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1.0  Background 
 

Reduced procurement budgets are requiring the operational life of aircraft and 
other Air Force systems to be extended.  Other DOD organizations, as well as NASA and 
the FAA, are all facing similar problems on new or aging systems. This is placing great 
importance on the ability to find, characterize and address the deleterious effects of 
operation in a wide variety of environments.  Successful life management of these aging 
systems substantially depends on the ability of nondestructive evaluation (NDE) to 
identify and quantitatively characterize defects and changes in the materials and 
structures throughout their lifetime. 
 
      Hidden corrosion and fatigue damage are examples of primary threats to aging 
aircraft, and reliably detecting and evaluating fatigue cracks and hidden corrosion is an 
important challenge to inspectors of aging aircraft.  A frequently used measure of the 
reliability of a nondestructive evaluation method is the Probability of Detection (POD) 
which gives the probability of detecting cracks of various lengths and depths (or thinning 
of parts due to corrosion) under various inspection conditions.  In addition, another 
frequently used measure is the Probability of False Alarm (PFA) which gives the 
probability of detecting a flaw when none is really there. 
 

It is an arduous and expensive task to experimentally determine POD and PFA 
curves for the wide variety of available NDE methods.  Each method must be 
individually investigated for each specific material, application, and a variety of flaw 
types and sizes.  The results of the experimental determination of POD have been 
slowing building up a database of POD curves.  However, there is still an overwhelming 
amount of experimental work needed to determine POD curves for both the traditional 
and newly emerging NDE techniques applied to a wide variety of materials and 
structures.  In addition, there is a developing methodology that uses two or more NDE 
methods in a synergistic manner to perform an inspection.  The resulting data are then 
“fused” together to give an enhanced NDE result.  The POD of these data fusion methods 
also needs to be determined.  POD data are also extremely useful in selecting the best 
NDE technique for a given inspection, and for optimizing NDE procedures, hardware, 
and software. 
 
      It has been shown to a very limited degree that NDE measurements can be 
modeled or simulated in a computer to determine POD and optimize NDE methodology.  
In addition, the Nondestructive Testing Information Analysis Center (NTIAC) has 
compiled a POD Data Book for the limited amount of POD data available for aircraft 
inspection (it was last updated in 1996). 
 

Enhanced, computational POD and PFA capabilities have a number of additional 
payoffs.  These models can be used during part and process design to help optimize NDE 
capability for finished parts and systems.  NDE measurement methodology and 
procedures can also be optimized, the data can help validate NDE systems, and 
simulations can be used to help train inspectors. 
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2.0 Consortium Planning Meeting 
 

2.1  Objectives/Goals 
 

To address the issues discussed above, representatives from a number of federal 
agencies including the Air Force (AFRL NDE Program, Aging Aircraft Office, NDI PO, 
and AFOSR), the Navy (Aging Aircraft PO, ONR), NASA, and DOT (FAA, FHWA) 
expressed initial interest in participating in, or supporting, a consortium focused on 
advancing the technology base for modeling of POD for NDE. 

   
With financial support provided by the Air Force Research Laboratory NDE 

Branch, the FAA Technical Center, and the NASA NDE Branch, a meeting was 
organized by NTIAC to plan for the formation of a consortium to carry out a cooperative 
research and development program on Computational NDE for Modeling Probability of 
Detection. The agenda for the planning meeting was developed to reflect the “Strawman 
Consortium Plan” developed by NTIAC under an earlier Air Force sponsored project. 
This Strawman Plan is included in Appendix A. Based on the Strawman Plan, the goals 
of the meeting were developed to: 

 
 

• Review capabilities and applications/needs for modeling of POD 
• Define technical objectives, activities, and milestones of the proposed 

consortium including implementation of consortium results 
• Define potential technical consortium participants and their roles 
• Define organizational arrangement of the potential consortium 
• Define budgetary needs and potential funding sources for the proposed 

consortium 
• Define intellectual property arrangement for the proposed consortium 
• List conclusions of the meeting, action items, and a timetable for 

implementation of the proposed consortium 
 

2.2 Organization of Meeting 
 

 After discussion with the three sponsors of the meeting, it was decided to hold the 
meeting in Austin, TX on November 18-19, 2003.  Arrangements were made to utilize 
the facilities at the Lakeway Inn and Conference Resort in Austin.  In concert with the 
three sponsors a List of Potential meeting attendees was generated and information 
concerning the meeting was distributed by NTIAC.  The Invitation Letter and the List of 
Potential attendees are included in Appendix B.  The invitee list was generated to include 
potential users of POD modeling capability, potential financial supporters of the 
consortium, and potential technical contributors to the consortium’s technical activities.   

The twenty-six individuals listed on the next page attended the Consortium 
Planning Meeting.  As shown by this list there was good representation among 
government, industry and academia.  
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Al Broz FAA 
Bruce Thompson Iowa State University 
David Galella FAA 
Floyd Spencer Sandia National Labs 
Irving Gray NDE Technologies, Inc. 
John Aldrin Computational Tools 
John Bowler Iowa State University 
Kim Whitehouse Rolls Royce 
Lisa Brashe Iowa State University 
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Andy Washabaugh JENTEK Sensors, Inc. 
Jim Malas Air Force Research Lab 
Tom Yolken NTIAC 
George Matzkanin NTIAC 
Steve Cargill JENTEK Sensors, Inc. 
Dave Stubbs UDRI 
Wally Hoppe UDRI 
Al Berens UDRI 
Chuck Annis Statistical Engineering, Inc. 
Ward Rummel D&W Enterprises, Ltd. 
Claudia Kropas-Hughes Air Force Research Lab 
Jeremy Knopp Air Force Research Lab 
Bill Winfree  NASA 
John Liu NSWCCD 
Kevin Smith Pratt & Whitney 
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The meeting agenda, which is included in Appendix C, was developed to reflect 
the goals of the meeting and included the following topics: a review of recent and 
ongoing computational NDE and POD modeling activities; technology needs and 
potential overlaps that could move POD modeling to the forefront to meet future POD 
needs; defining and prioritizing goals and activities of the consortium; roadblocks and 
potential solutions to implement output of the consortium; organizational arrangements 
for the consortium; potential budgetary needs and potential funding for the consortium; 
summary of findings; and action items with timetable for implementation of the 
consortium.   

