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Abstract—Analysis of conversion equations and equations of errors of the generalized block diagram of
the iteratively integrating measuring converter which uses iterative integrating conversion method was
performed. An analysis for the simplest case of combinations of input and output values, namely when all
input values X, Z1 and Z2, as well as the output value Y are constant values was carry out. The results of
the analysis can easily be extended to all the other cases. Here considers situation when the additive
errors of all blocks change continuously in time. For ease of analysis the curve of change of the
considered error by straight line segments within each conversion cycle was approximated. We can
formulate the requirements for the errors of blocks of the measuring converter. The results of the analysis
of the generalized block diagram of the measuring transducer can be used to create specific outlines of
iteratively integrating converters, in particular, the requirements on the errors of their blocks can be
formulated.

Index Terms—Measuring converter; generalized block diagram; conversion equation; iterative

integrating conversion method; iteratively correction of errors; imperfection of blocks.

I. INTRODUCTION

In author's publications [1], [2] the iteratively
integrating measuring converter was analyzed. The
possibility of achieving high metrological
characteristics of this measuring converter [3]-[5]
makes it possible to successfully use it when
creating various information systems that are subject
to increased requirements in terms of metrological
parameters. Previously, the author carried out an
analysis of the generalized circuit of the measuring
converter proposed by the author [1]-[4], [6]-[12].

It is probably advisable to recall the simplified
block diagram of the measuring transducer under
consideration, which was proposed by the author in
work [1].

II. PROBLEM STATEMENT

The simplified block diagram is shown in Fig. 1.
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Fig. 1. Simplified generalized scheme of iteratively
integrating converter

Here in the simplest case X is the input value; Y
is the output value; OC is output converter, BC is
back converter; Kgc is transfer coefficient of BC;
SW1 and SW2 are switches, SH is sample-and-hold
device; T'1 is time interval of integration of the input

variable X; T2 is time interval of integration of the
value BY. The values of 71 and 72, along with X are
input values.

The work comes in cycles. Each cycle is a step of
iteration, the essence of which consists in the
iterative approximation of the output value of the
measuring converter to its steady-state value. This is
done by iteratively correcting the error of the
measuring converter. It consist of the integration
time 71 by integrator I of variable X through a non-
inverting input, integration time 72 by integrator I of
variable KgcY through an inverting input and
memorizing by the sample-and-hold device SH of
the integrator output value upon receipt at the end of
the cycle of strobe 73. This value enters through the
output converter OC to output of converter during
the subsequent conversion cycle.

The operation of the measuring converter is
carried out cyclically. Each transformation cycle can
be considered as an iterative transformation step. In
other words, each transformation cycle can be called
a step of iterative error correction of a measuring
converter. Each transformation cycle contains two
time intervals, the first of which is the integration
time 71 by integrator I of variable X through a non-
inverting input, and the second is integration time 72
by integrator I of variable KgcY through an inverting
input.

The time intervals 71 and 72 within one
conversion cycle can be alternately followed, and
can partially or completely overlap each other.

Without dwelling on the details of the iterative
process of setting the output value that were
discussed in detail in [3]-[6], we note only that after
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several conversion process cycles , the output value
of the measuring converter becomes equal according
to the following equation

Tl
T2B

From this equation, which is an equation of the
conversion of the iteratively integrating measuring
converter, follows that the steady-state output value
does not depend on the transformation coefficients
of direct circuit blocks I, SH and OC (K;, Ksy and

Koc respectively). Consider a generalized block
diagram (Fig. 2). It has three inputs and one output,
and, accordingly, in it X, Z1 and Z2 are input values,
and Y is an output value. The generalized scheme
contains the basic functions blocks: integrator I,
sample-and-hold device SH, switches SW1 and
SW2, and auxiliary converters CVy, CVy, CVp,
CI,, CI,, COy, CO,,.., CO,, BC, inverter INV, adder
ADD, having transfer coefficients, respectively, Ky,

