCJIEJICTBUE HECOOTBETCTBHS KOINMYECTBa KOI(P(PHUIUEHTOB XapaKTEePHUCTHYECKOTO
yYpaBHEHHs] CHHTE3MPYEMOH CHCTEMbI YHCIY MCXOMHBIX PAcUeTHBIX ypaBHEHHH. VICIONb30BaHUE NPEIIOKEHHBIX
METOJIOB MO3BOJISIET BO MHOTHX CITy4asiX 0OOHWTH 3Ty MPOOJIeMy ITyTEM HCIIOIB30BaHHS CIENUaTbHBIX COOTHOIECHN I
pacyeTHbIX K03((UIMEHTOB, MOJy4YaeMbIX U3 aHAIN3a JKENAeMbIX JHCKPETHBIX MEPEXOAHBIX XapaKTEPUCTHK HIIU
IyTeM yrpyOJIeHHs] CHHTE3UPYEMOM CUCTEMBI ITOCTIE ITOBBIIIEHUS €€ 00IeH yCTOHYMBOCTH. DTO OCYIIECTBISIETCS 3a
cuer (OPMAJBHOIO NPHUYHUCICHUS K HEYCTOWYMBHIM YCTOHUYMBBIX KOpHEH, HAaXOAAIIMXCS B HENOCPEICTBEHHOMH
ONMM30CTH K TpaHMle ycToWunBOocTH. Kpome 3Toro, npemyio)keHHbIE METOIbl B COBOKYITHOCTH TO3BOJISIOT
HACTpauBaTh Ha KOHEYHYIO [UTUTEIBHOCTH MEPEXOJHBIX IPOLECCOB Ja)Ke T€ CUCTEMBI, Ul KOTOPBIX M3HAYAJIBHO 3TO
OBbLTO HEBO3MOXKHO BCIIECTBUE UX MAJIOW pa3MEPHOCTH WIIU 10 TOA0OHOH MPUYHHE.
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KiroueBble ci10Ba: TPOCKTHPOBAHHME, CHHTE3, IU(PPOBas CHCTEMa YIPABJICHHs, YCTOHYHMBOCTH, IPYOOCTH
cucTeMbl, (hakTopH3aIlys, IePEXOTHOM Mpoliece.

HIJIBUIIEHHS 3ATAJIbHOI CTIMKOCTI I KOPEKIIIS IMTPSIMUX ITOKA3HUKIB SIKOCTI
HNEPEXITHUX ITPOIIECIB HEMIHIMAJIbHOI KIHIIEBOI TPUBAJIOCTI Y IIM®POBUX
CUCTEMAX YIIPABJIIHHS

A. B. ITagnos, JI. M. baza, O. IO. Kypaenvos

3anpornoHoBaHi METOMH, IO JOMOBHIOIOTHh 3arajlbHy METOJHMKY CHHTE3y TUCKPETHHX (LM(POBUX) CHCTEM
YIIPaBJIiHHS TPH PIlIeHH] 3a/1a4, MOB’SI3aHUX 3 MEPEXOAOM BiJ AWCKPETHUX MEPEXiAHUX MPOLECIB MiHIMaIbHOI
KIHIIEBOI TPUBAJIOCTI J0 NIEPEXiTHHUX MPOIICCIB HEMIHIMAIBHOI KiHIIEBOI TpHUBAJIOCTI. L{e 103BOIIsIE OKPAIIUTH IIPSIMI
MOKA3HUKH SIKOCTI BiJIIOBITHHUX TPOIIECiB. PillleHHs JaHOTO THIY 3a/1a4 MOB’S3aHO 3 KOHKPETHUMH CKJIaTHOIIAMH Y
3B’S13KY 3 HEBIAMOBITHOCTSIMH KUTBKOCTI KOE(DIIlIEHTIB XapaKTEpUCTUYHOTO PIBHSHHS CHHTE3YIOUOi CUCTEMH YUCITY
TIEPBUHHUX PO3PaXyHKOBHX PIBHSHb. BHKOpHCTaHHS 3alpOITOHOBAHMX METOIB JIO3BOJISIE B 0araTbOX BHIIAAKAX
00T 1[I0 TPOOJEMY NLISIXOM BHKOPHCTaHHS CIIEIiajbHUX CIIIBBIJHOLICHb PO3PaXyHKOBUX KOEQIIi€HTIB, SKi
OTPUMYIOThCS 3 aHANI3Y OaXKaHNX JAUCKPETHUX MEPEXiTHIX XapaKTEePUCTHUK a00 HIISIXOM 3arpyOJIeHHsI CHHTE30BaHOL
CHCTEMH TICIs MiBUIIEHHS i1 3aranbHoi criiikocti. KpiM 1IbOro, 3ampornoHoBaHi METOJM B CYKYITHOCTI JI03BOJISIIOTh
HAJIAIITOBYBAaTH Ha KiHIEBY TPUBAJICTh IEPEXiTHHUX IMPOIECIB HABITH Ti CUCTEMH, IUIA SKUX Ha IOYATKy Iie OyIo
HEMOJKJINBO, BPAXOBYIOUH X Mayty po3MIipHICTh UM MO 1HIIIH TOMIOHIH MpUYHHI.

KarwudoBi ciioBa: mpoexTyBaHHS, CHHTE3, IM(poBa CHCTEMa YIPaBIiHHA, CTIHKICTh, IpyOICTh CHUCTEMH,
(dbaxTopu3ariis, mepexiIHUIA MpoIec.
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yrpasiiaas, CyMchKHid AepxaBHuil yHiBepcuteT, Cymu, Ykpaina, e-mail: info@ksu.sumdu.edu.ua.
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CeKIIii KOMIT FOTepU30BaHKUX cUCTeM yrpaBiiHHs, CyMChKuii JepkaBHul yHiBepcuTeT, Cymu, YKpaiHa.



