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Abstract 

Since the year 2000, automated ultrasonic testing (AUT) systems used for inspection of pipeline girth welds have 

been qualified by DNV in accordance with OS-F101 using, amongst other things, probability of detection (POD) 

curves to quantify the reliability of the system.  Several software tools have become available to calculate the 

POD curves.  One that has been around for some years seems to have not been recognised for its applicability to 

pipeline AUT system reliability qualifications, is Civa.  Civa has traditionally been associated with modelled 

simulations of inspection reliability.  This paper illustrates how Civa can be used with real data derived from 

field qualifications. Examples of POD curves are illustrated using data collected from actual AUT qualifications.  

Additionally, the ability to use the Civa POD tools for the Probability of Rejection (POR) process is also 

provided.  
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1.  Introduction 
 

Since the year 2000, automated ultrasonic testing (AUT) systems used for inspection of 

pipeline girth welds have been qualified by DNV in accordance with OS-F101 [1].  Details of 

the qualification process in that standard were found in Appendix E.  DNV OS-F101 has been 

updated several times and the most recent edition is DNVGL ST-F101 [2] where the 

qualification process is still found in Appendix E; however, with much more detail than in the 

initial 2000 edition.   

 

Qualification of an AUT system is based on two main aspects; 

1. Repeatability 

2. Reliability 

 

Repeatability tests are used to assess the system’s ability to provide temperature consistency, 

beam and delay law consistency, mechanical stability and electronic interference sensitivity.   

 

The purpose of reliability tests is to quantify probability of detection (POD) and sizing 

accuracy of an AUT system/procedure.   

 

In the earliest qualifications, DNV oversaw the process and gathered results of the 

qualification scans on test welds.  Based on a review of the operator’s analysis of the relevant 

ultrasonic signals, i.e. signals over a pre-defined amplitude threshold identified as flaws; the 
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data were analysed for length, depth and position along the circumference of the weld.  From 

the list of flaws identified, a selection was made for removal, sectioning and polishing for 

macro-photos.  The purpose of the macro-photos was to obtain the truth value for the flaw 

size (height). A sufficient number of flaws was required to provide a statistical analysis that 

could be used to indicate the reliability of the system and ensure that the evaluation threshold 

was suitable to ensure that critical flaws were detected.  

 

Using the AUT system results (i.e. amplitude of selected indications and the actual flaw sizes 

as determined from the macro-photographs) DNV then derived POD curves to establish the 

reliability of the system and the evaluation threshold required to ensure that a critical flaw size 

was detected with a high degree of confidence.  

 

In later years other options for deriving the POD curves became available.  In 2005 Materials 

Research Institute introduced STATUS software, a template based on Microsoft Excel®, 

specifically designed to address DNV qualification requirements.  This provided opportunity 

for those working on AUT qualifications to assess their own reliability and generate their own 

POD curves.  However, after several updates to Excel® the STATUS template was no longer 

compatible with the newer versions of Excel®.   

(Note: a comprehensive stand-alone version, STATUS-5, is now available from Eclipse 

Scientific https://www.eclipsescientific.com/software.html) 

 

Around 2007 Charles Annis (https://statistical-engineering.com/) was updating the Military 

Handbook (Mil-HDBK-1823A) [3].  Although this could have been used to generate the POD 

curves required for DNV qualifications, it did not get much use in the pipeline girth weld 

inspection qualifications.  

 

Shortly after that, the CEA (Commissariat à l’énergie atomique) incorporated a POD module 

in the 2011 edition of Civa simulation software, Civa 10.0.  This module was ideal for 

probabilistic studies in the Civa simulations.  And although Civa has since been used in 

several papers describing the pipeline zonal discrimination technique [4,5] the POD module 

was not used in the development of these papers.   

 

Civa POD analysis on simulations of parametric studies has been documented [5, 6, 7]; 

however, the ability to use real experimental results in the POD module in Civa seems to have 

been overlooked by Civa users.   

 

Having recognised that experimental data could be imported and analysed to produce POD 

curves in Civa, the authors have gone back to earlier AUT system qualification data to 

generate POD curves in Civa from the real (not simulated) data.  

