PROGRAMME
Fifth NDTonAIR Training Event &
Thermography Workshop
We gladly invite you to the Fifth NDTonAIR training event
&Thermography Workshop in Linz / Austria.

11th - 15th February 2019

Monday, 11 February 2019

13:00 – 15:00

Training School for Early Stage Researchers (ESR)
Research project proposal writing
How to write proposals – Info

15:00 – 15:30

Tea / Coffee Break

15:30 – 17:30

Training School for Early Stage Researchers (ESR)
Research project management
How to manage projects

Wednesday, 13 February 2019

Tuesday, 12 February 2019
09:00 – 13:00

Training School for Early Stage Researchers (ESR)

08:30 – 10:30

Training School for Early Stage Researchers (ESR)
Intellectual Property
Exercise: Patent search with Espacenet

Entrepreneurial Training
General info & Business Model Canvas exercise
13:00 – 13:30

Lunch Break

10:30 – 11:00

Tea / Coffee Break

13:30 – 15:30

Training School for Early Stage Researchers (ESR)

11:00 – 12:00

Training School for Early Stage Researchers (ESR)
Technology Transfer
Enterprise Europe Network for international TT

Intellectual Property
How to protect IP
15:30 – 16:00

Tea / Coffee Break

12:00 – 13:00

Lunch Break

16:00 – 17:30

Training School for Early Stage Researchers (ESR)

13:00 – 13:15

Peter Burgholzer & Günther Mayr

Intellectual Property
How to exploit IP

Welcome to the Thermography Workshop
RECENDT GmbH & FH Wels, Linz, Austria

13:15 – 14:45

Xavier Maldague
Infrared Thermography for NDT: Quick Overview and
Applications in Aeronautics and presentation of the “oN
DuTy!” program
Faculté des sciences et de génie, Université Laval, Quebec, Canada

14:45 – 15:15

Tea / Coffee Break

15:15 – 16:15

Arantza Mendioroz
Laser spot thermography on moving samples: measuring
the thermal diffusivity and sizing the width of infinite
vertical cracks
Escuela de Ingeniería de Bilbao, Bilbao, Spain

16:15 – 17:15

Mathias Ziegler
Thermography using High-Power Laser Arrays
Bundesanstalt für Materialforschung und –prüfung (BAM),
Berlin, Germany

Thursday, 14 February 2019
09:00 – 10:00

Marc Kreutzbruck
A new Approach in Acoustical Excited Thermography
Testing

15:30 – 16:00

Institut für Kunststofftechnik, University of Stuttgart, Stuttgart,
Germany

10:00 – 10:45

16:00 – 16:30

Laboratory IREENA, University of Nantes, Nantes, France

16:30 – 16:45

Tea / Coffee Break

11:15 – 12:00

Gui Yun Tian
Eddy Current Pulsed Thermography and Applications
School of Engineering, Newcastle University, New Castle,
Great Britain

12:00 – 13:30

Lunch Break

13:30 – 14:15

Matthias Goldammer
Use of Numerical Model and Nonlinear Regression in
determining Thermo-Material Properties of Thermal
Barrier Coatings using Flash Thermography
Siemens AG Corporate Technology, Munich, Germany

14:15 – 15:00

Peter Kovacs
Regularization techniques for thermographic image
reconstruction
Institute of Signal Processing, Linz, Austria

15:00 – 15:30

edevis GmbH, Stuttgart, Germany

Gérard Berthiau
3D Simulation of Inductive Thermography for Non
Destructive Testing applied to Carbon Fiber Reinforced
Polymers

10:45 – 11:15

Tea / Coffee Break

Christian Srajbr
Automated Active Thermography: Challenges and
Chances
Helmut Hoeller
Active Thermography from R&D to Production: A real Use
Case from Aerospace Industry
FACC Operations GmbH, Ried, Austria

Helmut Kurcz
From the science to the production: Ottronic ATIIS Active Thermographic Industrial Inspection Systems
OTTRONIC Regeltechnik GmbH, Fohnsdorf, Austria

16:45 – 17:00

Gerhard Bäck
In-line Thermography for large Scale Serial Production
of Composites
ENGEL Austria GmbH, Schwertberg, Austria

Social Evening Event
On Thursday, 14 February 2019 a guided Tour through Linz
and a Dinner in the Town Center will be organized.

