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PROGRAMME / NPOrPAMA / NPOrPAMMA

10:00 - 13:00
REGISTRATION / PETMCTPALMA HotelLobby | g 5024
or On-line 14:00 - 17:00
OPENING / OTKPUBAHE / OTKPbITUE Hall/3ana/3an1| 8.09.2024 | 10:00 - 10:30
10:30-11:15
11:30 - 12:30
8.09.2024 | 13:00 - 15:00
15:15 — 16:45
17:00 - 19:00
PAPERS AND SCIENCE NOTES
09:00 — 10:30
OOKNAOM N HAYYHU CbOBLUEHUSA Hall/3ana/3an 1
10:45 — 12:15
DOKNAAbI U HAYYHbIE COOBLLEEHNA 9.09.2024 | 13:00 - 14:45
15:00 — 16:45
17:00 — 18:15
09:00 - 10:30
10.09.2024
10:45 - 11:45
WELCOME / AJOBPE AI0OLWWNW / AOBPO NOXA/IOBATb 8.09.2024 19:30
COCKTAIL / KOKTEWN / KOKTEWUNb 9.09.2024 19:00
CLOSING / 3AKPUBAHE / 3AKPbITUE Hall/3ana/3an 1 |10.09.2024 12:00
DEPARTURE / OTNbTYBAHE / OTbE3[, 11.09.2024




7 September / Centemspu / CeHTabpa 2024 (Saturday / Cv6ota / Cy6oTa)

10:00 - 13:00 Registration / Perucrpaumsn

14:00-17:00 Registration / Perucrpauums

8 September / Centemspu / CeHTabpsa 2024 (Sunday / Hepens / BockeceHue)

10:00 -10:30 Opening / OTkpusaHe / OTKpbiTHE
10:30-11:15 Plenary Session / MnexapHo 3aceganue / NneHapHoe 3acegaHune
11:15-11:30 Coffee break / Kage naysa / Kode nepepbis

Section / Cekumsa |

General Aspects of Metrology. Measurement Methods.
Unity and Accuracy of Measurements
11:30-12:30 061K acneKkTn Ha meTponoruaTa. Metoam Ha U3mepBaHe.
EAMHCTBO M TOYHOCT Ha M3MEPBAHMATA
O6wme acnekTbl MeTponornn. MeToapbl UsmepeHus.
EAVMHCTBO Y TOYHOCTb U3MEPEHNI

12:30-13:00 Free time / CBo6oaHo Bpeme / CBobogHoe Bpemsn
13:00 - 15:00 Section / Cekuma I: CONTINUES / NPOAB/TKEHUE / MPOAOTHKEHNE
15:00 — 15:15 Coffee break / Kade naysa / Kode nepepbis

Section / Cekuusa IV
15:15 — 16:45 Measurements in the Industry
N3mepBaHMA B MHOYCTPUATA
N3mepeHuna B NpOMBbILLIEHHOCTU

16:45-17:00 Coffee break / Kade naysa / Kode nepepbis

Section / Cekuus IX
Metrology Practice

17:00- 19:00
MeTponornyHa lNpakTuka
MeTponorunyeckas lNpakTuka
19:30 Welcome / lobpe gownu / No6po noxkanosatb




9 September / Centemspu / CeHtabpsa 2024 (Monday / MoHegenHuk / NMoHeaenbHUK)

Section / Cexkuus lll
Measurement and Information Systems and Technologies

09:00 - 10:30
N3mepBaHNa N UHGOPMALIMOHHU CUCTEMU U TEXHOIOTUMU
N3meputenbHble U MHGOPMaLMOHHbIE CUCTEMbI U TEXHONOTUU

10:30 — 10:45 Coffee break / Kade naysa / Kode nepepbis
10:45-12:15 Section / Cekuma lll: CONTINUES / NTPOAB/IMKEHUE / MPOAO/THKEHUNE
12:15-13:00 Free time / CBo6oaHo Bpeme / CBo6oaHOE Bpems

Section / Cekuus VI
13:00 — 14:45 Measurements in the Electrical Power Engineering

M3mepBaHUA B eNeKTpoeHepreTnKkara
N3mepeHuna B 31eKTPO3HepreTmKe

14:45 - 15:00 Coffee break / Kade naysa / Kode nepepbis

Section / Cekuuma Il
15:00 — 16:45 Sensors, Transducers and Devices for Measurement of Physical Quantities

