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EXPERIMENTAL STUDIES OF THE ALGORITHMS FOR THE
TEMPERATURE MEASUREMENT TIME REDUCING

Ua ‘CKOPOHCHHH qacy nig 4ac MPOBE/ICHHS piSHOMaHiTHHX BUMIPIOBaHb € OJIHUM 3
MPIOPUTETHUX HAMPSMKIB y MeTpoJiorii. [ToBHOO MIPOO 1€ CTOCYETHCS 1 PiANH-
HUX TepMoMeTpiB. KoHCTpyKTHBHI MeTOou OOpPOTHOM 13 JOBrOTPUBAIICTIO BUMI-
pIOBaHb 3a JOMOMOTOIO I[bOTO THITY TepMOMETpiB Buuepnanu cebe. Ha yaci — 3a-
CTOCYBaHHS QJITOPUTMIYHHX METOJIB CKOPOYCHHS Yacy BUMIPIOBaHb. Y CTaTTi Ha-
BEJICH1 aJITOPUTMHU OOPOOKH MOKAa3HUKIB TEPMOMETPA, 5Kl TIO3BOJIAIOTH IO IMOYaT-
KOBIM JIUISHII KPUBOT pO3IrpiBy 3HAWTH 3HAYCHHS TEMIIEpATypH, SIKa BUMIPIOETb-
csl.

Ru CoxkpaleHre BpeMeHU Ipy MPOBEACHUU Pa3HOOOPa3HBIX U3MEPEHUN SBISETCS
OJIHUM M3 IPUOPHUTETHBIX HAMPABJICHUH B METPOJIOTUU. B MOTHON Mepe 3TO OTHO-
CUTCSI U K JKUAKOCTHBIM TepMoMeTpaM. KOHCTpYKTHBHBIE METOAbl OOpHOBI C
OOJBIION JATUTEIBHOCTHIO U3MEPEHUI C MOMOIIBIO 3TOTO THIIA TEPMOMETPOB HC-
yepnanu cebs. Ceifuac — BpemMsi IPUMEHEHHUST alTOPUTMUYECKHUX METOAO0B COKpa-
IIEHUS] BpEMEHH U3MepeHuil. B cTaThe mpuBeneHBl alrOpUTMbl 00pabOTKU MOKa-
3aHUN TEPMOMETPA, MO3BOJISIIONIME MO HAYAIbHOMY YYacTKy KpHUBOM pa3orpeBa
ONPEIETUTh 3HAUECHNUE U3MEPSIEMON TeMIIepaTyphl.
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Problem statement

Reducing the time when conducting a variety of measurements is one of
the priority directions in metrology. The scope of the temperature measurement
IS not an exception. Among the many different types of thermometers, liquid
thermometers are a worthwhile place. The apparent lack of power of them is the
long duration of the measurement process. This duration is (3 —4) T, where T is
the time constant of the device. In the case of measuring the temperature of lig-
uid media (the coefficient of heat transfer varies in the limits of
o =1000 — 2000 Wt/m?x°C), the time constant is comparatively small

(T=0,1—20 sec). When contacting the gas (o =20—-40Wt/m?x°C), the value

of T reaches 1 - 10 minutes. Constructive methods of combating this disad-
vantage — increasing the surface area of contact and reducing the mass of the
sensing element of the thermometer — have exhausted themselves. The authors
propose to reduce the measurement time algorithmically by analyzing the ther-
mometer dissipation curve.

Analysis of recent achievements and publications

At present, there are many types of temperature sensors — liquid, gas, me-
chanical, electrical, thermoelectric, fiber optic, infrared, and so on — and their
number grows with each passing year, thermometers appear, based on use pre-
viously not applicable to the principles of action [1, 2]. Liquid thermometers are
almost the most "ancient™ of their kind. Their shortcomings include the long du-
ration of the measurement process, and this disadvantage is significant, as evi-
denced by the emergence of more and more new methods of reducing the meas-
urement time [3, 4] in the thermometry. Widely used in thermometry and algo-
rithmic methods for increasing the speed [5]. In [6], we consider the method of
reducing the measurement time based on the analysis of the initial portion of the
heating curve of the thermometer.

