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Abstract

The National Scientific Centre “Institute of Metrology” is actively involved in the implementation of a number of
international projects under the EMPIR programme. One of such joint projects is the EMPIR 18SIB01 GeoMetre research
project “Large-scale dimensional measurements for geodesy”. The overall goal of the project is to ensure traceability of length
measurements — from the measurement standard of the unit of length to long distances typical for geodetic measurements.
As a result of the project, it is necessary to provide length measurements of at least 5 km with an expanded uncertainty
of no more than 1 mm.

The main task of the NSC “Institute of Metrology” within this project is the development, research and practical
implementation of methods and means of accounting for the influence of the earth’s atmosphere on the results of measurements
of long distances in geodesy, carried out using electromagnetic waves in the optical range.

When performing the section Task 1.4 of the project, new methods of highly accurate determination of the mean
integral refractive index of air, used as a correction taking into account the influence of the atmosphere on the measurement
results, are justified. Requirements for the accuracy of measurements of meteorological parameters at discrete points of the
baseline are formulated, which are necessary to determine the mean integral refractive index. That is, the requirements for

the metrological characteristics of temperature, pressure and humidity sensors are determined.
The article discusses the results of the development, manufacture and testing of the sensors for temperature measurement.
It is shown that the created sensors meet the requirements of the GeoMetre project.
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Introduction

During the implementation of Task 1.4 of the
GeoMetre project, [1] the need to develop a temperature
measurement control system was substantiated, allowing
to perform real-time measurements (synchronously
with the measurement of distances to fixed points at
the geodetic polygon of NSC “Institute of Metrology”
in Lyptsi) with an accuracy that meets the requirements
formulated in the framework of Task 1.4 of the project
JRP — 18SIB0I GeoMetre [2, 3].

Statement of basic material

To solve this problem, a measuring complex was
designed, which is based on a temperature sensor
(microcircuit manufactured by Texas Instruments
TMPI117), which can serve as a single-chip digital
alternative to Platinum RTD (Resistance temperature
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detectors) and has an accuracy comparable to class
AA RTD [4] (Fig. 1), and a system that provides the
accumulation and transfer of measured data to the base
station (Fig. 2).

To obtain the results necessary to evaluate the
accuracy characteristics of this complex, studies of
temperature sensors were initially carried out using
a reference setup for reproduction of the Ga melting
point (gallium melting point) [5].

In the course of the research, the reproduced Ga
melting point temperature was repeatedly measured
by all sensors included in the measuring complex in
order to collect statistics necessary to evaluate the
type A and type B uncertainty components for each
Sensor.

Type A uncertainty for the i-th sensor was
determined by the formula [6]:
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Fig. 1. A prototype of the temperature
determination system

(I

where 7. is the temperature measured by the i-th
sensor at j-th reading (j is number of the reading
in the measurement), 7 . is the mean temperature
measured by the i-th sensor for » readings.

Type B uncertainty for the i-th sensor was
determined by the formula:

t —t

3

where 7 _is the reference melting point of gallium.
The combined standard uncertainty for the i-th
sensor was calculated by the formula:

[2 2
Uy =AUy T U . (3)

The results are presented for an array of n = 30
observations (readings) performed using sensors No. 0,
1, 2, 3 in Table 1.

Using the requirements for the accuracy of sensors
taken from the Report on Task 1.4.1 of the project
JRP — 18SIB01 GeoMetre, after recalculating them
in relation to the conditions of these studies, i.e., for

; 2)

;=

Fig. 2. Manufactured version of the system for collecting and transfer measurement information

on the air temperature in the field conditions

T = 303.15 K, a graph was obtained (see Fig. 3), which
shows both the specified requirements (yellow zone)
and the obtained maximum limits for the combined
standard uncertainty of the sensors (green zone).

Next, the temperature component of the combined
standard uncertainty of the determination of 7 was
evaluated as part of a field experiment at the Lyptsi
polygon [7].

The combined standard uncertainty evaluation
of the results of measurement performed on 01 June,
2021, using a complex of four created sensors at NSC
“Institute of Metrology” reference polygon, was carried
out in the following form:

— type A uncertainty for i-th sensor

b

where j is the number of a reading; m is the amount
of readings in a measurement; 7. is the temperature
measured at j-th reading by i-th sensor at the reference
polygon; 7, . is the mean temperature for i-th sensor
at the reference polygon at m readings;

— type B uncertainty: obtained during preliminary
studies and is equal to U Bi from Table 1;

Table 1

The results of research of measurement uncertainty characteristics for sensors No. 0, 1, 2, 3

Uncertainty Sensor number i=0 i=1 i=2 i=3
Ui 0.002 0.003 0.002 0.001
Up 0.006 0.005 0.007 0.023
U 0.007 0.006 0.007 0.023
Table 2
The result of the evaluation of the combined standard uncertainty
Uncertainty Sensor number i=0 i=1 i=2 i=3
Upir 0.006 0.005 0.007 0.023
U, . 0.003 0.003 0.003 0.006
Ucir 0.007 0.006 0.007 0.024
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Fig. 3. lllustration of compliance of the maximum combined standard
uncertainty of the studied sensors (green zone) with the requirements set at
stage A.1.4.1 (yellow zone)

