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Abstract
POD and POS are powerful tools for analysing the accuracy and reliability of a range of different NDT techniques and scanning equipment. They help determine what NDT procedures are best for detecting certain sized defects under different conditions. Where an eddy current probe may highly useful for detecting surface defects, it would be useless at finding defects deep in ferrous materials. POD curves would show this. POD and POS curves are also good at adjusting or calibrating equipment to the right frequencies to find different size defects. In short, POD and POS are vital tools within the NDT industry and are still being developed to this day. 
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1.0 [bookmark: _Toc500859065]Introduction
Probability of detection (PoD) and probability of sizing (PoS) are two of the most powerful tools to use when determining the capabilities of various non-destructive testing techniques in flaw detection and sizing. 
PoD and PoS not only help show the capabilities of each NDT system (i.e ultrasonic, eddy current, X-ray) but also how well each system performs in different testing conditions and which system is suitable for what scenario. 
This report is analysing two sets of data. The first set is POD data from 10 separate operators using an ultrasonic inspection procedure. The second set is POS data from 10 separate operators using ultrasonic through wall thickness gauges. 
The aims are to analyse each data set and determine which operators are the best performing, which are the worst performing and then to determine how accurate and effective the procedures as a whole are.









2.0 [bookmark: _Toc500859066]Brief History of PoD and PoS
Probability of detection was first developed in the late 1960’s to early 1970’s (Schaefer, 2009). NASA played by far the largest role in the early development in 1969. NASA saw the need of NDT for the development for the space shuttle. To be able to accurately analyse the capabilities of each NDT system, NASA created the PoD method. (Keprat, 2016).
NASA came to the conclusion that it was best to base the system reliability on “the largest flaw that is possible to be missed, rather than the smallest flaw that is possible to be detected” (Keprat, 2016). The methodology for PoD developed by NASA was incorporated into their standard procedures and the US air force also adopted it in 1973 (Keprat, 2016).
As the NASA PoD method was so successful in evaluation the capabilities of NDT methods, it was soon adopted as standard method globally. 
However, in 1978 the US air force carried out a report highlighting a problem in the method. This was shown on a number of instances in the report when two cracks of similar length could have drastically different PoD. It was concluded that there were “many other” factors at play. To address this problem logarithm-odds for PoD where adopted as they provided better estimates in comparison to the former binomial methods (Keprat, 2016).
PoD has been undergoing constant development ever since its birth. The MIL-HDBK-1823A PoD method was published in 2009 and is currently considered the best and most up to date method by many industries globally (Keprat, 2016). 



3.0 [bookmark: _Toc500859067]Main concepts

3.1 [bookmark: _Toc500859068]PoD
Probability of detection at its most fundamental level is an evaluation of the capabilities of a NDT system in detecting defects within a material. For example, an eddy current probe may detect most of the defects on the surface a plate (called hits) and only fail to detect a minority (misses). If and ultrasonic probe was used to scan the same piece of material then it would likely fail to detect any as the defects being on the surface would be in the probes near field. At the most basic level it is the comparison of the hits and misses of both pieces of equipment that will determine the capabilities of each to find the defects. 
Another test could then be done with defects deep within the material. The eddy current probe would likely detect none of the defects as eddy current probes have poor penetration, the penetration is even less when used to scan a ferrous material. However, the ultrasonic probe will have a much greater chance of finding the defects as it has good penetration and its range is not affected by the material being ferrous or not. As a result, one would expect to see the ultrasonic probe get many more hits than the eddy current probe.
The hit/miss data gathered shows the capability of each set of equipment for that certain material and type of defect. In the real world, each type of procedure and method have their own PoD curves. They provide the operators a guide to use that informs them what kind of equipment and method to use for the type of material, conditions and defects.
PoD also performs well as a method for evaluating the performance of individual operators. Technicians can be set on tests and their hit/miss data can be collected and analysed. 

