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MotivationIntroduction

�‡Insects are vital entities of our ecosystem, whose populations are dramatically diminisheddue 
to excessive and uncontrolled use of pesticides and chemicals as well as the decline of 
available habitats.

�‡In this regard, beesdue to their vital ecological role as pollinatesare particularly important, 
specially since their number of colonies dropped by the turn of millennium. 

�‡Accordingly real time monitoringof bees is key, in particular of European honey beesas 
invaluable pollinators
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MotivationIntroduction

�‡Emission problem, do bees/insectshave larger relative energy intakethan estimated by the 
anthropocentric ICNIRP limiting values?

�‡Using radar imaging to track kinetics of social behaviorof insects in their habitats and in the 
environment in order to detect stress (insect as environmental monitor) or for observation 
according to research questions posed mainly by our collaborating entomologists.

�‡What is the electric field penetration depthwithin bees/insects?

07/04/2023 Mandana Jalali, ate-bioemcenter@uni-due.de ��

IWMTS2023

ObjectiveIntroduction

�‡Investigating the interaction of electromagnetic radiation with European honey bees at 
frequencies in the range of 1�±500 GHz.

�‡The first goal of the study aims at multiscale electromagnetic virtual dosimetryof bees, 
using particularly tailored digital twins. 

A-T. Javier, et al. J. Microsc., 2019.
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Building the geometryModelling
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Material characterizationModelling

�‡Bees are complex creatures consisting of various part and organs, and hence 
modelling a detailed bee is not computationally tractable.

�‡In this regard and at first stage a bee, specifically European honey bee (Apis
mellifera), is considered as a uniform material with a given frequency-dependent 
permittivity and conductivity.

�‡However, the available data on permittivity and conductivity of honey bees is few 
and only in low frequency bands.

A-T. Javier, et al. J. Microsc., 2019.

0.6GHz 1.2GHz 2GHz 3GHz 6GHz 12GHz 24GHz 60GHz 120GHz

�Ý�å 45.6 44.2 39.9 38.8 38.0 28.6 14.9 7.018 5.46

�ê 
W�� �• 0.688 0.924 1.35 2.05 5.05 12.0 21.1 27.9 29.2

A. Thielens, et al. Sci. Rep., 2020.
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Material characterizationModelling

�‡The data are then fitted to the multi-pole Debye model, keeping the first four terms in the summation 

based on the nonlinear least square method.

�Ý
L �Ý�¶ 
E�Ã�Ü�@�5
�á �¿���Ô

�5�>�Ý� ���Ô

E

�� �Þ
�Ý� ���,

�‡As the fitting requires simultaneous fitting of 10 parameters, the fitting is optimized based on the genetic 

algorithm, using the sum of the squared difference between the measured data and the multi-pole Debye 

model.
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Optimized permittivity and conductivityModelling

�Ý�¶ �¿�Ý�5 �¿�Ý�6 �¿�Ý�7 �¿�Ý�8
5.0 19.0 17.7 8.6 8.6

�ì�5 �’�• �ì�6 �’�• �ì�7 �’�• �ì�8 �’�• �ê�æ 
W�� �•
84.2 1854 16.8 16.8 0.6
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SimulationModelling

� The geometry is imported within the EMPIRE XPU, which is a FDTD based software, and the optimized Debye model is introduced as the 
material properties for the bee. The electric field, radar cross section (RCS), and far field of the bee is determined under plane wave 
illumination from 1GHz-500GHz. 
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𝐸 ൌ 𝐸ି௭
𝑘 ൌ 𝑘௬

Far field patterns for all possible polarizations at 100GHz
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Far field pattern evolutionResults

10GHz 20GHz 30GHz 50GHz 80GHz 100GHz 125GHz

150GHz 200GHz 250GHz 300GHz 400GHz 500GHz

𝑦 𝑥
𝑧

𝐸 ൌ 𝐸௬

𝑘 ൌ 𝑘௫
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Electric field distributionResults

𝐸 ൌ 𝐸௬
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A heterogenousbee modelMaterial 
characterization

� Considering an insect as a homogenous material leads to a loss of valuable information, including the following aspects:
� Wings: The wings of insects are transparent, suggesting that they should exhibit lower permittivity compared to other parts.

� Exoskeleton: The outer shell of the bee, known as the exo-skeleton or Cuticula, is harder, implying that it should have a higher permittivity or may possibly provide a 
shielding effect.

� Dead honey bees are dissected in various parts namely, wings, exoskeleton, and the inner parts.

Wings Full bee Inner parts Cuticula
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A heterogenousbee modelMaterial 
characterization

� Using the SWISSto12 material characterization kits (MCK) for the two dedicated frequency ranges (i.e. 25-40 GHz and 110-170 
GHz) the material properties of each section are measured – partly for the first time!

� Since, it’s seen that the material characteristics namely permittivity and loss tangent determined by the SWISSto12 software are 
not accurate enough, specially the calculated loss tangent, only the measured s-parametersare saved.

SWISSto12 – WR-6.5 (110-170GHz)SWISSto12 – WR-28+ (25-40GHz)
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A heterogenousbee modelMaterial 
characterization

� The saved s-parameters are normalized and time gated.

� Based on such normalized and time gated s-parameters, the complex permittivity of each dissect in each frequency range is 

calculated based on three methods of Nicholson-Ross-Weir Conversion (NRW-Method), the National Institute of Standards and 

Technology (NIST) iterative method, and Baker-Jarvis method.

� NIST iterative method proved to be the most robust technique in our case and hence is the method chosen for determining the 

complex permittivity.
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A heterogenousbee modelMaterial 
characterization
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Fitting to a given material characterization modelMaterial 
characterization

� A 5-pole Debye modelis considered, meaning that 12 parameters have to be fitted.

� An evolutionary genetic algorithm optimization method is chosen as the optimization method.

� The cost function is defined as:

� In which the 𝑓௡௨௠ is the number of frequency points, the 𝜀௠௘௦
ᇱ is the measured real part of the permittivity, the 𝜀ௗ௘௕ᇱ is the real part 

of the fitted 5-pole Debye permittivity, the 𝜀௠௘௦
ᇱᇱ is the measured imaginary part of the permittivity, the 𝜀ௗ௘௕ᇱᇱ is the imaginary part 

of the fitted 5-pole Debye permittivity. 
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Full beeMaterial 
characterization
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CuticullaMaterial 
characterization
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WingMaterial 
characterization
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