— the combined standard uncertainty of the i-th
sensor: U = \/uf“ .t uﬁ,--

Uncertainty evaluation for each sensor was carried
with a 2-minute time interval, temperature readings
were taken on ceper second. According to [8], for
a time T 2 min, which does not exceed the time of one
reading during long distance measurements, the mean
temperature value under normal climatic conditions
cannot change by more than 0.005...0.01°C. That is, the
obtained value of the mean integral refractive index of
air will correspond to the results of measurements with
a rangefinder (tacheometer), taking into account the
requirements for the accuracy of such measurements.

Results are shown in Table 2.

Applying the requirements of Task 1.4.1 of the
project JRP — 18SIB01 GeoMetre to the sensors
and recalculating them for the conditions of the
experiment, we obtain the graph shown in Fig. 4, from
which it follows that the sensors meet the previously
substantiated requirements.

Next, the evaluation of the relative contribution of
the temperature measurement uncertainty component
to the combined standard uncertainty of the refractive
index determination is performed [2]. The purpose
of this evaluation is to verify the compliance of the
accuracy characteristics of the measured quantity with
the values approved at stage 1.4.1 when forming the
accuracy requirements, namely:

u, <0110 ~03x107.

nt
The temperature uncertainty contribution is
evaluated by the formula:

6 dto co r 6 dt3 C3r

= , (4
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Fig. 4. lllustration of the compliance of the combined standard uncertainty of
each i-th sensor during the experiment at the Lyptsi polygon (green zone)
with the requirements formulated at stage A.1.4.1 (yellow zone)

where 9N,

dt.

[9, 10] with respect to temperature at the temperature
determined by the i-th sensor; U Cir is the combined
standard uncertainty of the i-th temperature sensor.

The uncertainty component of the temperature
measurement in the refractive index uncertainty is
determined as:

is the partial derivative of Siddor’s formula

u =53x10".

That is, the requirements of stage 1.4.1. in terms
of temperature measurements have been fulfilled
(5.3x107 <0.3x107).

Conclusion

The manufactured sensors meet the requirements
for the accuracy of temperature measurements
formulated during performing Task 1.4.

Since the requirements for the accuracy of
measurements of pressure, humidity and the gradient
of the refractive index of air at the end points of the
baseline, formulated in Task 1.4, are less stringent than
the requirements for temperature sensors, it can be
considered that the main requirement of the GeoMetre
project — to ensure the measurement of the baselines
of up to 5 km with expanded uncertainty of no more
than 1 mm — will be successfully completed after the
development of the rest equipment for meteorological
measurements.
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AHAJIi3 TeMIepaTypHOi CKJIAJA0BOI CyMapHOI CTaAHAAPTHOI
HEBU3HAYEHOCTI MOKA3HUKA 3aJIOMJIEHHS 32 JAHUMH
BUNPOOYBAHb CHCTEMM KOHTPOJII0 MeTeonapameTpiB,
CTBOpPEHOI AJis JIMnmenbKoro reoe3udyHoro moJiroHy
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AHoTaris

Hauionanbuuit HaykoBuii 1IeHTp “IHCTUTYT MeTposIorii” 6epe aKTUBHY y4acTb Y BUKOHAHHI PsIy Mi>KHAPOAHUX MPOEKTIB
3a nmporpamoro EMPIR. OnHuMm i3 Takux crmiJibHUX MPOEKTIB € pocainHuibkuii mpoekt EMPIR 18SIB01 GeoMetre “Large-
scale dimensional measurements for geodesy”. 3araJpbHOI0 METOIO MPOEKTY € 3a0e3MEUYEeHHS MPOCTEXYBAHOCTI BUMipIOBaHb
JIOBXXWHM — BiJl €TajloHa OAMHMUIII JOBXUHU J0 BEJIUMKUX JOBXKWH, XapaKTEPHUX JJIs1 T€OAe3UYHUX BUMIpIOBaHb. Y pe3yJibTari
BUMKOHAHHSI TIPOEKTY HEOOXiMHO 3a0e3MeYynTH BUMIpIOBAHHS BiICTaHell HE MEHIIe 5 KM 3 PO3LIMPEHOI0 HEeBU3HAUEHICTIO
He Oinbiie 1 mMMm.

