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The article deals with the methodology of verification of non-
contact thermometers. A black body calibrator intended for
infrared non-contact thermometers, which is considered an
etalon gauge, is used to assess selected metrological
properties. Also contact thermometer was used to check black
body temperature. Industrial infrared thermometers, hand
infrared thermometers and infrared thermal cameras were
evaluated. Absolute measurement errors, standard deviations
and measurement uncertainties of these devices were
monitored.
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1 INTRODUCTION

Measurement as a process cannot be performed under ideal
conditions and with ideal measuring equipment. Therefore,
with every measurement, there are errors that, if we can
identify them, it is possible to at least partially eliminate them.
If the errors are systematic, which do not change their value
under the same conditions, then we can correct the
measurement result. If it is a gross error that noticeably
deviates from the range of measured values, then we can
exclude such a damaged measurement from the range of
measured values. The biggest problem is with random errors,
which are problematic to identify and eliminate. The
distribution of these random values can take on a different
character. To characterize the degree to which we can believe
the value of the measured quantity, we use the term
measurement uncertainty, which tells us that we cannot know
the true value, so we replace it with an estimate of the mean
value and the measurement uncertainty, which is in the form of
an interval around this mean value. With a certain probability,
it is assumed that the true value is within this interval defined
by the uncertainty of the measurement. In terms of valid
regulations and legislation, we are therefore obliged to indicate
the measurement uncertainty in the measured value in order
to be able to characterize the degree of trustworthiness of the
determined value of the measured quantity. In order to identify
measurement errors and uncertainties, we perform a process
of meter verification and calibration, where we determine the
condition of the measuring device and assess its suitability for
measurement processes [ACT 157/2018, DECREE 161/2019,
DIRECTIVE 2009/34/EC, DIRECTIVE 2014/32/EU, EA-4/02 1999,
JCGM 100 2008, JCGM 104 2009, Kelemen 2021, Kelemenova
2021a, Mikova 2022].

One of the frequently measured quantities is the temperature
of objects or the environment. For temperature measurement,
procedures and standards have already been developed for
determining temperature using contact methods, where we
use various physical principles and it is possible to achieve very

good measurement uncertainty values. The situation becomes
complicated if, for some reason, it is not possible to measure
the temperature by contact methods. The only solution is non-
contact temperature measurement methods. Several types of
measuring devices with different metrological properties are
available on the market. When choosing the right solution, we
therefore decide which measure is suitable to use in terms of
the achievable maximum permissible error and measurement
uncertainty. Manufacturers should state these values, but it
often happens that these values in our measurement
conditions may differ, and also the measuring device may have
been damaged in the process of use, and it is then necessary to
identify its condition using its metrological properties.

The aim of this article is to identify selected metrological
properties of selected gauges for non-contact temperature
measurement of objects and thus to identify unknown
metrological characteristics or to verify their current status and
compliance with the metrological characteristics declared by
the manufacturer of the measuring device. Non-contact
temperature measurement uses the determination of the rate
of infrared radiation emitted by the body whose surface
temperature we want to determine. The manufacturer
sometimes does not state what effect the distance of the
measuring device from the object of measurement has on the
errors and uncertainties of the measurement. Or it is necessary
to verify these characteristics. The proposed methodology
therefore takes into account that the distance from the object
of measurement can play a significant role when measuring the
surface temperature.

2 VERIFIED MEASURING DEVICES AND THEIR VERIFICATION
METHODOLOGY

Three gauges (Fig. 1) for non-contact temperature
measurement are evaluated: industrial infrared thermometer
(industrial IR thermometer), hand infrared thermometer (hand
IR thermometer) and infrared thermal camera (IR thermal
camera). A black body calibrator (Fig. 1) is used as the reference
standard. To check the functionality of this calibrator, it was
suggested to use a contact measuring device for measuring
temperature with higher accuracy (contact thermometer) (Fig.

1).
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Figure 1. Verified gauges and reference standard
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The evaluated devices were already in the process of use and
thus may show a change in metrological properties. For the
protection of the consumer and the reputation of the
manufacturer of measuring devices, we will not list the types
and manufacturers of measuring devices considered by the
manufacturer.

