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ABSTRACT

The University of Tennessee Space Institute is interested in pitch-based carbon fibers. A
need has arisen for characterizing relative alignment of nonwoven fiber mats, produced
by the spinning gathering technology implemented. Knowledge of this alignment is
relevant in the validation of production methodology as well as aiding in the analysis of
carbon fiber composite materials made with the fiber mats. A digital image processing
method was developed presented and evaluated in this thesis consisting of three steps:
preprocessing using image smoothing, edge detection based upon local intensity
gradients, and line detection via the Hough Transform. A summary of typical results are
provided in both Chapter 4; a more extensive examples of analysis as well as Matlab™
codes are provided in the Appendix. This method was applied to digital photographs
taken from two sources: a carbon fiber mat produced by the University and a generic
anti-static dryer sheet.

Four preprocessing methods are explored: Averaging, Median, Gaussian, and Laplacian
of Gaussian smoothing. In each case, a convolution kernel is created based upon
specified dimensions and standard deviation ¢ (for Gaussian and Laplacian of Gaussian).
Original images are convolved with each kernel, producing a smoothed image. Noise
reduction is quantified by the difference between the original image and the smoothed
image; this noise is analyzed in histograms generated from Matlab™. Using parameters
such as mean, median, and maximum grayscale value as well as processing time, a 5 x 5
Averaging kernel is identified as the optimum preprocessing method explored.

In this thesis, three edge detection techniques are evaluated: the Roberts Method, the
Sobel Method, and the Canny Method. Roberts and Sobel, considered first-order
methods, are evaluated solely over a specified range of thresholds. The second-order
Canny Method (with standard deviation ¢ = 2.75) varied over a range of thresholds of a
higher order of magnitude. Histograms generated from binary edge images, as well as
processing time and relative error introduced from image orientation are used for
evaluation purposes. The Canny Method, using a threshold interval of (0.010, 0.250) is
chosen as the most appropriate method for this analysis.

The Hough Transform is used to determine characteristics of the lines found in the edge
images. Each line is translated into Hough-space using parametric terms p and ®. Using
built-in Matlab™ functions, each edge image is divided into grids ranging from 1 x 1 to
10 x 10. In each grid, the mean angle 0, total length L, and processing time t are
determined. Results are returned in an array of the specified dimensions.
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CHAPTER 1
INTRODUCTION

1.1 UTSI High Performance Carbon Fibers

The University of Tennessee Space Institute is currently pursuing research into the
manufacture of low cost pitch-based carbon fibers. UTSI’s carbon fiber manufacturing
equipment was received as a gift from ConocoPhillips in 2004. Since then, the University
has made significant progress in carbon fiber production methods and composite
manufacturing techniques.

High performance carbon fibers are traditionally made from two sources:
polyacrylonitrile (PAN) and pitch. PAN fibers generally produce fibers with higher
tensile strength and elastic moduli due to their higher carbon content, while pitch fibers
often have higher thermal and electrical conductivity coefficients. Pitch-based fibers have
many possible applications in composite materials, electronic equipment, and reinforced
concrete.

1.2 Manufacturing Process

As stated above, the precursor material for the carbon fibers produced at UTSI is
(mesophase) pitch. In order to “spin” the pitch into carbon fiber, it must first be heated to
melting. Due to the highly viscous nature of pitch, the temperature must be very
accurately controlled. Once the pitch has melted, it is extruded through a spinnerette,
which is typically a block with extremely small holes. As the extruded fibers flow from
the spinnerette, high-velocity airflow is used to cool, continue extruding, and direct the
fibers to the collection media below. Many methods can be used to collect the fibers;
UTSI generally collects them in the form of an unwoven mat on a converyor belt or
spooled onto a bobbin.

Fibers that have been extruded are referred to as “green.” These green fibers must then be
dried in low heat to remove a solvent used to aid manufacture. After the fibers have been
dried (stabilized), they are then heat treated at high temperature in a non-oxidative
environment, typically pure nitrogen. This process, conducted around 1500 °C is known
as pyrolization, usually yields a high performance fiber of at least 95% carbon.
Additionally, properties can be increased further by heat treating at higher temperatures
(+2000 °C) in a process known as carbonization.



1.3 Need For Alignment Evaluation / Measurement

In the previous section, it was stated that fibers manufactured at UTSI are usually
produced in an unwoven mat. The term “unwoven” can be somewhat misleading — these
mats generally exhibit a certain level of alignment due to the mechanics of airflow-driven
fiber laydown. Quantification of this alignment is extremely helpful when fabricating
carbon fiber reinforced composites; fiber alignment is critical in determination of
composite strength.

Given this need, and knowing that exact characterization of fiber alignment is beyond the
scope of this exercise, digital image processing and analytical techniques are well-suited
for this approach. A variety of noise attenuation methods and edge detection algorithms
are explored, as well as variations of the Hough Transform for line detection.



CHAPTER 2
CONCEPTS AND LITERATURE REVIEW

2.1 Mechanical Evaluation

Mechanical evaluation of fibers can be conducted on individual fibers, or on collections
of fibers (bundles, rovings, or mats). Tensile testing determines both the break strength
of the fibers, as well as the accompanying strain. From that data, the modulus of elasticity
can be determined using Hooke’s Law.

Similarly, composites can be tested through various means to find break strength as well.
The matrix properties are known before hand, and testing can be used to evaluate fiber
properties, such as strength, elastic modulus, and critical fiber length. In composite
testing, the alignment of the fibers is extremely critical because fiber geometry greatly
influences the directional strength of the material.

2.2 Optical Evaluation

Optical evaluation on the nano-scale is accomplished with scanning electron microscopy.
From this method, diameter of the fiber can be measured visually, and surface
characteristics of the fiber can be easily distinguished. Other methods can be used to
quantify porosity of the fiber, as well as surface characteristics.

On the micro-scale, fiber diameter can be measured using a laser micrometer. The
interference of the fiber in the path of a laser beam can be quantified in order to
determine the diameter of said fiber. If the measurement is taken at different angles along
the same axial location, the shape of the fiber at that point can be analyzed; fibers are
generally not true circles but are instead elliptical or “dog-boned.”

2.3 Image Analysis

Image analysis, similar to the methods used in facial recognition software and
computerized axial tomography (CAT scanning), can be a useful tool in analyzing carbon
fiber alignment. Digital images can be manipulated via smoothing algorithms to lessen
the effects of noise, and edges can be detected through a number of gradient
approximations. Once the edges in an image are identified, they can then be interpreted as
lines to be characterized. Through the use of computational software such as Matlab™,
these operations can be done quickly and on a relatively large scale.



2.3.1 Digital Images

Digital images, also known as raster images, are stored as rectangular arrays of values
that are discrete portions of the image. Each value in the array, also known as a pixel,
stores values that represent the coloring at that point. Typically, three bits represent the
values for red, blue, and green, but can range up to eight bits depending on the encoding.
Black-and-white images also referred to as grayscale, only need to store one bit that
represents intensity, and therefore have smaller memory requirements.

In digital images, the origin is considered to be the upper left corner, with the positive
horizontal axis moving from left to right, and the positive vertical axis pointing
downward. This convention will be adhered to for the analyses presented here.

As stated above, digital images are represented by arrays of values, and can be treated
mathematically as matrices. In order for edge detection algorithms to function properly,
however, colored digital images must be converted into grayscale. This essentially results
in a matrix of values ranging from zero (black) to 1 (white) — greatly simplifying an
image while still conveying its detail.

Different methods can be used to convert colored images to grayscale, such as intensity
averaging, de-saturation, or a combination of the two. Various algorithms use different
techniques to weight the colors, however these will not be discussed here. Matlab uses a
technique that filters out the hue & saturation information of an image, leaving only an
array of luminance.

Many image processing methods involve the convolution of the image matrix with a filter
or mask. This operation, while similar to matrix multiplication, can be conducted with
arrays of different dimensions (e.g. a 640 x 480 matrix and a 3 x 3 matrix). Convolution
can be defined by Equation 1.

b
(Frat) = [ f(gt—m)dr ®

Each value in matrix f is evaluated according to matrix g, producing a new matrix h.
Convolution can be used for many different operations including image smoothing,
blurring, edge enhancement, edge detection.

2.3.2 Image Smoothing

Digital photographs, like any other measurement, are accompanied by noise. Image noise
can come from a number of sources such as lighting, lens imperfections, background
noise, and even data corruption. In order to reduce the likelihood of error in later steps of
image analysis, a smoothing operation should take place beforehand. A small amount of
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error will be induced from smoothing, but this is mitigates the larger errors generated by
noise. Several methods can be used to smooth the image such as pixel averaging, pixel
median, and Gaussian smoothing.

2.3.2.1 Averaging Smoothing

The averaging method is performed by convolving the grayscale image A with an
averaging mask h, as shown below in Equation 2.

h=

1111
—1 11
9 2)
111

Larger masks can also be utilized, if desired. This operation results in a new matrix B
having the same dimensions of A, with each value b;; being the average of a;; and its
immediately surrounding values. Other masks, with the emphasis on the center value can
be applied, such as in Equation 3.

1111
h=—|1 2 1
111

Many variations of averaging are possible, types that use criteria to limit the evaluation of
certain pixels or rotate the convolution mask and evaluate the image multiple times.
These methods are generally very effective, but only if the noise is smaller than the points
of interest in the image. Edge blurring can also become a concern.

2.3.2.2 Median Smoothing

Median smoothing replaces a point in an image with the median of brightness in the
surrounding area. The median method does not blur edges as much as the averaging
method, is not affected by random spikes, and reduces impulsive noise well. However, in
a rectangular area, thin lines and corners can be inadvertently deemphasized. This can be
avoided through the use of different area geometries, which can become increasingly
complicated and will not be explored here.

Median smoothing in Matlab™ is not accomplished via convolution; instead it uses a
base function ordfilt2 to accomplish the same goal. This function is a logical operator that
uses dimensional input (similar to matrix dimensional notation) to determine the kernel
size. The median operator is named medfilt2.
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2.3.2.3 Gaussian Smoothing

Gaussian smoothing is a more versatile method than those described above, because both
the size of the smoothing mask can be varied, as well as the standard deviation of the
distribution. However, as the standard deviation of the distribution is increased, the size
of the convolution mask may have to grow in order to provide the desired resolution. This
can become prohibitive in certain situations.

The Gaussian kernel is created using the same function that is used to create the
averaging filter, fspecial. Both a standard deviation and matrix dimensions are required.
Equation 4 shows a 5 x 5 smoothing kernel with standard deviation o, of 1.

0.0030 0.0133 0.0219 0.0133 0.0030 ]|
0.0133 0.0596 0.0983 0.0596 0.0133
hy,s =| 0.0219 0.0983 0.1621 0.0983 0.0219| (4)
0.0133 0.0596 0.0983 0.0596 0.0133
0.0030 0.0133 0.0219 0.0133 0.0030 |

2.3.2.4 Laplacian of Gaussian (LoG) Smoothing

The fourth smoothing method explored in this exercise is Laplacian of Gaussian (LoG)
smoothing. This combination of the Gaussian function and the Laplacian operator
(Equation 5) was explored because it emphasizes edge enhancement. This is
accomplished due to the use of zero crossings of the second derivative — a clear indicator
of edges in image analysis.

LoG(X,y) =— 7[;4 {1 —

Once again, fspecial is used to create the LoG kernel. Equation 6 demonstrates a 5 x 5
kernel with standard deviation ¢ of 1. An obvious difference between this kernel and a
Gaussian kernel of equal dimension and s is the presence of negative values near the
center. This phenomena helps to approximate the second derivative of the point of
Interest.

0.0239 0.0460 0.0499 0.0460 0.0239 |
0.0460 0.0061 -0.0923 0.0061 0.0460

is =|  0.0499 -0.0923 -0.3182 -0.0923 0.0499| (6)
0.0460 0.0061 -0.0923 0.0061 0.0460
0.0239 0.0460 0.0499 0.0460 0.0239




2.3.3 Edge Detection

Edge detection uses various algorithms to determine shapes in grayscale images by
locating sharp changes in intensity gradients. Through the use of matrix manipulation,
trends can be found on the local and global scale. Edge detection is the basis for more
complicated software applications such as fingerprint identification, facial recognition,
and computational tomography (“CAT scanning”). Various forms of these methods are
commercially available; this exercise utilizes built-in functions in Matlab™.

Basic edge detector algorithms are broken into to groups: first order, and second order.
First order edge detecting algorithms sense only that a sharp change in the intensity
gradient and make these evaluations based on differences. Roberts and Sobel algorithms
are classic examples of first order edge detectors. Second order algorithms are able to
determine both the gradient and the direction, and base their evaluations on
approximations of the second derivative. The Canny algorithm is the leading second
order detectors.

2.3.3.1 Roberts Operator

The earliest form of edge detection in digital images is known as the Roberts or Roberts-
Cross method. The Roberts operator is defined by the convolution masks shown below in
Equation 7. And the magnitude of the edge is then calculated according to Figure 8.

10 0 1
h‘:[o —J ’ hz{—l 0} M

g=[9G, )H-gG+Lj+D|+|gl, j+D—-gli+Lj)| (8)

The horizontal intensity gradient is found using h;; the vertical intensity gradient is
calculated using h,. If either intensity gradient is above the desired threshold, that point is
considered an edge. The Roberts operator is computes very quickly, because only 4
points are required to estimate the intensity gradient. However, this method is highly
susceptible to noise because so few points are considered.

2.3.3.2 Sobel Operator

The Sobel operator is given by the three convolution masks shown in Equation 9; h;
corresponds to the horizontal and h; corresponds to the vertical. The intermediary kernel
h, measures the diagonal intensity gradient.



1 2 1 0O 1 2 -1 0 1
h=0 0 0|, hy=[-1 0 1| , hy={-2 0 2| (9
-1 -2 -1 -2 -1 0 -1 0 1

The Sobel operator is less sensitive to noise than the Roberts operator, because more
points are evaluated and weighting is used to a limited degree. In turn, this accuracy also
comes with additional computation time due to the larger mask.

2.3.3.3 Canny Method

The Canny algorithm was developed in 1986 by John Canny while performing research
at the University of California. Canny edge detection is similar in nature to the Laplacian
of Gaussian smoothing operator, with a few notable differences. First, the normal
direction n of the gradient can be approximated by the relationship seen in Equation 10,
where G is the two-dimensional Gaussian distribution and g is the image. Local maxima
are defined by Equation 11, and intensity gradient magnitude is calculated according to
Equation 12.

2

0
—G*g=0 (11
el Q)

G, *g[=|V(G*g)| @2)

Having defined these relationships, the algrorithm is as follows: First, convolve the image
g with a Gaussian filter of standard deviation c. Next, estimate the local edge normal
directions n. Find the location of edges using the second-order partial differential
equation, and suppress the non-maxima. Then, determine the magnitude of the edges
using the relationship above. Finally, use thresholding with hysteresis to eliminate false
edges from the image.

2.3.3.4 Demonstration

A brief demonstration shows the differing results that the three methods return. Given a
10 x 10 matrix T (Equation 13) of random intensity values ranging between 0 and 1, all



three edge detection methods are applied using identical threshold values of 0.05. The
standard deviation ¢ for the Canny method is one.

[0.40 0.31 0.02 020 0.09 0.57 0.73 0.57 0.58 0.48]
0.99 097 0.79 0.04 099 054 0.18 0.25 0.84 0.78
042 0.80 0.05 046 046 0.13 024 092 0.15 0.55
0.13 0.81 048 0.79 0.52 0.44 050 0.21 0.70 0.64
0.59 039 0.15 033 090 030 033 029 043 0.93

T= 097 0.18 031 0.76 0.11 0.79 0.61 0.18 0.85 0.15 (13)

0.13 1.00 0.75 0.02 047 0.76 0.08 0.03 0.80 0.07

0.10 0.55 0.27 099 0.01 0.79 043 044 0.96 0.59

0.09 0.14 0.11 0.48 053 039 093 0.00 0.89 0.26

10.45 049 0.80 0.17 0.75 0.08 092 0.05 0.22 0.93

Each of the resultant matrices, (Equations 14 — 16) R, S, and C are binary in composition;
zero values represent the black background, and 1 values represent detected “edges”.
These example matrices are somewhat indicative of what is to be seen in future testing,
and will be addressed later on in the paper.

1100101011
0100101010
0100101010
1010100001
R |1 000000001 14
0000O0T1O0T110
1000110100
0010000O0O 1
1000011001
01 1 1 11111 0]




(1 1011 01 0 0 1]
001 0010000
1110010001
1000100101
1 001 0010T1°0
=01 10101000 19
1 0007101011
01 100071001
000O0O0OT1UO0TO0T1DO0
1 11001 00 1 0]
(000 00O OO0 00 O]
001 100T1U000
01 000O0O0T1O0O
000O01O0O0TO0OTL1O0
01 00010O0T1O0
C= (16)
000O0O0OT1UO0TUO0TO0O O
000O0O0OOT1O0O0O0
01 000O0O0TO0TO0O
01 000O0O0TO0GO0O
00000 O0O0O0O0 O]

2.3.4 The Hough Transform

A literature search was performed to determine possible methods for line detection /
feature extraction. The Hough transform, was found to be the only practical method for
this type of analysis. Other methods, such as Fast Fourier Transforms and Radon
Transforms were explored, but ultimately deemed ill-suited. Both methods are quite
effective in signal processing; the Radon Transform is used in CAT scanning.

The Hough Transform was patented by IBM in 1962, and based upon earlier work by
Paul Hough. Hough’s algorithm requires the image to already be in a binary format,
preferably pre-edge detected. Such edge detected images are simply arrays of 1s and Os,
exactly what is required for this process. In order to define a line, 2 points are necessary;
for n points, one could define n(n-1)/2 pairs of points in the image and checking how
many other points fall on each line. This method would require approximately n’/2
computations, which becomes prohibitive very quickly. Therefore, some other set of
parameters might be more suitable. Slope and intercept would not work very well here, as
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specific conditions may involve no intercept and/or infinite slope. Instead, the Hough
algorithm records unique parameters p and ®. The minimal directed distance from the
origin is defined as p. The parameter ® defines the inclination angle of the line with
respect to the horizontal axis.

Once all the (p,®) parameters have been determined, a scatter plot is made in Hough
space, with p forming the horizontal axis and 6 forming the vertical. Lines in the original
image will appear as clusters of points in Hough space. To mathematically determine the
existence of these lines in Hough space, a two-dimensional histogram needs to be
constructed. From this, peaks can be found; if peaks are above a specified threshold, a
line is confirmed.

Three Matlab™ functions are needed to complete this analysis: hough, houghpeaks, and
houghlines. The hough function requires a binary image; the user may specify the
precision of both p and ® (both default to 1). A matrix H is generated from hough, which
has ® columns and p rows. Then, houghpeaks which requires the input matrix H along
with either a specified quantity of peaks (numpeaks) or a threshold, and returns a Q x 2
matrix (peaks) of peak coordinates. Finally, houghlines requires the following inputs: the
binary image, p, ®, and peaks. This function locates line segments as specified by the
inputs and returns an array of endpoints with their associated Hough parameters p and ©.

2.3.5 Benchmark Evaluation

Initial benchmarking of the three edge detection methods as well as the Hough transform
validates the methods prior to large-scale testing. In each case, the same artificial test
image (Figure 1) is analyzed over same grid size using the same threshold values. If
figure 1 is divided into 4 even sections (each section is 240 x 240), each grid will have
two edges of length 240 (total of 480); the top two regions have horizontal edges and the
bottom two areas have vertical lines.Table 1 shows the three methods show reasonable
accuracy in both the Oean and Lyt parameters, which will be discussed further in
Chapter 3.

Table 1. Averaging Smoothing Results

emeam I—total
Roberts 0 0 479 479

90 90 480 480
Sobel 0 0 479 479

90 90 478 478

0 0 477 477
Canny

90 90 472 472
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Figure 1. Fiber Image 0013-2-1a
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CHAPTER 3
METHODS AND ANALYSIS

In this analysis, 21 images were processed. Twelve of these images, denoted “0013-2-#a”
images taken of carbon fibers produced at UTSI. The remaining nine images, also an
unwoven mat, is a typical dryer sheet.

In order to obtain statistically significant results, a Student-t distribution with 99%
confidence is used. This distribution serves as a good approximation to the Gaussian
distribution, especially as n—o0. The relation ship between sample mean (x) of a Student-
t distribution, the t-value, and mean () is given in Equation 17. The value t in Equation
18 is found in any statistical look-up table; a t-value exists for any combination of sample
size N and confidence interval a. For a sample size of n =21, and oo = 0.01 (99%
confidence) the t-value is tyo; = 2.518. If n, X, s, and t are known, p can be easily found
through algebraic manipulation.

t=2"#
=57 an
Y

Because of the discrete nature of the 8-bit noise images, each of the 21 samples had 256
bins to populate the study. These distributions were then used to create a “composite”
noise images for each method, making meaningful comparisons possible. The
methodologies for each analysis are described here in Chapter 3, with some figures to
help illustrate. For more detailed results, refer to Chapter 4 and the Appendix.

3.1 Preprocessing / Smoothing

Four preprocessing techniques were used in developing this method: averaging, median,
Gaussian, and Laplacian of Gaussian. The criteria for evaluation of these techniques are a
qualitative and quantitative analysis of noise histograms and processing speed. Metrics
relevant to the histogram analysis include: maximum, median, mean grayscale value;
standard deviation of grayscale value, and percentage of gray pixels.

The evaluation schemes for averaging and median smoothing were similar, with n x n
smoothing kernels ranging from n =3 to n = 11. Gaussian and Laplacian of Gaussian
(LoG) kernels were fixed to a 5 x 5 square, with standard deviations ranging from 0.25 to
6.25 at intervals of 0.25 (a total of 25 iterations).The examples provided in this section
are results from the smoothing techniques applied to image 0013-2-1a (Figure 2).
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Figure 2. Fiber Image 0013-2-1a

3.1.1 Average Smoothing

As was explained in Chapter 2, the averaging technique replaces the value of a pixel with
the average intensity value in the surrounding specified area. Therefore the controlling
factor in averaging smoothing is the size of the area. For the purposes of this analysis,
only square n x n kernels were considered.

Once the kernel is convolved with initial image, a smoothed image is produced (Figure
3). The noise in the original image can then be determined by subtracting the new image
from the original (Figure 4).

Histograms can then be constructed based on the intensity values (ranging from 0 to 255)
from the noise image. As the size of the averaging kernel is increased from 3 to 11, it
becomes apparent that the larger kernel size increases effectiveness. More figures of
typical results are shown in Chapter 4.

The recorded 0 value, which corresponds to pure black in the noise image is omitted for
clarity from the histograms. Generally, the number of black pixels is multiple orders of
magnitude greater than the next highest value. This is largely due to the nature of the
images in this study; depth-of-field, lighting, and focus of the camera are all possible
variables that effect the quality of a digital image.

14



Awverage Filter, Std Dev =3

100 130 200

50

Figure 3. Average Smoothing, Image 0013-2-1a, 3 x 3 kernel
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Figure 4. Noise from Original Image using Averaging Smoothing
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Figure 5. Averaging Noise Histogram, 3 x 3 kernel
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3.1.2 Median Smoothing

Median smoothing in Matlab™ uses a different function than the other methods
described in this paper, medfilt2. In this instance, the original image and dimensions
kernel. For the purposes in this paper, only square kernels were used. Another
distinguishing characteristic of this method is that it is not a convolution operation. For
this analysis, median kernels ranged from 3 x 3 to 11 x 11.

The noise isolated from the original image is shown below (Figure 6), and is obtained via
the same subtraction method in the above section. Histograms are generated again (see
Chapter 4), to illustrate and quantify the effectiveness of the different kernel sizes.

3.1.3 Gaussian Smoothing

As described in Chapter 2, Gaussian smoothing convolves a n x n kernel with the original
image to attenuate noise. For this analysis, each kernel was a square 5 x 5, with standard
deviations ranging from 0.25 to 6.25.

As the standard deviation of the distribution increases, the smoothing effect can become

very noticeable in the resultant images. This can often result in a general dimming of the
image, as the lower-intensities of the carbon fibers in the foreground are blurred with the
lighter background.

An analysis of the histograms generated from the Gaussian smoothing reveals that the
effectiveness of increasing standard deviations is asymptotic A scatter plot of Non-zero
percentage vs. standard deviation was also generated to illustrate this (Figure3.1.3.1); this
percentage approaches 47.6% non-zero pixels.

3.1.4 LoG Smoothing

For the purpose of this investigation, Laplacian of Gaussian (LoG) smoothing utilizes a 5
x 5 convolution kernel with standard deviations ranging from 0.25 to 6.25 (the same
parameters as Gaussian smoothing described above). The difference lies in the algorithms
that determine the kernels, as shown in Chapter 2.

LoG smoothing appears to converge even more rapidly and noticeably than Gaussian
smoothing, as seen in the noise image shown below (Figure 7). At ¢ =4.00, only 3
“specs” of noise have been isolated from the original image. For ¢ > 4.00, there is no
difference between the original and resultant images.

18



Non-Zero Percentage

50.0% -

45.0% -

40.0%

Effect of Standard Deviation on Gaussian Smoothing

35.0%

30.0% -

25.0%

20.0% -

15.0%

10.0% A

5.0%

0.0%

|

0.00

0.50

50

100

150

200

250

300

350

400

450

1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50
Standard Deviation, s

5.00

Figure 6. Effect of standard deviation on Gaussian Smoothing
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Figure 7. Noise from 0013-2-1a, LoG Smoothing, c =4
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Another notable difference seen in LoG smoothing when compared to the other methods
used in this analysis is the distribution of the histogram data. Averaging, Median, and
Gaussian smoothing all appear to be variants of the positive half of a normal distribution,
with the mean centered on zero. The distribution of the LoG data, however, appears to be
a normal distribution, and in fact converges to the distribution of the original image. In
fact, for ¢ > 0.25, this trend is already evident. For this reason, and the observation stated
above, it is determined that the Laplacian of Gaussian method is not well-suited for this
application.

3.1.5 Comparison and Method Selection

An evaluation matrix was constructed to compare the three smoothing methods
remaining in this report. Using the metrics listed previously, as well as qualitative
analysis, one method was to be chosen to move forward to the edge-detection phase of
the analysis. The relative best of each of the three methods was selected to be compared
against the other two options. Table 2 and Table 3 demonstrate the in-method variations
of Averaging and Median methods.

Results from the averaging method are largely unaffected by kernel size, as seen by the
minimal data spread of Gray %. Other properties show similar lack of response, as seen
above. The 5 x 5 kernel was selected from this set because of its size; this kernel is large
enough to significantly reduce noise while causing minimal image distortion and has a
non-zero median.

Here, and in the data presented for Median and Gaussian smoothing, the parameter s
represents the sample standard deviation of the frequencies in each composite histogram

Table 2. Averaging Smoothing Results

dim Max Median s Gray Time
3 766 115694 0 7282 40.97% 0.002507
5 799 114491 1 7195 44.02% 0.007142
7 799 113895 2 7145 44.29% 0.010876
9 791 113405 5 7107 43.97% 0.014867
11 786 112871 8 7069 43.92% 0.020940
Table 3. Median Smoothing Results
dim Max Median Gray Time
3 783 133492 0 8370 33.41% 0.056312
5 803 122374 1 7681 40.50% 0.158446
7 808 118723 2 7450 42.58% 0.057735
9 804 117296 5 7355 42.98% 0.063448
11 801 116254 7 7286 43.32% 0.073159
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data set. This data set also includes the frequencies for 0-bin grayscale values, which are
typically 2 orders of magnitude larger than the next largest frequency. That fact
significantly increases the size of the standard deviation. This was done prior to the
exclusion of the LoG method, which as seen above had minimal 0-bin frequencies.

The median smoothing method is more responsive to smaller kernel size than averaging,
but appears to level off at the 7x7 size. This method out-performs the other two methods
in non-zero median values, which implies that more values closer to white are being
eliminated from the image. While the 7x7 kernel has a slightly higher p value, the other
parameters are in the middle of their respective ranges.

Due to the sample size of the Gaussian method, a more rigorous statistical analysis is
used to select an appropriate candidate. Cutting off the data below ¢ = 1.25, as shown in
the previous section regarding the asymptotic nature of the method, leaves a sample size
of n = 21. The full data set is shown in Table 4. With a confidence level of 99%, the same
t-value is used to knock down the average Gray % to 41.24%. The ¢ value with the
closest corresponding value is 2.75.

21



Table 4. Gaussian Smoothing Results

Ginput Max Median Gray Time
0.25 900 230400 0 14400 0.00% 0.006278
0.50 763 124222 0 7882 36.44% 0.007976
0.75 769 120941 0 7614 38.61% 0.007420
1.00 778 120322 0 7562 39.58% 0.007751
1.25 784 119937 0 7533 40.24% 0.008871
1.50 787 119642 0 7512 40.64% 0.008455
1.75 789 119485 0 7501 40.87% 0.007975
2.00 791 119376 0 7493 41.02% 0.008763
2.25 792 119297 0 7488 41.13% 0.008658
2.50 792 119243 0 7484 41.20% 0.007809
2.75 793 119199 0 7481 41.25% 0.007745
3.00 793 119164 0 7478 41.29% 0.007974
3.25 793 119145 0 7471 41.32% 0.007797
3.50 793 119115 0 7475 41.35% 0.008119
3.75 794 119094 0 7474 41.37% 0.008322
4.00 794 119084 0 7473 41.39% 0.008409
4.25 794 119070 0 7472 41.40% 0.008277
4.50 794 119058 0 7471 41.41% 0.009250
4.75 794 119051 0 7471 41.42% 0.008535
5.00 794 119039 0 7470 41.43% 0.008972
5.25 794 119037 0 7470 41.44% 0.008336
5.50 794 119032 0 7469 41.44% 0.008394
5.75 794 119033 0 7469 41.45% 0.008511
6.00 794 119028 0 7469 41.45% 0.008160
6.25 794 119025 0 7469 41.46% 0.008449
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Table 5. Smoothing Method Evaluation

Method Parameter [ Max Median s Gray Time

Averaging 5 799 114491 7195 44.02% 0.007142
Median 7 808 118723 7450 42.58% 0.057735
Gaussian 2.75 793 119199 7481 41.25% 0.007745

As stated before, the desired smoothing method should reduce a large amount of noise
from the image while minimizing distortion of the original image. Indications of positive
noise reduction are: small p, non-zero m, low maximum, and relatively large S. Distortion
is minimized by using a kernel with the lowest impact (for Averaging and Median
methods, this equates to small kernel size; for Gaussian and LoG, this means smaller G).