 

This paper illustrates how the process is done and the results obtained for two separate 

projects.  
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2. Experimental Qualification Data 
 

Experimental results from two qualification projects were selected to evaluate the ability of 

the Civa POD tools to provide reliability information in the manner typically used for a DNV 

pipeline zonal discrimination qualification.  

 

Ideally, responses used in a POD assessment are taken from a very limited set of conditions 

that are essentially identical with respect to flaw type and instrument settings.  However, it 

has become accepted practice in DNV qualifications of automated ultrasonic inspection 

systems to combine the responses from all zones.  This means that the responses from flaws 

located at or near the inside surface, the outside surface and midwall of the weld are all used 

in the reliability test.  Caution is taken to limit the indications used to those occurring at the 

fusion line.  Flaws detected by TOFD or the volumetric channels (such as porosity and 

interpass nonfusion) are not used in the analysis.   

 

Projects selected for this report were; 

1. J-bevel 24 inch diameter 19.1mm wall thickness GMAW/FCAW weld (2014 

qualification) 

2. J-bevel 20 inch diameter 15.9mm wall thickness GMAW weld (2012 

qualification) 

The 19.1mm wall thickness qualification was selected to illustrate the use of the Hit/Miss 

POD tool because it conforms to the recommendation in Mil HDBK01823 to have 60 samples 

or more if using a binary, hit/miss response. Over 90 different samples were available in the 

19.1mm wall thickness qualification data.  

 

Mil HDBK-1823 recommends at least 40 targeted sites be used for a POD if the system 

provides a quantitative target response, â.  The 15.9mm wall thickness qualification data set 

consisted of only 31 samples; however, the data was seen to conform to the regression 

requirements so was selected for the â vs a (or signal response method in Civa).  Because 

there was a reasonable relationship between flaw size and estimated fla2w size, this data was 

also used to illustrate how the concept of POR (probability of rejection) could be derived 

using the Civa POD tools.   

 

 

3. Importing Data to Civa POD Module 
 

When using experimental results with the Civa POD tools it is only necessary to produce 2 

columns of numeric values in an Excel (97) format (i.e. *.xls).  In column A we place the flaw 

size as determined from slicing, polishing and macro photography.  In column B the 

amplitude of the flaw response is reported.  Data entry begins on Row 1.  When Civa imports 

the tabulated data, it assigns a column for item numbers and another column with a toggle box 

that allows the user to delete items used in the POD calculation.  This toggle box allows the 

user to omit obvious outliers or inappropriate data points.  Civa then adds Columns labelled 

“a” and “â” which duplicate columns A and B in the Excel data.  
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Figure 1 Spreadsheet data flaw size and amplitude (in %) is processed into columns 

in Civa POD Tools 

 

Immediately upon importing the data a plot appears and the analysis options are provided.  

The method of analysis (Signal Response or Hit/Miss) determines the options available.  

Thresholds are adjustable for detection level and reference value in Hit/Miss and noise and 

saturation levels are added when the Signal Response option is used.  The default assumed for 

the desired POD is 90% and the confidence level is assumed 95%.  Other values can be 

entered by the user.  This is useful for POR computations where DNV allows that there shall 

be more than 85% probability of rejecting a defect which is not acceptable according to 

determined ECA criteria.  

 

4. Probability of Detection Results with Civa Tools 

Hit/Miss Data Set 

 

Using the large data set for the Hit/Miss computation, Civa plots the amplitude versus flaw 

size on a scatter plot.  In typical AUT qualifications the evaluation level is set to half the 

reference amplitude.  The reference amplitude in AUT is established by setting the response 

from a 3mm diameter flat bottom hole to 80%.  Adjusting the evaluation amplitude on the 

Civa POD tool to the typical 40% level indicates the line that divides Hits and Misses. 

 
Figure 2 Amplitude vs flaw height for Hit/Miss data 
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The user then selects the mode as Hit/Miss, and selects the preferred algorithm and X-data 

transform options to optimise the POD curve.  In this case the Probit algorithm with a Log 

transform on the X data provided the best confidence curve.  

