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Abstract  
The Ultrasonic non-destructive testing of aeronautic composite structures requires, in addition to the inspection 

itself, a very lengthy work of analysis of the results. Detection of defects in carbon fibre reinforced plastics 

(CFRP) by ultrasonic pulse echo inspection is usually based on the analysis of both attenuation and Time of 

Flight (ToF) C-scans. Differences in amplitude as well as differences in ToF can be the result of porosity, 

inclusions or delamination defects. This complex analysis becomes the critical path in the testing process and can 

be the major cost contributor.  

This paper presents a selection of user friendly software tools to simplify and speed-up this diagnosis. They are 

dedicated to composites. For the purpose of equipment harmonization and cost reduction, they can be applied on 

files acquired with most ultrasound instruments supplied by the major manufacturers.  
The aim of these tools is to concentrate on all the data which affects the acceptance criteria. In summary they 

help operators to focus their attention on any suspicious area, to know if a concession has to be requested, or if 

the component has to be repaired or rejected. They can even be applied on huge C-scans obtained when it is 

required to scan very large components, or after merging several smaller files acquired separately.  

All of these Tools are included in “NDT kit” & “Ultis” software. They are currently used on a daily basis to 

inspect many EADS Products and Platforms including the A350XWB aircraft...  
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1 Introduction 
 

In 2004, EADS Innovation Works was supported by AIRBUS in developing dedicated 

analysis software for ultrasound testing of Carbon Fibre Reinforced Plastics (CFRP). A 

number of key reasons motivated this sponsorship:  

 The utilization of CFRP in aircraft structures was increasing dramatically. Firstly to save 

weight and then to reduce fuel burn (black is nice to be green!) 

 Structural integrity requirements make Non-Destructive Testing mandatory for these 

materials, as the manufacturing process cannot assure flawless structures.  

 Processing the ultrasound data for diagnosis was projected to be the manufacturing cycle 

bottleneck.  

 Many different machines from various companies were operated in AIRBUS plants. Each 

one generated its own data files format. Each one had its own data reader. None included 

analysis tools compliant with the methodology and the acceptance criteria defined by 

AIRBUS.  

 

Today this software is a mature product. The most advanced version, named “NDT kit”, is 

used by all the main companies of EADS (AIRBUS, EUROCOPTER, ASTRIUM, 

CASSIDIAN). The commercial version, named “Ultis”, openly available and is distributed by 

NDT EXPERT. The aim is to help operators to focus their attention quickly and directly onto 

any suspicious area, since our historical data show more than 95% of the surface on average is 

flawless.  
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This paper introduces the most original tools included in “NDT kit” and/or “Ultis”. The 

applications to various components are presented.  

 

 

2 Most original tools for composites evaluation  
 

Normally the evaluation of composites is a three steps process:   

1. Detection of foreign bodies and delamination;  

2. Porosity content estimation;  

3. Thickness measurements.  

 

2.1 Detection of foreign bodies & delamination  

 

2.1.1 For constant thickness areas: palette compressing  

The thickness of many components is optimized with regard to the stress they have to sustain. 

Some areas, such as stringers for instance, still have parallel faces, or reference stepping 

blocks including Flat Bottom Holes (FBH) used for calibration (see fig.1). When they are 

tested in the pulse-echo mode, it is easy to discriminate intermediate echoes reflected by inner 

reflectors, and back wall echoes (BWE). One solution consists of compressing the palette of 

ToF C-scan, to isolate suspicious indications (see fig.1a & 1b). 

An automatic detection algorithm can be applied to the selection rectangle. It circumscribes 

and sizes all the pixels clusters whose area is superior to customizable acceptance criteria (see 

left window on fig.1c). A table of defects is thereby created (see bottom window on fig.1c). 

This table includes customizable rows: dimensions of the defects, relative positions and/or 

statistic values. It is then possible to group the flaws depending on their proximity (see 

fig.1d).  

 
(a) raw ToF C-scan  

 

(b) compressed palette 

 
(c) automatic detection => list of discontinuities  

 

(d) grouping  

 
Figure 1. Automated flaws detection in areas without thickness changes (example 1: one step of a ref. block)  

Rectangle selection  



 

It is important to note that automatic sizing can be performed taking into account the 

associated amplitude C-scan for -6dB evaluation.  

 

2.1.2 For changing thickness areas: BWE filtering  

For areas with thickness changes, either step by step or continuously because of inner plies 

drop-off, compressing the palette is not convenient. This is the reason why a tool named 

“backwall echo filtering” has been developed.  
 