 
The meeting began with two overview presentations by Jim Malas and Bruce 

Thompson, and an informal talk by Ward Rummel on NDE Reliability, which served to 
set the stage for the rest of the meeting.  The goals and issues described above were then 
addressed in a series of discussion sessions.  A summary of Dr. Thompson’s overview 
presentation is included in Appendix D along with summary notes of the discussion 
sessions provided by Claudia Kropas-Hughes, Dave Galella, and Steve Cargill.  

 
3.0 Summary 
 

3.1  Priorities/Goals 
 

The meeting provided a forum for very active discussion among the participants.  
After considerable discussion on defining and prioritizing goals, the following 
prioritization/focus list for the proposed consortium was arrived at:  

 
1. Validation of models (flaw response) 
2. Totem pole of important factors  
3. Design a multi-point calibration 
4. POD transfer function; boundary conditions are important 
5. NDE engineering tools 
6. Model benchmarks 
7. Demonstration with existing data 

 
Some general comments voiced during the discussion of these issues include: 
 

• With respect to the role of models, there is a need to recognize that there are a 
lot of variabilities (e.g., flaw morphology) 

• The sensitivity of a model depends on the variability of input parameters 
•  There is a need for NDE engineering tools based on physics based models 

and/or empirical or semi-empirical models 
• Calibration is an important issue that needs to be based on more than one 

point, preferably three points 
• There should probably be a focus on aerospace considerations; it might be 

feasible to do both UT and EC for the calibration problem 
• Simulation tools are composed of both the model and input parameters 
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• The driver for this exercise is cost saving of doing POD! Some parts (e.g., 
RCC shuttle panels) are so expensive that it is not feasible to do a full POD 
study 

• There is a need to define limiting measurements to provide the needed 
information 

• POD transfer capability is very important 
 
Based on a show of hands from the participants, items numbers 1 and 4 above emerged as 
the primary focus issues.  However other comments suggested that numbers 1, 3, 5, 6, 
and 7 need to be done before doing number 4; also, it was suggested that numbers 3 and 5 
need to be done before the others.  So there was not a general consensus regarding 
prioritization. 
 
 One interesting discussion involved a definition for “POD.”  The meeting 
participants were asked to write down their definition of POD.  As can be seen by the list 
included in Appendix E, there was quite a variation in what constitutes this definition! 
 

3.2  Roadblocks/Solutions 
 
 The next issues tackled were those of roadblocks for a consortium to accomplish 
technical goals and potential solutions to these roadblocks.  This discussion is 
summarized below. 
 
 Roadblocks 

• Funding limitations 
• Consensus building (among experts) 
• Define useful benchmarking cases 
• Coordination of developments (a challenge!) 
• Agreement on what POD metric to focus on 
• Education of the NDE community 
• Access to data (Intellectual property issues) 
• Gathering appropriate data; large datasets 
• Having adequate specimens 
• Limitations of models 

 
Potential solutions 

• Availability of existing samples 
• A lot of information is publicly available (e.g., the FAA, the Air Force, 

etc.) 
• Enhance communication between modelers and the people who hold 

the data 
• Cost sharing (among government agencies and perhaps OEMs) 
• Establish a coordinator 
• Attract champions 
• Focus emphasis at major conferences (papers, sessions, etc.) 
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• Provide direction to basic research community (e.g., notch vs. crack; 
first principles vs. empirical modeling) 

 
Discussion at this point revolved around how to define success.  One comment 

was that success would result in a better, faster, and/or cheaper way of doing PODs.  It 
was suggested that an educated guess is that some 40 PODs are generated per year at an 
approximate ballpark cost of $100,000 each resulting in an aggregate cost of $4 million 
per year. If POD modeling could reduce this cost by only 25 % a savings of $1 million 
per year would result.  These savings are projected to be greater in the future as more 
complicated materials are developed and aging problems continue to grow.  It was also 
suggested that by focusing more in the structures area, accomplishments could be 
borrowed from what has been done in the engine area.  

 
3.3 Structure/Organization  

 
The following general structure was proposed for a consortium: 
 

• Need number of members (contributors) 
• Need a prime to lead and administer 
• Board of directors (from a technical point of view) 
• Technical staff from different organizations 
• Repository for software and data 
• Training on the modeling tools 

 
The following considerations were discussed in the context of the organizational 
structure: 
 

• Pass through costs on subcontracts are important issues 
• Money should go as directly as possible to the people doing the work 
• It’s important to show that a POD transfer function can work; this 

would be a sign of success if accepted by the community 
• The coordinator needs to be willing to seek out congressional funding, 

to seek out actual information, and to keep the ball rolling 
• Since congressional funding may not be realistic for several years 

there is a need for someone to take care of short term coordination 
• The Air Force could provide modest funding to keep the activity going 

in the short term 
 

After some discussion, it was decided by the group that the formation of a 
consortium was probably not feasible at this time and that the formation of a Working 
Group comprised of a subset of the meeting attendees, and possibly other potentially 
interested parties, could be a logical first step.  This Working Group would establish what 
should be done now and would serve as the basis for the longer-term activities.  The 
Working Group can formulate the ideas for the consortium (goals, structure, etc.) and 
agree on the basic goals to save costs.  Some of this could be done by sharing data among 
Working Group members.  It was decided by the group at the meeting that the Iowa State 
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University Center for NDE would be a logical choice to be coordinator of the Working 
Group and that NTIAC could assist in coordinating Working Group activities.  Potential 
members for the Working Group include representatives from: NASA, the AFRL, Jentek, 
Sandia, UDRI, the FAA, D&W Enterprises, ISU and NTIAC.  Discussion comments 
include the following: 

