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The use of sensors prevents the shortened service life, wear and tear, and decreased accuracy due to degradation
during operation. For sensors prone to inaccuracy, a “sensor-device-program’ diagnostic assembly has been cre-
ated. Such a circuit is capable of autonomous diagnosis, calibration and evaluation, up to and including autonomous
recalibration of sensors. The diagnostic device also has a shock test function. The purpose of the operation is to delib-
erately increase the life and accuracy of the sensor under test. The diagnostic device is designed for testing under
laboratory conditions and verifies the correctness of the diagnostic algorithm.

The result of diagnostics is a report on the current state of the sensor and the changes compared to the past states.
The current state includes estimates of accuracy, range, sensitivity or error parameters such as strain constant, maxi-
mum Po value and others. Thus, the degradation of selected parameters can be monitored and a mathematical calcu-
lation of the results can be applied to possibly improve/correct the sensor errors. By recording force levels, it will be
known what force was applied to the sensor during the measurement and thus protects against damage from overload-
ing. The maximized life is achieved through a combination of the accuracy control, calibration performance and error
estimation. As a result, the conventional industrial sensor will be a reliable tool for industrial measurements, not just

laboratory measurements.
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Introduction

t the beginning of the work, it is necessary

to select the target type of sensor on

which most of the testing, development
and research will take place. For this purpose, it
was decided to determine the type of sensor with
resistance pressure measurement [1]. It is a techni-
cally simple and optimally designed sensor without
any electronics, control, or intelligence. The sensor
is commonly used for purposes other than direct
pressure measurement in industry, for example [2].
but given its availability and price/performance ra-
tio, it is a suitable choice.

Theoretical background

The primary goal is a multi-purpose laboratory
providing new knowledge about sensors from the
point of view of a progressive approach to control
by computer program. The secondary goal is to
gain knowledge about calibration using the
autonomous control of the technical system. At the
same time, opportunities for research and develop-

ment of computer programs are offered. The devel-
oped application should be able to respond to new
knowledge about sensors. It evaluates them and
then sets the implementation of the calibration
process within the diagnostics. The diagnostic labo-
ratory as a technical system thus offers many possi-
bilities for research, development, and testing for
a wide range of specializations.

Sensor selection

As such, the sensor changes values by applying
pressure to its measuring part, and with its simple
connection, it is possible to measure its output re-
sistance on a multimeter. As part of our research
and development, we will use this sensor with
a special encapsulation and connection directly via
converters to a computer in real time and from re-
cording also.

In this case, a special type of industrial weight
with the possibility of digital output directly to
a computer is used as a standard of accuracy. This
will make it possible to compare the results of the
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accuracy of the sensor and the standard in real time
as well as from the measurement record. Another
requirement for the standard, in addition to the ac-
curacy and possibility of digital output, is also
a specific force range, which will allow us suffi-
cient testing possibilities and satisfactory reliability
of the research and development process [3—-5].

Sensor diagnostics

Measurements in normal operation are per-
formed by companies dealing with these sensors,
however in my case, I will deal with the theory and
practice of the sensor, which is to streamline the
measurement process by increasing the service life
and refining its output measured values, especially
in laboratory conditions. In practice, the sensors
may behave differently with a small deviation, but
we take the laboratory state as required for the ini-
tial parameters of the sensor [6, 7].

The biggest challenge is to gain knowledge, in-
formation, experience and practice from sensor
analysis, as it is a simple device prone to inaccu-
racy, damage, error and common failures due to
operation or damage from production. There are
more such states, and constant sensor testing re-
veals enough failures for us to optimize these states
with mathematical corrections at the record level
[8]. At the same time, we will be able to clarify
cases of fatal sensor failure and prevent irreversible
damage, thereby increasing the operational life of
the sensor and thus its real use.

The measured results will be evaluated from the
stored outputs as well as the original sensor data
(Raw data) as well as mathematically corrected
values. The correction can be applied only after
calibration. Calibration is therefore a necessary
analysis, evaluation and correction mechanism of
processes, without which measurement in the re-
quired quality of output cannot take place [9, 10].

