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Abstract. To address the data review burden and improve the reliability of the 
ultrasonic (UT) inspection of large composite structures, automated data 
analysis (ADA) algorithms have been developed to minimize inspector review 
of good areas, identify indications that satisfy the call criteria for inspector 
review, and minimize false calls.  This approach will reduce time and 
eliminate a production bottleneck. This paper presents an overview of the 
ADA algorithm and a discussion of its application to a manufacturing quality 
control inspection.  The process used by the ADA to detect flaws and 
determine if the indications warrant further assessment is presented. The ADA 
software interface and automated reporting features are illustrated, which 
improve the software usability with the NDI operator to best leverage their 
expertise in data review.  This paper highlights the challenge of designing 
experiments for qualifying the ADA software and emphasizes the importance 
of engaging inspector feedback in the design and user interface for the 
software.  ADA processing results are presented for a variety of test specimens 
that include inserted materials and discontinuities produced under poor 
manufacturing conditions. 

 
 
 

Introduction 

 
Ultrasonic testing (UT) has been demonstrated to be one of the most effective 
nondestructive inspection methods to detect critical defect types and ensure the 
reliability of organic matrix composite (OMC) aerospace structures [1-3].  Most 
inspection applications of OMCs use pulse-echo UT with manual C-scan data 
interpretation by a trained human inspector.  Using amplitude and time-of-flight C-scan 
data, delaminations, disbonds, porosity, and foreign materials can be detected. 
Approximate location and an estimated size of the defect detected are often made from 
the UT scan data, but these are far from rigorous measurements.  However, the 
ultrasonic inspection of large OMC structures requires significant manpower and 
production time.  To address this inspection burden and ideally increase inspection 
reliability, software tools and automated data analysis (ADA) algorithms [4-9] have 
been developed to support the assessment of ultrasonic data from composite 
components.  Recent work on the design of ADA algorithms [7-10] follows standard 
procedures for analyzing signals for time-of-flight indications and backwall amplitude 
dropout.  However, composite structures with varying shape, thickness transitions and 

More info about this article: http://ndt.net/?id=19521

http://creativecommons.org/licenses/by-nd/3.0/


2 

the presence of bonds can greatly complicate this interpretation process. 
 

Development and implementation of an ADA is not a trivial undertaking. While there is 
significant prior work available, each application is a little different. This requires 
careful planning to capture all the necessary variables present in test specimens or 
production components for ADA development and testing. Part of this planning is to 
identify all the stakeholders of the ADA development, testing and certification 
processes.  All stakeholders do not need to be intimately involved in all aspects of the 
ADA, some may specifically ask to be excluded from some aspects, but everyone who 
wants to be involved should feel welcome and included. People who should be involved 
include a developer with significant experience in signal processing and algorithm 
development preferably with NDE data, a team member with NDE technique transition 
experience, the manufacturer of NDE equipment the data is taken from, the potential end 
user (composite part manufacturer) management representatives, the end user’s 
inspectors, an original equipment manufacturer (OEM) who is accepting the parts, and 
the certification authority for NDE quality control (QC) processes. Note, that this is what 
worked for a particular application. There may be more or there may be fewer 
stakeholders for different applications, or a stakeholder may have more than one role. 
Free and open discussion of every aspect needs to be highly encouraged. Everyone 
needs to fully understand the ADA requirements and project status because everyone 
owns a piece of the ADA and has to agree that it is ready when the time comes. 

 
For this application the ADA needs to be proven capable through a series of steps: 

 
a) Qualified with known data sets (specimens and production).   
b) Certified with comparison to a trusted technique. 
c) Validated with a probability of detection (POD) study. 
 

Steps a) and b) are relatively straightforward in this case. The ADA is being developed 
for a specific QC application for production parts that are already identified. However, 
finding production parts with defects is a challenge. Test specimens can also be devised 
with engineered defects to represent real defects that must be found. The trusted 
technique is a human inspector reviewing data according to a procedure with well-
defined call critera, and certification will be achieved when the stakeholders reach 
consensus (not majority) that the ADA is yielding equivalent results. The POD study is 
more involved and must incorporate everything in the inspection process, and not just 
the ADA.  The ADA is only one piece of the inspection process that involves the 
inspection set up, equipment, and the human inspector who will make the final 
determination on the inspection results. The focus of this paper is what is involved in 
satisfying step a) for this application and what can be done to prepare and plan ahead for 
steps b) and c), and the eventual transition of the ADA software to a production 
environment. 
 