) ) CeH3opu, npeobpasysatenu u ypeam 3a usmepsaHe Ha PU3NYHN BEANUYUHN
CeHcopbl, npeobpasosaTtenu 1 Nnpubopbl ANA N3MepeHns GU3NYecKUxX BeIMYMH

16:45-17:00 Coffee break / Kade naysa / Kode nepepbis

Section / Cekuua XI

Quality Management and Control, Standardization, Certification, Accreditation
17:00 - 18:15 YnpasneHue n KoHtpon Ha KauvectsoTo, CtaHgapTtr3ayma, CeptuduKkaums,
Akpegutauma
YnpasneHue n KoHTposb Kavectsa, CtaHgaptusaums, CeptudunKkauma, Akpeantaums
19:00 Cocktail / Kokteitn / Kokreiinb

10 September / Centemspu / CeHTabpa 2024 (Tuesday / BropHuk / BTopHUK)

Section / Cexkumsa VI
lonizing Radiation Measurements

09:00 - 10:30 ~
N3mepBaHe Ha NoHn3npawm JTbueHun
N3mepeHne NoHnsmnpytowmx MsnydeHnin
10:30 - 10:45 Coffee break / Kage naysa / Kode nepepbis
10:45 -11:30 Section / Cekuuma VIII: CONTINUES / NPOAB/IEHUE / NPOAO/TKEHUE
12:00-12:30 Closing Session / 3akpuBauia cecus / 3akniountenbHoe 3acegaHue

11 September / Centemepu / CeHTabpa 2024 (Wednesday / Cpaaa / Cpega)

Departure / OtnbryBaHe / OTbesg
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SCIENTIFIC PROGRAMME
HAYYHA NMPOITPAMA
HAYYHAA NPOITrPAMMA

8 September / CentemBpu / CeHTAOpA 2024
(Sunday / Hepgens / BockeceHue)

OPENING / OTKPUBAHE / OTKPbLITUE
10:00 - 10:30 Chairman: Prof. D. Diakov, PhD

Secretary: Assoc. Prof. G. Milushev, PhD
N. Gurov, MEng

PLENARY SESSION / MTNEHAPHA CECUA /| NNEHAPHOE 3ACEOAHUE
10:30-11:15 Chairman: Prof. D. Diakov, PhD

Secretary: Assoc. Prof. G. Milushev, PhD
N. Gurov, MEng

P.1. Valentin Starev
EC63 |CHALLENGES TO THE BULGARIAN INSTITUTE OF METROLOGY (BIM) IN
ENSURING TRACEABILITY AND IMPLEMENTING CONTROL OF
MEASURING INSTRUMENTS FOR ALTERNATIVE FUELS
P.2. Philippe Cassette
EC17 |METROLOGY OF RADIOACTIVITY AND RADIONUCLIDES: PAST, PRESENT
AND FUTURE
P.3. Roald Taymanov and Kseniia Sapozhnikova
EC52 |MEASUREMENTS AND ARTIFICIAL INTELLIGENCE. A NEW STAGE
P.4 George Milushev
INFORMATION ABOUT IMEKO 2024 WORLD CONGRESS
GENERAL ASPECTS OF METROLOGY.
MEASUREMENT METHODS. UNITY AND ACCURACY
OF MEASUREMENTS
. OB ACNEKTU HA METPOJIOTMATA. METOOU HA
Section / Cekums | W3MEPBAHE. EQJUHCTBO M TOYHOCT HA
M3MEPBAHUATA
OBLUME ACNEKTbI METPOJTIONM. METObI
UW3MEPEHUA. EQUHCTBO U TOYHOCTb U3MEPEHUW
11:30-12:30 Chairman: A. Yovcheva, PhD
13:00 - 15:00 Secretary: Assist. Prof. |. Blagov, PhD
N. Gurov, MEng
I.1. Tetyana Gordiyenko and Oleh Velychko
EC5 REGULAR TRAINING OF METROLOGISTS ON NATIONAL LEVEL
[.2. Velizar Vassilev
EC8 |STUDY OF THE CAPABILITIES OF A RETROFITTED ROUNDNESS
MEASURING INSTRUMENT




