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Motivation
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Motivation
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The problem with LOS communication

• Link is broken if somebody steps into the beam. 

• Solution:  use indirect non-line of sight paths as back up links.

• This involves the reflections off the walls (billard)  

• One would also need smart antennas. 
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Ray-Tracing simulations

• Randomly placed objects
• Random-walk algorithm
• Monte Carlo simulations

Simulations performed 20 years ago
in the group of Prof. Kürner
Institute for Communication Technology, 
TU Braunschweig

Tx

Rx
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Signal level: worst case scenario

Link is much more reliable 
if NLOS paths are available

1m

Signal level in dB 
1m above the ground

Direct path

Once reflected

Twice reflected

THz channel characterization 
for future wireless gigabit 
indoor communication systems.
R. Piesiewicz, J. Jemai, M. Koch, 
and T. Kürner
Proc. SPIE Int. Soc. Opt. Eng. 
5727, 166 (2005)
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Reflective properties of walls or furniture in the THz range?

One need to study the reflective properties of typical building materials (plaster, glass,…)

Most building materials are not very reflecting.

What can be done to enhance the reflectivity of the walls?

R. Piesiewicz et al., Electron. Lett. 41, 1002 (2005). 
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Flexible all-plastic THz mirrors

THZ mirrors as
wall paper to support 

NLOS channels
in THz pico cells

8.5 alternating pairs:
205 µm PE (n=1,77)
310µm Styrolux (n=1,59)
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D.Turchinovich, Appl. Phys. Lett. A, 74 (2002) and  US patent No.: US 6.954.309 B2
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Early work
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Fibe-coupled THz spectrometer combined with a goniometer

SAMPLE
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Fresnel formula are valid in the THz range…

R. Piesiewicz et al., Electron. Lett. 41, 1002 (2005) 

…for smooth materials
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Scattering significantly reduces the signal level of the reflected beam

R. Piesiewicz et al., IEEE Transactions on Antennas and Propagation 55, 3002 (2007).
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Scattering significantly reduces the signal level of the reflected beam

R. Piesiewicz et al., 
IEEE Transactions 
on Antennas and 
Propagation 55, 
3002 (2007).

Investigated materials:

ingrain wallpaper concrete plaster



20 August 2025 | Martin Koch | THz characterization of building materials | 19/36www.meteracom.de

Fresnel reflection coefficients (for smooth surfaces)
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Rayleigh roughness factor

σ = standard deviation of the surface roughness

P. Beckmann and A. Spizzichino, The Scattering of Electromagnetic
Waves from Rough Surfaces. Norwood, MA: Artech House, 1987, pp. 80–98.
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R. Piesiewicz et al., IEEE Transactions on Antennas and Propagation 55, 3002 (2007)

Rayleigh roughness factor depends
on the ratio between surface
roughness and the wavelength.

The smaller the wavelength, the
larger is g and the samller is ρ.

Higher frequencies will experience
more scattering.

Rayleigh roughness factor
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Scattering significantly reduces the signal level of the reflected beam

R. Piesiewicz et al., IEEE Transactions on Antennas and Propagation 55, 3002 (2007)

Measurements on a 
plaster sample

Higher frequencies
experience more scattering. 

The reflected beam 
experiences a stronger
reduction. 
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Overall reduction of the reflectivity

R. Piesiewicz et al., IEEE Transactions on Antennas and Propagation 55, 3002 (2007).
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Scattering significantly reduces the signal level of the reflected beam

R. Piesiewicz et al., IEEE Transactions on Antennas and Propagation 55, 3002 (2007)

How much is scattered in the other directions?

C. Jansen, et al,  IEEE Trans. on THz Science and Techn. 1, 462 (2011)
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Scattering in other directions

300 GHz

300 GHz

Resonable agreement
considering the low SNR 
in the experiment.

C. Jansen, et al,  IEEE Trans. 
on THz Science and Techn. 1, 
462 (2011)

Simulations on the basis
of Kirchhoff scattering theory.

For details see:

plaster

wallpaper
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Characterization of building materials

within METERACOM
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R. Piesiewicz et al., IEEE Transactions 
on Antennas and Propagation 55, 3002 (2007)

C. Jansen, et al,  IEEE Trans. on 
THz Science and Techn. 1, 462 (2011)
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R. Piesiewicz et al., IEEE Transactions 
on Antennas and Propagation 55, 3002 (2007)

C. Jansen, et al,  IEEE Trans. on 
THz Science and Techn. 1, 462 (2011)

F. Taleb, et al., IEEE Trans. on 
THz Science and Techn. 13, 421 (2023)
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Fire clay brick sample

F. Taleb, et al., IEEE Trans. 
on THz Science and Techn. 
13, 421 (2023)
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Flexfuge cement sample

F. Taleb, et al., IEEE Trans. 
on THz Science and Techn. 
13, 421 (2023)
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Glass sample

F. Taleb, et al., IEEE Trans. 
on THz Science and Techn. 
13, 421 (2023)
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Tile with polyurethane coating

F. Taleb, et al., IEEE Trans. 
on THz Science and Techn. 
13, 421 (2023)
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Spray foam (left) and carpet (right)

Spray foam has refractive index close to one.
not much is reflected in main direction.

Expected signal level is below or noise floor.

Expected signal level is even lower for the carpet.

These measurments should be repeated
with the latest generation of fibre-coupled THz
systems.
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Conclusion

The work carried out in METERACOM lays a foundation
for a database. But there is still work to do.
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