Friday, 15 February 2019
09:00 – 10:00

Markus Haltmeier
Modern Regularization Tools for Inverse Problems
Department of Mathematics, University of Innsbruck, Innsbruck,
Austria

10:00 – 10:45

Marco Ricci
Pseudo-Noise Pulse Compression Thermography
Department of Informatics, Modeling, Electronics and System
Engineering, University of Calabria, Rende, Italy

10:45 – 11:15

Tea / Coffee Break

11:15 – 12:00

Günther Mayr

Venue
Johannes Kepler University Linz
Altenberger Straße 69
Science Park 2, 1st floor, Room S2 048

Virtual Wave Concept for Thermographic Imaging
Josef Ressel Centre for Thermal NDE of Composites., Wels, Austria

12:00 – 12:45

Peter Burgholzer
Blind structured illumination as excitation for superresolution of photothermal radiometry
RECENDT GmbH, Linz, Austria

12:45 – 13:00

Peter Burgholzer & Günther Mayr
Closing
RECENDT GmbH & FH Wels, Linz, Austria

The financial support by the Christian Doppler Research Association, the Austrian Federal Ministry for Digital and Economic Affairs
and the National Foundation for Research, Technology and Development is gratefully acknowledged.

Fifth NDTonAIR Training Event:
Thermography Workshop
Abstracts

Wednesday, 13th February 2019
13:15 – 14:45:
Infrared Thermography for NDT: Quick Overview and Applications in Aeronautics and presentation
of the “oN DuTy!” program
Xavier Maldague
Faculté des sciences et de génie, Université Laval, Quebec, Canada
Abstract: General Principles of Infrared Thermography are presented in this talk including passive and
active approaches, classical image processing approaches, experimental deployments. Along the
presentation, various applications will be presented, in the context of aeronautical components. A
short overview of the Canadian “oN DuTy!” program will be presented as well.

15:15 – 16:15:
Laser spot thermography on moving samples: measuring the thermal diffusivity and sizing the width
of infinite vertical cracks
Arantza Mendioroz
Escuela de Ingeniería de Bilbao, Bilbao, Spain
Abstract: We present a methodology to evaluate the thermal diffusivity and to size the width of
infinite vertical cracks on samples moving at constant velocity, based on laser spot thermography.
Calculations of the surface temperature distribution in a sound sample show that by analyzing the
steady-state temperature field in logarithmic scale three simple methods allow measuring the inplane thermal diffusivity parallel and perpendicular to the motion. We will also present calculations
of the surface temperature distribution on cracked samples and show that, by fitting the
temperature profile perpendicular to the crack through the center of the laser spot it is also possible
to evaluate the width of the crack.
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16:15 – 17:15:
Thermography using High-Power Laser Arrays
Mathias Ziegler
Bundesanstalt für Materialforschung und –prüfung (BAM), Berlin, Germany
Abstract: Due to their high irradiance and wide modulation bandwidth, high-power lasers open up a
wide field of application. For example, the classical methods of pulse and lock-in thermography can
be realized in high quality. In addition, structured heating is also possible by using arrays of such
lasers. This makes it possible to implement new thermographic methods, such as interference-based
detection of cracks or super resolution.
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Thursday, 14th February 2019
09:00 – 10:00:
A new Approach in Acoustical Excited Thermography Testing
Marc Kreutzbruck
Institut für Kunststofftechnik, University of Stuttgart, Stuttgart, Germany
Abstract: Impact damage in fiber reinforced plastics like CFRP and GFRP provides high challenges to
non-destructive testing (NDT). The anisotropic material structure significantly complicates the
interpretation of results in conventional testing. The presentation gives an overview of modern
approaches of acoustical excited heat sources detected by IR-cameras. Beside the well-known
ultrasonic excited Thermography we particular focus a new approach like the Resonant frequency
sweep thermography (RFST) which is based on local damage resonance and enables fast and simple
detection of relevant impact damages. RFST utilizes frequency sweep excitation with low and mid
kHz band for activation of defect-, hard-ware- and specimen resonances. Resonances of damage
amplify the local acoustic vibration by orders of magnitude and lead to a significant enhancement of
the thermal signal. The latter is based on crack friction and/or visco-elastic heating and can be
detected on the specimen surface by an infrared camera. The detection threshold depends on the
excitation power and the distance between the defect and the ultrasonic source. The prototype
system developed comprises a tripod with integrated IR-camera and ultrasonic excitation. It stands
out due to its simple handling and flexible applications. Augmented reality assists with testing result
interpretation and defect marking by projecting the resulting image onto the part surface. In this
presentation, first results from a series of impact damages in CFRP of various energy and size are
presented.

