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METHOD OF PRESSURE SENSOR DYNAMICS DETERMINATION USING
REDUNDANT MEASUREMENTS

Ya. Brovko, P.G., Kharkov National Automobile and Highway University

Abstract. The method of determining the dynamic characteristics of linear inertial pressure sensors
based on one known sensor with redundant measurements usage is proposed. A method based on the
approximate system of solving measurement inverse problems is offered. The proposed method en-
sures a lower relative measurement error as compared with any other existing method.
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METOA ONPEAEJEHUA JUHAMUYECKUX XAPAKTEPUCTUK JATYUKOB
JABJIEHUSA TPU U3BBITOYHOM U3BMEPEHUN

5A.C. BpoBko, acnMpaHT,
XapbKOBCKM HAMOHAJIbHBIA ABTOMOOUIbHO-10P0KHbIN YHUBEPCUTET

Annomanusa. Ilpeonodicern memoo onpeodeneHuss OUHAMUYHBIX XAPAKMEPUCTNUK JTUHEUHbIX UHEePYUATb-
HBIX 0amMYUK08 0a6NeHUsi Ha OCHO8e U3BECHO20 0AmMYUKA NPU U30bIMOYHOM usmepenuu. Memoo oc-
HOBbIBACMC S HA NPUOTUNCEHHOM aANnApame peuienus oopamuwvix uzmepumenvrulx 3aoay. OmHocu-
MeNbHASL NOZPEeUHOCb USMEPEHULL HUdICE, YeM 8 PaHee CYUeCMEYIOUUX Memoodx.

Knrwuesvle cnosa: bezoemonmasicholil KOHmMPpOJlb, ouHamuveckue xXapakmepucnmuKku, uUsmepumelbHas
MH¢OpMal4MOHHaﬂ cucmema, JUHElHble 0amYUKU OCZGJZ@HM}Z, MHO2OKAHAIbHBLLL npueM

METO/JA BUBHAYEHHSA JMHAMIYHUX XAPAKTEPUCTUK JATYUKIB TUCKY
i YAC HAJJIMIIKOBOI'O BUMIPIOBAHHA

5A.C. BpoBko, acnipaHnr,
XapkiBcbKHUil HANIOHAJIbHUIT ABTOMOOLILHO-T0POKHIil yHIBepcUTeT

Anomayia. 3anponono8ano memoo SUSHAYEHHS OUHAMIUHUX XAPAKMEPUCIUK TIHIHUX THepYitiHux
0amyuKie MUcKy Ha OCHO8I 8i00M020 OAMYUKA Ni0 YAC HAOTUUKOB020 BUMIpIOBanHs. Memoo tpynmy-
EMbCA HA HAOIUIICEHOMY anapami po38 A3aHHA 00EePHEeHUX GUMIPIOBATIbHUX 3a0ay. Bionocna noxubka
BUMIPIOBAHD HUNICYA, HINC Y HASABHUX MEMOOAX.

Knrouoei cnosa: 6e30emonmadichuti KOHMPOab, OUHAMIYHI XAPAKMEPUCMUKY, GUMIDIOSATIbHA THPOP-
Mayitina cucmema, TiHitHI 0amyuKu MUcCKy, 6a2amoxanaibHull NPUiom.

Introduction this reason, the number of sensors that measure

the same parameter of a facility can

Diagnostics of hazardous industrial facilities be increased, thus redundant measurements are
(HIF) requires using pressure sensors as compo- used.

nents of measuring information systems (MIS).

The reliability of measurement data depends
The requirements to the reliability of measure- considerably on the quality of metrological as-
ment data received at HIFs are very strict. For surance of the MIS. During the operation metro-
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logical characteristics (MC) of sensors change:
they are exposed to external influences (vibra-
tion, noise, microclimate parameters, etc.), they
depend on the state of measuring lines (pipe-
lines) and can change significantly over time
with the «aging» of sensors.

Continuous monitoring of sensor MCs is only
possible when it is performed in-place. At HIFs
it is not used at all or is used partly. Thus, meas-
uring control of sensors, namely their dynamic
characteristics (DC), without removing them
from the facility is required.

Recent Papers Review

Noise analysis method is presented in [1].
It allows us to determine the dynamic character-
istics of the sensor (time constant). The accuracy
of this method, according to Hashemian, is not
always high (relative measurement error values
can be as high as 30 % and higher). Also, this
method requires significant amount of prior sys-
tematic information.

Methods for determining dynamic characteris-
tics of inertial sensors through in-place control
are being developed. For example, in [2] a
method of approximate solution of the inverse
problem based upon incomplete prior data on
impulse response of a linear inertial sensor is
developed. In some cases, this method allows
sensor identification. In [3] a method for deter-
mining the time constant of a pressure sensor
through in-place control solving the inverse
problem is proposed. The accuracy of these
methods is about the same as of the noise analy-
sis method.

