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1. Abstract
The objective of this experiment was to determine the ultrasonic attenuation coefficient of two material samples, a brake disc and a mild steel rectangular block, by means of ultrasonic probing techniques. We utilized a zero-degree 5MHz ultrasonic probe and an ultrasonic flaw detector with time of flight method for the measurements. Multiple ultrasonic propagation time measurements were made on a mild steel rectangular block and brake disc samples to calculate their attenuation coefficients. In the data analysis process, the raw measurement data were calculated, the 3σ principle of normal distribution and box plot were applied to exclude outliers, and ultimately the ultrasonic attenuation coefficients of the two samples were obtained.

2. Apparatus
2 material samples, including a mild steel rectangular block and a brake disc. 
1 ultrasonic zero-degree 5MHz probe: In the ultrasonic frequency range, ultrasonic waves can be emitted and received. The ultrasonic waves emitted by the zero-degree probe travel in a straight line, which is particularly effective for directly measuring the thickness of a material or detecting defects parallel to the surface.
1 ultrasonic flaw detector: it can be used to detect defects within an object without damaging or altering the object being measured.
Coupling agent: Efficiently transmits ultrasonic waves from the probe to the material under test.
Vernier Calipers: Used to measure the thickness of a sample.

3. Introduction
Ultrasonic nondestructive testing technology is a new type of flaw detection method developed in recent years, which has a wide range of applications in medical, industrial and biological fields. Non-destructive testing equipment due to its high frequency, so that the wavelength range can be adapted to a variety of workpieces and product surface defects characteristics and special environmental requirements, while having a simple structure and excellent performance and reliability and other characteristics, so it is widely used in the testing industry.

4. Method
This experiment employs an ultrasonic defect detector to measure the ultrasonic attenuation rate of a brake disc and a mild steel rectangular block. The experiment was divided into the following steps:
1. Install the experimental equipment by powering up the ultrasonic defect detector and installing a zero-degree 5MHz probe as shown in Figure 4-1.
2. Apply a coupling agent to the surface of the sample being measured to repel air from the contact surface of the probe and the sample, because A liquid or paste is used in an attempt to match the acoustic impedance of a probe to a test piece and therefore maximize energy transfer. In this experiment we apply hairs gel as coupling agent.
3. Place the 5MHz zero-degree ultrasonic probe on the surface of the measured area of a mild steel rectangular block and a brake disc that have been coated with coupling agent. Make sure that there is a tight contact between the probe and the surface as shown in Figure 4-2.
4. Switch on the ultrasonic defect detector and observe the waveforms and peaks on the oscilloscope, recording the exact values of the adjacent peaks in order to calculate the ultrasonic attenuation rate of the sample.
5. Measure the thickness of the sample under test with a vernier caliper so that the distance travelled by the ultrasonic waves within the metal sample can be known.
    [image: ]       [image: ]

   Figure 4-1. a ultrasonic zero-degree 5MHz and probe and ultrasonic flaw detector
Figure 4-2 measurement process


5.  Measurements and Graphs of Raw measurements
As shown in Table 5-1, the following are the raw data for the brake disc attenuation coefficient measurements, where E1, E2 and E3 represent the percentage of the height of the peaks shown on the ultrasonic defect detector, and the last column is the thickness of the measurement location, respectively.

Table 5-1. Brake disc attenuation coefficient measurement data
	Measurement
	E1(%)
	E2(%)
	E3(%)
	Thick(mm)

	1
	92
	41
	18
	10.28

	2
	85
	38
	19
	10.28

	3
	90
	41
	19
	10.28

	4
	88
	41
	19
	10.28

	5
	87
	40
	20
	10.29

	6
	93
	42
	20
	10.30

	7
	96
	43
	20
	10.30

	8
	92
	42
	20
	10.29


As shown in Table 5-2, the following are the data for measuring the attenuation coefficient of a mild steel rectangular block.

