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Abstract. At present, there is a great interest in monitoring and automating farm animals and
livestock farming. There are many systems and methods to check the movement of animals in
certain areas. One option is to use motion detectors. However, some installations are so specific
that they require the use of wireless motion detectors. They not only have to fulfill their functional
part but also have a sufficiently strong signal that should not interfere outside the defined ISM
bands. Due to the frequent deployment of different types of these detectors, research has been
carried out to monitor shortcomings in frequently used types of wireless detectors. This research
defines which tested detectors are fully usable according to the standards and which need to be
modified by the manufacturer. Also, based on measurements, the basic risks and
recommendations for the use of individual types of tested detectors are defined.
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INTRODUCTION

At present, there is a great interest in monitoring and automating farm animals and
livestock farming. There are many systems and methods to check the movement of
animals in certain areas. These methods can be divided into contact and non-contact.
Contact methods can use different systems, such as pedometers or RFID technology
(Porto et al., 2012). These detections can affect the comfort of animals and must be
placed on each monitored place. If only a passage is required to be monitored, so-called
non-contact measuring systems, such as laser gates, infrared gates, and others, are also
used. All of these monitoring systems are part of so-called systems to maximize animal
welfare (Firk et al., 2002; Barbari et al., 2008; Martiskainen et al., 2009; Ilie-Zudor et
al., 2011; Alsaaod et al., 2012; Chanvallon et al., 2014).

One of the possibilities for non-contact detection is the use of passive motion
detectors. However, there is a problem with the fact that only wireless detectors can be
installed in certain locations. These detectors may not only meet the requirements for a
given measurement but also require wireless transmission (Mathie et al., 2004; Robert
et al., 2009; Ilie-Zudor et al., 2011; Alsaaod et al., 2012; Chanvallon et al., 2014).
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ISM bands (Industrial, Scientific and Medical) are typically used for wireless
transmission. Many researches have shown that not every transmitter meets the ISM
band. These bands are free of charge and are specified by the telecommunication
authorities. It was therefore a question of whether motion detectors meet the necessary
requirements of telecommunication authorities. Failure to meet the requirements would
lead to complications in their installation. (Kuchta et al., 2009; Nikonowicz et al., 2019;
Zgaren et al., 2018; Yang et al., 2018).

Aim of the paper was of whether the selected wireless detectors meet the
requirements for wireless communication in the ISM bands. An evaluation was also
made based on the wireless transmitting intensity of individual motion detectors (Kuchta
et al., 2009; Schmidt et al., 2017; Hart & Hartova, 2018; Nikonowicz et al., 2019).

MATERIALS AND METHODS

Test were performed accurately to determine the breadth of broadcast for each
motion detector. Motion detectors for which the tests were conducted are standard
motion detectors used to frequent occurrence. These are the following types:

ISM868: JA-83P, PMD75, PMD2P, IR8M, RWT95P

ISM433: PMD75, AZ-10P.

SPECTRAN HF-6060 spectrum
analyser (Fig.1) was wused, which
investigated the size of the frequencies at
tested motion detectors. Within the
measurement the following values were
set on the SPECTRAN HF-6060
spectrum analyzer:

e Sampletime —50 ms
e Samples - 500
e Bandwidth —1 MHz

Figure 1. Spectrum analyser SPECTRAN

At the beginning of the measurement, HF-6060 with an antenna.
the hypothesis ‘The wireless signal base
is in the ISM433 (433-434,79 MHz) or ISM868 (868—870 MHz) band’ is determined.
The measurements were made by the detector being installed in a laboratory 4 m from
the spectral analyzer. When the detector was in the state of guarding, there was a
disturbance of the guarded space (moving in front of the detector). Detected signals were
also recorded through a spectral analyzer into the MSC SpectrumAnalyzer software.
Subsequently, a graph of transmission characteristics was created with the help of the
software. Measurement was performed on all motion detectors cyclically and measured
at least 500 cycles.

