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Abstract: Radio techniques are widely used in wildlife tracking. Currently, the most common
tracking methods include radio tracking (operating on Very high frequency (VHF) and Ultra high
frequency (UHF)), satellite tracking (e.g., Argos satellite Doppler-based positioning system), and
Global Navigation Satellite System (GNSS) tracking. One of the radio tracking systems is the Radio-
Frequency Identification (RFID) system, characterized by small dimensions and a long operational
period due to energy-efficient features. The advantages of RFID make it possible to apply this
technique to track oak acorns in the process of zoochoric dispersal. In our study, we explored the
potential applications of RFID systems for monitoring the dispersal of oak acorns. We developed
a tracking system based on a semi-passive RFID tag, which we tested under laboratory and quasi-
realistic conditions. The obtained results confirm the feasibility of using our system in radio tracking
small objects such as oak acorns.

Keywords: radio tracking; wildlife telemetry; seed tracking; RFID telemetry; RFID-based location
system

1. Introduction

A very valuable source of information on the behavior of animals is the observation
of their movements in everyday life or the monitoring of their migratory processes. A
well-known method of tracking animals is the so-called ringing method, which has made
it possible to observe individuals tagged in this way. The ringing technique, however,
requires physical contact with the animal at least at two times: when the ring is applied
and when it is read, which can be awkward and stressful for both the observer and the
animal. Developments in RF techniques have made it possible to track animals much more
effectively. These techniques use RF transmitters placed on animals, which are then tracked
using antenna systems (usually directional). The first radiolocation system was used in
1963 to monitor the behavior of rabbits, skunks and raccoons where a transistor transmitter
with a dipole antenna and a military BC-453 radio receiver were used [1]. Currently,
the most common tracking methods include radio tracking (operating on VHF and UHF
frequencies), satellite tracking (e.g., Argos satellite Doppler-based positioning system) and
Global Navigation Satellite System (GNSS) tracking [2-4]. The wildlife radio tracking
system consists of two devices: transmitter and receiver. The tracked object has a radio
transmitter that sends a signal. This signal is received by a second device—a VHF/UHF
receiver. The receiver can be stationary or mobile (moved in a car, airplane/drone or
handheld). Satellite tracking involves sending data to satellites via a transmitter mounted
on the object being tracked. The data collected by the satellite system is made available
to the user for a fee [5]. GNSS tracking, on the other hand, uses commonly used satellite
navigation receivers.
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The development of autonomous vehicles (especially unmanned aircraft systems) has
improved the radio tracking process because it allows the VHE/UHEF receiver to be placed
right on the autonomous drone [6]. Thus, for example, Mesquitaa et al. [7] proposed a
user-friendly system combining drones, smartphones and tags using Bluetooth and UWB
(Ultra-Wideband) signals, which could be used for wildlife tracking. In their research,
they used very small and lightweight AirTags that were tracked using an autonomous
drone and a user with a smartphone independently. Another example of the use of drones
can be found in the work of Desrochers et al. [8], which examined the use of drones to
determine the position of tracked objects in hard-to-reach areas (hilly and dense boreal
forest in southern Québec, Canada).

Most wildlife tracking studies use commercial tracking systems. The abundance
of these systems makes it possible to purchase one that is suitable for specific purposes
(appropriate weight, range and operating time related to battery life). There are also designs
for lightweight low-cost tracking systems. One of these is an automatic and open-source
radio-tracking system for small animals, which can track objects up to about 190 m away [9].

1.1. RFID Techniques in Wildlife Tracking

An increasingly common technique in VHF/UHF radio tracking wildlife is the RFID
(Radio-Frequency Identification) technique. RFID systems consist of transponders (so-
called tags) that transmit their own unique identification code to readers called RWD (Read
Write Device) [10,11]. An important classification of RFID tags is the distinction according
to the power supply of the transponder. A distinction is made between passive and active
transponders. Passive transponders have no power source of their own. They use the
energy emitted by the reader in the form of an electromagnetic wave both to power their
own microchip and to transmit data back to the reader. Active transponders, on the other
hand, have their own power supply (usually in the form of a battery). The electromagnetic
field emitted by the reader is no longer needed to power the chip, so the EM field can
be much weaker than that required to operate a passive tag. There is also a subtype of
passive tag, the so-called semi-passive transponder. Semi-passive tags, also known as
battery-assisted passive tags (BAP) or battery-assisted tags (BAT), have their own power
supply to power the chip only. However, like a passive tag, they have no active transmitter.
This means that they still need energy emitted by the reader to communicate with the
reader (they use so-called backscattering). The use of a semi-passive tag therefore allows
the transmitter to increase its operating range because it is more sensitive (i.e., it needs less
energy from the reader than a passive tag to activate). The unquestionable advantage of
using RFID tags in tracking is their very small size and long operating time (in the case
of passive tags we can even talk about infinite time; in the case of semi-passive tags it is
months or years).The disadvantage, however, may be a shorter tracking range than classic
radio transmitters.