As seen in Table 5, the selected Averaging, Median, and Gaussian smoothing methods
are reasonably comparable. The deciding factor then becomes the lowest maximum
value, which is provided by the Averaging method. The relative difference in standard
deviations of the methods ranges no more than 5%, and processing times are comparable.
This technique is the method used for the rest of this investigation.

3.2 Edge Detection

Following image smoothing, three methods for edge detection were examined: Roberts,
Sobel, and Canny. Each method was evaluated according the following criteria: edges
detected (percentage of image), 90° image rotation sensitivity, thresholding sensitivity,
and processing time.

When preparing images for line-extraction, computations can be minimized by limiting
the number of edges, as well as reducing error. Because all three methods return binary
images as their final product, image histograms are less telling than those presented in the
previous section. However, these histograms do demonstrate the overall percentage of
edge pixels (white) in each processed image. If the fibers in the images are continuous
and have no discernable porosity, it is reasonable to assume that the edges in a fiber-matt
image should represent a small portion of the image. This, small portion, however, should
not be so small as to nullify the number of edges.

Sensitivity to image orientation can also be a concern when detecting edges, especially
when basic edge (two-direction) is used. More complicated methods that examine
multiple directions are generally less sensitive. For this exercise each image was rotated
clockwise 90°, processed via the specified edge detection, rotated back to the initial
orientation and compared with the non-rotated edge image.
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The effects of thresholding on edge detection techniques can have a significant impact on
the final edge image. This is especially evident in the Canny method, because both a high
and low threshold are used. It is assumed that the higher thresholds return only strong
edges; however, this must be weighed along with the amount of edges returned.

3.2.1 Roberts Method

As stated in Chapter 2, the Roberts method uses two convolution kernels to locate
potential edges by approximating horizontal and vertical derivatives. This method is the
least complex of the three techniques examined, and has the shortest processing time. A
positive response from either convolution process results in a detected edge, which
allows this technique to identify both strong and weak edges. Both types of edges are
returned as white (1) in the binary image (Figure 8).

The Roberts method was applied to each image; the threshold value was varied from
0.001 to 0.030. Understandably, as the threshold value was increased, the percentage of
white pixels decreases. For the Roberts method, this decay is approximately 0.75% per
0.001 threshold value.

Another parameter of concern for this study is the sensitivity of the method to image
orientation. Because this method only detects horizontal and vertical intensity gradients
and has small kernel size, sensitivity to mat orientation should be explored. However, the
statistical analysis of the data shows this error is on the scale of 0.003%.

Roberts Method, Thresh =0.001

Figure 8. Image 0013-2-1a, Roberts Edge Detection, Threshold = 0.001
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The final parameter evaluated in this study is processing time. The values are at least an
order of magnitude greater than the smoothing operations, but still less than one second.
As can be seen for the composite image, processing time for different threshold values
remains somewhat constant near an average of 0.187 seconds.

3.2.2 Sobel Method

The second method studied is the Sobel Method. This method uses three weighted edge
detection kernels, which are also 3 x 3 instead of 2 x 2. As expected, this increases the
accuracy of the algorithm but may sacrifice processing time. For the same threshold value
of 0.001, a slightly more sparse edge image is produced (Figure 9).

The Sobel Method was evaluated over the same range of thresholds as the Roberts
Method, and consistently yields fewer edges for thresholds below 0.014 (See discussion
in Section 3.2.4). Also, as expected, the same trend seen can be seen regarding the
general decrease of edge pixels with the increase of threshold values.

The Sobel method also shows similar results to the Roberts method regarding image
orientation; very little sensitivity can be seen by rotating the image 90°. The Sobel
method has approximately 1/3 the sensitivity of Roberts to rotation (average error of
0.00149%).

Sobel Method, Thresh =0.001
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Figure 9. Image 0013-2-1a, Sobel Edge Detection, Threshold = 0.001
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Processing times are on the order of 0.20 seconds. While comparable to Roberts, there is
more variation over the range of threshold values. This will be discussed in greater detail
in Section 3.2.4.

3.2.3 Canny Method

The Canny method is by far the most complicated of the three methods evaluated here.
More convolution kernels, non-maxima suppression, and thresholding with hysteresis all
equate to greater processing times. This increase in processing time is traded for an
assumed increase in accuracy.

As was shown in Chapter 2 example involving a random 10 x 10 matrix of values,
thresholding values can be much larger. In order to find meaningful variation in the
process, a ranger of larger threshold values were needed.

Instead of ranging from 0.001 to 0.030, the Canny lower thresholds were varied from
0.010 to 0.300, with high thresholds equaling 2.5x the lower value (Matlab™ default).
Note: this leaves only three points at which all three methods share a common threshold
value over their ranges. For this range of threshold values, however, the Canny method
consistently yields much smaller numbers of edge values (Figure 10).

While lower threshold values return edge counts of around 8%, as the thresholding values
increase the number of edge pixels decrease to an almost insignificant amount.

Canny Method, Thresh =0.025

50 100 150 200 300 350 00 450

Figure 10. Image 0013-2-1a, Canny Edge Detection, Threshold = [ 0.010 0.025]
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Figure 11. Composite 90° Rotation Sensitivity, Canny Method

The Canny method’s sensitivity to image rotation was also explored. More variation was
observed in the error values and greater values were observed, but the error greatly
decreases as threshold value increases (Figure 11). This can be explained by the fact that
as threshold values increase, especially for Canny, the number of edge pixels in the image
decreases significantly.

Processing times for the Canny method were significantly larger than both the Roberts
and Sobel methods, as was expected. Average processing time over all images and
threshold values was ~0.92 seconds.

3.2.4 Comparison and Method Selection

As stated before, the three methods were evaluated based upon detection percentage,
image rotation sensitivity, thesholding effects, and processing time. Of these criteria, the
most paramount is detection percentage. Plots (Figure 12, Figure 13) of all three methods
of detection percentage vs. threshold clearly show the Canny method to be far superior to
both Roberts and Sobel in this application.
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Figure 14. Processing Time, Rotational Error Study

While the ranges of thresholding values differ by an order of magnitude between both
Roberts and Sobel and Canny, the overlap that does exist at 0.010, 0.020, and 0.030
shows the Canny method to be superior. This can be attributed to three major differences
between Canny and the other two methods: larger number of kernels, local non-maxima
suppression, and thresholding with hysteresis.

While the Canny method out-performs both Roberts and Sobel regarding edge-detection
percentages, it is relatively weaker in both processing time and image orientation
sensitivity (Figure 14). As expected, the Roberts method has the lowest processing time
due to requiring the fewest (and smallest) kernels and therefore minimal operations
needed. The Roberts method is also the least sensitive to image orientation/rotation. It
should be noted, however, that the only secondary orientation that was checked was a 90°
clockwise rotation; other orientations may exhibit different results.

Having seen the Canny method to outperform both Roberts and Sobel over a large range
of thresholds, as well as the fact that processing times for Canny are less than 0.90
seconds and rotational error reaches a maximum of 0.00302%, it is determined that the
Canny method is best suited for this exercise.
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Working from the assumption that a “reasonably” low edge percentage is desirable, a
relatively small lower threshold should be used. This would allow an equally small
threshold, relatively maximizing the opportunity for strong edges to be detected. Having
a reasonable point of comparison with Roberts and Sobel being desirable, 0.010 is
selected as the threshold value for the next phase of this examination.

3.3 Line Detection via the Hough Transform

Due to the large number of parameters that could be varied for this analysis, certain
assumptions were made to limit the scope. The hough function itself allows the user to
define the resolution of both p and ®; for the purposes of this study both parameters were
set to their default value of 1.

The houghpeaks function lets the user define either the threshold value for the peaks
determined or a specified count of peaks regardless of value; the suppression
neighborhood surrounding a peak can also be pre-determined. For this exercise, the
number of peaks was varied from 10 to 100 at intervals of 10. This was done to help
ensure that no grid space returned a null value and also helps account for lower intensities
in different regions. The suppression neighborhood was set to 9; the default value is the
lowest odd number closest to the size of H/50.

In houghlines, gap spacing between two line co-linear line segments can be specified as
well as the minimum length of merged lines. Default values, which were used, for each
are 20 and 40 pixels respectively.

With these assumptions made, each detected image was sectioned off into grids of size
1x1, 2x2, 4x4, 5x5, 6x6, 8x8, and 10x10. The Hough Transform was then applied in each
individual grid. The output returned from the houghlines function is an array of line
endpoints. With endpoints known both length and angle can be determined.

Sensitivity to the number of peaks is one of the foremost concerns in this exercise;
however, if the alignment of the fibers in the image is already homogeneous one would
not expect a large amount of variation in the data. Because of this, relying purely upon
angle measurements to validate the process is insufficient. Another parameter, total line
length must also be considered.

The result from the twenty-one smoothed, edge-detected images are shown in Table 6. As
expected, the angle measurements show little variation throughout the study. The total
length measurement L, however, shows a good approximation to exponential growth
(especially for lower grid sizes).
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Table 6. Line Detection Results

Composite Image

0 L t

Peaks [ deg | [ dmls | [ sec]

10 61.175 66.298 0.385

20 60.384 77.161 0.414

30 63.567 63.991 0.433

- 40 63.259 70.85 0.457
T 50 63.208 68.953 0.482
E 60 62.452 64.574 0.509
© 70 61.176 63.145 0.529
80 62.032 73.386 0.557

90 63.469 91.475 0.57

100 61.884 64.095 0.596

10 61.581 267.99 0.522

20 62.312 280.367 0.605

30 63.84 268.302 0.667

o 40 62.947 270.434 0.733
T 50 63.291 253.125 0.779
E 60 62.338 251.076 0.842
© 70 60.635 277.344 0.882
80 62.123 276.384 0.93

90 63.896 283.62 0.964

100 62.04 271.861 1.007

10 60.951 907.189 1.205

20 63.845 908.53 1.686

30 64.417 952.127 2.071

M 40 63.719 917.642 2453
‘”" 50 65.102 929.764 2.744
E 60 64.361 905.946 3.008
© 70 62.338 943.576 3.195
80 64.073 936.335 3.4

90 66.006 947.381 3.505

100 64.233 948.054 3.625

10 61.82 1486.382 1.626

w 20 62.781 1475.2 2.349
- 30 64.238 1480.068 2.949
_E_’ 40 63.694 1463.912 3.395
5 50 64.398 1474.164 3.794
60 63.586 1481.79 4.09

70 63.46 1488.902 4.398
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Table 6 (Continued). Line Detection Results

80 65376 1495.52 4605
90 65277 1464.6 4774

100 64.666 |  1489.457 492

10 62497 | 2065.877 2137

20 63.04 | 2087.23 3.165

30 64.506 |  2029.554 3.942

: 40 63.99 2047.4 4506
° 50 63.935 | 2012006 5.04
= 60 63.04 | 2087.23 3.165
© 70 63.02 1944.85 5.672
80 64.546 | 1999376 5.876

90 63.60 | 1975.075 6.053

100 63.658 | 1994011 6.221

10 6099 |  3662.018 3.358

20 62469 | 3707517 5.004

30 62.792 3677.57 6.18

= 40 63.137 | 3645218 6.998
°|'|= 50 63.783 |  3626.588 7.63
= 60 62.556 |  3619.469 8.113
© 70 62276 | 3549.684 8.34
80 64.094 |  3556.084 8471

90 62.985 |  3549.061 8.62

100 63.602 3502.29 8.686

10 61213 5777.99 4827

20 62228 | 5736.679 7.18

30 63.138 | 5713.062 8.738

= 40 62234 | 5666717 9.784
= 50 63.066 |  5549.078 10.37
- 60 61944 | 5611403 10.659
3 70 61.682 | 5565343 10.802
80 63.94 | 5511.326 10.942

90 63391 | 5518343 10.876

100 64.102 | 5493264 10.861

32




Measured / Expected Length Percentage

110%

[
100% A

/N

90%

A )
| W/

60%

Length [ dimensionless ]

10 20 30 40 50 60 70 80 90 100

Peaks

-2 A4 5 —%—6 —8—8 ——10

Figure 15. Percentage of Measured / Expected Length

A comparison of expected length values to measured values can easily be compiled using
the power law. Figure 15 shows the measured / expected length percentage over the range
of peaks.

For all grid sizes, the measured lengths are reasonably close to the expected values for
that grid size. The drop in percentage at 90 peaks appears to be either anomalous or a
phenomena that disproves the assumption of even distribution of lines.

Given the results in Table 6 and the observations made from Figure 15, it is determined
that the number of peaks over this range has little effect on the results. Noting that the
measured length values do increase at nearly the exponential rate expected from the
assumption of even line distribution, it is a reasonable conclusion that most of the lines
detected are of roughly equal length. This means that the range of peak values is
somewhat small. More investigation is needed to truly quantify this.
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CHAPTER 4
TYPICAL RESULTS

This section contains a sampling of typical results, all from analysis of image 0013-2-1a.
Data presented, in both figure and tabular forms follow the typical analytical progression
for this investigation: image smoothing, edge detection, and line detection. All methods
are shown. More extensive examples of raw data are presented in the Appendix.

Note: the term “frequency,” seen in histogram figures refers to the total count of
occurrences in a data set; “frequency” and “count” are often used interchangeably in

histogram analyses.
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Figure 16. Averaging Smoothing, 3 x 3 kernel
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Noise Histogram Average Filtration

Dim =5
7000
6000
5000
-, 4000
o
<
[
=]
o
14
L 3000
2000
1000
Grayscale
Figure 17. Averaging Smoothing, 5 x S kernel
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Figure 18. Averaging Smoothing, 7 x 7 kernel
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Figure 19. Averaging Smoothing, 9 x 9 kernel
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Figure 20. Averaging Smoothing, 11 x 11 kernel
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Noise Histogram Median Filtration
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Figure 21. Median Smoothing, 3 x 3 kernel
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Figure 22. Median Smoothing, 5 x 5 kernel
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Noise Histogram Median Filtration
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Figure 23. Median Smoothing, 7 x 7 kernel
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Figure 24. Median Smoothing, 9 x 9 kernel
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Noise Histogram Median Filtration
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Figure 25. Median Smoothing, 11 x 11 kernel
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Figure 26. Gaussian Smoothing, ¢
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Noise Histogram Gaussian Filtration
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Figure 27. Gaussian Smoothing, ¢ = 2.00
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Figure 28. Gaussian Smoothing, ¢ = 3.00
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Noise Histogram Gaussian Filtration
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Figure 29. Gaussian Smoothing, ¢ = 4.00
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Figure 30. Gaussian Smoothing, ¢ = 5.00
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Noise Histogram Gaussian Filtration
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Figure 31. Gaussian Smoothing, ¢ = 6.00
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Figure 32. LoG Smoothing, c =1.00
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Noise Histogram LoG Filtration
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Figure 33. LoG Smoothing, c =2.00
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Figure 34. LoG Smoothing, c =3.00
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Noise Histogram LoG Filtration
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Figure 35. LoG Smoothing, c = 4.00

Table 7. Averaging Method Summary

3 5 7 9 11

1Y 766 799 799 791 786

Max: 115694 114491 113895 113405 112871
Median: 0 1 2 5 8
s: 7282 7195 7145 7107 7069

% Black: | 59.03% | 55.98% | 55.71% | 56.03% | 56.08%
% Gray | 40.97% | 44.02% | 44.29% | 43.97% | 43.92%

Table 8. Averaging Method Time Summary

3 5 7 9 11
Min: | 0.003865 | 0.006345 | 0.010033 | 0.013697 | 0.019599
x: | 0.005541 | 0.007838 | 0.011638 | 0.015525 | 0.022342

Max: | 0.029592 | 0.012245 | 0.015897 | 0.017810 | 0.028251
Median: | 0.004245 | 0.007692 | 0.011176 | 0.015478 | 0.021707
s: | 0.005522 | 0.001267 | 0.001388 | 0.001198 | 0.002553
p: | 0.002507 | 0.007142 | 0.010876 | 0.014867 | 0.020940
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Table 9. Median Method Summary

3 5 7 9 11

u: 783 803 808 804 801

Max: 133492 122374 118723 117296 116254

Median: 0 1 2 5 7

s: 8370 7681 7450 7355 7286

% Black: | 66.59% | 59.50% | 57.42% | 57.02% | 56.68%

% Gray | 33.41% | 40.50% | 42.58% | 42.98% | 43.32%
Table 10. Median Method Time Summary

3 5 7 9 11

Min: | 0.053391 | 0.154877 | 0.052967 | 0.059954 | 0.068427

x: | 0.057598 | 0.160796 | 0.061545 | 0.066368 | 0.076102

Max: | 0.061771 | 0.171827 | 0.073464 | 0.079716 | 0.090039

Median: | 0.057490 | 0.160166 | 0.058037 | 0.063663 | 0.075368

s: | 0.002285 | 0.004276 | 0.006933 | 0.005313 | 0.005356

p: | 0.056312 | 0.158446 | 0.057735 | 0.063448 | 0.073159
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Table 11. Gaussian Method Summary

c: 0.25 0.50 0.75 1.00 1.25

iY 900 763 769 778 784

Max: 230400 124222 120941 120322 119937
Median: 0 0 0 0 0
s: 14400 7882 7614 7562 7533

% Black: | 100.00% 63.56% 61.39% 60.42% 59.76%
% Gray 0.00% 36.44% 38.61% 39.58% | 40.24%
c: 1.50 1.75 2.00 2.25 2.50

iY 787 789 791 792 792

Max: 119642 119485 119376 119297 119243
Median: 0 0 0 0 0
s: 7512 7501 7493 7488 7484

% Black: 59.36% 59.13% 58.98% 58.87% 58.80%
% Gray | 40.64% | 40.87% | 41.02% | 41.13% | 41.20%
c: 2.75 3.00 3.25 3.50 3.75

iY 793 793 793 793 794

Max: 119199 119164 119145 119115 119094
Median: 0 0 0 0 0
S: 7481 7478 7477 7475 7474

% Black: 58.75% 58.71% 58.68% 58.65% 58.63%
% Gray | 41.25% | 41.29% | 41.32% | 41.35% | 41.37%
c: 4.00 4.25 4.50 4.75 5.00

iH 794 794 794 794 794

Max: 119084 119070 119058 119051 119039
Median: 0 0 0 0 0
s: 7473 7472 7471 7471 7470

% Black: 58.61% 58.60% 58.59% 58.58% 58.57%
% Gray | 41.39% | 41.40% | 41.41% | 41.42% | 41.43%
c: 5.25 5.50 5.75 6.00 6.25

iH 794 794 794 794 794

Max: 119037 119032 119033 119028 119025
Median: 0 0 0 0 0
s: 7470 7469 7469 7469 7469

% Black: 58.56% 58.56% 58.55% 58.55% 58.54%
% Gray | 41.44% | 41.44% | 41.45% | 41.45% | 41.46%
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Table 12. Gaussian Method Time Summary

o: 0.25 0.50 0.75 1.00 1.25
Min: | 0.005837 | 0.006862 | 0.006711 | 0.006538 | 0.007039
X: | 0.006562 | 0.008923 | 0.009730 | 0.009076 | 0.012254
Max: | 0.007576 | 0.012906 | 0.024505 | 0.014220 | 0.036017
m: | 0.006339 | 0.008418 | 0.008106 | 0.008205 | 0.011898
s: | 0.000517 | 0.001725 | 0.004204 | 0.002412 | 0.006156
p: | 0.006278 | 0.007976 | 0.007420 | 0.007751 | 0.008871
o: 1.50 1.75 2.00 2.25 2.50
Min: | 0.006856 | 0.006710 | 0.006578 | 0.006874 | 0.006248
X: | 0.009875 | 0.010350 | 0.010281 | 0.010950 | 0.009222
Max: | 0.014698 | 0.025823 | 0.015275 | 0.025957 | 0.014311
m: | 0.009458 | 0.009050 | 0.010001 | 0.010333 | 0.008436
s: | 0.002586 | 0.004323 | 0.002763 | 0.004171 | 0.002573
p: | 0.008455 | 0.007975 | 0.008763 | 0.008658 | 0.007809
o: 2.75 3.00 3.25 3.50 3.75
Min: | 0.006396 | 0.006343 | 0.006441 | 0.006511 | 0.006158
x: | 0.009501 | 0.009593 | 0.009657 | 0.009276 | 0.010238
Max: | 0.018985 | 0.016064 | 0.021365 | 0.013924 | 0.019933
m: | 0.008925 | 0.008520 | 0.009414 | 0.008556 | 0.009538
s: | 0.003196 | 0.002946 | 0.003385 | 0.002107 | 0.003488
p: | 0.007745 | 0.007974 | 0.007797 | 0.008119 | 0.008322
o: 4.00 425 4.50 4.75 5.00
Min: | 0.006530 | 0.006631 | 0.006378 | 0.006614 | 0.006646
x: | 0.010206 | 0.010183 | 0.010943 | 0.010036 | 0.010176
Max: | 0.019606 | 0.021424 | 0.017567 | 0.015760 | 0.013749
m: | 0.009236 | 0.010463 | 0.009777 | 0.009226 | 0.009680
s: | 0.003271 | 0.003468 | 0.003080 | 0.002731 | 0.002190
p: | 0.008409 | 0.008277 | 0.009250 | 0.008535 | 0.008972
o: 5.25 5.50 5.75 6.00 6.25
Min: | 0.007017 | 0.006862 | 0.006611 | 0.006728 | 0.006230
x: | 0.010071 | 0.010207 | 0.009771 | 0.010394 | 0.009997
Max: | 0.019020 | 0.019959 | 0.014126 | 0.023274 | 0.015367
Median: | 0.009219 | 0.009652 | 0.009561 | 0.009300 | 0.009711
s: | 0.003158 | 0.003299 | 0.002293 | 0.004065 | 0.002816
p: | 0.008336 | 0.008394 | 0.008511 | 0.008160 | 0.008449

47




Table 13. LoG Method Summary

o: 0.25 0.50 0.75 1.00 1.25
W 600 522 498 490 487

Max: | 89084 | 15604 3951 1617 1681
Median: 153 467 324 259 226
s: 5558 1009 502 488 499
%Black: | 58.01% | 11.67% | 3.10% | 129% | 0.66%
% Gray | 41.99% | 8833% | 96.90% | 98.71% | 99.34%
o: 1.50 1.75 2.00 2.25 2.50

W 485 480 472 461 445

Max: 1732 1747 1760 1788 1794
Median: 223 207 190 171 149
s: 507 513 518 521 522
%Black: | 039% | 027%| 020%| 0.17% | 0.15%
% Gray | 99.61% | 99.73% | 99.80% | 99.83% | 99.85%
o: 2.75 3.00 3.25 3.50 3.75

W 427 410 393 379 371

Max: 1800 1797 1799 1838 1864
Median: 139 125 115 110 107
s: 523 522 522 522 523
%Black: |  0.14% | 0.13% | 0.12% | 0.12% | 0.12%
% Gray | 99.86% | 99.87% | 99.88% | 99.88% | 99.88%
o: 4.00 4.25 4.50 4.75 5.00

w 367 367 366 366 366

Max: 1873 1873 1873 1873 1873
Median: 103 103 103 103 103
s: 524 524 524 524 524
%Black: | 0.12% | 0.12% | 0.12% | 0.12% | 0.12%
% Gray | 99.88% | 99.88% | 99.88% | 99.88% | 99.88%
o: 5.25 5.50 5.75 6.00 6.25

w 366 366 366 366 366

Max: 1873 1873 1873 1873 1873
Median: 103 103 103 103 103
s: 524 524 524 524 524
%Black: | 0.12% | 0.12% | 0.12% | 0.12% | 0.12%
% Gray | 99.88% | 99.88% | 99.88% | 99.88% | 99.88%
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Table 14. LoG Method Time Summary

c: 0.25 0.50 0.75 1.00 1.25

Min: | 0.005790 | 0.006581 | 0.006356 | 0.006630 | 0.006973

Mean: | 0.006187 | 0.007584 | 0.007701 | 0.008065 | 0.008410

Max: | 0.006549 | 0.009011 | 0.009163 | 0.011302 | 0.011501

Median: | 0.006218 | 0.007498 | 0.007381 | 0.007769 | 0.008075

s: | 0.000190 | 0.000614 | 0.000853 | 0.001268 | 0.001364

c: 1.50 1.75 2.00 2.25 2.50

Min: | 0.006999 | 0.006320 | 0.006508 | 0.006404 | 0.006451

Mean: | 0.008349 | 0.008637 | 0.007779 | 0.007942 | 0.007856

Max: | 0.011158 | 0.012372 | 0.009407 | 0.011530 | 0.010878

Median: | 0.008079 | 0.008588 | 0.007571 | 0.007715 | 0.007588

s: | 0.001178 | 0.001672 | 0.000925 | 0.001181 | 0.001056

c: 2.75 3.00 3.25 3.50 3.75

Min: | 0.006333 | 0.006390 | 0.006467 | 0.006345 | 0.006298

Mean: | 0.007824 | 0.008117 | 0.008433 | 0.008744 | 0.008446

Max: | 0.010229 | 0.011151 | 0.012952 | 0.016596 | 0.012649

Median: | 0.007272 | 0.007580 | 0.008164 | 0.007819 | 0.007761

s: | 0.001099 | 0.001491 | 0.001770 | 0.002709 | 0.001896

c: 4.00 4.25 4.50 4.75 5.00

Min: | 0.006212 | 0.006357 | 0.006161 | 0.005985 | 0.006257

Mean: | 0.009216 | 0.008626 | 0.008000 | 0.007982 | 0.008258

Max: | 0.026257 | 0.012589 | 0.012469 | 0.011108 | 0.014775

Median: | 0.007978 | 0.008101 | 0.007631 | 0.007460 | 0.007434

s: | 0.004408 | 0.001772 | 0.001590 | 0.001422 | 0.002043

c: 5.25 5.50 5.75 6.00 6.25

Min: | 0.006432 | 0.006376 | 0.006290 | 0.006342 | 0.006781

Mean: | 0.008376 | 0.008330 | 0.008873 | 0.008918 | 0.008709

Max: | 0.011797 | 0.014962 | 0.013042 | 0.020471 | 0.015900

Median: | 0.008158 | 0.007597 | 0.008560 | 0.008512 | 0.008092

s: | 0.001545 | 0.002099 | 0.002290 | 0.003020 | 0.002260
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Roberts Edge Detection Histograms
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Figure 36. Roberts Histograms

Roberts Edge Detection Process Time
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Figure 37. Roberts Processing Time
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Sobel Edge Detection Histograms
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Figure 38. Sobel Histograms

Sobel Edge Detection Process Time
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Figure 39. Sobel Processing Time
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Canny Edge Detection Histograms

Image 0013-2-1a

0.725

0.700

0.675

0.650

0.625

0.600

0.575

0.550

0.525

0.500

0.475

0.450

0.425

0.400

0.375

0.350

0.325

0.300

0.275

0.250

0.225

0.200

0.175

0.150

0.125

0.100

0.075

0.050

0.025

250000

Aouanbaiq

Threshold

W Black BWhite

Figure 40. Canny Histograms

Canny Edge Detection Process Time
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Figure 41. Canny Processing Time

52



CHAPTERS
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

A digital image processing method was developed and evaluated in this thesis consisting
of three steps: preprocessing using image smoothing, edge detection based upon local
intensity gradients, and line detection via the Hough Transform. This method was
applied to digital photographs taken from two sources: a carbon fiber mat produced by
the University and a generic anti-static dryer sheet.

Four digital preprocessing approaches are considered: Averaging, Median, Gaussian, and
LoG smoothing. Each method was evaluated based upon the noise reduction from the
original image. After preprocessing, three edge detection methods were evaluated:
Roberts, Sobel, and Canny. Edge detection methods were judged over a range of
threshold values to determine the appropriate technique. Finally, the Hough Transform is
used to detect lines in the edge image over various grid sizes. Mean angle 0, total length
L and processing time are considered as the number of grids is increased.

The final method presented in this paper uses three image processing techniques: noise-
reducing Averaging smoothing with a 5 x 5 kernel, Canny edge detection with a standard
deviation ¢ = 2.75 and threshold interval (0.010, 0.250), and line detection via the Hough
Transform with p and ©® resolutions of 1, respectively. As the line detection grid size
decreases (more grids overall), this method provides a reasonable approximation of the
relative alignment of nonwoven fiber mats.

5.2 Recommendations

The most obvious use for the line detection code is to analyze carbon fiber mats after
production. However, a camera could be placed directly above the conveyor belt (or
bobbin) and used to periodically examine the mats as fibers are being spun. If the image
size is small and the processor fast enough, “real-time” data could be approximated as a
quality control tool. A general alignment characteristic could be derived from output
from the Hough transform itself. In industry, many times a fiber mat is quoted to have a
general alignment of XX%. Using the Hough parameterization value ®, which represents
the inclination angle in Hough-space, a statistical analysis of the returned values could
help to quantify this alignment.

One important factor that has been omitted for this study is the three dimensional nature
of the fiber mat. This was done strictly for convenience. More complicated methods
could be developed to help quantify fiber alignment above and below the plane being
examined; this would necessitate a model of the fiber lay down itself — no small task.
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Another area that could be improved is the quality of the original image. This can be
done through: carefully tuning of light sources, proper use of zoom and depth-of-field,
and use of high-resolution cameras. This exercise was not concerned with this issue, but
it should be considered when using this tool in the future.

The only method of image preprocessing explored in this paper is smoothing, however,
there exists a wide variety of techniques that can be used to enhance digital images.
Matlab™ has other built-in functions that could be used, such as sharpening. Other
operations could be performed on a more basic level, such as bit-shifting. This can be
used to increase the contrast in an image or brighten it.

