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Abstract. Real-time monitoring of insects is an important objective across many life-science
disciplines. Here we demonstrate the first of its kind disposable wireless detector, capable
of monitoring insect activity. Our solution is based on an indirect indicator, based on sugar
consumption by insects. We develop a caramel-based antenna device, linked with an RFID
chip. Apart from its nutrition value, caramel is a dielectric material, affecting electromagnetic
interactions between waves and matter. Being consumed by insects, changes the electromagnetic
properties of the antenna, deactivating the tag. The failure in the readout suggests an active
presence of insects in the surrounding. Adding control bits, weather sustainability, and other
functions, required for a reliable outdoor operation, will be reported in the future.
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RFID ceHcOp Ana AeTeKTUPOBAHUS HACEKOMbIX

H. O. bynatos '&, T. C. Bowesa ', A. A. XyabikuH ', . C. PnnoHos '
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AnHOTamMsi. MOHUTOPHMHT HACEKOMBIX B PEKMME PeaIbHOTO BPEMEHM SIBJISIETCS BaXKHOM 3amaveit
BO acCIeKTax €CTeCTBEHHBIX HayK. B maHHOI paboTe MBI IEMOHCTPHUpPYEM IIEPBEII B CBOEM pOIe
OCCITPOBOMHON CEHCOP-PACXOMHUK, CITOCOOHBIM OTCIICKMBATh aKTUBHOCTh HAaCEKOMEBEIX. Harire
peleHre OCHOBAHO Ha HAOIIOAEHUSIX O ITOTPeOIeHMM HACEKOMBIMM YaCTHII caxapa, B pe3y/ibTaTe
Yyero pa3pabaThIBaeTCs aHTEHHOE YCTPOMCTBO Ha KapaMeJIbHOI OcHOBe, cBsizaHHOe ¢ RFID-yumom.
IMTomuMoO cBoeif MUTATEIbHOI LIEHHOCTU, Kapamellb SIBISICTCS IMAJIEKTPUYECKUM MaTepuasioM,
BJIMSTIOIIIMM Ha B3aMMOJIEHCTBUE MEXIY 3JeKTPOMarHUTHBIMU BOJIHAMM 1 BellecTBOM. IloemaHue
KapaMeJIM HaCeKOMBIMM M3MEHSIET TCOMETPUIO METKM M, KaK CJICICTBHE, 3JICKTPOMArHUTHEIC
CBOICTBA AHTEHHBI, J€AKTUBUPYS MeTKy. OCOOEHHOCTHM B TIOKA3aHUSIX AETEKTOpa TOBOPSIT O
HaJIMUNKM HACEKOMBIX B OKpyXalollel cpeme. Takke O IMOOABICHUM YIPABISIOIINX 3JIEMEHTOB,
00 YCTOMUMBOCTM K ITOTOAHBIM YCJOBUSM U IPYTMX (DYHKILMSIX, HEOOXOOMMBIX IS HaIeXKHOM
paboThl HA OTKPBITOM BO3IyXe, OYAET COOOLIEHO B OyIyIIEM.

Kmouessie ciaoa: RFID, merexkrop Hacekombrx, CBY ceHCOp, MOHMUTOPUHT B CEIHCKOM
XO3S9MUCTBE

®@unancupoBanue: Pabora BbIMoJHEHA B paMKax denepaibHOI akaieMUUecKoil nepeaoBoii
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Introduction

Real-time monitoring of the distribution, migration, and population of insects provides valu-
able information in ecology, agriculture, and other life science disciplines. Quite a few methods
of detection and monitoring have been developed. These include components, driven by optical,
acoustic, acousto-optic, chemical, radiofrequency-based, and other elements [1—6]. The vast
majority of the devices are based on active sensing schemes and therefore require power sources.
The main fundamental challenge, faced by radiofrequency approaches, is the small size of insects
relative to operational wavelengths. For example, the average size of ants is 3.5-5.5 mm, which
makes them weakly interact with electromagnetic waves owing to characteristic size mismatch
and relatively low average refractive index. A probable solution to this problem is shifting op-
eration frequencies towards the sub-terahertz region. However, the penalty of this approach is
high atmospheric decay, making the wireless detection extremely short-range and not practical.
Camera-based monitoring is an appealing solution but comes with a penalty if an elevated cost.

Here we propose a sensor, based on mature RFID technology. Capable to accommodate
multiple information bits with a capability of a mid-range interrogation (typically, several meters
for passive schemes), RFID tags were used to monitor migrations of bees and bumblebees [7, 8].
However, only a limited number of species were labeled to make statistical estimates of the pop-
ulation behavior. Furthermore, this approach is inapplicable to most species, which cannot be
RFID-Ilabeled owing to their small size, appearance, and other possible constraints. Pests moni-
toring is also not possible owing to their rather unexpected appearance.