 
3.2 [bookmark: _Toc500859069]PoS
Probability of size detection is similar to PoD in how it is a good tool for comparing the accuracy and performance of individual human operators. PoS is the analysis of how accurately an operator or a method can measure a defect assuming the defect has already been detected. It is based on the measured size of the defect compared to its true size. (HSE, 2008)
As the same for PoD, PoS helps evaluate how effective different types of NDT are for scanning different components and materials. Rather than asking if a sensor can detect a defect or not it instead analyses how accurately it can measure said defect. 
For example an ultrasonic single crystal sensor projecting an A scan would be quite effective at finding delamination type defects within a flat block of steel. However, it would be poor at measuring the exact size of the defect in comparison to what an ultrasonic phased array probe could do using a B scan. 
Another example being if one human operator was to measure defects closer to its true size than a second human operator then this is a good indicator of the performance of the two. It would suggest that the second operator may not be as experienced or not be as adept with the equipment as the first operator and could require further training. 






4.0 [bookmark: _Toc500859070]Background Theory
PoD and PoD are mathematical and statistical methods to analyse NDT methods and procedures. This section will highlight the key formula and theory behind PoS/PoD.
4.1 [bookmark: _Toc500859071]Probability of detection 
The main goal of PoD analysis is to produce what is called a “PoD curve. A PoD curve is a graph that is produced using data gathered from real life testing of a certain NDT method. It shows the reader the likelihood of a defect being detected according to its size. Typically, the larger the defect the higher the probability of it being detected but not always. For example if an operator where scanning a component where large defects formed while using a small ultrasonic probe, then the defects might be a lot larger than the beam width itself meaning the defect may not be picked up. Figure 1 shows an example of a PoD curve. On the x axis is the defect size, which in this case is measured as percentage of the weld which is defective. On the y axis is the probability of it being detected. At y = 0 means that there is a 0% probability of that defect ever being detected. At y =1, there is a 100% probability of that defect being detected. However, in the real-world y = 1 is never reached, however close it may get. 
[image: ]
[bookmark: _Toc500754481][bookmark: _Toc500857846]Figure 1 – Typical example of a PoD curve (Georgiou, 2006) 
The model for PoD goes as follows:


[bookmark: _Toc500754498]Equation 1 – POD Model - (Georgiou, 2006)

Where  is the size/dimension of the defect and  is the mean of the hits and misses. Lower case sigma  is the standard deviation of the hits and misses. 
A POD curve with a sharp and early rise would be highly desirable. This would indicate that there is a high probability of detecting the small defects on the graph. An example of a good POD curve is shown below in figure 2. 
[bookmark: _Toc500754482][bookmark: _Toc500857847][image: https://www.nde-ed.org/EducationResources/CommunityCollege/PenetrantTest/Graphics/POD_Etch.jpg]Figure 2 – Example of a highly desirable POD curve (NDT Resource Center)
The next example graph figure 3 shows a less desirable but still acceptable POD curve. Note that the probability for detecting the smaller defects is lower than that in figure 2. At a defect size of 0.05mm the curve in graph figure 1 shows there is approximately a 78% chance of detection. In graph figure 3 the same size defect of 0.05mm has only a 38% chance (approx.) of being detected. It would be concluded then that for whatever method of testing figure 3 represents, it is not suitable for use when one is looking for defects smaller than 0.4mm.

[image: https://www.nde-ed.org/EducationResources/CommunityCollege/PenetrantTest/Graphics/POD.jpg]
[bookmark: _Toc500754483][bookmark: _Toc500857848]Figure 3 – Example of a less desirable POD curve
[image: Figure 10. Estimation of High temperature(HT) POD using room temperature experimental POD (dashed blue line) with temperature correction factor for PZT-5A, obtained from the physics based model 
                ]
[bookmark: _Toc500754484][bookmark: _Toc500857849]Figure 4 – Example graph showing varying POD curves (Prathamesh Bilgunde, 2017)  
Graph figure 4 shows 4 POD curves. The POD curve of the black line is highly undesirable as nearly all defects in the range of sizes are almost certainly never going to be detected. The green and red curves are also undesirable and not suitable for trying to detect any defect under2.25 mm in diameter.
4.2 [bookmark: _Toc500859072]Probability of sizing
In PoS measured sizes of defects are plotted against true sizes. An example of a PoS plot is shown in figure 2. In the x axis is the true sizes of the defect. The y axis shows the measured sizes of the defect. The smaller the deviation from the mean, the more accurate the measured sizes are. 
[image: ]
[bookmark: _Toc500754485][bookmark: _Toc500857850]Figure 5 – Typical PoS plot (Visser, 2002)