OcHOBHUM 3aBHaHHSM, sike BUKoHye HHILI “IHcTuTyT MeTpoJiorii” y paMKax LIbOTO MPOEKTY, € PO3pOOKa, TOCITIIKEHHS
Ta MpakTUYHA peaizallisi METOIIB i 3ac00iB 00J1iKy BIUIMBY 3eMHOI aTMOC(epu Ha pe3yJibTaTh BUMipIOBaHb BEJIMKHUX JIOBXUH Y
reozesii, ki 3MiiCHIOIOTHCS 3a JTOITOMOTOIO €JIEKTPOMArHiTHUX XBWJIb ONITUYHOTO Aiama3oHy. I1pu BukoHaHHi posminy Task 1.4
MPOEKTY OYyJIM OOI'PYHTOBaHi HOBi METOIM BMCOKOTOYHOIO BM3HAYEHHSI CEPEAHbOIHTErpajibHOTO IMOKAa3HMKA 3aJOMJIEHHS
TIOBITpsI, SIKMA BUKOPUCTOBYIOTH B SIKOCTi TIOMPAaBKHU, III0 BPaxXOBYE BIUIUB aTMochepud Ha pe3yJbTaTh BHUMipIOBaHb.
ChopMyIb0BaHO BHUMOIM JO TOYHOCTI BUMIpIOBaHb MeTeoIapaMeTpiB y JIOKaJbHUX TOYKaX Tpacu, HEOOXiZHUX s
BU3HAYEHHSI CEPEIHbOIHTETPAJIbHOTO TTOKa3HMKa 3aJIoMIeHHS. To0TO, BU3HAUEHI BUMOTHU 10 METPOJIOTIYHUX XapaKTePUCTUK
JlaBayviB TeMIiepaTypu, TUCKY i BOJOTOCTi TOBITpsI.

VY crarTi po3risnaThCsl Pe3yJIbTaTU PO3pOOKM, BUTOTOBJICHHS i BUITPOOYBaHb JaBayiB ISl BUMIPIOBAHHS TeMIIepaTypu.
IToka3aHo, 110 CTBOPEHi JaBayi 3aJ0BOJILHSIIOTH BUMOTaM IMpoekTy GeoMetre.

KimouoBi ciioBa: reosnesist; BUMiproBaHHST JOBXWHU; MOKA3HWUK 3aJIOMJICHHSI TIOBITpSI; JaBay TeMIlepaTypu.

AHaIM3 TeMIepaTypHOi COCTABJSIONIENl CYMMApHOM CTaH-
JAPTHOM HeOoIpeIeIeHHOCTH NMOKa3aTes MpeJOMJICHUS 10
JTAHHBIM MCIBITAHUI CHUCTEMbl KOHTPOJIA METEeONnapaMeTpoB,
CO3JaHHOM AJis JIMmenkoro reoae3md4ecKoro mnoJMroHa
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AHHOTAIMS

HauuoHanbHbIM HaydHBIN HEeHTP “MHCTUTYT METpOJIOTMM” aKTMBHO yYacTBYET B BBIITOJHEHHUHU psda MEKIyHApPOTHBIX
npoekToB 1o nporpaMmme EMPIR. OnHuM M3 TaKuX COBMECTHBIX MPOEKTOB SIBJISIETCS MccienoBaTeibckuii mpoekt EMPIR
18SIB01 GeoMetre “Large-scale dimensional measurements for geodesy”.

OcHoBHOI 3anmaueii, kotopyto BeinmosHsseT HHL “UMHctutyr mMeTposoruu” B paMKax IaHHOTO IMPOEKTa, SIBJISETCS
pa3paboTka, MCcileloBaHME U MpaKTUUecKas peajr3alids METONOB M CPEACTB yyeTa BIMSIHUS 3eMHON aTMochepbl Ha
pe3yJIbTaThl U3MEPEHUI OOJIBIINX UIMH B TCONE3UU, OCYIIECTBIISIEMBIX C IIOMOIIBIO 3JICKTPOMATHUTHBIX BOJIH ONTHYECKOTO
nuanasoHa. [Tpu BeimosHeHuu pasnena Task 1.4 mpoekra OblIM 000CHOBaHbI HOBbIE METO/bI BHICOKOTOUHOTO OIpeaeaeHMSs
CPETHEMHTETPAJIbHOTO ITOKAa3aTesIsT TIPeJIOMICHUS BO3IyXa, MUCIIOJIb3yeMOTO B KaueCTBE IOIPABKM, YYMTHIBAIOIICH BIUSHUE
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atMocdepbl Ha pe3yabTaTel u3MmepeHuit. CdhopmyaupoBaHbl TpeOOBaHUS K TOYHOCTM WM3MEPEHUIl MeTeolapaMeTpOB
B IIMCKPETHBIX TOYKAX TPACcChl, HEOOXOMUMBIX IUISI OTNpeNesieHUsI CPeTHEMHTETPAILHOTO TTOKAa3aTess MPEJIOMIICHMS.

B crathe paccmarpuBaioTCs pe3yibTaThl pa3pabOTKHM, W3TOTOBJIEHUSI W WCIHBITAHWNM NATYUKOB ST U3MEPEHUS
TemIiepatypbl. [loka3aHo, 4TO cO3maHHBIE MATIYMKU YIOBIETBOPSIOT TpeboBaHMsIM mpoekta GeoMetre.

KioueBbie cioBa: reonac3ud; MBMEPCHUE INJIMHBI; ITOKa3aTC/ib IPEIOMIICHUA BO3AYyXa, HAaTYMK TEMIIEpaTyphbl.
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