 
• The coordinator needs to keep the momentum going; information 

needs to be solicited 
• There are a number of success stories that have not been documented;  

the coordinator needs to zero in on these 
• Some sort of agreement regarding intellectual property needs to be 

worked out at an early stage; tools have to be made available to the 
community to be useful 

• It was suggested that it might be possible to start now with government 
generated information 

• Sharing of information and data is important 
• It should be possible to leverage the demonstrators already done by 

ISU 
• A lot of POD problems are coming down the road; and an array of 

tools are needed to deal with these 
• There is a need for the Air Force (and possibly also NASA and the 

FAA) to do a rigorous assessment of what their POD requirements 
really are 

• Existing data needs to be assessed and pulled together 
• A success is needed early on so progress can be demonstrated 
• The goal is to reduce experimental effort in PODs not necessarily 

eliminate it 
• Funding logistics are likely to be complicated 

 
4.0 Action Items 
 

• Summarize and distribute results of the Consortium Planning Meeting 
(NTIAC; 12/31/03). 

• Find initial increment of funding for the Working Group Coordinator 
(Malas, possible contributions from NASA and the FAA; 12/31/03). 

• Organize next Working Group meeting (ISU; 3/31/04). 
• Government agencies to develop coordinated roadmap and near term draft 

plan/prospectus (Malas, 3/31/04). 
• Formalize cost reduction statement (ISU, 3/31/04) 
• Distribute near term draft plan/prospectus (ISU, 3/31/04). 
• Comment on near term draft plan/prospectus (All, 4/30/04). 
• Document and distribute comments on the plan/prospectus (ISU, 5/31/04). 
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Coordinating existing data with model needs: 
 

• Review RFC data for applicability (UDRI/ISU; 3/31/04) 
• Assessment of POD requirements from each agency (ISU; 3/31/04) 
• Assess existing data in contract activities (ISU; 3/31/04) 

 
5.0 Final Discussion 
 

• Consider publicizing this activity outside of the assembled group; 
suggestions include doing this through the ASNT Reliability committee; 
also, ISU and NTIAC could disseminate through their channels 

• The nuclear people should be made aware of this activity (provide info to 
Steve Doctor) 

• OEMs should be informed ( e.g., Lockheed and Boeing) 
• In the long term it will be necessary to get companies to buy into this; 

need to show them how they benefit 
• There is a need to assess other issues coming down the road (e.g., POD of 

composites) 
• It’s important to continue meetings like this and keep discussion going 
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MODELING OF THE PROBABILITY OF DETECTION FOR 
NONDESTRUCTIVE EVALUATION 

 
SUMMARY 
 
 The formation of a Consortium is proposed to plan, financially support and 
carryout a cooperative research and development program for the modeling of Probability 
of Detection (POD).  The consortium would be comprised of representatives from 
various Government agencies, academia and industry.  The proposed Consortium would 
be administered and coordinated by NTIAC with technical leadership provided by a 
Board of Directors composed of consortium members.  The goal of the Consortium is to 
develop, validate and demonstrate a selected set of modeling capabilities with initial 
focus potentially on a single technique (to be determined by the Consortium) for NDE 
reliability.  The modeling capabilities would be broad enough in scope to persuasively 
demonstrate the great value of modeling POD.   

 
 
INTRODUCTION 
 
     Until recently, essentially all applications the POD concept have been empirical. i.e., a 
statistically significant number of samples are prepared with artificial or natural flaws and 
then experiments are preformed by number of operators to test the NDE technique.  With 
the advent of measurement models, however, the POD can be calculated for a specific set 
of conditions and verified with a limited number of experimental samples at a 
considerable cost savings and with a capability for predictable extension to other 
inspection conditions. 
 
      The impetus to advance the capability to model NDE reliability is increasing.  There 
is a demand for a large array of probability of detection (POD) data needed for a wide 
variety of nondestructive evaluation (NDE) techniques such as ultrasonic, x-ray, eddy 
current, thermography, acoustic emission, etc. These techniques are applied to many 
different materials systems.  Materials systems include metals, ceramics, and composites 
with polymer or metal or ceramic matrices.   
 
     Many federal agencies have need for POD data.  The DOD is experiencing increasing 
need for POD data for aging aircraft and other assets, the FAA also needs POD data for 
aircraft inspection, and NASA has needs for POD for inspection of aerospace 
components and vehicles. The DOT also has potential need for POD data for a variety of 
applications including bridge and highway inspection, inspection of the containers for the 
shipment of hazardous materials, and inspection of railroad systems.  DOE and the NRC 
also have a substantial need for POD data to inspect nuclear facilities and other 
applications.  In addition, industry has a wide array of POD data needs for manufacture 
and quality control of products.  
 

 



 

     Unfortunately, the cost to obtain this data by the convention means of using purely 
experimental data is becoming prohibitively expensive and time consuming.  This 
problem will be exacerbated by the continual development of new materials and systems 
and new NDE technology.  It should be mentioned that the Air Force NDI Program 
Office at Tinker Air Force Base has been sponsoring a successful development effort 

d at lowering the costs to obtain experimentally derived POD results. aime
           
     However, emerging science and technology over the last fifteen years has provided a 
spring board that can be used for the development of comprehensive modeling science 
and technology to determine the reliability or POD of nondestructive evaluation 
measurements.  POD modeling capability can be used to: 
 

• Replace, to a large degree, costly and time consuming experimental 
programs for prediction of NDE reliability 

• Improve component design and definition of the life cycle 
• Optimize and validate NDE hardware and procedures 
• Develop and quantify improved physical calibration standards 
• Provide an NDE simulator for training and education 

 
       A very limited number of models have been developed to determine the reliability of 
NDE measurements.  These models are, in general, based on or composed of two or more 
computational models.  The first model is a physical model of the NDE measurement and 
this is combined with the second model, a statistical model that corrects for signal noise. 
etc.  The modeling of human factors based on a physical model is currently too difficult 
to fully accomplish.  However, a parametric correction for human factors has recently 
been applied to some models. 
 