1.3. Sergii Shevkun, Maryna Dobroliubova and Oleksii Statsenko
EC25 |MEASUREMENT UNCERTAINTY EVALUATION DURING CALIBRATION OF
PRECISION LCR METERS ON NATIONAL CAPACITY AND INDUCTANCE
STANDARDS IN THE FULL FREQUENCY RANGE AND RANGE OF VALUES
1.4. Krasimir Bosilkov, Snezhana Spasova and Elena Nikolova
EC27 |INTERLABORATORY COMPARISON OF DIGITAL THERMOMETER IN THE
TEMPERATURE RANGE FROM MINUS 40 °C TO 200 °C
1.5. Branko Sotirov, Miryana Masheva and Tzvetelin Gueorguiev
EC28 |METHOD FOR TAXIMETER VERIFICATION WITH ROLLER TEST BENCH
1.6. Oleksandr Degtiarov, Oleg Zaporozhets, Volodymyr Skliarov, Mykola Moskalets
EC38 |and Viktor Lutsenko
DEVELOPMENT OF METHOD AND MEASURING EQUIPMENT IN FIELD OF
RESEARCH OF LOW-FREQUENCY MAGNETIC FIELD PARAMETERS
1.7. Igor Zakharov, Olesia Botsiura and Iryna Zadorozhna
EC51 |MEASUREMENT UNCERTAINTY EVALUATION OF OBJECTS COORDINATES
IN A PLANE
1.8. Igor Zakharov, Olesia Botsiura and Kiril Banev
EC62 | APPLICATION OF THE LAW OF PROPAGATION OF EXPANDED
UNCERTAINTY TO MEASUREMENT DATA PROCESSING AT CALIBRATION
1.9. Dimitar Dichev, lliya Zhelezarov, Borislav Georgiev, Ivo Malakov, Oleksandr
EC64 | Kupriyanov, Dimcho Pulov, Ralitza Dicheva and Hristofor Kovachev
ANALYSIS OF ERRORS IN ROLL AND PITCH MEASUREMENTS FOR
MOVING OBJECTS
[.10. | Dimitar Dichev, lliya Zhelezarov, Oleksandr Kupriyanov, lvo Malakov, Borislav
EC65 |Georgiev, Dimcho Pulov, Ralitza Dicheva and Hristofor Kovachev
KALMAN FILTER INTEGRATION IN ORIENTATION MEASUREMENT
SYSTEMS WITH MEMS SENSORS UNDER DYNAMIC CONDITIONS
1.11. |Dimcho Pulov
EC67 |PASSIVE ATHERMALIZATION OF COMPACT IR LENSES FOR ACCURATE
MEASUREMENTS AND VISUALIZATION OF TEMPERATURE FIELDS
1.12. | Oleksandr Samoilenko, Serhii Pronenko and Yevheniia Volkova
EC47 |ORGANIZING THE METROLOGICAL MEASUREMENTS NETWORK — THE
WAY TO UPGRADE THE ESTABLISHMENT OF TRACEABILITY AND
COMPARABILITY OF MEASUREMENTS RESULTS
MEASUREMENTS IN THE INDUSTRY
Section / Cekuusa IV M3MEPBAHUA B UHOYCTPUATA
M3MEPEHUA B MPOMbILLUITIEHHOCTHU
15:15-16:45 Chairman: Prof. B. Sotirov, PhD
Secretary: Assist. Prof. D. Komarski, PhD
Assist. Prof. I. Blagov, PhD
IV.1. |Alexander L. Shestakov, Denis K. Lebedev, Vladimir V. Sinitsin, lvan |. Fedosov
EC10 |and Olga L. Ibryaeva
INTELLIGENT MULTI-ZONE TEMPERATURE SENSORS DATA PROCESSING
FOR ROLLING BEARINGS DIAGNOSIS
IV.2. |lvan Fedosov and Alexander Shestakov
EC11 |AMETHOD TO ESTIMATE A MEASUREMENT VALUE STATUS FOR A
