
Serge Dos Santos, Academia Meeting, October 23, 2021, Brescia, Italy

Signal and Image processing : 
data fusion, Artificial Intelligence 

and ground truth for NDT 4.0
Serge DOS SANTOS , PhD, Hab. Dir. Rech., Senior Member IEEE

Full Member of Academia NDT International, Vice-President
INSA Centre Val de Loire, UMR 1253 « Imaging and Brain », Inserm, 

University of Tours, 3, Rue de la Chocolaterie CS 23410, F-41034 BLOIS cedex, France

with the inspirations of 

Chi Han Chen, Zdenek Prevorovsky, Valeryi Vengrinovich, Norikazu Ooka, Ward Rummel, 
Krishnan Balasubramaniam and Rainer Link

Full Members of Academia NDT International

serge.dossantos@insa-cvl.fr

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
http://www.academia-ndt.org/
http://www.insa-centrevaldeloire.fr/fr/
http://www.u930.tours.inserm.fr/en/
http://www.univ-tours.fr/dossantos/0/fiche___annuaireksup/&RH=ACCUEIL_FR
http://www.academia-ndt.org/
mailto:serge.dossantos@insa-cvl.fr


2Serge Dos Santos, Academia Meeting, October 23, 2021, Brescia, Italy

Academia meeting : Moscow 2010!

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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Academia meeting : Munich 2016 !

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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ERD Gothenburg: ECNDT 2018 !

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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BEC keynote : October 2018 !

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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ENDTCM 2021 keynote : October 2021

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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Motivation : 
Smart Manufacturing or 

Industry 4.0
 Industry 4.0 : the fourth industrial revolution

 Industry 4.0 is the digital transition of industrial markets, with Smart 

Manufacturing, internet abilities

 Automated and digital design

 Digital supply chain for better product quality … 

 … with automated multi-modal, multi-scales and trans-disciplary NDT

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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Motivations and Outline
 Introduction 

 The growing interest for nondestructive testing (NDT) and medical imaging based on nonlinear acoustic effects 

 Nonlinear ultrasonic (US) has become increasingly important due to the increase of higher sensitivity of electronic 

instrumentation and its associate signal processing

 Instrumentation for (NDT and aging) Integrity Engineering needs basics from applied physics and will concern all 

disciplines of engineering, including applied mathematics, computer science, modern automation and robotics, big 

DATA and artificial intelligence for Industry 4.0 and Health 4.0

 Methodology

 One of the strategic plan of the international NDT community is to define standards for developing nonlinear NDT 

for automated set-up in mass production : guidance roadmap is necessary 

 The objective of this study is to improve numerically (and experimentally in the future) the modern signal 

processing for classification of nonlinear DATA coming from multi-modal imaging techniques

 The objective of NDT 4.0 is to prepare a guideline for application of multi-domain techniques. The working plan is 

to analyze strengths, weaknesses, opportunities and threats (SWOT) of Artificial Intelligence, Machine learning and 

Deep Learning within the area of experimental nonlinear NDT.

 Conclusions, discussion and perspective

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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Motivation :  Growing need of NDT for Industry 4.0

 Dr Sajeesh Kumar Babu, Scientific presentation, Academia NDT, Brescia 2018

 Signal and Image 

processing

 Artificial Intelligence

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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Industry 4.0 for NDT 4.0

https://en.wikipedia.org/wiki/Industry_4.0

http://embedded-computing.com

This is time to enter in the era of NDT 4.0 !

See “NDT 4.0 – Overall Significance and Implications to NDT”, R. Link and N. Riess, ECNDT, June 2018

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
https://en.wikipedia.org/wiki/Industry_4.0
http://embedded-computing.com/
http://cdn.ecndt2018.com/wp-content/uploads/2018/05/ecndt-0619-2018-File001.pdf
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Outline
 Introduction 

 The growing interest for nondestructive testing (NDT) methods based on nonlinear acoustic effects 

 nonlinear ultrasonic (US) has become increasingly important due to the increase of higher sensitivity of electronic 

instrumentation and its associate signal processing algorithms

 Instrumentation for NDT Integrity Engineering needs basics from applied physics and will concern all disciplines of engineering, 

including applied mathematics, computer science, modern automation and robotics, big data and artificial intelligence for 

Industry 4.0

 Methodology

 One of the strategic plan of the international NDT community is to define standards for developing nonlinear NDT for automated 

set-up in mass production

 The objective of this workshop is to define the future of NDT 4.0 including modern signal processing tools such as big 

data reduction performed with an Artificial Intelligence (AI) and mapping of reduced data for modern NDT

 The objective of this workshop will be used to prepare a guideline for application of nonlinear techniques. The working plan is to 

analyze strengths, weaknesses, opportunities and threats (SWOT) within the area of experimental nonlinear NDT.