The main aim of PoS is to produce a graph showing how accurately an operator or method can size a defect. POS is always used after POD as a second stage of analysing a procedures capabilities. 
4.3 [bookmark: _Hlk500715227][bookmark: _Toc500859073]Coefficient of determination
Coefficient of determination is a tool in statistical analysis that describes how well data points fit the trendline or line or regression. It is normally represented as the symbol . If the R-squared value is high then it shows that the model can be used as an accurate predictive tool. If an R-squared value is low then the model would not be a good tool to accurately predict future data. 

4.4 [bookmark: _Toc500859074]Confidence interval
[image: ]Confidence limits or intervals are useful to show the likely range of values of which the true mean values would be (Georgiou, 2006). In other words “95% of all "95% Confidence Intervals" will include the true mean” (MathsIsFun, 2017) Typical confidence limits range from 80% to 99%.  Each limit has their own Z Value. The limit used in this report was 95%, which has a Z value of 1.96. (ITCC Online) Below is a table showing the Z values for other confidence intervals. To get the ±95% confidence limit it is as simple as multiplying the standard deviation by the Z value. This will give the upper and lower limits (+95% and -95%). The ±95% limit for each defect must be calculated to give limit line for the whole graph. This is done by talking the m and b values from the trendline equation   and plugging them into the equation to find the upper and lower limits for each defect. 

[bookmark: _Toc500754506]Table 1 – List of Z values for various confidence limits (ITCC Online)
The final equations are:

)
[bookmark: _Toc500754499]Equation 2 – For upper limit


[bookmark: _Toc500754500]Equation 3 – for lower limit



Where:
 = true defect length
CL = ±95% confidence limit
m and b bring products of the trendline formula.

























5.0 [bookmark: _Toc500859075]POD results and analysis
Out of all 28 defects not one operator detected more than 19. The first 8 defects, A-H got no hits at all and remained undetected. Graph figure 6 shows the performance of each operator by how many defects they detected each. It is obvious looking at the data that operator 7 out performs the other 9 with a total of 19 defects detected. Operator 4 is by far the worst with only detecting 5 defects out of the total 28. 

[bookmark: _Toc500754486][bookmark: _Toc500857851]Figure 6 – Graph showing number of hits for each operator


[bookmark: _Toc500754487][bookmark: _Toc500857852]Figure 7 – Graph showing mean hits for each operator
From the information gathered from the graphs figures 6 and 7 one can get an accurate say on which operators are better than others. Going from the data displayed operator 4 is the worst, detecting only 17% of all defects. Operator 7 is the best with being able to detect 67% of all defects. The net mean hits for all operators was 0.425. Operators 5,6 and 8 also performed well with a mean score of over 0.5 (meaning at least 50% of all defects where detected).
The POD curves for each operator will be proportional to how many hits and misses each had. Graph figure 8 shows the POD curves of operators 4 and 7. Immediately there is a dramatic difference between the two operators. Operator surpasses the 80% detection chance between 0.7mm and 0.8mm in length. Operator 4 only supposes the 80% detection chance threshold with defects approximately 1.2 mm or larger. After analysing this data, it is clear that operator 7 would be the best operator to use in a real world situation assuming the method and equipment was the same as to when data was initially gathered. 