RFID tracking techniques are used to track farm animals such as cows, horses, pigs, etc.,
as well as for wildlife , such as deer lions, beavers, etc. There are also RFID techniques for
tracking fish, especially salmon [12]. An example of wildlife tracking where limitations to
the size of the transmitter are of huge importance is mouse tracking using RFID techniques
both in laboratory conditions [13] as well as in the natural environment in the wild [14]. In
both examples the RFID passive tags were implanted subcutaneously in the neck region of
the mouse. An example of long-term wildlife RFID tracking is the monitoring of beavers
tagged with passive tag implants during the period from June 2018 to July 2019 where
the stationary reader has been installed in beaver lodges [15]. Due to the limited range of
the RFID system, a network of RWD readers can be used instead of a single reader. An
example of such a network is a system for tracking badgers equipped with RFID collars
over an area of about 1.2 km? [16]. In addition to commercial RFID systems, there are also
open-source low-cast solutions. One of them is the WildWID system consisting of active
tags placed on wild animals (lions and koalas) that send data to a logger equipped with a
GSM module for data transmission [17].
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1.2. Radio-Tracking Techniques in Acorn Dispersal

An interesting phenomenon in nature is the zoochoric spread of oak acorns [18].
Acorns can be spread by gravity, water and wind, but it turns out in most cases they are
spread by animals—this process is called zoochory [19,20]. In the case of oak, the animals
that spread acorns are jays. Because of their small size, bird-dispersed seeds are difficult to
track, especially when spread over long distances.

As it turns out, the radio tracking techniques have also been applied in this wildlife
research area. An example of research using radio-tracking of oak acorns is a study con-
ducted in 2004 in Spain [21]. In this experiment, the TW-4 Biotrack VHF radio transmitters
(weight: 2.2 g, battery life: approximately three months) with the antenna coiled inside
were implanted into selected acorns. The acorns were then closed and sealed with su-
perglue. The location of the acorns (previously placed in feeders, from where they were
spread by jays) was carried out using a ‘Mariner 57" portable radio receiver. During testing,
it was found that signal detection was lower (typically tens of metres) than transmitter
specifications (hundreds of metres) due to the fact that the transmitter antenna was coiled
inside the acorn. The average range of acorn dispersal by jays was 68.6 m (90% of acorns
were within 149.60 m of the feeder), so that the reduced detection range (caused by antenna
coiling) was not a major handicap. Other seed tracking experiments used TXA-001G radio
transmitters produced by Telenax™, Queretaro, Mexico (small 0.5 g devices equipped with
a 13 cm flexible antenna) [22,23]. The transmitters broadcast a signal in the VHF band on
several different frequencies ranging from 150 to 151 MHz. This time the antenna was left
unfurled outside the acorn, which, it turned out, did not arouse the jays suspicions. This
study confirmed that the average range of acorn dispersal by jays is less than 100 m.

1.3. Our Motivations and Contributions

Taking into account the results of the acorn radio tracking experiments (in particular
the average spread range of about 100 metres), we decided to investigate the possibility of
using the RFID technique in the acorn radio tracking. The advantage of using RFID tech-
nology can be the uniqueness of each tag being tracked (provided by a unique ID number)
rather than a finite number of transmit frequencies in a specific band. Another advantage in
favour of RFID is the battery life, which can be counted in years (and practically unlimited
in the case of passive tags). The last important issue is the legal conditions for the use of the
frequency band in the 150 to 151 MHz range in European Union countries: according to EU
telecommunications law, this band is not available for radio tracking purposes, while the
865-868 MHz frequency band can be used for RFID purposes with a transmission power of
up to 2 Watts [24].

To verify the feasibility of using the RFID system for tracking, we selected and con-
structed RFID tags, which we then tested in an anechoic chamber. On the basis of the tests
in the chamber, we selected one RFID tag, which we equipped with a sound indicator and
then tested under quasi-real conditions. The results obtained confirmed the applicability of
the RFID technology in acorn dispersal tracking.