Overview of the ADA Process 

 
The base ADA algorithm process is covered in detail in prior work [7-10].  For 
completeness a brief overview is provided. The automated data analysis approach strives 
to automate the entire ultrasonic data analysis process effectively replicating the analysis 
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process used by a human inspector. This includes the generation of the C-scan amplitude 
and time of flight (TOF) images to make indication calls.  This requires access to the 
complete A-scan data acquired for the part.  This ADA algorithm process is built on the 
prior designs, which are discussed in detail in [10]. The ADA algorithm process 
embodied here follows this outline: 
 

a) Evaluate calibration data.   
b) Process front-wall signals and identify part edges. 
c) Evaluate signal width for setting the start and end of gates. 
d) Identifying bonds in test parts. 
e) Estimate backwall and bond-line depth using enhanced backwall search 

process. 
f) Identify part zones and transitions. 
g) Create internal signal C-scans and evaluate noise level for part. 
h) Create backwall signal ‘only’ C-scans. 
i) Perform feature extraction and classification of internal signals. 
j) Perform initial feature extraction and classification of backwall signal loss and 

signal loss under bonds. 
k) Generate porosity criteria map and perform evaluation. 
l) Evaluate TOF thickness indications. 
m) Compile calls with metrics. 

 
This is a simplification of the analysis performed by the ADA. While the ADA analysis 
is repeatable and reliable, as most computer based calculations are, it will always be a 
challenge to set the proper parameter values that ensure all rejectable indications are 
called (no false negative calls) while minimizing the number of false positive calls. 
Parametric studies, application specific, of the effects of ADA parameters can be used to 
optimize the ADA results.  In addition there will always be a few indications that need 
review by skilled and highly trained inspectors.  The ADA is only a tool in the 
inspector’s tool kit designed to make their job easier by enabling quicker review of 
obviously good and obviously bad material. 

Initial Sources of Data 

 
Inspectors are the first source of data to be considered in the development of an ADA. 
Ultimately they are the end users of any ADA and their buy-in is critical to a successful 
transition. They are key to capturing all the nuances of how they interpret the UT data. 
Inspection plans and documents are great sources of information. However, there can be 
differences in interpretation of the documents, or those documents are not up-to-date and 
do not reflect what is actually being done for a variety of reasons. Developers need to be 
respectful of the inspector’s priorities; production comes first. Ideally, inspectors will take 
part in all major ADA design reviews especially those involving the user interface or work 
flow decisions. The more the inspectors are included in the ADA design and can ‘own it’, 
the more likely the ADA transition and implementation will succeed. 

Capturing Relevant Defects 

 
Organic matrix composites consist of two or more distinct phases at a physical scale. Thus, 
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there must be a careful distinction between acceptable variation in a polymer composite 
structure and defects. This threshold needs to be defined through engineering analysis of 
the component. Modeling and prediction of the effects of defects in composite structures 
over the lifetime of a structure, where it is exposed to fatigue and environmental 
degradation, is still a developing science. This has forced aircraft designers to design to an 
“open hole” criteria: any defect is considered to be an open hole for analysis purposes. The 
allowable defect size is based on the size of the open hole that would be allowed in the 
component.  
 
In order to properly specify NDT methods, the designer must establish defect criteria for 
initial quality and for the life cycle of the composite structure. The criteria must consider 
allowables for bulk properties and discontinuities at time of manufacture. For life-cycle 
maintenance, the designer must consider possible failure modes, and the interactions of the 
expected usage (driving forces) on the discontinuities inherent in the composite. This work 
should be performed in consultation with NDT engineering to ensure that design goals can 
be met in a cost-effective manner. Table 1 lists some of the key variables in defining the 
design goals and NDT metrics. 
 

Table 1. Examples of variables to be considered in the proper specification of NDE for composites 
Bulk Properties Discontinuities Characteristics Driving forces Failure modes 
• fiber volume 

fraction 
• fiber 

orientation 
• cure state 
• moduli 
• density 
• resin rich 
• resin poor 
• mass 
• ply thickness 

• disbond 
• delamination 
• matrix crack 
• inclusion 
• void 
• porosity 
• fiber-to-matrix 

bond 
• fiber cracks 
• interfacial 

bond 
• crazing 
• residual stress 
 

• type 
• size 
• shape 
• depth 
• orientation 
• nearest 

neighbor 
 

• mechanical 
loads 

• thermal loads 
• wear 
• creep 
• chemical 

exposure 
• moisture 

absorption 
• UV exposure 
• corrosion 
• impact 
• maintenance 

errors 

• tensile failure 
• compressive 

failure 
• buckling 
• adhesive 

failure 
• cohesive 

failure 
• corrosion at 

joints with 
metals 

 
After the proper variables are identified, there are two main ways to capture them to 
develop an NDE approach for a component: test specimens and production parts with 
defects. Typically both are used starting with test specimens and moving to production 
parts as development progresses.  This approach was the case for the ADA development as 
well.  
 
