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There have been considered the methods of construction of the in-
verse operator for the restoration of signals in conditions of weak non-
linear dynamic and nonlinear static distortions in the registration devic-
es and transmission of continuous signals are considered. The simplest
structure of the implementation block of the inverse operator is based
on the adder, whose second inverse communication competitor in-
cludes the simulation model of the direct operator. A linear inertia-free
unit with a set transmission factor is used as regularizer.

The inverse operator, based on the output signal of an object and
its mathematical model, is able to restore the input signal of an object.

Depending on the method of construction of the inverse feed-
back, there are considered various methods of the inverse operator
construction.

It is necessary to specify that the amplitudes of input and output
signals should be agreed. Failure to meet this condition leads to the in-
verse operator accuracy loss. The regularization parameter should dif-
fer from the unit, and the accurate functioning of the structure may go
beyond the stability limits. Physical dimension of variables differ, but
the ranges of their changes in numbers should coincide.

When using a regularizer with a value above than one, the compu-
tational process may vary however there is a small amount of stability
thanks to digitalization being used as a regularization parameter.

The algorithms for the implementation of the inverse operator may
be used while improving the efficiency of the operation of energy-satu-
rated equipment, improving the resolution of surveillance systems, imp-
roving the information exchange rate in communication lines, impro-
ving the information capacity of the information registration means, etc.

The effectiveness of the offered approaches is studied on mod-
el problems implemented in the Matlab/Simulink system. There
have been made the computational experiments that demonstrated
the efficiency of the method of inverse operators for the signals
restoration in the presence of weak nonlinear dynamic and nonline-
ar static distortions in the registration devices and transmission of
continuous signals in real-time mode.

Key words: restoration of signals, nonlinear dynamic distor-
tions, stability.

Introduction. At present the application of computers in various tech-
nical devices and control systems has become the habitual phenomenon. The
special interest is represented with cases where the computing way of im-
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provement of their physical and economical properties has no alternative. Ap-
plication of analogue or digital filters for correction of dynamic characteristics
of the element in system allows to lower the technical requirements to this
element. It frequently allows not only to reduce the cost of the whole system,
but also to improve its basic technical parameters essentially. It is possible to
note as examples the inertial measuring converters or executive elements,
communication line with large attenuation etc [1-3].

There is the perfect computer equipment for solving such problems.
However, the known computer algorithms do not always provide the ef-
fective using of this equipment. This problem is not only the question how
to solve a computing problem, but mainly how to formulate it.

The majority of computing problems arising in this case may be di-
vided into two classes: the direct problems and the inverse ones. In tech-
nical systems the solution of an inverse problem usually names as recover-
ing of signal x = By. The initial data are the output signal y and mathemat-
ical model of investigated object A. The block which solves this problem
is named as the block of realisation of the inverse operator B =1/ A, and
the block, which solves a direct problem of simulation of object y = Ax, is
named as the block of realisation of direct operator A.

One of the effective methods of solving the signal recovering problem is
the inverse operator’s method. The essential feature of this method is the ex-
plicit using of the direct operator for obtaining the inverse one. As a rule, block
Ais an element of one of feedback circuits in the structure of block B [2, 3].

The concept of direct and inverse operators is especially often used in
the theory of ill posed problems solving. The solution of these problems is
characterised by instability or high sensitivity to errors of the initial data.
These problems are also called as inverse because their sense consists in
recovering the input signal of the inertial measuring device from its regis-
tered output signal. On the contrary, the direct problem of simulation of
such measuring device (or realisation of the direct operator) is correct.
This problem is characterised by insensibility toinitial data errors, that is
the rather rough measurements are allowed.

The most important advantage of the inverse operator’s method is the
technology of construction of stable computing process which realises un-
stable (complex) inverse operator on the base of explicit application of sta-
ble (simple) direct operator. Moreover, the inverse operators method allows
to organise two independent loops for adaptation the block B to the process-
es of ageing of the object A model and changing the errors quality [3].

