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SYNTHESIS OF THE STRUCTURE OF AMULTI-CHANNEL DATA-MEASUREMENT

SYSTEM

H. K. IOpkos, A. A. IIpomun, H. B. I'opsaies

CUHTE3 CTPYKTYPBI MHOTOKAHAABHOM
HH®OPMAIIMOHHO-U3MEPUTEABHON CUCTEMbBI

Abstract. The paper considers an approach to synthesiz-
ing the structure of a multi-channel data-measurement
system. The information and measurement system is a
complete metrological product and is designed to receive
measurement information from primary temperature
transmitters operating on different physical principles.
The four channels of the data-measurement system have a
contact and non-contact method for measuring tempera-
ture. A method for synthesizing the structure of measur-
ing channels of the system is proposed. The General es-
sence of the proposed approach is to consistently select
the elements of the measuring channel of the system, tak-
ing into account the requirements of the field of opera-
tion, metrological requirements, as well as design and
technological requirements. Thus, the resulting structural
model of the data-measurement system meets the basic
requirements, such as multi — channel measurement of a
physical quantity-temperature, direct communication with
the measured object, automatic control and processing of
measurement information. An information model of the
system is proposed that allows evaluating the nature of
the information process when measuring several homo-
geneous physical quantities in a multi-channel data-
measurement system.

Keywords: data-measurement system, model, structure,
measuring channel, temperature, synthesis method.

Annomayua. PaccMaTpuBaeTcs TOOXON K CHHTE3Y
CTPYKTYPbl MHOTOKaHAJIbHOW HH(GOPMAIIMOHHO-H3MEPH-
TENBHOU cucTeMbl. THPOPMAaIMOHHO-U3MEPUTEIEHAS CH-
cTeMa MpeACTaBisieT co00l 3aKOHUEHHOE METpPOJIOrHYe-
CKO€ M3/IeJIUE U NpeJHa3HaueHa JJIs MOJIYUYEHUs] U3MEpPU-
TENBHOW WH(OPMAIMKM OT MEPBUYHBIX H3MEPUTEIBHBIX
npeoOpa3oBaTeneil TeMIepaTypsl, padOTalOIINX Ha pas-
HBIX (PM3MUYCCKUX MPUHIMMNAX. B 4YeThIpeXx KaHamax HH-
(hopMarMOHHO-U3MEPUTETHHON CHUCTEMBI PEaIi30BaHBI
KOHTAKTHBIH M OCCKOHTAKTHBIN CHOCO0 M3MEPEHHUS TEM-
neparypsl. [IpeanokeHa MeTOAUKa CHHTE3a CTPYKTYpbI
W3MEPUTENIBHBIX KaHAJOB cucTeMbl. OOmast cyTh Ipea-
JIO)KEHHOT'O NMOAX0/Ja 3aKJIF0YAETCs B MOCIIEI0BATEIbHOM
BEIOOpE IIEMEHTOB M3MEPHUTEIHHOTO KaHalla CHCTEMBI C
y4eToM TpeOOBaHHMU OOJIACTH AKCIUTyaTalliH, METPOJIO-

TMYECKUX TpeOOBaHMM, a TaKKe KOHCTPYKTOPCKO-
TEXHOJIOTMYECKNX TpeboBaHuil. Takum oOpasom, MoITy-
yaemas ~ CTPYKTypHas  MoIenb  HH(OPMalUMOHHO-

M3MEPHUTEIFHON CHCTEMBI OTBEYaeT OCHOBHBIM TpeOoBa-
HHSIM, TaKUM KaK MHOTOKaHaJbHOE M3MepeHHe (u3ude-
CKOW BEIMYMHBI — TEMIEpaTyphl, HENOCPEICTBEHHAS
CBSI3b C U3MEPAEMBIM OOBEKTOM, aBTOMAaTHYECKOE YIIPaB-
JeHue u o00paboTKa W3MEpPHUTENFHON HH(OPMALH.
[pennoxxena MHGOPMAIMOHHAS MOAENL CHCTEMBI, I03-
BOJISIIOIAsi TIPOBECTH OLIEHKY XapakTepa MH(pOPMAIMOH-
HOTO TIpollecca NPH M3MEPEHHUH HECKOJBKHX OIHOPOI-
HBIX  (U3MYECKMX BEIMYMH B  MHOTOKaHaIbHOH
UH(OPMALIMOHHO-M3MEPUTEIILHON CHCTEME.

