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Plant stem monitoring
◼ Goal: Reconstruction of the plant stem’s cross-

section by solving the inverse problem; monitoring
mass transport in Xylem (up) & Phloem (down). 

◼ Forward solver: Ultra-fast recursive aggregated
centered T-matrix algorithm (RACTMA);
> 3000 scatterers, ≤ 104 excitations per second.

◼ Data retrieval: Azimuthal scanner using either
near-field probes in transmission of far-field
scattering data (radar cross-section RCS).

Setups
◼ 3D printed Al2O3 near-field probes, 770μmx400μm.

◼ Plant stems:
– 3D printed microfluidic mock-up (left figure)
– Bambus stem (demo on next slide)

IEEE CAMA 2024, Oct. 9-11, Da Nang, Vietnam, 2024, doi: 10.1109/CAMA62287.2024.10986024. IEEE Trans. Antennas Propagat., 71(12), 9849, 2023, doi: 10.1109/TAP.2023.3316792. 

Inverse near- & far-field analysis of plant stem cross-sections
(Z. Tian, M. Degen, J. T. Svejda, A. Rennings, University of Duisburg-Essen) 
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Azimuthal plant stem far-field scanner
(J.-T. Svejda, M. Degen, A. Rennings, D. Erni, University of Duisburg-Essen) 
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Video 

◼ Showing the 
larger of our 
2 azimuthal 
scanners in 
action.

◼ Scanning of a
bambus stem
to achieve the
RCS @170GHz.

◼ Inverse problem
solution using
RACTMA for
fast plant stem
reconstruction
(cross-section).
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Summary & Outlook∑
Summary & Outlook
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Conclusions

◼ Even if we have shown pretty nice and outstanding results:
Our interdisciplinary research on THz plant and insect 
monitoring is still evolving (it’s still engineering research). 

◼ From an engineering perspective the «players» in our ecosystem
are quite challenging in terms of stochastic variations in shape, 
morphology, constituents, movements, and behavior.

◼ The radical miniaturization in THz engineering enables a
very close (and hidden) view into the local ecosystems with 
the interesting possibility of «participant observation». 

Outlook

◼ We must collaborate way more closely with plant biologists, 
entomologists, neurobiologists, ethologists, and bee keepers.

© LitleTree
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Thanks!
Questions?



Welcome! 
Our Session Will Begin Shortly.
Please note: This session is being recorded. Guests do not have 
camera/microphone access. Submit questions online:
www.terahertz.nrw/terahertztalks-6
(scroll to the bottom)



Thank You!
Questions? Prof. Dr. Sc. Tech. Daniel Erni

General and Theoretical Engineering | 
University of Duisburg-Essen

daniel.erni@uni-due.de
www.uni-due.de/ateterahertz.nrw/terahertztalks-6

Contact Us

Want to learn more about one 
of our terahertz research topics?

Set up a meeting to discuss your 
project or experiments? 

Contact our office!

geschaeftsstelle@terahertz.nrw