As with preprocessing methods, there is a wide range of edge detection techniques that
are available; many are built-in to Matlab™. A more productive exercise, however,
would be to determine a better low-high relationship between Canny thresholds
(currently, fixed ratio of 2.5).

Many assumptions were made when analyzing the Hough transform in this study in order
to minimize the amount of data to be analyzed. Parameters such as ® and p resolution,
peaks threshold, neighborhood size, fill gap length, and minimum merged length all have
the potential to greatly effect the outcome of the analysis. As mentioned in Section 3.3,
any future work should include an in-depth exploration of the effects of peak
thresholding vs. peak counting.

A graphical user interface would be very useful when analyzing large quantities of

images. Matlab™ has a built-in toolbox known as GUIDE (graphical user interface
development environment) that makes the procedure largely automatic.
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Appendix A: Analysis of Image 0013-2-2a

Figure 42. 0013-2-2a
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Awverage Filter, Std Dev =3

Figure 43. 0013-2-2a Averaging Smoothing, 3 x 3 kernel

Preprocessing Difference, Avg Dim =3

50 100 130 200 250 300 350 400 450

Figure 44. 0013-2-2a Averaging Smoothing Noise, 3 x 3 kernel
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Awverage Filter, Std Dev =5

Figure 45. 0013-2-2a Averaging Smoothing, 5 x 5 kernel

Preprocessing Difference, Avg Dim =5

50 100 130 200 250 300 350 400 450

Figure 46. 0013-2-2a Averaging Smoothing Noise, 5 x 5 kernel
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Awverage Filter, Std Dev =7
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Figure 47. 0013-2-2a Averaging Smoothing, 5 x 5 kernel

Preprocessing Difference, Avg Dim =7

50 100 130 200 250 300 350 400 450

Figure 48. 0013-2-2a Averaging Smoothing Noise, 5 x 5 kernel
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Awverage Filter, Std Dev =9

50 100 150 200 250 300 350 400 450
Figure 49. 0013-2-2a Averaging Smoothing, 7 x 7 kernel

Preprocessing Difference, Avg Dim =7

50 100 130 200 250 300 350 400 450

Figure 50. 0013-2-2a Averaging Smoothing Noise, 7 x 7 kernel
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Awverage Filter, Std Dev =9

Figure 51. 0013-2-2a Averaging Smoothing, 9 x 9 kernel

Preprocessing Difference, Avg Dim =9

50 100 130 200 250 300 350 400 450

Figure 52. 0013-2-2a Averaging Smoothing Noise, 9 x 9 kernel
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Awverage Filter, Std Dev =11

Figure 53. 0013-2-2a Averaging Smoothing, 11 x 11 kernel

Preprocessing Difference, Avg Dim =11

50 100 130 200 250 300 350 400 450

Figure 54. 0013-2-2a Averaging Smoothing Noise, 11 x 11 kernel
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Table 15. 0013-2-2a Averaging Smoothing Histogram Data

Grayscale | 3 5 7 9 11

0 | 120794 117420 116644 116589 116281
1| 13107 8441 7562 7021 6234
2 | 12978 8139 7232 6816 6124
3112179 8304 7332 6791 6054
4] 11301 8090 7012 6559 5896
5110221 7716 6960 6298 5748
6 | 9072 7571 6389 6203 5657
7 | 8013 7143 6389 5853 5563
8 | 6626 6554 6070 5353 5035
9 | 5535 6163 5648 5368 4949
10 | 4480 5698 5257 4980 4781
11 | 3522 5208 4923 4672 4415
12 | 2646 4532 4444 4241 4139
13 | 1946 3987 4112 3884 3921
14 | 1502 3545 3598 3633 3662
15 | 1147 2960 3209 3239 3386
16 | 792 2491 3020 2897 3145
17 | 646 2155 2568 2748 2884
18 | 432 1814 2196 2390 2596
19 | 353 1542 2002 2111 2391
20 | 249 1309 1801 1993 2232
21 | 204 1076 1600 1858 2020
22 | 162 952 1323 1511 1808
23 | 137 779 1234 1441 1676
24 | 103 666 1038 1197 1475
25179 548 998 1152 1339
26 | 63 506 818 1033 1157
27 | 65 419 739 1007 1113
28 | 56 360 656 889 980
29 | 58 324 587 752 950
30 | 45 288 511 698 861
31149 233 447 686 826
32 149 211 372 582 743
33 | 57 209 386 479 672
34 | 57 190 366 496 611
35148 137 329 461 573
36 | 47 131 268 417 557
37170 136 261 371 453
38 | 68 120 241 342 451
39 | 56 117 217 335 463
40 | 70 98 218 302 409
41 | 73 91 210 278 358
42 | 72 95 184 259 317
43 | 45 86 190 254 362
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Table 15 (Continued). 0013-2-2a Averaging Smoothing Histogram Data

Grayscale 3 5 7 9 11
44 60 81 155 229 312
45 86 86 161 217 283
46 70 87 135 203 268
47 73 61 130 197 270
48 67 76 128 175 238
49 80 72 109 183 213
50 56 56 118 165 211
51 67 63 104 155 206
52 60 70 109 145 171
53 46 57 83 136 175
54 44 57 80 115 176
55 43 80 94 102 162
56 47 68 94 124 138
57 46 53 85 116 148
58 36 68 82 124 130
59 39 59 72 93 115
60 36 47 66 99 126
61 18 52 79 93 107
62 22 56 61 89 130
63 13 53 45 84 101
64 17 46 61 68 106
65 12 35 56 79 93
66 8 40 62 71 85
67 8 43 38 50 76
68 9 36 65 59 62
69 7 40 40 53 59
70 6 35 42 64 74
71 7 29 53 59 72
72 3 27 40 39 67
73 6 28 36 52 49
74 6 17 26 42 53
75 3 23 31 38 55
76 3 12 21 32 47
77 2 13 27 42 40
78 2 13 26 31 38
79 6 11 23 23 42
80 3 7 16 24 38
81 1 10 17 23 25
82 3 4 16 26 17
83 0 4 10 20 26
84 0 7 12 22 26
85 1 3 11 13 35
86 0 1 11 14 22
87 1 7 7 17 18




Table 15 (Continued). 0013-2-2a Averaging Smoothing Histogram Data
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Table 15 (Continued). 0013-2-2a Averaging Smoothing Histogram Data
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Table 15 (Continued). 0013-2-2a Averaging Smoothing Histogram Data
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Table 15 (Continued). 0013-2-2a Averaging Smoothing Histogram Data
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Figure 55. 0013-2-2a Averaging Smoothing Histogram, 3 x 3 kernel
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Figure 56. 0013-2-2a Averaging Smoothing Histogram, 5 x 5 kernel
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Figure 57. 0013-2-2a Averaging Smoothing Histogram, 7 x 7 kernel
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Figure 58. 0013-2-2a Averaging Smoothing Histogram, 9 x 9 kernel
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Figure 59. 0013-2-2a Averaging Smoothing Histogram, 11 x 11 kernel
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Median Filter, Dim =3
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Figure 60. 0013-2-2a Median Smoothing, 3 x 3 kernel

Preprocessing Difference, Median, Dim =3
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Figure 61. 0013-2-2a Median Smoothing Noise, 3 x 3 kernel
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Median Filter, Dim =5
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Figure 62. 0013-2-2a Median Smoothing, 5 x 5 kernel

Preprocessing Difference, Median, Dim =5
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Figure 63. 0013-2-2a Median Smoothing Noise, 5 x 5 kernel
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Median Filter, Dim =7

r— — T L A r‘rw
50 - z ]
P >
. T e o W
100 - e &% S s
; -
3 . -~
- -
150 | ’
200 , ) g
1
250
300 - 4
350 F _ . 4
400 La
e Y N =
450 -
B
1 1 1 s W 1 L 1 ! 1
50 100 150 200 250 300 350 400 450

Figure 64. 0013-2-2a Median Smoothing, 7 x 7 kernel

Preprocessing Difference, Median, Dim =7
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Figure 65. 0013-2-2a Median Smoothing Noise, 7 x 7 kernel
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Figure 66. 0013-2-2a Median Smoothing, 9 x 9 kernel
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Figure 67. 0013-2-2a Median Smoothing Noise, 9 x 9 kernel

77



Median Filter, Dim =11
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Figure 68. 0013-2-2a Median Smoothing, 11 x 11 kernel

Preprocessing Difference, Median, Dim =11
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Figure 69. 0013-2-2a Median Smoothing Noise, 11 x 11 Kernel
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Table 16. 0013-2-2a Median Smoothing Histogram Data

Grayscale 3 5 7 9 11
0 139867 122735 118937 117443 116563
1 11531 8334 7861 7567 6749
2 10971 8274 7659 7524 6742
3 10278 8329 7573 7190 6678
4 9396 8090 7432 7177 6469
5 8388 7776 7200 6839 6245
6 7371 7423 6875 6535 6231
7 6454 7136 6642 6393 5980
8 5228 6436 6218 5762 5499
9 4413 6109 5771 5478 5262
10 3582 5509 5332 5053 4943
11 2932 4894 4936 4737 4755
12 2342 4378 4519 4366 4281
13 1697 3789 3844 3924 3911
14 1309 3240 3579 3642 3769

15 1040 2748 3061 3069 3355
16 743 2283 2728 2801 3076
17 571 2009 2446 2485 2745
18 432 1584 2059 2280 2532
19 325 1382 1777 2034 2251
20 285 1137 1602 1799 1988
21 213 957 1417 1586 1899
22 165 855 1248 1444 1701
23 123 702 1039 1267 1442
24 122 538 936 1148 1337
25 91 462 814 1020 1259
26 90 432 765 913 1115
27 65 337 633 796 999
28 64 320 578 763 910
29 49 272 491 652 862
30 30 243 421 596 725
31 32 185 398 546 638
32 27 191 371 502 630
33 18 130 279 448 545
34 13 134 290 428 578
35 21 131 232 354 451
36 11 98 233 327 423
37 17 88 210 280 385
38 9 75 187 259 337
39 15 63 169 259 353
40 9 66 151 226 282
41 5 51 124 204 264
42 5 66 113 183 275
43 8 50 107 174 237
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Table 16 (Continued). 0013-2-2a Median Smoothing Histogram Data
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Table 16 (Continued). 0013-2-2a Median Smoothing Histogram Data
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Table 16 (Continued). 0013-2-2a Median Smoothing Histogram Data
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Table 16 (Continued). 0013-2-2a Median Smoothing Histogram Data
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Table 16 (Continued). 0013-2-2a Median Smoothing Histogram Data
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Figure 70. 0013-2-2a Median Smoothing Histogram, 3 x 3 kernel
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Figure 71. 0013-2-2a Median Smoothing Histogram, 5 x 5 kernel
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Figure 73. 0013-2-2a Median Smoothing Histogram, 9 x 9 kernel
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Figure 74. 0013-2-2a Median Smoothing Histogram, 11 x 11 kernel
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Figure 75. 0013-2-2a Gaussian Smoothing,
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Preprocessing Difference, Sigma

100 130 200 250 300 350 400 450

50

1.00 kernel

2a Gaussian Smoothing Noise, ¢ =

2-

Figure 76. 0013
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Gaussian Filter, Std Dev =2

Figure 77. 0013-2-2a Gaussian Smoothing, = 2.00 kernel

Preprocessing Difference, Sigma =2

50 100 130 200 250 300 350 400 450

Figure 78. 0013-2-2a Gaussian Smoothing Noise, o = 2.00 kernel
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Gaussian Filter, Std Dev =3

Figure 79. 0013-2-2a Gaussian Smoothing, ¢ = 3.00 kernel

Preprocessing Difference, Sigma =3

50 100 130 200 250 300 350 400 450

Figure 80. 0013-2-2a Gaussian Smoothing Noise, ¢ = 3.00 kernel
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Gaussian Filter, Std Dev =4

Figure 81. 0013-2-2a Gaussian Smoothing, ¢ = 4.00 kernel

Preprocessing Difference, Sigma =4

50 100 130 200 250 300 350 400 450

Figure 82. 0013-2-2a Gaussian Smoothing Noise, ¢ = 4.00 kernel

91



Gaussian Filter, Std Dev =5

50 100 130 200 250 300 350 400 450

Figure 83. 0013-2-2a Gaussian Smoothing, ¢ = 5.00 kernel

Preprocessing Difference, Sigma =5

50 100 130 200 250 300 350 400 450

Figure 84. 0013-2-2a Gaussian Smoothing Noise, o = 5.00 kernel
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Table 17. 0013-2-2a Gaussian Smoothing Histogram Data

Grayscale 1 2 3 4 5
0 123465 | 121824 | 121528 | 121386 | 121344
1 12672 9297 8758 8662 8588
2 12295 9261 8697 8515 8417
3 11693 8877 8542 8365 8306
4 10814 8636 8228 8063 7969
5 9811 8463 8018 7860 7806
6 8927 7942 7639 7591 7592
7 7639 7113 7235 7234 7226
8 6656 6794 6571 6553 6586
9 5576 6075 6131 6116 6024
10 4536 5398 5470 5492 5508
11 3843 4870 4930 4928 4983
12 2930 4230 4425 4492 4496
13 2314 3581 3767 3838 3836
14 1675 3073 3292 3324 3369
15 1342 2640 2791 2895 2898
16 1084 2218 2417 2457 2523
17 7717 1764 2010 2137 2130
18 559 1472 1618 1672 1736
19 439 1264 1434 1453 1454
20 300 1032 1191 1240 1262
21 216 833 1027 1059 1107
22 196 758 808 890 891
23 143 549 677 732 780
24 116 422 590 602 610
25 77 360 462 491 505
26 66 290 347 403 421
27 43 210 291 319 327
28 38 218 251 258 254
29 27 149 188 201 237
30 25 149 175 194 192
31 16 101 152 138 153
32 12 91 132 163 144
33 9 73 84 104 127
34 8 57 92 80 77
35 5 53 61 84 96
36 8 36 58 62 60
37 9 38 51 52 49
38 6 25 27 40 53
39 2 27 45 32 27
40 2 22 21 39 41
41 3 15 24 21 24
42 1 14 22 23 24
43 4 6 18 23 23
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Table 17 (Continued). 0013-2-2a Gaussian Smoothing Histogram Data
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Table 17 (Continued). 0013-2-2a Gaussian Smoothing Histogram Data

11

Grayscale
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Table 17 (Continued). 0013-2-2a Gaussian Smoothing Histogram Data

11

Grayscale
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Table 17 (Continued). 0013-2-2a Gaussian Smoothing Histogram Data
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Table 17 (Continued). 0013-2-2a Gaussian Smoothing Histogram Data
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Figure 85. 0013-2-2a Gaussian Smoothing Histogram, ¢ = 1.00 kernel
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Figure 86. 0013-2-2a Gaussian Smoothing Histogram, ¢ = 2.00 kernel

99




Frequency

Frequency

Noise Histogram Gaussian Filtration
6 =3.00

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

-
IS
N

Grayscale

s
5
3

-
&

® ®» © ©
288238
2

L S S R N e BC. )
EERBREBEEAESZIE2

Figure 87. 0013-2-2a Gaussian Smoothing Histogram, ¢ = 3.00 kernel
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Figure 88. 0013-2-2a Gaussian Smoothing Histogram, ¢ = 4.00 kernel
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Noise Histogram Gaussian Filtration
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Figure 89. 0013-2-2a Gaussian Smoothing Histogram, ¢ = 5.00 kernel
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Preprocessing Difference, LoG, Std Dev =1

= - = L L = __ae = = =
50 100 130 200 250 300 350 400 450

Figure 90. 0013-2-2a LoG Smoothing, = 1.00 kernel

LoG Filter, Std Dev =1

50 100 130 200 250 300 350 400 450

Figure 91. 0013-2-2a LoG Smoothing Noise, c = 1.00 kernel
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Figure 92. 0013-2-2a LoG Smoothing, o = 2.00 kernel

LoG Filter, Std Dev =2

50 100 130 200 250 300 350 400 450

Figure 93. 0013-2-2a LoG Smoothing Noise, c = 2.00 kernel
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50 100 150 200 250 300 350 400 450
Figure 94. 0013-2-2a LoG Smoothing, o = 3.00 kernel

LoG Filter, Std Dev =3

50 100 130 200 250 300 350 400 450

Figure 95. 0013-2-2a LoG Smoothing Noise, c = 3.00 kernel
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Preprocessing Difference, LoG, Std Dev =4
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Figure 96. 0013-2-2a LoG Smoothing, = 4.00 kernel
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Figure 97. 0013-2-2a LoG Smoothing Noise, c = 4.00 kernel
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Table 18. 0013-2-2a LoG Smoothing Histogram Data
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Table 18 (Continued). 0013-2-2a LoG Smoothing Histogram Data
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Table 18 (Continued). 0013-2-2a LoG Smoothing Histogram Data

Grayscale 1 2 3 4 5
88 826 323 319 325 325
89 854 490 241 219 219
90 994 537 527 512 512
91 1111 591 553 555 555
92 1174 727 565 558 558
93 1275 790 802 810 810
94 1391 809 789 788 788
95 1530 815 855 876 876
96 1557 1113 736 696 696
97 1702 1230 1243 1258 1258
98 1674 1342 1269 1276 1276
99 1868 1572 1295 1288 1288
100 1875 2000 1610 1569 1569

101 2107 1995 2330 2348 2348
102 2101 1641 2046 2065 2065
103 2034 2034 1241 1224 1224
104 2310 2431 2578 2579 2579
105 2422 2510 2497 2511 2511
106 2460 2576 2469 2442 2442
107 2658 2668 2871 2891 2891
108 2613 2512 2556 2563 2563
109 2717 2318 2661 2696 2696
110 2684 2497 1973 1934 1934
111 3025 3241 3025 3038 3038
112 3128 3424 3562 3548 3548
113 3193 3244 3449 3468 3468
114 3051 3422 3000 3001 3001
115 3323 4131 3943 3917 3917
116 3712 3978 5041 5094 5094
117 2811 3099 2537 2516 2516
118 3336 3778 3941 3936 3936
119 3122 3383 3511 3522 3522
120 3258 3610 3488 3491 3491
121 3408 3755 3888 3888 3888
122 3350 3676 3718 3722 3722
123 3522 3537 3923 3935 3935
124 3018 3027 2823 2823 2823
125 3327 3578 3392 3377 3377
126 3750 4165 4305 4320 4320
127 3665 4173 4051 4039 4039
128 3873 4176 4756 4771 4771
129 2985 3031 2926 2920 2920
130 3342 3688 3375 3382 3382
131 3728 4207 4565 4569 4569
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Table 18 (Continued). 0013-2-2a LoG Smoothing Histogram Data

Grayscale 1 2 3 4 5
132 3278 3506 3527 3526 3526
133 3250 3508 3553 3554 3554
134 3180 3588 3597 3598 3598
135 3323 3444 3773 3781 3781
136 2365 2346 2127 2124 2124
137 3209 3444 3433 3440 3440
138 3220 3409 3564 3553 3553
139 2842 3058 2975 2979 2979
140 3231 3394 3523 3519 3519
141 2802 2897 2914 2919 2919
142 2917 2979 3148 3151 3151
143 2389 2278 2164 2161 2161
144 2845 3138 2955 2953 2953
145 3650 3963 4144 4147 4147
146 2970 3075 3133 3137 3137
147 2635 2800 2749 2745 2745
148 2693 2983 3026 3028 3028
149 2748 2871 3083 3087 3087
150 1788 1745 1616 1611 1611
151 2668 2785 2819 2820 2820
152 2388 2513 2471 2473 2473
153 2416 2544 2597 2597 2597
154 2383 2496 2525 2527 2527
155 2206 2345 2345 2345 2345
156 2295 2321 2436 2436 2436
157 1675 1688 1633 1635 1635
158 2042 2137 2141 2138 2138
159 2167 2311 2223 2226 2226
160 2634 2837 2943 2941 2941
161 1818 1968 1948 1949 1949
162 1898 2045 2102 2103 2103
163 1589 1609 1674 1674 1674
164 1111 1066 1028 1027 1027
165 1605 1679 1681 1682 1682
166 1488 1583 1588 1588 1588
167 1431 1535 1547 1547 1547
168 1443 1495 1538 1538 1538
169 1199 1212 1210 1210 1210
170 1301 1338 1372 1372 1372
171 905 879 863 863 863
172 1096 1105 1115 1115 1115
173 1174 1207 1196 1196 1196
174 1306 1359 1388 1388 1388
175 805 834 838 838 838
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Table 18 (Continued). 0013-2-2a LoG Smoothing Histogram Data

Grayscale 1 2 3 4 5
176 895 905 896 896 896
177 854 885 913 913 913
178 513 505 493 493 493
179 758 784 792 792 792
180 620 638 631 631 631
181 731 747 752 752 752
182 651 669 686 686 686
183 525 534 519 519 519
184 559 566 585 585 585
185 303 287 283 283 283
186 479 493 483 483 483
187 448 461 464 464 464
188 399 405 408 408 408
189 541 564 570 570 570
190 319 315 314 314 314
191 362 380 380 380 380
192 292 299 299 299 299
193 198 206 204 204 204
194 265 272 280 280 280
195 258 263 261 261 261
196 248 245 248 248 248
197 248 244 244 244 244
198 239 240 238 238 238
199 267 252 255 255 255
200 164 148 144 144 144
201 305 336 340 340 340
202 174 199 199 199 199
203 219 229 229 229 229
204 141 141 141 141 141
205 115 115 115 115 115
206 93 93 93 93 93
207 71 71 71 71 71
208 99 99 99 99 99
209 132 132 132 132 132
210 167 167 167 167 167
211 150 150 150 150 150
212 73 73 73 73 73
213 41 41 41 41 41
214 24 24 24 24 24
215 24 24 24 24 24
216 14 14 14 14 14
217 12 12 12 12 12
218 7 7 7 7 7
219 3 3 3 3 3
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Table 18 (Continued). 0013-2-2a LoG Smoothing Histogram Data

Grayscale 1 2 3 4 5
220 3 3 3 3 3
221 1 1 1 1 1
222 2 2 2 2 2
223 2 2 2 2 2
224 3 3 3 3 3
225 3 3 3 3 3
226 1 1 1 1 1
227 4 4 4 4 4
228 1 1 1 1 1
229 3 3 3 3 3
230 1 1 1 1 1
231 3 3 3 3 3
232 1 1 1 1 1
233 1 1 1 1 1
234 0 0 0 0 0
235 0 0 0 0 0
236 2 2 2 2 2
237 0 0 0 0 0
238 0 0 0 0 0
239 0 0 0 0 0
240 1 1 1 1 1
241 0 0 0 0 0
242 0 0 0 0 0
243 0 0 0 0 0
244 0 0 0 0 0
245 0 0 0 0 0
246 0 0 0 0 0
247 0 0 0 0 0
248 0 0 0 0 0
249 0 0 0 0 0
250 0 0 0 0 0
251 0 0 0 0 0
252 0 0 0 0 0
253 0 0 0 0 0
254 0 0 0 0 0
255 0 0 0 0 0

Min: 0 0 0 0 0

U 900 900 900 900 900

Max: 3873 4207 5041 5094 5094
Median: 175.5 99.5 83 84 84
c. | 1200.334 | 1288.528 | 1313.592 | 1314.92 | 1314.92

% Black: 0.00% 0.00% 0.00% 0.00% 0.00%
% Gray: | 100.00% | 100.00% | 100.00% | 100.00% | 100.00%

111



Frequency

Frequency

Noise Histogram LoG Filtration
o =1.00

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

Figure 98. 0013-2-2a LoG Smoothing Histogram, ¢ = 1.00 kernel

Noise Histogram LoG Filtration
6 =200

Figure 99. 0013-2-2a LoG Smoothing Histogram, ¢ = 2.00 kernel
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Figure 100. 0013-2-2a LoG Smoothing Histogram, ¢ = 3.00 kernel
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6 =4.00

Figure 101. 0013-2-2a LoG Smoothing Histogram, ¢ = 4.00 kernel

113




Figure 103. 0013-2-2a Roberts Edge Detection, Threshold = 0.010
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Table 19. 0013-2-2a Roberts Edge Detection Histogram Data

Edge Hist 90 Rotation Difference
Thresh 0 1 0 1 0 1 Percent
0.001 162747 67653 162684 67716 -63 63 | 0.02734%
0.002 162765 67635 162698 67702 -67 67 | 0.02908%
0.003 163038 67362 162938 67462 -100 100 | 0.04340%
0.004 163247 67153 163157 67243 -90 90 | 0.03906%
0.005 164096 66304 164015 66385 -81 81 | 0.03516%
0.006 165493 64907 165411 64989 -82 82 | 0.03559%
0.007 166830 63570 166762 63638 -68 68 | 0.02951%
0.008 168976 61424 168931 61469 -45 45 | 0.01953%
0.009 173049 57351 173018 57382 -31 31 | 0.01345%
0.010 176484 53916 176464 53936 -20 20 | 0.00868%
0.011 177915 52485 177899 52501 -16 16 | 0.00694%
0.012 182142 48258 182137 48263 -5 5 | 0.00217%
0.013 184697 45703 184701 45699 4 -4 | 0.00174%
0.014 188131 42269 188143 42257 12 -12 | 0.00521%
0.015 191364 39036 191373 39027 9 -9 | 0.00391%
0.016 194611 35789 194612 35788 1 -1 | 0.00043%
0.017 197825 32575 197825 32575 0 0 | 0.00000%
0.018 199707 30693 199707 30693 0 0 | 0.00000%
0.019 202529 27871 202522 27878 -7 7 | 0.00304%
0.020 205677 24723 205668 24732 -9 9 | 0.00391%
0.021 207317 23083 207312 23088 -5 5 | 0.00217%
0.022 209945 20455 209940 20460 -5 5 | 0.00217%
0.023 211944 18456 211944 18456 0 0 | 0.00000%
0.024 213905 16495 213905 16495 0 0 | 0.00000%
0.025 215081 15319 215082 15318 1 -1 | 0.00043%
0.026 216629 13771 216629 13771 0 0 | 0.00000%
0.027 217899 12501 217899 12501 0 0 | 0.00000%
0.028 219219 11181 219220 11180 1 -1 | 0.00043%
0.029 220178 10222 220180 10220 2 -2 | 0.00087%
0.030 221478 8922 221479 8921 1 -1 | 0.00043%
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Roberts Edge Detection Histograms
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Figure 106. 0013-2-2a Roberts Edge Detection Histograms

Roberts Edge Detection 90-deg Check Histograms
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Figure 107. 0013-2-2a Roberts Edge Detection 90° Rotation Histograms
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Sobel Method, Thresh =0.001
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Figure 108. 0013-2-2a Sobel Edge Detection, Threshold = 0.001

Sobel Method, Thresh =0.01
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Figure 109. 0013-2-2a Sobel Edge Detection, Threshold = 0.010
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Sobel Method, Thresh =0.021
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Figure 110. 0013-2-2a Sobel Edge Detection, Threshold = 0.021

Sobel Method, Thresh =0.03

Figure 111. 0013-2-2a Sobel Edge Detection, Threshold = 0.030
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Table 20. 0013-2-2a Sobel Edge Detection Histogram Data

Edge Hist 90 Rotation Difference
Thresh 0 1 0 1 0 1 Percent
0.001 174851 55549 174845 55555 -6 6 0.00260%
0.002 174881 55519 174875 55525 -6 6 0.00260%
0.003 175057 55343 175053 55347 -4 4 0.00174%
0.004 175403 54997 175387 55013 -16 16 0.00694%
0.005 176128 54272 176107 54293 -21 21 0.00911%
0.006 177179 53221 177150 53250 -29 29 0.01259%
0.007 178385 52015 178374 52026 -11 11 0.00477%
0.008 179780 50620 179780 50620 0 0 0.00000%
0.009 181212 49188 181211 49189 -1 1 0.00043%
0.010 183198 47202 183201 47199 3 -3 0.00130%
0.011 184790 45610 184794 45606 4 -4 0.00174%
0.012 186607 43793 186612 43788 5 -5 0.00217%
0.013 188327 42073 188343 42057 16 -16 0.00694%
0.014 190206 40194 190220 40180 14 -14 0.00608%
0.015 192207 38193 192220 38180 13 -13 0.00564%
0.016 193956 36444 193976 36424 20 -20 0.00868%
0.017 195883 34517 195894 34506 11 -11 0.00477%
0.018 197638 32762 197659 32741 21 -21 0.00911%
0.019 199525 30875 199543 30857 18 -18 0.00781%
0.020 201278 29122 201289 29111 11 -11 0.00477%
0.021 202969 27431 202979 27421 10 -10 0.00434%
0.022 204597 25803 204604 25796 7 -7 0.00304%
0.023 206252 24148 206262 24138 10 -10 0.00434%
0.024 207807 22593 207818 22582 11 -11 0.00477%
0.025 209289 21111 209307 21093 18 -18 0.00781%
0.026 210710 19690 210722 19678 12 -12 0.00521%
0.027 212001 18399 212011 18389 10 -10 0.00434%
0.028 213311 17089 213317 17083 6 -6 0.00260%
0.029 214453 15947 214458 15942 5 -5 0.00217%
0.030 215576 14824 215578 14822 2 -2 0.00087%
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Sobel Edge Detection Histograms
Image 0013-2-2a
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Figure 112. 0013-2-2a Sobel Edge Detection Histograms
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Figure 113. 0013-2-2a Sobel Edge Detection 90° Rotation Histograms
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Canny Method, Thresh =0.025

Figure 114. 0013-2-2a Canny Edge Detection, Threshold = [0.010 0.025]

Canny Method, Thresh =0.25

Figure 115. 0013-2-2a Canny Edge Detection, Threshold = [0.100 0.250]
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Canny Method, Thresh =0.525
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Figure 116. 0013-2-2a Canny Edge Detection, Threshold = [0.210 0.525]
Canny Method, Thresh =0.75
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Figure 117. 0013-2-2a Canny Edge Detection, Threshold = [0.300 0.750]
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Table 21. 0013-2-2a Canny Edge Detection Histogram Data