MEASUREMENT CIRCUIT OF FOUR-WIRE THERMOELECTRIC CONVERTER
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IV.3. | Bondan Dwisetyo, Maharani Ratna Palupi, Denny Hermawanto, Ninuk Ragil
EC14 | Prasasti, Chery Chaen Putri, Asep Hapiddin, Fajar Budi Utomo, Adindra Vickar
Ega, Muhammad Azzumar, Miftahul Munir, Rudi Anggoro Samodro, Gigin
Ginanjar, Yonan Prihhapso
DEVELOPMENT OF AN INDUSTRIAL SCALE ACOUSTIC MEASURING
INSTRUMENT CALIBRATION SYSTEM
IV.4. | Miroslav Kokalarov, Dimitar Dichev, Branko Sotirov and Boris Sakakushev
EC33 | AN APPLICATION OF THE PHOTOGRAMMETRIC METHOD FOR
MEASURING IN MECHANICAL STRUCTURES
IV.5. |Miroslav Kokalarov, Dimitar Dichev, Branko Sotirov and Boris Sakakushev
EC34 |A STEREO PHOTOGRAMMETRIC METHOD FOR MEASURING THE
DEFORMATIONS OF MECHANICAL STRUCTURES
IV.6. |Penko Mitev
EC40 |DESIGN AND PRODUCTION OF A FEEDING AND WEIGHING SYSTEM FOR
FASTENERS
METROLOGY PRACTICE
Section / Cekuusa 1X METPOJIOr'MYHA NMPAKTUKA
METPOJIOIr'MYECKAA NPAKTUKA
17:00 - 19:00 Chairman: Prof. D. Dichev, DSc
Secretary: Assist. Prof. D. Komarski, PhD
Assist. Prof. I. Blagov, PhD
IX.1. Yosif Munev
EC 16 METHODOLOGY OF SURFACE PROFILE FILTERING AND ROUGHNESS
EVALUATION
IX.2. Zlatka Chavdarova, Desislava Koleva and Hristiana Nikolova
EC 48 "METROLOGICAL EXAMINATION OF A REFERENCE SYSTEM FOR SPEED
MEASUREMENT BASED ON GPS SIGNALS"
IX.3. Todor Todorov, Blagovest Bankov, Mihail Zagorski, Todor Gavrilov and
EC 50 Konstantin Dimitrov
RAPID PROTOTYPING AND MEASURING ASSESSMENT OF A COMPLEX
GEOMETRY
IX.4. Dobri Komarski and Dimitar Diakov
EC 68 EXPERIMENTAL STUDY OF THE RADIAL AND AXIAL STIFFNESS OF
MICRO-POSITIONING ELASTIC MODULE WITH “BUTTERFLY” FLEXURES
IX.5. Dobri Komarski
EC 69 EXPERIMENTAL STUDY OF ROTATIONAL AXIS STABILITY OF MICRO-
POSITIONING ELASTIC MODULE WITH “BUTTERFLY” FLEXURES
IX.6. Dimitar Diakov, Desislava Dimitrova and Hristiana Nikolova
EC 70 SYSTEMS FOR MEASURING DEVIATIONS OF SHAPE, ORIENTATION AND
POSITION
IX.7. Dobri Komarski and Dimitar Diakov
EC71 SIMULATION ANALYSIS OF A GONIOMETRIC MODULE WITH CRUCIFORM
ELASTIC GUIDES
IX.8. Dobri Komarski
EC 72 INFLUENCE OF GEOMETRIC CHARACTERISTICS AND MATERIAL
SELECTION ON THE PERFORMANCE CHARACTERISTICS OF A
GONIOMETRIC FOUR-LINK ELASTIC MODULUS
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9 September / CentemBpu / CeHTAbOpAa 2024
(Monday / MoHepenHuk / NMoHeaenbHUK)