Table 5-1. A mild steel rectangular block attenuation coefficient measurement data
	Measurement
	E1(%)
	E2(%)
	E3(%)
	Thick(mm)

	1
	87
	47
	30
	14.89

	2
	87
	40
	22
	14.88

	3
	89
	40
	21
	14.88

	4
	89
	44
	21
	14.87

	5
	90
	44
	21
	14.89

	6
	89
	45
	29
	14.89

	7
	89
	43
	22
	14.89

	8
	87
	43
	24
	14.89

	9
	86
	41
	25
	14.89

	10
	86
	41
	25
	14.90 



6. Calculations and error estimates
6.1 Calculations
The amplitude change of a decaying plane wave can be expressed as:
									(1)
Where:
A0 is the initial amplitude of the wave at the starting point.
α is ultrasonic attenuation coefficient
z is the distance the wave has traveled through the medium.

In equation (1), the unit of α is nepers/length, and the unit is converted to dB/length.
According to the conversion factor formula:
								(2)
The attenuation coefficient is obtained as:
		 						(3)
Where:
E0 and E1 are percentages of the heights of two adjacent peaks, respectively.

As shown in Table 5-1, the first measurement of E1 is 92 and E2 is 41, and the thickness of the brake disc at the measurement position is 10.28 mm, and the ultrasonic attenuation rate here is calculated to be 0.3414.

The ultrasonic attenuation coefficients of the brake disc and the mild steel rectangular block is calculated according to equation (3) as shown in Tables 3-1 and 3-2.
Table 6-1 Ultrasonic attenuation coefficients for the brake disc
	Measurement
	
	
	Measurement
	
	

	1
	0.3414
	0.3478
	5
	0.3279
	0.2925

	2
	0.3401
	0.2928
	6
	0.3352
	0.3128

	3
	0.3322
	0.3249
	7
	0.3386
	0.3228

	4
	0.3227
	0.3249
	8
	0.3309
	0.3131



Table 6-22 Ultrasonic attenuation coefficients for the mild steel rectangular block
	Measurement
	
	
	Measurement
	
	

	1
	0.18
	0.13
	6
	0.20
	0.13

	2
	0.23
	0.17
	7
	0.21
	0.20

	3
	0.23
	0.19
	8
	0.21
	0.17

	4
	0.21
	0.22
	9
	0.22
	0.14

	5
	0.21
	0.22
	10
	0.22
	0.14



6.2 Error estimates
The following analyses will be used in the error estimation in this section:
1. Normal distribution
If the random variable X obeys a probability distribution with location parameter  and scale parameter  and its probability density function is[1]:
							(4)
Where:
x is value of the variable,  is mean,  is standard deviation.
If the dataset satisfies a normal distribution, consider using the 3sigma rule to eliminate outlier data values.
					(5)
The data values should be almost entirely concentrated in the  interval, with less than 0.3 per cent of the probability of being outside this range. We believe that errors outside this range are not random errors and should be excluded.

2.  Shapiro-Wilk normality test
The Shapiro-Wilk normality test can be used to calculate W and P in cases when it is not feasible to visually assess whether a set of data follows a normal distribution using normal distribution and frequency histograms. The set of data is said to follow a normal distribution when P > 0.05. A collection of data is deemed to deviate from a normal distribution when P < 0.05.[2].

3.  Box-whisker Plot
A box plot may be used to identify outliers that need to be removed from data that does not fit a normal distribution. Five statistics are used in a box plot, which is a statistical graph that shows data: minimum, upper quartile, median, lower quartile, and maximum. It gives the distribution's dispersion, the symmetry of the data, and the outliers a visual representation. Any data that deviates from the box-and-whisker range should be eliminated as it may be an outliers.[3].

6.2.1 Error estimation of the brake disc measurements
Firstly, the normal distribution and frequency histogram of the measured ultrasonic attenuation coefficient of the brake disc were plotted as shown in Figure 6-1.

Figure 6-1 Normal distribution and frequency histogram of ultrasonic attenuation coefficient measurements for the brake disc

From Figure 6-1, we cannot intuitively determine if this set of measurements fits a normal distribution because there may be two peaks as seen in the frequency histogram. Next we determine if it is normally distributed by using the Shapiro-Wilk normality test.
Table 6-3 Test of normality
	Statistic
	df
	sig.

	0.920
	16
	0.166



As shown in Table 6-3, W=0.920 and P=0.166>0.05, this set of measurements is considered to be normally distributed.