Edge Hist 90 Rotation Difference
Thresh;, Threshy 0 1 0 1 0 1 Percent
0.010 0.025 | 210095 | 20305 | 210115 | 20285 | 20 | -20 | 9.65515%
0.020 0.050 | 210254 | 20146 | 210275 | 20125 | 21 | -21 | 9.57175%
0.030 0.075 | 210572 | 19828 | 210594 | 19806 | 22 | -22 | 9.40580%
0.040 0.100 | 210894 | 19506 | 210915 | 19485 | 21 | -21 | 9.23923%
0.050 0.125 | 211472 | 18928 | 211495 | 18905 | 23 | -23 | 8.93971%
0.060 0.150 | 212176 | 18224 | 212193 | 18207 | 17 | -17 | 8.58108%
0.070 0.175 | 212878 | 17522 | 212890 | 17510 | 12 | -12 | 8.22536%
0.080 0.200 | 213589 | 16811 | 213598 | 16802 9 -9 | 7.86650%
0.090 0.225 | 214694 | 15706 | 214701 | 15699 7 -7 | 7.31226%
0.100 0.250 | 215962 | 14438 | 215970 | 14430 8 -8 | 6.68172%
0.110 0.275 | 217419 | 12981 | 217424 | 12976 5 -5 | 5.96819%
0.120 0.300 | 218589 | 11811 | 218599 | 11801 10 | -10 | 5.39871%
0.130 0.325 | 219699 | 10701 | 219702 | 10698 3 -3 | 4.86938%
0.140 0.350 | 220884 | 9516 | 220888 | 9512 4 -4 | 4.30632%
0.150 0.375 | 222348 | 8052 | 222349 | 8051 1 -1 | 3.62089%
0.160 0.400 | 223425 | 6975 | 223421 | 6979 -4 4| 3.12364%
0.170 0.425 | 223917 | 6483 | 223909 | 6491 -8 8 | 2.89883%
0.180 0.450 | 224840 | 5560 | 224838 | 5562 -2 2| 2.47375%
0.190 0.475 | 225544 | 4856 | 225540 | 4860 -4 4| 2.15478%
0.200 0.500 | 225996 | 4404 | 225994 | 4406 -2 2 | 1.94959%
0.210 0.525 | 226436 | 3964 | 226435 | 3965 -1 1| 1.75104%
0.220 0.550 | 227080 | 3320 | 227076 | 3324 -4 4| 1.46380%
0.230 0.575 | 227743 | 2657 | 227739 | 2661 -4 41 1.16842%
0.240 0.600 | 227864 | 2536 | 227857 | 2543 -7 71 1.11601%
0.250 0.625 | 228242 | 2158 | 228240 | 2160 -2 2 | 0.94636%
0.260 0.650 | 228614 | 1786 | 228614 | 1786 0 0| 0.78123%
0.270 0.675 | 229155 | 1245 | 229153 1247 -2 2| 0.54417%
0.280 0.700 | 229387 | 1013 | 229384 | 1016 -3 3| 0.44292%
0.290 0.725 | 229556 844 | 229554 846 -2 2 | 0.36854%
0.300 0.750 | 229601 799 | 229600 800 -1 1| 0.34843%
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Figure 118. 0013-2-2a Canny Edge Detection Histograms

Canny Edge Detection 90-deg Check Histograms
Image 0013-2-2a
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Figure 119. 0013-2-2a Canny Edge Detection 90° Rotation Histograms
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Table 22. 0013-2-2a Line Detection 0,,.,,, Grid=1x 1

Peaks Omean
10 72.039
20 68.860
30 68.470
40 68.582
50 70.550
60 69.773
70 64.911
80 62.973
90 61.551

100 64.221

Table 23. 0013-2-2a Line Detection 0,,¢,,, Grid =2 x 2

Peaks Omean
10 72.039 72.039
10 72.039 70.819
20 68.860 68.860
20 68.860 68.686
30 68.470 68.470
30 68.470 68.297
40 68.582 68.582
40 68.582 68.409
50 70.550 70.550
50 70.550 70.377
60 69.773 69.773
60 69.773 69.599
70 64.911 64.911
70 64911 64.738
80 62.973 62.973
80 62.973 62.800
90 61.551 61.551
90 61.551 61.378
100 64.221 64.221
100 64.221 64.048
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Table 24. 0013-2-2a Line Detection 0,,¢.,, Grid =4 x 4

127

Peaks Omean
10 70.247 71.237 71.237 74.288
10 74.288 73.032 71.758 73.092
10 76.392 72.693 70.891 72.543
10 73.164 73.740 72.112 71.260
20 68.310 69.300 69.300 71.896
20 71.896 72.941 70.809 70.553
20 73.853 70.477 69.386 71.039
20 71.659 72.235 70.607 71.590
30 67.920 68.911 68.911 71.507
30 71.507 75.749 72.167 70.698
30 73.998 70.205 68.731 70.384
30 71.004 71.580 69.952 70.936
40 68.032 69.023 69.023 71.619
40 71.619 76.040 75.934 73.990
40 77.291 70.664 69.434 71.086
40 71.706 72.283 70.655 71.638
50 70.000 70.991 70.991 73.587
50 73.587 79.265 78.529 76.585
50 79.885 73.803 70.328 71.981
50 72.601 73.177 71.549 72.532
60 69.223 70.213 70.213 72.809
60 72.809 78.951 77.778 75.835
60 79.135 72.419 69.255 70.907
60 71.527 72.103 70.476 71.459
70 64.361 65.352 65.352 67.948
70 67.948 77.823 75.452 73.508
70 76.809 69.577 65.669 67.321
70 67.941 68.518 66.890 67.873
80 62.423 63.414 63.414 66.010
80 66.010 74.031 70.833 68.889
80 72.190 65.796 63.865 65.518
80 66.138 66.714 65.086 66.070
90 61.001 61.991 61.991 64.588
90 64.588 73.594 71.806 69.863
90 73.163 69.094 64.705 66.357
90 66.977 67.554 65.926 66.909
100 63.671 64.662 64.662 67.258
100 67.258 73.494 74.155 72.212
100 75.512 67.305 63.736 65.389
100 66.009 66.585 64.957 65.941




Table 25. 0013-2-2a Line Detection 0,,¢,,, Grid=5x5

Peaks emean

10 72.03 71.96 71.96 74.02 73.82

10 73.50 74.67 73.71 75.11 75.36

10 75.37 73.18 72.35 73.51 71.98

10 71.98 71.10 70.61 73.56 68.37

10 68.37 67.50 68.02 68.06 68.59

20 72.36 73.67 73.67 74.81 74.62

20 74.29 74.23 75.06 71.17 71.42

20 71.43 72.17 71.11 72.75 68.78

20 68.78 69.37 67.19 69.48 67.52

20 67.52 66.64 67.17 67.20 67.74

30 71.70 73.69 73.69 74.84 74.64

30 74.32 71.53 74.44 68.87 69.12

30 69.13 70.65 70.92 72.24 67.91

30 67.91 70.08 68.75 72.64 70.68

30 70.68 69.80 70.33 70.36 70.90

40 72.40 76.89 76.89 78.03 77.84

40 77.51 74.51 78.41 70.00 70.25

40 70.25 73.04 73.15 73.74 69.40

40 69.40 73.29 70.95 72.75 70.79

40 70.79 69.91 70.44 70.47 71.01

50 73.30 77.78 77.78 78.93 78.73

50 78.41 77.89 79.41 72.14 72.39

50 72.40 74.56 74.85 75.23 70.90

50 70.90 72.82 70.37 72.86 70.90

50 70.90 70.02 70.55 70.58 71.12

60 72.23 76.71 76.71 77.85 77.66

60 77.33 80.26 81.82 71.06 71.32

60 71.32 74.46 73.65 73.11 68.77

60 68.77 70.65 65.49 66.46 64.50

60 64.50 63.62 64.15 64.18 64.72

70 68.64 73.12 73.12 74.27 74.07

70 73.75 71.63 75.14 70.38 70.63

70 70.63 69.36 69.20 71.19 66.85

70 66.85 72.50 61.72 64.41 62.45

70 62.45 61.57 62.10 62.13 62.67

80 66.84 71.32 71.32 72.46 72.27

80 71.94 72.22 78.12 70.13 70.38

80 70.39 69.52 72.96 68.22 63.89

80 63.89 71.67 57.13 61.58 59.62

80 59.62 58.74 59.27 59.30 59.84

90 67.68 72.16 72.16 73.30 73.11

90 72.78 74.44 77.92 69.72 69.97

90 69.98 63.91 67.35 65.79 61.45
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Table 25 (Continued). 0013-2-2a Line Detection 0,,¢n, Grid=5x 5

Peaks O —

90 61.45 70.15 57.55 64.42 62.46

90 62.46 61.58 62.11 62.14 62.68
100 66.71 71.19 71.19 72.33 72.14
100 71.81 73.47 78.40 67.25 67.50
100 67.51 64.61 68.05 64.72 60.38
100 60.38 69.07 60.39 69.87 67.91
100 67.91 67.03 67.56 67.59 68.13
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Table 26. 0013-2-2a Line Detection 0,can, Grid=6 x 6

P Omean
10 69.33 71.71 70.84 70.84 70.15 69.85
10 66.73 68.62 68.83 69.67 71.11 70.81
10 71.70 71.23 73.08 71.82 71.23 70.28
10 71.15 70.81 70.14 70.10 69.76 70.15
10 70.15 67.85 68.77 68.46 69.53 69.97
10 69.61 68.94 70.04 71.50 71.19 71.17
20 68.48 73.22 72.35 72.35 71.49 71.19
20 67.66 72.41 72.03 68.92 71.68 71.38
20 72.28 70.74 71.82 71.24 68.91 67.38
20 68.26 68.27 68.20 70.00 69.33 69.41
20 69.41 70.00 67.17 66.59 69.16 69.61
20 69.24 68.58 67.95 69.41 69.38 69.07
30 71.64 75.64 74.77 74.77 72.18 71.88
30 68.35 74.10 73.28 71.65 75.08 74.78
30 75.68 71.88 72.11 72.75 73.30 73.15
30 74.03 72.34 70.29 72.64 71.08 71.16
30 71.16 71.21 68.86 68.85 71.24 71.69
30 71.32 70.66 70.03 71.49 71.46 71.15
40 71.75 75.75 74.88 74.88 69.74 69.44
40 65.91 71.08 71.33 70.13 75.01 74.71
40 75.60 71.80 72.21 73.19 73.38 73.69
40 74.56 70.95 72.77 74.60 70.99 71.07
40 71.07 73.76 70.60 72.04 72.95 73.40
40 73.03 72.37 71.75 73.20 73.17 72.86
50 71.86 75.86 74.99 74.99 72.27 71.97
50 68.43 73.60 73.86 73.32 77.30 77.00
50 77.89 73.74 78.66 79.91 76.33 77.03
50 7791 74.15 74.88 74.35 68.76 68.84
50 68.84 71.53 73.87 75.32 74.80 75.24
50 74.88 74.21 73.59 75.05 75.01 74.71
60 65.46 69.46 68.59 68.59 65.87 65.57
60 62.04 67.21 67.46 67.48 72.94 72.64
60 73.53 66.40 67.62 70.68 66.69 67.68
60 68.55 65.75 68.55 68.86 64.73 64.81
60 64.81 67.50 69.57 71.01 73.18 73.63
60 73.26 72.60 71.98 73.43 73.40 73.09
70 63.41 67.41 66.54 66.54 63.82 63.52
70 59.98 65.15 65.40 66.51 72.81 72.51
70 73.41 64.83 72.41 75.48 65.01 67.05
70 67.92 65.14 68.12 68.79 65.32 65.40
70 65.40 68.08 67.91 69.35 67.11 67.55
70 67.19 66.52 65.90 67.36 67.32 67.02
80 60.58 64.58 63.71 63.71 60.99 60.69
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Table 26 (Continued). 0013-2-2a Line Detection 0,,¢,,, Grid =6 x 6

P

e mean

80

57.16

62.32

62.58

63.68

71.37

71.07

80

71.97

59.01

65.58

68.65

60.09

62.13

80

63.00

62.08

60.32

61.97

58.39

58.47

80

58.47

61.16

62.93

64.38

61.14

61.59

80

61.22

60.56

59.94

61.39

61.36

61.06

90

63.42

67.42

66.55

66.55

63.83

63.53

90

60.00

65.17

65.42

66.52

73.84

73.54

90

74.43

59.55

68.40

71.47

63.30

65.34

90

66.22

65.72

64.86

67.25

65.85

65.93

90

65.93

68.62

70.39

71.84

65.06

65.50

90

65.14

64.47

63.85

65.31

65.27

64.97

100

68.86

72.87

72.00

72.00

69.27

68.97

100

65.44

70.61

70.86

71.97

79.56

79.26

100

80.15

64.59

75.81

78.87

70.09

72.13

100

73.00

73.36

68.24

71.51

67.84

67.93

100

67.93

70.61

72.38

73.83

70.78

71.22

100

70.86

70.19

69.57

71.02

70.99

70.69
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Table 27. 0013-2-2a Line Detection 0,c.n, Grid=8 x 8

P e mean

10 | 70.79 | 68.61 | 68.61 | 71.93 | 71.19 | 70.3 | 70.04 | 72.26

10 | 71.57 | 71.06 | 71.02 | 71.57 | 70.32 | 69.71 | 71.73 | 72.05

10 | 71.31 | 73.39 | 73.15 | 72.41 | 70.89 | 69.79 | 71.38 | 71.8

10 | 73.13 | 69.67 | 70.49 | 72.37 | 70.11 | 71.96 | 71.42 | 71.75

10 | 71.61 | 70.87 | 69.04 | 70.19 | 70.31 | 71.2 | 70.58 | 70.38

10 | 70.38 | 70.84 | 71.71 | 69.6 | 69.55 | 69.15 | 69.53 | 70.52

10 | 70.52 | 71.12 | 69.93 | 69.41 | 68.49 | 69.86 | 69.23 | 70.58

10 | 71.51 | 71.58 | 70.76 | 72.68 | 70.32 | 72.16 | 70.95 | 70.87

20 | 68.7 | 66.51 | 66.51 | 69.84 | 69.09 | 68.2 | 67.95 | 70.16

20 | 69.48 | 69.26 | 68.62 | 70.26 | 68.64 | 68.53 | 70.19 | 70.5

20 | 69.77 | 72.16 | 70.25 | 70.78 | 68.78 | 70.3 | 74.19 | 72.77

20| 74.1 | 6791 | 68.84 | 72.24 | 68.65 | 72.42 | 71.28 | 71.68

20 | 71.54 | 69.36 | 67.55 | 70.67 | 71.54 | 69.89 | 70.94 | 69.75

20 | 69.75 | 70.56 | 72.11 | 70.58 | 69.55 | 68.38 | 69.55 | 70.54

20 | 70.54 | 71.79 | 70.95 | 69.41 | 68.66 | 69.01 | 68.17 | 68.19

20 | 69.12 | 69.19 | 68.37 | 70.3 | 67.93 | 69.77 | 70.4 | 70.32

30 | 70.78 | 68.59 | 68.59 | 71.92 | 71.17 | 70.28 | 70.03 | 72.24

30 | 71.56 | 70.88 | 72.4 | 74.22 | 71.15 | 72.04 | 70.31 | 70.63

30 | 69.89 | 72.28 | 70.51 | 69.71 | 69.19 | 70.24 | 71.96 | 70.55

30 | 71.88 | 69.78 | 69.73 | 73.03 | 71.01 | 73.75 | 72.53 | 72.93

30| 728 |70.62 | 65.6 | 69.88 | 73.52 | 71.46 | 70.71 | 69.85

30 | 69.85 | 70.66 | 71.45 | 72.37 | 71.07 | 68.09 | 68.59 | 69.58

30 | 69.58 | 72.32 | 71.07 | 69.92 | 68.99 | 70.25 | 69.45 | 69.94

30 | 70.87 | 70.94 | 70.12 | 72.04 | 69.68 | 71.52 | 72.14 | 72.06

40 | 7249 | 703 | 703 | 73.63 | 72.89 72 | 71.74 | 73.96

40 | 73.27 | 72.59 | 722 | 77.05 | 74.56 | 75.44 | 72.21 | 72.53

40 | 71.79 | 74.18 | 72.02 | 73.64 | 73.34 | 74.74 | 78.3 | 76.89

40 | 78.22 | 70.71 | 70.91 | 74.37 | 72.97 | 74.95 | 75.28 | 75.68

40 | 75.55 | 73.37 | 68.67 | 72.11 | 74.74 74 | 73.71 | 72.85

40 | 72.85 | 73.66 | 75.99 | 74.05 | 73.89 | 68.93 | 70.34 | 71.32

40 | 71.32 | 74.07 | 72.82 | 70.37 | 67.17 | 71.46 | 68.55 | 69.04

40 | 69.97 | 70.04 | 69.22 | 71.14 | 68.78 | 70.62 | 71.24 | 71.16

50| 74.34 | 72.15 | 72.15 | 75.47 | 74.73 | 73.84 | 73.58 | 75.8

50 | 75.12 | 74.44 | 75.25 | 80.34 | 77.84 | 78.73 | 72.06 | 72.38

50 | 71.64 | 74.03 | 73.16 | 74.78 | 75.27 | 74.24 | 76.62 | 75.2

50 ] 76.53 | 70.28 | 72.86 | 78.52 | 77.81 | 74.83 | 72.62 | 73.02

50| 72.89 | 70.71 | 66.83 | 70.46 | 73.1 | 72.37 | 69.22 | 68.36

50 | 68.36 | 69.17 | 70.98 | 69.89 | 70.75 | 69.23 | 67.93 | 68.92

50 | 68.92 | 71.66 | 70.41 | 70.38 | 68.1 | 72.55 | 69.62 | 70.11

50| 71.04 | 71.11 | 70.29 | 72.21 | 69.85 | 71.69 | 72.31 | 72.23

60 | 72.72 | 70.53 | 70.53 | 73.86 | 73.12 | 72.23 | 71.97 | 74.19

60 | 73.5 | 72.82 | 73.64 | 78.72 | 76.23 | 77.11 | 66.41 | 66.72

60 | 65.99 | 68.38 | 66.47 | 68.09 | 68.58 | 69.44 | 71.82 | 70.4
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Table 27 (Continued). 0013-2-2a Line Detection 0,,¢,,, Grid =8 x 8

P

emean

60

71.74

64.28

67.61

74.31

68.79

69.62

69.16

69.56

60

69.43

67.25

64.29

68.10

70.19

69.46

67.12

66.25

60

66.25

67.07

70.86

63.01

65.59

63.53

63.94

64.93

60

64.93

67.67

66.42

63.76

62.51

68.01

64.34

64.83

60

65.76

65.83

65.01

66.93

64.57

66.41

67.03

66.95

70

66.65

64.46

64.46

67.78

67.04

66.15

65.89

68.11

70

67.43

66.75

67.56

72.65

70.15

71.04

62.67

62.99

70

62.25

64.64

65.53

67.15

67.64

63.65

64.33

62.91

70

64.24

59.50

66.34

73.04

67.12

66.43

61.26

61.66

70

61.52

59.34

58.12

62.22

59.66

58.93

56.69

55.83

70

55.83

56.64

60.43

58.03

61.95

60.85

62.53

63.52

70

63.52

66.26

65.01

61.07

58.68

64.94

59.57

60.06

70

60.99

61.06

60.24

62.17

59.80

61.64

62.27

62.19

80

60.68

58.50

58.50

61.82

61.08

60.19

59.93

62.15

80

61.46

60.78

61.60

66.69

64.19

65.07

59.12

59.44

80

58.70

61.09

59.07

60.69

61.18

60.94

62.20

60.78

80

62.11

54.12

61.82

68.53

62.61

61.84

59.00

59.40

80

59.26

57.08

56.06

60.16

61.37

60.64

57.35

56.49

80

56.49

57.30

61.10

58.01

58.99

61.16

62.84

63.83

80

63.83

66.57

65.32

61.39

57.57

64.65

59.71

60.20

80

61.13

61.20

60.38

62.30

59.94

61.78

62.41

62.33

90

64.60

62.41

62.41

65.74

64.99

64.10

63.84

66.06

90

65.38

64.70

65.51

70.60

68.10

68.99

63.95

64.27

90

63.53

65.92

64.19

65.81

66.30

67.11

65.69

64.27

90

65.60

59.13

63.65

70.36

64.44

63.67

61.11

61.51

90

61.38

59.20

60.95

65.05

66.26

65.53

63.99

63.12

90

63.12

63.93

67.73

64.64

63.59

63.87

65.55

66.54

90

66.54

69.28

68.03

64.09

61.38

67.82

62.88

63.37

90

64.30

64.37

63.55

65.48

63.11

64.95

65.58

65.50

100

70.32

68.13

68.13

71.45

70.71

69.82

69.56

71.78

100

71.10

70.41

71.23

76.32

73.82

74.71

71.15

71.47

100

70.73

73.12

71.96

73.58

74.07

69.37

69.49

68.08

100

69.41

64.08

66.01

72.71

66.80

66.03

65.15

65.55

100

65.42

63.24

62.99

67.09

68.31

67.57

66.18

65.32

100

65.32

66.13

69.93

66.84

68.13

67.54

69.23

70.21

100

70.21

72.96

71.71

67.77

65.06

72.75

67.82

68.30

100

69.24

69.30

68.49

70.41

68.04

69.88

70.51

70.43
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Table 28. 0013-2-2a Line Detection 0,,¢,n, Grid =10 x 10

P emean

10| 7199 | 70.87 | 70.18 | 70.18 | 71.81 | 71.81 | 67.57 | 68.90 | 70.28 | 69.92
10| 69.34 | 69.31 | 67.73 | 68.53 | 70.71 | 70.65 | 70.65 | 69.41 | 68.83 | 68.59
10 | 67.67 | 69.20 | 68.97 | 69.10 | 69.23 | 68.70 | 69.52 | 69.23 | 68.22 | 68.58
10 | 68.58 | 71.62 | 70.33 | 68.68 | 70.11 | 70.30 | 70.07 | 70.60 | 69.36 | 69.42
10| 69.43 | 68.95 | 70.48 | 68.99 | 68.88 | 70.25 | 70.84 | 70.50 | 69.72 | 69.20
10 | 69.47 | 68.83 | 70.00 | 68.54 | 70.40 | 69.04 | 70.19 | 70.71 | 71.59 | 72.19
10| 71.95| 73.01 | 72.37 | 70.00 | 71.20 | 68.04 | 71.76 | 69.31 | 70.16 | 68.95
10 | 68.96 | 69.00 | 69.49 | 69.56 | 71.56 | 71.32 | 67.92 | 68.53 | 68.20 | 68.90
10| 6891 | 69.92 | 69.70 | 71.14 | 7299 | 67.84 | 68.22 | 68.67 | 69.04 | 71.60
10 | 70.22 | 70.25 | 69.57 | 68.27 | 69.85 | 69.98 | 68.97 | 69.81 | 70.39 | 70.34
20| 71.43 | 70.32 | 68.16 | 69.08 | 70.71 | 70.71 | 67.65 | 68.07 | 69.09 | 68.73
20 | 68.14 | 68.12 | 67.48 | 67.95 | 69.73 | 72.40 | 7240 | 69.70 | 67.69 | 67.45
20 | 66.54 | 68.06 | 67.21 | 67.42 | 70.21 | 69.32 | 69.05 | 69.24 | 66.38 | 66.74
20 | 66.74 | 70.13 | 68.28 | 68.34 | 70.03 | 69.98 | 69.79 | 69.05 | 68.74 | 68.80
20 | 68.80 | 68.02 | 69.78 | 68.90 | 68.20 | 69.84 | 72.70 | 70.77 | 67.44 | 66.72
20 | 66.99 | 66.34 | 67.72 | 65.85 | 67.59 | 68.24 | 69.13 | 68.25 | 68.87 | 68.89
20 | 68.66 | 69.01 | 68.84 | 65.69 | 67.68 | 64.31 | 69.13 | 65.89 | 65.90 | 65.50
20 | 65.51 | 6442 | 64.20 | 65.85 | 69.01 | 69.61 | 6547 | 68.67 | 67.97 | 68.67
20 | 68.68 | 68.05 | 6793 | 70.53 | 71.23 | 66.25 | 68.73 | 68.60 | 67.78 | 70.34
20 | 68.95 | 68.98 | 68.30 | 67.00 | 68.72 | 68.59 | 67.58 | 67.78 | 70.00 | 69.95
30| 73.18 | 72.06 | 71.73 | 72.20 | 73.83 | 73.83 | 71.12 | 69.69 | 71.67 | 71.31
30| 70.72 | 69.61 | 6897 | 69.44 | 7233 | 7570 | 75.70 | 73.36 | 70.35 | 70.11
30| 69.19 | 70.72 | 70.13 | 68.54 | 71.38 | 70.50 | 72.39 | 72.16 | 68.72 | 69.07
30| 69.07 | 73.84 | 7199 | 6940 | 7135 | 72.19 | 71.72 | 71.07 | 72.74 | 72.81
30| 72.81 | 68.52 | 7030 | 70.26 | 69.59 | 70.33 | 7349 | 71.37 | 68.88 | 68.16
30 | 68.43 | 67.78 | 69.40 | 66.10 | 68.66 | 67.60 | 71.14 | 68.38 | 70.01 | 70.03
30| 69.80 | 70.15 | 70.83 | 65.14 | 67.50 | 66.41 | 70.69 | 69.02 | 67.90 | 68.45
30 | 68.46 | 66.63 | 66.41 | 68.06 | 7137 | 69.55 | 6541 | 69.62 | 68.44 | 69.15
30| 69.16 | 68.90 | 67.73 | 69.84 | 7198 | 68.33 | 67.89 | 68.43 | 67.53 | 70.09
30 | 68.71 | 68.74 | 68.06 | 66.75 | 68.47 | 68.34 | 67.33 | 68.13 | 70.11 | 70.07
40 | 7228 | 71.16 | 71.18 | 71.66 | 73.28 | 73.28 | 70.10 | 70.38 | 72.35 | 71.99
40 | 71.40 | 70.29 | 69.65 | 70.12 | 73.16 | 76.50 | 76.50 | 70.29 | 70.19 | 69.96
40 | 69.04 | 70.57 | 69.11 | 67.52 | 72.18 | 71.29 | 72.24 | 72.57 | 67.20 | 67.55
40 | 67.55 | 71.48 | 69.63 | 68.60 | 72.69 | 73.68 | 7237 | 69.24 | 72.05 | 72.11
40 | 72.12 | 68.07 | 7238 | 70.64 | 69.00 | 71.65 | 74.81 | 71.59 | 69.02 | 68.30
40 | 68.57 | 67.92 | 70.80 | 67.67 | 71.47 | 71.15 | 74.12 | 67.45 | 73.76 | 73.78
40 | 73.55 | 7390 | 75.73 | 68.98 | 70.21 | 67.02 | 71.05 | 70.33 | 68.91 | 69.46
40 | 69.47 | 6540 | 65.18 | 66.83 | 7247 | 71.61 | 6748 | 72.04 | 70.86 | 71.57
40 | 71.58 | 7231 | 70.81 | 72.93 | 7398 | 71.44 | 72.76 | 73.31 | 70.51 | 73.07
40 | 71.69 | 71.72 | 71.04 | 69.73 | 7146 | 7133 | 70.31 | 70.10 | 72.08 | 72.03
50| 7335 | 7223 | 72.61 | 73.08 | 7471 | 7471 | 71.17 | 7145 | 73.42 | 73.06
50| 7247 | 7136 | 70.72 | 71.19 | 74.08 | 76.61 | 76.61 | 72.36 | 69.50 | 69.26
50| 6834 | 69.87 | 6841 | 66.82 | 72.64 | 71.76 | 72770 | 72.19 | 67.77 | 68.12
50| 68.13 | 71.04 | 69.18 | 6735 | 73.94 | 7493 | 7331 | 69.42 | 73.01 | 73.08
50 ] 73.08 | 68.12 ] 70.26 | 69.64 | 69.18 | 70.98 | 74.15 | 69.90 | 64.52 | 63.80
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Table 28 (Continued). 0013-2-2a Line Detection 0,,¢,,, Grid =10 x 10

