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1 Introduction

Non-Destructive Testing (NDT) or Non-Destructive Evaluation methods have been used throughout human history,
far before the term Non-Destructive Testing was used. Humans have used visual inspection to search for surface
imperfections and cracks, listened to metal as it was worked and tested the sound after it is cast. Modern Non-
Destructive Testing methods have evolved to use more sophisticated technology such as radiography and acoustic
emission but old methods have still remained in use due to their efficacy. An Non-Destructive Testing method is
assessed by its capability, reproducibility and repeatability [1] , with the Probability of Detection (PoD) being the
current standard to measure of its capability. This report shall discuss the history and development non-destructive
testing of probability of detection and sizing methods and will perform a statistical analysis of a new ultrasonic
thickness gauging procedure in order to assess the sizing accuracy of the individual technicians, as well as the equipment
and procedure as a whole.

2 Probability of Detection

The equation for probability of detection is defined by NASA as the statistical estimate of the proportion of all
flaws of a given size that will be detected in a particular NDE inspection [2]. This can be calculated using PoD =

totalnumberofpositivecalls
totalopportunitiesforrejection , where the total positive calls is the number of true positives detected and the total op-
portunities for rejection is the sum of the true positives and false negatives. Generally this value will be calculated
for each size of defect and plotted on a probability of detection curve such as that shown in Figure 1 to create a
continuous distribution of results allowing you to estimate how likely an Non-Destructive Testing method is to give
you an accurate answer. Furthermore using this information you can generate an additional fit to display the 95%
confidence band, providing a visual representation of the defect size at which you have 95% confidence that a defect
will be detected.

Figure 1: An example PoD curve.

Probability of Detection as a method was developed in in 1969 National Aeronautics and Space Administration
(NASA) started a program to to determine the largest possible flaw size which could be missed by an NDT method,
very soon the United States Air Force US commercial aircraft industries adopted these standards. The method to
procure a probability of distribution curve required the procurement of a number of known flaw samples of different
sizes and types, use an NDT method to detect the flaws and record them as a function of their flaw size. This can
then be plotted as a PoD curve. The available methods for generating a PoD curve uses either Hit/Miss data or signal
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response, a lot more information is transmitted back from the signal response data [3]. The PoD curve for hit/miss
data is written as:

PoD(a) =
e

π√
3

lna−m
δ

1− e
π√
3

lna−m
δ

(1)

Where m is the median and δ is the standard deviation. A minimum of 60 flaws, evenly distributed between the
maximum and minimum flaws of interest is recommended for hit/miss data.
For signal/response data, due to the increased data recieved, less flaws are required to achieve the same accuracy and
so only 30 samples are recommended, however having more samples will provide a more accurate PoD curve. The
PoD curve for signal/reponse data is derived from the relationship between a and â. It has been observed in a number
of studies that a roughly linear relationship exists between lna and lnâ and the relationship is usually expressed as:

lnâ = α1 + β1ln(a) + γ (2)

Where γ is an error term and α1 + β1 is the mean of the probability density function of lnâ. In this data a flaw is
considered detected if it exceeds some threshold âthr. The PoD function can thus be expressed as:

PoD(a) = Probability(lnâ > lnâthr) (3)

3 Non-Destructive Testing Sizing Methods

Of the sizing techniques used in NDT as ultrasonic techniques are the most common and of most interest to the latter
half of this paper they shall be concentrated on in this section. There are four main methods of ultrasonic sizing;
dB drop technique, phased array and time of flight diffraction (TOFD). The use of ultrasonics in NDT started with
a proposal by Soviet physicist S.Y Sokolov who proposed the through-transmission technique for detecting flaws in
metals [4]. During World War 2 many nations independently developed their own pulse-echo methods and come 1945
the first commercially available pulse-echo instruments became available.

Amplitude based techniques were the first method used [5], wherein the amplitude of the returning signal correlates
to the flaw size, a calibration curve using the area of known flat bottom holes and signal amplitude is created and
used to estimate flaw size. The distance to the flaws is easily calculated using the expression:

d =
vt

2
(4)

Where d is the distance from the surface to the defect, v is the velocity of the sound wave in the material and t is
the time between emission and receiving the signal. This technique only works for flaws with a diameter less than the
beam size.