MEASUREMENT AND INFORMATION SYSTEMS AND
TECHNOLOGIES

M3MEPBAHUA N UHOPOPMALMNOHHU CUCTEMU U

Section / Cekuug lll TEXHONOMMU

N3MEPUTEJNIbHbIE ® UHPOPMALIMOHHBLIE
CUCTEMbI U TEXHOJIOI A

09:00 - 10:30 Chairman: Prof. I. Zakharov, DSc
10:45-12:15 Secretary: Assoc. Prof. N. Stoyanov, PhD

Assist. Prof. B. Dzhudzhev, PhD

lll.L1. | Rosen Pasarelski, Plamen Tzvetkov, Teodora Pasarelska and Krasen Angelov

EC54 | POWER CONTROL ALGORITHMS IN 5G NETWORKS

l1.2. | Maryna Miroshnyk, Olga Zaichenko, Anatolii Miroshnyk, Nataliia Hapon, Yurii

EC1 |Pakhomov and Liubov Klymenko
PULLING FIGURE OF DIELECTRIC RESONATOR FOR 3D FILAMENT
DEFECTOSCOPY

I11.3. | Maryna Miroshnyk, Petro Kahanov, Borys Sytnyk, Volodymyr Bryksin, Anatolii

EC2 | Miroshnyk and Andrei Shafranskyi
FORMATION OF NONLINEAR TRAJECTORIES OF GUARANTEED
ACCURACY IN APPROXIMATION AREAS

l1l.4. | Oleh Velychko, Vasyl Dovhan, Denys Nikitenko and Jaroslav Brezytskyi

EC4 | EVALUATION OF THE LONG-TERM DRIFT OF PRECISION RESISTANCE
MEASURES

[1.5. Nikolay Koshevoy, Tetiana Rozhnova, Olena Kostenko, Oleksii Potylchak, Vitalii

EC21 |Siroklyn and Andrey Bychkov
FIBER-OPTIC SYSTEMS OF LINEAR AND ANGULAR MOVEMENTS

[11.6. | Filip Filipov, Biser Borisov and Krasimir Bosilkov

EC32 |DATA STORAGE AND PREPARATION OF REPORTING DOCUMENTS FROM
METROLOGICAL VERIFICATION OF MEASURING CHANNELS OF
ELECTRICAL QUANTITIES FROM THE KIUS "OVATION" SYSTEM WITH A
DATABASE IN MS ACCESS

[1l.7. | Roumiana llieva and Antoni Angelov

EC44 | ADVANCED TECHNIQUES FOR REMOTE CONTROL IN WORK
ENVIRONMENT

[11.8. | Oleksandr Samoilenko, Hanna Fursa, Volodymyr Zayets and Yevheniia Volkova

EC53 |THE EXPERIENCE OF THE GEODETIC METHODS APPLICATION FOR
TANKS CALIBRATION

[11.9. | Martin Dimitrov

EC12 |VALIDATION OF ULTRASONIC WELDING MACHINE USING CAPABILITY
INDEX

[11.10. |R. Miltchev, V. Pechovski, D. Ginchev and M. Zagorski

EC73 | AN APPROACH FOR INTEGRATION OF BIOFEEDBACK AND
NEUROFEEDBACK DATA IN SIMULATOR PILOT TESTING

[11.11. | Tsanko Karadzhov, Dimitar Dichev and Miroslav Kokalarov

EC26 |DYNAMIC ACCURACY MEASUREMENT SYSTEM FOR MECHANICAL

WATCH VIA COMPUTER'S BUILT-IN MICROPHONE
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[11.12. | Dimitar Dichev, lliya Zhelezarov, Oleksandr Kupriyanov, Borislav Georgiev, Ivo
EC66 | Malakov, Ralitza Dicheva, Hasan Hasanov and Kaloyan Libchev
IMPROVING THE ACCURACY OF SYSTEMS FOR MEASURING THE
ANGULAR POSITION OF MOVING OBJECTS WITH AN ADAPTIVE WIENER
FILTER
MEASUREMENTS IN THE ELECTRICAL POWER
_ ENGINEERING
Section / Cekuun Vi W3MEPBAHWSA B ENEKTPOEHEPIETUKATA
M3MEPEHUA B SNIEKTPOSHEPIETUKE
13:00 - 14:45 Chairman: Assoc. Prof. G. Milushev, PhD
Secretary: Assist. Prof. A. Pandelova, PhD
N. Gurov, Meng
VI.1. |Anna Krylovich, Sergey Podobuev, Vadim Loginov, Dmitry Zolkin, Nikolay Serov
EC41 |and Andrey Serov
QUADRATURE DEMODULATION AS A TECHNIQUE TO MEASURE SIGNAL
PARAMETERS WITH INCREASED ACCURACY
VI.2. |Sergey Podobuev, Anna Krylovich, Alexandra Evsenkina, Alexander Shatokhin,
EC42 | Nikolay Serov and Andrey Serov
COMPARATIVE ANALYSIS OF DFT AND QUADRATURE DEMODULATION
ALGORITHMS FOR COMPLEX SPECTRUM MEASUREMENTS
VI.3. |Georgilvanov, Valentin Mateev and Iliana Marinova
EC58 |LOAD CHARACTERISTICS OF LOW POWER STEP-DOWN TRANSFORMER
IN LIQUID NITROGEN
VI.4. |Georgi lvanov, Martin Ralchev, Valentin Mateev and lliana Marinova
EC59 | MEASUREMENT OF SN SOLDERING CONTACT RESISTANCE IN LIQUID
NITROGEN
VI.5. |lurii Kuzmenko, Sergii Shevkun, Maryna Dobroliubova and Oleksii Statsenko
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Abstract - Fiber-optical transducers have been developed
for measuring such physical quantities as acceleration,
temperature, and humidity. The proposed converters make it
possible to increase the accuracy and sensitivity of the specified
quantities, simplify designs and increase their reliability,
manufacturability, expand functionality, and reduce weight
and size characteristics.
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V. INTRODUCTION