P emean
50| 64.07 | 6342 | 66.75 | 61.82 | 6737 | 64.54 | 68.65 | 66.71 | 73.65 | 73.67
50| 73.44 | 73.79 | 75.62 | 69.09 | 71.66 | 67.70 | 6991 | 72.18 | 70.76 | 71.31
50| 7132 ] 67.13 | 6691 | 68.56 | 7527 | 73.13 | 68.99 | 73.62 | 72.78 | 73.49
50| 73.50 | 7476 | 73.26 | 7538 | 73.41 | 69.86 | 70.08 | 70.63 | 69.73 | 72.29
50| 7091 | 7094 | 70.26 | 68.96 | 70.68 | 70.55 | 69.54 | 69.32 | 71.30 | 71.26
60 | 68.07 | 66.95 | 67.33 | 67.80 | 69.43 | 69.43 | 65.89 | 66.17 | 68.14 | 67.78
60 | 67.19 | 66.08 | 6544 | 6591 | 70.97 | 71.66 | 71.66 | 66.14 | 61.16 | 60.93
60 | 60.01 | 61.53 | 60.07 | 58.49 | 65.86 | 64.97 | 6591 | 63.45 | 59.54 | 59.89
60 | 59.89 | 63.57 | 61.71 | 59.87 | 64.82 | 65.82 | 6437 | 59.35 | 62.94 | 63.01
60 | 63.01 | 60.34 | 64.52 | 63.90 | 61.85 | 65.05 | 68.21 | 65.27 | 60.16 | 59.45
60 | 59.72 | 59.07 | 64.10 | 60.46 | 66.21 | 62.67 | 66.78 | 60.88 | 67.83 | 67.85
60 | 67.62 | 67.97 | 69.80 | 63.27 | 64.96 | 61.89 | 65.50 | 64.72 | 63.30 | 63.85
60 | 63.86 | 60.26 | 60.03 | 61.68 | 68.61 | 62.38 | 58.24 | 64.27 | 63.44 | 64.14
60 | 64.15 | 63.58 | 62.08 | 64.20 | 66.43 | 62.96 | 64.72 | 65.26 | 64.87 | 67.43
60 | 66.05 | 66.08 | 65.40 | 64.09 | 65.82 | 65.69 | 64.68 | 64.46 | 66.44 | 66.40
70 | 63.30 | 62.19 | 62.56 | 63.03 | 64.66 | 64.66 | 61.13 | 6140 | 63.38 | 63.01
70 | 6243 | 6131 | 60.68 | 61.14 | 66.20 | 65.52 | 65.52 | 61.73 | 59.88 | 59.64
70 | 58.73 | 60.25 | 58.79 | 57.20 | 6292 | 62.04 | 6298 | 62.89 | 58.98 | 59.34
70 | 59.34 | 59.76 | 57.90 | 56.07 | 63.86 | 64.85 | 63.41 | 59.06 | 62.66 | 62.72
70 | 62.72 | 59.31 | 58.14 | 57.53 | 55.62 | 58.82 | 61.98 | 58.62 | 54.05 | 53.34
70 | 53.61 | 52.96 | 58.87 | 53.03 | 58.78 | 55.44 | 59.54 | 5736 | 6431 | 64.33
70 | 64.10 | 64.45 | 66.28 | 59.75 | 61.45 | 5836 | 61.17 | 63.88 | 62.46 | 63.01
70 | 63.02 | 59.42 | 59.20 | 60.85 | 67.78 | 58.77 | 54.63 | 62.47 | 61.64 | 62.35
70 | 6235 ] 60.85 | 59.34 | 6146 | 62.82 | 5935 | 62.78 | 63.32 | 62.93 | 6549
70 | 64.11 | 64.14 | 63.46 | 62.16 | 63.88 | 63.75 | 62.74 | 62.52 | 64.50 | 64.46
80 | 6344 | 6233 | 62.70 | 63.17 | 64.80 | 64.80 | 61.26 | 61.54 | 63.52 | 63.15
80 | 62.57 | 6145 | 60.82 | 61.28 | 6634 | 6299 | 6299 | 60.32 | 5742 | 57.18
80 | 56.26 | 57.79 | 56.33 | 54.74 | 60.87 | 59.98 | 60.93 | 58.93 | 55.02 | 55.38
80 | 5538 | 59.72 | 57.86 | 56.03 | 66.99 | 67.99 | 66.55 | 62.53 | 66.12 | 66.18
80 | 66.19 | 62.07 | 57.24 | 56.63 | 55.02 | 58.22 | 61.38 | 58.02 | 54.76 | 54.04
80 | 54.31 | 53.67 | 59.58 | 54.93 | 60.68 | 56.08 | 60.18 | 58.12 | 65.06 | 65.09
80 | 64.86 | 6521 | 67.04 | 60.51 | 62.13 | 59.12 | 62.15 | 64.85 | 63.44 | 63.98
80 | 64.00 | 60.39 | 60.17 | 61.82 | 68.75 | 5735 | 53.21 | 61.05 | 60.22 | 60.92
80 | 6093 | 5942 | 5791 | 60.04 | 6140 | 57.92 | 61.36 | 61.90 | 61.51 | 64.07
80 | 62.69 | 62.72 | 62.04 | 60.73 | 62.46 | 6233 | 6131 | 61.10 | 63.08 | 63.03
90 | 66.61 | 65.50 | 65.87 | 66.34 | 67.97 | 67.97 | 6444 | 64.71 | 66.69 | 66.33
90 | 65.74 | 64.63 | 63.99 | 6446 | 69.52 | 67.33 | 67.33 | 64.66 | 61.75 | 61.52
90 | 60.60 | 62.13 | 60.67 | 59.08 | 6544 | 64.55 | 65.50 | 64.41 | 60.50 | 60.85
90 | 60.85 | 64.06 | 62.20 | 60.36 | 71.33 | 72.33 | 70.89 | 66.86 | 70.46 | 70.52
90 | 70.53 | 66.41 | 60.96 | 60.35 | 61.55 | 64.75 | 67.91 | 64.55 | 61.29 | 60.57
90 | 60.84 | 60.19 | 66.10 | 60.69 | 66.44 | 6147 | 65.58 | 61.56 | 68.51 | 68.53
90 | 68.30 | 68.65 | 7048 | 63.95 | 65.57 | 62.56 | 65.59 | 68.30 | 66.88 | 67.43
90 | 67.44 | 63.83 | 63.61 | 65.26 | 72.19 | 60.02 | 55.88 | 63.72 | 62.89 | 63.59
90 | 63.60 | 62.09 | 60.59 | 62.71 | 64.07 | 60.59 | 64.03 | 64.57 | 64.18 | 66.74
90 | 65.36 | 6539 | 64.71 | 63.40 | 65.13 | 65.00 | 63.98 | 63.77 | 65.75 | 65.70
100 | 71.55 | 70.43 | 70.80 | 71.28 | 72.90 | 72.90 | 69.37 | 69.64 | 71.62 | 71.26
100 | 70.67 | 69.56 | 68.92 | 69.39 | 74.45 | 72.777 | 72.777 | 70.10 | 67.20 | 66.96
100 | 66.05 | 67.57 | 66.11 | 64.52 | 70.88 | 70.00 | 70.94 | 70.33 | 66.42 | 66.78
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Table 28 (Continued). 0013-2-2a Line Detection 0,,¢,,, Grid =10 x 10

P emean
100 | 66.78 | 69.50 | 67.64 | 65.81 | 76.77 | 77.77 | 76.33 | 7231 | 75.90 | 75.96
100 | 7597 | 71.85 | 65.89 | 65.28 | 66.66 | 69.86 | 73.02 | 69.66 | 66.40 | 65.68
100 | 6595 | 6531 | 71.22 | 65.81 | 71.55 | 69.31 | 73.42 | 66.49 | 73.44 | 73.46
100 | 73.23 | 73.58 | 75.41 | 68.88 | 70.50 | 67.50 | 70.52 | 73.23 | 71.81 | 72.36
100 | 7237 | 68.77 | 68.54 | 70.19 | 77.12 | 66.44 | 62.30 | 70.15 | 69.31 | 70.02
100 | 70.03 | 68.52 | 67.01 | 69.13 | 70.49 | 67.02 | 70.45 | 71.00 | 70.61 | 73.17
100 | 71.79 | 71.81 | 71.13 | 69.83 | 71.55 | 71.42 | 70.41 | 70.19 | 72.18 | 72.13
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Table 29. 0013-2-2a Line Detection Ly, Grid=1x1

P Ltotal

10 | 398.000

20 | 398.000

30 | 398.000

40 [ 398.000

50 | 398.000

60 | 398.000

70 | 398.000

80 | 398.000

90 | 398.000

100 | 398.000

Table 30. 0013-2-2a Line Detection Ly, Grid =2 x 2

P

Ltotal

10

57.000

42.000

10

172.000

60.299

20

57.000

42.000

20

172.000

60.299

30

57.000

42.000

30

172.000

60.299

40

57.000

42.000

40

172.000

60.299

50

57.000

42.000

50

172.000

60.299

60

57.000

42.000

60

172.000

60.299

70

57.000

42.000

70

172.000

60.299

80

57.000

42.000

80

172.000

60.299

90

57.000

42.000

90

172.000

60.299

100

57.000

42.000

100

172.000
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Table 31. 0013-2-2a Line Detection Ly, Grid =4 x 4

P Ltotal

10 | 151.080 | 104.690 | 104.690 | 130.180

10 | 104.000 | 86.833 | 44.654 | 61.522

10 | 43.012 | 91.241 | 119.200 | 44.102

10 | 71.028 | 206.000 | 220.200 | 198.700

20 [ 151.080 | 104.690 | 104.690 | 130.180

20 | 104.000 | 53.151 | 102.300 | 44.721

20 [ 43.012 | 154.830 | 64.008 | 44.102

20 [ 71.028 | 206.000 | 220.200 | 49.092

30 | 151.080 | 104.690 | 104.690 | 130.180

30 | 104.000 | 62.073 | 40.311 | 66.910

30 | 43.012 | 51313 | 94.032 | 44.102

30 | 71.028 | 206.000 | 220.200 | 49.092

40 | 151.080 | 104.690 | 104.690 | 130.180

40 | 104.000 | 47.424 | 44.553 | 66.910

40 | 43.012 | 47.170 | 44.643 | 44.102

40 | 71.028 | 206.000 | 220.200 | 49.092

50 | 151.080 | 104.690 | 104.690 | 130.180

50 | 104.000 | 74.250 | 65.031 | 66.910

50| 43.012 | 49.649 | 57.689 | 44.102

50 | 71.028 | 206.000 | 220.200 | 49.092

60 | 151.080 | 104.690 | 104.690 | 130.180

60 | 104.000 | 50.537 | 61.400 | 66.910

60 | 43.012 | 53.339 | 50.000 | 44.102

60 | 71.028 | 206.000 | 220.200 | 49.092

70 | 151.080 | 104.690 | 104.690 | 130.180

70 | 104.000 | 61.522 | 94.810 | 66.910

70 | 43.012 | 102.620 | 100.570 | 44.102

70 | 71.028 | 206.000 | 220.200 | 49.092

80 | 151.080 | 104.690 | 104.690 | 130.180

80 | 104.000 | 65.299 | 45.453 | 66.910

80 | 43.012 | 66.573 | 93.005 | 44.102

80 | 71.028 | 206.000 | 220.200 | 49.092

90 | 151.080 | 104.690 | 104.690 | 130.180

90 | 104.000 | 137.710 | 216.830 | 66.910

90 | 43.012 | 46325 | 70.264 | 44.102

90 | 71.028 | 206.000 | 220.200 | 49.092

100 | 151.080 | 104.690 | 104.690 | 130.180

100 | 104.000 | 104.240 | 55.973 | 66.910

100 | 43.012 | 40.249 | 149.250 | 44.102

100 | 71.028 | 206.000 | 220.200 | 49.092
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Table 32. 0013-2-2a Line Detection Ly, Grid =5x 5

P Ltotal

10 87.21 54.45 54.45 41.77 53.09

10 104.17 147.80 94.03 64.48 171.12

10 104.00 49.74 45.97 114.93 103.31

10 115.00 65.77 46.07 76.24 47.63

10 195.00 68.88 103.48 182.32 159.51

20 87.21 58.69 58.69 50.33 53.09

20 104.17 80.31 41.04 157.15 171.12

20 104.00 40.71 81.32 103.08 164.05

20 115.00 40.00 73.35 79.31 47.63

20 195.00 68.88 103.48 182.32 159.51

30 87.21 42.05 42.05 50.33 53.09

30 104.17 98.08 45.79 209.70 171.12

30 104.00 109.02 121.00 76.32 164.61

30 115.00 62.13 61.98 67.48 47.63

30 195.00 68.88 103.48 182.32 159.51

40 87.21 74.43 74.43 50.33 53.09

40 104.17 82.10 111.02 40.61 171.12

40 104.00 43.83 43.14 104.69 164.61

40 115.00 92.05 92.05 111.40 47.63

40 195.00 68.88 103.48 182.32 159.51

50 87.21 74.43 74.43 50.33 53.09

50 104.17 49.93 52.39 41.15 171.12

50 104.00 49.73 90.80 85.21 164.61

50 115.00 42.72 86.05 47.00 47.63

50 195.00 68.88 103.48 182.32 159.51

60 87.21 74.43 74.43 50.33 53.09

60 104.17 83.65 40.31 69.64 171.12

60 104.00 88.24 53.23 174.61 164.61

60 115.00 93.81 49.93 119.08 47.63

60 195.00 68.88 103.48 182.32 159.51

70 87.21 74.43 74.43 50.33 53.09

70 104.17 56.22 86.65 46.17 171.12

70 104.00 169.50 53.85 44.15 164.61

70 115.00 91.42 76.24 54.08 47.63

70 195.00 68.88 103.48 182.32 159.51

80 87.21 74.43 74.43 50.33 53.09

80 104.17 48.88 40.00 51.55 171.12

80 104.00 71.31 44.72 50.12 164.61

80 115.00 75.93 79.08 100.58 47.63

80 195.00 68.88 103.48 182.32 159.51

90 87.21 74.43 74.43 50.33 53.09

90 104.17 44.28 148.17 55.11 171.12

90 104.00 49.65 44.72 53.67 164.61
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Table 32 (Continued). 0013-2-2a Line Detection Ly, Grid=5x5

P Ltotal

90 115.00 58.55 143.57 152.20 47.63

90 195.00 68.88 103.48 182.32 159.51
100 87.21 74.43 74.43 50.33 53.09
100 104.17 44.28 87.92 120.28 171.12
100 104.00 128.32 44.72 97.62 164.61
100 115.00 58.55 105.91 148.77 47.63
100 195.00 68.88 103.48 182.32 159.51
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Table 33. 0013-2-2a Line Detection Ly, Grid =6 x 6

P Ltotal
10 54.01 52.01 42.00 42.00 84.40 51.16
10 42.11 41.04 143.12 146.49 48.38 99.00
10 88.60 112.45 41.04 76.94 222.58 178.90
10 60.03 44.41 47.01 81.32 207.00 91.27
10 115.00 79.51 52.01 104.55 107.38 42.52
10 104.00 103.09 104.69 171.12 79.40 47.68
20 54.01 121.10 42.00 42.00 42.19 51.16
20 42.11 87.32 159.54 209.25 42.06 99.00
20 88.60 56.05 152.90 41.23 188.00 57.28
20 60.03 85.00 62.64 64.03 96.54 51.92
20 115.00 163.00 50.48 127.88 68.47 42.52
20 104.00 103.09 76.49 171.12 127.88 47.68
30 54.01 54.59 42.00 42.00 52.01 51.16
30 42.11 170.42 141.09 54.34 51.55 99.00
30 88.60 62.51 94.34 188.00 43.00 150.37
30 60.03 308.00 50.25 69.35 47.17 51.92
30 115.00 68.88 43.83 58.59 43.83 42.52
30 104.00 103.09 76.49 171.12 127.88 47.68
40 54.01 54.59 42.00 42.00 62.63 51.16
40 42.11 187.00 60.14 50.22 124.23 99.00
40 88.60 101.53 66.94 68.88 40.00 64.85
40 60.03 294.00 57.49 321.60 60.08 51.92
40 115.00 50.49 114.42 89.05 56.73 42.52
40 104.00 103.09 76.49 171.12 127.88 47.68
50 54.01 54.59 42.00 42.00 50.91 51.16
50 42.11 187.00 60.14 71.02 123.76 99.00
50 88.60 137.71 65.52 58.05 243.87 160.38
50 60.03 143.54 66.37 69.03 58.25 51.92
50 115.00 50.49 43.83 89.05 111.49 42.52
50 104.00 103.09 76.49 171.12 127.88 47.68
60 54.01 54.59 42.00 42.00 50.91 51.16
60 42.11 187.00 60.14 137.71 43.42 99.00
60 88.60 45.65 42.00 128.46 90.09 54.23
60 60.03 146.09 97.42 51.00 88.02 51.92
60 115.00 50.49 117.02 89.05 64.38 42.52
60 104.00 103.09 76.49 171.12 127.88 47.68
70 54.01 54.59 42.00 42.00 50.91 51.16
70 42.11 187.00 60.14 150.08 156.55 99.00
70 88.60 43.00 87.21 128.46 83.86 71.61
70 60.03 71.59 55.08 44.94 98.41 51.92
70 115.00 50.49 283.52 89.05 49.68 42.52
70 104.00 103.09 76.49 171.12 127.88 47.68
80 54.01 54.59 42.00 42.00 50.91 51.16
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Table 33 (Continued). 0013-2-2a Line Detection Ly, Grid=6 x 6

P Ltotal
80 42.11 187.00 60.14 150.08 287.39 99.00
80 88.60 57.32 73.01 128.46 209.31 71.61
80 60.03 50.70 211.70 191.38 71.59 51.92
80 115.00 50.49 99.25 89.05 202.07 | 42.52
80 104.00 103.09 76.49 171.12 127.88 47.68
90 54.01 54.59 42.00 42.00 50.91 51.16
90 42.11 187.00 60.14 150.08 52.33 99.00
90 88.60 132.06 42.94 128.46 301.42 71.61
90 60.03 99.49 43.60 46.86 147.09 51.92
90 115.00 50.49 99.25 89.05 146.77 42.52
90 104.00 103.09 76.49 171.12 127.88 47.68
100 54.01 54.59 42.00 42.00 50.91 51.16
100 42.11 187.00 60.14 150.08 125.02 99.00
100 88.60 86.93 52.33 128.46 40.22 71.61
100 60.03 217.83 161.70 79.10 195.44 51.92
100 115.00 50.49 99.25 89.05 50.04 | 42.52
100 104.00 103.09 76.49 171.12 127.88 47.68
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Table 34. 0013-2-2a Line Detection Ly, Grid =8 x 8

P Ltotal

10| 5401 | 61.35| 61.35 | 49.01 | 398.00 | 77.39 | 51.40 | 210.15

10 | 123.18 | 112.79 | 72.67 | 4522 | 221.18 | 61.27 | 92.54 | 41.11

10 | 80.06 | 108.37 | 66.03 | 106.79 | 92.63 | 122.02 | 47.71 | 59.41

10| 51.16 | 70.24 | 101.79 | 49.77 | 71.85 | 210.05 | 45.54 | 134.08

10| 60.03 | 71.57 | 68.59 | 122.58 | 44.55 | 69.30 | 273.88 | 55.58

10 | 115.00 | 264.49 | 51.42 | 40.00 | 63.89 | 54.45 | 170.42 | 123.86

10 | 115.00 | 48.77 | 243.85 | 45.89 | 265.60 | 177.00 | 118.07 | 87.62

10 | 155.08 | 7433 | 71.00 | 4342 | 65.86 | 190.52 | 44.69 | 75.24

20 | 5401 | 6135| 61.35| 49.01 | 398.00 | 77.39 | 51.40 | 210.15

20 | 123.18 | 143.17 | 159.83 | 211.15 | 157.28 | 50.09 | 56.22 | 41.11

20 | 80.06 | 130.11 | 72.80 | 206.78 | 58.82 | 83.43 | 49.19 | 5941

20 | 51.16 | 40.52 | 47.00 | 57.25 | 55.04 | 48.09 | 90.52 | 149.09

20 | 60.03 | 51.86 | 41.04 | 104.58 | 82.80 | 166.37 | 382.06 | 151.99

20 | 115.00 | 9837 | 48.47 | 94.02 | 43.14 | 74.73 | 175.86 | 123.86

20 | 115.00 | 43.29 | 100.12 | 174.65 | 124.60 | 76.30 | 47.30 | 79.01

20 | 155.08 | 7433 | 71.00 | 4342 | 65.86 | 190.52 | 51.62 | 75.24

30| 5401 ] 6135| 61.35 ] 49.01 | 398.00 | 7739 | 51.40 | 210.15

30 | 123.18 | 158.49 | 41.15 | 147.14 | 55.00 | 138.24 | 129.20 | 41.11

30 | 80.06 | 130.11 | 74.53 | 87.46 | 50.00 | 130.19 | 48.00 | 59.41

30| 51.16 | 177.00 | 41.59 | 50.12 | 9235 | 40.50 | 86.28 | 149.09

30| 60.03 ] 5186 | 51.66 | 9513 | 5622 | 48.00 | 49.52 | 5445

30 | 115.00 | 9837 | 51.40 | 55.15| 92.18 | 59.06 | 230.14 | 123.86

30 | 115.00 | 54.04 | 59.03 | 7495 | 42.19 | 41.18 | 159.97 | 41.04

30 | 155.08 | 7433 | 71.00 | 4342 | 65.86 | 190.52 | 51.62 | 75.24

40 | 5401 | 6135| 61.35| 49.01 | 398.00 | 77.39 | 51.40 | 210.15

40 | 123.18 | 158.49 | 71.45 | 233.24 | 52.33 | 13824 | 83.86 | 41.11

40 | 80.06 | 130.11 | 24536 | 81.03 | 91.78 | 14834 | 96.03 | 59.41

40 | 51.16 | 5045 | 44.00 | 74.95 | 11245 | 80.78 | 62.77 | 149.09

40 | 60.03 | 51.86 | 4570 | 5441 | 5142 | 50.00 | 50.91 | 5445

40 | 115.00 | 9837 | 58.18 | 115.52 | 41.11 | 66.29 | 76.69 | 123.86

40 | 115.00 | 54.04 | 59.03 | 73.35 | 152.84 | 161.61 | 4633 | 41.04

40 | 155.08 | 7433 | 71.00 | 4342 | 65.86 | 190.52 | 51.62 | 75.24

50| 54.01 | 61.35| 61.35| 49.01 | 398.00 | 77.39 | 51.40 | 210.15

50 | 123.18 | 158.49 | 71.06 | 82.30 | 52.33 | 138.24 | 156.63 | 41.11

50 | 80.06 | 130.11 | 43.14 | 81.03 | 70.18 | 181.87 | 59.03 | 5941

50| 51.16 | 101.71 | 5445 | 4998 | 80.23 | 60.75 | 69.26 | 149.09

50| 60.03 | 51.86 | 62.65| 53.76 | 51.48 | 50.00 | 205.19 | 54.45

50 | 115.00 | 98.37 | 5433 | 44.01 | 44.92 | 110.15 | 47.51 | 123.86

50 | 115.00 | 54.04 | 59.03 | 60.47 | 222.58 | 89.28 | 219.82 | 41.04

50 | 155.08 | 7433 | 71.00 | 43.42 | 65.86 | 190.52 | 51.62 | 75.24

60 | 5401 | 6135 | 61.35 | 49.01 | 398.00 | 7739 | 51.40 | 210.15

60 | 123.18 | 158.49 | 71.06 | 82.30 | 5233 | 13824 | 65.86 | 41.11

60 | 80.06 | 130.11 | 177.00 | 81.03 | 70.18 | 54.45 | 56.09 | 5941
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Table 34 (Continued). 0013-2-2a Line Detection Ly, Grid=8 x 8

P Ltotal
60 | S51.16 | 5722 | 58.69 | 40.20 | 50.45 | 56.32 | 60.03 | 149.09
60 | 60.03 | 51.86 | 99.16 | 96.03 | 165.11 | 50.00 | 55.90 | 54.45
60 | 115.00 | 9837 | 45.10 | 49.65 | 52.40 | 112.92 | 106.61 | 123.86
60 | 115.00 | 54.04 | 59.03 | 54.13 | 58.01 | 134.73 | 107.71 | 41.04
60 | 155.08 | 7433 | 71.00 | 43.42 | 65.86 | 190.52 | 51.62 | 75.24
70 | 54.01 | 6135 | 61.35 | 49.01 | 398.00 | 77.39 | 51.40 | 210.15
70 | 123.18 | 158.49 | 71.06 | 82.30 | 52.33 | 138.24 | 167.59 | 41.11
70 | 80.06 | 130.11 | 76.03 | 81.03 | 70.18 | 42.95 | 80.80 | 59.41
70 | S51.16 | 7694 | 72.56 | 40.20 | 43.29 | 40.00 | 71.40 | 149.09
70 | 60.03 | 51.86 | 47.01 | 118.70 | 12042 | 50.00 | 68.36 | 54.45
70 | 115.00 | 98.37 | 45.10 | 59.67 | 70.71 | 90.79 | 49.20 | 123.86
70 | 115.00 | 54.04 | 59.03 | 54.13 | 134.08 | 307.00 | 54.45 | 41.04
70 | 155.08 | 7433 | 71.00 | 43.42 | 65.86 | 190.52 | 51.62 | 75.24
80 | 54.01 | 6135 | 6135 | 49.01 | 398.00 | 77.39 | 51.40 | 210.15
80 | 123.18 | 158.49 | 71.06 | 82.30 | 52.33 | 138.24 | 5441 | 41.11
80 | 80.06 | 130.11 | 166.60 | 81.03 | 70.18 | 151.12 | 50.01 | 59.41
80 | 51.16 | 81.74 | 65.00 | 40.20 | 43.29 | 53.04 | 58.82 | 149.09
80 | 60.03 | 51.86 | 103.87 | 118.70 | 71.45 | 50.00 | 123.37 | 54.45
80 | 115.00 | 9837 | 45.10 | 53.04 | 142.13 | 92.63 | 49.20 | 123.86
80 | 115.00 | 54.04 | 59.03 | 54.13 | 117.27 | 44.05| 70.73 | 41.04
80 | 155.08 | 7433 | 71.00 | 4342 | 65.86 | 190.52 | 51.62 | 75.24
90 | 54.01 | 61.35] 6135 | 49.01 | 398.00 | 77.39 | 51.40 | 210.15
90 | 123.18 | 158.49 | 71.06 | 8230 | 5233 | 13824 | 42.76 | 4l1.11
90 | 80.06 | 130.11 | 52.01 | 81.03 | 70.18 | 60.13 | 97.08 | 59.41
90 | 51.16 | 88.89 | 5595 | 40.20 | 43.29 | 53.04 | 43.86 | 149.09
90 | 60.03 | 51.86 | 79.40 | 118.70 | 71.45 | 50.00 | 106.89 | 54.45
90 | 115.00 | 9837 | 45.10 | 53.04 | 45.40 | 221.05 | 49.20 | 123.86
90 | 115.00 | 54.04 | 59.03 | 54.13 | 49.20 | 43.11 | 70.73 | 41.04
90 | 155.08 | 7433 | 71.00 | 43.42 | 65.86 | 190.52 | 51.62 | 75.24
100 | 54.01 | 61.35| 61.35| 49.01 | 398.00 | 77.39 | 51.40 | 210.15
100 | 123.18 | 158.49 | 71.06 | 82.30 | 52.33 | 13824 | 5125 | 41.11
100 | 80.06 | 130.11 | 44.78 | 81.03 | 70.18 | 76.40 | 65.80 | 59.41
100 | 51.16 | 60.84 | 180.49 | 40.20 | 43.29 | 53.04 | 43.86 | 149.09
100 | 60.03 | 51.86 | 58.94 | 118.70 | 71.45 | 50.00 | 72.18 | 54.45
100 | 115.00 | 98.37 | 45.10 | 53.04 | 43.68 | 7593 | 49.20 | 123.86
100 | 115.00 | 54.04 | 59.03 | 54.13 | 49.20 | 42.19 | 70.73 | 41.04
100 | 155.08 | 74.33 | 71.00 | 43.42 | 65.86 | 190.52 | 51.62 | 75.24
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Table 35. 0013-2-2a Line Detection Ly, Grid =10 x 10

P ttota]

10| 54.01f 57.00{ 277.75] 105.39| 219.04[ 219.04] 54.92| 300.02{ 111.76] 136.19

10] 50.45[ 118.96] 294.44| 193.75| 161.00[ 66.22| 66.22| 124.00{ 161.61| 205.18

10] 41.20{ 173.23] 61.86] 44.10] 223.16] 81.22] 66.03| 74.53| 57.00] 60.01

10] 54.01f 42.20{ 41.76] 56.52| 162.80[ 61.22| 68.54| 118.87 128.63| 100.26

10| 152.08] 97.42| 112.15] 92.63| 65.00[ 44.69| 102.00| 87.69( 43.17| 122.07

10] 56.00{ 70.01| 97.49] 51.87| 114.83] 50.49| 70.24| 124.00{ 57.49| 40.25

10] 63.03] 82.01| 48.00] 87.64| 40.31[ 128.28] 79.31| 60.11f 50.25| 74.22

10] 115.00{ 49.20] 55.90| 306.24| 100.62( 119.85] 50.09] 99.50{ 43.38] 91.29

10] 115.00f 66.37| 108.90| 124.00| 55.66[ 65.28| 42.38| 47.85] 76.85| 60.02

10]  66.00{ 130.19] 88.23] 68.26] 107.69] 66.10] 112.93] 118.79( 130.03| 139.18

20| 54.01f 57.00] 54.08] 225.28| 219.04| 219.04| 285.00| 42.20{ 75.43| 136.19

20| 50.45[ 125.48| 71.59] 193.75| 58.60[ 64.41] 64.41| 111.65[ 131.04| 205.18

20| 41.20{ 173.23| 87.32] 116.81| 285.00| 242.91] 111.31| 101.24| 110.15] 60.01

20| 54.01f 130.11] 41.11] 61.21| 51.48] 85.60] 41.59| 56.72| 222.58| 100.26

20 152.08] 58.90] 92.63| 46.04] 51.62| 153.18] 61.91| 110.02] 59.46] 51.62

20[ 56.00{ 70.01] 49.40/ 74.04] 285.00] 68.71| 111.40{ 93.54| 43.05] 228.85

20[ 63.03] 67.94] 68.15| 83.10( 140.04] 211.95| 65.00{ 102.73| 54.20| 46.69

20[ 115.00] 42.11] 165.08| 77.16] 200.72| 122.19| 66.76] 56.22| 99.04| 91.29

20[ 115.00{ 74.97] 76.24| 143.40[ 45.35| 196.06| 124.00| 40.22| 56.72| 60.02

20[ 66.00| 130.19] 88.23| 68.26] 74.15| 54.38| 112.93| 44.18| 48.51] 139.18

30] 54.01f 57.00] 48.09] 59.46| 219.04] 219.04] 121.02| 132.54| 62.59| 136.19

30] 50.45[ 93.13| 71.59] 193.75| 91.92| 54.67| 54.67| 46.17( 40.26] 205.18

30) 41.20{ 173.23| 47.52] 178.02| 84.39| 242.91| 44.39| 97.08] 57.78| 60.01

30] 54.01f 66.29] 41.11] 61.66] 51.87| 74.25| 124.49| 89.81| 43.42| 100.26

30] 152.08] 45.28| 101.61] 43.83| 124.00{ 93.13] 61.91| 101.83 285.00] 51.62

30] 56.00{ 70.01| 141.60] 55.11| 140.22 110.26] 96.14] 132.42| 106.40| 228.85

30] 63.03] 67.94] 43.38] 76.32| 83.82| 64.89] 84.05| 50.29( 73.25] 65.38

30] 115.00f 52.33] 165.08] 77.16] 107.56] 118.79] 66.76| 230.89( 72.45| 91.29

30] 115.00f 59.44| 145.21] 50.00f 64.50[ 93.81| 104.40| 111.22{ 78.41| 60.02

30] 66.00{ 130.19] 88.23] 68.26] 74.15| 54.38] 112.93] 339.84| 163.08] 139.18

40[ 54.01| 57.00] 273.15| 59.46| 219.04| 219.04| 45.88| 213.53| 62.59| 136.19

40( 50.45| 93.13] 71.59| 193.75] 55.36| 72.69| 72.69| 64.03| 120.33] 205.18

40( 41.20] 173.23] 131.04| 178.02| 43.93] 242.91| 44.39| 68.36| 47.42] 60.01

40[ 54.01| 45.00] 41.11| 122.02| 87.28| 87.46] 61.40[ 132.85] 45.45| 100.26

40 152.08] 40.61| 123.07| 74.47| 219.04] 190.00] 61.91| 169.19| 180.89| 51.62

40[ 56.00] 70.01] 137.53| 127.82| 88.24| 202.23| 41.34| 86.28| 50.16] 228.85

40[ 63.03] 67.94] 42.05| 97.17| 46.33] 62.30] 85.91| 199.54| 186.22] 65.38

40 115.00] 44.94] 165.08] 77.16] 61.19] 75.03| 66.76] 40.46| 60.01] 91.29

40 115.00] 75.96] 245.36/ 50.00{ 285.00] 44.28| 62.39| 111.22] 48.00| 60.02

40[ 66.00] 130.19] 88.23| 68.26] 74.15] 54.38| 112.93| 99.13| 163.08] 139.18

50| 54.01] 57.00{ 143.40{ 59.46] 219.04| 219.04] 45.88] 213.53] 62.59| 136.19

50| 50.45] 93.13| 71.59| 193.75] 67.90| 45.00{ 45.00] 73.50] 69.30[ 205.18

50| 41.20| 173.23| 131.04| 178.02] 107.20 242.91| 44.39] 77.90| 52.40[ 60.01

50| 54.01] 73.25[ 41.11]| 122.02] 48.51| 87.46] 50.36] 74.67| 81.57| 100.26

50| 152.08] 115.87| 106.47| 42.49] 67.23] 19132 6191] 46.86] 53.31| 51.62
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Table 35 (Continued). 0013-2-2a Line Detection Ly, Grid =10 x 10