10:00 – 10:45:
3D Simulation of Inductive Thermography for Non Destructive Testing applied to Carbon Fiber
Reinforced Polymers
A. Ba, H.K. Bui, G. Wasselynck, G. Berthiau
Laboratory IREENA, University of Nantes
Abstract: For carbon fiber reinforced polymers (CFRP), induction welding has already proved its
efficiency whereas induction thermography may provide a very promising NDT method. The use of
high excitation current or high frequency induction heating device is recommended. We present a
fast and accurate 3D finite element model for coupled electromagnetic thermal simulation of
induction heating processes. The electromagnetic model is lightened by using the Surface
Impedance Boundary Condition (SIBC) applied to both the massive induction coil surface taking into
account the coupled external electrical circuit and the surface of the conductor work-piece. The
thermal diffusion in the work-piece is solved using surface electromagnetic power density as thermal
source. Applications of induction heating including welding and nondestructive testing (NDT) are
presented.
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11:15 – 12:00:
Eddy Current Pulsed Thermography and Applications
Gui Yun Tian1, 2, Bin Gao2, Qiuji Yi1
1
School of Engineering, Newcastle University, NE1 7RU
2
School of Automation Engineering, University of Electronic Science and Technology of China
Abstract: Eddy Current Pulsed Thermography (ECPT) is an integrated active thermography
nondestructive testing technique. The design and development of Eddy Current Pulsed
Thermography are provided in the talk. Different configuration of excitation and applications are
discussed. In addition, several key issues of ECPT include emissivity, feature extraction, image/video
processing for QNDE of different defects as well as different applications are discussed. The
applications cover different defect characterization of composites and welds for pipes and
evaluation of rolling contact fatigues including speed effects for rail track inspection. The
performance of these methods are compared in terms of detection accuracy and computational
complexity have been presented.

13:30 – 14:15:
Use of Numerical Model and Nonlinear Regression in determining Thermo-Material Properties of
Thermal Barrier Coatings using Flash Thermography
L. Sripragash1, M. Goldammer2, M. Koerdel1
1
Siemens Inc., Charlotte, NC, USA
2
Siemens AG Corporate Technology, Munich, Germany
Abstract: Determination of thermo-material properties of Thermal Barrier Coatings (TBC) is critical in
gas turbine industry. In this study, with the aid of a numerical model and non-linear regression,
material properties of the TBC are determined [1], [2]. The effect of thermo-material properties of
second and third layers on the thermographic responses are also analyzed. The use of
thermographic technique in quantifying properties of TBC is challenged by the translucency effect of
the coatings. Therefore, a possibility of including the translucency effect in the numerical model is
also investigated.
References:
[1]
D. L. Balageas, J. C. Krapez, and P. Cielo, “Pulsed photothermal modeling of layered
materials,” J. Appl. Phys., vol. 59, no. 2, pp. 348–357, 1986.
[2]
J. G. Sun, “Pulsed Thermal Imaging Measurement of Thermal Properties for Thermal Barrier
Coatings Based on a Multilayer Heat Transfer Model,” J. Heat Transfer, vol. 136, no. 8, p.
81601, 2014.
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14:15 – 15:00:
Regularization techniques for thermographic image reconstruction
Péter Kovács
Institute of Signal Processing, Johannes Kepler University, Linz, Austria
Abstract: Thermography is a non-destructive testing technique where the specimen is heated and
the corresponding temperature evolution is measured on the sample surface. This is used to
reconstruct the heat distribution inside the material. We focus on thermographic imaging, in which
multiple 1D surface measurements are combined to reconstruct the original heat distribution in the
cross section of the specimen. In this talk, we apply different regularization techniques to solve the
image reconstruction problem in question. We compare the performance of these methods in terms
of estimation accuracy and computational complexity. As a case study, we consider the 2D
thermographic image reconstruction problem by utilizing the so-called virtual wave concept, and
demonstrate the results in MatLab.