The paper is organised as follows: Section 2 describes the method to determine
the range of the RFID system, presents the tags used in the experiment and describes
the conditions under which the experiments were carried out; Section 3 presents the
experimental results obtained under laboratory conditions (anechoic chamber) and results
from experiments under quasi-real conditions; the final Section 4 contains a discussion of
the presented results, as well as the conclusions drawn from these results.

2. Materials and Methods

This chapter provides information on the methodology used to determine the operat-
ing range of the RFID system. It also describes the experimental methods used to test the
selected RFID tags.
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2.1. Determining the Operation Range of the RFID System

One of the most important parameters determining the quality of an RFID system
is the so-called read range. It is determined by two parameters: read range forward and
read range reverse. Read range forward rpy,p,y is the maximum range, at which the RWD
reader is able to deliver the minimum power Py, 1in to properly activate the RFID tag [25].
Read range reverse rgyp1qy is the maximum distance at which the backscatter transmit
power (power backscattered by tags) Py,¢ ps is sufficient for the RWD reader to be able to
read the RFID tag. The relationship between reading ranges and delivered /backscattered
powers is described by the Friis transmission equation [26]. The value of the power
delivered to the chip is determined using the following equation:

2
Pr = PRWDW @
where c is speed of light in a vacuum, f—frequency, Priyp—power delivered to RWD an-
tenna terminals, Gg—gain of impedance-matched RWD antenna, Gr—gain of impedance-
matched tag antenna, y—polarization matching factor of antennas, T—power transfer
coefficient, r—distance between the RWD and the transponder.
The value of the power transfer coefficient depends on the impedance parameters of
the RFID chip and the antenna attached to it, as described by the equation [25]:

4Re(Zta)Re(Zrc)

T g
Re(Zra + Z1c)? + Im(Z1a + Z1c)?

@

where Z1 is the chip impedance and Z1, is the antenna impedance.

The maximum value of the power transfer coefficient is 1 and is obtained in the case
of impedance matching of the antenna and the chip, when Z74 = *Zrc. The value of
Ztra =~ *Z7c should be obtained for the operating frequency of the RFID system (for
Europe about 865 MHZz), so that it is possible to power the chip from the maximum
distance. The maximum distance to properly power the chip can be determined from the

following equation:
¢ | PrwpGrGrT
"PwrMax = 47Tf RWI;)T T, KA 3)
min

where Pry,;,, is the minimum power that must be delivered to the chip for it to function properly.

In practice, determining the distance directly using Equation (3) is very difficult.
Therefore, for this purpose, it will be easier to use the value of the power Py;q iy, delivered
to the transponder antenna. In terms of theoretical relationships, the Ptag,min POWer is the
Prin power with additional consideration of the influence of the transponder antenna
parameters and can be described by the following equation:

P
P tag,min — GZ?; (4)

In addition, it is also possible to determine Gg antenna gain and Prwyp power as Pgrp
radiated power, according to the following equation (given in Watts):

Prirp = PrwpGr ©)

The maximum value of power that can be radiated, Py,4y £1rp, is limited by the reg-
ulatory standards in force in the region (e.g., ETSI standards [27]). The largest distance
pwrMax Will be achieved at Pejrp = Py, e1rp, according to the Equation [28]:

Fportey — ¢ | Puax,EIRP ©)
wrMax — 4 _ r -
47Tf P, tag,min
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In the case of rppax distance, the factor that causes the limitation of the range of
proper functioning of the RFID system is the value of reflected power Pg, received with the
RWD antenna. One of the basic parameters of any RWD is sensitivity, that is, the minimum
recordable value of Pr power (Pryiy). For communication to take place between the
transponder and the RWD, it is necessary to meet the condition that Pr > Pg.,,. The value
of the received reflected power depends on the radiated power, losses in the transmission
path and the ability of the transponder to reflect a wave of a given frequency (defined as the
effective reflection area or). However, for simplicity, it is possible to determine the distance
"BtrMax Dased on an analysis of the received Pg reflected power, using the Equation [28]:

C Ptag,BS
I'BtrMax = H

@)

PRmin

The value of Py ps can be determined by analyzing the received power value Pk
and the transmission path losses, according to the following equation (values given in
decibel scale):

Ptag,Bs = PR — GR + Leapre + FSPL (8)

where L, is cable losses and FSPL is the free space loss.
In a similar way, it is possible to determine the power Py, i, using the following
equation (values given in decibel scale):

Ptag,min = PRWD,min + GR - Lcuble — FSPL (9)

where Pryyp min is the minimum value of Pryp power at which the transponder feedback
will be obtained.