Knrouegovle cnosa: nHHOPMALTMOHHO-N3MEPHUTENBHAS CH-
CTeMa, MOJENb, CTPYKTYpa, U3MEPUTEIbHBIN KaHal, TeM-
neparypa, METOJMKa CHHTE3a.

Introduction. Problem statement

New scientific and technical tasks in the field of design and technological design also set new goals
in the field of creating measuring instruments. Thus, by increasing the accuracy of measurements, increas-
ing the number of functions performed and the productivity of measurement operations, a new level of
measurement technology is achieved. In modern conditions, for many measurements carried out during de-
sign and technological design, not just measuring devices are needed, but full-fledged data-measurement
systems. One of these tasks is to measure the temperature in various nodes of the designed radio-electronic
equipment. As the design practice proves, it is extremely inefficient to use simple temperature meters — ana-

© Yurkov N. K., Proshin A. A., Goryachev N. V., 2020

64

RELIABILITY AND QUALITY OF COMPLEX SYSTEMS



AI/IaFHOCTI/I‘IeCKI/Ie METOADI obecneuenns HaACXHOCTHU U Ka4€CTBa CAOXKHbBIX CUCTEM

log or digital thermometers-in a real device. In conditions when it is necessary to take a complete picture of
the thermal field both on the surface of the device and inside, and at the same time repeat the experiment
many times under different boundary and initial conditions, a deep automation of the measurement process
is required.

The use of a data-measurement system makes it possible to solve this problem as efficiently as possi-
ble. A modern data-measurement system that meets the requirements of the methodology for building data-
measurement and control systems is a prominent representative of complex technical systems. This is
proved by the fact that any data-measurement system is nothing more than a symbiosis of measurement
tools and a set of technical tools, the combination of which provides a solution to a specific measurement
problem [1]. At the same time, the integration of all components of the data-measurement system should be
carried out according to the system principle, i.e. all components of the data-measurement system should
have constructive and functional autonomy. The latter is provided by the presence of a computing device in
the data-measurement system. Taking into account this characteristic feature of the data-measurement sys-
tem, we will proceed to the development of its structural scheme.

Research aim and problems

Based on the methodology for building data and measurement systems, develop a block diagram and
information model of a multi-channel data-measurement system designed to measure temperature in both
contact and non-contact ways.

Development of a block diagram and information models

The methodology for constructing a data-measurement system implies that the main purpose of an
arbitrary data-measurement systems is to receive from the object and deliver to the consumer the necessary
amount of information with a given accuracy and level of adequacy, i.e. with specified and controlled quali-
ty indicators [1]. The analysis has shown that the modern data-measurement systems can be represented as
a set of tools, including hardware and software, mathematical and metrological support (fig. 1).

Hardware
% %ﬁg gm’j Madel of He studied
: . alyerts and processes,
of primary informalion [he data-measuremernt etfodts of
Sorage and dsplay S)Ss fem e research
of meastrement resu’ts
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Mathemahical and
mefrological support

Fig. 1. Simplified data-measurement system composition
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Hardware and software use primary measuring transducers to measure the desired parameter. Then
the measurement results are processed, stored, and displayed. The software is designed to monitor the oper-
ation of hardware subsystems.

The basic structure for the system under development is the model of the data-measurement system
proposed in [2].

The model presents only subsystems that perform separate independent functions. The source of
messages is the object under study and primary measuring transducers that form an analog electrical signal
M?). This signal is called a message. The message representation subsystem provides temporary channel
separation (time sampling), then each discrete value is quantized by its level and encoded. The discrete val-
ue is called the message coordinate, and their sequence from different measurement channels is combined
into a common stream, i.e. it is grouped for subsequent transmission. The message transmission subsystem
provides noise-tolerant encoding and message delivery to the subsystem where digital processing is per-
formed.

Abnormal values of measurement results, primarily associated with distortions of the highest bits of
the code word, as well as the time and address parts of words when transmitting compressed data, are re-
jected in the digital processing subsystem. This subsystem is responsible for restoring the original signal
with an acceptable error, as well as for calculating the desired characteristics of the message and object.

Mathematical and metrological support, using models of the studied objects and processes based on
algorithms for their research, allows you to determine the desired parameters with a given accuracy.