1. Examples of application in technical systems. In control systems
the problem of maintaining the stability is solved rather good by known
classical methods with the selection of regulator parameters at realisation
of a principle of a deviation control. However, the necessity of use of the
inverse operator arises at realisation of more simple principle of specifying
influence control. It is necessary not for increasing the stability of a con-

64



Cepis: TexHiuHi Hayku. Bunyck 17

trol system, but contrary for decreasing its roughness. Introduction of the
inverse operator allows to solve automatically one more problem which is
paid not enough attention in the theory of automatic control. It is a prob-
lem of dimensions. And not only in sense of discrepancy in dimensions of
physical values on the input and output of controlled object, but also in the
sense of discrepancy in number of inputs and outputs of this object.

The usual combined control system from proportional and specifying
action can be represented in two variants: Fig. 1 and Fig. 2. Here X is input,
and Y is output signal of controlled object B, RB is computing model of the
inverse operator of this object, | is inverter, S is adder, R is regulator.
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Fig. 1. Control by input
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Fig. 2. Control by output

In the case when block RB is instantaneous element with unit gain
(RB = 1) the both structures Fig. 1 and Fig. 2 coincide completely.

In case when R = 0 the specifying action control is realised. In case
of switching-off of the first adder input, the second input of which is con-
nected to output of regulator, the proportional action control is realised.
The structures Fig. 1 and Fig. 2 differ only by a place of connection of
block RB. Block RB carried out some of standard functions from the block
R, for example, differentiation or integration. A case when R =1 is quite
possible, when block RB carried out all functions according to robustness
and stability balance of control.

The organisation from output is especially convenient at control of mul-
ticonnected objects. So, for example, usual carburettor engine has at least two
outputs: tachometer (crankshaft rotation speed) and flowmeter (fuel consump-
tion). Inputs are the structure of a combustible mix (ratio petrol/air) and the
ignition timing. The classical control circuit consists in control from the first
input (at RB = 1) with organisation of a feedback of the first output on the sec-
ond input. However, it is possible to organise the control from the first, or on
the second output. In the first case the dynamics of automobile control is im-
proved, and in the second case the fuel consumption decreases.

65



MatematuyHe Ta KOMI'I,I'OTepHe Mo entoBaHHA

The algorithms of realisation of the inverse operator are important
not only for increasing the efficiency of power-intensive equipment opera-
tion. Represent some other examples of their use. These are: increasing the
resolution of observation systems; increasing the speed of information
interchange in communication lines (compression of spectrum at digital
transmitting of continuous signals, multitone coding); increasing the ca-
pacity of telephone exchange by reduction of signal recognition time in
tone dialling; increasing the information capacity of information recording
devices (magnetic and thermoplastic record); for images recognition in
technical diagnostics by transients; for synthesis of band-pass filters [3].

The separate attention can be paid to full-scale "semivirtual reality’-type
simulators, where simplified (base) object plus computer plays the role of com-
plex object. On Fig. 3 the block diagram of such simulator is presented, where
U are control signals, which the person generates acting on controls, block RB
realises the inverse operator the base object mathematical model B, M is com-
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Fig. 3. Simulation model

The inverse operator’s method also useful in construction of numeri-
cal algorithms for solving the various applied problems.

2. Simple numerical experiment. As simple example we can consider
the calculation of square root as inverse operation to square. This numerical
experiment demonstrates an opportunity of application of the inverse opera-
tor’s method not only to solving the problems for linear dynamic systems or
systems with weak nonlinearity usual in applications mentioned above, but
also for essentially nonlinear problems. Certainly, the known classical algo-
rithms for of a square root calculation are better in many senses, except one:
they cannot be applied to calculation of other inverse functions. There is one
more parameter, on which there may be superiority in comparison with tra-
ditional algorithms. It is balance of accuracy and speed.