[bookmark: _Toc500754488][bookmark: _Toc500857853]Figure 8 – Graph comparing the POD curves of the worst and best operator


[bookmark: _Toc500857854]Figure 9 – Graph comparing the POD curves of ops 7 and 8
As can be seen in graph figure 9, the POD curves for the best operator (7) and operator 8 (which is joint second best with operator 6 are very close, although between defect lengths of 0.25mm and 1mm there is a difference between 4% and 8%.
5.1 [bookmark: _Toc500859076]Analysis of procedure
The procedure as a whole is shown to be perfectly suitable for use for detecting defects larger than 1.5mm in length with a approx. 95% chance of a hit. Graph figure 10 illustrates this as it shows the mean POD for all of the operators to get a better idea of how accurate the procedure itself is. It would not be recommended to use for trying to detect defects smaller than 1mm in length as by then the hit chance is less than 80%. For smaller defects a different procedure must be used that has a higher POD for defects smaller than 1mm.  

[bookmark: _Toc500857855]Figure 10 – Graph showing the mean POD curve of operators 1-10





6.0 [bookmark: _Toc500859077]POS results and analysis
This section will briefly analyse the data from all 10 operators and then narrow down to find the worst and best performing operators.


[bookmark: _Toc500754489][bookmark: _Toc500857856]Figure 11 – Graph showing the standard deviation range for each operator
This graph shows the range of each operator. The range is simply double the standard deviation. As the standard deviation is how far the data points are from the tread line. In other words it shows how much of an error there is from the measured size to the true size of the defect. A smaller range means the more accurate the operator in determining the size of each defect as the standard deviation is how far the data points stray from the mean. 
As can be seen operator 2 has by far the biggest range of 1.352 meaning on average his measurements are farthest from the true size. Operator 8 has the smallest range of only 0.508. Going off this data alone it is clear that operators 8 and 10 are the best operators in terms of how accurately they are sizing the defects.


[bookmark: _Toc500754490][bookmark: _Toc500857857]Figure 12 – Graph showing the Coefficient of determination for each operator
From using the data displayed in graph figure 11 the best and worst two operators POS graphs have been displayed in figures 13-16. These are operators 2,7,8 and 10.

[bookmark: _Toc500754491][bookmark: _Toc500857858]Figure 13 – Graph showing PoS for operator 2


[bookmark: _Toc500754492][bookmark: _Toc500857859]Figure 14 – Graph showing PoS for operator 7
Graphs figures 12 and 13 show the POS of operators 2 and 7. Their measurements vary a lot more and are further from the true size than any of the other operators. This can be clearly visualised by the upper and lower confidence limits marked as the yellow lines either side of the line of regression. It is clear that operator 2 is the worst performing operator out of all 10 operators.

[bookmark: _Toc500754493][bookmark: _Toc500857860]Figure 15 – graph showing PoS for operator 8


[bookmark: _Toc500754494][bookmark: _Toc500857861]Figure 16 – Graph showing PoS for operator 10
Operators 8 and 10 a have much smaller distance between their upper and lower confidence limits. The measured defect lengths are much closer to the real defect lengths than operators 2 and 7. Looking at the gradients of the trendlines on both operators it shows that operator 8 is the best operator overall.
6.1 [bookmark: _Toc500859078]Analysis of procedure
Although operators 8 and 10 had good performance levels, the majority of the others did not, as a result the mean POS plot has quite a large standard deviation from and large upper and lower limits. From the data gathered from the 10 operators it would seem that the procedure used for this POS is not highly accurate. Operators 8 and 10 may have been very skilled and experienced or lucky anomalies. To get a better understanding on how accurate the procedure is more data is required. A sample of 10 is not enough. The graph in figure 17 shows the mean lines for all operators and highlights its overall accuracy.
[bookmark: _Toc500859079] 
[bookmark: _Toc500857862]Figure 17 – Graph showing the mean average POS for operators 1-10

















7.0 [bookmark: _Toc500859080]Conclusion
The after analysing the data its was possible to determine the following:
· For POD, operator 7 was the best performing with the highest number of hits and the best POD curve
· Operator 4 was the worst performing with the least amount of hits and worst POD curve
· For POS operator 8 was the most accurate at sizing the defects closely followed by operator 10
· Operator 2 was by far the worst performing operator for POS with their sizing being least accurate to the true size