For the modern information and measurement systems
development for industrial purposes [1-8] usage of fiber-
optic converters of physical quantities of various origins is
essential; including temperature, humidity, which is an
important component of many production processes. This
circumstance is explained by a number of well-known
advantages characteristic of fiber-optic converters: the
possibility of continuous measurement of a physical quantity
over time, a wide range of measurement limits both in the
direction of very large values and in the direction of very
small values of the measured quantity, the possibility of
measuring rapidly changing quantities using a small amount
of the inertial component of the fiber-optic converter.

The design and development of these transducers are
simultaneously related to the problems of increasing their
accuracy and sensitivity, simplifying the design and
increasing their reliability, increasing the manufacturability
and reducing the weight and size characteristics, as well as
the constant expansion of the functional capabilities of the
transducers.

V. RESOURCES AND PUBLICATIONS ANALYSIS

The following disadvantages of such transducers for
measuring the specified parameters are known: the
complexity of the design and the process of their
manufacture, insufficient reliability, the need to increase
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accuracy and sensitivity, the need to expand functional
capabilities, and reduce mass-dimensional characteristics.

In this regard, it is necessary to develop modern fiber-
optic converters of the specified physical quantities, free
from the listed disadvantages

VI. RESEARCH

In order to simplify the design, improve
manufacturability, and ensure the issuance of information in
digital form, in the utility model patent of Ukraine No.
153837, a converter for measuring humidity is proposed in
co-authorship.

Fig. 1 shows a simplified design of a fiber optic
humidity sensor.

In the perforated housing 1 of the fiber-optic humidity
sensor, a light guide 2 is fixed, installed in a sleeve 3 made
of hygroscopic material. In front of the input end of the
optical fiber 2, a source of optical radiation 4 is installed, and
in front of its output end there is a photodetector 5 connected
to a serially connected amplifier 6, an analog-to-digital
converter 7 and an information display device 8.

The fiber-optic humidity sensor works as follows.

When the humidity of the monitored environment
changes, the volume of the bushing 3 made of hygroscopic
material changes. As a result, there are changes in its linear
dimensions and the amount of deflection of the light guide 2.
This leads to a change in the intensity of the light flux
spreading from the source of optical radiation 4 to the
photoreceptor 5. The magnitude of the electrical signal at the
output of the photoreceptor 5, which is proportional to the
value of the controlled humidity, is amplified in the amplifier
6, is converted into a binary code in the analog-to-digital
converter 7 and displayed on the information display
device 8.
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Fig. 1. Construction of a fiber-optic humidity sensor

Fig. 2 shows a simplified design of a fiber-optic
temperature sensor.

A bimetallic spiral spring 2 is fixed in the housing 1 of
the fiber-optic temperature sensor, to the output end of which
is connected an opaque plate 3 with a hole 4, which can be
moved along guides 5. The transmitting 6 and receiving 7
optical fibers are placed on opposite sides of the plate 3 one
under one in the direction of its movement and rigidly fixed
in the housing 1. In front of the input ends of the transmission
6 optical fibers, a radiation source 8 is installed, for example,
an LED in front of each optical fiber. The output ends of the
receiving 7 optical fibers are laid out in the holes of the fiber-
optic converter 9 in order to receive information in a binary
code. In fig. 2 presents a 4-bit fiber-optic converter 9.

The fiber optic temperature sensor works as follows.

When the temperature in the housing 1 of the sensor
increases, the bimetallic spiral spring 2 unwinds and the
opaque plate 3 moves down along the guides 5, and when the
temperature decreases, the bimetallic spiral spring 2 twists,
which leads to the movement of the plate 3 upwards.

