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Abstract 

The in-line, rapid and precise control of semi-finished 

products and complex technical parts is a major challenge 

for the aerospace value chain. This is particularly true for 

composite parts, assemblies and coatings. Similar control 

needs are also found during the maintenance phases of the 

products. These controls often require new contactless, non-

hazardous Non-Destructive Testing and Evaluation 

(NDT&E) methods to go beyond the capabilities of the 

existing ones. 

To address these issues, we use an innovative solution based 

on ultrashort electromagnetic pulses in the terahertz (THz) 

wave band: their ultrafast single-shot detection in the time 

domain enables raster scanning of objects in short times for 

an imaging analysis with depth resolution. Our STRIPP 

Control product range unleashes thus the potential of THz 

Time-Domain Spectroscopy to control, amongst others, 

Glass Fiber Reinforced Polymer (GFRP) parts, coatings and 

Carbon Fiber Reinforced Polymer (CFRP) unidirectional 

(UD) tapes. In composites, the pulsed THz raster imaging 

reveals defects like fiber clusters, air gaps, and impregnation 

heterogeneities that can be characterized and precisely 

localized. For coatings, the major advantage of our approach 

is its ability to rapidly provide a full map of thickness and 

presence of defects. Thanks to the ultrashort duration and 

high repetition rate of acquisition, the single shot technology 

is suited for the control of composites within cycle time of 

industrial production and for maintenance operations with 

reduced down time. 

1. Introduction

The regulated reduction of greenhouse gas emissions is 

accelerating the adoption of innovative lightweight materials 

- such as composites, plastics and coatings - in the

transportation industries. Often new means of Non-

Destructive Testing and Evaluation (NDT&E) are needed to

meet the quality and safety requirements for these materials

during production and maintenance operations. Supported

by the "Industry 4.0", a production integrated NDT&E is

often desired during the manufacturing process itself (as

opposed to a control of the finished product) in order to

minimize the waste of time, raw materials and energy.

These new controls require stability, operational simplicity, 

speed, depth of analysis and characterization of internal 

defects. These needs are not all met by current methods (X-

rays, ultrasound, optical methods...). Teratonics addresses 

these industrial requirements by providing non-destructive, 

fast, non-contact and non-ionizing control and imaging 

solutions based on a breakthrough single-shot terahertz 

(THz) pulsed technology [1, 2]. 

After a brief presentation of the technology, some key 

applications to the aerospace sector are shown in the rest of 

this paper: control of Glass Fiber Reinforced Polymer 

(GFRP) parts, coating thickness measurement, and control 

of Carbon Fiber Reinforced Polymer (CFRP) tapes. 

2. TERATONICS STRIPP Control product range

Lying between the microwaves and the infrared, terahertz 

radiation belongs to the broad spectrum of energy we 

receive from the sun. However, its industrial applications are 
still emerging because of the difficulty to generate and 

detect this radiation, which has been overcome only since a 

few decades thanks to the advances in photonics and 

electronics.  

A significant R&D effort has been put into THz technology 

since the 90s, because this radiation has some very 

interesting properties. It propagates into electrically non-

conductive materials like plastics, many composites and 

coatings etc. It is reflected by metals and highly sensitive to 

water. As it is non-ionizing, THz radiation is safe for both 

the objects under analysis and the operators, without need 

for radiation protection measures. 

2.1. Short Overview of THz approaches 

THz sources can basically be classified as generating 

monochromatic continuous waves (cw) or spectrally broad 

pulses. 

The first type can be used for imaging and sensing at a fixed 

wavelength and, in the case of tunable monochromatic 

sources, also for spectroscopy [3]–[6]. 

Frequency modulated continuous wave (FMCW) THz 

techniques introduce a distance or depth resolution 

compared to cw approaches [7]; they operate typically at 

low THz frequencies, often around 0.1 or 0.3 THz, with a 
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certain spectral width that defines the depth resolution. For 

imaging application of 3D objects, this approach is helpful: 

it allows to separate the different reflections from the 

substructures of components if these are sufficiently 

distanced (typically on the scale of a millimeter). This 

increases the probability of defect detection significantly 

compared to pure cw solutions. 