15:30 – 16:00:
Automated Active Thermography: Challenges and Chances
Christian Srajbr1, Johannes Frey1, Alexander Dillenz1
1
edevis GmbH, Stuttgart, Germany
Abstract: This contribution gives an overview of active thermography methods in automated
environments. Different Active Thermography methods are covered, such as Laser induced
thermography, Induction Thermography, and Optical Lockin-Thermography, considering the
constraints in respect to automated test and evaluation for each technique.

16:00 – 16:30:
Active Thermography from R&D to Production: A real Use Case from Aerospace Industry
Helmuth Hoeller1
1
FACC Operations GmbH, Ried im Innkreis, Austria
Abstract: Approximately 10 years ago, the potential of IRT testing was rated as the highest in the
search for efficiency-enhancing possibilities for NDT in the aerospace industry. In close cooperation
with the Upper Austrian University of Applied Sciences, the thermal NDT was further developed step
by step to cover the common fault types and a relevant range of components. At the same time, a
training system IRT level 1 to 3 was created in Austria to provide qualified personnel according to ISO
EN 9712 as well as EN 4179 for the industry. This systematic approach provided the necessary data
and facts to enable Boeing to use this new testing method as an alternative to conventional
ultrasonic testing.
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16:30 – 16:45:
From the science to the product: Ottronic ATIIS - Active Thermographic Industrial Inspection System
Helmut Kurcz1, Josef Ott1
1
OTTRONIC Regeltechnik GmbH, Fohnsdorf, Austria
Abstract: The ATTIS System from Ottronic is one of the first flexible Systems on the market to use
the active thermographic inspection in different fields of industry. The flexible design of the Ottronic
ATTIS System – separated into the main Parts “Intelligence Unit” / “Functional Unit” / “Testing Unit”
allows the individual integration into the production and testing sequence in the factory. The
independent, Ottronic optimized algorithms guarantee a wide range of use and a huge variability of
specialization for the intended use. The Ottronic ATTIS System can be adapted for the common used
IR-Camera-products in the market. An individual solution guarantees a perfect integration into the
workflow in your production and testing line.

16:45 – 17:00:
In-line Thermography for large Scale Serial Production of Composites
Gerhard Bäck1
1
ENGEL Austria GmbH, Schwertberg, Austria
Abstract: Thermoplastic and thermoset composites are currently finding their applications in high
volume production cars. In case of safety critical parts, a rapid non-destructive inspection method is
required. Therefore, the manufacturer of presses and injection moulding machines Engel and the
thermography equipment supplier Ottronic have teamed up to develop solutions for manufacturing
cells with integrated thermographic in-line inspection. For this purpose, the two devices are linked
via a fieldbus and the control and visualisation of the thermographic cell are mirrored on the PLC of
the press. This integrated solution enables the articulated robot to take the piece out of the mould
and transfer it to the thermographic cell for in-line inspection. Both components, the machine and
the testing device operate the fault detection task with sophisticated software.
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Friday, 15th February 2019
09:00 – 10:00:
Modern Regularization Tools for Inverse Problems
Markus Haltmeier
Department of Mathematics, University of Innsbruck, Technikerstrasse 13, 6020 Innsbruck, Austria
Abstract: Imaging techniques in non-destructive testing, medical diagnostics and elsewhere require
the solution of an inverse problem. Most practical inverse problems are ill-posed which means that
the classical solution is either highly underdetermined, highly sensitive to data error, or both. The
stable solution of ill-posed problems requires regularization techniques which incorporate additional
knowledge and potentially significantly improve reconstruction. This talk consists of three parts. In
part 1, we review basic concepts of inverse problems and classical solution methods including
quadratic Tikhonov regularization and truncated SVD. In the second part, we present modern
variational regularization techniques and corresponding state-of the- art iterative minimization
schemes including forward-backward splitting and Douglas-Rachford splitting. In part 3 we present
deep learning based regularization methods, the latest trend for solving inverse problems.