 Conclusions, Discussion and Perspective

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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Academia NDT Signal Processing Chapter

Chapter supported by 

• V. Vengrinovich

• B. Raj

• Z. Prevorovsky

• W. Rummel

• and new members …

Signal processing : a « new » area (Shannon, 1948) compared
to mathematics, physics, medicine, chemistry, …

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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Representation of the nonlinear mixing of 
waves (optic/acoustic)

 Symmetries and Lie groups
 Symmetries and Lie groups

 Optimisation of the excitation

(S. Dos Santos, Academia NDT International meeting, Eger, April 2011)

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
http://www.academia-ndt.org/Academia_Events
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Motivation :  Develop new NDT standards
for Industry 4.0

 Dr Sajeesh Kumar Babu, Scientific presentation, Academia NDT, Brescia 2018

 Signal and Image 

processing

 Artificial Intelligence

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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>  Why a calibration is needed ?

The calibration is based on the selection of uncertain model parameters 
and the data that form the calibration metric together with an efficient 
optimization routine based on measurements

To obtain informative data, the excitation signal is designed to be optimized 
(sinusoidal, multisinusoidal, frequency chirp, etc.) and the resulting steady-state (linear 
and nonlinear) response data are measured in order to certify NDT 4.0

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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Advanced Signal Processing
during the Gothenburg European Research Day

Peter Trampus Victor UdintsevChristian Boller

Joachim Frank, Nobel Prize in Chemistry, 2017

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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Conclusion and 
perspectives

 One of the strategic plan of the international NDT community is to define standards 

for developing nonlinear NDT for automated set-up in mass production

 Like biological systems, the material might be equipped with sensors from the 

beginning of its life, which keep its structural integrity though all information about 

its aging and choosing the optimized way for its expected long life

 The importance of signal, image, data and modern electronics (like memristors) 

has been presented as a basic ingredient for entering in the transition of Industry 4.0 

for NDT

 The objective is to define the future of NDT 4.0 including modern signal processing 

tools such as big data reduction performed with an Artificial Intelligence (AI) and 

mapping of reduced data for modern NDT

 The perspectives need to include a guideline for application of nonlinear techniques

at the muti-domain level in order to trigger such a transition to NDT 4.0

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
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2020 : NDE 4.0 at the ICNDT level

 Ripi Singh & Johannes Vrana (Facilitators)

 Alejandro García (Argentina)

 Anish Poudel (USA)

 Bento Alves (Portugal)

 Bernd Valeske (Germany)

 Casper Wassink (Netherlands) 

 Don Andrews (Canada) 

 Gao Xiaorong (China)

 Krishnan Balasubramanian (India)

 Luigi Feerigni (Italy)

 Makoto Ochiai (Japan)

 Pranay Wadyalkar (Australia)

 Ramon Fernandez (Mexico)

 Rafael Martínez-Oña (Spain)

 Nick Brierley (UK)

 Serge Dos Santos (France)

 Vladimir Syasko (Russia)

 Younho Cho (S Korea)

https://www.youtube.com/c/NDE40 https://www.linkedin.com/groups/12429385/members/

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
https://www.youtube.com/c/NDE40
https://www.linkedin.com/groups/12429385/members/
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Announcement 

https://www.20thwcndt.com/

https://www.icsv28.org/

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
https://www.20thwcndt.com/
https://www.icsv28.org/
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Thank you !  
Questions ?

serge.dossantos@insa-cvl.fr

Chambord castle

Blois castle

Visit one of our “vieux château” !

https://filesender.renater.fr/?s=download&token=f0da

d78b-314c-496a-83df-564f21c906a2

http://www.upv.es/entidades/EPSG/menu_urli.html?http://www.upv.es/miw/infoweb/po/mas/56/index2005i.html
mailto:serge.dossantos@insa-cvl.fr
https://filesender.renater.fr/?s=download&token=f0dad78b-314c-496a-83df-564f21c906a2