     The rapid increase in both hardware and software computational capability has 
provide part of the methodology needed for effective and efficient modeling of POD.  
The other major advance, the emergence of physical models for the various NDE 
methods including ultrasonics, eddy currents, and x-ray radiography in a format for 
computer simulation of the measurements has provide the other major component needed 
for POD modeling.  Work has been completed on some models for various types of 
thermography, other electromagnetic methods and thermal wave imaging, but these 
models need to be put into a computational format for computer simulation of the 
measurements and modeling of POD. 
 
     The seminal papers on modeling of NDE measurement reliability began to appear in 
the late 1970s and 1980s. During the 1990s advances continued with research efforts on 
modeling of NDE mainly centered at the Iowa State University in the United States and 
at the National NDT Centre, Harwell, United Kingdom [see Probability of Detection 
(POD) for Nondestructive Evaluation (NDE), NTIAC-TA-00-01, August 2001, page 21-
44].    However, this modeling capability has been very slow to expand and find 
widespread use. 
 

 



 

     In order to enhance the modeling for POD capability and to stimulate its wide spread 
acceptance and use, the Nondestructive Testing Information Analysis Center (NTIAC) 
proposes to form a Consortium to plan, financially support, and carryout a cooperative 
research and development program on modeling of NDE reliability or POD.  The 
Consortium will be comprised of representatives from various Government Agencies, 
academia, and industry.   The proposed Consortium will be administered and coordinated 
by NTIAC with technical leadership provided by a Board of Directors composed of 
Consortium members.  Technical staff from a variety of research organizations will 
participate in the modeling activities supported by the Consortium and NTIAC will serve 
as a repository to distribute and maintain the software developed.  
 
     Representatives from a number of federal agencies including the Air Force, the Navy, 
the FAA, and NASA have shown initial interest in participating in, and/or supporting, a 
Consortium for the modeling of NDE reliability.  
 
PROPOSED CONSORTIUM ACTIVITIES 
 
     The initial proposed technical goals and activities of the Consortium are outlined here.  
These goals and activities are focused so that the consortium can complete its mission in 
about three years. The actual goal and detailed activities will be finalized at the 
workshop-planning meeting of potential consortium members. 
 
 Goal:  To develop, validate and demonstrate a selected set of modeling 
capabilities with initial focus on a single technique (ultrasonics?) for NDE reliability.  
These modeling capabilities will be broad enough in scope to serve as a persuasive 
demonstration of the great value of modeling of NDE reliability. 
 
 Activities:  (To be detailed at the consortium-planning meeting and finalized by 
consortium board of directors/steering committee) 
 

• Select an existing structural component or set of components that have 
well characterized flaws for use as test bed samples.  An example of this is 
the aircraft components that have been very well characterized and are 
used at the Aging Aircraft Center at Sandia. 

• Select an NDE method (ultrasonics?) for modeling of NDE reliability. 
• Model NDE method reliability/POD for a limited number of flaws and 

validate via NDE measurements and known flaw sizes.  Models will be 
put into a user-friendly form that is suitable for NTIAC to make available 
to others and maintain. 

• Utilize modeling capability developed to determine and demonstrate that 
the NDE reliability/POD can then be determined for parts with different 
geometry and different flaw shapes or types. Validate results with NDE 
measurements and know flaw sizes. 

• Put models into a prototype archival library at NTIAC 
 
 

 



 

CONSORTIUM OPERATIONAL STRUCTURE: 
 

• The proposed consortium will be administered and coordinated by NTIAC 
with technical leadership provided by a board of directors comprised of 
consortium participants. 

• Technical staff from a variety of research organizations will work together 
in a team/distributed research effort. 

• NTIAC will serve as a repository to distribute and maintain the software. 
• NTIAC would help disseminate the results from the consortium’s efforts 

and be the focal point for training of POD modeling tools using the 
consortium researchers and others as instructors. 
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INVITATION 
 

PLANNING MEETING FOR THE FORMATION OF A CONSORTIUM ON 
COMPUTATIONAL NDE FOR MODELING POD  

 
November 18-19, 2003 

Austin, TX 
   
      You are invited to a planning meeting to establish a consortium for carrying out a 
cooperative research and development program on Computational NDE for Modeling 
Probability of Detection.  This planning meeting is sponsored by the Air Force Research 
Laboratory-Nondestructive Evaluation Branch, the Federal Aviation Administration-
Technology Center, and the National Aeronautical and Space Administration-Langley 
Research Center-Nondestructive Evaluation Branch.  The DOD Nondestructive Testing 
Information Analysis Center, which is operated by Texas Research Institute/Austin 
(TRI/Austin), has been requested and funded by the sponsors to conduct this planning 
meeting.  Please see the Summary section in the Strawman Plan enclosed for a short 
description of the proposed Consortium. 

      The meeting will be held in Austin, Texas on Tuesday, November 18 and 
Wednesday, November 19, 2003.  The venue for the meeting is the Lakeway Inn and 
Conference Resort.  Information regarding lodging and other details is attached.  
There will be a modest registration fee of $75 (which may be paid at the meeting) to 
cover meeting costs including: meeting room, coffee breaks and lunch on both days. 
A no-host dinner will be arranged for Tuesday evening.  Based on discussion with 
the meeting sponsors, and researchers currently involved in this technology area, a 
list of invitees has been prepared to achieve a balanced attendance from a variety of 
organizations, including potential funding agencies, technology participants, and end 
users.   