The assessment methodology will include an assessment of
absolute measurement errors, which will be assessed from the
maximum permissible error (MPE) stated by the manufacturer
of the measuring device. This assessment will give information
about the capability of the measuring device for the
temperature measurement process. The next step is the
assessment of the standard deviation and standard uncertainty
of the measurement determined by method A, which provide
information about the dispersion of the measured data around
the estimate of the mean value of the measured quantity. Next,
the standard uncertainty determined by method B will be
evaluated, which will be determined from the information
available from the manufacturer of the measuring device. From
these two standard measurement uncertainties, a combined
uncertainty will be processed, which provides information on
the measurement uncertainty for the measured measuring
device or measurement chain. All the mentioned characteristics
are monitored at different distances of the measuring device
from the surface of the object whose surface temperature
needs to be identified. The verification process will also show
the influence of the measurement distance on these
metrological characteristics.

The rest of the article presents the results of the assessment of
absolute errors, standard deviations and measurement
uncertainties for individual measuring devices.

The proposed methodology is designed for a quick assessment
of the capability of the gauges, which we can perform internally
as needed. According to the applicable standards, the assessed
gauges must be periodically assessed in terms of suitability for
measurement processes in a certified laboratory. However, in
the case of a negative result of the proposed assessment
methodology, there is reason to doubt the capability of the
measuring device and thus there is a reason for premature
assessment of this measuring device in a certified laboratory.
For each distance (200 mm, 300 mm, 400 mm, 500 mm and 600
mm) of the measuring device from the black body calibrator,
the reference temperature values of the black body calibrator
were gradually set (50°C, 75°C, 100°C, 125°C, 150°C, 200°C and
250°C). At each set distance of the gauges from the calibrator
and for each temperature value, 10 samples were taken from

which  average values and individual metrological
characteristics were determined.
3 ASSESSMENT OF SELECTED METROLOGICAL

CHARACTERISTICS

Selected metrological characteristics were evaluated from the
measured values (Figs. 2-6). Measurement errors were
determined as absolute measurement errors using the
difference between the temperature value from the black body

calibrator and the indication values from the individual
measuring devices under consideration:
Te =Ty —Tgge- (1)

Where:

'rM is the temperature indication value determined from the

measuring device under consideration;
Taac is the temperature indication value determined from the
black body calibrator.

Standard deviations were also determined from the series of
measured values:

(2)

where:

Twi is an indication of the value measured using the measuring
device under consideration,
n is the number of indications of measured values under the
same measurement conditions.
The standard uncertainty of the measurement determined
using method A is then determined from the standard
deviation of the measurements:
u, = So | (3)
Jn

The standard measurement uncertainty determined using
method B is determined from the maximum permissible error
(MPE) value given by the manufacturer:
U MPE

® k
where k is the coverage factor and for the used gauges that
have a digital output, the considered value is k = V3.
For individual gauges, manufacturers state the values of the
maximum permissible error as a percentage of the measured
value, which for practical use needs to be converted to a value
in degrees of Celsius.
The values of the maximum permissible error converted to a
value in degrees of Celsius are also displayed in the graphs of
measurement errors for a quick assessment of the capability of
the evaluated gauges. For a more detailed assessment of the
meter, it is necessary to assess each measured value
individually, whether it does not exceed the interval defined by
the maximum permissible error.
For the industrial infrared thermometer (industrial IR
thermometer) the maximum error value is +1%, for the hand
infrared thermometer (hand IR thermometer) the maximum
error value is +1.8% and the infrared thermal camera (IR
thermal camera) is the maximum error value of +2%. For the
contact thermometer, the manufacturer states a maximum
error value of +0.1°C, and for the black body calibrator, the
maximum error value is £1°C. The contact thermometer is only
used to verify the functionality of the black body calibrator, and
the black body calibrator will be considered a reference
standard.
The combined measurement uncertainty is then determined
from the standard measurement uncertainties:

Ue = (U2 +uZ +UZy ). ()

Where uggc is the uncertainty of the reference standard and will
be considered in the total combined measurement uncertainty.
If it is necessary to determine the extended uncertainty of the
measurement using the individual assessed gauges, this
uncertainty will need to be determined as the product of the
combined uncertainty of the measurement and the relevant
coverage factor. Which would be good to experimentally
identify or use the value V3, which is currently used for digital
measurements and considers the uniform distribution law of
the measured values.