Next we apply the 3σ principle to weed out erroneous data.
Table 6-4 Statistical data
	Mean(μ)
	Standard Deviation(σ)
	
	

	0.3251
	0.0159
	0.2774
	0.3727



Among the 16 measurements, none of the measurements exceeded (, ), which means that no measurements were considered to be outliers according to the 3σ principle. Therefore, all measurements are considered valid and are retained in the dataset. Therefore, the measured value of the ultrasonic attenuation coefficient of the brake disc is the average of all measurements as = 0.3251 dB/mm.

6.2.2 Error estimation of the mild steel rectangular block measurements
Firstly, the normal distribution and frequency histogram of the measured ultrasonic attenuation coefficient of the mild steel rectangular block were plotted as shown in Figure 6-2.

Figure 6-2 Normal distribution and frequency histogram of ultrasonic attenuation coefficient measurements for the mild steel rectangular block

From Figure 6-2, we cannot intuitively determine if this set of measurements fits a normal distribution because there may be two peaks as seen in the frequency histogram. Next we determine if it is normally distributed by using the Shapiro-Wilk normality test.
Table 6-3 Test of normality
	Statistic
	df
	sig.

	0.896
	20
	0.034



As shown in Table 3-3, W=0.920, P=0.034<0.05, it is considered that this set of measurements does not conform to normal distribution, so the 3σ principle cannot be used to exclude erroneous data.

Ultimately, a box plot is used to determine if there is data that needs to be weed out.
[image: ]
Figure 6-3 Mild steel rectangular block ultrasonic attenuation coefficient measurement value box plot

According to Figure 3-3 all points fall within the range of the box whiskers, so no measurements are considered outliers and there is no need to eliminate any of the measurements. Therefore, the measured value of the ultrasonic attenuation coefficient for the mild steel rectangular block is the average of all measurements as = 0.1905 dB/mm.

7. Result
According to the above analysis and calculation can be seen, through a variety of test methods to prove that all the measurement data are valid, so the average of all the measured values to get the final ultrasonic attenuation coefficient. The measured value of ultrasonic attenuation coefficient of brake disc is =0.3251 dB/mm, and the material of brake disc is generally grey cast iron, in which the ultrasonic attenuation coefficient of Gray class 50 is 0.335 dB/mm[4], which is similar to my measured value, so I think that the brake disc attenuation coefficient measurement experiment is qualified. The measured value of ultrasonic attenuation coefficient of the mild steel rectangular block is = 0.1905 dB/mm, the ultrasonic attenuation coefficient of the mild steel rectangular block is 0.038-0.241 dB/mm[4], and my measurement result is within this range, so I think that the measurement experiment of attenuation coefficient of the mild steel rectangular block is qualified.

8. Conclusion
In this paper, the ultrasonic attenuation coefficients of two samples, brake disc and mild steel square iron block, are measured by using ultrasonic flaw detector and probe. This paper through the normal distribution of the 3sigma law and box plot to eliminate outliers, after analysis of all the measured values are valid, the average of all the measured values to obtain the results, the ultrasonic attenuation coefficient of the brake disc is α = 0.3251 dB/mm, the ultrasonic attenuation coefficient of the low carbon steel square iron block is α = 0.1905 dB/mm. Finally, through the comparison of the measured data with the literature, it is known that the measured data are similar to the measured data in the literature. This shows that the experiment is qualified. This experiment helps to understand the principle of ultrasonic non-destructive testing technology, which is of great significance for industrial generation and quality control.
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Probability of Sizing Analysis
Jinhao Xia
1. Abstract
This paper focuses on wall sizing accuracy analysis of data from 10 operators measuring 21 different sized defects with the same equipment, using box plots to determine if there are any outliers in the data, one-way ANOVA and linear regression to analyse the differences in measurements between each operator, and finally Pearson's correlation coefficient to analyse the accuracy of the equipment and the procedure. accuracy. These analyses have implications for improving measurement accuracy and optimising training in the future.

2. Introduction
In the field of industrial product testing and quality inspection, non-destructive testing technology is very important, wall sizing accuracy analysis is a non-destructive testing in the field of civil engineering testing, mainly used in the inspection of housing walls, bridge walls and dams load-bearing walls and other areas, in order to ensure the long-term performance of the wall structure, the internal quality of the test and evaluation of its The accuracy of the measurement is of paramount importance. The accuracy of the measurements not only affects the safe operation of the equipment but also relates to the safety of personnel, so assessing and improving the accuracy of ultrasonic defect detection technology is the key to ensure industrial safety.

