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Abstract: The modern development of new technologies, in particular, the intensive use of programmable logic
integrated circuits in digital information processing tasks, allows for algorithmically and programmatically solving
problems, opens up real opportunities to increase accuracy and ensure the required signal conversion speed, and also, it
will be possible to take into account the effects of noise and their elimination over the entire time interval band. The article
discusses the main methods of digital information processing, analyzes the ways and possibilities of expanding the dynamic
range of analog-to-digital converters, as well as the synthesis of appropriate conversion devices, primarily digital filters.

Keywords. Digital signal processing, continuous signal, digital signal, sampling, digital filter, analog-to-digital
conversion, algorithm, single rectangular pulse, quantization.

Annomayu: Hneu mexHONOSUAIAPHUHS 3AMOHABULL DUBOICIAHUIY, XYCYCAH, DAKAMAYU aXOOPOMHU Kauma uuiiau
macananapuoa OacmypiaHaouean MAHMUKUl UHmMeSpanl MUKPOCXeMAAapoaH Hcaoan @oudaranuul MyamMmonapHu
aneopumMuK 8a 0acmypuii paguuioa Xai Kuiuuied UMKOH 6epadu, axbopom aHUKIUSUHU OWUPULL 64 KEPAKIU CUSHATHU
V3eapmupuus Mme3nuSUHU MALMUHIAW YYYH Peasl UMKOHUSMIAPHU 0YaAOU, WYHUH2OeK, WOBKUH 64 YIapHU 6YmyH Kaima
uwaw 8aKkmu opaiueuoa bapmapagh smuns camapaoopaueuHy mavmuunauou. Makonaoa paxamau axoopomuu Kanma
UWAQUIHUKS ACOCULL YCYTNApU, AHAN02-PAKAMAU V32APMKUUAAPHUHE OUHAMUK OUANA30HUHU KeHeaumupuwl yCyinapu 6d
UMKOHUAMAAPU MYXOKaMA KUTUHSAH, WIYHUH2OeK, TeSUWy axoopom Y32apmkuy KyPUiMaiap, pakamiu Quismpiapuu
CUHME3NAW MAXTUT KUTUHEAH.

Taanu cyznap: cucnaniapea paxamau uwinog depuid, Y3iyKcus CUSHAN, paKamau CUSHAL, OUCKPEeMIau, paKamau
Qunomp, ananoe-pakamiu y3eapmupuut, areopumm, OUpIUK mypmoypuariu UMnyibc, KGAHMIA.

Annomayusn: Cospemennvie pazeumue HOBbIX MEXHOI02UU (8 YACMHOCMU, UHMEHCUBHOE UCNONb308AHUE 8 3A0AUAX
yugpposoil  o6pabomru  uHGoOpMaAYUU  NPOSPAMMUPYEMBIX  JIOSUHECKUX UHMESPATIbHbIX CXeM NO3680Jislem  3d  cuem
AN2OPUMMULECKU-NPOSPAMMHBIX MEMOOOM PeuleHuss 3a0a4 OMKPbLEAMb PEAbHble BO3MOICHOCIU NOBIUUEHUSL MOYHOCU
u obecneuenuss mpedyemozo Ovicmpoodeticmsus npeodpazoéanus cueHanos. Ilpu smom, noseisnemcs: 803MONCHOCHDb
VUuUmvleams IPhhexmol WyMo8 U ux YCmpausims no 6Cell noLoce PeMeHHbIX UHmMep8anos. B pabome paccmampuisaromest
OCHOBHBIE MemOoObl YUupposol obpabomku  unGopmMayuy, aHATUZUPYIOMCS CROCOObL U BOZMONCHOCU PACUUPEHUSL
OUHAMUYECKO20 OUANA30HA AHAN02080 YUPDPOBbIX Npeodpazosamenet, a maKdice CUHMmMe3 COOMEEMCmeyiouux YCmpoucme
npeobpazoeanus, npesicoe 8ce2o0 YUPposvix Guibmpos.

Kniouuewte cnosa. [{ugpposas obpabomka cucnanos, HenpepvigHulll CUSHAT, YUPPOBOU CUSHAN, OUCKDEMU3AyUs.,
yugpposoii  urbmp, anan02080—yuUPpPOBoe npeobpazosanue, AICOPUMM, eOUHUYHLLUL NPIMOY2ONbHLIL UMAYILC,
K6aHMOoBAHUE.

Introduction

The efficiency of modern production is achieved by the creation of automated process control
systems (automated process control systems) using timely intelligent measuring instruments with the
function of self-monitoring and evaluation of the states of system elements of receiving and information
in the process of their operation. Self-monitoring and diagnostics of the current dynamic states of control
devices allows to increase the reliability of measurement information and the accuracy of controlled
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parameters, to improve the metrological characteristics of the most technical control systems and their
reliability, as well as to ensure the quality of the functioning of the automated control system as a whole.