(4)
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Measurement errors for distance 200mm
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Figure 2. Selected metrological characteristics at a distance of 200 mm

Measurement errors for distance 300mm
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Figure 3. Selected metrological characteristics at a distance of 300 mm
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Measurement errors for distance 400mm
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Figure 5. Selected metrological characteristics at a distance of 500 mm
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Measurement errors for distance 600mm
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Figure 6. Selected metrological characteristics at a distance of 600 mm

4 EVALUATION OF SELECTED METROLOGICAL
CHARACTERISTICS AT DIFFERENT DISTANCES

Measurement errors of individual measuring devices are
confronted with maximum permissible errors. Assessments of
the capability of the assessed measuring devices are listed in
Tab. 1. It follows from these evaluations that the industrial
thermometer does not suit almost any of the cases in which it
was tested. Hand thermometers are suitable for measuring
from a distance of 400 mm in all cases. The IR thermal camera
is designed for measurement from a distance of 500 mm.

Table 1. Measurement errors and assessment of the capability of the
measuring device

. Industrial Hand IR -
thermometer thermometer

_ MEEEE = EELCE ——EE8E,
B c:cxE EOUCY  EEZSE
_ HEEEE 2 CUE444 —EE8,
_ MEEEE OAF4E —E3,
_ MEEEE 2~ CUE444 —EE8,
_ HEEEE 2 CUE444 —EE8,
_ HNEEEE OUAF4E 2~ E3E,
_ MNEEEY EJF4E 2 EE,

For a better assessment of the overall situation, the overall
situation of measurement errors is shown for the individual
measuring devices under consideration (Fig. 7). The graph
(Fig. 7) shows the error values according to the distance, as can
be seen in the bottom detailed view at a temperature of 50°C.
From this graph, it is possible to compare the assessed
measuring devices with each other in terms of measurement
errors. According to this graph, the best hand IR thermometer
is the one that has the smallest errors among non-contact
thermometers.
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Figure 7. Overview of measurement errors for all cases of temperature
measurement for all measured measuring devices. A detailed view of
the cases at a temperature value of 50°C.
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The graph (Fig. 8) shows the measurement standard deviations
for all measurement cases (for all distances and temperatures)
for each considered measuring device. Standard deviations
characterize the dispersion of measured values. The best
measuring device in terms of standard deviations is the hand IR
thermometer, which has the smallest standard deviations. The
IR thermal camera has the largest standard deviations. The
detailed view (Fig. 8) shows the standard deviations for a
temperature of 50°C for all measuring devices and all distances
of the meters from the black body calibrator.
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Figure 8. Overview of standard deviations for all cases of temperature
measurement for all measured measuring devices. A detailed view of
the cases at a temperature value of 50°C.
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Figure 9. Overview of combined measurement uncertainties for all
cases of temperature measurement for all measured measuring
devices. A detailed view of the cases at a temperature value of 50°C.

The detailed view (Fig. 8) shows the standard deviations of the
measurement for a temperature of 50°C for all measuring
devices and all distances of the meters from the black body
calibrator.

The graph (Fig. 9) shows the combined uncertainties for all
considered measures and all measurement cases. In this case,
the best is the industrial IR thermometer, which has the
smallest combined measurement uncertainties of all non-
contact measuring devices. The detailed view of the combined
uncertainties (Fig. 9) shows the values of the combined
uncertainties for a temperature of 50°C.

5 CONCLUSIONS

The result of this work is a qualitative assessment of selected
metrological characteristics for evaluating the state of
measuring devices. At the same time, the influence of the
distance of the gauges from the measured object was
investigated, which is not a standard considered factor. Such an
assessment of the condition of the gauges is very important for
determining the condition of the gauges and their ability to
provide measured data that are close to the actual value of the
measured quantity.

The mentioned methodology is designed for regular internal
assessment of the condition of the gauges [Murcinkova 2013,
Koniar 2014, Mascenik 2016, Saga 2019, Blatnicky 2020,
Peterka 2020, Saga 2020, Kelemenova 2021b, Klarak 2021,
Suder 2021, Zelnik 2021, Pivarciova 2021, Hortobagyi 2021,
Hroncova 2022a, Hroncova 2022b, Lestach 2022, Bratan 2023,
lvanova 2023].
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