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Abstract — The present paper presents the results of
solution of the task of renewing nonlinear measuring
converter input signals at their fixed output signals with the
application of the author’s method called Fourier-integral.
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1. INTRODUCTION

It is known [1] that any measuring converter even with
nonlinear characteristic represents a dynamic system, the
outcoming coordinate y(¢) of which renews x(?), making
always some dynamic error. So, the task of incoming signals
renewing at their fixed dynamically distorted reactions on
these signals, has always been urgent for measuring
converters.

In work [2] the senior author succeeded in composing an
effective method of incoming signals renewing of measuring
converters with linear characteristics, called Fourier-
integral.

The author had also realized not entirely successful
attempt to generalize Fourier-integral method on nonlinear
measuring converters, the renewing of incoming signals of
which is far more difficult task.

In present work the junior author under the supervision
of the senior author developed a specific variant of an
algorithm of renewing of nonlinear measuring converter
incoming signals by Fourier-integral method, which
completes the research of the work [4].

2. RECEIVING OF BASIC CALCULATION
CORRELATIONS

Let us assume that the nonlinear measuring converter
can be represented, as shown on the figure, in the form of
series connection of linear link with the weight characteristic
g(t) and nonlinear with the characteristic fi(y) [1] of the
following type

[iD)=viy+v, 07 oty k. (1)

In this case, as it is shown in work [5], an outcoming
signal z(¢) can be represented in the form of
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Fig. Structural diagram of nonlinear measuring converter

In case if incoming signal x(z) is the chopped Fourier
series in form of
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where o, :T — the first harmonic frequency, 7 — its
period, and
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and also in case if the weight characteristic g(?) relates to the
class of separables, or it is true for it that

gt ty,...,1,)=g(t,) - g(t,) - g(t,), )

— under these conditions the outcoming signal z(#) (as it is
shown in work [4]) can be represented in the form of
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binomial coefficient, and
W(jo)=[g@)-e " dt=[g@)-e" dt — (8)
) 0

gain-phase frequency characteristic (GPFC) of linear part of
nonlinear measuring converter. Let’s remind that the
following comes true for the weight characteristic g(?):

®

g(t) =
0, npu t<0.

The given work presents the developed algorithm for
opening the brackets in correlation [6] with the help of
which this correlation can be represented in the form of

—jkNa,t +

2= x (Vi) V(s W()) - €
+0_ vy (Ve 70, W())-e
o (Ve 70, W) e +
+0,(Viys 70y W)+
+0,(Viys V0o W) - €7 4ot

—JUN-Dayt
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0 n (Vi 70 W) - /Dot 4

+@n Vs Viys W) (10)

Having developed the outcoming signal z(?) of nonlinear
measuring converter into chopped series

M
2= q,-"", (11)

n=-M

having set these series into correlation (10) and compared
Fourier coefficients at the same frequency harmonics on the
left and on the right of an equals sign we receive combined
(2N + 1) equations

PanWViys Vs WEO)=q 4,
(P,(k N-1) (V(.) ) 7(.) ’ W()) = q—(k N-1),

(12)

Prn- (V(A)’ Vo WE)=qy,
(ﬂkN(V(A)’ Vo W)=q;y,

which connects the multitude of Fourier coefficients g, of

outcoming signal z(?) of nonlinear measuring converter with
the multitude of Fourier coefficients y(,) of its incoming

signal x(z), multitude of values W(O) of GPFC of linear part

of converter on correspondent to harmonics frequencies and
multitude v,y of parameters of nonlinear characteristic fi(y)

of converter.
Solving recurrently the combined equations (12)
relatively to Fourier coefficients y,) of unknown signal x(z)

by known Fourier coefficients g(,) of outcoming signal z(7),
known parameters v(,) of nonlinearity and known values

W(e) of GPFC of converter at correspondent to harmonics

frequencies ® we can renew an incoming signal x(?) of
nonlinear measuring converter of any complexity.

The work presents the developed correct recurrent procedure
of solving the combined equations (12) and programme for
its realization in Delphi programming language in Windows
environment.

3. EXAMPLES

To receive the design relationship suitable for qualitative
analysis, let’s specify the number of the members N of the
series (3) and the value of the index k of the multinomial (1).

Let’s assume that N= 1, and k= 3, that is

1
x(t) — zyn . e/n(ult’

n=-1

(13)

f)=vy vy’ vy’ (14)

For this case the equation (10) can be rewritten as
follows:

Z(t):¢73(|/3,7/71,W(_ja)1))_e—j3w1t n
+ ¢,2(V3,V2,771,70,W(—ja)1), w(0))- et
+ (p—l(V3:V2’V15}/—15}/097/1,W(—ja)1),W(O),W(jwl))X

—jot

xXe +
+(00(‘/35‘/25‘/1’7713}/0»7/1’W(_jwl)yW(O)aW(jwl))+

O (V,Vas Vs ¥ 5 Y0 Vs W (= @), W (0), W (jw,)) x

Jot

(15)

xXe +

+ ¢2(V2’V3’7/0’}/1’W(O):W(ja)l))~ej2w’t "
+ ¢J3(V3,]/]’W(ja)l)).ej3(ult.

The expression (15) shows that the signal z(?), apart from
the first harmonica and the constant component, stipulated
by the signal x(?), set up by the cut series (3), contains the
second and the third harmonicas, which are stipulated by
nonlinearity (1).

So, having the realization of the output signal z(z) on the
segment 7, we set it up as the cut Furies series, which
contains the constant component and the three first
harmonicas, that is
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—Jj3o, —Jj2m —Jjot

z2(t)=q5-e "M +q e g e+
+%+%'eiwlt*’%'eizwlt+q3'ej3(u't» (16)
the Furies factors q,, n:(—3,—2,—1, 0,1, 2, 3),

calculated according to the formula (6).