In summary, in order to properly carry out communication between the RWD and the
transponder, it is necessary to obtain an adequate value of both P,y power and Pg power,
which is possible only at a certain distance (the smaller of 7 pyy,p1qx and 7sp1ax)- An analysis
of the power transmitted /received by the RWD, taking into account the transmission path
losses, will enable a preliminary determination of the maximum theoretical reading distance
of a given RFID system. However, it should be borne in mind that in real conditions, the
obtained distances 7 pg;pqx and 7pgraax may be smaller, due to the presence of interference
and the possibility of antenna jitter, caused, for example, by contact with the ground,
temperature or other atmospheric conditions. Therefore, it seems that it will be necessary
to measure the distance of the correct reading, both under ideal conditions (maximum
possible range) and real conditions (practical application). It should also be remembered
that the gain value of antennas changes depending on the polarization coordinates. In
RFID systems, the largest range of proper operation will be obtained for coaxial alignment
of RWD and transponder antennas.

2.2. Selection of RFID Tags for Experimental Studies

For the acorn prototypes, we used two types of RFID tags: a passive tag with industry-
leading read sensitivity of up to —22.1 dBm MONZA R6-P [29] and a semi-passive tag (oth-
erwise called battery assisted passive (BAP)) with configurable sensitivity set to —31 dBm
EM4325 [30]. The passive tag MONZA R6-P was inductively coupled to a flexible dipole
antenna (see red wire in Figure 1). The dipole antenna and tag are connected with coupled
inductive circuits, and the impedance matching problem between the inductive elements
is solved by using a so-called parasitic loop. The galvanic separation of the antenna and
IC circuits has made the circuit much less sensitive to the parameters of external objects
in terms of impedance matching. The semi-passive tag EM4325, together with the power
supply, was placed on a dedicated PCB (bottom left corner of Figure 1). Both tags were
tuned to 868 MHz (for RFID purposes with a transmission power of up to 2 W in the
European Union). The use of a flexible dipole antenna seems to be the optimal choice when
considering the use of acorn tags to be spread by jays. It was decided to test three antenna
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configurations for the passive tag: the spiral configuration (see #I) in Figure 1), the s-shaped

configuration @) and the straight line configuration & , and one straight line configuration
11 mm

for the semi-passive tag @) .
\
D S— “\

- \

Figure 1. Selected RFID tags inside an oak acorn for anechoic chamber testing.

—_—

[
[

The semi-passive tag was powered by a 3 Volt CR927 battery (produced by Vinnic
Power, Yau Tong, Hongkong) with a capacity of 30 mAh. According to the manufacturer’s
documentation, the EM4325 tag consumes an average battery current in sleep mode of a
maximum of 2.6 pA; therefore, the CR927 battery should power the chip for approximately
16 months.

2.3. Laboratory Experimental Set-Up

Laboratory experiments were performed in the Microwave Vision Group anechoic
chamber, which is shown in Figure 2. For the measurements, the Voyantic Tagformance Pro
system was used [28] (see (3) in Figure 2) together with Tagformance UHF v.13.2.3 software
(5). The AARONIA HyperLOG 7025 broadband logarithmic-periodic antenna (2) [31] was
coupled with a directional coupler (frequency band: 600-1300 MHz, TX-ANT insertion loss:
1.2 dB, ANTRX insertion loss: 6.5 dB, maximum input power: 250 W) (4). A measuring top
(D was mounted in the chamber, on which the RFID acorns under test were placed. The
quantities measured by the Voyantic Tagformance Pro system were the minimum power
Ptag,min to power up the RFID tag (so-called power on tag forward) and the backscatter
transmit power Py, ps (so-called power on tag reverse) for data transmission performed in
the 800-1000 MHz band. Based on the measured powers, the read ranges were calculated
according to Equations (6) and (7).

Many leading RFID reader models have a sensitivity of —84 dBm (e.g., readers: URIA,
FR900, IMPIN]J Speedway Revolution R420, YRI1 or UR4), which combined with an antenna
gain of —4 dBm gives a reader system with a sensitivity of —88 dBm = 1.58 pW. According
to Equation (7), the read range reverse 7pp1,x depends on the sensitivity of the RWD
reader Pgy,i,. The read range reverse for the experiments in the anechoic chamber were
determined for a reader sensitivity just equal to Pg,,i, = 1.58 pW. The read range forward
pwrMax described by the Equation (6), on the other hand, depends on the maximal reader
power Py, p1rp, Wwhose value for data from an anechoic chamber was assumed to be
Pyax e1rp = 2 W (the maximum allowed for RFID in the European Union).
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124450,00z¢

Figure 2. Laboratory experimental set-up.