Kz, Kz, Kai, Ken, Keoi, Keozs.o Keoms B, Kiny,
Kapp.
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Fig. 2. A generalized structural scheme of iteratively integrating converter

In previous articles of the author, representing a
series of articles devoted to iterative integrating
measuring converter, various aspects were
considered. So, in particular, in the works [7], [8]
generalized scheme was analyzed, considering all
the blocks as an ideal, that is, for the case where the
transfer coefficients of all the blocks are constant.
This makes it possible to analyze the operation of
the converter depending on the input values. In the
works [9], [10] generalized scheme was analyzed for
the next three cases: first one — where the output
value Y = Y(¢) is not a constant, while the input values
X, Z1, Z2 are constant; second one — where the input
value X = X(¢) and output value Y = Y(f) are not
constant, while the input values Z1, Z2 are constant,
and third one — the input variable X = X(¥) is not a
constant, while in the input values Z1, Z2 and
output value Y are constant. In the works [11],
[12] analysis taking into account the imperfection of
all blocks of the measurement converter.

This publication considers situation when the
additive errors of the transfer functions of all blocks
change continuously in time.

III. SOLUTION OF THE PROBLEM

Let’s perform an analysis for the simplest case of
combinations of input and output values, namely

when all input values X, Z1 and Z2, as well as the
output value Y are constant values. It is obvious that
the results of the analysis can easily be extended to
all the other cases. We also assume that the SW1 and
SW2 blocks and the INV inverter will be considered
as ideal. The errors of these units can easily be taken
into account by introducing them into the errors of
other blocks.

A. Continuous Change of Additive Errors of Blocks
SH, CO,,.., CO,,

We approximate the curve of change of the
considered error by straight line segments within
each conversion cycle, as well as straight line
segments in the closure time intervals of the SW2
key in each conversion cycle. Let us denote the
relative increment of the output value in the jth
conversion cycle, caused by the change in additive
error under consideration, by 8, and the relative

change in output value during the time when the
SW2 key in the jth conversion cycle is closed, at 6:: .

The resulting formulas are summarized in Table 1.
The continuous change in the additive error of
the SH, CO,,.., CO,, blocks is “instantly” transmitted
to the converter output, and the character of the
correction of the measuring converter error caused
by the change of errors of blocks considered is
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iterative in nature (i.e. the error accumulated in the
previous conversion cycles becomes smaller and
smaller). As a result, the total error of the measuring
converter represents a composition of results of the
“instantaneous” transmission of the errors of the
blocks and the partially adjusted errors from the
previous conversion cycles. Moreover, the fraction

TABLE 1.

introduced by the error of each of the previous
conversion cycles is, the smaller the further this
cycle is from the considered conversion cycle. The
nature and speed of correction of the constituent
parts of the errors accumulated in the previous
cycles depends on the value of Q.

THE CONTINUOUS CHANGE IN THE ADDITIVE ERRORS OF THE BLOCKS SH, CO,, .., COy
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B. Continuous change of additive error of block
CO;

As in the previous paragraph let’s approximate
the curve of change of the considered error by
straight line segments within each conversion cycle
and let us denote the relative increment of the output
value of the measuring transducer in the jth

TABLE II.

conversion cycle, caused by the change of the
considered error, by §,. All the corresponding

formulas obtained for this case are summarized in
Table II. From the analysis of the above expressions,
it follows that this case in terms of the nature of the
correction of the error of the measuring transducer is
in general terms similar to that considered earlier.

THE CONTINUOUS CHANGE IN THE ADDITIVE ERRORS OF THE BLOCKS CO,
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The only difference is that the change in the
additive error of the CO; block is not transmitted

“instantly” to the output of the measuring
transducer, as in the previous case, but only after the
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end of the considered conversion cycle. As a result,
the error of the measuring transducer accumulated in
this conversion cycle begins to be corrected only in
the next conversion cycle. And therefore, in this
case, with equal relative to the measuring transducer
output to the relative changes in the output value of
the measuring transducer, due to the errors of the
corresponding blocks being considered changes, the
error of the measuring transducer is less than in the
previous case.