However, it should be noted that in modern measuring instruments with integrated
microprocessors, there are sufficiently untapped reserves of technical improvement. Therefore, today
the task of developing and implementing new variants of intelligent measurement tools for using these
reserves of computing system performance becomes urgent [1-4].

Research Methods and the Received Results

An important issue of improving the quality of the functioning of measuring systems is the
improvement of conversion methods and algorithmization of the processes of eliminating various noises
and interference arising in the tasks of analog-to-digital information conversion. The article analyzes
algorithms for evaluating the accuracy of digital signal processing (DSP) in a complex of issues caused
by the development of digital and digital-analog element base, as well as the development of methods
and algorithms for signal processing and generation. Currently, due to the development of new
technologies, in particular with the intensive use of programmable logic integrated circuits (FPGAS) in
DSP tasks, high performance due to algorithmic and software solutions to problems opens up new
opportunities to improve accuracy and ensure the required signal conversion speed. The latter determines
the relevance of training specialists in this direction. The parameters of real processes change
continuously, hence the signals describing the events that occur are also continuous and are defined as
continuous.

Let into a continuous signal S(t), defined in the interval [0, T]. Then the signal obtained from the
harmonic signal S(t) by converting to a discrete form, intervals equal to time nTq respectively, will be
located in the interval [0,(N — 1)T,].

To convert a continuous signal into digital form, the operations of sampling by time and
quantization by level are performed. The total representation of these two operations from a
mathematical point of view is determined by the algebraic identical sum of functions. Let's consider the
functional diagram of the analog-to-digital converter, shown in Figure 2.1, and analyze it.

Yq(t) — this is a control signal for the supply of a rectangular pulse with a At duration and Tq - the
period of repetition, under the influence of which S(t) - the analog signal is periodically converted by
closing the key into a discrete signal of the dimensional time axis nTq. To describe the sampling signal,
we use discontinuous functions §(t) or U(t) and we get the expression:

Ya(t) = Xpm—oo 6 (6 = nTy) 0rYg(t) = XiZ-o U(t —nTy) 1)
A filtered signal is received from the key output to the sampling devices by level:
Sa(nTg) = Li=—0 S(OU(t — nTy) (2)

At the output of the analog-to-digital converter (ADC) we receive a digital signal Sq¢(nTq), in I-
bit binary code.

KB
| — Sy(hTy)
KL — | !
S T Sy(nTy, 5 Su(nTy)
Yd(t) | n[ Sd (n Td)]

Fig.1. Structural and algorithmic representation of analog-to-digital transformation of a continuous signal.

The reverse conversion of digital signals into analog form is performed through a chain of
sequentially connected devices register, DAC and filter circuits. [5-9].
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Spac(t) S(t)
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Fig. 2. - Conversion of a digital signal into a continuous.

If we do not consider the dynamic errors of the DAC, we can imagine, with the arrival of a digital
signal at its input, a sequence of time intervals Tq at the output, a step function is formed, in the form of
a sequence of adjacent rectangular pulses, the duration of which is equal to a given time interval T4 and
amplitude S(nTq).

* Spacl

St B ‘\I

|.-Elj nig

Fig. 3. The output signal of the digital-to-analog converter.

All components are single rectangular pulses defined as with a single amplitude Vo(t) and
duration T4c function S, (nT4)6 (r — nTy):
Sy(t) = Sy(nTy) [ Vot(—nTy)d = S,(nTy)Vy(t — nT,) 3)
Each single component is the amplitude of single pulses V,(t — nT,) it is determined by the duration of
the passage time of the same digital signal pulse S¢(nTq):

& Vi)

>t

As a result, we get an expression equal to the sequence of pulses at the output of the DAC:
Spac() = =0 Su (nTy) fjozo Vot — 1) 8(r —nTy) = f_t: Vo(t —1) [Z?f:o Sy (nTy)é(t — an)]dT (4)
Summary convolution of two consecutive functions V,(t)

Yin=0Sa (nTg)6(t — nTy) )
The determined spectral density corresponding to the first:
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- _ sin(wTg/2) —jwTg/2

Vo(w) = Tyt 2 e ol ®)
a belonging to the function:

=0 Sy (nTg)6 (T — nTy) (7)

Spectral density (4) Thus generalized to the expression of the time convolution of successive
pulses (5) in the form as the product of spectral densities (6) and (7):

Spac(w) = {FEa emoTal2} 5% S(w -2} (8)

wTg/2
The first expression (8), the change of which does not depend on the changed signal, can be
considered as the transmission coefficient of a digital-to-analog converter [10-15]:

= sinwTg/2 _j
Kpac(w) = #d/dze jwTa/2 9)

To evaluate and analyze possible ways to expand the dynamic range of the ADC, we conduct
research while considering a mathematical model as a basis and we will conduct an assessment of the
dynamic range of the ADC in question in the spectral region.