The analogue prototype of our digital filter is the known circuit with
connection of the direct operator in a feedback of operational amplifier
Fig. 4, where B is the object, described by direct operator, M is mathemat-
ical (electronic) model of this object, OA is operational amplifier, OR are
operational resistors, | is inverter. The dotted line leads round blocks,
which form block RB which carries out the inverse function relative to
object. In other words, according to the object signal and its mathematical
model this block restores the input signal of object. But this structural dia-
gram cannot be converted into discreet form explicitly. That is why the
similar analogue structures received the name ‘nonalgorithmic’ [2, 3].
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Fig. 4. Structural diagram of the inverse operator

On Fig. 5 the other variant of this computing structure transformed to al-
gorithmic form is represented. Here S is adder, | is inverter, R is regularizator
(linear instantaneous element with gain r). In fact, the second adder is accumu-
lator (there is the feedback on its second input). This circuit is realized in digi-
tal computing elements, but already it cannot be realized in analogue ones.
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Fig. 5. Structural diagram of the inverse operator (short loop)

In other cases, e.g. for dynamic objects (differential or integral equa-
tions) the block RB has another structure (Fig. 6) and allows both types of
realization (analogue and digital or nonalgorithmic and algorithmic). Here
the regularizator not only limits the magnitude of residual between the
output signals of object and its model, but also limits the amplification in a
loop of positive feedback by restored signal. The modification of these
structures with several regularizators also represent the practical interest.

Fig. 6. Structural scheme of the inverse operator (long loop)
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The structural diagrams Figs. 5 and 6 can be easily converted into
corresponding recurrent formula
x(i) = x(i—) +r(y(i) - M (x(i -1))), (1)
x(i)=y(@i) +r (x(@)) - M (x(i-1))), )
where y is output signal and x is input signal of computing process, M
realizes the mathematical model of direct operator, and r is regulariz-
ing parameter. In the case of square root calculation M(x) = x2, and we
have two additions and two multiplications at the iteration step. Be-
cause of the double recursion by calculated output signal the term bire-
cursive digital filter can be used to characterize such algorithms real-
ized the inverse operator’s method in application to signal recovering
problems. In mathematical literature (1) corresponds to Friedman itera-
tive regularization, and (2) corresponds to Lavrentyev algorithm re-
spectively.
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Fig. 7. The initial signal sinusoidental type

The graphs on Figs. 7 and 8 represent the results of restoring the
squared signal with one iteration at every time step. The initial time inter-
val was divided into 100 discretes. On Fig. 7 the initial signal x(t) was
rectangular meander with addition of normal white noise having the ampli-
tude 0.1 of initial signal. Fig. 8 corresponds to the unnoised sinusoide. In
both cases magnitude of initial signal was 4. Dotted lines correspond to
standard function sqrt(x).
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Fig. 8. The initial signal rectangular meander with addition normal white noise

From graphs Figs. 7 and 8 we can see that parameter r has the influ-
ence on the stability of computing process. At variations of magnitude and
type of signal or characteristics of noise it is possible to choose such r,
which provides the best balance of stability and accuracy of computing pro-
cess. The instability is especially appearing in places of fast amplitude varia-
tions or sign of initial signal derivative. At change of digitalisation step the
balance of accuracy and stability of calculations on BRDF algorithm will
change, the traditional algorithm has not such property. With increasing the
quantity of digitisation units, the accuracy, naturally, grows, and for provid-
ing the stability it is necessary to change the regularizing parameter r.

Conclusion. Algorithm can be applied to solving the systems of line-
ar and nonlinear equations, including differential and integral ones. The
most positive moment is an achievement of high speed, which is very im-
portant for real time signal processing.
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METO[ OBEPHEHOI'O OMNEPATOPA
AnA BIAHOBNEHHA BXIAHOIO CUrHAIY

PosrisHyTO MeTOmM MOOYIOBH OOEpHEHOTro Omeparopa ISl BiTHOB-
JICHHSI CUTHAJIIB IIPY yMOBaX CIa0KWX HETIHIHHUX IMHAMIYHUX 1 HETiHIH-
HUX CTaTHYHUX CIIOTBOPEHb Y MPHUCTPOSX peecTpalil Ta mepenadi Herepe-
pBHuX curHaiiB. Haiimpocrimia crpykrypa Giioka peanizaiii o6epHEHOTO
orepaTopa OyIyeTbcs HAa OCHOBI HAaKOINMYYBAHOTO CyMaTopa, Yy ApYrHii
KOHTYp 00epHEHOT0 3B 53Ky SIKOTO BKJIIOYEHA iMiTalliiiHa MOAENb MPSIMOTO
ormeparopa. B sikocTi perynspusaropa BUKOPUCTAHO JiHIHHINA Oe3iHepIii-
HUI OJIOK 13 BU3HAUYCHUM KOS(illiEHTOM Iepeaadi.