Sensor calibration is part of the diagnostic proc-
ess, as the whole mechanism begins with a detailed
analysis of the sensor, evaluation of the overall
condition and a detailed result on the condition of
the sensor, including any necessary new corrected
values. In addition to the output inaccuracy of the
sensor, the diagnostics can also detect errors and
failures, which are recorded and the values cor-
rected according to consideration. It may also be
the case that, based on the diagnostics, the sensor is
determined to be incorrectly correctable (by
mathematical limit corrections) or uncorrectable
(outside the range of recalculations).

Methodology

The correction takes place at several levels of
recalculation according to the most frequently in-

fluencing parameters. In addition to accuracy, pa-
rameters include other variables such as low load
stability, high load stability, maximum load accu-
racy, overload behavior, and others. In the process
of searching for these properties an internal termi-
nology of parameters and phenomena is proposed
for the description, representation, and evaluation
of the calibration with detailed output [11].

Correction of sensor parameters

Many names already exist, but for better internal
orientation, each parameter is named according to
the property so that the international designation of
characteristics is respected as much as possible. As
a non-standard term, I can mention as an example
a variable that has its internal name “overload peak
value”, which should be listed as “Po” from the
English “Peak Overload”. This parameter Po con-
siders the state when the sensor can no longer dis-
play a higher value. There can be several reasons,
on the one hand the sensor damage itself, overload,
but also the hypothetical limit of the transmitter
device. Standardized parameters include commonly
known terms such as sensor force range, sensor
sensitivity, and so on [12, 13].

Expected goals include maximizing accuracy to
the desired extent and maximizing sensor life. The
condition is the minimization of activities related to
diagnostics so that it is performed automatically
and efficiently [14, 15].

Principle of the diagnostic process

The diagnostic laboratory consists of seven
parts (Figure 1). By combining them into an as-
sembly, an effective whole is created. Each part
has its own demanding requirements. For example,
the supporting frame (skeleton) has the rigidity to
prevent losses of accuracy under force due to its
oversizing. Likewise, the electronic and evaluation
elements of the assembly have their prerequisites
for accuracy, controllability, electronic efficiency
and so on [16, 17].

a
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Fig. 1. Diagnostic laboratory - assembly parts: 7 - pres-
sure tactile sensor; 2 - communication device; 3 - control com-
puter; 4 - caliber (digital weight); 5 - pressure touch device;
6 - specific 3-axis CNC machine; 7 - supporting frame (skeleton)
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Options of pressure tools diagnostic

For the purposes of dynamic diagnostics of sen-
sors, a specialized pressure device is designed. Its
primary function is to apply pressure to the sensor.
The secondary function is a variable force decom-
position system. The force is formed by the vertical
movement of the CNC head and by the decomposi-
tion of the forces in the pressure device [18].

The jig anchored on the moving head of the
CNC device is used for direct force contact with the
sensor. It transforms force in a simple way with the
perception of force being dual. The first stage of
force development is the movement of the CNC
head and the push of the tool jig onto the sensor.
The second level of force is a secondary effect of
the expanding the inner spring in jig. In the uncom-
pressed rest state, the spring is incapable of reaction
without contact and thus does not generate force.

The basic scheme of the effective pressure as-
sembly is consisted by the system:

1. CNC head - 2. Jig - 3. sensor.

When touch with the sensor, a preload is cre-
ated. When the CNC head moves vertically down-
wards, the compression of the spring is created.
Compression will create a return force for the
spring to return the spring to its original state. The
force of the spring act logically also when CNC
head already does not have any (especially vertical)
movement. The spring continues to push constant
pressure into the sensor. When the combination of
these two types of creating power is possible to di-
agnose, test and monitor various processes [19-20].

Future benefits of the jig have other significant
ambitions in the form of spring variability. By
combining springs, it is possible to adjust the pro-
gressivity, characteristics, and development of force
in the entire compression zone of the diagnostic
process [21].

Results

Calibration as a complex process should in the
future take place on a computer as an automated
controlled algorithm encapsulated in a control ap-
plication that analyzes, tests, records the current
state as well as previous sensor states and evaluates
the current situation. Based on values and compari-
sons history (state of progressivity/degressivity of
sensor precision) detects the process of diagnosing
changes and values will attempt to correct the
maximum possible degree of accuracy.