Bearing in mind S;(nT,) = S;(nT,) + ng[Sa(nTy)] ,

Let's write the equations of convergence for the complex spectrum of the signal at the output of
the ADC:

_ .2TC L2TC
S(k) = 5 ENZE Sa(m)e/ W™ + < TNZdng[Sa(m)le/ v (10)
Note that the ADC input receives a signal S(t) = cos(Qt + ¢,) with distributed on the interval
[—m, ] initial phaseg, . Frequency Q and the analysis interval T,, on which it is taken N samples from
the signal S(t), are in a multiple ratio: T, = bT ,rne b = 1,2,3 ...
Transformed into a discrete form of this signal , we will write:

Sq(n) = cos [%ﬂnm + (po] (11)

For values m = k in the graph for expression (11), a spectral line is illustrated due to the presence

of quantization noise. The complex transmission coefficient of the digital filter corresponding to the
frequency point k is determined by the expression:

w1l mk =1
K(ej‘*’) _ e_Jw > e]%sm(Nw/Z) _ _Je—

14
— ok, = € e’V fy(w, k) (12)
sm(5+w)
Here fy(w,k)- the amplitude frequency response of the filter. The graph corresponding to
expression (12) is shown in Fig.4.

& Ak

-7 . R+ kw

Fig.4. Frequency response of the k-th and k+1 filter.

The value of the transmission coefficient of the k-th filter is different from 0 only for point k.

Accordingly, the quantization noise at the output of the k-th filter will be determined by the expression:

Spic(m) = Ay (m)e/?xtm (13)

here A, (m) —amplitude, a ¢, (m) — the phase of the spectral component of the quantization noise in the

i-th cell of the frequency resolution on the m-th realization of the input signal. With A, (m) distributed
according to the normal law equally probable on the interval [—m, 7t]:

a7



CHEMICAL TECHNOLOGY. CONTROL AND MANAGEMENT. Ne2 /2023

(A mn)

P(4) = —= ) (14)
Figure 5 shows the results of spectral analysis of an analog signal. The graph shows that in the

range of values from -100 dB to -20 dB, spectral components of quantization noise are clearly observed
[16-22].
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Fig. 5. The amplltude spectrum of the harmonic signal.

Conclusion
The proposed algorithm is used to process m series of samples, sums up the differences between

them. As a result of filtering, the spectral components of the measurement error located above the
boundary frequency of the filter are weakened. The suppression of normal noise is carried out by the
method of sampling the moving average. Research and analysis of circuit designs of filter has shown
that it is advisable to use filters of higher orders for more efficient noise of discrete signals.

References

1.

Yusupbekov, N.R., Abdurasulov, F, Adilov, F., Ivanyan, A. (2020). Application of advanced process control technologies
for optimization of polymers production processes. Advances in Intelligent Systems and Computing (Springer, 2020).
1095 AISC.

Kirakosyan, S.A., Galalu, V.G. (2017). Ocenka ustojchivosti algoritmov analogo-cifrovogo preobrazovaniya k
vozdejstviyu impulsnyh pomeh maloj dlitelnosti [Evaluation of the stability of analog-to-digital conversion algorithms to
the impact of impulse noise of short duration]. Tehnologiya EMS. 1, 32-38. (in Russian).

Shevchug, V.P., Kaplya, V.l., Zheltagonov, A.P., Lasin, D.N. (2005). Metrologiya intellektualnyh sistem [Metrology of
intelligent systems]. RPK «Politehnik» Volgograd. (in Russian).

Garmanov, A. (2003). Principy obespecheniya elektrosovmestimosti izmeritelnyh priborov [Principles for ensuring the
electrical compatibility of measuring instruments]. Sovremennye tehnologii avtomatizacii. 4, 64-72. (in Russian).
Romanov, V.N. (2003). Teoriya izmerenij. Tochnost sredstv izmerenij [Theory of measurements. Accuracy of measuring
instruments]. SPb.: SZTU, 154 p. (in Russian).

Yusupbekov, N.R., Adilov, F., Ergashev, F. (2017). Development and improvement of systems of automation and
management of technological processes and manufactures. Journal of Automation, Mobile Robotics and Intelligent
Systems, 11(3). DOI: 10.14313/JAMRIS_3- 2017/28.

Jumaev, O.A.,Karpovic, D.S.,Ismoilov, M.T. (2022). Methods for Digital Signal Processing and Digital Filter Synthesis.
AIP Conference Proceedings, 2656, 020026.