Test specimens with engineered defects and indications are used for a number of 
reasons. A few reasons are: 1) to have known defects to test against, 2) to make sure all 
the relevant defects are available to be tested against, and 3) test specimens with generic 
geometry are widely applicable to many applications. Known indications and defects are 
important to understand the relationships between indication signals, defect signals, and 
the baseline material. This allows the ADA parameters to be set at the proper level for 
the ADA to ignore material variation and flag actual defects but not every indication.  
Test specimens enable the ADA to be tested against all known potential defects. During 
development the ADA must be tested against and shown capable of detecting all 
expected defects. Some defects occur infrequently in production parts making it difficult 
to sufficiently test against them using only production parts. Generic geometry is 
important for a couple reasons. Early development work is often challenging and filled 
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with unforeseen problems. Showing capability in generic test specimens that incorporate 
the major features found in production parts can be used to gain buy-in from part 
producers and part users. Generic geometry test specimens are not subject to proprietary 
data restrictions that production parts may be, allowing for easier publication and peer 
review of proposed ADA approaches. An example of the test specimens produced is in 
Figure 1. The shape was chosen to replicate production composite parts that are not 
perfect flat rectangular plates, and the size was chosen to be the largest that would fit in 
the lab UT system. 
 

 
Figure 1. Example of the test specimens used for ADA development 

 
Indications and defects studied in this program include inserted materials, porosity, ply 
‘laps and gaps’, and wrinkles. Inserted materials may occur during manufacturing, 
possibly originating from such items as backing paper, glove (poly), breather or 
miscellaneous factory materials.  Other artificial materials like Grafoil, FEP and ‘sticky’ 
notes have been used for testing purposes and can produce challenging ultrasonic 
inspection conditions for demonstration tests.  Shapes of inserted materials may be 
triangular (e.g. corners of backing paper), rectangular or more irregular shapes.  A 
minimum dimension criterion for an indication is typically defined with the test 
specification.  Often, 0.25" x 0.25" (0.63 cm x 0.63 cm) squares are prescribed as 
minimum dimensions for inserted materials.  There are a number of potential false call 
features that should ideally be vetted by any automated data analysis algorithm as an 
operator would.  Such part features include edges, ply drops, panel radii, stringers / 
beam-type structures, and noodles at radii.  Operators typically use knowledge of the 
part and a view the TOF C-scan image to distinguish part feature from an amplitude 
drop-out due to anomalous conditions.  Lastly, scanning artifacts such as streaking, 
water on the part, or scanner backlash may also be present in ultrasonic data that can be 
easily rejected by a trained operator. 
 

Table 2. Summary of defects used in ADA test specimens 
Embedded 
materials 

Shapes Orientation Ply defects Locations 
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• Backing paper 
• Grafoil 
• FEP 
• Poly 
• Breather 
• ‘Sticky’ note 

• 6mm squares 
• 6mm short leg, 

45°-45°-90° 
triangles 

• 6mm x 25mm 
rectangles 

• square bonded 
region 

• round bonded 
region 

 

• 0°  
• 15°  
• 30°  
• 45°  
• 60°  
• 75°  
• 90°  
 

• Laps 
• Gaps 
• Wrinkles 

• Near top 
surface 

• Middle 
• Near back 

surface 
• In ramp/ ply 

transition 
• Under bond 

 
 
In addition to the large number of defects tested against the test specimens are evaluated 
in multiple UT systems including both squirter and immersion systems. The scans are 
conducted at nominal production settings and at higher resolution laboratory settings. 
The lab settings provided verification that the defects are in their intended locations after 
processing in addition to another level of variation in data input for the ADA to be tested 
against. After collection of the data sets the data is evaluated by trained inspectors who 
make the definitive defect calls for each data set. These calls are captured in ‘truth 
tables’ which are compared against the ADA results to determine the false positive and 
false negative call rates for a particular revision of the ADA.  
 
The second source of data used in the ADA development was from actual production 
parts. This was from copies of QC inspection data collected as a normal part of 
production. This did not adversely impact production since it was only a copy of the data 
that was stored for archiving. Since these data sets were evaluated as part of the QC 
process the truth tables could be populated as well. These data sets became increasingly 
important as the ADA became more developed and closer to production demonstrations. 
  

Maximizing Data Value 

 
A benefit of having well-developed truth tables is being able to perform detailed 
parametric studies in order to optimize the ADA performance. Features were designed into 
the ADA software to facilitate the operation and analysis of parametric studies. This 
allows a variety of ADA parameters to be varied and run against the test data library in an 
automated fashion. This greatly improved the speed and efficiency of optimizing the ADA 
parameters, especially to minimize false calls. 
 
Some data sets collected were set aside, and not used during ADA development. These 
sets were to be used only for final ADA testing before production demonstrations. While 
the ADA is not based on neural network classifiers where training data and test data 
should be kept separate, this does provides a pseudo-blind test for the ADA to evaluate its 
performance.  This is a critical milestone prior to a production demonstration.  