P Ltotal
50] 56.00f 70.01| &81.39| 41.40( 214.28| 80.10] 41.34] 45.61] 51.00] 228.85
50| 63.03] 67.94] 42.05| 58.80] 63.06] 62.65 49.37| 86.93| 186.22| 65.38
50| 115.00] 106.25 165.08] 77.16] 43.19| 104.81| 66.76] 92.63| 70.83| 91.29
50| 115.00] 325.44| 245.36] 50.00] 44.41| 70.21] 41.73] 111.22] 70.35| 60.02
50| 66.00] 130.19( 88.23| 68.26] 74.15| 54.38| 112.93| 99.13| 163.08 139.18
60| 54.01f 57.00] 143.40] 59.46] 219.04| 219.04] 45.88| 213.53| 62.59| 136.19
60| 50.45( 93.13| 71.59] 193.75| 43.11| 40.11] 40.11] 69.64] 74.33| 205.18
60| 41.20( 173.23| 131.04] 178.02| 118.83| 242.91| 44.39| 156.35] 46.10] 60.01
60| 54.01f 187.96] 41.11] 122.02f 95.21| 87.46] 50.36] 53.60[ 81.57| 100.26
60| 152.08[ 62.00] 45.35] 42.49| 219.15| 87.73] 61.91| 62.13| 92.54| 51.62
60| 56.00( 70.01| 78.16] 163.20[ 102.96| 42.72| 41.34| 102.40{ 51.00| 228.85
60| 63.03] 67.94] 42.05] 58.80] 42.45] 43.14] 79.08] 46.82| 186.22| 65.38
60| 115.00( 44.05| 165.08] 77.16] 43.19] 69.31] 66.76] 54.45 70.83| 91.29
60| 115.00f 40.36] 245.36] 50.00f 60.88] 81.58] 49.40| 111.22| 70.35| 60.02
60| 66.00[ 130.19| 88.23] 68.26] 74.15] 54.38| 112.93] 99.13| 163.08| 139.18
70| 54.01] 57.00{ 143.40] 59.46] 219.04| 219.04] 45.88] 213.53| 62.59| 136.19
70| 50.45] 93.13] 71.59| 193.75] 43.11| 143.20{ 143.20] 42.01] 183.81| 205.18
70| 41.20| 173.23| 131.04] 178.02] 64.89| 242.91| 44.39| 198.58| 46.10[ 60.01
70| 54.01] 55.87[ 41.11| 122.02] 88.24| 87.46] 50.36] 68.03] 81.57( 100.26
70| 152.08] 90.27| 294.04| 42.49] 44.91| 87.73] 6191| 62.13] 85.49[ 51.62
70| 56.00) 70.01f 127.12| 154.87] 102.96] 97.08] 41.34] 62.65| 51.00[ 228.85
70| 63.03] 67.94] 42.05] 58.80] 126.70| 43.14] 94.13| 43.11] 186.22| 65.38
70| 115.00] 44.05[ 165.08] 77.16] 43.19] 62.39] 66.76] 43.19] 70.83| 91.29
70| 115.00] 80.36[ 245.36] 50.00] 60.88] 81.58] 75.80] 111.22] 70.35[ 60.02
70| 66.00] 130.19| 88.23| 68.26] 74.15| 54.38] 112.93] 99.13] 163.08| 139.18
80| 54.01] 57.00 143.40] 59.46| 219.04| 219.04| 45.88| 213.53| 62.59| 136.19
80| 50.45| 93.13| 71.59| 193.75] 43.11| 42.54| 42.54] 50.57| 183.81| 205.18
80| 41.20| 173.23| 131.04| 178.02] 59.03| 242.91| 44.39] 53.25| 46.10 60.01
80| 54.01] 102.59( 41.11| 122.02] 44.10f 87.46| 50.36| 47.51| 81.57| 100.26
80| 152.08] 90.27[ 94.76] 42.49| 55.66| 87.73| 6191| 62.13] 71.06] 51.62
80| 56.00) 70.01f 127.12| 80.75] 102.96] 105.95| 41.34] 50.00] 51.00{ 228.85
80| 63.03] 67.94| 42.05| 58.80] 47.41| 43.14] 211.27| 43.11| 186.22| 65.38
80| 115.00] 44.05 165.08| 77.16] 43.19| 152.54| 66.76] 43.19] 70.83| 91.29
80| 115.00] 80.36 245.36] 50.00] 60.88| 81.58| 75.80| 111.22] 70.35[ 60.02
80| 66.00| 130.19| 88.23| 68.26] 74.15| 54.38| 112.93| 99.13| 163.08| 139.18
90| 54.01f 57.00] 143.40] 59.46] 219.04] 219.04] 45.88| 213.53] 62.59| 136.19
90| 50.45[ 93.13] 71.59] 193.75| 43.11] 109.93| 109.93| 50.57( 183.81| 205.18
90| 41.20 173.23| 131.04] 178.02| 54.45| 242.91| 44.39| 56.85] 46.10] 60.01
90| 54.01f 102.59| 41.11] 122.02| 44.10] 87.46] 50.36] 47.51f 81.57| 100.26
90| 152.08] 90.27| 94.76] 42.49| 66.85 87.73| 61.91| 62.13] 71.06] 51.62
90| 56.00{ 70.01] 127.12] 80.75| 102.96] 54.33| 41.34] 82.86] 51.00| 228.85
90| 63.03] 67.94] 42.05| 58.80] 47.41| 43.14] 211.27) 43.11{ 186.22| 65.38
90| 115.00{ 44.05| 165.08] 77.16] 43.19]| 233.55| 66.76] 43.19| 70.83| 91.29
90| 115.00f 80.36] 245.36] 50.00f 60.88] 81.58] 75.80| 111.22{ 70.35] 60.02
90| 66.00[ 130.19] 88.23] 68.26] 74.15] 54.38] 112.93] 99.13[ 163.08] 139.18
100[ 54.01] 57.00] 143.40[ 59.46| 219.04] 219.04| 45.88] 213.53| 62.59| 136.19
100[ 50.45| 93.13] 71.59| 193.75] 43.11] 54.45| 54.45| 50.57| 183.81] 205.18
100{ 41.20] 173.23] 131.04| 178.02| 54.45] 242.91| 44.39| 57.20] 46.10] 60.01
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Table 35 (Continued). 0013-2-2a Line Detection Ly, Grid =10 x 10

P ttotal
100[ 54.01| 102.59] 41.11| 122.02| 44.10| 87.46 50.36| 47.51| 81.57| 100.26
100 152.08| 90.27| 94.76| 42.49| 61.21| 87.73| 6191 62.13| 71.06] 51.62
100[ 56.00| 70.01| 127.12 80.75| 102.96| 104.58| 41.34| 82.86| 51.00| 228.85
100[ 63.03| 67.94] 42.05| 58.80| 47.41| 43.14| 211.27| 43.11| 186.22| 65.38
100[ 115.00| 44.05| 165.08| 77.16| 43.19] 41.04| 66.76] 43.19| 70.83] 91.29
100 115.00| 80.36] 245.36| 50.00| 60.88| 81.58| 75.80( 111.22| 70.35| 60.02
100[ 66.00| 130.19] 88.23| 68.26| 74.15| 54.38| 112.93| 99.13| 163.08| 139.18
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Table 36. 0013-2-2a Line Detection t;, Grid=1x1

P ttotal
10| 0.316
20 [ 0.329
30| 0.350
40 [ 0.367
50 | 0.339
60 | 0.372
70 | 0.345
80 | 0.383
90 | 0.347
100 [ 0.343

Table 37. 0013-2-2a Line Detection t;,;, Grid =2 x 2

P Liotal

10| 0.113 0.114
10| 0.116 | 0.131
20| 0.112 | 0.114
20| 0.112 | 0.135
301 0.116 | 0.113
30| 0.115| 0.136
40 | 0.149 | 0.128
40 | 0.122 | 0.156
50 0.115| 0.116
50| 0.113 | 0.142
60 | 0.121 | 0.123
60 | 0.121 | 0.143
70 | 0.120 | 0.121
701 0.117 | 0.139
80| 0.124 | 0.125
80 | 0.125 | 0.150
90 | 0.121 0.118
90 | 0.121 | 0.147
100 | 0.119 | 0.121
100 | 0.120 | 0.144
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Table 38. 0013-2-2a Line Detection t;, Grid =4 x 4

P ttutal
10 ] 0.089 | 0.091 | 0.048 | 0.206
10 ] 0.068 | 0.100 | 0.156 | 0.128
10 ] 0.086 | 0.096 | 0.096 | 0.075
10 ] 0.061 | 0.130 | 0.053 | 0.097
20| 0.087 | 0.092 | 0.046 | 0.202
20| 0.065 | 0.166 | 0.220 | 0.195
20 | 0.087 | 0.167 | 0.165 | 0.075
20| 0.061 | 0.123 | 0.051 | 0.199
30| 0.088 | 0.094 | 0.045 | 0.225
30| 0.069 | 0.257 | 0.302 | 0.247
30| 0.094 | 0.233 | 0.251 | 0.085
30| 0.065 | 0.125 | 0.055 | 0.206
40 | 0.106 | 0.103 | 0.049 | 0.246
40 | 0.087 | 0.310 | 0.389 | 0.263
40| 0.094 | 0333 | 0.370 | 0.103
40| 0.065 | 0.143 | 0.073 | 0.223
50| 0.093 | 0.095 | 0.050 | 0.208
50| 0.070 | 0376 | 0.451 | 0.252
50| 0.089 | 0422 | 0.431 | 0.093
50| 0.067 | 0.150 | 0.056 | 0.209
60 | 0.118 | 0.099 | 0.047 | 0.219
60 | 0.070 | 0.466 | 0.540 | 0.258
60 [ 0.092 | 0498 | 0.469 | 0.079
60 | 0.066 | 0.130 | 0.057 | 0.244
70| 0.093 | 0.092 | 0.048 | 0.219
70| 0.071 | 0.533 | 0.601 | 0.254
70| 0.092 | 0.553 | 0.533 | 0.075
70| 0.062 | 0.127 | 0.050 | 0.212
80 | 0.106 | 0.103 | 0.058 | 0.232
80 | 0.075 | 0.660 | 0.721 | 0.280
80 | 0.104 | 0.688 | 0.661 | 0.087
80 | 0.070 | 0.146 | 0.060 | 0.217
90 | 0.101 | 0.099 | 0.051 | 0.214
90 | 0.072 | 0.675 | 0.758 | 0.265
90| 0.094 | 0.711 | 0.675 | 0.080
90 | 0.065| 0.131 | 0.057 | 0.211
100 | 0.097 | 0.111 | 0.049 | 0.212
100 | 0.068 | 0.789 | 0.894 | 0.272
100 | 0.096 | 0.829 | 0.778 | 0.096
100 | 0.067 | 0.147 | 0.057 | 0.221
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Table 39. 0013-2-2a Line Detection t;, Grid=5x5

P ttota]
10 0.06 0.163 0.032 0.077 0.097
10 0.082 0.085 0.076 0.084 0.036
10 0.076 0.079 0.085 0.083 0.118
10 0.03 0.084 0.075 0.139 0.11
10 0.057 0.037 0.056 0.049 0.087
20 0.059 0.216 0.031 0.129 0.096
20 0.082 0.145 0.125 0.151 0.036
20 0.051 0.131 0.144 0.129 0.175
20 0.031 0.159 0.224 0.145 0.108
20 0.052 0.044 0.055 0.048 0.077
30 0.061 0.294 0.033 0.143 0.102
30 0.085 0.244 0.231 0.216 0.042
30 0.054 0.195 0.223 0.187 0.219
30 0.028 0.232 0.293 0.218 0.131
30 0.053 0.049 0.071 0.055 0.091
40 0.06 0.331 0.035 0.136 0.1
40 0.094 0.305 0.29 0.295 0.046
40 0.056 0.253 0.31 0.253 0.224
40 0.033 0.404 0.351 0.282 0.117
40 0.064 0.044 0.063 0.05 0.092
50 0.061 0.337 0.039 0.157 0.105
50 0.104 0.36 0.393 0.346 0.037
50 0.054 0.317 0.372 0.331 0.256
50 0.053 0.584 0421 0.402 0.115
50 0.057 0.045 0.059 0.05 0.083
60 0.061 0.337 0.031 0.146 0.105
60 0.083 0.413 0.445 0.412 0.037
60 0.051 0.369 0.444 0.366 0.22
60 0.032 0.538 0.463 0.463 0.114
60 0.06 0.048 0.07 0.05 0.089
70 0.062 0.368 0.034 0.154 0.105
70 0.092 0.503 0.659 0.503 0.043
70 0.06 0.46 0.552 0.455 0.25
70 0.036 0.716 0.568 0.585 0.139
70 0.066 0.046 0.079 0.049 0.119
80 0.067 0.36 0.046 0.156 0.107
80 0.089 0.596 0.752 0.638 0.043
80 0.056 0.528 0.626 0.512 0.233
80 0.034 0.771 0.646 0.614 0.122
80 0.065 0.05 0.064 0.053 0.092
90 0.063 0.334 0.031 0.145 0.103
90 0.083 0.566 0.776 0.63 0.037
90 0.054 0.548 0.608 0.538 0.225
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Table 39 (Continued). 0013-2-2a Line Detection t;,;, Grid=5 x 5

P ttotal

90 0.035 0.718 0.628 0.656 0.12

90 0.058 0.045 0.063 0.051 0.089

100 0.073 0.352 0.034 0.148 0.105

100 0.101 0.614 0.844 0.767 0.039

100 0.059 0.645 0.642 0.66 0.23
100 0.032 0.756 0.743 0.758 0.128
100 0.06 0.043 0.072 0.051 0.088
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Table 40. 0013-2-2a Line Detection t;, Grid =6 x 6

P ttota]
10 0.03 0.1 0.094 0.03 0.088 0.053
10 0.074 0.082 0.076 0.078 0.078 0.031
10 0.038 0.155 0.082 0.08 0.093 0.102
10 0.043 0.141 0.079 0.147 0.076 0.099
10 0.029 0.083 0.081 0.081 0.081 0.041
10 0.048 0.034 0.085 0.056 0.08 0.095
20 0.029 0.135 0.085 0.029 0.163 0.05
20 0.071 0.131 0.151 0.141 0.133 0.03
20 0.037 0.195 0.133 0.135 0.176 0.15
20 0.044 0.194 0.136 0.209 0.134 0.113
20 0.026 0.193 0.134 0.139 0.14 0.039
20 0.049 0.033 0.136 0.057 0.154 0.091
30 0.031 0.184 0.098 0.035 0.227 0.064
30 0.084 0.209 0.232 0.222 0.277 0.03
30 0.038 0.253 0.191 0.252 0.28 0.207
30 0.045 0.254 0.241 0.266 0.191 0.116
30 0.027 0.253 0.195 0.194 0.193 0.042
30 0.049 0.033 0.14 0.058 0.157 0.101
40 0.031 0.191 0.095 0.031 0.292 0.054
40 0.074 0.266 0.234 0.275 0.357 0.028
40 0.038 0.344 0.272 0.343 0.381 0.285
40 0.044 0.395 0.314 0.379 0.268 0.121
40 0.028 0.346 0.281 0.288 0.275 0.046
40 0.054 0.033 0.148 0.063 0.158 0.1
50 0.033 0.186 0.096 0.032 0.35 0.051
50 0.075 0.266 0.252 0.367 0.446 0.028
50 0.043 0.445 0.34 0.41 0.47 0.35
50 0.048 0.426 0.394 0.412 0.331 0.119
50 0.029 0.312 0.329 0.268 0.354 0.043
50 0.054 0.04 0.157 0.063 0.157 0.106
60 0.031 0.194 0.09 0.028 0.342 0.055
60 0.08 0.269 0.25 0.384 0.474 0.033
60 0.038 0.459 0.417 0.467 0.526 0.398
60 0.045 0.478 0.431 0.52 0.399 0.123
60 0.029 0.316 0.395 0.269 0.386 0.049
60 0.053 0.035 0.146 0.065 0.159 0.101
70 0.033 0.212 0.101 0.047 0.38 0.058
70 0.081 0.315 0.268 0.458 0.582 0.034
70 0.041 0.619 0.517 0.507 0.642 0.489
70 0.051 0.586 0.553 0.643 0.507 0.154
70 0.035 0.365 0.52 0.308 0.511 0.048
70 0.053 0.049 0.173 0.071 0.19 0.104
80 0.04 0.189 0.111 0.032 0.367 0.057
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Table 40 (Continued). 0013-2-2a Line Detection t;,;, Grid =6 x 6

P Leotar
80 0.086 0.28 0.262 0.441 0.648 0.033
80 0.041 0.657 0.584 0.497 0.675 0.464
80 0.046 0.625 0.595 0.688 0.535 0.127
80 0.034 0.337 0.539 0.299 0.547 0.046
80 0.057 0.041 0.154 0.068 0.172 0.103
90 0.031 0.18 0.097 0.027 0.337 0.052
90 0.082 0.266 0.234 0.407 0.651 0.03
90 0.039 0.703 0.593 0.46 0.724 0.434
90 0.045 0.659 0.624 0.68 0.592 0.122
90 0.029 0.309 0.498 0.269 0.567 0.042
90 0.05 0.038 0.144 0.064 0.16 0.101
100 0.033 0.206 0.114 0.032 0.371 0.062
100 0.082 0.306 0.263 0.44 0.705 0.029
100 0.04 0.776 0.767 0.542 0.854 0.488
100 0.047 0.758 0.736 0.794 0.732 0.12
100 0.029 0.307 0.515 0.263 0.642 0.056
100 0.056 0.035 0.158 0.074 0.176 0.106

153




Table 41. 0013-2-2a Line Detection t;, Grid=8 x 8

P

ttota]

10

0.027

0.068

0.024

0.057

0.033

0.074

0.102

0.132

10

0.044

0.073

0.074

0.078

0.071

0.077

0.085

0.058

10

0.031

0.069

0.071

0.075

0.07

0.073

0.069

0.157

10

0.054

0.072

0.072

0.068

0.071

0.069

0.069

0.071

10

0.032

0.07

0.074

0.066

0.068

0.07

0.071

0.097

10

0.027

0.069

0.069

0.075

0.07

0.074

0.077

0.111

10

0.028

0.069

0.071

0.071

0.071

0.101

0.071

0.07

10

0.043

0.03

0.03

0.066

0.038

0.075

0.08

0.107

20

0.028

0.078

0.022

0.054

0.035

0.07

0.104

0.129

20

0.047

0.124

0.123

0.124

0.12

0.119

0.122

0.058

20

0.032

0.09

0.124

0.119

0.125

0.164

0.12

0.161

20

0.053

0.12

0.123

0.118

0.12

0.121

0.12

0.086

20

0.032

0.123

0.122

0.121

0.122

0.121

0.121

0.147

20

0.027

0.114

0.121

0.123

0.163

0.12

0.121

0.104

20

0.027

0.122

0.12

0.123

0.127

0.166

0.122

0.129

20

0.044

0.03

0.028

0.063

0.041

0.064

0.086

0.096

30

0.027

0.078

0.024

0.057

0.033

0.07

0.104

0.131

30

0.044

0.174

0.173

0.18

0.175

0.185

0.193

0.06

30

0.034

0.098

0.192

0.194

0.198

0.24

0.206

0.167

30

0.054

0.207

0.179

0.178

0.174

0.176

0.181

0.097

30

0.038

0.137

0.197

0.198

0.235

0.236

0.18

0.188

30

0.026

0.117

0.177

0.179

0.222

0.178

0.177

0.111

30

0.028

0.149

0.164

0.224

0.179

0.221

0.18

0.154

30

0.045

0.026

0.03

0.068

0.038

0.067

0.091

0.097

40

0.031

0.09

0.028

0.059

0.035

0.077

0.112

0.137

40

0.066

0.221

0.251

0.246

0.195

0.192

0.275

0.064

40

0.033

0.101

0.242

0.258

0.273

0.305

0.335

0.194

40

0.054

0.354

0.309

0.245

0.244

0.246

0.271

0.108

40

0.043

0.151

0.245

0.242

0.301

0.256

0.263

0.189

40

0.028

0.129

0.259

0.264

0.291

0.268

0.248

0.111

40

0.028

0.157

0.185

0.317

0.318

0.354

0.284

0.196

40

0.047

0.033

0.031

0.074

0.044

0.071

0.093

0.108

50

0.03

0.092

0.031

0.062

0.049

0.077

0.118

0.148

50

0.049

0.201

0.267

0.291

0.241

0.195

0.299

0.062

50

0.035

0.094

0.306

0.333

0.315

0.364

0.34

0.179

50

0.056

0.37

0.391

0.402

0.317

0.332

0.331

0.102

50

0.039

0.147

0.316

0.327

0.374

0.275

0.342

0.202

50

0.03

0.133

0.304

0.304

0.368

0.334

0.312

0.119

50

0.032

0.159

0.181

0.405

0.348

0.366

0.336

0.177

50

0.051

0.031

0.033

0.078

0.051

0.083

0.099

0.111

60

0.03

0.088

0.027

0.056

0.036

0.073

0.114

0.145

60

0.046

0.184

0.27

0.264

0.194

0.184

0.35

0.065

60

0.036

0.102

0.391

0.233

0.292

0.399

0.38

0.168
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Table 42. 0013-2-2a Line Detection t;,;, Grid =10 x 10

P

ttota]

10

0.032

0.026

0.077

0.070

0.077(0.033

0.083

0.062

0.091

0.050

10

0.025

0.056

0.058

0.040

0.116{0.054

0.049

0.072

0.058

0.032

10

0.025

0.059

0.058

0.058

0.057{0.060

0.061

0.068

0.059

0.020

10

0.025

0.055

0.057

0.061

0.087(0.059

0.057

0.056

0.058

0.051

10

0.030

0.059

0.061

0.059

0.058(0.057

0.056

0.059

0.056

0.060

10

0.018

0.041

0.062

0.061

0.059(0.061

0.059

0.075

0.058

0.057

10

0.057

0.054

0.060

0.056

0.056(0.058

0.055

0.057

0.057

0.058

10

0.018

0.055

0.059

0.086

0.054(0.058

0.059

0.055

0.058

0.037

10

0.019

0.058

0.058

0.070

0.056(0.057

0.056

0.059

0.090

0.070

10

0.039

0.042

0.025

0.032

0.057(0.056

0.035

0.059

0.086

0.031

20

0.022

0.021

0.101

0.102

0.102{0.032

0.101

0.102

0.131

0.045

20

0.026

0.103

0.071

0.047

0.170{0.103

0.052

0.129

0.103

0.034

20

0.029

0.060

0.106

0.105

0.100{0.080

0.102

0.101

0.103

0.018

20

0.021

0.101

0.099

0.135

0.177(0.114

0.122

0.105

0.101

0.054

20

0.030

0.101

0.101

0.114

0.097(0.105

0.131

0.104

0.106

0.086

20

0.020

0.040

0.103

0.104

0.104(0.110

0.101

0.132

0.162

0.105

20

0.056

0.117

0.119

0.102

0.099(0.105

0.099

0.100

0.127

0.106

20

0.019

0.102

0.076

0.132

0.106(0.132

0.078

0.133

0.106

0.038

20

0.019

0.105

0.128

0.145

0.108(0.135

0.114

0.102

0.137

0.079

20

0.041

0.039

0.034

0.036

0.073(0.077

0.044

0.113

0.134

0.034

30

0.022

0.023

0.150

0.113

0.088(0.030

0.164

0.175

0.161

0.048

30

0.027

0.159

0.084

0.056

0.244/(0.145

0.083

0.178

0.148

0.033

30

0.029

0.068

0.148

0.147

0.147(0.076

0.128

0.145

0.143

0.020

30

0.023

0.148

0.100

0.179

0.179(0.145

0.146

0.147

0.177

0.050

30

0.029

0.151

0.149

0.147

0.162(0.144

0.153

0.147

0.149

0.087

30

0.017

0.041

0.147

0.151

0.151(0.146

0.143

0.177

0.209

0.108

30

0.058

0.091

0.154

0.144

0.140(0.144

0.159

0.188

0.144

0.167

30

0.019

0.165

0.089

0.153

0.146(0.178

0.079

0.177

0.145

0.037

30

0.023

0.147

0.170

0.216

0.156(0.208

0.193

0.148

0.244

0.106

30

0.048

0.057

0.035

0.049

0.080(0.078

0.052

0.153

0.172

0.043

40

0.028

0.024

0.207

0.145

0.087(0.043

0.176

0.232

0.170

0.047

40

0.030

0.152

0.086

0.047

0.289(0.222

0.074

0.246

0.265

0.051

40

0.031

0.065

0.210

0.168

0.209(0.083

0.142

0.209

0.227

0.030

40

0.029

0.232

0.139

0.294

0.255(0.184

0.182

0.264

0.224

0.051

40

0.031

0.201

0.209

0.208

0.240(0.222

0.156

0.197

0.193

0.089

40

0.018

0.040

0.200

0.195

0.193]0.190

0.184

0.227

0.250

0.106

40

0.060

0.094

0.202

0.188

0.19410.197

0.201

0.235

0.188

0.140

40

0.025

0.189

0.077

0.137

0.192(0.312

0.080

0.224

0.188

0.040

40

0.019

0.192

0.163

0.209

0.197]0.220

0.219

0.108

0.262

0.080

40

0.045

0.043

0.022

0.034

0.064(0.072

0.037

0.168

0.173

0.032

50

0.026

0.025

0.222

0.134

0.082/0.033

0.173

0.226

0.189

0.050

50

0.030

0.150

0.079

0.057

0.340(0.267

0.054

0.287

0.343

0.043

50

0.038

0.067

0.240

0.189

0.300/0.083

0.157

0.277

0.271

0.031

50

0.026

0.284

0.116

0.248

0.304(0.208

0.254

0.261

0.279

0.055

50

0.032

0.268

0.259

0.256

0.296|0.273

0.165

0.257

0.265

0.094
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Table 42 (Continued). 0013-2-2a Line Detection t;,, Grid =10 x 10

P

ttotal

50

0.018

0.045

0.269

0.263

0.257(0.262

0.215

0.322

0.331

0.114

50

0.066

0.095

0.209

0.252

0.251/0.254

0.265

0.309

0.203

0.142

50

0.022

0.256

0.089

0.151

0.2560.382

0.085

0.286

0.230

0.038

50

0.022

0.240

0.179

0.224

0.249(0.281

0.285

0.114

0.349

0.082

50

0.041

0.049

0.024

0.043

0.078(0.071

0.042

0.185

0.179

0.036

60

0.026

0.020

0.214

0.121

0.083/0.029

0.180
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0.257
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Table 42 (Continued). 0013-2-2a Line Detection t;,, Grid =10 x 10

P

ttotal

100

0.024

0.437

0.113

0.240

0.420]0.203

0.259

0.387

0.267

0.062

100

0.030

0.361

0.405

0.255

0.545|0.306

0.154

0.241

0.384

0.090

100

0.029

0.054

0.369

0.389

0.276/0.519

0.210

0.586

0.318

0.121

100

0.059

0.094

0.201

0.270

0.368]0.261

0.413

0.374

0.199

0.130

100

0.019

0.286

0.087

0.153

0.239|0.579

0.075

0.310

0.209

0.037

100

0.031

0.366

0.170

0.221

0.261]0.284

0.338

0.104

0.328

0.079

100

0.040

0.042

0.027

0.032

0.073|0.069

0.039

0.165

0.181

0.037
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Appendix B: Analysis of Image fiber(2a

Figure 120. fiber(02a
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Awverage Filter, Std Dev =3

250 300 350

Figure 121. fiber02a Averaging Smoothing, 3 x 3 kernel

Preprocessing Difference, Avg Dim =3

50 100 150 200 250 300 350 400 450

Figure 122. fiber02a Averaging Smoothing Noise, 3 x 3 kernel
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A\rerage Filter, Std Dev =5