3. Measurements and Graphs of Raw measurements
The following are the raw results of 10 operators using the same new equipment and procedure to measure 21 defects of different sizes, as shown in Table 3-1.
Table 3-1 Raw Measurement Data
	Defect
	true size
	Op1
	Op2
	Op3
	Op4
	Op5
	Op6
	Op7
	Op8
	Op9
	Op10

	A
	0.25
	1.00
	0.00
	0.50
	0.50
	0.50
	0.00
	1.00
	0.30
	0.50
	0.80

	B
	0.27
	1.00
	0.00
	1.00
	0.73
	1.20
	0.50
	1.00
	1.20
	0.50
	0.80

	C
	0.28
	1.00
	0.00
	0.50
	0.76
	1.00
	1.20
	1.00
	0.70
	0.50
	1.30

	D
	0.40
	1.20
	1.00
	1.00
	0.91
	0.50
	1.00
	1.00
	0.80
	0.60
	1.50

	E
	0.40
	1.40
	1.00
	1.10
	0.98
	1.20
	1.00
	1.00
	0.90
	0.20
	1.60

	F
	0.50
	1.10
	1.00
	0.80
	0.79
	0.90
	1.00
	1.20
	0.50
	0.00
	1.00

	G
	0.52
	0.90
	1.50
	1.00
	1.01
	1.50
	1.10
	1.00
	0.70
	1.00
	0.90

	H
	0.55
	0.50
	0.90
	1.20
	0.96
	1.20
	0.80
	1.00
	0.40
	1.30
	1.60

	I
	0.70
	2.00
	1.60
	1.20
	1.35
	1.50
	0.90
	1.00
	1.00
	1.60
	2.20

	J
	0.98
	1.90
	2.00
	1.60
	1.31
	1.00
	0.80
	1.00
	1.40
	0.50
	1.80

	K
	1.12
	1.00
	1.80
	1.80
	1.37
	0.50
	1.00
	1.50
	1.30
	1.80
	2.00

	L
	1.15
	2.20
	1.00
	1.50
	1.56
	1.80
	1.30
	1.50
	1.20
	1.80
	2.00

	M
	1.10
	2.00
	1.60
	1.50
	1.60
	2.00
	1.40
	2.00
	1.60
	0.50
	2.20

	N
	1.30
	2.20
	2.00
	2.00
	1.73
	2.10
	0.90
	1.50
	1.70
	1.70
	2.00

	O
	1.60
	2.00
	2.00
	1.50
	1.56
	0.80
	0.90
	2.00
	1.50
	1.20
	2.00

	P
	1.80
	2.40
	2.00
	3.20
	2.14
	2.00
	1.40
	2.50
	1.10
	2.20
	2.50

	Q
	2.10
	3.50
	2.50
	3.00
	2.49
	1.80
	2.30
	2.00
	2.60
	2.00
	3.20

	R
	2.70
	2.80
	2.50
	3.50
	2.97
	3.00
	3.20
	3.50
	2.20
	2.50
	3.50

	S
	4.90
	5.70
	4.50
	4.40
	4.87
	4.50
	4.50
	5.50
	5.50
	4.20
	5.40

	T
	6.00
	7.00
	6.50
	5.50
	6.17
	5.50
	6.20
	6.50
	6.00
	5.30
	6.70

	U
	7.50
	8.00
	7.20
	6.50
	6.99
	6.00
	6.25
	8.00
	6.50
	6.50
	6.90


To facilitate subsequent analyses and calculations, I calculated the error of each measurement result by applying the error measurement value minus the actual error value, as shown in Table 3-2.
Table3-2 Measurement data error
	Defect
	Op1
	Op2
	Op3
	Op4
	Op5
	Op6
	Op7
	Op8
	Op9
	Op10