Purpose of the article

The purpose of the work is to experiment with algorithms for the pro-
cessing of indications of liquid thermometers in order to reduce the time they
measured the temperature.

The main part

Experimental investigations were carried out with two types of liquid
thermometers — a household mercury thermometer with limits of measurements
35—-42°C and a price of fission 0,1°C, and also with a laboratory spirit ther-
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mometer with limits of measurements 0—2100 °C and a price of division 1,0 °C
(fig. 1).

Fig. 1. To the right is a mercury thermometer, on the left is an alcohol
thermometer

Thermometers measured the temperature of some objects (mercury — the
temperature of the human body, alcohol — the temperature of the container with
heated water). Indications of the mercury thermometer were taken at intervals of
0 — 192 seconds in 12 seconds, indications of alcohol thermometer — in the in-
terval 0 — 175 sec in 5 seconds increments. Dependences of thermometer read-
ings on time are shown in fig. 2.

The differential equation describing the process of heating the thermome-
ter has the form [2]

mcdt =aF(t, —t)dt, 1)

where m — is the mass of the sensing element of the thermometer, ¢ — is its spe-
cific heat capacity, o.— is the heat transfer coefficient, F— is the contact area of
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the sensing element, t_ is the measured temperature, t— is the current tempera-
ture value, t— IS the current value of the time.

t°C

= Alcohol thermometer

— Mercury thermometer

22 T,58C
40 &0 g0 100 120 140 160 180 200 220

Fig. 2 Dependence of thermometer readings on time

The solution of equation (1) under initial conditions T = 0, t=t_ and
the notation p=aFm™c™, is written as follows:
t =t xe" +¢ x@-eP). (@)

Minimize the squareness of the discrepancy between the real value of the tem-
perature t,,, and the corresponding calculated value of tm as shown in fig. 3

f(B,) :%Z(tr 1) :%Z[tr ~te? g (1-e” )T , @)

Taking the ranges of possible values of B=0,002—0,042 sec™,
t =35-42°C, for a mercury thermometer, we calculate the values of the func-

tional f (B, t,) with the step A, =0,001, sec™ and A, =0,1°C, and find it

minimum, and thus we determine the “best” estimates of the parameters  and
t,. Table 1 shows the values of the functional f (B, t,) for various values of f8

and t_, near the point of its minimum.

Table 1.
The dependence of the residual f on the parameters t, and B
for a mercury thermometer near the point of minima
t’C | 38,5 38,6 38,7 38,8 38,9 39 39,1

BB sec
0,016 0,220478 0,160163 0,110578 0,071723 0,043599 0,026204 0,01954
0,017 0,171468 0,117406 0,074499 0,042748 0,022152 0,012711 0,014426
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W 385 | 386 | 387 | 388 | 389 39 39,1
BB sec

0,018 0,132423 0,084305 0,047735 0,022713 0,009238 0,007311 0,016931
0,019 0,101605 0,059124 0,028554 0,009893 0,003142 0,0083 0,025368
0,02 0,077606 0,040464 0,015565 0,002912 0,002502 0,014336 0,038415
0,021 0,05928 0,027188 0,007649 0,000664 0,006233 0,024355 0,055032
0,022 0,045689 0,018372 0,003895 0,002259 0,013464 0,037509 0,074395
0,023 0,03606 0,013258 0,003563 0,006975 0,023494 0,05312 0,095853
0,024 0,029753 0,011223 0,006047 0,014226 0,035758 0,070645 0,118886

t°c4
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t,=25-70, at,=0,1 n
Fig. 3. Scheme of the experiment
As can be seen from table 1, the minimum value of the functional
f.n(B,t,)=0,000664 degrees® takes place at =0,021sec™ and t, =38,8°C.

These values, and above all the value of t, will be considered true, corresponding
to the real process. Since the key point in finding the true parameter values is to
find the minimum of the sum of the failures (3), consider several ways to im-
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plement this process. The application of the method of the co-ordinate descent
and the method of the fastest descent made it possible to determine the true val-
ues of the parameters 3 and t, and the minimum value of the sum of the squares

of the residual f_, (B,t,)=0,01094 degrees®, however the number of iterations
from the starting point 3=0,011sec™ and t =35,2°C at the same time signif-
icantly differed (fig. 4).