For proper diagnosis of the sensors, we propose
to implement the device (Figure 2), which will be
apply action force to the desired area of the sensor
mechanically. It will be possible to control such
a device with a computer. The basic requirement of
the device is to perform a vertical gentle movement

and the possibility of anchoring the force jig to the
pressure head. By force jig we understand the jig
that will directly mechanically exert force on the
Sensor.
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Fig. 2. Assembly of diagnostic laboratory in practice

In addition to mechanical security of device op-
eration is needed in the management of diagnostics to
create an application (computer program), with the
ability to fully control the hardware, collect data from
sensor and caliber (etalons devices, e.g., Weight, and
so on) (Figure 3), to assess the status and perform
subsequent calculations including output report.

Under ideal conditions, the computer program
should have a dynamic graphical interface, thanks
to which it would be possible to design an algo-
rithm for diagnostics. Such interfaces tend to be
difficult to design, implementation as well as the
operation, therefore, be the subject leaves open ac-
cording to future needs.

The algorithm for the management of diagnosis
can be embedded directly into a single program or
may be dynamic in the advanced version of the
program (described above). A more complex solu-
tion in this case could lead to a better solution and
more efficient analysis of parameters. Thus, it
would be the algorithm dynamic and user (i.e. user
applications) by changing procedures, variables and
logic, would be faster and more comfortable create
a process called debugging. In this case, debugging
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is the finishing process of the algorithm design so
that we can clearly see the optimal path for maxi-

mum use of sensors according to the long-term re-
sults of measurements.
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Fig. 3. Display of an example of caliber (4) to inaccurate sensor curves (B)
(force range from 0 to 100 N in duration 2 minutes)

Discussion

The basic principle of diagnostics is the analysis
of the state of life and accuracy of sensors. Diag-
nostics as a process except analysis also includes
calculation, optimization, and comparison. At the
end of the process, it provides an overall assess-
ment of the current operability of the sensor. The
final report may contain the information about the
possibilities of converting any inaccuracies, or on
the contrary information about possible irreparable
damage to the sensor.

The laboratory results provide a clear analysis of
diagnostics, an overview of sensor parameters and
an analysis of its behaviour. It is expected to be in
the first place, improving the accuracy of test sen-
sors. In the second-place laboratory offers potential
for progressive algorithms of diagnostic manage-
ment.

For the accuracy of the results, it is necessary to
be sure that the sensors being measured are reliable
from the point of view of the technical system.
Otherwise, the entire machine or system diagnostics
process is unreliable. Reliability is a key feature of
the laboratory, since the draw durability, accuracy
and reliability of the sensors can require reliable
diagnostic technical system to even greater levels.

Conclusion

The laboratory for diagnosis has to provide
a comprehensive range of processes to achieve the
best possible results of the evaluation of the state of
the sensors. The evaluation is performed by a com-
bination of mechanical processes with digital com-
putational control using a computer. The plan for
successful sensor diagnostics is to analyze the sen-
sor parametrically and determine the diagnostic
methodology. In the second phase, construct an op-

erational diagnostic device and create an advanced
control program. Each of these topics is planned as
valuable long-term work on the details, accuracy,
and consistency of the entire output.

Under analysis of sensor parameters, we under-
stand its specifications, as values in the unloaded
condition, at nominal load, as well as limit load, at
which begins to occur to unwanted damage. Other
parameters are the type of characteristic (shape of
the gradual load curve), pressure and thermal char-
acteristics of operability and so on. Determining of
the diagnostic methodology is designing a proce-
dure for analysis, calibration, evaluation, and test-
ing of sensors. Each of the named processes is spe-
cific and it is necessary to design an optimal meth-
odology for reliability. We achieve this state by
using a semi-autonomous algorithm for deciding on
diagnostic steps. The designed diagnostic labora-
tory is controlled by a computer in each control
zone. The first is the sensor itself connected to the
transmitter. The second is a CNC three-axis posi-
tioning device with a pusher. The third is a cali-
brated weight measuring the back pressure. Com-
prehensive control should take place through
a computer program capable of controlling every
aspect of the assembly.

Options for future development will bring im-
provement of laboratory in the expansion of the
other types of sensors. We can speak, for example,
the temperature and other sensors, which is possible
to electronically evaluate. Another development
potential is the work on software, which offers
unlimited possibilities in the world of machine -
computer communication. At the same time, new
possibilities are offered for testing future technolo-
gies, the potential of using artificial intelligence or
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exploring database or cloud recording options for
complex online processes.