Klyuev, V.V, Sosnin, F.R., Fimenov, V.N. (1995). Non-destructive testing and diagnostics. M.:Mashinostroenie, 488p.
Jumaev, O.A., Nazarov, J.T., Sayfulin, R.R., Ismoilov, M.T., Mahmudov, G.B. (2020). Schematic and algorithmic
methods of elimination influence of interference on accuracy of intellectual interfaces of the technological process.
Journal of Physics: Conference Series, 1679(4), 042037.

10. Jumaev, O.A., Pulatov, V.B., Turaev, S.S. (2022). Microprocessor analog i/o modules. Journal of Physics, 7(5), 150-159.

https://doi.org/10.54647/physics14478

11.Jumaev, O.A., Ismoilov, M.T., Mahmudov, G.B., Shermurodova, M.F. (2020). Algorithmic methods of increasing the

accuracy of analog blocks of measuring systems. Journal of Physics: Conference Series. 1515 052040.

48


https://www.scopus.com/authid/detail.uri?authorId=57216809339
https://www.scopus.com/authid/detail.uri?authorId=57190245435
https://www.scopus.com/authid/detail.uri?authorId=57216811223
https://www.scopus.com/record/display.uri?eid=2-s2.0-85137697742&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/26916?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57216809339
https://www.scopus.com/authid/detail.uri?authorId=57220785110
https://www.scopus.com/authid/detail.uri?authorId=57217107207
https://www.scopus.com/authid/detail.uri?authorId=57216811223
https://www.scopus.com/authid/detail.uri?authorId=57216809511
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097603776&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097603776&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/130053?origin=resultslist
https://doi.org/10.54647/physics14478

CONTROL OF TECHNOLOGICAL PARAMETERS

12. Ibadullaev, M., Tovbaev, A.N. (2020). Research of Ferropesonance Oscillations at the Frequency of Subharmonics in
Three-Phase Non-Linear Electric Circuits and Systems. Rudenko International Conference on Methodological Problems
in Reliability Study of Large Energy System-RSES 2020. 216.

13.Jumaev, O.A, Sayfulin, R.R., Samadov, A.R., Arziyev, E.l., Jumaboyev E.O. (2020). Digital control systems for
asynchronous electrical drives with vector control principle. IOP Conf. Ser.: Mater. Sci. Eng. 862 032054.

14. Galalu, V.G. (2011). Metody podavleniya pomekh na vkhodakh analogo-tsifrovykh preobrazovatelej [Methods for
suppressing noise at the inputs of analog-to-digital converters]. Taganrog: TT1 YUFU. 226 p. (in Russian).

15. Golub, S. (2003). Sigma-del'ta-modulyatory i ATSP [Sigma-delta modulators and ADCs]. Tekhnologiya i konstruirovanie
v ehlektronnoj apparature. 4, 35-41. (in Russian).

16. Jumaev, O.A., Sayfulin, R.R., Ismoilov, M.T., Mahmudov, G.B. (2020). Methods and algorithms for investigating noise
and errors in the intelligent measuring channel of control systems. Journal of Physics: Conference Series. 1679 052018.

17.Jumaev, O.A., Nazarov, J.T., Mahmudov, G.B., Ismoilov, M.T., Shermuradova, M.F. (2021). Intelligent control systems
using algorithms of the entropie potential method. Journal of Physics: Conference. 2094 022030.

18. Afanasievskaya, V.E., Ugryumova, E.M., Shmatkov, S.1., (2010). Methodology of intellectual diagnostics of complex
technical systems. 4 (24). 88-94.

19.Jumaev, O.A., Sayfulin, R.R., Shermurodova, M.F., Arziyev, E.l. (2022). Algorithmic methods for increasing the
metrological characteristics of information measuring systems SCIREA. Journal of Physics. 7(5).
doi.org/10.54647/physics14479.

20.Filinomov, N., Varlamov, O. (2001). Power amplifier circuit for amplifying rf-signals. DEU EP1229642 (B1l).
31.01.2001.

21. Stroganova, E.P., Varlamov, O.V. (2018). Measurement accuracy analysis for on-board measuring devices. Systems of
Signals Generating and Processing in the Field of on Board Communications 2018. 8350638.

22.Bolotov, A.O., Kholyukov, R.G., Varlamov, O.V. (2018). EER power amplifier modulator efficiency improvement using
PWM with additional sigma-delta modulation. Systems of Signal Synchronization, Generating and Processing in
Telecommunications, SYNCHROINFO 2018. 8456955.

49



	SYNTHESIS METHODS AND ALGORITHMS FOR EXPANDING THE DYNAMIC RANGE OF THE ADC
	Recommended Citation

	SYNTHESIS METHODS AND ALGORITHMS FOR EXPANDING THE DYNAMIC RANGE OF THE ADC