An approach that is considered as very powerful and precise 

uses an ultrashort laser pulse to generate a coherent THz 

pulse with picosecond (ps, i.e. 10-12 s) duration [8]–[10] and 

corresponding large spectral bandwidth. The detector 

samples the electric field of the THz pulse in the time 

domain and not just its integrated intensity as in standard 

spectrometer configurations. This approach allows to 

measure both the amplitude and the phase of each spectral 

component. Consequently, it is possible to determine the 

absorption coefficient and the index of refraction of the 

sample if its thickness is known and vice versa. Very 

importantly, this coherent detection also allows the 

measurement of the emitted THz radiation at energies below 

blackbody radiation without the need for shielding or 

cooling of special detectors. 

Such THz time domain spectrometers (THz TDS) are widely 

used in laboratories as table-top set-ups and are also 

commercially available. In the last decade, they have found 

their way to industrial applications on punctiform probing, 

in particular for analysis of thickness in pharmaceutics [11] 

and in the plastic tube industries. 

The further industrial exploitation of this exciting 

technology is impaired by the acquisition time and the 

stability of the technical solutions. So, the recent 

technological development was strongly oriented towards 

the reduction of the measurement time and seems to have 

reached its limits a few years ago. The classic concept of 

THz TDS is based on the reconstruction of the THz field 
point-per-point by scanning the delay between the 

picosecond THz pulse and a femtosecond optical probe [10]. 

In this approach, the acquisition time is determined by the 

time necessary to perform the scan. Many pulses are needed 

to make a measurement, typically in excess of a hundred, 

which is why it is called a repetitive approach. 

In the conventional configuration, both THz and optical 

probe pulse originate from the same ultrashort laser source 

and are delayed relative to each other by adapting the travel 

distance. The acquisition time with fast optical delay stages 

seems to have reached its intrinsic limit on the scale of 

several milliseconds [12]. The external mechanical delay 

stage can be avoided by asynchronous and electronically 

controlled optical sampling (ASOPS, ECOPS and OSCAT) 

reducing the scanning time to (below) milliseconds [13]–
[16]. These approaches were developed in the first decade of 

this century also as products offered by several companies.  

In these repetitive schemes, usually several scans are 

averaged together to obtain an adequate signal to noise ratio 

increasing the effective acquisition time significantly. 
Moreover, the relatively long acquisition times render the 

measurement susceptible to mechanical vibrations. This is 

true in particular in reflection geometry where the object 

under analysis must be stable on the micrometer scale during 

the recording of one single time domain signal.     

 

2.2. STRIPP Control key features 

Our single shot electrooptical sampling scheme reduces the 

acquisition time of THz TDS to its limit, i.e. to the temporal 

detection window on the ps scale. Besides, no moving parts 

are used. This and the ultrafast acquisition time render single 

shot schemes particularly suited for applications in industrial 

surrounding opening the way to imaging in the production 

cycle time. The probability that mechanical vibrations or 

density fluctuations destroy the needed micrometer stability 

during measurement is drastically cut down. Moreover, 

often the target itself is submitted to fast motion as on 

production lines, calling both for short acquisition time and 

high acquisition rate.  

The STRIPP Control product range is the first commercial 

solution based on the THz single-shot TDS technology. It 

integrates a broadband source and detection system for the 

0.1 – 1 THz spectral range in which many common 

industrial materials exhibit low or medium absorbance.  

This choice of frequencies also ensures a submillimeter XY 

resolution. One additional advantage of THz TDS is its high 

depth resolution, which is directly connected to the 

information of time of flight. In the case of STRIPP 

Control, the single shot precision of the time of flight data 

can exhibit a standard deviation of σ~10 fs measured in air 

depending on the specific configuration. In reflection 

geometry this value corresponds typically to one 

micrometer of thickness for a material with refractive index 

1.5. The choice of reflection geometry allows a practical 

single sided access to the product under test (figure 1).  

 

 

 
 

Figure 1: STRIPP Control architecture. 

On top of our breakthrough terahertz hardware, STRIPP 

Control includes an industrial control and acquisition unit 

with proprietary software for a simple “press button” 

operation. The scan motion and the data processing of the 

multitude of complementary information of the pulsed THz 

measurement are automated. The system allows fast 

robotized scanning of 3 dimensional objects based on their 
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CAD files. The communication can be adapted to many of 

the common robot types that are used in injection moulding 

factories – including state of the art cobots. In consequence, 

the in-line control can often be realized directly at the exit 

of the production equipment with an already existing robot. 

Depending on the robot speed, the typical scan time of a 

500cm² surface is less than 30 s.  