	A
	0.75 
	-0.25 
	0.25 
	0.245 
	0.25 
	-0.25 
	0.75 
	0.05 
	0.25 
	0.55 

	B
	0.73 
	-0.27 
	0.73 
	0.457 
	0.93 
	0.23 
	0.73 
	0.93 
	0.23 
	0.53 

	C
	0.72 
	-0.28 
	0.22 
	0.478 
	0.72 
	0.92 
	0.72 
	0.42 
	0.22 
	1.02 

	D
	0.80 
	0.60 
	0.60 
	0.510 
	0.10 
	0.60 
	0.60 
	0.40 
	0.20 
	1.10 

	E
	1.00 
	0.60 
	0.70 
	0.580 
	0.80 
	0.60 
	0.60 
	0.50 
	-0.20 
	1.20 

	F
	0.60 
	0.50 
	0.30 
	0.290 
	0.40 
	0.50 
	0.70 
	0.00 
	-0.50 
	0.50 

	G
	0.38 
	0.98 
	0.48 
	0.492 
	0.98 
	0.58 
	0.48 
	0.18 
	0.48 
	0.38 

	H
	-0.05 
	0.35 
	0.65 
	0.405 
	0.65 
	0.25 
	0.45 
	-0.15 
	0.75 
	1.05 

	I
	1.30 
	0.90 
	0.50 
	0.650 
	0.80 
	0.20 
	0.30 
	0.30 
	0.90 
	1.50 

	J
	0.92 
	1.02 
	0.62 
	0.328 
	0.02 
	-0.18 
	0.02 
	0.42 
	-0.48 
	0.82 

	K
	-0.12 
	0.68 
	0.68 
	0.252 
	-0.62 
	-0.12 
	0.38 
	0.18 
	0.68 
	0.88 

	L
	1.05 
	-0.15 
	0.35 
	0.405 
	0.65 
	0.15 
	0.35 
	0.05 
	0.65 
	0.85 

	M
	0.90 
	0.50 
	0.40 
	0.500 
	0.90 
	0.30 
	0.90 
	0.50 
	-0.60 
	1.10 

	N
	0.90 
	0.70 
	0.70 
	0.430 
	0.80 
	-0.40 
	0.20 
	0.40 
	0.40 
	0.70 

	O
	0.40 
	0.40 
	-0.10 
	-0.040 
	-0.80 
	-0.70 
	0.40 
	-0.10 
	-0.40 
	0.40 

	P
	0.60 
	0.20 
	1.40 
	0.340 
	0.20 
	-0.40 
	0.70 
	-0.70 
	0.40 
	0.70 

	Q
	1.40 
	0.40 
	0.90 
	0.390 
	-0.30 
	0.20 
	-0.10 
	0.50 
	-0.10 
	1.10 

	R
	0.10 
	-0.20 
	0.80 
	0.270 
	0.30 
	0.50 
	0.80 
	-0.50 
	-0.20 
	0.80 

	S
	0.80 
	-0.40 
	-0.50 
	-0.030 
	-0.40 
	-0.40 
	0.60 
	0.60 
	-0.70 
	0.50 

	T
	1.00 
	0.50 
	-0.50 
	0.170 
	-0.50 
	0.20 
	0.50 
	0.00 
	-0.70 
	0.70 

	U
	0.50 
	-0.30 
	-1.00 
	-0.515 
	-1.50 
	-1.25 
	0.50 
	-1.00 
	-1.00 
	-0.60 



4. Calculations and error estimates
4.1 Outlier judgement
To determine whether there is data that is anomalous by using a box plot, the measurement errors in Table 3-2 are plotted as a box plot in Figure 4-1.
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Figure 4-1 Measurement Error Box Plot
From the analysis of the above graph, it is clear that some of the measurements of some operators are significantly out of the box whiskers. Operator 3 measured P, T and U defects and operators 4, 8 and 10 measured U defects with large errors. These figures can be recognized as outliers and these outliers may be due to systematic errors.

4.2 The sizing accuracy of the individual technicians
In order to analyse the consistency of the causes of error in measurements between operators, I used the measurement error data in Table 3-2 to perform a one-way ANOVA by column.
Table 4-1 One-way ANOVA for measurement error data
	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	11.8376
	9.0000
	1.3153
	5.9577
	2.23E-07

	1.9269

	Within Groups
	44.1543
	200.0000
	0.2208
	
	
	

	Total
	55.9919
	209.0000
	
	
	
	



From the above analysis, it can be seen that F=5.597＞Fcrit=1.9269, P-value=2.23E-07＜0.05, so it is considered that the measurement errors between different operators are significantly different, but it is not possible to indicate by ANOVA alone which specific operator have significant differences in their measurement errors from the other operaters.