Purpose and Problem Description

The purpose of this article is to describe the
method of determination of dynamic characteris-
tics of linear inertial pressure sensors using re-
dundant measurements.

The determination of pressure sensor dynamic
characteristics using of measurement inverse
problem usually requires known output and in-
put pressure sensor signals and transition or im-
pulse characteristic. In real environment the de-
termination of such huge volumes of priori in-
formation is quite complicated task. Consider
another approach of determination of dynamic
characteristics of linear inertial sensors.

Problem Solution

The method consists in measuring redundancy
when one and the same process is measured
by several sensors. To assess the accuracy of the
method we must consider the case where DCs
o all sensors are known. The next step is a case
where DCs of one sensor are known.

The studied object in this case is a part of the
MIS, which consists of m linear inertial pres-
sure sensors (fig. 1). The studied process is the
process of measuring one and the same input
action x(t) (fig. 1) of this part of the MIS.
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Fig. 1. Diagram of multichannel measurement of
one and the same input action

Let us specify the type of impulse characteristics
and values of time constants for all sensors.

The transfer characteristic of first-order dia-
phragm type sensors is most often expressed by
Function [1]

t

H(t)=U,|1-e™ |. (1)

Using Function (1), we can identify the sensor
impulse response taking into consideration the
relation between impulse and transfer character-
istics [4]

h(e)= dH(t) Uy = 2)

In this case the pressure sensor impulse response
is expressed by formula (2). The amplitude U,
was defined by experiment [1]. However,
in order to make calculations easier we will set
the amplitude that equals 1. The unknown pa-
rameter 1, (time constant) is calculated using the
technique described in [3]. The time constant
values of all sensors included in the system are
given in table 1.
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Table 1 Setpoints of sensor time constants

Sensor Time Constants
D1 0,30s
D2 0,43s
D3 0,35s
D4 0,39 s

The input action model with noise (fig. 2)
is close to a real one. At the output of the system
(fig. 1) we will obtain m of implementations of

output signals y, (¢), (i =1, m) The measurement
results are expressed in volts (1 V=5 kPa). In
general, at real facilities input action implemen-
tations of each of the sensors will be different
due to the noises present in measuring lines. We
will not consider these differences while solving
this problem which implies using an ideal meas-
uring line at the input of the MIS.
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Fig. 2. Implementation of the input action
in MatLab software package

Let us consider a case which is very important in
practice when all dynamic characteristics
of only one sensor, for example the first one, are
specified. Let the first sensor be a new one,
while others have been in operation for several
years. In the process of measuring we obtain the
output signals of all four sensors. Taking into
account the similarity of these sensors, the mode
of impulse response of the last m —1 sensors
is partially known (fig. 3).
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Fig. 3. Input of the first sensor available from
experiments

Let us determine the input action at the input
of the first sensor. The method of input action
mapping is based upon the solution of an inverse
problem which is described in [2].

The next step is to calculate the spectral density
of the input signal X (o)

(o)

b

H, (j@) (3)

~

X(joo)=

where Y, ( joo) is spectral density of the output
signal power; H,( joo) is amplitude frequency
response (AFR) of the first sensor which is ex-
pressed by means of its impulse response h(t)

[4].

AFRs of other sensors are calculated using the
following formula

H, (jo) = 12U®) 4

Impulse responses can be calculated using For-
mula (5). This will enable us to obtain time con-
stants of all sensors (table 2).

W)= [ H(jo)edo.  6)

—00

If we know the time constant of the reference
sensor, we will be able to determine this con-
stant and estimate the error by solving the in-
verse problem. Let us determine the statistical
characteristics of the time constant measurement
error. We will use the average to correct the
measurement result by means of the inverse
problem solution for a sensor with unknown
DCs, that is, we will add this value or subtract it
from the obtained time constant.

With the help of mathematical modeling we
have obtained the average which equals—
0,009 s, that means that the corrected value of
the pressure sensor time constant equals 0,291 s.

Table 2 Calculated values of sensor time constants
obtained using the proposed method

Calculated Corrected
Sensor
values values
D2 0,429 s 0,420 s
D3 0,346 s 0,337 s
D4 0,393 s 0,384 s

Let us verify the calculated values of the re-
maining sensors with the help of the same meth-
od of the inverse measurement problem solution
(table 3).
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Table 3 Accuracy of time constants measurements

Sensor Verified values Relative error
D2 0.424 s 0.94 %
D3 0.340 s 0.88 %
D4 0.389 s 1.29 %

Conclusion

Existing methods of determining the pressure
sensor time constants for in-place control at
hazardous industrial facilities have errors that
reach 30 % or even higher. The proposed method
is based on using the approximate apparatus for
solving inverse measurement problems, its re-
sults are corrected when compared with a time
constant of one of the sensors whose dynamic
characteristics were identified earlier during the
bench test. The time constant error in case of
multi-channel systems does not exceed 5 %.
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