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Das System im Einsatz
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AI powered non-destructive resonance testing
Automated, fast and reliable whole-part testing for production lines - 
an application example

Gesellschaft zur Förderung angewandter Informatik e. V.
Volmerstraße 3 | 12489 Berlin | eMail: info@gfai.de  
Telefon: +49 30 814563-300 | Fax: +49 30 814563-302

Ansprechpartner: Dr. Daniel Herfert
eMail: herfert@gfai.de
Tel.: +49 30 814563-591

DATA AND APPROACH

BACKGROUND
Acoustic resonance testing (ART) is a non-destructive testing method for detecting damages or inhomogenities in a wide variety of structures. 
It is often used in quality assurance of production lines to guarantee the quality standards of manufactured components. This application re-
cords the vibration response of damaged and undamaged tiles, which get automatically classified using machine learning algorithms without 
any prior expert knowledge needed.  Automated testing is significantly more precise and reproducible than manual testing. This includes the 
reproducible excitation of the structure, recording of the acoustic response and the classification of the recorded data by machine learning 
methods. The reproducible single hit excitation of the structure is generated by the WaveHitMAX. Precise and reproducible excitations are 
necessary for optimal results on large-scale production lines.

AI ANALYSIS
For the application of ART on tile testing an algorithmic approach 
was implemented, which requires no prior knowledge and can be 
highly automated. The recorded audio data was first used to calcu-
late a response spectrum. Then modal parameters where identified 
in the spectrum using pattern recognition and artificial intelligence 
techniques. An automatic modal parameter identification method 
was developed to locate and select peaks in frequency spectra. To 
reduce the dimension of the feature space for the subsequent classi-
fication, Principal Component Analysis (PCA) was applied. For the gi-
ven classification problem the first eight principal components were 
used, since these show sufficient variance. A Support Vector Machi-
ne was trained to classify the feature vector. The classification of the 
validation set shows an accuracy of 100%.

In order to simulate real world production defects, we investigated 
a total of 50 tiles of which 11 have been damaged. These damages 
vary in their degree and size. Our final dataset consisted of about 500 
measurements, equally divided into training- and validation sets.

Our investigations of the measurement data have shown that the 
classic approach using amplitudes and fixed frequencies is not pro-
mising for separating the data. Thus we applied an approach that 
takes complex correlations into account which are not noticeable 
by humans. Furthermore, this approach can be applied to various 
components.

Figure 2: A subset of the tile dataset is shown. A data reduction was performed using PCA to form a feature vector for 
each tile. Even with the first three principal components it is already possible to distinguish „OK“ from „NOK“ parts.

Figure 1: 
Example picture of an OK tile (left) and a NOK 
tile (right)
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Excite the part Record the response AI based assessment
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