Fig. 2. Simplified design of a fiber-optic temperature sensor

At the same time, the hole 4 of the plate 3 is installed
opposite the corresponding input end of the receiving 7
optical fibers. The light flux from the radiation source 8
flows along the transmitting optical fiber 6 through the
opening 4 of the opaque plate 3 to the corresponding input
end of the receiving optical fibers 7 and illuminates the
corresponding photoreceptors (PR1...PR4) of the fiber-optic
converter 9.

At the outputs of the photoreceptors (PR1...PR4) a
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binary code is formed that corresponds to the measured
temperature.

Thus, the proposed fiber-optic temperature sensor
makes it possible to simplify the design, increase the
sensitivity and accuracy of the measurement, and obtain the
initial information in the binary code. In addition, it has
absolute spark, explosion, and fire safety.

In order to expand the functionality of the prototype by
ensuring the temperature measurement of the environment, a
fiber-optic sensor for measuring humidity and temperature is
proposed in the utility model patent of Ukraine N0155988 in
co-authorship.

In fig. 3 shows a simplified design of a fiber optic
sensor for measuring humidity and temperature.

In the perforated case 1 of the fiber-optic sensor for
measuring humidity and temperature, a light guide 2 is
rigidly fixed, installed in a tube 3 made of hygroscopic
material.

The additional optical fiber 4 is mounted on a bimetallic
spring 5 fixed to the cantilever in the housing 1. The input
ends of optical fibers 2, 4 are placed in front of the source of
optical radiation 6, and their output ends are installed in front
of the corresponding photoreceptors 7, 8. The photodetector
7 is connected to the series-connected amplifier 9 and the
analog-to-digital converter 10, and the photodetector 8 is
connected to the electrical circuit of the series-connected
amplifier 11 and the analog-to-digital converter 10.

The fiber optic sensor for measuring humidity and
temperature works as follows.

When the humidity of the monitored environment
changes, the volume of the bushing 3 made of hygroscopic
material changes. At the same time, its linear dimensions and
the amount of deflection of the light guide 2 change. This in
turn, leads to a change in the intensity of the light flux
spreading from the source of optical radiation 6 to the
photodetector 7. The magnitude of the electrical signal from
the output of the photodetector 7 is amplified in the amplifier
9 and converted into binary Ng code in analog-digital
converter 10.

NN

Fig. 3 Simplified design of a fiber optic sensor for measuring humidity
and temperature

When the temperature of the medium changes, the
bimetallic spring 5, on which the additional light guide 4 is
mounted, bends. As a result of the bending of this light guide,
the intensity of the light flux, which spreads from the source



of optical radiation 6 to the photodetector 8, changes. The
electrical signal from the output of the photodetector 8 is
amplified in the amplifier 11 and converted into a binary N+t
code in analog-digital converter 10.

Thus, the proposed fiber-optic sensor for measuring
humidity and temperature allows to expand the functionality
of the prototype by providing temperature measurement of
the monitored environment.

When the temperature of the medium changes, the
bimetallic spring 5, on which the additional light guide 4 is
mounted, bends. As a result of the bending of this light guide,
the intensity of the light flux, which spreads from the source
of optical radiation 6 to the photodetector 8, changes. The
electrical signal from the output of the photodetector 8 is
amplified in amplifier 11 and converted into a binary Nt code
in the analog-digital converter 10.

Therefore, the suggested fiber-optic sensor for
measuring humidity and temperature enables an expansion
of the prototype's functionality by incorporating temperature
measurement of the monitored environment.

The optical fiber sensor contains a housing 1, through
the opening of which an input light guide 2 is passed, fixed
on a cantilever flat spring 3, a light source 4. An inertial
element 5 is installed on the free ends of the cantilever flat
spring 3 and the input light guide 2.

On a metal arc 6 of radius L symmetrically relative to
the output the input ends of the output optical fibers 7 are
located at the end of the input light guide 2, and their output
ends are optically connected to the fiber-optic converter 8 to
receive information in binary code. Figure 4 shows a four-bit
fiber optic converter.

The fiber optic sensor works as follows.

Fig. 4. Pressure sensor with fiber-optic transducer

Under the action of acceleration a, the inertial element
5 is affected by the force of inertia, which causes the bending
of the cantilever flat spring 3 and the input light guide 2. The
light flux from the light source 4 through the input light guide
2 enters the corresponding input ends of the output light
guides 7 and illuminates the corresponding photoreceptors of
the FP of the fiber optic converter 8. Moreover, if the flat
spring 3 bends up, then the photodetectors PR1...PR4 are
triggered, and if the flat spring is bent down, then the
photodetectors PR5...PR8 are triggered. At the output of the
corresponding photodetectors, a signal is formed in the form

20

of a four-bit binary code (corresponding bits I...1V), which
reflects the measured acceleration.