 
Kindly see the enclosed agenda, Strawman Plan for a Consortium on 

Computational Nondestructive Evaluation (NDE) for Modeling Probability of Detection 
(POD), and the list of invitees to the planning meeting.   

 
Please contact one of us if you have any questions about the meeting. If you have 

questions concerning arrangements, please contact Ms. Anita Blair at TRI/Austin, 415 
Crystal Creek Dr., Austin, TX 78746; phone: 512-263-2101, ext. 206; email: ablair@tri-
austin.com. 

 
Sincerely, 
 
 
George Matzkanin 
Director, NTIAC 
Telephone: 1-800-NTIAC39 or 
512-263-2106 
e-mail:  matzkanin@ntiac.com 
 

H. Thomas Yolken 
Associate Director, NTIAC 
Telephone: 301-605-0522 
e-mail: yolken.tri@erols.com 

 



List of Invitees 

 
Jan Achenbach 
Northwestern University 
Department of Civil Engineering 
Catalysis Bldg., Rm. 324 
2137 N. Sheridan Rd. 
Evanston, IL 60208-3020 
Phone: (847) 491-5527 
Fax: (847) 491-5227 
E-mail: achenbach@nwu.edu
 
John Aldrin 
Computational Tools 
6797 Roanoke Ct. 
Gurnee, IL 60031 
Phone: (847) 855-7934 
Fax: (847) 855-7903 
E-mail: aldrin@computationaltools.com
 
Jay Amos 
Cessna Aircraft 
P.O. Box 7704, MS 1 
Wichita, KS 67215 
Phone: (316) 517-7394 
E-mail: jmamos@cessna.textron.com
 
John Bowler 
Center for NDE 
179 Applied Sciences Complex II 
1915 Scholl Road 
Ames, IA 50011-3042 
Phone: (515) 294-2093 
Fax: (515) 294-7771 
E-mail: jbowler@cnde.iastate.edu
 
Lisa Brasche 
Center for NDE 
185 Applied Sciences Complex II 
1915 Scholl Road 
Ames, IA 50011-3042 
Phone: (515) 294-5227 
Fax: (515) 294-5227 
E-mail: lbrasche@cnde.iastate.edu
 
Alfred Broz 
Federal Aviation Administration   
ANE-105 N 
12 New England Executive Park 
Burlington, MA 01803-5213 
Phone: (781) 238-7105 
Fax: (781) 238-7199 
Alfred.l.broz@faa.dot.gov
 

Richard Burkel 
GE Aircraft Engines 
1 Neumann Way  
Mail Drop Q-8 
Cincinnati, OH 45215 
Phone: (513) 552-4715 
E-mail: richard.burkel@ae.ge.com
 
John Deloach 
Naval Surface Warfare Center 
Carderock Division 
Code 615 
9500 MacArthur Blvd. 
West Bethesda, MD 20817-5700 
Phone: (301) 227-4996 
Fax: (301) 227-5576 
E-mail: deloachjj@nswccd.navy.mil
 
Steven Doctor 
Battelle Northwest Laboratories 
P.O. Box 999 
Richland, WA 99352 
Phone: (509) 375-2495 
Fax: (509) 375-6736 
E-mail: steven.doctor@pnl.gov
 
Tony Dunhill 
Rolls-Royce, PLC. 
NDE Laboratory 
Mail Code EW5/8 
Bristol, VIC BS347QE 
UK 
Phone: (44) 1179-795994 
E-mail: Tony.dunhill@rolls-royce.com
 
Robert Ernst 
Navair Systems 
Phone: (301) 342-2203  
E-mail: ernstrp@navair.navy.mil
 
Timothy Fitzsimmons 
Engineering Physics Programs 
Materials & Engineering Physics Team, 
SC-131 Division of Materials Science & 
Engineering 
U.S. Dept. of Energy, SC-13/GTN 
1000 Independence Ave., S.W. 
Washington, D.C. 20585-1290 
Phone: (301) 903-9830 
Fax: (301) 903-9513 
E-mail: tim.fitzsimmons@science.doe.gov
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AGENDA 

 



 

Agenda 
 

PLANNING MEETING FOR THE FORMATION OF A CONSORTIUM ON 
COMPUTATIONAL NDE FOR MODELING POD 

 
November 18-19, 2003 

Austin, TX 
 
Tuesday, November 18  
 
 8:30 to 9:00 AM ………Registration with coffee, tea and rolls 
 

9:00 to 9:20 AM ……….Welcome, introduction of attendees, review of agenda and goals 
of meeting. 
 
9:20 to 9:40 AM………Overview Talk # 1. “Modeling of POD/Applications and Needs”, Dr. Jim 
Malas, NDE Branch Chief, Air Force Research Laboratory 

 
9:40 to 10:05 AM ……….Overview Talk #2. “Review of Important Results and Ongoing 
Computational POD and NDE Modeling”, Dr. Bruce Thompson, Director, Iowa State 
University Center for NDE. 
 
10:05 to 10: 25 AM………NDE Reliability, Mr. Ward Rummel, D&W Enterprises, Ltd. 

 
10:25 to 10:50 AM ……...Coffee Break 
 
10:50 to 11:45 AM …….. Discussion of needs in technology, including gaps and potential overlaps.  
Focus discussion on a potential consortium that could move modeling of POD to the forefront in 
meeting future POD needs. 
 
11:45 to 12:00 Noon …… Rapporteur – Summary of morning session. 
 
12:00 Noon to 1:00 PM …..Lunch - Served in Travis Restaurant. 
 

1:00 to 2:00 PM ..…………Discussion to define and prioritize goals, objectives, and activities for the 
consortium including milestones and outputs. 
  

2:00 to 3:15……………Discussion of roadblocks and potential solutions to implement output of the 
consortium. 
 