The prototype acorn tags were pre-tested in an air environment, as indicated by (1) in
Figure 3, and then the selected tag with the best performance was tested in a quasi-real
environment. The quasi-real environment was a piece of soil (arranged in order: antenna-
tag-soil), which can be seen in Figure 3 (2).

Figure 3. RFID tags in the anechoic measurement chamber: @—in the air environment, @—in the
soil environment.

2.4. Experimental Set-Up under Quasi-Real Conditions

The quasi-real experiments were conducted in a large area hall, as shown in Figure 4.
An oak acorn equipped with a sound indicator (see (2) in Figure 4) was placed on a piece
of soil (as in the anechoic chamber during the laboratory tests). The measurements were
taken using an industry-leading RFD9090 long-range handheld RFID reader (1) operating
in the 865-868 MHz band [32]. During the experiment, the read range of the acorn tag
dependents on the reader-tag antennas relative orientation was measured: the read range
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indicated by the RFD9090 reader (Reader indication range in Table 1) and the read range
indicated by sound indicator (Sound indication range in Table 1) located inside the acorn.

Figure 4. Quasi-real conditions experiment setup: @—RFD9090 reader, @—oak acorn with RFID
sound tag in the soil environment

Table 1. Quasi-real conditions experiment results.

Reader-Tag Orientation Angle Sound Indication Range Reader Indication Range
[°] [m] [m]
90 13.86 7.77
80 12.63 7.70
70 12.50 7.63
60 11.57 7.52
50 9.50 6.66
40 8.70 6.52
30 7.90 4.23
20 5.25 3.21
10 4.30 2.16
0 4.30 1.07
3. Results

This section describes and discusses the results of the experimental studies.

3.1. Laboratory Experimental Results

The first laboratory experiment consisted of determining the read range of the four
RFID tags described in Section 2.2 in the air environment. Figure 5 shows the read ranges
for data transmission 868 MHz. The resulting read range shown in Figure 5 is the minimum
value from among the two ranges: Read range forward and Read range reverse. It is clear
from laboratory experiments that twisting the antenna drastically reduces the range of
the RFID tag (a result that is not surprising). Configurations #) and & can therefore be
immediately ruled out as useless. Configuration @), i.e., a passive tag with a straight line
antenna gives a good result for Read range reverse, but the result for Read range forward is
poor (the chip can be sufficiently powered up from a distance of no more than about 7 m).
The best results were obtained for sample @) with a semi-passive RFID tag, for which the
Resulting read range was 24.6 m. Given the results obtained in the first laboratory test, it
was decided that further tests would only be carried out on the RFID acorn sample @.
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30
m Read range forward

E25 m Read range reverse
050 m Resulting read range
S
< 15
)
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H1 H2 H3 H4
Tag number

Figure 5. Read range of selected tags measured in the anechoic chamber.

A further laboratory test examined the read range of acorn @) in a quasi-real environ-
ment, i.e., a soil environment (see (2) in Figure 3). The response of the chip was investigated
for data transmission performed in the 800-1000 MHz band. The performed study showed
that the read range of the RFID acorn in the soil decreased. Furthermore, the RFID antenna
system became untuned due to the presence of the soil in close neighbourhood of the
tag. As can be seen in Figure 6, a 15 cm long antenna tuned to 868 MHz appeared to be
untuned in the soil environment, whereas a 13 cm long antenna appeared to be tuned. The
phenomenon of performance degradation of UHF RFID tags in the neighbourhood of a
material surface is well known and has been described, for example, in papers [33,34].

In the air I=15cm

30
£ - — On the soil I=15cm
©
g n the air I=13cm
e 20 —On the soil I=13cm
815
C
©
=10
3
5
0 865.6 > « 867.6
800 850 900 950 1000

fIMHz]

Figure 6. Read range of tag #) depends on the length of the antenna and the environment measured

in the anechoic chamber.