As for both procedures, the procedure used in the POD has been rated perfectly suitable to use when looking for defects that are over 1.5mm in size however the accuracy drops below 80% POD when looking for defects under 1mm in size.
Although operators 8 and 10 had good scores in the POS, the mean of all operators shows that the overall procedure used is not as accurate. Operators where frequently out by 0.8mm and above on the defects. In an industry where high sizing accuracy is important, it is not recommended that this procedure be used.
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R-squared value (%)



Op 2


0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.5	1.2	1	0.5	1.2	0.9	1.5	1.2	1.5	1	0.5	1.8	2	2.1	0.8	2	1.8	3	4.5	5.5	6	0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	-0.50094788230630516	-0.48592188230630518	-0.47840888230630518	-0.38825288230630517	-0.38825288230630517	-0.31312288230630525	-0.29809688230630504	-0.27555788230630518	-0.16286288230630519	4.7501117693694805E-2	0.15268311769369491	0.17522211769369456	0.13765711769369471	0.28791711769369477	0.51330711769369497	0.66356711769369481	0.88895711769369479	1.3397371176936952	2.9925971176936952	3.8190271176936945	4.945977117693694	0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	2.1493978823063049	2.1644238823063051	2.171936882306305	2.2620928823063053	2.2620928823063053	2.337222882306305	2.3522488823063052	2.3747878823063049	2.4874828823063053	2.6978468823063051	2.8030288823063052	2.8255678823063048	2.788002882306305	2.9382628823063053	3.1636528823063053	3.3139128823063051	3.5393028823063051	3.9900828823063055	5.6429428823063059	6.4693728823063044	7.5963228823063051	True Size (mm)


Estimated size (mm)



Op 7


0.500	1.000	0.500	1.000	1.200	0.800	1.000	1.200	1.000	1.600	1.800	1.500	1.500	2.000	1.500	3.200	3.000	3.500	4.000	5.500	7.000	
0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.5	0.5	0.5	0.6	0.2	0	1	1.3	1.6	0.5	1.8	1.8	0.5	1.7	1.2	2.2000000000000002	2	2.5	4.2	5.3	6.5	0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	-0.55679036839294138	-0.54033236839294141	-0.53210336839294137	-0.43335536839294142	-0.43335536839294142	-0.35106536839294145	-0.33460736839294136	-0.30992036839294135	-0.1864853683929415	4.3926631607058564E-2	0.15913263160705871	0.18381963160705861	0.14267463160705862	0.30725463160705857	0.55412463160705872	0.71870463160705866	0.96557463160705859	1.4593146316070589	3.2696946316070585	4.1748846316070587	5.4092346316070579	0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	1.6042403683929414	1.6206983683929415	1.6289273683929415	1.7276753683929413	1.7276753683929413	1.8099653683929413	1.8264233683929414	1.8511103683929413	1.9745453683929413	2.2049573683929413	2.3201633683929415	2.3448503683929411	2.3037053683929414	2.4682853683929413	2.7151553683929412	2.8797353683929412	3.1266053683929416	3.6203453683929414	5.4307253683929408	6.335915368392941	7.5702653683929402	True Size (mm)


Estimated size (mm)



Op 8

0.500	1.000	0.500	1.000	1.200	0.800	1.000	1.200	1.000	1.600	1.800	1.500	1.500	2.000	1.500	3.200	3.000	3.500	4.000	5.500	7.000	
0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	1	1	1	1	1	1.2	1	1	1	1	1.5	1.5	2	1.5	2	2.5	2	3.5	5.5	6.5	8	0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.2633342966430236	0.28322429664302357	0.29316929664302366	0.41250929664302366	0.41250929664302366	0.51195929664302375	0.53184929664302372	0.56168429664302377	0.71085929664302383	0.98931929664302376	1.1285492966430237	1.1583842966430236	1.108659296643024	1.3075592966430236	1.6059092966430237	1.8048092966430238	2.1031592966430237	2.6998592966430235	4.8877592966430248	5.9817092966430243	7.473459296643024	0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	1.2603157033569763	1.2802057033569763	1.2901507033569763	1.4094907033569763	1.4094907033569763	1.5089407033569764	1.5288307033569764	1.5586657033569764	1.7078407033569765	1.9863007033569764	2.1255307033569766	2.1553657033569764	2.1056407033569768	2.3045407033569765	2.6028907033569766	2.8017907033569767	3.1001407033569768	3.6968407033569766	5.8847407033569779	6.9786907033569774	8.4704407033569762	True Size (mm)