1,4
degrees?
1,2
1
0,8
w—— FiXing parameters
Fastest descent
0,6
0,4
0,2
number of
iterations
0
0 ) 10 15 20 25 30 35

Fig. 4. Comparison of the method of co-ordinate descent and the method
of the fastest descent

In addition, another method has been tested for minimizing the sum of
squares of discrepancies. Its essence is that. In the case where the coefficient [3
depending on the design features of the thermometer — is known, it is possible,
by minimizing the functional (3), to calculate the measured temperature t, thus:
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Liquid thermometers are intended for the most part to measure steady-—
state temperature, therefore, the coefficient  is generally unknown. It enters the
expression (3) — nonlinear, and it is not possible to obtain a dependence in the
form of a formula analogous to expression (4). Therefore, the following se-
guence of steps is proposed:

— for each value $=0,002—-0,042, the value of temperature t. is calculated

from the range of its possible changes with the selected step A, = 0,001 ac-
cording to formula (4),

— then for each pair of the assigned value of B and the calculated value of t,_,
by the formula (3), the sum of squares of discrepancies is calculated,

— the minimum value of the functional (3) is sought, to which the “best” esti-
mates of the parameters § and t, correspond.

The results of the minimum search using this technique for a mercury
thermometer are presented in table 2.

Table 2.
The dependence of the residual f on the parameters t. and B for a mer-
cury thermometer near the point of minima

B,c™t t,°C f, degrees?
0,002 50,01052 8,721184
0,003 45,75181 7,526189
0,004 43,63918 6,447321
0,005 42,38402 5,479238
0,016 39,11211 0,330845
0,017 39,03463 0,204723
0,018 38,96669 0,113389
0,019 38,90669 0,052955
0,02 38,85335 0,019878
0,021 38,80564 0,010945
0,022 38,76274 0,023249
0,023 38,72397 0,054174
0,024 38,68876 0,101366
0,025 38,65665 0,162719
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B,c t,°C f , degrees?
0,04 38,37851 1,881602
0,041 38,36751 2,013655
0,042 38,35705 2,145406

And finally, the main question is: how much time can be reduced to col-
lect information to get a reliable answer about the measured temperature of the
medium.
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Fig. 5. Dependence of the error of calculation of temperature t with
mercury thermometer from the time of the set of information

Assuming that the law of changing thermometer readings has the
form (2), measuring the initial value of temperature t,,, and applying the least

squares method to the actual process, the values of estimates of the parameters
t, and P were obtained depending on the time of the set of information. As an

error, we considered the difference between the values of the obtained estimate
of the temperature for a given value of the time interval and its true value ob-
tained as a result of processing the entire heating curve. The results are shown in
fig. 5 and fig. 6. It follows from the figures that for an alcohol thermometer, the
error does not exceed 1°C after the 135-th second of measurement, and for a
mercury thermometer, the error does not exceed 0,1°C after the 108-th second.
In addition, in the case if the speed of obtaining a “rough”, estimated result is
important, then for an alcohol thermometer the error will not exceed 2°C after
the 95-th second measurement, and the mercury error will not be greater than
0,2°C after the 48-th seconds.
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Findings

1. The article proposes a method for measuring the temperature of liquid ther-
mometers, based on the analysis of the initial portion of the thermometer
heating curve.
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Fig. 6. The dependence of the error in calculating the temperature t with
an alcohol thermometer on the time of information gathering

2. A comparative analysis of algorithms that can be used to implement this
method has been carried out.

3. For two types of thermometers — a mercury thermometer with a measuring
range of 35—-42°C and a dividing price of 0,1°C, and an alcohol one with a

measuring range of 0 —100°C and a dividing cost of 1,0°C, the method and

algorithms are evaluated.
4. From the analysis of the initial sections of the heating curves of real thermo—
meters it was concluded that it is advisable to use this technique.
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