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• Non-ionising (low energy)
• Penetrates many non-

polar dielectric and
organic materials

 Materials can be
distinguished in THz-
frequency range:

• Metals: total reflectors
• Water: total 

absorbants
• Polymers: more or less

transparent
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Signal generator:
Femtosecond-Laser
Frequency range: 0.3 – 3 THz
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In addition:

Refraction

Scattering

Diffraction

Polarisation

Laser

Beam 
Splitter

Emitter DetectorSample

DelayOptics Signal analysis
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• Time 
resolution: 
0.0833 ps

• Lateral 
resolution:        
1 mm

• 1201 points of
depth
information per 
measurement
point
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 Measurements done for 576 specimens

 Specimens devided into several groups:
◦ 7 material modifications regarding additives
◦ 4 geometric forms (tapes, sheets, twisted-pair, 

coaxial cables)
◦ 7 ageing types (radiation, thermal, combined, low, 

high)
◦ 6 ageing steps (unaged and 5 withdrawals)

 About 60 gigabytes of measurement data
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 For measurements in transmission mode, the samples (tapes and sheets) need 
to be accessible from both sides

 Due to reflection on metal parts of the cables, they cannot be measured in 
transmission

 But: best way to gather all information for modelling in preparation for 
reflection mode measurements



Copyright TeaM Cables consortium



Copyright TeaM Cables consortium

 Each sample needs a good reference, e.g. a metal plate

 Distance of the probe to the specimen needs to stay constant during 
measurement

 Insulation on cables needs to be removed, so materials in TP and coax-cables 
can be analysed
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Each of the1201 measurements per scanned measurement point is
made a „feature“
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 PCA needs 20 components of 1201 features to explain 
99% of the variation

 But PCA cannot separate all kinds of influences
 Thus PCA can only be used as dimension reduction 

technique 

Number of principal components
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Image Source: https://sebastianraschka.com/images/blog/2014/linear-discriminant-analysis/lda_1.png
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 LDA of all tapes and sheets

Target: Ageing, Score: 60.5 % Target: Withdrawal, Score: 46.5 %
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 LDA regarding ageing method (Material 7)

Target: Ageing method, Score: 93.1 %

Class Ageing Type

C1 unaged

C2 Thermal aged (Temperature 1-3)

C3 Combined aged

C4 Radiation aged (Dose rate 1-3)
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 LDA regarding Elongation at Break (Material 7, Tape)

Target: EaB, Score: 93.8 %

Class EaB

C1 0-45 %

C2 45-200 %



Copyright TeaM Cables consortium

25

Class Ageing Type

C1 unaged

C2 Thermal aged (Temperature 1-3)

C4 Combined aged

C7 Radiation aged (Dose rate 1-3)
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Class Ageing Type

C1 unaged

C2 Thermal aged (Temperature 1-3)

C3 Combined aged

C5 Radiation aged (Dose rate 1-3)
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Green column: 
mechanical testing data available

 Careful: not a lot of data for
machine learning
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 Terahertz measurements produce a lot of data
 This amount of data is hard to model with classical methods
 Thus machine learning / multivariate statistic methods were used

 Possibility to differentiate various influences in terahertz data regarding

◦ Macroscale data
 Material modifications

 Forms

 Ageing methods

 Dose rates

 Temperatures

◦ Microscale data
 Elongation at break

 Maybe others?
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