Next we analysed the specific differences in the measurements between each operator by performing a linear regression analysis on all the raw measurements. The linear regression plots of the measurements and the actual defective values for the 10 operators are shown in the Appendix Figures. The text extracts the key information from them such as slope, intercept and R-squared as shown in Table 4-2. It is worth noting that the Pearson correlation coefficients which are needed in Section 4.3 are also together in the table below.
Table 4-2 Linear regression analysis of measured values
	Operator
	Slope
	Intercept
	Pearson correlation coefficient
	R-squared value

	Op 1
	1.0021
	0.6954
	0.9809
	0.9622

	Op 2
	0.9229
	0.4411
	0.9734
	0.9476

	Op 3
	0.8056
	0.7240
	0.9739
	0.9485

	Op 4
	0.8968
	0.4921
	0.9963
	0.9925

	Op 5
	0.7513
	0.6364
	0.9565
	0.9149

	Op 6
	0.8549
	0.3225
	0.9706
	0.9420

	Op 7
	0.9945
	0.5123
	0.9919
	0.9839

	Op 8
	0.8911
	0.3292
	0.9756
	0.9519

	Op 9
	0.8229
	0.3180
	0.9686
	0.9381

	Op 10
	0.8727
	0.9704
	0.9813
	0.9630



Based on the linear regression plots in the appendix and the analysis of the table above, it can be seen that the measurements of operator 1 and 7 are similar, with slopes close to 1, but with large intercepts. It indicates that the measurements of these two operators have high accuracy, but there is a large positive systematic deviation, probably because the calibration of the experimental equipment was not carried out before the measurements were made. 
Operator 3, 5 and 9 have similar measurements, with slopes that are all relatively low, and also have large intercepts. This means that the measurement results of these three operators are different from the actual defects, and all of them have some measurements that are large and some that are small, I speculate that it may be due to the lack of training before the measurement, which leads to the lack of accuracy of the measurement. 

Operator 10 has a lower slope, and has the largest intercept, and all of the measurements made by this operator are larger than the actual values. I speculate that it may be due to the lack of proficiency in the use of the equipment or some subjectivity in recording the data. I speculate that this may be due to a lack of skill in using the equipment or some subjective bias in recording the data. The other four operators' measurements were more accurate and very close to the defective values.

4.3 The sizing accuracy of the equipment and procedure
According to the Pearson's correlation coefficient calculated in Table 5-2 and the trend of the fitted line in the graph, it can be seen that the correlation between the measured values of each operator and with the real defect value, the R-square of all ten operators is very close to 1. It shows that the measurement result of each surveyor is highly positively correlated with the size of the actual defects, and it can be further illustrated that this new equipment and the measurement procedure can be more effective in measuring the actual size of the defects.

5. Results and Discussion
A total of three areas were analysed in the previous section, firstly, outlier judgement, which was determined by plotting box plots of operator 3 measuring P, T and U defects and operators 4, 8 and 10 measuring U defects with large errors. These figures can be recognised as outliers and these outliers may be due to systematic errors. 

Secondly, the accuracy of the personnel sizes, the measurement errors were analysed using one-way ANOVA to get the reasons for the errors were not consistent between different operators. Then the reasons for the errors of each operator were analysed by linear regression. The measurements made by Operators 1 and 7 were highly accurate, but there was a significant positive systematic bias. This was most likely caused by the fact that the measuring apparatus had not been calibrated before the measurements were made. Operators 3, 5, and 9's measures and the real flaws differed significantly, most likely as a result of their inadequate pre-measurement training, which reduced the accuracy of the measurements. Because Operator 10 was inexperienced with the equipment or may have been biassed when gathering data, all of his readings were higher than the true size. The other operators' measurements were more accurate.

Lastly, an assessment was made on the equipment and process correctness. The measurements made by each operators and the value of the real defect have a strong positive association, according to the Pearson correlation coefficient. This suggests that the apparatus is capable of measuring flaws quite well.



6. Conclusion
In this work, data from 10 operators assessing 21 various sizes of wall flaws were analysed using one-way ANOVA and linear regression. After analysing the data, I came to the following conclusions: the equipment and procedures could measure the defects effectively; the measurement errors of different surveyors were inconsistent due to unskilled operation and lack of calibration of the equipment; and several of the measurements were outliers due to systematic errors.

7. Appendix
The following graphs are linear regression plots for each of the 10 operator measurements.
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