IV. CONCLUSION

From the analysis of the impact on the overall
error of the measuring converter of the change
continuously in time additive errors of its blocks, we
can draw the following conclusions:

1) The continuous change in the additive error of
the SH, CO,,.., CO,, blocks is “instantly” transmitted
to the converter output, and the character of the
correction of the measuring converter error caused
by the change of errors of blocks considered is
iterative in nature (i.e. the error accumulated in the
previous conversion cycles becomes smaller and
smaller). As a result, the total error of the measuring
converter represents a composition of results of the
“instantaneous” transmission of the errors of the
blocks and the partially adjusted errors from the
previous conversion cycles. Moreover, the fraction
introduced by the error of each of the previous
conversion cycles is, the smaller the further this
cycle is from the considered conversion cycle. The
nature and speed of correction of the constituent
parts of the errors accumulated in the previous
cycles depends on the value of Q.

2) The continuous change in the additive error of
the CO, block in terms of the nature of the correction
of the error of the measuring transducer is in general
terms similar to that considered earlier. The only
difference is that the change in the additive error of
the CO1 block is not transmitted “instantly” to the
output of the measuring transducer, as in the
previous case, but only after the end of the
considered conversion cycle. As a result, the error of
the measuring transducer accumulated in this
conversion cycle begins to be corrected only in the
next conversion cycle. And therefore, in this case,
with equal relative to the measuring transducer
output to the relative changes in the output value of
the measuring transducer, due to the errors of the
corresponding blocks being considered changes, the
error of the measuring transducer is less than in the
previous case.
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I. 1O. Ceprees. AHani3 noxudok BUMIPIOBAJBLHOI0 NIePEeTBOPIOBaYa, 00yMOBJIEHUX Oe3NepepBHOI0 Y Yaci 3MiHOI0
AIUTUBHHUX NOXMOOK iforo 0.10KiB

[IpoBeneno anaimi3 piBHSAHb TEPETBOPEHHS 1 PIBHSHb IOXMOOK Yy3arajlbHEHOI CTPYKTYpPHOI CXEMH IiTepaTHBHO-
IHTErpYIOYOro BUMIpPIOBAILHOTO TIEPETBOPIOBAYA, 110 BUKOPUCTOBYE METOJI ITEPaTUBHO-IHTEIPYIOUOTO IIEPETBOPEHHSI.
[IpoBenenmii anani3 ik HAUIIPOCTIIOrO BUIAAKY KOMOIHAIIN BXiJHMX 1 BUXIJIHUX BEJIWYHH, a caMe, KOJIU BCi BXIiJHI
BenuuHA X, Z1 1 Z2, a TakoX BUXiTHA BelWYMHA Y TMOCTiHHI B 4aci. Pe3ynbTaTH aHajiily MOXYTh OyTH JIETKO
MOMIMPEHI Ha BCl iHIN BUNAgKH. PO3IJSIHYTO CUTYyalilo, KONW aJAWTHBHI IOXMOKHM BCiX OJIOKIB Oe3nepepBHO
3MIHIOIOTBCS B 4aci. [yl mpocTOTH aHalizy KpHBa 3MiHHM JaHOI IMOXMOKM amnpoKCMMOBaHa BiJpi3KaMu IPsSMOi B
KOKHOMY IMKJII meperBopeHHs. ChopMyab0BaHO BHMOTH JI0 ITOXHOOK OJIOKIB BHMIPIOBAJIBHOTO IIE€PETBOPIOBAYA.
Pe3ynpraTn aHamizy y3araqbHEHOI CTPYKTYpHOI CXeMH BHUMIpPIOBAILHOTO NEPETBOPIOBaYa MOXYTh OYTH BHKOPHCTaHi
JUIE  CTBOPEHHS KOHKPETHHMX BTIJICHb I1T€PaTHBHO-IHTEIPYIOUMX IIEPETBOPIOBAYIB, IS SKUX MOXYTh OyTH
chopMyIbOBaHI BUMOT'H J0 MIOXHOOK 1X OJIOKIB.