The expectation is not only dispose of equip-
ment and software, but also acquire a number of
valuable experience and skills, to push the man
forward and create so the potential for additional
future project ambitions.
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Hayqﬂo-nccnenonaTenbcmm H JHATHOCTHYCCKAA ﬂaﬁopaTopml PE3UCTUBHBIX TATYHKOB 1aBJICHUSA

AJIA KOMIIO3UTHBIX MaTE€pHaJI0B

3envuux P., nmxenep, CloBaukuil TEXHOIOTHYECKHH yHUBepcuTeT B bparucnase, CrioBakust

Boorcex 1., noverHblit npodeccop, TOKTOp XMMUYECKHX HAaYK, podeccop, HHKeHep, JoKTop dhuiiocodumu,
CrnoBankuii TEXHOIOTHYECKUI YHUBEpcUTET B bparucnase, CoBakus

Kamencska A., unxenep, CrnoBalkuii TEXHOIOTHYECKUN YHUBEpcuTeT B bparucnase, CroBakus

Hcnonvzosanue oamuuxos npedomepaujaem coKpaujeHue CpPOKa CIyxcObvl, USHOC U CHUJICEHUe MOYHOCMU U3-3d
dezpadayuu 6 npoyecce dKcnayamayuy. s 0amuuxos, CKIOHHbIX K HEMOYHOCHU, CO30aHa 1a00pamopus OUacHo-
cmuueckou cOopKu «0amuux — ycmpoucmeo — npocpammay. Taxas cxema cnocobna K asmMOHOMHOU OUACHOCHIUKE,
Kanubposke u oyenKe, 6NioMmb 00 A6MOHOMHOU NEPEKATUOPOSKY 0amuuKos. [Juaznocmuyeckoe yempoucmeo makdice
umeem DYHKYUIO UCNLIMAHUsL HA YOapHble Hazpysku. Llenvio pabomul s6isemcst npeoHamepenoe YeeruieHue cpoKa
CyoHcObl ucciedyemozo oamuuxka u e2o mouyHocmu. uasHocmuyeckuil npubop npeOHasHayeH Ol Mecmupo8aHus
6 1A60PAMOPHBIX YCAOBUSX U NPOBEPSIEM NPABUTLHOCb OUACHOCTIUYECKO20 ANI20PUMMA.
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Pesynomamom ouaznocmuxu AGIAEMC 0m4em 0 MeKyeM COCMOSHUU OAMHUKA U USMEHEHUAX NO CPABHEHUIO
¢ npouwinsimu cocmosnuimu. Tekywjee cocmosnue Kuiouaem oYeHKy mouyHOCmy, OUanazond, Napamempos 4yécmeu-
MENbHOCIU UTIU NOZPEUHOCIU, HANPUMED, KOHCMAHMbL 0ehopMayuu, MaKcumaibHo2o sHavernus Po u op. Takum 06-
PA30M, MONCHO OMCAEHCUBAMDb 0e2PAdayulo 8bIOPANHBIX NAPAMEMPOS U NPUMEHAMb MAMEMAMUYECKUll paciem pe-
3YAMAMO8 0Nl O3MONCHO20 VIYHULeHUs/KoppeKyuy ouubok oamuuxa. Ilpu pecucmpayuu yposei cuivl Gydem u3-
6ECMHO, KAKAsL CUNA Gblia NPUTONCEHA K OamMHUUKY 60 6PEMsi UsMepeHus, u, makum o6pazom, 6ydem obecneuena
3awuma om noepedxcOeHUs: npu nepezpyske. MakcumanbHoe yeenuuenue cpoka Cyucovl 00cmueHymo 6iazo0aps co-
YeMAanUI0 KOHMPOJIsL MOYHOCU, KATUOPOBOUHBIX XAPAKMEPUCMUK U OYeHKU ouubok. B pesynomame o6viunbiii npo-
MBIULIEHHBII 0amYuK 0y0em HAOeHCHbIM UHCMPYMEHMOM OJi UBMEPEHULl He MOJbKO 8 1abOPaAmMOpPHbIX YCI08USAX, HO
U 8 NPOMBIUIEHHOCTNU .

KioueBble ci10Ba: 1aT4ykK, AMAarHOCTHKA, KATMOPOBKA, aHAIIU3, aJITOPUTM YIIPABJICHHUSL.
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