10:00 – 10:45:
Pseudo-Noise Pulse Compression Thermography
Marco Ricci1
1
Department of Informatics, Modeling, Electronics and System Engineering, University of Calabria,
Rende, 87036, Italy.
Abstract: Pulse Compression Thermography (PuCT) is an active thermography scheme that exploits
the peculiar properties of several classes of coded waveforms to modulate the heat emission of
different physical sources. The main goal of PuCT is to retrieve an estimate of the impulse response
of the sample under test as close as possible to the one obtainable by Pulsed-Thermography,
potentially with enhanced signal-to-noise ratio. However, the limited bandwidth and duration of the
coded heating stimulus hampers the perfect reconstruction of the impulse response to be achieved.
This presentation will show how the use of a class of Pseudo-Noise sequences can help the PuCT to
be more effective. Experimental results achieved by using several physical sources and different
samples such as aluminum and CFRP will be illustrated.
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11:15 – 12:00:
Virtual Wave Concept for Thermographic Imaging
Günther Mayr1, Gregor Stockner1, Holger Plasser1, Peter Burgholzer2
1
Josef Ressel Centre for Thermal NDE of Composites, Wels, Austria
2
Research Center for Non-Destructive Testing (RECENDT), Linz Austria
Abstract: The virtual wave concept allows the application of image reconstruction methods from
ultrasonic imaging for thermographic signals. Based on this new approach, all known reconstruction
methods, e.g. time reversal and F-SAFT, are accessible immediately for thermographic imaging.
Before using these imaging methods, a virtual signal is calculated by applying a local transformation
to the temporal temperature evolution that is measured on a sample surface e.g. using an infrared
camera. This inverse problem maps the irreversibility of the heat diffusion process on a wave
propagation process and is applicable for every specimen shape in 1D, 2D or 3D. Regularization
methods are used to solve this inverse ill-posed problem. New regularization procedures based on
sparsity and positivity of the virtual wave signal can improve the regularized solution and
consequently the image reconstruction.

12:00 – 12:45:
Blind structured illumination as excitation for super-resolution photothermal radiometry
Peter Burgholzer1, Thomas Berer1, Mathias Ziegler2, Eric Thiel2, Samim Ahmadi2, Jürgen Gruber3,
Günther Mayr3, Günther Hendorfer3.
1
Research Center for Non-Destructive Testing (RECENDT), Linz Austria
2
Bundesanstalt für Materialforschung und –prüfung (BAM), Berlin, Germany
3
Josef Ressel Centre for Thermal NDE of Composites, Wels, Austria
Abstract: Photothermal radiometry with an infrared camera allows the contactless temperature
measurement of multiple surface pixels simultaneously. A short light pulse heats the sample. The
heat propagates through the sample by diffusion and the corresponding temperature increase is
measured at the samples surface by an infrared camera. The main drawback in radiometric imaging
is the loss of the spatial resolution with increasing depth due to heat diffusion, which results in
blurred images for deeper lying structures. We circumvent this information loss due to the diffusion
process by using blind structured illumination, combined with a non-linear joint sparsity
reconstruction algorithm.
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