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characterization of European honey bees (Apis mellifera)
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» Exploring dosimetry at 300 GHz
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behavior and exploring the radar cross-section (RCS)
— 3D-printed bees turned out to be promising surrogates for real insects in THz measurements
% Captured anatomical detail through high-resolution THz imaging
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| Insect environmental monitoring with THz technologies

i 1. Key Message

Terahertz (THz) technology enables precise, contactless i E
monitoring of honey bees, offering insights into their morphology, : |
health, and environmental interactions. Accurate material i E
characterization and spectral analysis support real-time colony | |

monitoring for disease detection, pesticide impact assessment, an
overall health evaluation.
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» Characterized dielectric properties of honey bee body parts up to 500 GHz
* Introduced, for the first time, a heterogeneous body model based on detailed material

*» Investigated the correlation between bee model pose and THz wave polarization
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3 Methods

Heterogenous Honey Bee Model up to 500 GHz

SwissTo12 MCKs measured in the K_-band and D-band
= Test samples were aggregated to form planar and dense flat material probes for wings,
cuticula, inner parts and homogenized total bees
= Note: Honey bees were collected post-mortem by a beekeeper and preserved in 70%

ethanol solution to prevent dehydration
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» Compared real honey bees with 3D-printed honey bee models to analyze scattering
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Bee parts Eoo Ag) A& AYR AEy AE;s T1(ps) | To(ps) | Ta(ps) | T4 (ns) | 75 (US) | Os (S/m)
Wing 0.65 | 936 076 828.5 | 94.5 790.5 | 625 099 5 241.5 66.5 340.5 15.6
Inner parts | 1.61 | 452 737.5 | 899 694.5 | 983.5 | 3.5 63 2066.5 299.5 T61 15.6
Cuticula 1.59 | 373.5 | 10 70.5 288.5 | 773 416 232 804.5 79.5 698.5 15.6
Full bee 2.19 | 265.5 | 9.5 608 075.5 | 918.5 | 42 16.5 531.5 555.5 187 13.6

Addltlvely Manufactured (AM) Honey Bee Mockups

Two AM processes: Powder bed-based fusion with plastics and VAT photopolymerization

(VPP)

= Powder of the material (polyamide 12/PA 12) melted by a heated nozzle and deposited layer

by layer

= Lightcuring epoxy resin solidies in a basin via a light source (laser or UV light)
= In the slicer software, a layer thickness of 25 pm is chosen for both the bees and

the separately produced wings

= These bees are manufactured with a set layer thickness of 0.1 mm

| Bee length 14.6 mm
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Experimental Imaging of Honey Bee Models with THz Time-Domain

Spectroscopy (THz-TDS)

Antennas arranged in a bistatic configuration with a 100 mm separation between the Tx and Rx
= Antennas positioned 200 mm away from the center of rotation. A parabolic mirror with a focal

length of 50.8 mm collimates the divergent beam from Tx
= The honey bee models (UV resin and PA12) are rotated 360°in azimuth by a motor in 0.5°steps,

maintaining a fixed elevation at 0°
At each azimuthal position, 6000 THz-TDS traces are recorded and averaged

= Considering the rotation of the honey bees is carried out with fixed antennas, thls approach

aligns with inverse synthetic aperture radar (ISAR) imaging
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Scattered Power Measurements of Honey Bees using THz InP
Resonant Tunneling Diode (RTD) Chips
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The recorded power
spectrum around the
peak frequency for
different measured
samples.

Peak values are roughly
the same for all rotations
for PA12 models.
Frequency shift to lower
frequencies of around 10
to 20 MHz were
observed.

This effect can be
correlated to the
detuning of the main
frequency of the RTD
oscillator scattered peak
power.

Terahertz Dosimetry at 300 GHz in European Honey Bees
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These simulations reveal
that at very short distances
(1 mm) from the antenna,
the bee can absorb up to
26% of the input power into
an antenna.

In the near-field, the majority
of the power is absorbed in
the bee’s exoskeleton.
However, in the far-field, the
Inner tissues absorb a
slightly higher relative
fraction of the absorbed
power. Observing
compliance with the ICNIRP
reference levels in the THz
application, the maximally
allowed far-field exposure of
10 W/m? corresponds to an
average absorbed power of
0.29 mW into a honey bee
worker.
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