 

The relevant values obtained for the Hi/Miss assessment of this data are: 

 a90 = 0.985mm 

 a90|95 = 1.501mm 

 

 
Figure 3 POD curve for Hit/Miss using 19.1mm J-bevel data 

 

 

 

Signal Response Data Set (POD) 

When there is a relationship between the flaw size and the amplitude response the “Signal 

Response” (â vs a) mode may be appropriate.   

Civa uses the assumptions made by Berens for the Signal Response calculations.  Berens 

assumptions are met if there is:  

•A linear relationship between the signal responses and the characteristic values, 

either in lin-lin or log-log mode.  

•A constant normal distribution of residuals.  

Civa uses an automatic evaluation based on normality and variance to evaluate the Berens 

assumptions compatibility.  If variance or normality criteria are not conformed to, modifying 

the data transformation can be a solution, otherwise Hit/Miss mode is advised.  
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Civa calculates the residuals and plots them on a separate plot of residuals.  (Note: A residual 

is the difference between the observed y-value in a scatter plot and the predicted y-value from 

a regression equation line.  Ideally, the residual value is 0).  

Further checks are made in the Civa calculations for Root Mean Square Error (RMSE) and the 

coefficient of determination (R
2
). 

 

The transformed data plot provided in Civa aids in assessing the spread of the data points 

from the regression line.  The transformed data plot for the 15.9mm wall data is illustrated in 

Figure 4.  

 

 
Figure 4 Transformed data plot and regression line for 15.9mm J-bevel data 

 

Figure 5 illustrates the POD curves for the 15.9mm J-Bevel qualification when processed 

using the Signal Response mode with both the X and Y axes processed using a Log transform.  

 
Figure 5 POD curve for Signal Response using 15.9mm J-bevel data 
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The cursors indicate the flaw size with 90% POD is 1.476mm and the flaw size with 90% 

POD at 95% confidence is 1.957mm. This curve was generated using Log/Log X-Y data 

transforms with a 40% amplitude threshold.  

  

Signals Response Data Set (POR) 

A significant part of a DNV qualification has been to assess the AUT system’s sizing 

accuracy.  This is because the evaluation against acceptance criteria compares the flaw size 

estimated by the system protocols to allowed flaw sizes calculated for the project.  The 

rejection criterion or probability of rejection (POR) approach may be preferable when the 

two-step process of detection-sizing is not followed, e.g. when acceptance or rejection is 

based directly on echo amplitudes, or solely on AUT reported imperfection sizes.  

 

When qualified in accordance with DNV, an AUT system is assumed to provide a height 

sizing accuracy within ±1 mm, a depth estimate accuracy of ±2 mm and a length sizing 

accuracy within ±5 mm. Then for critical root flaws a flaw height evaluation level of 1mm 

can be assumed for POR.  

 

This approach can be used with the Civa POD tools by using the AUT reported or estimated 

height in the Column B of the *.xls file.  Civa then identifies the â values as the AUT 

estimated sizes as shown in Figure 6.  

 

 

 

     
Figure 6 Spreadsheet data flaw size and AUT estimated size (mm) is processed into 

columns when using Civa POD tools for POR compuation 

 

 

Using a 1mm flaw height value as the deemed critical flaw size for root flaws as the 

evaluation threshold, the resulting POR curve is then calculated as in Figure 7.  
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Figure 7 POR curves for 15.9mm J-bevel qualification data 

 

This provides an 85% POR with 95% confidence for a flaw with a height of 1.53mm.  For the 

POR plot, the data set was again made using Log/Log X-Y data transforms but for POR a 

1mm height threshold was defined. 

 

 

5. Conclusions 
Civa can be used to generate POD curves from real data.  

 

Toggling data points on or off allows for quick analysis of the effects of outliers.  

 

The software has provision for analysis of noise level when using the Signal Response 

method.  

 

The ability to use imported experimental data with modelled data from Civa simulations 

provides a potential for future model assisted POD (MAPOD) for large scale system 

qualifications to improve the confidence interval determined.  
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