Simplified, the block diagram of the data-measurement system looks as shown in the fig. 2.
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Fig. 2. The simplified diagram of the multi-channel measuring system

By enlarging the generalized scheme of an information and measurement system designed for meas-
uring temperature both by contact and non-contact methods, we distinguish its components in more detail.
As aresult, we get the structure of the multi-channel data-measuring system shown in fig. 3.
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Fig. 3. Enlarged block diagram:
1 — AC/DC converter; 2 — DC power supply; 3 — analog thermocouple; 4 — digital contact temperature sensor;
5, 6 — contactless temperature meters; 7 — thermocouple signal Amplifier; 8§ — digital interface; 9 — central
computing device; /0 — indicator device; // — keyboard; /2 — non-volatile memory device; /3 — PC

All the above components of the information and measurement system are divided into two function-
al modules. Measurement functions and functions for processing measurement information are assigned to
module A1 (data collection and processing module). Local control and display the operation mode of the in-
formation and measurement system is provided by the blocks included in the A2 module (local control and
display module).

As a result of further decomposition of the structure of the information and measurement system, we
obtain a more detailed structural diagram of the designed system (fig. 4).

This detail allows you to more clearly assess the functional features of the designed system and, later,
during the implementation of the system, go to the solution of fundamental, circuit issues. Block 1 is a
switch or multiplexer (MUX1) that switches data about the object's temperature field from two contactless
temperature meters based on a microcontroller (MCU) signal. Only one-meter signal is present at the
MUXI1 output at any given time. Block two converts data about the temperature field of the object, taking
into account the resolution, into a digital code, which is fed to block 9. the Latter is a switchable signal de-
lay line with the ability to adjust the delay time.

Block 6 converts the thermo EMF of the thermocouple to a voltage AU for further amplification. This
voltage is amplified by a specialized amplifier with an adjustable gain-block 8. Then the voltage increased to
the desired level passes another conversion-sampling in an analog-to-digital converter (block 10).
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Block 7 performs direct conversion of the temperature AT of the object under study, obtained by
contact method, to the digital code Z. This code is sent to the switch OR MUX2 multiplexer-block 11. The
remaining two MUX2 inputs are fed a digital code from one of the contactless temperature meters and a
digitized thermocouple temperature value. Synchronization of MUX1 and MUX2 is provided by the MCU
so that each of the four measurement channels is polled 20 times per second. This creates a complete pic-
ture of the temperature distribution of the object under study.

Block 4 is an executive device designed to control the state of the object under study.

Based on the obtained block diagram of a multi-channel data-measurement system, we will develop
its information model. Based on the main measurement goals set out in [3], the developed system allows
finding the temperature values of the object under study by direct measurements. In this case, the infor-
mation model for measuring independent input values of temperature has the form:

VA ={[Zl]’[Z2]’[Z3]’[Z4]} >

where Z, — the temperature value obtained during non-contact measurement in the first measuring channel;
Z, — the temperature value obtained by non-contact measurement in the second measuring channel; Z, —
the temperature value obtained by contact measurement in the third measuring channel; Z, — the tempera-

ture value obtained by contact measurement in the fourth measuring channel.

If it is not possible to measure the temperature separately, for example, the object under study has a
relatively small size or the shape of the object surface does not allow independent measurements, the model
becomes:

Zo=(2,.2,,.2,5.2,,).

q1°>~q2>

The block diagram also allows you to study thermal processes in dynamics, such as the heating rate,
cooling rate, etc. In this case, the model looks like:

Z(t) = Z1(t1)7Zz(t2)aZ3(t3)7Z4(t4) 5

the condition must be met:

It follows from the condition that all measurement channels must be synchronized. Taking into ac-
count the inertia of temperature processes [4], [5], this problem requires a separate circuit solution.
Thus, the complete information model for the developed block diagram has the form:

Z Z{[Zl],[Zz],[Z3],[Z4]},
Z,=(2,.2,.2,5.2,,),
Z(t)= Zl(t1)=Zz(t2)7Z3(t3)aZ4(t4)-

Conclusion

Simulation modeling of the developed structural scheme showed the adequacy of the obtained data
on the state of the temperature field of the object under study. Analysis of the simulation results and their
comparison with known developments [6], [7] and [8] that are similar in purpose, but have a number of
functional disadvantages, proves the advantages of the developed structural scheme. Meanwhile, it should
be noted that when implementing the proposed structure, one of the most difficult tasks is to synchronize
the survey of information channels, which will require the use of a sufficiently fast computing device. Thus,
the developed block diagram of the data-measurement system meets the basic requirements, such as multi-
channel measurement of a physical quantity-temperature, direct communication with the measured object,
automatic control and processing of measurement information. An information model of the system is pro-
posed that allows evaluating the nature of the information process when measuring several homogeneous
physical quantities in a multi-channel data-measurement system.
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