The time of flight diffraction method is a method developed to inspect welds as it allowed the inspection of the
weld surfaces. TOFD uses two transducers which, assuming the diffracting tip is centered allows the depth of the tip
to calculated using the following equation:
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(5)

Where BPL is the beam path length for the signal and HD is the beam path length for the lateral wave. This is
limited in its capability to detect near surface flaws when the arrival time difference between lateral and longitudinal
signal is similar to the pulse length of the signal.

The 6dB and 20dB drop method uses a single probe being swept across a defect, as the probe is swept across the
defect the received by the probe is reduced. 6dB corresponds to the amplitude dropping by 50 percent and so the
distance where the amplitude drops to 50 percent at each edge of the flaw is considered the length of the flaw. As the
6dB drop method can undersize the flaw you can instead use the 20dB drop method which corresponds to 10 percent
of the signal strength, however this suffers issues with signal to noise due to how small the signal is.

The phased array setup consists of a series of probes which, by timing when each probe fires, can be used to steer
the wave or to concentrate the wave on a location. This allows the technician to optimise the beam angle to get the
best signal as well as allowing a much larger volume of material to be scanned from a single position, however due to
the larger size of the array it is more difficult to guarantee good coupling with the inspected material and equipment
is typically more expensive than a traditional setup [6]. This is further limited by the necessity that the flaw be within
the near-field of the probe as it will oversize flaws beyond it.

2



4 Statistical Analysis

In order to assess the sizing accuracy of the individual technicians and the new ultrasonic thickness gauging method
and equipment as a whole, ten technicians have used the equipment and method in order to size 21 known defects.
This information has been collected and presented in Figure 2. Using Microsoft Excel’s Analysis Toolpak to process
this information I have started by obtaining the mean, standard deviation and standard error of each technician and
each defect as this will allow me to judge the accuracy of the method as a whole and for each individual technician.

Figure 2: Data collected from ten technicians using the new ultrasonic thickness gauging method.

Using the descriptive statistics function of Excel I have collected the mean size for each defect and plotted it with
the true size and the technicians sizes in Figure 4

Figure 3:

Looking at this table we can see for the first 14 defects are on average being oversized by the technicians, this
however changes from the 18th defect onward where they are quite similar. In order to better observe the difference
between the mean size collected by the technicians and the true size I have calculated the standard error and plotted
the mean size with error bars in Figure ?? with the true size.
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Figure 4: A plot showing the mean size plotted with the true size

From this we can clearly see that for most results the mean size detected by the technicians lies outside of the
error bars with defect A, M, R, S and T being very close. It is noteworthy that R, S and T are all larger size defects
which may imply that the method does not work well for smaller defect sizes and tends to oversize them. It is also
possible that the equipment has a zero error and tends to undersize larger defects however this is difficult to test as
we have significantly less large defects to test this theory on. The final solution I will propose is that human error,
the technicians inexperience with the method and equipment, has resulted in the mistakes during the smaller results
as they would be more difficult to locate and size accurately, however this would be unlikely to occur to all technicians.

In order to test the theory that there is perhaps a zero error in the equipment I have calculated the difference
between the mean size detected by the technicians and true size, I have then found the mean of these values. This
has been calculated to be 0.3419. I will take this away from the mean sizes calculated by the technicians and plot it
on a graph against the true size to see how well it fits visually in Figure 5

Figure 5: Plot showing the true size and mean-offset size plotted side by side
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Visually we can see this is a far better fit, with far more data points now being within one standard error of the
true size, however this still does not perfectly resolve the issue of the sizes the technicians achieved being so different
from the true size. This leads us back to our other two hypotheses. Beginning with the technique possibly undersizing
or oversizing defects at certain, unfortunately without being able to look at a greater range of defects it will not be
possible to calculate or see if the technique begins to fail after a certain size. The remaining reason for the differences
in the mean and the true size is the technician’s ability.