OO0epHEeHMIA oriepaTop Mo BUXIJTHOMY CHTHaIy 00’€KTa i HOro MaTeMa-
THYHOI MOJIEJI BIJTHOBIIIOE BX1IHHMI CUTHANI 00’ €KTa.

B 3anexxHocTi BiA migxoxy 10 moOyJoBH 0OEpPHEHOTO 3B’SI3KY PO3IJIS-
TAIOTHCS Pi3HI METOH MOOYIOBH OOCPHEHOTO OMEepaTopa.

BaxnmuBo BIAMITHTH, IO aMIUTITYIH BXIAHOTO 1 BUXiZHOTO CHUTHAJIB I1O-
BUHHI OyTH y3ro/pKeHHi. SIKIIO 111 yMOBa HE BUKOHYEThCS TOUHICTbH OOepHe-
HOro omeparopa 3HM3UThCS. [lapametp perymsapusanii HeoOXinHO Oynae BHOU-
paTH BiIMIHHHM BiJI OJJMHHIIi, 2 TOUYHE (YHKIIIOHYBaHHS CTPYKTYPH MOXe Oy-
TH 32 MEKaMH CTidKocTi. Pi3uyuHi pO3MIPHOCTI BETMYNH MOXYTh OyTH Pi3HH-
MH, aJie Jlala30HM X 3MiH B YMCIIaX TIOBUHHI CITIBIIAIATH.

Ipu BuKOpHCTaHHI perysIpu3aTopa, 3Ha4eHHs SIKOTO OLIbIIe OJUHUIII,
00YHUCITIOBANBEHHHN TMPOIIEC MOXKE PO3XOJUTHCH, X04a 3AITUIIAETHCS HEBEIIH-
KHii 3amac CTifKOCTi 3a paxyHOK KPOKY JHCKpeTH3allii, sSIKHii BUKOPHCTO-
BYETBCS K PETYJISIPU3YIOUHA TapameTp.

AnroputMmu peanizanii 00epHEeHOT0 omepaTopa MOXKyTh OyTH BHKOPHC-
TaHi MPH MiABUIIECHHI ¢(PEKTUBHOCTI €KCIUTyaTallii eHeproHaCHYCHOTO 00-
NaJHaHHS, MiJABHIICHHS PO3JIUTBHOI 3JATHOCTI CHCTEM CHOCTEPEXCHHS,
ITiIBUIIEHHS] IIBUJIKOCTI OOMiHYy iH(popMaii B JTiHIsAX 3B’S3KY, MMiABUIICHHS
iHpopMaIIiitHOT eMHOCTI 3ac00iB peecTpalii iHdopmarlii ToIo.

EdexTHBHICTh 3aMPOMOHOBAHUX IIXO/IB JOCIIPKEHO Ha MOJICIBHHUX
3aadax, sKki peanizoBano B cuctemi Matlab/Simulink. ITposeneni o6urc-
JIOBAJIBHI EKCIIEPUMEHTH TOKazand e(eKTHBHICTh METOAy OOepHEeHHX
orepaTopiB AJs BiAHOBIEHHS CUTHATIB MPU HASBHOCTI CIaOKUX HENiHiH-
HUX TUHAMIYHUX 1 HENMiHIHHUX CTaTHYHUX CIIOTBOPEHH Y TPHCTPOSIX pe-
ecTpalii Ta nepenadi HemepepBHUX CUTHANIB B YMOBaX peajbHOIo 4acy.

Ki1ro4oBi c10Ba: ionosnenHs cuzHanis, HeniHiuHi OUHAMIYHI CNOME0-
PEeHHA, CMITIKICTG.
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