Demonstrations 

 
Developers have to be very cognizant and respectful of sacrifices of their production 
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partners when seeking time on a production line. Time is money for manufacturers. 
Manufacturers will only give up production time when they feel the benefits outweigh the 
cost, and this can be difficult to prove to their satisfaction. However, much can be learned 
during a production environment test to build that trust and it is not a wasted effort. 
Developers must strive to have everything ready to go with an ADA software that is 
‘final’, not a ‘beta’ version. There are always small issues to work out and this is to be 
expected. However, these should be very minor issues if planning and verification testing 
were thorough. Failure at the demonstration stage can be devastating, making it much 
harder to prove a revised ADA is ready for a future production test.  
 
One way to reduce the risk of demonstration failure is through relevant environment 
testing. This is where the ADA is tested in similar situations to the production 
environment, and it is a step up in complexity from laboratory testing. For this application, 
the manufacturer allowed access to significant amounts of previously collected data which 
we could process on a similar system to what would be used in production with trained 
inspectors on the development team. This had virtually zero impact on production, but 
gave the development team excellent feedback on how the ADA is likely to perform under 
real conditions.  

Results and Discussion 

A list of ADA results on test specimens is in Table 3. These results are for a 5 MHz UT 
inspection with a 2 mm scan step resolution and a greater than or equal to 6 mm defect 
detection criteria. To date the ADA is capturing all defects greater than 6 mm that meet the 
amplitude and dimension criteria specified in the inspection plan. While it is known that 
some defects are greater than 6 mm ultrasonically, they do not meet the amplitude and 
dimension criteria for rejection with the production scan set up. This is indicated in the 
table data. These calls should not be held against the capability of the ADA as a human 
inspector also would not call the defects based on the inspection criteria either. Additional 
discussion of these results is provided in [10]. 
 

Table 3. Summary ADA results for test specimens. Notes: *threshold set ‘below’ acceptance criteria 
**four remaining large misses still included that do not meet amplitude and dimension criteria of a 

rejectable indication in the inspection plan 
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Area threshold (# pixels) 8 

Dimension threshold (# pixels) 2* 

True positive (TP) 370 

Missed call (MC) 32 

False call (FC) 119 

Area (sq cm) per false call 665 

MC > 6mm sq inserts / porosity 4** 

MC = 6mm sq inserts / porosity 13 

%TP > 6mm sq inserts / porosity 98.1% 

%TP = 6mm sq inserts / porosity 90.9% 

%TP, wrinkles, laps and gaps 84.4% 

Inspector review of false call indications Yes 

It is expected that further optimization of the ADA parameters and minor changes to the 
algorithm will enable the ADA to meet the inspection criteria, the same as a human 
inspector would with the increased repeatability and reliability of a computer based 
analysis. 

Feedback from stakeholders, especially inspectors, has shown that the current 
developmental user interface, Figure 2, of the ADA far too cluttered to be efficient for 
production inspections. Inspector feedback has been invaluable in assisting in the redesign. 
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Figure 2. Example of ADA developmental user interface with results from Figure 1 test panel 

Work has begun on steps ‘b)’, certified with comparison to a trusted technique, and ‘c)’ 
validated with a probability of detection (POD) study, from the introduction. A draft 
qualification plan have been defined and is being revised among the team members 
realizing that the NDE review board holds the final say on approval of the plan based on 
regulations this effort is bound by. After approval of the final plan the team will work 
towards conducting the necessary tests and demonstrations to show the ADA is ready for 
the certification test. After successful certification testing, it is likely the ADA will be used 
as a secondary analysis of the UT inspection data for some time.  This will allow the 
inspectors to work with the ADA software and find any remaining bugs or issues with the 
user interface. During this time, additional real world results can be collected on ADA 
performance.  These data will feed into the additional testing and analysis necessary to 
generate a POD for the inspection process with ADA and ensure that inspection with ADA 
is meeting the necessary inspection criteria. After a successful POD, it is expected that the 
human inspectors will only have to verify the ADA results rather than be the primary 
analysis method for the UT data. 

Conclusion 

 
Development of an ADA for UT of OMC parts is a complex task requiring detailed 
knowledge of many unique job functions such as: inspectors, algorithm developers, NDE 
review boards, NDE equipment makers, OEMs, and the OMC manufacturers. All these 
stakeholders need to be involved in free and open discussion to identify all the necessary 
requirements to be accounted for. Examples of the requirements for an ADA were 
presented including key steps to meet them. The success to date of this effort has been a 
result of many discussions until consensus was reached. Every stakeholder has to really 
understand what is going on, because only a team working together can catch all the 

‘sticky’ note 
indication  

three bond 
region 

indications 
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blind spots. It is expected that there will be more challenges to come as this effort comes 
to fruition, but this process will provide the means and flexibility to manage them until 
final implementation of the technology.  
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