The THz measurement head (figure 2) dimensions are 32cm 

x 32cm x 18cm. For applications where the object under test 

is carried by a robotic arm or by other means, this THz head 

can be located inside a rack, with the rest of the system, i.e. 

the pump laser and the control electronics. For the control 

of parts that cannot be moved (typically because of their 

size and/or their weight), this head can be located at the end 

of a robotic arm or on a gantry, the rest of the system being 

located at or near the foot of the robot or gantry. 

 

 

Figure 2: THz measurement head. 

The first obvious application of STRIPP Control is for in-

line quality control and off-line for R&D, Quality assurance 

laboratories, maintenance tasks. However, its remarkable 

speed allows STRIPP Control to provide useful real-time 

feedback for process optimization in combination with ad 

hoc algorithms to correlate the THz measurements with the 

process parameters. Thanks to the rapid progresses of data 

science, in particular artificial intelligence, it is expected that 

this software layer will further increase STRIPP Control’s 

added value and make it a key element in the 

plastics/composites industry 4.0.   

  

3. Key results for aerospace applications 

 

TERATONICS STRIPP Control solution has proved its 

usefulness on several applications. In the next sections we 

focus on three applications particularly relevant for the 

aerospace industry. 

3.1. Glass Fiber Reinforced Plastics 

Accelerating the production time of composites parts is an 

important step towards their further exploitation in diverse 

industries. The CEntre Technique des Industries 

Mécaniques, CETIM, proposed and developed an automated 

and high-volume production process QSP® (Quilted 

Stratum Process) to fabricate within 40 to 90 seconds net 

shaped parts ready for further integration. Figure 3 shows a 

photo of an early test compound of GFRP made with QSP®. 

This part contains 5 patches of glass fiber fabric, embedded 

in a PA resin.  

Thanks to its time domain approach, STRIPP Control can 

discriminate the reflections generated by every patch. Based 

on one raster-scan, the transitions between the patches in 

different depths can be represented (Figure 3), revealing 

several features which are characteristic of this part: 

• Fiber orientation (yellow lines) 

• Defects between the layers like air gaps (see for 

example the circled area on Depth 1) 

• Defects on a layer like fiber clusters (see for 

example the circled area in Depth 2) 

• Discontinuities between patches (see Depth 4)  

 

 
 

 

Figure 3: Pulsed THz analysis of a GFRP part (photo top 

left) by one raster scan. 
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The above analysis can be deployed in-line for production 

control and process optimization in the manufacturing of 

GFRP parts, like radomes or structural elements of an 

aircraft, whatever the manufacturing process. During the 

placement of the tapes, the orientation and the contact of the 

tapes can be checked, see in part also section 3.3. When 

producing composites by RTM or pultrusion, typical defects 

that can be detected are fiber misalignment/waviness, fiber 

density variations, voids, inclusions, or delamination. 

STRIPP Control can also be used to detect internal damages 

due to impacts or mechanical stress [17], typically for 

maintenance operations.  

3.2. Coating thickness measurement 

The high depth/thickness precision of STRIPP Control can 

be used for the measurement of coating thicknesses. Also, 

thanks to its measurement speed and high stability, STRIPP 

Control can provide a full coating thickness map, instead of 

simply checking the thickness on a few points only. 

Figure 4 shows an example of a single coating thickness 

mapping of paint on the metallic cataphoresis layer of a 

steel plate with a hole. These results reveal two major 

defects of the coating: an orange peel, and a gradient of 

thickness, with the lower thickness on the right of the 

image. The THz analysis also detects a gradient of thickness 

around the hole, in a circle of approximately 2mm of 

extension.  

This approach can be extended to the characterization of 

multi-layers thicknesses provided that each layer has 

different THz properties compared to the neighboring ones 

[18].  

 

 
Figure 4: Coating thickness: 2D map (top) and 3D map 

(bottom). 

This way of analysis with THz-TDS can be applied to a 

multitude of products, e.g. functional layers as thermal 

barrier coatings [19] and varnish or plastic bodies with a 

metal core. Besides the thickness determination, defects, 

such as air gaps present at the interfaces, can be revealed 

and often identified thanks to the imaging approach possible 

with the here presented single shot THz-TDS. 

 

3.3. CFRP unidirectional tapes 

Nuclear gauges provide useful information on the thickness 

of CFRP tapes during in-line control. The measured value is 

averaged over the area covered by the gauge sensor, 

typically few centimeters of diameter. However, it is often 

desirable to have a more complete information about the 

tapes, typically about the fiber/resin ratio, the impregnation 

quality, the presence of any fiber waviness or heterogenous 

fiber distribution and tape roughness. This calls for a rapid 

and penetrating imaging approach with depth resolution.  