The Figs 2—10 show the intensity of the wireless transmission motion detectors in
bandwith ISM868. Among these figures, Figs 3, 5, 7 and 9 show the origin of the
transmitted signal range for individual motion detectors.
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Figure 2. Motion detector JA-83P (ISM bandwidth).
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Figure 3. Motion detector JA-83P (origin of the transmitted signal range).
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Figure 4. Motion detector PMD75 (ISM bandwidth).
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Figure 5. Motion detector PMD75 (origin of the transmitted signal range).
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Figure 6. Motion detector PMD2P (ISM bandwidth).
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Figure 7. Motion detector PMD2P (origin of the transmitted signal range).
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Figure 8. Motion detector IR8M (ISM bandwidth).

dBm

r»m ” |"J-J

.. = |
60 1"# I[_l"‘ﬁ;-. ;"H
_ ¥
L ¥ LI} puf"'r'-
1-'||M.."\.J‘._ﬂrll"“‘ Lom— l'ﬁ""-"\"Jl;IIL)"

867 867,5 868
MHz

Figure 9. Motion detector IR8M (origin of the transmitted signal range).
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Figure 10. Motion detector RWT95P (ISM bandwidth).

The Figs 11 and 12 show the intensity are an evident intensity of the wireless
transmission motion detectors in bandwith ISM433.
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Figure 11. Motion detector PMD75 (ISM bandwidth).
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Figure 12. Motion detector AZ-10P (ISM bandwidth).

In the following figures (Figs 11 and 12) are an evident intensity of the wireless
transmission motion detectors in bandwith ISM433.
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Figure 13. Motion detector AZ-10P (ISM bandwidth).
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Figure 14. Motion detector AZ-10P (ISM bandwidth).
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RESULTS AND DISCUSSION

All charts show two values, referred to the maximum measured value and the
current trend. For detector measurements, the maximum value of the detector
transmission is given. For ISM band measurements, the maximum value is the limit over
which it is normally possible to transmit.

It is obvious that all tested detectors meet signal intensity. According to the
measurement of natural interference in a given area (Figs 13 and 14) it is obvious that
all tested detectors have higher signal strength. It was found that the JA-83P, PMD75,
PMD2P and IR8M detectors did not meet the requirements of the ISM bands and hit
their part beyond the defined values (Figs 3, 5, 7 and 9).

The evaluation of the individual criteria, which are the signal strength, the base of
the transmission signal and the exact range defined by the ISM bands, can be seen in
Fig. 15. The graph was created by a multi-criteria point analysis of variants. The ratio
between the criteria evaluated was: exact range defined by the ISM bands (0.5), the
signal strength (0.3) and the base of the transmission signal (0.2).
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Figure 15. The evaluation of the individual criteria at motion detectors.

Possible success has been identified. This is the percentage of intensity, width and
meeting the scope of ISM wireless transmission. Although two detectors (RWT95P and
PMD2P) were placed in the first place, it can be determined that the detector RWT95P
is better. This is because it meets the ISM868 transmission band.

In the past, many tests have been carried out on different systems that have proven
that not every manufacturer adheres to the exact range of ISM bands. For the proper
functioning of cattle pass testing, it is advisable to use motion detectors that meet the
requirements for their use. The use functional detectors that do not have a well defined
ISM band can result in the need to uninstall the system. This initiative may arise from a
telecommunication office that can evaluate the system being used as a disruptive element
in a given area (Kuchta et al., 2009; Schmidt et al., 2017; Hart & Hartova, 2018; Zgaren
et al., 2018; Yang et al., 2018; Nikonowicz et al., 2019).
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CONCLUSIONS

On the basis of this study, some conclusions can be taken. It is important to have
an overview of the reliability and functionality of each wireless transmissions. When
using wireless transmissions, it is also important for motion detectors to have
bidirectional communication, which increases the system’s chances to detect band
interference, and also allows the transmission to be switched to a free zone.

The RWTOI5P is the best-rated detector due to its features. Detectors JA-83P,
PMD75, PMD2P and IR8M detected overlapping outside ISM bands. It is therefore
recommended to change the wireless technology of these detectors.

All of the measured data are important for end users and manufacturers as feedback
on their products. In the future, there will be efforts to expand similar tests to other
manufacturers, as the reliability of these systems is very important, and it will be
necessary to check them.
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