The read range characteristics of the tuned semi-passive tag # to the soil environment
are shown in Figure 7. It can be seen here that the value of Read range forward is greater
than Read range reverse. It can therefore be said that the semi-passive tag (with greater
sensitivity than a passive one) ‘hears’ the RWD reader’s query from further away than it is
able to respond to the query. The same results were shown in paper [35] where the read
range of a semi-passive RFID tag was investigated. This fact can be used to improve the
localization range of the RFID acorn, as will be shown in the next section.
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— Read range forward
B — Read range reverse
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X 5
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Figure 7. Read range vs. reader frequency for tag @) on the soil measured in the chamber.

Conclusions from Laboratory Experiments—RFID Tag Concept with Sound Indicator

Previous experimental results have shown that the semi-passive tag ‘hears’ the reader’s
query from a greater distance than it can respond to. Therefore, it is possible to design
the RFID tag circuit in such a way that it responds to the reader’s query, but not via
the RFID channel. Rather, it can only respond via another communication channel; for
example, it could be a sound channel. The use of the EM4325 tag actually provides such
an opportunity because this chip contains configurable digital ports. The auxiliary I/O
port of the EM4325 RFID tag can be configured as an output for RF event notifications (i.e.,
detection of Gen2/6C commands). Its operation is as follows: upon detecting a request
sent by the RWD reader, the RFID tag sets a high logic state on the AUX port for about
3 ms. By maintaining this trigger for an extended time period (with a properly selected
resistor and capacitor), it is possible to activate a sound signal, which will be heard even if
the RDW reader does not receive a response.The electronic circuit of the tag including the
sound system and its physical implementation are shown in Figure 8. The circuit uses a
miniature buzzer with a sound frequency of 2.7 KHz and an intensity of 85 dB at 10 cm,
which, despite being enclosed in an acorn, is easily audible from a distance of more than
20 m.

AUX

GND GND GND GND

Figure 8. RFID tag with sound indication.

This RFID chip with a sound indicator was placed in the acorn and then tested under
quasi-real conditions.
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3.2. Experimental Results under Quasi-Real Conditions

The quasi-real conditions experiment described in Section 2.4 measured acorn tag
response ranges dependent on the relative orientation of the reader-tag antennas (in the
angular range 0°-90°). The read range indicated by the handheld RFID reader and the
sound range indicated by the sound indicator placed inside the acorn were measured. The
results of this experiment are shown in Table 1 and Figure 9.

100° 90°  go°

indicatio
Reader
indication

Figure 9. Quasi-real conditions experiment result.

According to the data presented in Table 1 and Figure 9, the Sound indication range
of the RFID acorn tag is almost double compared to the Reader indication range. In the
most favourable orientation, the Sound indication and Reader indication ranges were
13.86 m and 7.77 m, respectively. In the worst case, the ranges dropped to 4.30 m and
1.07 m, respectively.

4. Discussion

In this paper, we have shown that there is a potential opportunity to use the RFID
technique to track oak acorns. This method can also be used to track other small objects
but rather in cases where their position distribution is measured in tens or eventually in a
few hundred metres. To demonstrate this possibility, we have prepared several samples of
RFID tags, both passive and semi-passive, in various antenna configurations. The tags we
prepared were initially tested under laboratory conditions in an anechoic chamber in order
to select the best case. It turned out that the winning solution, due to the maximum read
range, was a semi-passive RFID tag.

In a further laboratory study, already on a selected semi-passive tag, it was found that
the read range strongly depends on the close environment of the tag—it has decreased
significantly in the soil environment. In addition, the antenna parameters changed and the
tag antenna had to be re-tuned in the soil environment by shortening its length. Laboratory
experimental results have shown that the semi-passive tag 'hears’ the reader’s query from
a greater distance than it is able to respond to, which introduces the possibility of using an
acoustic indication channel to determine the RFID tag’s location. To investigate this option,
an additional semi-passive RFID tag with a sound indicator was constructed and then tested
under quasi-real conditions. The results obtained in the quasi-real experiment confirmed a
significant increase in the range of acorn localization using the acoustic communication
channel. The use of the sound indicator in acorn tracking results in lower hardware
requirements for the RWD reader, as the sensitivity of the reader to the backscattered signal
is no longer relevant. Therefore, the RWD reader does not need to be state-of-the-art, it
just needs to have high signal transmitting power so that it can be ‘heard” by an RFID
tag equipped with a sound indicator. It should be emphasised that the conditions of the
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quasi-real experiment do not fully correspond to real conditions and further research under
natural scenery is needed. The winter season of research, unfortunately, did not allow us to
carry out tests under real conditions. We intend to carry out additional tests (influence of
antenna geometry, soil type and its humidity) as soon as spring arrives.
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