Our proposed solution is based on an indirect indicator, based on sugar consumption by insects.
We develop a caramel-based antenna device, linked with an RFID chip. Apart from its nutrition
value, caramel is a dielectric material, affecting electromagnetic interactions between waves and
matter. It is well-known that placing a dielectric in the vicinity of an RFID tag can change its res-
onant frequency, antenna gain, efficiency, and other electromagnetic parameters [9, 10]. Here we
use this concept and functionalize a tag with a biodegradable dielectric. Being consumed by insects,
changes the electromagnetic properties of the antenna, deactivating the tag. The failure in the read-
out suggests an active presence of incest in the surrounding. Adding control bits, weather sustain-
ability, and other functions, required for a reliable outdoor operation, will be reported in the future.

Geometry and design

The basic structure of the proposed RFID sensor is PCB meander whose configuration and
parameters is shown in Fig. 1 and summarized in Table 1. The proposed design is printed on
1 mm FR-4 substrate with 36 um copper metal layer. Chosen geometry of tag reduced overall
size (40 x 40 mm?) related to UHF RFID wavelength (370—330 mm) and increase thickness ho-
mogeneity of caramel layer during manual crafting. Other geometric characteristics is shown in
Table 1. Lumped port with 20 ohm impedance replaces IC chip. Dielectric properties of caramel
are ¢ = 3 (without dispersion) and tgd = 0 (in the model loss in caramel is neglected). Numerical
simulation of sensor shows its high sensitivity to caramel layer thickness as a resonant structure.

Table 1
Dimensions of RFID tag
L, L, w, w,
36.5 32.5 34 1.4

© Bynaro H. O., Bowiesa T. C., Xyabikut A. A., @unonos . C., 2022. MUznartens: Cankr-IleTepOyprekuii MOJUTEXHUYECKU I
yHuBepcuret [lerpa Benaukoro.
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a) Geometry top view b) Geometry side view
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Fig. 1. Proposed design of sensor with tag geometry of tag in top view (@) and side view (b)
Properties of model sensor: far-field and axial ratio 3D plots on resonant frequency of tag (c),
influence of caramel layer thickness on tag resonance position (d)

Results and Discussion

Measurements of the passive RFID tag were based on the near-field response. For this purpose,
a special magnetic probe, sensitive to electrodynamics structures, was numerically simulated
(Fig. 2) and fabricated (Fig. 3,a). Its own first eigenmode is much higher in frequency (Fig. 4,
orange circle) than the expected resonance of the tag, thus there was no coupling between them.
The distance between the sensor and the magnetic probe is 2 mm.

The probe diameter is 40 mm, feeder length 110 mm and gap size 4.5 mm. Special labels were
applied on its top (Fig. 3,b) to simplify the placement of the tag (Fig. 3,c).

sample /to port

N

magnetic loop

Fig. 2. Sensor model taking into account the influence of the magnetic loop
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a) Magnetic loop b) Sample positioning

c) Positioned sample

Fig. 3. Measurement setup: standalone probe on a stand (a),
probe with a sample positioning mark (b) and probe with a positioned sample (c)
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(f) S4-response with 5 mm superstrate
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Fig. 4. Manufactured RFID tags without caramel superstrate (@), with 2 mm (c)
and 5 mm of caramel thickness (e) and their .§ parameters (b, d and f, respectively)
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Three samples were analyzed numerically, manufactured and then measured (near-field
measurements of §,, parameters via magnetic loop). The first of them does not have caramel
layer, the second is covered with only 2 mm thickness superstrate and the third one has 5 mm
thickness overlayer. Fig. 4, b, d, fillustrates the positioning dynamics of the RFID tag resonance
(blue circle) depending on the changing thickness of the caramel coating. It is noticeable that,
according to the expectations and to the numerical experiment (Fig. 4, b, d, f), green curve), the
greater the superstrate thickness, the lower the resonance frequency, while the eigen frequency of
the probe still lies much higher and does not affect the structure.

The results show general convergence between the numerical simulation data and experimental
data. While the convergence remains high at small coating thickness (Fig. 4 (d)), for large
thickness (Fig. 4.,f), the uniformity of the layer starts to play a leading role, which can cause
additional discrepancy.

At the same time, it is important to note that in this frequency range, a caramel covered tag can
not have a second resonance, as long as it retains the original geometry of the metal. Therefore,
when describing the interaction of insects with the tag, even allowing for an uneven coating it with
caramel at an arbitrary moment in time, it is possible to describe the superstrate using an effective
dielectric permittivity index. Thus, keeping the fact that the RFID reader’s channel bandwidth is
quite narrow (about 20 MHz), it can be concluded that the label maintains the ability to enter or
exit this range when the coating thickness changes. At the same time, due to the continuity and
unambiguity of the impact of insects on the caramel, such an event as described will occur only
once and will immediately activate the detector.

In continuation of this study it is required to measure dielectric characteristics of caramel and
obtain precise convergence of model and experiments. The current task is to make additional
samples and increase the homogeneity of caramel thickness.

Conclusion

The relationship with caramel covering layer thickness and resonant frequency of structure was
shown. In addition, the possibility of using caramel covering RFID tag for insect detection was
demonstrated.
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