In order to assess the technician’s accuracy I will first assess the technician’s accuracy without the offset discussed
previously, and then I will look at it with the offset applied. The first step to assess the technician’s accuracy is to
convert their values into percentage differences from the true size. This is so the mean is not biased in favour of
the larger results, allowing us to see by how much a technician over or undersizes on average. Given the risk that is
incurred from a technician undersizing I hypothesise that most technicians will tend to oversize in addition to there
being a positive offset due to a possible zero error. The data is available in Figure 6.

Figure 6: Table showing percentage deviation from the true size

Using the data in Figure 6 I have used Excel’s Descriptive Statistics function to calculate the mean and standard
deviation, as shown in Figure 7 Looking at this data we can see that technician 7 has the most precise results as their
mean is the closest to zero, however technician 10 is slightly more accurate as they have the smallest standard error.
Technician 10 does however have a large positive mean, suggesting they do oversize results. As was predicted earlier
all technicians do currently oversize defect, however this may be due to the positive offset discussed earlier. Looking
at the range we see that technician 10 has the smallest range of results, suggesting that they oversize and undersize
by the smallest amount, technician 7 also has a smaller range than most of the technicians, leading me to conclude
that technicians 7 and 10 are the most precise and accurate. respectively.

Figure 7: Table showing the mean and standard error of each technician.

From the data in Figure 7 we can see that technicians 1,3,5,7 and 10 have below average means for their group,
meaning they are the most precise technicians. Technicians 1,4,5,7 and 10 have below average standard errors for
their group, meaning they are the most accurate technicians. Technicians 4,5,6,7,8 and 10 have below average ranges
for their group meaning they have the greatest consistency. From this short analysis we can see that technicians 5, 7
and 10 are the top performers as they excell in each category.
In Figure ?? I have applied the offset to account for the zero error I believe has decreased the precision of the
technicians. I shall perform the same analysis done in Figure 7 and compare it with the results.
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Figure 8: Updated table with offset applied.

In Figure 8 we can see that technicians 1,3,5 and 7 have negative means with only technician 7 being beyond their
standard error to the 0 mark and thus is likely undersizing defects. Another effect of applying the offset is that it has
now decreased the standard error of all technicians has decreased, meaning all technicians are more accurate when
the offset is applied. Almost all of the technicians have had a decreased range, the only exception being technician
3 whose range has increased from 428.5714 to 443.2244, this means most technicians are more consistent when the
theoretical zero error is accounted for. Technicians 1,3,5 and 10 have got the means closest to zero, this means they
are the most precise technicians. Technicians 1,4,6,7,8 and 10 have the smallest standard errors and thus are the most
precise technicians. Technicians 4,6,7,8,9,10 have the smallest ranges and are thus the most consistent technicians.
Technician 10 is now the only technician who excels in all categories is likely the most accurate technician.

5 Conclusions

From my analysis I have found that it is highly likely there is a zero error in the data causing an positive offset of
0.34mm. When the offset is accounted for, as shown in Figure 5, the mean defect sizing performed by the technicians
aligns better with the true defect size. It is not possible to discern whether the sizing technique is affected by the size
of the defect as the dataset is too small, and fits too well when the offset is applied. It is however possible that the
sizing technique could be affected if we continued sizing defect beneath the minimum and maximum values and would
be an interesting investigation. Without considering the zero error the most accurate technicians were 5,7 and 10,
with 7 being the most precise and 10 the most accurate. Accounting for the zero error we find that only technician 10
excels in categories and thus is the best technician. Without accounting for the zero error the least precise technician
was technician 6 and the least accurate was technician 9. Accounting for the zero error I found the least precise
technician was still technician 9 and least precise was technician 5.
As a whole the new ultrasonic gauging procedure is fairly accurate and correlates well to the actual data when the
zero error is accounted for however the data provided does not allow the generation of a probability of detection graph
as there is no opportunities for rejection and there is only one sample per defect size. This would benefit the method
as it would allow people attempting the new technique to know what defect sizes they are likely to detect.
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