Karou4oBi ciioBa: BUMIpIOBaJIbHUI MEpEeTBOPIOBAY; y3arajibHEHa CTPYKTYpHa CXeMa; PiBHSHHS MEPETBOPEHHS; METO[
UTEPaTUBHO-IHTEIPYIOUOro MEPETBOPEHHS; ITepaTHBHA KOPEKIIisi TOXUOOK; HEJTOCKOHAJICTh OJIOKIB.

Ceprees Irop FOpiitoBuu. Kanauaat TexHiuHUX HayK. JOIIEHT.

Kadenpa aBiamiiHMX KOMIT IOTEPHO-IHTEIPOBaHUX KOMIUIEKCiB, HamioHanpHuil aBiauidiHuii yHiBepcureT, Kwuis,
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HN. 10. Ceprees. AHaJIHM3 NOTrPeIIHOCTe M3MEPHUTEIBHOIO NMpeodpa3oBaTeisi, 00yCJI0BJICHHBIX HelIPEePLIBHBIM BO
BpeMeHH H3MeHeHUeM a/ITNTUBHBIX MOTPELIHOCTEN ero 010K0B

[IpoBeneH aHanmM3 ypaBHCHUU NPeOOpa30BaHUSA M YPaBHEHUH IOTPEHIHOCTEH OOOOINEHHONH CTPYKTYPHOH CXEMBI
UTEPATUBHO-UHTETPUPYIOIIETO  HM3MEPUTENBHOIO  Ipeo0pa3oBaTess,  WCIOJIB3YIOMIEro  METOA  HUTEPaTUBHO
UHTErpupytomero npeodpasosanus. [IpoBeseH aHamu3 Uil MPOCTEHIIETO ciTydasi KOMOMHAIMH BXOAHBIX U BBIXOJHBIX
BEJIMYMH, & UMEHHO, KOT/Ia BCE BXOJAHbIE BenWuuHbl X, Z1 u Z2, a TakKe BBIXOJIHAS BEIUYMHA Y IOCTOSHHBI BO
BpeMeHH. Pe3ynmpTaThl aHajgm3a MOTYT OBITh JIETKO paclpoCTpaHEHbl Ha BCE OCTaJbHBIE Ciydaw. PaccMmoTpeHa
CUTyallsi, KOrJa aJMTHBHBIC MOTPEIIHOCTH BCEX OJIOKOB HEMPEPHIBHO M3MEHSIOTCS BO BpeMeHH. st mpoCTOTHI
aHaJ3a KpuBasi K3MEHEHHs pacCMaTpPHBAaEMO MOTPEHIHOCTH OblIa anmpoKCUMHUPOBaHa OTPE3KAMH MPSIMON B Ka)KIOM
ukie npeodpasoBanus. ChopMyarpoBaHbl TpeOOBaHHS K MOTPELUTHOCTSIM OJIOKOB M3MEPUTEIBHOTO Mpeodpa3oBaTels.
Pe3ynpraTel aHanm3a OOOOIIEHHOW CTPYKTYPHOH CXEMBI HW3MEPHUTENBHOTO MpeoOpa3oBarensi MOryT OBITh
UCIIONIb30BaHbl Ul CO3AaHUs KOHKPETHBIX BOIUIOIIEHWH WTEPAaTUBHO-WHTEIPUPYIOIIMX NpeoOpa3oBaTeneH, st
KOTOPBIX MOT'YT OBITh C(hOpMYIHUPOBaHbI TPeOOBAHHS K OTPELTHOCTSIM HX OJIOKOB.

KnwoueBble caoBa: wu3MepuTeNbHBI  IpeoOpa3oBaTenb, 0000IIEHHas CTPYKTYpHas CXeMma; ypaBHEHHUS
npeoOpa3oBaHKs; METOA HTEpaTHBHO-MHTETPUPYIOUIETO IpeoO0pa3oBaHMs; HTEpaTUBHAs KOPPEKIHMS OIIHOOK;
HECOBEPILIEHCTBO OJIOKOB.
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