We analyzed two batches of 0.15 mm thick unidirectional 

CFRP tapes, with PEEK as the resin. The first one (A) had a 

poor impregnation quality and a high surface rugosity. On 

the contrary, the second one (B) had a good impregnation 

quality.   

The analysis and imaging of the tapes were performed in 

reflection with polarization orientation perpendicular to the 

unidirectional carbon fibers. Figure 5 shows three images 

based on different information obtained from one unique 

raster scan: the amplitude of the pulses reflected by the 

front surface, the amplitude of the backside reflected pulses, 

and the time of flight difference between these pulses. 

These images reveal different quality parameters; for each 

image, a striking difference between the two kinds of 

samples is revealed. For samples A, the THz reflection on 

the front surface is quite homogeneous due to the good 

surface quality. In contrast, sample B exhibits darker areas 

and lines with significant losses that can be explained by 

increased diffuse reflection induced by the surface 

roughness. The latter can be due to reduced impregnation 

and heterogeneous distribution of the surface fibers. 

Spectral analysis by Fourier Transformation of time traces 

reveals the frequency dependence of reflectivity typical for 

surface roughness, i.e. increasing losses with increasing 

frequency; a further analysis can in principal be used to 

quantify surface height distributions [20]. This surface 

image can also be processed to determine the width of the 

tape.   

The image of the amplitude of the backside reflected pulses 

is an indicator of the quality of the volume and the backside 

of the tape. In the poor-quality tapes, the material 

heterogeneity due to reduced impregnation or lateral 

superposition of fibers/fiber clusters causes a loss of THz 

signal, which manifests itself as the appearance of dark-gray 

areas or black lines. On the contrary, the THz signal 

homogeneity and strength is an indicator of good quality. 

This qualitative analysis can be quantified and automated 

for an in-line quality control and process optimization. 
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Figure 5: Analysis of CFRP tapes. Samples A and B are provided by two different suppliers with varying 

quality. From top to bottom: photo, THz image based on pulse amplitude reflected by the front surface, 

amplitude reflected by the back surface and thickness variation derived from the pulse time of flight.  

These THz images originate from a single raster scan. 

 

 

The time of flight difference between front and back side 

gives access to the thickness of tapes. Figure 5 (bottom) 

shows the variation of thickness. The values are obtained 

with a calibrated refractive index of the tape, which is in 

good accordance with literature of similar tape types [21]. 

These thickness maps are done with the assumption of no 

variation of orientation of fibers. Some colored lines are 

visible and reveal fiber clusters even on good quality tapes. 
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4. Conclusion 

By reducing the acquisition time by more than 10,000,000 

times compared to the commercial state of the art, our 

technology opens up a major field of application for pulsed 

THz radiation analysis. Thanks to its unparalleled speed and 

stability, our solution can be used as a production integrated 

NDT&E system for in-line inspection. It can also be used as 

a mobile NDT&E equipment for maintenance operations. It 

can perform dimensional control (including thicknesses with 

micrometric precision) and defect sizing and imaging on the 

surface and inside products with a typical scanning speed of 

500cm²/30 seconds. 

For example, in composite tapes, it is possible to control the 

fiber / resin ratio and the spatial homogeneity. During the 

placement of the tapes, the orientation and the contact of the 

tapes can be checked. When producing composites by RTM 

or pultrusion, typical defects that can be detected are among 

others fiber misalignment/waviness, fiber density variations, 

voids, inclusions, or delamination. 

Our technology can control thicknesses of single or multi-

layer coatings with accuracies of the order of a few microns 

on both metal and plastic / composite surfaces. 

The applications of STRIPP Control go beyond the 

examples provided here, to cover a broad range of 

plastic/composites products, hybrid plastic/metal objects, 

and their assemblies [22]. For example, in glued products, 

our technology allows to characterize the distribution and 

the thickness of the bead of glue and to reveal bubbles or 

inclusions [23]. It can also be used to detect weld defects, 

thickness variations or voids in welded plastics or 

composites. 

Thanks to this innovative NDT&E approach, maintenance 

operations, in-line quality control, and process optimization 

can be improved in a true industry 4.0 way, leading to a 

reduction of waste, energy consumption, and time.  
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