T
q,= % j 2(t)-e " dt. (17)

0

For x(1), f3(y), z(t) set up by expressions (13), (14) and
(16), the system of equations (12) will look like the
following

o5V, W (=jo)=q 5,

P (V3 Va7 70, W (=j@), W (0)=¢_,,

P (V3 Vo,V Vs Voo Vi W (= @), W (0), W (jo,)) =4,
Po(V3s Vo, Vi 715 Vo 11 W (= @), W(0), W (jo,))=q,, (18)
G VisVas Vs ¥ s Vs Vs W (= J @), W (0), W (jo,)) =g,

0, (Vo v3, 70,7 W (0), W (o)) =4,,

o (v, 7. W (@) =4;.

Specifying  the  functions ¢ (), @,(), ¢,(),

?,(), 9,(), »,(-), @5(), instead of the non-determined
equation system (18) we receive the equations system

VS}/EI Ws(—ja)l)zq%,

Vo AW (= jo) + 3v, 7/31)/0W2(_jw1) W(0)=q_,,
iy W (=jo)+2vyy,y W (=jo)W(0) +

+3vy 7/3171W2(_jw1)W(jw1) +

+3vs 7Ly W (= jo )W (0)=q.,,

Vi 7oW (0) +2v, y W (= jo)W (jo,) +

+ 1, VoW (0) +6vy yy oy W (= jo W (OW (jo,) + (19)
+v; 77 (0)=4,,

Vi (j@) +2v, yr W (OW (jo,) +

+ 3V3 7-1712W(_j(01)W2(jw1) +

+3v, 7o WO (jo) =g,

v, 712W2(ja)1) +3v, }/0}/12W(0)W2(ja)1):q2,

Vi WP (j@)=qs,

which can be used to conduct the specific calculations when
performing the task of renewing its input signal.

Let us now consider the other example.

Let’s assume that N= 2, and k= 2, that is

xX()= Y y,-e"", (20)
Ly)=vy+vay’. 1)

Performing the same succession of actions, as in the first
example, we receive the following equation system, which
connects the Furies factors of the input and output signals of
the nonlinear dynamic system with their amplitude phase-
response characteristic values on the corresponding
harmonicas frequency signals:

oy WA (=j2w,)=q 4

2vy 7y W (=jo)W(=j20,)=q 5,

20,70 7 W (OW (= j20,) +v, 2 WP (= @) +
v LW (=720) =q.,,

2V2 71772W(j(01 )W(_jzwl) +

+ 20,77 WO (—jo) + vy W (—jo) =4,
2v, YLy W (=j20)W (j20,) +

+2v, yLy W (—jo)W (jo,) + (22)
+ v, YW (0) + vy W (0) =4,

vy yay W (=jo )W (j2e,) +

+2v, o WOW (o) +vinW(jo)=q,,
20,70 1 W (OW (j20,) + v, yi W (o) +

+v 7. W (j20,)=4,,

2v, 1y W (Go)W (j20,)=qs,

voys W2 (j20,)=q,.

4. ANALYSIS OF THE RESULTS OBTAINED

Considering the equation systems (19) and (20), we can
assert the following:

1. Even though the input signal x(z) doesn’t contain the
constant component, that is y, =0, this means that if

nonlinear characteristics fi(y) has paired power (in our case
v,¥”), in the output signal of the measuring converter z(?)

there appears the constant component.

2. If the input signal has x(z) N harmonicas and degree &k
of the multinomial f;(y), which describes the nonlinearity of
the measuring converter, the number of harmonics M in its
output signal z(z) equals kN , this means that the following
dependence is correct

M =kN. (22)

3. The equation systems (19), (20) and in the general
form (12) allow, when the nonlinearity fi(y) is set up in the
task of signal renewing on the input of measuring converter,
to determine the parameters of the required mathematical
models with the help of recurrent procedure, shifting from
extreme equations of the systems (19), (22) or (12) to their
middle.

As the number of the equations in the systems (19), (22)
or (12) is larger than the number of unknown parameters of
the mathematical models synthesized, it will be appropriate
to use the specific part of them for the determination of
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these unknown parameters, and the other — like the
correctness criteria of task solving.

For example, when solving the task of the renewing the
input signal x(z) with the application of the equation system
(22), first according to the known  values
Vs Q4> G g W(j2a)1 ), W(— j2a)1), the Furies factors y,, 7,
are determined from the extreme equations. Then the Furies
factors y,, y_, are determined from the equations for ¢_,

and ¢,. And then from the other equation for g , or g,,
g, or g, or g, the Furies factor y, is determined.

By  substitution of the determined values
Y 2y V1> Vo V1s ¥, Into the equations, which were not used

for their determination, the extent of accuracy of the task
solution of the renewing of the input signal x(?) in the kind
of (20) is determined by the identical equality.

It’s necessary to note that the recurrent procedures of the
evaluation of the parameters values of the required
mathematical models eliminate the problem of the
incorrectness of the measuring converter input signals
renewing tasks.

The authors had developed the automated computer
algorithm for composing the equation systems (12) for the
measuring converter with the nonlinearity of any degree of
complexity and input signals with any number of harmonic
components, as well as correct procedure of the solution of
this equation system with the program for its realization on
the Delphi programming language for Windows.

5. CONCLUSIONS

There had been suggested an algorithm of renewing the
incoming signals of nonlinear measuring converters at their
fixed outcoming signal with an application of the developed
by authors method called Fourier-integral. An algorithm was
realized in Delphi programming language in Windows
environment.
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