Estimated size (mm)



Op 10

0.500	1.000	0.500	1.000	1.200	0.800	1.000	1.200	1.000	1.600	1.800	1.500	1.500	2.000	1.500	3.200	3.000	3.500	4.000	5.500	7.000	
0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.495	0.72699999999999998	0.75800000000000001	0.90999999999999992	0.97999999999999987	0.78999999999999992	1.012	0.95500000000000007	1.35	1.3080000000000003	1.3720000000000001	1.5550000000000002	1.6	1.73	1.5599999999999998	2.1399999999999997	2.4899999999999998	2.9699999999999998	4.87	6.17	6.9850000000000012	0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.20989559380537282	0.22783159380537288	0.23679959380537285	0.3444155938053729	0.3444155938053729	0.43409559380537288	0.45203159380537294	0.47893559380537298	0.61345559380537296	0.86455959380537273	0.99011159380537306	1.0170155938053729	0.97217559380537288	1.1515355938053728	1.420575593805373	1.5999355938053732	1.8689755938053727	2.4070555938053735	4.3800155938053731	5.3664955938053733	6.7116955938053726	0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	1.2227044061946271	1.2406404061946272	1.2496084061946271	1.3572244061946273	1.3572244061946273	1.4469044061946272	1.4648404061946272	1.4917444061946272	1.6262644061946272	1.877368406194627	2.0029204061946273	2.0298244061946269	1.9849844061946271	2.1643444061946271	2.4333844061946275	2.6127444061946274	2.8817844061946269	3.4198644061946277	5.3928244061946273	6.3793044061946276	7.7245044061946269	True Size (mm)


Estimated size (mm)



Mean POS for all operators

Mean	
0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	0.51950000000000007	0.77270000000000005	0.80579999999999996	0.96100000000000008	1.0379999999999998	0.81899999999999995	1.0611999999999999	0.99550000000000005	1.4149999999999998	1.3408000000000002	1.3972	1.5955000000000001	1.65	1.7730000000000001	1.5560000000000003	2.1739999999999999	2.5289999999999999	2.9969999999999999	4.867	6.1870000000000003	Mean lower	0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	-9.7329172873355102E-2	-7.959917287335512E-2	-7.0734172873355081E-2	3.5645827126644922E-2	3.5645827126644922E-2	0.12429582712664491	0.14202582712664494	0.16862082712664495	0.3015958271266449	0.5498158271266449	0.67392582712664484	0.70052082712664487	0.65619582712664493	0.83349582712664494	1.099445827126645	1.276745827126645	1.5426958271266447	2.0745958271266449	4.0248958271266462	5.0000458271266455	Mean for upper	0.25	0.27	0.28000000000000003	0.4	0.4	0.5	0.52	0.55000000000000004	0.7	0.98	1.1200000000000001	1.1499999999999999	1.1000000000000001	1.3	1.6	1.8	2.1	2.7	4.9000000000000004	6	7.5	1.623199172873355	1.6409291728733553	1.6497941728733552	1.7561741728733549	1.7561741728733549	1.844824172873355	1.8625541728733552	1.8891491728733549	2.022124172873355	2.2703441728733553	2.3944541728733553	2.4210491728733552	2.376724172873355	2.5540241728733553	2.8199741728733554	2.9972741728733552	3.2632241728733549	3.7951241728733551	5.7454241728733555	6.7205741728733539	True size (mm)


True size (mm)
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