T W5 T

200

Figure 123. fiber02a Averaging Smoothing, 5 x S kernel

Preprocessing Difference, Avg Dim =5

50 100 150 200 250 300 350 400 450

Figure 124. fiber02a Averaging Smoothing Noise, 5 x 5 kernel
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Awverage Filter, Std Dev =7

50 100 130 200 250 300 350 400 450

Figure 125. fiber02a Averaging Smoothing, 7 x 7 kernel

Preprocessing Difference, Avg Dim =7

50 100 150 200 250 300 350 400 450
Figure 126. fiber02a Averaging Smoothing Noise, 7 x 7 kernel
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Awverage Filter, Std Dev =9

50 100 130 200 250 300 350 400 450

Figure 127. fiber02a Averaging Smoothing, 9 x 9 kernel

Preprocessing Difference, Avg Dim =9

50
100
150 |
200
250 |

300§

50 100 150 200 250 300 350 400 450
Figure 128. fiber02a Averaging Smoothing Noise, 9 x 9 kernel
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Awverage Filter, Std Dev =11

50 100 130 200 250 300 350 400 450

Figure 129. fiber02a Averaging Smoothing, 11 x 11 kernel

Preprocessing Difference, Avg Dim =11

50 100 150 250 300 350 400 450

Figure 130. fiber02a Averaging Smoothing Noise, 11 x 11 kernel
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Table 43. fiber02a Averaging Smoothing Histogram Data

Grayscale 1 2 3 4 5
0 114515 112981 112564 112364 111975
1 4009 3686 2848 2259 1952
2 4009 3841 2908 2318 1917
3 3801 3702 2885 2282 1914
4 3720 3798 2917 2294 1936
5 3691 3769 2956 2286 1935
6 3406 3677 3093 2507 1986
7 3464 3567 3043 2341 2041
8 3241 3568 2931 2299 1957
9 3134 3381 2905 2392 2038

10 3084 3287 2880 2389 2072
11 3092 3262 2789 2372 1987
12 2964 3108 2769 2258 2037
13 2837 3036 2707 2333 2024
14 2761 2937 2716 2393 2075
15 2645 2823 2589 2309 2075
16 2650 2758 2568 2274 2106
17 2546 2677 2473 2300 2074
18 2516 2667 2493 2198 1969
19 2391 2479 2393 2200 2029
20 2273 2366 2362 2170 2008
21 2264 2329 2258 2169 1971
22 2216 2327 2257 2159 1930
23 2100 2102 2089 2089 1918
24 2049 2061 2173 2005 1984
25 2033 1974 2009 1919 1915
26 1912 1978 1966 1997 1867
27 1780 1825 1954 1837 1879
28 1764 1792 1861 1853 1797
29 1669 1696 1806 1884 1802
30 1715 1682 1765 1813 1781
31 1602 1586 1705 1743 1770
32 1586 1572 1699 1718 1728
33 1467 1479 1574 1665 1833
34 1456 1396 1579 1590 1639
35 1370 1308 1571 1626 1569
36 1317 1363 1476 1601 1677
37 1285 1282 1417 1514 1561
38 1220 1145 1349 1524 1585
39 1187 1154 1405 1461 1556
40 1208 1066 1330 1458 1519
41 1082 1063 1252 1403 1392
42 1048 1042 1255 1370 1395
43 1012 991 1145 1298 1388
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Table 43 (Continued). fiber02a Averaging Smoothing Histogram Data

Grayscale 1 2 3 4 5
44 932 890 1093 1206 1393
45 943 862 1065 1213 1317
46 852 852 1075 1158 1275
47 812 794 1009 1112 1288
48 809 795 961 1084 1274
49 723 705 977 1051 1174
50 779 676 860 1040 1114
51 707 661 880 1037 1193
52 671 606 788 972 1087
53 618 639 761 1020 1035
54 603 583 757 889 1042
55 521 536 716 863 1035
56 534 501 674 862 997
57 523 471 673 829 919
58 478 452 640 767 864
59 458 425 595 796 889
60 455 401 535 744 796
61 417 375 562 696 815
62 394 381 497 696 786
63 339 306 455 661 782
64 393 345 453 675 783
65 315 329 457 603 706
66 318 256 438 583 730
67 273 243 395 588 669
68 249 240 390 576 629
69 241 228 342 493 608
70 223 216 334 521 628
71 207 198 339 504 611
72 169 176 305 437 616
73 161 168 290 439 597
74 187 161 272 416 522
75 155 146 256 371 493
76 153 145 235 392 501
77 140 132 219 393 474
78 121 111 226 353 476
79 104 118 225 318 414
80 145 94 171 322 379
81 104 82 166 321 405
82 99 83 178 274 346
83 102 80 161 263 384
84 88 71 141 206 351
85 94 74 122 243 344
86 83 69 133 237 301
87 80 64 99 229 307
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Table 43 (Continued). fiber02a Averaging Smoothing Histogram Data

Grayscale 1 2 3 4 5
88 64 59 106 234 300
89 45 62 97 191 290
90 33 47 68 197 248
91 49 44 85 166 274
92 38 49 81 187 230
93 31 49 80 175 225
94 31 45 62 158 217
95 23 57 75 153 182
96 25 54 76 143 204
97 18 32 48 147 209
98 24 40 41 107 165
99 19 57 51 100 179

100 14 36 46 95 168
101 11 37 50 102 133
102 6 32 63 83 140
103 10 37 48 69 156
104 12 25 47 89 106
105 14 35 45 94 122
106 6 23 40 65 128
107 5 23 30 65 128
108 9 23 38 72 105
109 4 19 30 73 83
110 5 19 30 51 95
111 3 17 42 55 90
112 4 10 30 44 72
113 6 14 30 50 82
114 6 7 23 42 67
115 2 6 30 53 61
116 3 13 17 45 68
117 1 3 16 41 59
118 3 7 20 37 53
119 1 8 22 21 62
120 2 5 13 39 49
121 1 5 19 27 41
122 2 4 7 26 36
123 1 8 20 25 50
124 0 4 5 15 27
125 2 7 5 22 33
126 3 7 14 18 34
127 0 3 17 24 26
128 0 5 8 22 30
129 0 6 5 18 29
130 0 2 13 26 23
131 0 1 7 12 29
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Table 43 (Continued). fiber02a Averaging Smoothing Histogram Data

25

20
24

18
15

19
14
16

18

16
20

12

12

10

10

21

12
17
12
13
10

11

12

10

Grayscale

132

133

134
135

136

137

138

139

140

141

142
143

144
145

146

147
148

149

150
151

152
153

154
155

156

157
158

159

160
161

162
163

164
165

166

167
168

169

170
171

172
173

174
175
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Table 43 (Continued). fiber02a Averaging Smoothing Histogram Data

Grayscale

176

177
178

179

180

181

182
183

184
185

186
187
188

189

190

191

192
193

194
195

196

197
198

199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

168



Table 43 (Continued). fiber02a Averaging Smoothing Histogram Data

Grayscale

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

Min:

=1 =1 =1 =1 =1 =1 =l =1 =1 =1 =1 =1 =l =l =l =1 =l =l =l =1 =l =l =1 k=l =l =1 =l =l =1 =1 =1 =l =l =l =1 k=1 =l

=1 =1 =1 =1 =1 =1 =l =l =1 k=l =1 =1 =1 =l =l =l =l =l =l =l =l =l =1 k=l =l =1 =l =l =l k=l =l =1 =1 =l =1 k=1 k=11 ]

=1 =1 =1 =1 =1 =l =l =l =l =1 =1 =l =1 =l =l =l =l k=l =l =1 =l =l =1 k=l =l =l =l =l =l =l =l =l =1 =1 =1 k=1 =117

=1 =1 k=1 =1 =1 =1 =1 =1 =1 k=1 =1 =1 =1 k=l =l k=1 k=1 k=l =1 =1 =l =l =1 k=1 k=1 k=1 k=l =l k=1 k=l k=1 =1 k=1 =1 =1 k=1 =1k

=1 =1 =1 =1 =1 =l =l =l =l =l =l =l =l =l =l =l =l =l =l =l =l =l =1 k=l =l =l =l =l =l =l =l =l =l =1 =l k=1 =1 L]

L

900

900

900

900

900

Max:

114515

112981

112564

112364

111975

Median:

0

4

8

21

29

G.

7188.1491

7095.5302

7057.1614

7034.3391

7004.3923

% Black:

49.70%

49.04%

48.86%

48.77%

48.60%

% Gray:

50.30%

50.96%

51.14%

51.23%

51.40%
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Grayscale

Figure 131. fiber02a Averaging Smoothing Noise Histogram, 3 x 3 kernel
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Figure 132. fiber02a Averaging Smoothing Noise Histogram, 5 x 5 kernel
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Noise Histogram Average Filtration
Dim =7
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Figure 133. fiber02a Averaging Smoothing Noise Histogram, 7 x 7 kernel
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Figure 134. fiber02a Averaging Smoothing Noise Histogram, 9 x 9 kernel
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Figure 135. fiber02a Averaging Smoothing Noise Histogram, 11
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Median Filter, Dim =3
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Figure 136. fiber02a Median Smoothing, 3 x 3 kernel

Preprocessing Difference, Median, Dim =3

50 100 130 200 250 300 350 400 450

Figure 137. fiber02a Median Smoothing Noise, 3 x 3 kernel
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Median Filter, Dim =5
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Figure 138. fiber02a Median Smoothing, 5 x 5 kernel

Preprocessing Difference, Median, Dim =5

50 100 130 200 250 300 350 400 450

Figure 139. fiber02a Median Smoothing Noise, 5 x 5 kernel
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Median Filter, Dim =7
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Figure 140. fiber02a Median Smoothing, 7 x 7 kernel

Preprocessing Difference, Median, Dim =7

Figure 141. fiber02a Median Smoothing Noise, 7 x 7 kernel
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Median Filter, Dim =9
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Figure 142. fiber02a Median Smoothing, 9 x 9 kernel

Preprocessing Difference, Median, Dim =9
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Figure 143. fiber02a Median Smoothing Noise, 9 x 9 kernel
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Median Filter, Dim =11

s
50 100 150 200 250 300 350 400 450
Figure 144. fiber02a Median Smoothing, 11 x 11 kernel

Preprocessing Difference, Median, Dim =11

50
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50 100 150 200 250 300 350 400 450

Figure 145. fiber02a Median Smoothing Noise, 11 x 11 kernel
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Table 44. fiber02a Median Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
0 131018 123966 121223 119007 118034
1 2908 2556 2371 1892 1596
2 3737 3606 3366 2690 2395
3 3540 3463 3243 2762 2371
4 3603 3820 3658 3246 2978
5 3824 4021 3871 3354 3089
6 3557 3659 3684 3226 2869
7 2899 3209 3133 2767 2588
8 3069 3203 3192 2961 2632
9 3054 3229 3266 2952 2817

10 2844 2984 2987 2651 2607
11 3017 3348 3370 2979 2848
12 2482 2566 2571 2336 2198
13 2638 2800 2782 2629 2388
14 2340 2572 2607 2397 2337
15 2760 2844 2971 2741 2703
16 2447 2694 2690 2435 2290
17 2306 2408 2464 2363 2282
18 1864 1936 1911 1861 1736
19 2339 2409 2423 2393 2282
20 1776 1867 1812 1792 1743
21 2286 2379 2560 2473 2415
22 1623 1661 1688 1625 1667
23 2125 2335 2338 2295 2194
24 1672 1653 1698 1681 1584
25 1809 1942 1984 1947 1943
26 1393 1564 1633 1570 1574
27 1911 1996 2029 2034 2007
28 1299 1356 1457 1411 1436
29 1676 1824 1752 1732 1775
30 1153 1253 1289 1305 1250
31 1367 1553 1649 1661 1679
32 1224 1257 1355 1399 1407
33 1221 1324 1439 1505 1533
34 1232 1263 1372 1413 1443
35 1010 1128 1135 1232 1312
36 1060 1093 1110 1178 1208
37 1185 1297 1406 1420 1459
38 985 1087 1191 1223 1301
39 698 772 723 893 905
40 905 1001 1043 1175 1194
41 711 824 910 1041 1025
42 1021 1182 1298 1404 1513
43 542 551 604 669 686
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Table 44 (Continued). fiber02a Median Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
44 837 937 1029 1160 1195
45 543 569 610 751 778
46 723 809 873 1085 1148
47 600 674 716 855 848
48 703 829 873 983 1121
49 467 567 590 730 823
50 585 616 662 767 856
51 427 534 563 661 731
52 430 501 549 672 773
53 500 560 615 795 773
54 336 391 398 533 568
55 304 399 418 563 629
56 557 646 679 865 905
57 342 445 467 610 646
58 385 413 470 627 717
59 257 292 316 435 505
60 215 255 305 410 427
61 353 469 524 682 772
62 212 254 350 419 487
63 279 337 429 570 601
64 179 204 270 369 429
65 224 293 320 502 572
66 162 231 252 359 453
67 198 258 266 384 448
68 128 199 218 330 389
69 189 245 274 414 458
70 169 194 255 395 509
71 162 185 229 352 434
72 150 178 207 343 374
73 103 162 183 303 362
74 102 129 178 264 326
75 163 185 227 376 484
76 48 61 100 156 180
77 96 137 160 285 344
78 97 137 177 314 389
79 68 82 112 220 281
80 75 104 137 263 351
81 65 80 126 203 296
82 73 98 124 213 312
83 53 70 100 196 233
84 67 95 114 198 306
85 43 66 90 182 244
86 57 73 93 202 316
87 33 43 65 163 187
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Table 44 (Continued). fiber02a Median Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
88 41 48 63 147 205
89 37 66 87 160 221
90 28 57 86 159 194
91 27 36 67 158 191
92 31 52 60 139 155
93 41 48 57 155 213
94 33 39 50 120 187
95 24 44 62 125 189
96 19 22 19 106 156
97 19 29 43 114 157
98 9 23 51 135 168
99 14 24 40 82 124

100 15 29 41 124 147
101 2 10 25 78 106
102 19 33 41 97 143
103 11 12 33 75 118
104 16 25 30 76 138
105 8 14 25 68 121
106 7 16 22 88 127
107 5 13 27 50 84
108 7 16 20 47 73
109 14 21 28 64 95
110 6 14 24 53 99
111 5 10 11 47 76
112 5 8 9 40 73
113 4 15 23 56 56
114 7 11 18 49 60
115 6 8 16 39 58
116 3 6 19 34 67
117 3 8 25 48 71
118 7 13 10 48 57
119 2 6 10 36 67
120 3 7 13 31 48
121 1 13 6 27 42
122 2 7 17 28 56
123 0 6 8 24 50
124 2 5 9 21 29
125 2 8 11 23 31
126 2 0 12 21 26
127 0 3 5 28 46
128 0 4 5 27 34
129 1 5 7 8 25
130 0 3 8 20 28
131 0 1 10 16 27
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Table 44 (Continued). fiber02a Median Smoothing Histogram Data
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Table 44 (Continued). fiber02a Median Smoothing Histogram Data
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Table 44 (Continued). fiber02a Median Smoothing Histogram Data
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Figure 146. fiber02a Median Smoothing Noise Histogram, 3 x 3 kernel
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Figure 147. fiber02a Median Smoothing Noise Histogram, 5 x 5 kernel
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Figure 148. fiber02a Median Smoothing Noise Histogram, 7 x 7 kernel
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Figure 149. fiber02a Median Smoothing Noise Histogram, 9 x 9 kernel
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Figure 150. fiber02a Median Smoothing Noise Histogram, 11 x 11 kernel
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Gaussian Filter, Std Dev =1

Figure 151. fiber02a Gaussian Smoothing, o = 1.00 kernel

Preprocessing Difference, Sigma =1

50 100 130 200 250 300 350 400 450

Figure 152. fiber02a Gaussian Smoothing Noise, c = 1.00 kernel
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Gaussian Filter, Std Dev =2

Figure 153. fiber02a Gaussian Smoothing, o = 2.00 kernel

Preprocessing Difference, Sigma =2

50 100 130 200 250 300 350 400 450

Figure 154. fiber02a Gaussian Smoothing Noise, c = 2.00 kernel
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Gaussian Filter, Std Dev =3
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Figure 155. fiber02a Gaussian Smoothing, o = 3.00 kernel

Preprocessing Difference, Sigma =3
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Figure 156. fiber02a Gaussian Smoothing Noise, c = 3.00 kernel
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Gaussian Filter, Std Dev =4
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Figure 157. fiber02a Gaussian Smoothing, o = 4.00 kernel

Preprocessing Difference, Sigma =4

50 100 130 200 250 300 350 400 450

Figure 158. fiber02a Gaussian Smoothing Noise, c = 4.00 kernel
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Gaussian Filter, Std Dev =5
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Figure 159. fiber02a Gaussian Smoothing, o = 5.00 kernel

Preprocessing Difference, Sigma =5
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Figure 160. fiber02a Gaussian Smoothing Noise, c = 5.00 kernel
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Table 45. fiber02a Gaussian Smoothing Histogram Data

Grayscale | 1.00 2.00 3.00 4.00 5.00
0 131018 | 123966 | 121223 | 119007 | 118034
1 2908 2556 2371 1892 1596
2 3737 3606 3366 2690 2395
3 3540 3463 3243 2762 2371
4 3603 3820 3658 3246 2978
5 3824 4021 3871 3354 3089
6 3557 3659 3684 3226 2869
7 2899 3209 3133 2767 2588
8 3069 3203 3192 2961 2632
9 3054 3229 3266 2952 2817
10 2844 2984 2987 2651 2607
11 3017 3348 3370 2979 2848
12 2482 2566 2571 2336 2198
13 2638 2800 2782 2629 2388
14 2340 2572 2607 2397 2337
15 2760 2844 2971 2741 2703
16 2447 2694 2690 2435 2290
17 2306 2408 2464 2363 2282
18 1864 1936 1911 1861 1736
19 2339 2409 2423 2393 2282
20 1776 1867 1812 1792 1743
21 2286 2379 2560 2473 2415
22 1623 1661 1688 1625 1667
23 2125 2335 2338 2295 2194
24 1672 1653 1698 1681 1584
25 1809 1942 1984 1947 1943
26 1393 1564 1633 1570 1574
27 1911 1996 2029 2034 2007
28 1299 1356 1457 1411 1436
29 1676 1824 1752 1732 1775
30 1153 1253 1289 1305 1250
31 1367 1553 1649 1661 1679
32 1224 1257 1355 1399 1407
33 1221 1324 1439 1505 1533
34 1232 1263 1372 1413 1443
35 1010 1128 1135 1232 1312
36 1060 1093 1110 1178 1208
37 1185 1297 1406 1420 1459
38 985 1087 1191 1223 1301
39 698 772 723 893 905
40 905 1001 1043 1175 1194
41 711 824 910 1041 1025
42 1021 1182 1298 1404 1513
43 542 551 604 669 686
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Table 45 (Continued). fiber02a Gaussian Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
44 837 937 1029 1160 1195
45 543 569 610 751 778
46 723 809 873 1085 1148
47 600 674 716 855 848
48 703 829 873 983 1121
49 467 567 590 730 823
50 585 616 662 767 856
51 427 534 563 661 731
52 430 501 549 672 773
53 500 560 615 795 773
54 336 391 398 533 568
55 304 399 418 563 629
56 557 646 679 865 905
57 342 445 467 610 646
58 385 413 470 627 717
59 257 292 316 435 505
60 215 255 305 410 427
61 353 469 524 682 772
62 212 254 350 419 487
63 279 337 429 570 601
64 179 204 270 369 429
65 224 293 320 502 572
66 162 231 252 359 453
67 198 258 266 384 448
68 128 199 218 330 389
69 189 245 274 414 458
70 169 194 255 395 509
71 162 185 229 352 434
72 150 178 207 343 374
73 103 162 183 303 362
74 102 129 178 264 326
75 163 185 227 376 484
76 48 61 100 156 180
77 96 137 160 285 344
78 97 137 177 314 389
79 68 82 112 220 281
80 75 104 137 263 351
81 65 80 126 203 296
82 73 98 124 213 312
83 53 70 100 196 233
84 67 95 114 198 306
85 43 66 90 182 244
86 57 73 93 202 316
87 33 43 65 163 187
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Table 45 (Continued). fiber02a Gaussian Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
88 41 48 63 147 205
89 37 66 87 160 221
90 28 57 86 159 194
91 27 36 67 158 191
92 31 52 60 139 155
93 41 48 57 155 213
94 33 39 50 120 187
95 24 44 62 125 189
96 19 22 19 106 156
97 19 29 43 114 157
98 9 23 51 135 168
99 14 24 40 82 124

100 15 29 41 124 147
101 2 10 25 78 106
102 19 33 41 97 143
103 11 12 33 75 118
104 16 25 30 76 138
105 8 14 25 68 121
106 7 16 22 88 127
107 5 13 27 50 84
108 7 16 20 47 73
109 14 21 28 64 95
110 6 14 24 53 99
111 5 10 11 47 76
112 5 8 9 40 73
113 4 15 23 56 56
114 7 11 18 49 60
115 6 8 16 39 58
116 3 6 19 34 67
117 3 8 25 48 71
118 7 13 10 48 57
119 2 6 10 36 67
120 3 7 13 31 48
121 1 13 6 27 42
122 2 7 17 28 56
123 0 6 8 24 50
124 2 5 9 21 29
125 2 8 11 23 31
126 2 0 12 21 26
127 0 3 5 28 46
128 0 4 5 27 34
129 1 5 7 8 25
130 0 3 8 20 28
131 0 1 10 16 27
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Table 45 (Continued). fiber02a Gaussian Smoothing Histogram Data
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Table 45 (Continued). fiber02a Gaussian Smoothing Histogram Data

5.00

4.00

3.00

2.00

1.00

Grayscale

176

177

178

179

180
181

182
183

184
185

186
187
188
189
190
191

192
193

194
195

196

197

198

199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

196



Table 45 (Continued). fiber02a Gaussian Smoothing Histogram Data
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Figure 161. fiber02a Gaussian Smoothing Histogram, ¢ = 1.00 kernel
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Figure 162. fiber02a Gaussian Smoothing Histogram, o = 2.00 kernel
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Figure 163. fiber02a Gaussian Smoothing Histogram, ¢ = 3.00 kernel
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Figure 164. fiber02a Gaussian Smoothing Histogram, o = 4.00 kernel
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Figure 165. fiber02a Gaussian Smoothing Histogram, ¢ = 5.00 kernel
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Preprocessing Difference, LoG, Std Dev =1
e =

400
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Figure 166. fiber02a LoG Smoothing, o = 1.00 kernel

LoG Filter, Std Dev =1
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Figure 167. fiber02a LoG Smoothing Noise, o = 1.00 kernel
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Preprocessing Difference, LoG, Std Dev =2

Figure 168. fiber02a LoG Smoothing, o = 2.00 kernel

LoG Filter, Std Dev =2
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Figure 169. fiber02a LoG Smoothing Noise, o = 2.00 kernel
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Preprocessing Difference, LoG, Std Dev =3
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Figure 170. fiber02a LoG Smoothing, o = 3.00 kernel

LoG Filter, Std Dev =3

Figure 171. fiber02a LoG Smoothing Noise, o = 3.00 kernel
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Preprocessing Difference, LoG, Std Dev =4
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Figure 172. fiber02a LoG Smoothing, o = 4.00 kernel
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Figure 173. fiber02a LoG Smoothing Noise, o = 4.00 kernel
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Table 46. fiber02a LoG Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
0 7691 1263 810 778 778
1 824 735 795 802 802
2 787 695 526 480 480
3 832 849 994 1027 1026
4 797 735 535 488 489
5 857 802 1122 1179 1179
6 772 562 292 267 267
7 839 785 790 813 813
8 763 883 445 295 293
9 908 1118 1678 1826 1828
10 785 614 486 394 392
11 812 655 974 1098 1100
12 778 473 65 0 0
13 818 897 661 625 624
14 931 1141 1204 1142 1142
15 881 1000 1301 1369 1369
16 850 677 754 848 849
17 758 649 167 1 0
18 924 1029 1307 1355 1355
19 857 824 881 903 903
20 813 706 624 718 719
21 780 792 347 3 0
22 1052 1168 2020 2367 2370
23 682 323 126 0 0
24 884 528 677 802 802
25 829 450 159 1 0
26 954 731 946 1105 1106
27 779 574 4 0 0
28 827 1092 471 4 0
29 1387 1670 2578 2910 2913
30 894 892 738 875 876
31 789 888 313 2 0
32 1102 1285 1906 1895 1896
33 1109 850 1441 1765 1766
34 756 302 1 0 0
35 810 529 221 1 0
36 1008 936 946 1165 1166
37 842 759 391 2 0
38 1137 1236 1676 1908 1908
39 905 873 673 830 832
40 788 919 382 3 0
41 1092 1337 1873 1903 1903
42 986 857 1303 1653 1656
43 760 489 213 2 0
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Table 46 (Continued). fiber02a LoG Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
44 927 935 763 973 975
45 794 770 406 2 0
46 985 1226 1738 1929 1931
47 888 835 688 902 902
48 793 735 471 1 0
49 1081 1136 1513 1975 1976
50 763 656 469 10 0
51 1018 1082 1417 1881 1891
52 699 583 261 3 0
53 920 997 1008 1007 1005
54 878 1054 860 1118 1123
55 783 884 499 6 0
56 999 1295 1940 1957 1959
57 957 906 1333 1812 1816
58 712 363 276 3 0
59 800 664 678 953 956
60 670 599 8 0 0
61 745 896 578 10 0
62 1064 1426 1912 2192 2201
63 829 999 812 1104 1105
64 649 805 656 5 0
65 1067 1269 1632 2281 2286
66 659 588 611 8 0
67 1023 1017 1485 2094 2102
68 692 355 252 0 0
69 846 741 694 946 946
70 706 673 4 0 0
71 705 805 712 4 0
72 1125 1442 1964 2430 2431
73 847 872 687 931 934
74 688 695 641 2 0
75 1141 1426 1618 2259 2261
76 644 731 6 0 0
77 648 803 1132 7 0
78 1451 1778 2960 4091 4098
79 591 209 0 0 0
80 632 468 0 0 0
81 643 657 6 0 0
82 650 752 924 7 0
83 1360 1720 2500 3420 3427
84 606 452 254 4 0
85 811 964 764 1017 1021
86 609 738 2 0 0
87 617 857 1003 3 0
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Table 46 (Continued). fiber02a LoG Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
88 1525 1987 3111 3879 3881
89 797 649 698 932 933
90 524 377 5 0 0
91 550 609 297 5 0
92 959 1182 1052 1345 1350
93 569 729 652 4 0
94 1356 1661 2008 2659 2663
95 546 556 595 1 0
96 1196 1397 1685 2280 2281
97 492 580 0 0 0
98 545 711 388 0 0
99 1009 1364 1904 1588 1587

100 1403 1591 2265 2969 2970
101 465 171 0 0 0
102 489 275 260 0 0
103 900 798 956 1216 1216
104 478 447 0 0 0
105 528 720 2 0 0
106 505 944 657 2 0
107 1646 2172 3100 3157 3159
108 1448 1548 2198 2798 2798
109 431 231 0 0 0
110 427 442 0 0 0
111 463 593 268 0 0
112 1007 1224 1572 1311 1310
113 1581 1721 2369 2898 2899
114 363 178 0 0 0
115 426 250 0 0 0
116 478 353 372 0 0
117 1235 1198 1535 1907 1907
118 454 363 0 0 0
119 479 683 1 0 0
120 494 970 551 1 0
121 1887 2466 2947 3063 3064
122 1506 1777 2439 2515 2515
123 1266 1326 1729 2088 2088
124 333 208 0 0 0
125 352 342 0 0 0
126 355 464 434 0 0
127 1665 1770 2385 2819 2819
128 340 165 0 0 0
129 368 320 1 0 0
130 363 479 241 1 0
131 1236 1306 1623 1600 1601
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Table 46 (Continued). fiber02a LoG Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
132 1177 1172 1508 1772 1772
133 330 324 0 0 0
134 374 595 0 0 0
135 394 871 667 0 0
136 2770 3138 4064 4731 4731
137 263 283 222 0 0
138 1133 1023 1418 1640 1640
139 261 8 0 0 0
140 310 50 0 0 0
141 319 213 0 0 0
142 333 343 0 0 0
143 387 555 395 0 0
144 2285 2263 2969 3364 3364
145 295 204 0 0 0
146 329 406 0 0 0
147 365 614 414 0 0
148 2556 2622 3249 3663 3663
149 300 268 138 0 0
150 1249 1224 1424 1562 1562
151 293 308 1 0 0
152 284 650 277 1 0
153 2161 2310 2633 2910 2911
154 275 537 311 0 0
155 2431 2401 3144 3455 3455
156 190 80 0 0 0
157 254 216 0 0 0
158 254 289 187 0 0
159 1537 1412 1815 2002 2002
160 247 99 0 0 0
161 259 312 0 0 0
162 290 622 231 0 0
163 2519 2499 3018 3249 3249
164 257 326 159 0 0
165 1537 1410 1858 2017 2017
166 228 103 0 0 0
167 243 290 0 0 0
168 275 590 225 0 0
169 2616 2653 3098 3323 3323
170 239 420 183 0 0
171 2185 2139 2674 2857 2857
172 197 138 0 0 0
173 188 291 74 0 0
174 1446 1260 1637 1711 1711
175 202 55 0 0 0
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Table 46 (Continued). fiber02a LoG Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
176 240 238 0 0 0
177 246 568 145 0 0
178 2612 2522 3100 3245 3245
179 235 290 73 0 0
180 1527 1543 1697 1770 1770
181 223 353 91 0 0
182 1946 1879 2314 2405 2405
183 188 184 0 0 0
184 208 485 99 0 0
185 2677 2540 3127 3226 3226
186 169 92 0 0 0
187 177 309 49 0 0
188 1238 1253 1332 1337 1337
189 1282 1143 1419 1463 1463
190 180 158 0 0 0
191 203 426 69 0 0
192 2372 2381 2768 2837 2837
193 179 416 49 0 0
194 2313 2219 2729 2778 2778
195 140 56 0 0 0
196 163 197 19 0 0
197 1268 1130 1354 1373 1373
198 160 97 0 0 0
199 187 438 35 0 0
200 2379 2441 2717 2729 2729
201 1237 1145 1384 1407 1407
202 127 13 0 0 0
203 150 87 0 0 0
204 180 413 34 0 0
205 2493 2653 2775 2792 2792
206 1908 1836 2190 2207 2207
207 130 34 0 0 0
208 154 200 13 0 0
209 1445 1367 1528 1541 1541
210 165 339 18 0 0
211 2302 2289 2655 2673 2673
212 122 125 6 0 0
213 1022 918 1051 1057 1057
214 184 62 0 0 0
215 186 441 15 0 0
216 3216 3153 3614 3629 3629
217 148 251 7 0 0
218 2029 2104 2269 2275 2275
219 816 784 893 894 894
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Table 46 (Continued). fiber02a LoG Smoothing Histogram Data