The algorithm of this filter is based on the local surface standard deviation (5*5 matrix), 

which enables to localise the thickness variations and the defects contours. The user enters a 

tolerance threshold in the C-scan unit (for instance 0.1μs or 0.15mm or 0.5 ply). All standard 

deviation values under this threshold will be deleted (low thickness variation). Then, there is a 

filling phase of closed shapes (defects contours), and a binarisation of the C-scan. This binary 

c-scan (0 for backwall echo, 1 for the defects contours) is then multiplied by the initial C-scan 

in order to produce the ToF values. Finally an erosion phase is applied to retrieve the right 

size of the remaining indications (see fig.2b).  

 

Now the process applies the same automatic detection algorithm as §2.1.1. All the FBH are 

detected again, but also the limits between the steps (see vertical blue lines which are 

circumscribed by rectangles on fig.2c). The operator is now able to eliminate them from the 

defects table. Then the list is reduced to 12 lines (see fig.2d).  

 
(a) raw ToF C-scan  

 

(b) ToF C-scan after BWE filtering  

 
(c) automatic detection => list of discontinuities  

 

(d) manual reduction of the list of discontinuities 

 
Figure 2. Automated flaws detection in areas with thickness changes (example 2: three steps of a ref. block)  

 

If some areas are more loaded by mechanical stress than others, it is then possible to define 

several acceptance criteria (e.g. some more severe to detect smaller defects) and associate 

them to several categories of selections.  

 

Rectangle selection  



2.1.3 For changing thickness areas: C-Scan subtraction 

C-Scan subtraction is adapted on cartographies presenting brutal changes in thickness. It 

requires preparing one reference C-scan without any defect. Several processing tools are 

available to build it: spatial filtering and averaging; cutting, concatenating and/or merging 

several C-scans; etc. Figure 3 illustrates its application on the skin of a stiffened panel.  

 
(a) raw C-scan to be analysed 

 

(b) reference C-scan 

 

(c) subtracted C-scan 

 
Figure 3. “Smart C-Scan Subtraction” 

 

Often it is beneficial to apply automatically C-scans matching tool prior to C-scan of the 

reference standard depending on their contour or their profile (stringers for instance).   

 

2.1.4 Edges  

On the one hand delamination caused by impacts on edges may have a tremendous effect on 

the mechanical properties of the components. On the other hand contours are not very well 

defined on ultrasound C-scans. Several specific tools have been developed to make diagnosis 

easier on edges.  

The first is a polygonal mask which eliminates all the pixels out of the contour (see fig.4).  

 
(a) raw ToF C-scan with polygonal mask  

 

(b) processed C-scan after masking edges  

 
Figure 4. Masking edges on a ToF C-scan acquired in contact with a large array  

 

 
Figure 5. “Edge Effect Correction” – Example with 3×3 mask – Specific points = NaN points – Criteria of the 

NaN points in the neighbourhood = 2  

 

The second one is called “Edge Effect Correction”. In this method a processing mask 

composed of N×N (N = 3, 5 or 7) moves over all the cartography, point by point (see fig.5). If 

the number of specific values (NoEcho, NoSynchro, NaN and/or masked) included in the 



mask centred on one point is lower or equal to the number defined by the user (1 by default), 

the central point in the mask will be set to the „Sup‟ value (which means deleted pixel). It 

operates erosion.  

 

The third one aims to detect components edges and to obtain the corresponding 

selection/mask/layout automatically (see fig.6). It is available only in “NDT kit” software at 
this time.  

 

 
Figure 6. Automated edge detection on stringers webs  

 

2.1.5 Drilled holes  

 
Figure 7. Automated detection of flaking defects and delaminations around drilled holes  

 



Drilling in laminates can cause delamination or flaking defects around holes if the process is 

not controlled.  

 

All the holes can be automatically listed and located thanks to the detection of pixels set at 

“NoSynchro” values (in diameter size respect) or using a predefined list of holes with 

different diameters. In the produced display all the holes are surrounded by two circles, one 

corresponding to the hole diameter, the other one corresponding to the diameter to be used for 

the defect detection (see fig.7). If a defect exceeds this latest diameter then the defect is 

surrounded by a circle centred onto the hole and its size and location is reported into a table.  

 

2.2 Evaluation of porosity content  

Porosity in CFRP reduces the mechanical properties of the component, especially in the 

compression mode. Two methods are available in the software to evaluate the porosity.  

The “old” one takes into account the amplitude attenuation and the ToF values of back wall 

echoes or transmitted echoes. Once the profile of graph illustrated by figure 8 is plotted, it is 

possible to load and superimpose acceptance criteria (red curves). Then a new amplitude C-

scan is displayed, showing only the pixels which attenuation is not acceptable. Tools to size 

defects (see §2.1) can be applied afterwards. The two steps criteria (see fig.8a) are very 

simple to apply, but it is not optimized at all compared with the quasi-continuous criteria (see 

fig.8b). The Operator can then easily understand that with the first one, 4.5mm thick or 

5.5mm thick components will be evaluated with a tolerance exceedance.  