Therefore, the proposed optical fiber sensor not only
improves manufacturability during production but also
ensures the output of acceleration information in binary code
format.

In order to simplify the design of the sensor, increase
the manufacturability of its manufacture, and reduce the
weight and size characteristics, in comparison with the
analogue, a fiber-optic sensor for measuring acceleration is
proposed (utility model patent of Ukraine No. 154961).

Fig. 5 shows a simplified design of a fiber-optic sensor.

The fiber-optic sensor contains a housing 1, in which
an axis 2 of a square section is rigidly fixed, which penetrates
the inertial mass 3. The optical fiber 4 is made in the form of
two coiled springs, which are attached to the inertial mass 3
and the housing 1 from opposite sides. The input end of the
optical fiber 4 is optically connected to the radiation source
5, and its output end is connected to the measuring system 6,
which includes optical and computing devices. Body 1 is
fixed on the surface of the controlled object.

To measure vertical oscillations, the fiber-optic sensor
is oriented along the axis OY, and to register horizontal
oscillations — along the axis OX.
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Fig. 5. Pressure sensor with fiber-optic transducer

The fiber optic sensor works as follows.

As a result of the action of the linear acceleration a on
the inertial mass 3, one of the twisted sections of the optical
fiber 4 is compressed, and the second is stretched (depending
on the direction of the acceleration). The light flux from the
radiation source 5 is transmitted through optical fiber 4 to the
optical device of the measuring system 6.

As a result of the deformation of the optical fiber 4, the
value of the intensity of the light flux changes, which is
proportional to the amount of the acting acceleration, is fixed
by the optical device and is converted into a digital code in
the computing device of the measuring system 6.

Therefore, the suggested fiber-optic sensor enables the
simplification of the prototype's design, enhances



manufacturability during production, and decreases its
weight and size characteristics.

Modern measuring transducers are often developed
based on fiber-optic sensitive elements.

Figure 6 illustrates the construction of a fiber-optic
sensitive element. Optical fibers 1 and 2 create a flexible
element to which an inertial mass 3 is attached. Opposite the
transmitting optical fiber 1, there are n stationary receiving
optical fibers 4, which, during the displacement of the
inertial mass 3, sequentially form optically coupled pairs
with fiber 1. The number n of stationary optical fibers 4 is
determined by the maximum value of the measured physical
quantity. Optical fibers 4 are formed in the shape of an
optical cable.
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Fig. 6. Fiber-optic sensitive element for measurement transducers of
physical quantities

The fiber-optic sensitive element operates as follows:
the transmitting optical fiber 1 of the elastic element is
connected to the source of optical signal (not shown in Figure
6), and the output ends of the stationary receiving optical
fibers 4 are optically connected to the optical signal receivers
(photodetectors not shown in Figure 6). The optical signal
propagates from the source to the receiver through fiber optic
cable 1 and the corresponding fiber optic 4. When
acceleration is applied to the inertial mass 3, displacement of
the output end of the optical fiber 1 relative to the input ends
of the optical fibers 4 occurs.

Depending on the magnitude of the acceleration, the
input ends of the stationary optical fibers 4 are sequentially
illuminated, and at the output of the photodetectors, output
signals are generated, forming a binary code, the number of
ones of which corresponds to the number of photodetectors
that received optical signals from the transmitting fiber optic
1.

CONCLUSIONS

The use of the proposed converters of physical
quantities makes it possible to simplify their design, increase
their reliability, sensitivity and measurement accuracy, as
well as increase the manufacturability of their manufacture,
expand their functional capabilities and reduce their weight
and size characteristics.

When producing these sensors, it's beneficial to utilize
methods of optimal experimental planning in terms of both
cost and time efficiency [9,10].
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These converters are poised to have broad utility across
information and measurement systems in diverse sectors of
the national economy, thanks to the inherent advantages of
fiber-optic converters.

These advantages include the ability to achieve high
sensitivity and necessary precision, facilitate continuous
time measurement and recording of physical quantities,
cover a wide range of measurement limits, and enable the
measurement of rapidly changing values through the use of
a low-inertia fiber-optic component in the converter.
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