3:15 to 3:30 PM …………..Coffee Break 
 
3:30 to 5:30 PM …………..Optional tour of Texas Research Institute (TRI)  
 
6:30 PM ………………Dinner (No-Host at Lakeway Conference Center; Llano Room) 

 



 

 
 
 
Wednesday, November 19 
 
 8:00 to 8:30…………………Coffee, tea and rolls  
  

8:30 to 8:35……………….Introduction to this morning’s activities. 
 
8:35 to 8:50………………. Rapporteur – Summary of  
Tuesday afternoon session. 

 
8:50 to 9:25 AM ……………. Discussion to define organizational arrangements and 

structure for consortium (including intellectual property). 
 
 9:25 to 10:00 AM …………….Discussion to determine budgetary needs for consortium. 
 
 10:00 to 10:20 AM ……………Coffee Break 
 

10: 20 to 11:30 AM …………..  Discussion of findings and action items and 
determination of tentative timetable for implementation. 

 
 11:30 to 11:45 Noon ………….  Rapporteur – Summary of morning session 
 
 11:45 Noon to 12:15 PM …………Wrap-up Discussion and adjourn 
 

12:15 PM  to 1:15 PM……………Lunch - Served in Travis Restaurant. 
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USING COMPUTATIONAL MODELS TO ASSIST IN POD DETERMINATION 
 

POD Consortium Planning Meeting 
Austin, Texas, November 18, 2003 

 
R. Bruce Thompson 

Center for Nondestructive Evaluation 
Iowa State University 

Ames, Iowa 50014 
 

Summary: 
 
As an engineering metric, POD has multiple uses.  Input to lifing/inspection interval decisions 
can be provided, the relative effectiveness of various inspection strategies or operators can be 
indicated, and the most important factors to control in an inspection can be selected.  The goal of 
the use of models is to reduce the time and cost in POD determinations, often by reducing the 
required number of samples and measurements.  In the case of lifing applications, considerable 
progress has been made towards these goals based on a modular approach.  This is allowing the 
numbers of measurements to be reduced and the portability of POD determinations to be 
increased.  However, limited empirical measurements aimed at assessing effects of such factors 
as human performance and flaw morphology are still required. 
 
POD is fundamentally controlled by signal strength and its variability.  The strategy for using 
models is to predict the ideal signal strengths and the components of the variability that are 
controlled by well-understood physical factors.  A set of generic steps include identification of 
those factors, developing and verifying the appropriate model, using the resulting simulation 
tools to predict mean responses and the components of variability controlled by well understood 
physical phenomena, and quantifying additional sources of variability.  
 
An ultrasonic case history was discussed associated with the detection of hard-alpha inclusions 
in titanium billet.  Included were the results of a demonstration in a laboratory setting, the 
application of the modular approach for POD determination to the inspection of titanium billet in 
the production environment, and use of models in studies to assist in the determination of the 
sensitivity of inspections to various factors.  Among the factors studied were misalignment of the 
probes, non-ideal transducer characteristics, deviations of the billet surface from the assumed 
cylindrical geometry, calibration errors, and the effects of inhomogeneous noise.  One outcome 
was the identification of a possible dead zone at the center of a billet if the probe alignment is not 
controlled with very high tolerances. 
 
A number of related possibilities and comments were presented.  It was noted that the results of 
tabulated POD studies are not always applicable to new situations.  For example, “firefights” 
sometimes are encountered in which defects are found in materials or geometries that are 
different from those in which POD studies have been conducted and the requirement for a rapid 
resolution does not permit a traditional POD study.  There is a need to develop procedures that 
will allow the combination of the results of limited experiments to capture essential human factor 
data with model-based predictions of the consequences of other factors.  In the context of eddy 

 



 

current NDE, it was suggested that models could be used to guide curvilinear regression and to 
assist in the transfer of POD knowledge from one set of circumstances to another.   
 
It was noted that POD-related metrics such as the detectability of a defect (taking into account 
fundamental limitations on detection but not all sources of variability contributing to POD) have 
important applications in designing inspections and that image-based detection of defects is 
becoming of increasing importance, requiring new POD approaches.  These points were 
illustrated by a series of examples based on X-ray NDE. 
 
Included in the conclusions of the paper were the observations that simulation tools are reaching 
a significant level of maturity, procedures have been developed to use them in POD 
determinations for lifing applications (requiring limited empirical data to treat human factors and 
flaw morphology), many other uses of POD-related information exist that can be strongly aided 
by models, and generalization to image-based measurements is increasing in importance.  
 

 



 

Claudia Kropas-Hughes Notes 
 

Planning Meeting for the Formation of a Consortium on Computational NDE for modeling POD 
Tuesday, November 18, 2003 

Morning Session 
 
NTIAC Introduction 
NTIAC is a contract that will be ending within the time frame of this consortium.  Tom Yoelkin 
and George Matzkanin are confident that the work currently underway in NTIAC will be 
continued in the replacement IAC: Advanced material and manufacturing IAC. 
 
Dr. James Malas, AFRL/MLLP:  Presentation on "POD Needs for NDE Reliability into the 
future" 
 
.  POD is THE figure of merit in NDE today 
.  POD analysis are very high cost and therefore options and alternative approaches are needed 
.  Options: 
 Process where we can take existing POD studies and extend to a broader cross section of 
similar inspections. 
 Creation of POD "equivalents" that would be valid and acceptable to users. 
.  A simple example/challenge to the group 
 Derive a modified POD from a known/in-use POD study 
 ie. Take the RFC/EC probe POD as known - then create an expected POD for another 
probe, then provide validation from the automated system 
.  Does NOT imply an elimination of good data acquisition.  However, we need to drive down 
the cost/expense of the POD analysis, and key would be more thoughtful acquisition of data. 
.  Good POD data has human factor/supervisory uses as well. 
 
