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• Measuring 3D orientation of grain angle in wooden boards
• Why?

– Strength strongly varies along 
fiber and perpendicular to fiber

– surface inspection does not 
give required information

• Chosen approach:
– X-band transmission measurement
– Dual-polarized TX/RX
– Model fitting of measurement to 

determine grain orientation
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• Phase 1: First tests…
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• Phase 2: X/Y-scanner (electro-mechanical)
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• Phase 3: industrial prototype
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• Transmission through anisotropic (birefringent) media 
results in polarization ‚distortion‘

• Transmission coefficients can be calculated by Berreman-
method

• Inverse problem is tricky:
– no direct solution possible  fitting
– no unique solution
– sensitive to noise
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• Consideration of
– Thickness deviation
– Non-orthogonal polarization
– Gain/phase imbalance between h/v polarizations
– Measurement noise

• Variation of all parameters:
𝜀𝜀𝑟𝑟-tensor, thickness, measurement imperfections

• Measurement of two/three
transmissions:
– phi=0°, theta=45°
– phi=180°, theta=45°
– (theta=0°)
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• Developed solver estimates confidence of solution,
discards „bad“ results, but does not work perfect:

• theta=0° measurement allow to determine the projection of the the
tensor‘s main axis  redcuction of unknowns

• Consideration of spatial measurement neighbours
 close to 0% error rate possible

• Trade-off: error-rate, num.of discarded measurements, precision
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