 
(a) two-steps criteria  

 

(b) quasi-continuous criteria  

 
Figure 8. Examples of porosity acceptance criteria for the porosity plotted on graphs representing amplitude 

attenuation (dB) versus thickness (mm)  

 

The „new‟ patented method is called “FTPE” (Filter Technique for Porosity Evaluation [1]). It 

takes into account the spectral content of the transducer (see fig.9a) and the absorption 

properties of the material for various porosity contents (see fig.9b). A specific window (see 

fig.9c) gives the possibility to compute the attenuation curves (see fig.9d). FTPE processing 

enables the operator to displaying amplitude C-scans with porosity volumetric content (see 

fig.10).  
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(a) transducer signal (b) atten. vs thickness (c) window to compute 

attenuation curves  

(d) attenuation curves  

Figure 9. FTPE – Principle  

 
(a) raw amplitude C-scan (dB)  

 

 

(b) processed amplitude C-scan (porosity %) 

 

 
Figure 10. FTPE – Application  

 

2.3 Thickness measurements  
(a) raw ToF C-scan + table of coordinates  

 

(b) raw ToF C-scan + table of results  

 
Figure 11. Automated thickness measurements on the three steps of a ref. block  

 

The process of manual laying-up of laminates can result in missing plies. The resulting 

thickness, and thereby mechanical properties, is lower than expected. Automated thickness 

measurement is another feature of the software. It requires one Excel file containing the 

coordinates of the points to be measured as input (see table on fig.11a). The operator can add 

also minimum and maximum accepted values for an automatic pre-setting to be validated. 

Pressing the „Apply‟ button launches the automated thickness measurements at all the points 
defined in the XLS file (see fig.11b). Average values considering surrounding pixels of the 



ToF C-scan can be computed also. Available units are „millimetres‟ or „plies‟. Conversions 

are computed according to the ultrasound velocity (usually between 2900 and 3000m/s) and 

the thickness of one layer. Thickness values can be corrected by taking into account the 

velocity decrease due to porosity content.  

 

 

3 Application to various components  
 

3.1 Prototype or first components  
It may be convenient to acquire full waveforms on prototype or first components. Then it is 

possible to adjust software gates (see fig.12) before computing the optimized C-scans. The 

numbers of gates are unlimited. Each one can be triggered by a previous one, not only its start 

but also its length (or end). The selected peak can be the first, the maximum one, or the last. 

Adjusting digital gain and Time Corrected Gain (TCG) curve is also possible. F-scans 

(frequency scan) can also be calculated from one gate.  

 

 
Figure 12. Software gates and TCG  

 

In normal circumstances automatic scanning facilities are not available for prototype 

components. Consequently they must be inspected with manual scanners such as XY or R-

Theta encoding systems. The resulting C-scans can then be concatenated with the merging 

tool (see fig.13).  

 

 
Figure 13. C-scans merging  

 

3.2 Serial components  
As soon as the analysis method is defined and in regular use for serial components operators‟ 
attention can become dulled by the repetitive process. Their critical attention span may 



decrease. This is one of the reasons why the „macro‟ mode has been developed (see fig.14). It 
gives the possibility to connect many actions automatically into break points which require 

validation by the operator. This makes the diagnosis process more reliable, and it also reduces 

the analysing time by a significant factor. At the conclusion all the results (defects tables, 

thickness tables, histograms, print screens of C-scans, etc.) can be exported to a report 

generated automatically at the end of the diagnosis (see fig15).  

 

 
Figure 14. “Macro” mode to automate processing  

 

 
Figure 15. Report automatically generated  

 

 

4 Conclusions and possible continuation  
 

EADS Innovation Works has successfully developed dedicated analysis software for 

ultrasound data of CFRP. These are: “NDT kit” for within EADS group and “Ultis” for 
customers outside EADS. Both aim to help the operators to focus their attention onto any 

suspicious area. They capture the data necessary to achieve the three parameters expected by 

design offices in charge of concessions: 

 Detection of foreign bodies and delamination;  

 Porosity content estimation;  

 Thickness measurements.  

 

The deployment of “NDT kit” in AIRBUS is complete:  

 A380 Centre Wing Box: time savings reductions of 70% in the analysis process compared 

to the previous software used. Consequently a return on investment has already been 

achieved.  



 A350: in France, Germany, Spain & UK all CFRP components will be analysed with 

“NDT kit”. Full qualification was completed at the end of 2011. All the acceptance 

criteria defined in AITM6 (Airbus Test Method) standards are included as pre-sets.  

 

Several subcontractors and laboratories outside EADS have been convinced by the benefits of 

the tools included in “Ultis”. As the analysis parameters are customizable, it should not be 

difficult to adapt the process to other standards from other aircraft manufacturers for and also 

to other types of data (see fig.16). 

 

(a) Crack - Penetrant testing  

 

(b) Delaminations - Infrared thermography 

 
Figure 16. Processed pictures acquired with other techniques 
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