Dr. Bruce Thompson, ISU:  Presentation "Using Computational Methods to Assist POD 
Determination" 
 
.  Need to be clear on the definition of POD to know what models can assist in the analysis.  
POD is an inspection metric with many uses and interpretations. 
.  Empirical measurements will ALWAYS be required, especially for human factors and flaw 
morphology. 
 Models can show a systematic method/approach for determining data requirements 
.  There are different sources of variability;  each source of variability must be recognized to 
determine the best use of models. 
.  Models are used for simple problem spaces, and an heirarchical approach is used to integrate 
the simpler modeels together for a more complex problem. 
.  Sensitivity is linked to parameter variability and the POD can vary significantly per parameter. 
.  Image based measurements are getting much more important 
 
 
 
 
 

 



 

Ward Rummell, Presentation "NDE Reliability" 
 
.  Short term objectives should be tools for 
 Simulation - to help validate inspectors and inspection procedures 
 Tools for issues associated with size of transducer versus size of reflector 
 Tools for issues associated with flaw length versus flaw depth 
.  Regarding POD and Reliability 
 Need to have a common definition/understanding of POD, signal and noise. 
 Calibration is typically performed as a single point on the a/a-hat curve.  This calibration 
needs to revalidate the ideal a/a-hat curve at more than 1 point, at least 3 points. 
 Need metrics on probes, to include probe variability and using modeling to address; or 
make probes more reliable, consistantly. 
 
Discussion on Objectives of the consortium: 
 
Lead by Bruce Thompson 
 
Need to agree on definition of POD. 
 
Bruce has provided the many ways in which POD is used as an inspection metric. 
 
POD (Al Berens, Ward Rummell)= given a fixed population of flaws and discontinuiut of the 
same size is the the percentage I can detect by the inspection system.  % of cracks that will be 
detected from a fixed population of flaws/discontinuities of the same size. 
 
90/95 was determined at a bar one night - per Ward, ML, Jack Lincoln. 
 
POD consensus is to use Al's definition and to have him include rejection and function in the 
definition. 
 
Bruce suggestions to decide on goals of this meeting. 
Consortium issues to be worked: 
 POD inspection metrics 
 Training simulators 
 NDI improvements:  calibration, sensitivity studies, basis capabilities. 
 
Steve Cargill suggestion:  we seem to be stumbling because we have taken off more than we can 
obtain.  Steve suggestion:  look at a specific application for aerospace, and a lifing situation 
instead of the 3 suggestions already provided.  Steve suggests one method at a time. 
 
Another suggestion is to do 2 parrallell paths, one on UT and one on EC.  This means dual use. 
 
Al Berens suggests a topic on the RFC system, since he has incredible amounts of data for the 
RFC, namely a and a-hat. 
 
Bruce points out the level of sensitivity studies needed for this data.  AND the fact that a lot of 

 



 

label information is also required, ie specific probe information, etc. 
 
Dave Stubbs suggests the transfer of previously obtained POD data and extrapolating/transfering 
to another/similar application.  (Same as Jim Malas suggestion.) 
 
Summary Needs/Objectives of the Morning Session: 
 
Group needs to decide what parameters need to be reported. 
 
Group needs to decide what data to use. 
 
Group needs to decide on single or dual NDE paths. 
 
Group needs to decide on actual initial task to show success of this approach: sensitivity studies, 
extrapolated POD study, parameter variability study, etc. 
 
Group needs to address validation of models, to establish of ranges of validity and robustness of 
parameters.  This will include all participants instead of just a smaller subset for a specific 
project, with a particular NDE methodology. 
 
 
Discussion of prioritization of needs objectives: 
 
Lead by Ward Rummell 
 
List of project potentials: 
 
Training simulators: for inspectors and inspection procedures 
 
NDE Improvements: calibration, sensitivity studies, ?? Capability 
 
Validation of Models 
 
POD as an Inspection Metric:  lifing//inspection interval decisions; input to establish initial 
defect distributions;  indicator of the relative effectiveness of various inspection strategies; 
measure of fundamental capability of a measurement technique;  a guide to selecting the most 
important factors to control an inspection;  a measure of thee relative performance of inspectors. 
 
 
Prioritization/Focus is: 
 
 Validation of Models 
 Calibration of POD, by more than one point 
 Totem pole of important factors for models/inspections. 
 Design of Multi-Point calibration 
 POD Transfer - boundary conditions 
 NDE Engineering Tools: physics based models, empirical or semi-empirical models. 

 



 

 
   
 
Summary from Wednesday Morning Session Based on Notes Taken by Dave Galella. 
 
Waled Hassan lead a group discussion to better define the organization and workings of a POD 
Consortium.   
 
It appeared that there were many more questions than answers regarding the structure and how 
such a consortium would operate.  Al Broz suggested that the creation of a POD Consortium was 
probably not feasible at this time.  He suggested that a subset of the meeting attendees could 
comprise the core of a working group that could focus on answering many of the questions prior 
to the establishment of a formal consortium.   
 
It was suggested that an organization be identified which could take on the role of a coordinator.  
The coordinator would be responsible for assisting the working group in maintaining 
momentum, planning, and organizing our efforts.  After some discussion, it was decided by the 
group that Iowa State University Center for NDE would be a logical choice to serve as 
coordinator and that NTIAC would possibly assist.  The group as a whole seemed to agree with 
this decision.  Preliminary discussion indicated that funding of the coordination activities could 
be split among USAF, FAA, and possibly NASA.  A target date of December 31 was chosen to 
award this contract.  Some specific duties of the coordinator were further discussed.  These 
included organizing government agency POD requirements, coordinating other POD modeling 
research, and possibly working a near term calibration issue. 
 
It was suggested that future working group meetings could be coordinated with ISU’s Center for 
NDE semi-annual meetings since many of the members would participate in both.   
 
Bruce Thompson asked that group members send existing empirical POD information to him so 
it could be organized and compiled into success stories upon which to build a case in support of 
the consortium.  Steve Cargill offered that ASNT has a working group that could possibly assist 
with these success stories. 
 
There was a brief discussion on intellectual properties to identify some of the potential issues.  
Possibly a common non-disclosure agreement (NDA) could be developed.  Lisa Brasche offered 
to share existing NDAs developed during the FAA-ETC program.  Someone suggested that using 
existing, available government data would initially avoid intellectual property concerns. 
 
Steve Cargill lead a session to review our findings and to list action items.   
 
Among the findings: 
 

• A working group, instead of an established consortium, is appropriate at this time. 
• ISU’s Center for NDE would be the lead coordinating contractor to assist in planning and 

moving the group toward a consortium. 
• Some initial funding would be required for the coordinator 
• Models offer significant cost reduction 

 



 

• The primary interest is for both an eddy current and ultrasonic study  
• The goal should be to reduce experimental efforts, not completely eliminate them 
• Some existing data sets should be revisited for applicability to a modeling study 

 
Action Items: 
 
 Action     Due Date  POC 

• Fund initial coordinator work  12/31/03  Malas 
• Distribute meeting summary  12/31/03  NTIAC 
• Rapporteur Summaries  12/01/03  Various 
• Near-tem draft plan   03/31/04  ISU 
• Comment on draft plan  04/31/04  All 
• Document and distribute comments       ?   ISU 
• Organize next meeting  03/31/04  ISU 
• Formalize cost reduction statement 03/31/04  ISU 
• Gov’t agencies coordinated roadmap 03/31/04  Malas?? 
• Review RFC data for applicability 03/31/04  UDRI/ISU 

 
Meeting Concluded 
 

 



 

 
POD Consortium Kick-off Meeting 

November 18 & 19, 2003 
Austin, Texas 

Cargill’s Summary to TRI 
 

Andy Washabaugh and I attended this meeting for JENTEK Sensors.  It is our position that eddy 
current inspection should be top priority for the group.   JENTEK Sensors wants to be a key 
player in this activity.   We hoped to use the meeting as a forum to plan a near-term 
demonstration of the latest in modeling of flaw response and NDT reliability statistics, as well as 
formulate a working plan for a consortium of researchers and applications groups.  We were 
disappointed that didn’t happen, even though some of the best minds in the country gathered and 
offered the best in archived data to demonstrate the fruits of almost 30 years of modeling 
activities.  Floyd Spencer, Al Berens and Chuck Annis all expressed their desire to assist in a 
modeling demo, including providing statistical means to simulate any necessary inputs that 
might currently be lacking.  The next meeting will be held in conjunction with the ISU/CNDE 
semi-annual review in the spring of 2004. 
 
FINDINGS 
 

• We now have a “working group” in place, not a consortium. 
• Working group leader is ISU, with Bruce Thompson as focal point. 
• Some funding is required to keep the working group active. 
• AFRL, Jim Malas, will take the lead to obtain funding for coordination, while FAA and 

NASA pledged support. 
• Modeling offers significant cost reduction potential. 
• Few opportunities exist for testing models with existing data. 
• Primary interest is in UT and eddy current technologies. 
• Need a well-planned experimental effort to produce all necessary data to exercise models. 
• Goal is to reduce experimental effort in demo, not eliminate it. 
• Funding logistics are complicated, requiring more coordination by the interested 

agencies. 
• Near-term goals were listed and prioritized in the meeting.  These will be delivered by 

TRI with meeting minutes. 
• Issues and some paths for resolution were also listed at the meeting and will be detailed 

in the minutes.    
 
ACTION ITEMS 
 

• Summarize and distribute results of this meeting (TRI, 12/31/03). 
• Find initial increment of funding for WG leader (Malas, 12/31/03). 
• Organize next meeting (ISU, 3/31/04). 
• Government agencies to develop coordinated roadmap to be sent with draft prospectus 

(Malas, 3/31/04). 
• Formalize cost reduction statement (ISU, 3/31/03) 
• Distribute draft prospectus (ISU, 3/31/04). 

 



 

• Comment on draft prospectus (All, 4/30/04). 
• Document and distribute comments on prospectus (ISU, 5/31/04). 

    
Findings and action items may be modified in the minutes as a result of discussion during the 
wrap-up session.  
 

 



 

 
 
 

APPENDIX E 
 

DEFINITIONS OF “POD” PROPOSED BY MEETING PARTICIPANTS 
 
   
• Probability of finding a flaw of particular size with a given instrument under given 

conditions. 
 
• Graphical depiction of what flaws I can’t miss to what flaws I can’t see. 
 
• POD = Correct answer/number of successes divided by number of total measurements/calls 

(for a given inspection task on known faults or faults detected by sectioning). 
 
• Number of defects detected by number of defects in inspected population. 
 
• Measure of probability that a defect that is there will be detected. 
 
• Probability of detection of NDI inspection procedure is the probability under specified 

conditions. This requires a full specification of the conditions and the sources of variability 
that induces the variation. Understanding the variations results in a proportion of finds or a 
function of size or possibly other variables. 

 
• POD is the reliability of an inspection protocol in a formalized technique known to Ward and 

A.C. Berens. Percentage of detection. 
 
• Mathematical assessment of the performance of a specific inspection method. 
 
• Capability of NDE technique. 
 
• Snap shot (in time) of inspection capability for a specific procedure and application. 
 
• Probabilistic capability of detecting a given flaw size range with a given instrument system. 
 
• Statistically quantified cumulative probability function of the likelihood of rejecting a given 

defect type with a given NDE technique. 
 
• POD is the probability of detecting a flaw of a given size, composition, location…….. 

against a background noise of …….It is a function not a point. 
 
• The statistically significant results that predict the detection capability of a system for a large 

population of defects over a large number of detection opportunities. 
 
• The total reliability of an NDE determination with statistical metrics. 

 



 

 
• A statistical approach at determining an NDI inspection’s capability for future use by others. 
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