Grayscale 1.00 2.00 3.00 4.00 5.00
220 109 26 0 0 0
221 135 266 8 0 0
222 2250 2263 2456 2463 2463
223 827 737 817 818 818
224 131 138 3 0 0
225 1155 1291 1185 1183 1183
226 2528 2578 2791 2795 2795
227 660 625 662 663 663
228 93 69 2 0 0
229 875 812 876 878 878
230 125 189 3 0 0
231 2523 2508 2697 2700 2700
232 109 119 1 0 0
233 1636 1712 1709 1707 1707
234 1657 1648 1771 1774 1774
235 60 35 0 0 0
236 612 616 567 565 565
237 1622 1662 1713 1715 1715
238 750 726 707 705 705
239 1128 1166 1154 1156 1156
240 1381 1381 1423 1423 1423
241 751 756 724 724 724
242 1125 1124 1127 1127 1127
243 1687 1717 1741 1741 1741
244 906 894 901 901 901
245 505 522 482 482 482
246 2387 2404 2457 2457 2457
247 274 276 259 259 259
248 986 979 986 986 986
249 1102 1115 1110 1110 1110
250 772 783 774 774 774
251 1571 1558 1577 1577 1577
252 981 1004 986 986 986
253 1154 1140 1156 1156 1156
254 816 813 818 818 818
255 871 863 873 873 873

Min: 60 8 0 0 0

JIN 900 900 900 900 900

Max: 7691 3153 4064 4731 4731
Median: 788.5 754 659 437 436
c. | 763.508 | 666.081 | 942.693 | 1102.044 | 1102.894

% Black: 3.34% 0.55% 0.35% 0.34% 0.34%
% Gray: | 96.66% | 99.45% | 99.65% | 99.66% | 99.66%
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Figure 174. fiber02a LoG Smoothing Histogram, ¢ = 1.00 kernel
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Figure 175. fiber02a LoG Smoothing Histogram, o = 2.00 kernel
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Figure 176. fiber02a LoG Smoothing Histogram, ¢ = 3.00 kernel
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o =4.00

Figure 177. fiber02a LoG Smoothing Histogram, o = 4.00 kernel
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Roberts Method, Thresh =0.001
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Figure 178. fiber2a Roberts Edge Detection, Threshold = 0.001
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Figure 179. fiber2a Roberts Edge Detection, Threshold = 0.010
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Roberts Method, Thresh =0.021
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Figure 181. fiber02a Roberts Edge Detection, Threshold = 0.030
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Table 47. fiber02a Roberts Edge Detection Histogram Data

Edge Hist 90 Rotation Difference
Thresh 0 1 0 1 0 1 Percent
0.001 0.001 154461 75939 154495 75905 | 34 0.01476%
0.002 0.002 154470 75930 154509 75891 | 39 0.01693%
0.003 0.003 154573 75827 154608 75792 | 35 0.01519%
0.004 0.004 154653 75747 154686 75714 | 33 0.01432%
0.005 0.005 154864 75536 154891 75509 | 27 0.01172%
0.006 0.006 155146 75254 155172 75228 | 26 0.01128%
0.007 0.007 155379 75021 155404 74996 | 25 0.01085%
0.008 0.008 155768 74632 155801 74599 | 33 0.01432%
0.009 0.009 156296 74104 156330 74070 | 34 0.01476%
0.010 0.010 156746 73654 156777 73623 | 31 0.01345%
0.011 0.011 156924 73476 156956 73444 | 32 0.01389%
0.012 0.012 157495 72905 157531 72869 | 36 0.01563%
0.013 0.013 157833 72567 157867 72533 | 34 0.01476%
0.014 0.014 158304 72096 158332 72068 | 28 0.01215%
0.015 0.015 158723 71677 158753 71647 | 30 0.01302%
0.016 0.016 159205 71195 159233 71167 | 28 0.01215%
0.017 0.017 159718 70682 159746 70654 | 28 0.01215%
0.018 0.018 159969 70431 159997 70403 | 28 0.01215%
0.019 0.019 160524 69876 160552 69848 | 28 0.01215%
0.020 0.020 161191 69209 161213 69187 | 22 0.00955%
0.021 0.021 161636 68764 161657 68743 | 21 0.00911%
0.022 0.022 162290 68110 162314 68086 | 24 0.01042%
0.023 0.023 162929 67471 162959 67441 30 0.01302%
0.024 0.024 163671 66729 163698 66702 | 27 0.01172%
0.025 0.025 164135 66265 164159 66241 | 24 0.01042%
0.026 0.026 164802 65598 164822 65578 | 20 0.00868%
0.027 0.027 165530 64870 165551 64849 | 21 0.00911%
0.028 0.028 166293 64107 166310 64090 | 17 0.00738%
0.029 0.029 166937 63463 166956 63444 | 19 0.00825%
0.030 0.030 168035 62365 168054 62346 | 19 0.00825%
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Roberts Edge Detection Histograms
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Figure 182. fiber02a Roberts Edge Detection Histograms

Roberts Edge Detection 90-deg Check Histograms
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Figure 183. fiber02a Roberts Edge Detection 90° Rotation Histograms
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Sobel Method, Thresh =0.001
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Figure 184. fiber2a Sobel Edge Detection, Threshold = 0.001
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Figure 18S. fiber2a Sobel Edge Detection, Threshold = 0.010
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Sobel Method, Thresh =0.021
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Figure 186. fiber2a Sobel Edge Detection, Threshold = 0.021

Sobel Method, Thresh =0.03
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Figure 187. fiber2a Sobel Edge Detection, Threshold = 0.030
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Table 48. fiber02a Sobel Edge Detection Histogram Data

Edge Hist 90 Rotation Difference
Thresh 0 1 0 1 0 1 Percent
0.001 185873 44527 185853 44547 -20 20 0.00868%
0.002 185897 44503 185875 44525 -22 22| 0.00955%
0.003 185989 44411 185970 44430 -19 19] 0.00825%
0.004 186104 44296 186081 44319 -23 23| 0.00998%
0.005 186363 44037 186343 44057 -20 20 0.00868%
0.006 186611 43789 186589 43811 -22 22| 0.00955%
0.007 186852 43548 186834 43566 -18 18| 0.00781%
0.008 187089 43311 187075 43325 -14 14| 0.00608%
0.009 187260 43140 187244 43156 -16 16| 0.00694%
0.010 187513 42887 187495 42905 -18 18] 0.00781%
0.011 187706 42694 187690 42710 -16 16| 0.00694%
0.012 187920 42480 187907 42493 -13 13| 0.00564%
0.013 188086 42314 188074 42326 -12 12| 0.00521%
0.014 188291 42109 188276 42124 -15 15| 0.00651%
0.015 188519 41881 188506 41894 -13 13] 0.00564%
0.016 188686 41714 188676 41724 -10 10 0.00434%
0.017 188879 41521 188871 41529 -8 8| 0.00347%
0.018 189089 41311 189083 41317 -6 6| 0.00260%
0.019 189299 41101 189288 41112 -11 11| 0.00477%
0.020 189525 40875 189514 40886 -11 11| 0.00477%
0.021 189760 40640 189747 40653 -13 13| 0.00564%
0.022 189981 40419 189969 40431 -12 12| 0.00521%
0.023 190226 40174 190211 40189 -15 15| 0.00651%
0.024 190490 39910 190473 39927 -17 17| 0.00738%
0.025 190782 39618 190765 39635 -17 17| 0.00738%
0.026 191058 39342 191040 39360 -18 18| 0.00781%
0.027 191327 39073 191312 39088 -15 15| 0.00651%
0.028 191632 38768 191619 38781 -13 13| 0.00564%
0.029 191916 38484 191902 38498 -14 14| 0.00608%
0.030 192259 38141 192244 38156 -15 15| 0.00651%
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Sobel Edge Detection Histograms
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Figure 188. fiber02a Sobel Edge Detection Histograms
Sobel Edge Detection 90-deg Check Histograms
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Figure 189. fiber02a Sobel Edge Detection 90° Rotation Histograms
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Canny Method, Thresh =0.025

250

300

350

400

450

50 100 150 200 250 300 350 400 450

Figure 190. fiber02a Canny Edge Detection, Threshold = [0.010 0.025]

Canny Method, Thresh =0.25
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Figure 191. fiber02a Canny Edge Detection, Threshold = [0.100 0.250]
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Canny Method, Thresh =0.525
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Figure 192. fiber02a Canny Edge Detection, Threshold = [0.210 0.525]

Canny Method, Thresh =0.75
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Figure 193. fiber02a Canny Edge Detection, Threshold = [0.300 0.750]
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Table 49. fiber02a Canny Edge Detection Histogram Data

Edge Hist 90 Rotation Difference
Thresh; Threshy 0 1 0 1 0 1 Percent
0.025 0.010 210627 19773 210617 19783 -10 10 0.00434%
0.050 0.020 210655 19745 210645 19755 -10 10 0.00434%
0.075 0.030 210719 19681 210710 19690 -9 9 0.00391%
0.100 0.040 210815 19585 210805 19595 -10 10 0.00434%
0.125 0.050 210961 19439 210951 19449 -10 10 0.00434%
0.150 0.060 211184 19216 211175 19225 -9 9 0.00391%
0.175 0.070 211441 18959 211432 18968 -9 9 0.00391%
0.200 0.080 211843 18557 211829 18571 -14 14 0.00608%
0.225 0.090 212201 18199 212182 18218 -19 19 0.00825%
0.250 0.100 212552 17848 212537 17863 -15 15 0.00651%
0.275 0.110 212872 17528 212856 17544 -16 16 0.00694%
0.300 0.120 213372 17028 213360 17040 -12 12 0.00521%
0.325 0.130 213833 16567 213818 16582 -15 15 0.00651%
0.350 0.140 214462 15938 214450 15950 -12 12 0.00521%
0.375 0.150 215048 15352 215038 15362 -10 10 0.00434%
0.400 0.160 215438 14962 215425 14975 -13 13 0.00564%
0.425 0.170 215929 14471 215918 14482 -11 11 0.00477%
0.450 0.180 216372 14028 216369 14031 -3 3 0.00130%
0.475 0.190 216855 13545 216848 13552 -7 7 0.00304%
0.500 0.200 217380 13020 217376 13024 -4 4 0.00174%
0.525 0.210 218266 12134 218260 12140 -6 6 0.00260%
0.550 0.220 219360 11040 219353 11047 -7 7 0.00304%
0.575 0.230 220028 10372 220025 10375 -3 3 0.00130%
0.600 0.240 221206 9194 221197 9203 -9 9 0.00391%
0.625 0.250 222143 8257 222136 8264 -7 7 0.00304%
0.650 0.260 222724 7676 222718 7682 -6 6 0.00260%
0.675 0.270 224143 6257 224146 6254 3 -3 0.00130%
0.700 0.280 225234 5166 225237 5163 3 -3 0.00130%
0.725 0.290 226220 4180 226223 4177 3 -3 0.00130%
0.750 0.300 227389 3011 227391 3009 2 -2 0.00087%
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Canny Edge Detection Histograms
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Figure 194. fiber02a Canny Edge Detection Histograms

Canny Edge Detection 90-deg Check Histograms
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Figure 195. fiber02a Canny Edge Detection 90° Rotation Histograms
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Table 50. fiber02a Line Detection 0,¢an, Grid=1x1

P [ mean
10 [ 32471
20 | 21.118
30 | 41.544
40 [ 42.038
50 [ 45.295
60 | 50.133
70 [ 55.654
80 | 59.565
90 | 61.343

100 | 62.170

Table 51. fiber02a Line Detection 0,,¢,,, Grid =2 x 2

P

D mean

10

34.008

30.949

10

49.069

26.543

20

35.031

35.955

20

46.600

29.780

30

43.279

44.468

30

52.022

31.820

40

38.374

38.289

40

45.422

30.748

50

44.168

45.380

50

50.651

38.816

60

45.612

50.494

60

54.482

45.709

70

50.350

52.125

70

57.242

48.699

80

59.537

64.483

80

71.102

62.435

90

59.108

65.438

90

72.619

66.417

100

56.623

62.697

100

66.363

59.176
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Table 52. fiber02a Line Detection 0,,¢,,, Grid =4 x 4

P

D mean

10

31.725

10.492

21.434

25.025

10

32.410

42.546

14.317

14.495

10

33.374

31.024

29.662

28.491

10

28.954

13.022

17.343

23.158

20

37.380

25.339

36.253

36.596

20

39.413

49.350

40.767

42.205

20

51.929

49.822

49.672

46.487

20

54.587

47.733

48.361

48.082

30

38.111

31.169

47.819

32.718

30

33.606

49.263

49.076

40.031

30

47.463

56.601

55.249

53.392

30

48.156

43.931

44.341

48.159

40

34.384

31.408

47.090

35.598

40

37.843

48.834

42.002

37.031

40

42.194

49.281

51.659

50.368

40

36.325

39.755

40.039

39.164

50

47.530

48.956

62.302

53.127

50

54.920

61.431

56.195

45.798

50

49.919

60.321

62.219

61.189

50

46.972

47.404

47.631

48.000

60

50.291

52.816

61.021

53.491

60

54.962

61.295

56.998

47.720

60

51.103

62.476

64.035

63.189

60

49.925

51.118

51.304

51.607

70

52.584

54.726

63.689

57.304

70

58.551

64.271

60.628

50.098

70

52.967

63.580

64.901

64.184

70

53.459

54.775

54.932

55.190

80

65.859

67.747

76.413

70.786

80

71.885

76.854

73.643

65.251

80

67.780

78.152

79.317

78.685

80

69.232

70.391

70.530

70.757

90

69.423

71.080

79.700

74.760

90

75.725

81.075

78.256

70.889

90

73.109

80.112

81.134

80.579

90

72.281

73.299

73.421

73.620

100

61.933

63.452

67.885

63.355

100

64.240

69.146

66.560

59.805

100

61.841

73.413

74.350

73.841

100

66.232

67.165

67.277

67.460
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Table 53. fiber02a Line Detection 0,,¢,, Grid=5x5

P Omean
10 50.054 25.220 22.840 25.945 26.313
10 24.591 24.407 32.827 25.710 29.350
10 25.293 29.848 31.944 21.276 22.643
10 43.661 38.968 33.475 33.863 27.829
10 30.728 27.527 30.062 29.386 35.809
20 40.214 31.281 32.148 39.295 32.155
20 31.919 38.505 39.490 37.456 34.656
20 32.297 35.002 42.900 44.272 31.555
20 56.715 49.843 37.349 37.575 38.620
20 37.042 38.660 31.599 33.879 35.012
30 45.604 46.689 47.254 46.005 37.210
30 39.725 43.637 42.414 46.474 45.027
30 43.490 46.438 52.446 49.354 47.234
30 63.626 57.211 46.630 46.777 47.539
30 61.273 63.833 57.727 49.078 51.187
40 38.716 42.453 42.846 45.748 39.637
40 41.385 44.977 46.393 39.972 37.859
40 36.791 36.460 49.862 48.113 40.350
40 51.738 46.139 43.197 43.299 44.456
40 52.890 54.668 50.426 44.820 48.866
50 47.643 51.858 52.172 55.941 51.063
50 52.458 55.325 56.456 43.191 41.503
50 40.651 40.386 51.758 50.362 42.700
50 51.792 55.579 49.729 49.811 49.576
50 55.061 56.481 53.095 46.300 49.530
60 51.314 55.852 56.109 56.886 52.883
60 54.027 56.381 57.309 49.010 47.626
60 46.926 46.709 58.730 57.584 51.193
60 58.655 61.763 54.907 54.974 57.113
60 61.614 62.780 60.000 53.147 55.798
70 54.941 58.789 59.007 63.983 60.588
70 61.559 63.554 64.341 54.469 53.295
70 52.701 52.517 65.953 64.982 57.017
70 63.344 65.979 63.650 63.707 63.124
70 66.941 67.930 65.573 59.778 62.026
80 70.537 73.930 74.122 70.966 67.974
80 68.829 70.588 71.282 66.075 65.040
80 64.517 64.355 77.265 76.409 69.389
80 74.966 77.289 75.806 75.856 74.296
80 77.661 78.532 76.455 70.589 72.570
90 73.428 76.405 76.574 70.825 68.199
90 68.950 70.494 71.103 66.759 65.851
90 65.392 65.249 76.582 75.831 69.668
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Table 53 (Continued). fiber02a Line Detection 0,,.,,, Grid=5x 5

P emean

90 74.564 76.603 72.715 72.759 71.390

90 74.344 75.108 73.285 68.135 69.875

100 67.283 70.014 70.169 65.619 63.210

100 63.899 65.314 65.873 61.890 61.057

100 60.636 60.505 70.898 70.209 64.557

100 69.047 70.916 65.494 65.535 64.279

100 66.987 67.689 66.016 61.294 62.889
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Table 54. fiber02a Line Detection 0,,¢,,, Grid =6 x 6

P Omean
10 59.261 50.612 46.085 47.229 41.590 30.499
10 29.989 30.655 34.977 47.159 25.225 35.345
10 57.718 37.499 45.167 32.693 36.628 42.663
10 26.139 26.498 28.755 31.639 24.924 40.104
10 33.919 31.227 29.043 40.774 31.726 47.224
10 30.271 49.883 44.328 37.593 36.686 37.935
20 47.916 28.713 42.708 37.699 38.799 37.748
20 34.768 31.830 46.306 53.614 40.094 45.978
20 45.128 29.224 51.264 37.314 52.346 43.508
20 37.950 36.114 40.251 45.962 42.058 47.285
20 49.901 41.843 41.656 48.263 46.872 55.515
20 48.997 52.303 49.073 44.010 48.768 45.425
30 59.671 48.424 57.880 53.558 60.502 47.632
30 45.269 42.906 49.579 54.341 42.900 46.733
30 46.006 36.497 50.003 49.122 56.829 49.106
30 50.174 43.904 48.111 60.184 57.640 51.105
30 52.598 50.554 48.548 52.565 52.771 52.765
30 48.519 55.316 53.212 44.793 44.114 41.936
40 54.899 48.477 55.046 51.197 51.178 43.843
40 42.761 41.119 47.118 50.426 41.094 43.757
40 44.506 39.570 48.954 47.480 50.622 46.539
40 47.281 42.925 41.736 55.678 53.911 46.393
40 47.430 53.295 51.901 49.452 48.905 46.008
40 43.058 47.780 46.318 46.114 51.493 49.980
50 54.346 49.219 54.464 51.456 54.205 48.350
50 50.446 49.135 46.635 49.276 46.487 48.613
50 49.211 45.385 52.876 48.508 54.404 51.144
50 51.736 48.259 54.087 65.218 63.807 50.762
50 51.590 58.936 57.823 53.477 53.040 50.745
50 48.390 52.160 50.993 54.860 55.109 53.901
60 59.750 55.543 59.847 57.378 60.034 55.229
60 56.949 55.874 56.883 59.050 51.716 53.460
60 53.951 52.481 58.629 56.242 55.767 53.091
60 53.578 50.724 54.512 63.647 62.489 53.654
60 54.333 61.675 60.762 57.195 56.837 59.005
60 57.072 60.166 59.208 61.249 63.151 62.159
70 65.378 61.810 65.459 63.366 66.941 62.866
70 64.324 63.412 64.741 66.579 58.112 59.592
70 60.008 58.761 63.974 60.036 58.762 56.494
70 56.906 54.486 60.433 68.179 67.197 58.897
70 59.473 65.981 65.206 62.182 61.878 64.865
70 63.226 65.850 65.038 69.461 71.074 70.233
80 75.525 72.380 75.596 73.751 76.902 73.311
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Table 54 (Continued). fiber02a Line Detection 0,,.,,, Grid =6 x 6

P Omean
10 59.261 50.612 46.085 47.229 41.590 30.499
10 29.989 30.655 34.977 47.159 25.225 35.345
10 57.718 37.499 45.167 32.693 36.628 42.663
10 26.139 26.498 28.755 31.639 24.924 40.104
10 33.919 31.227 29.043 40.774 31.726 47.224
10 30.271 49.883 44.328 37.593 36.686 37.935
20 47.916 28.713 42.708 37.699 38.799 37.748
20 34.768 31.830 46.306 53.614 40.094 45.978
20 45.128 29.224 51.264 37.314 52.346 43.508
20 37.950 36.114 40.251 45.962 42.058 47.285
20 49.901 41.843 41.656 48.263 46.872 55.515
20 48.997 52.303 49.073 44.010 48.768 45.425
30 59.671 48.424 57.880 53.558 60.502 47.632
30 45.269 42.906 49.579 54.341 42.900 46.733
30 46.006 36.497 50.003 49.122 56.829 49.106
30 50.174 43.904 48.111 60.184 57.640 51.105
30 52.598 50.554 48.548 52.565 52.771 52.765
30 48.519 55.316 53.212 44.793 44.114 41.936
40 54.899 48.477 55.046 51.197 51.178 43.843
40 42.761 41.119 47.118 50.426 41.094 43.757
40 44.506 39.570 48.954 47.480 50.622 46.539
40 47.281 42.925 41.736 55.678 53.911 46.393
40 47.430 53.295 51.901 49.452 48.905 46.008
40 43.058 47.780 46.318 46.114 51.493 49.980
50 54.346 49.219 54.464 51.456 54.205 48.350
50 50.446 49.135 46.635 49.276 46.487 48.613
50 49.211 45.385 52.876 48.508 54.404 51.144
50 51.736 48.259 54.087 65.218 63.807 50.762
50 51.590 58.936 57.823 53.477 53.040 50.745
50 48.390 52.160 50.993 54.860 55.109 53.901
60 59.750 55.543 59.847 57.378 60.034 55.229
60 56.949 55.874 56.883 59.050 51.716 53.460
60 53.951 52.481 58.629 56.242 55.767 53.091
60 53.578 50.724 54.512 63.647 62.489 53.654
60 54.333 61.675 60.762 57.195 56.837 59.005
60 57.072 60.166 59.208 61.249 63.151 62.159
70 65.378 61.810 65.459 63.366 66.941 62.866
70 64.324 63.412 64.741 66.579 58.112 59.592
70 60.008 58.761 63.974 60.036 58.762 56.494
70 56.906 54.486 60.433 68.179 67.197 58.897
70 59.473 65.981 65.206 62.182 61.878 64.865
70 63.226 65.850 65.038 69.461 71.074 70.233
80 75.525 72.380 75.596 73.751 76.902 73.311
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Table 55. fiber02a Line Detection 0,,.,n, Grid =8 x 8

P emean
10| 45.61| 38.13] 56.71| 17.91] 25.26| 20.04] 23.84| 44.78
10| 33.38| 27.21| 46.69| 28.23] 3993 40.27| 43.33| 35.16
10| 36.71| 36.74] 34.21| 40.64| 37.69| 33.51| 27.55| 34.57
10| 27.05| 31.00] 31.22( 27.05| 35.88] 40.22| 29.97| 38.54
10| 29.58| 28.50| 31.88| 40.31| 28.43| 28.62| 23.21| 31.22
10| 41.78| 26.32| 39.33| 34.09] 34.50( 38.28| 38.28| 29.71
10| 26.75| 30.94] 53.41| 27.53] 28.46| 21.79] 40.53| 41.30
10| 4298 40.11| 32.66| 34.78| 31.52| 42.36| 35.79] 44.60
20| 60.80| 56.64| 7131 48.25| 48.97| 32.49| 37.39( 50.29
201 50.07| 42.47) 53.79| 34.85| 45.18| 40.46| 42.24| 38.13
201 43.67| 43.69| 4221 4595| 44.24| 43.21] 34.17| 33.48
201 36.35| 37.90| 45.06| 41.68| 44.47| 47.86] 41.90( 46.88
201 37.87| 32.75| 40.42( 51.33| 44.97| 44.21| 42.98| 40.41
20| 46.55| 38.78| 46.36| 42.61| 42.85| 37.80] 37.80[ 36.48
20| 43.82| 36.53| 46.54| 41.27| 41.67| 29.73| 46.59| 43.70
20| 44.67| 40.11| 35.78| 37.51| 41.72| 50.15] 39.18| 49.84
30 51.96| 47.16] 56.71| 41.69| 47.08| 40.70| 43.90| 52.30
301 54.26| 42.63| 50.01| 44.55| 51.24| 50.61| 51.77) 47.38
30 50.99| 51.00] 50.04| 52.48| 51.36( 4531 39.42| 37.64
30| 44.63| 45.64] 50.31| 48.11| 49.90| 51.68] 47.80] 51.05
30| 43.87| 42.62| 48.72| 51.44| 44.66| 44.16] 43.37| 45.07
301 49.07| 44.94] 50.27| 49.82| 49.97| 48.89| 48.89] 44.43
301 5291 47.14] 53.66| 50.27| 50.54 42.32| 43.72] 42.54
30| 43.17| 37.07| 34.25| 3538| 44.08| 46.18] 42.69] 49.40
40[ 56.94] 52.90( 59.54| 49.10f 46.60| 36.88] 39.10| 44.93
40[ 46.30| 38.22| 43.34| 38.05| 45.40| 43.74| 44.55| 41.49
40( 44.00] 44.01| 43.34] 45.03| 44.26| 41.00] 36.91| 35.68
40( 44.24] 44.94| 48.18] 50.27| 46.74| 49.39| 46.69| 48.95
40( 44.23| 44.48| 48.23| 49.78| 45.07| 44.73| 44.17| 44.96
40( 47.73] 43.20f 51.83| 50.86| 50.97| 50.93] 50.93| 47.83
40[ 52.26] 46.60( 51.13| 48.78| 48.96| 43.62| 47.24| 47.25
40( 47.69| 45.78| 43.82| 44.60| 47.49| 48.68| 46.26| 50.92
501 59.46 60.14] 65.44| 57.11| 47.37| 49.49| 51.26] 5592
501 57.01| 50.56| 54.65| 52.44| 58.30 56.98| 57.62] 55.19
501 57.19| 57.20| 56.66| 58.01| 57.39| 54.80[ 51.53] 50.55
50| 53.49| 54.05| 56.63| 57.01| 57.80| 5991 57.75| 59.56
50| 55.79| 55.99| 58.46| 59.77| 56.01| 55.74| 55.30| 53.60
50| 55.82| 54.22| 61.10f 59.83| 59.92| 62.30] 62.30] 59.82
501 63.35| 58.84] 62.46| 60.58] 60.73| 56.46| 55.36] 59.15
50| 59.51| 56.25| 54.68| 5530{ 57.61| 58.56| 56.63] 60.34
60| 66.72| 67.28| 71.63| 64.79| 54.78| 53.36| 54.81| 58.64
60| 59.53| 54.23| 57.59| 56.05| 60.87| 59.78] 60.31| 58.31
60| 59.95[ 59.96| 59.52| 60.63] 60.12| 57.99| 55.31| 54.50
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Table 55 (Continued). fiber02a Line Detection 0,,.,,, Grid =8 x 8

P

60| 54.04| 54.50| 56.63| 58.76] 60.37| 62.10] 60.33] 61.81

60| 58.72| 58.89| 55.85| 57.64| 54.55| 54.33| 53.96| 54.61

60| 56.43| 52.58| 57.92| 57.17| 57.24| 59.20| 59.20| 57.17

60| 60.06[ 56.36| 59.33| 57.78| 57.91| 54.40| 52.21| 55.70

60| 5599 53.31| 52.03| 52.54| 54.43| 55.21| 53.62] 56.67

701 74.10( 74.57| 78.26| 72.46| 63.61| 62.24] 63.47| 66.71

701 67.47| 62.98| 65.83| 62.23| 6631 6539 65.84] 64.14

701  65.53| 65.54] 65.17| 66.11| 65.68| 63.87| 61.60] 60.91

701 63.54| 63.94| 65.74| 67.54] 67.76| 69.23| 67.73] 68.99

701  66.37| 66.51| 66.74| 65.72| 63.10 62.91| 62.60] 63.14

701  64.69| 65.15| 70.08] 67.37| 67.43| 69.09|] 69.09] 67.37

701 69.83| 66.68] 69.20f 67.90| 68.00 65.03| 63.99] 68.09

701  68.34| 66.07| 64.98| 6541| 67.02| 67.68] 6634 6892

80| 81.52( 81.93| 85.19| 80.07| 72.27| 7091| 72.00] 74.86

80| 75.53| 71.57| 74.08| 72.80| 76.40( 75.59| 75.98] 74.49

80| 75.71 75.72| 7539 76.22| 75.84| 74.25| 72.24| 71.64

80| 72.58| 72.92| 74.51| 76.10| 76.58 77.87| 76.55| 77.66

80| 75.35| 75.47| 75.68| 74.62| 72.32| 7215 71.87] 72.35

80| 73.71| 7533| 80.57| 77.98| 78.03| 79.49| 79.49| 7797

80| 80.14 77.37| 79.59| 78.44| 78.53| 75.91| 70.04] 75.50

80| 75.71 73.71| 72.75| 73.13| 74.55| 75.13| 73.95| 76.23

90| 79.19| 79.56| 82.41| 77.92| 71.07| 69.88] 70.83] 73.34

90| 73.93| 70.46| 72.66| 71.54| 74.70| 73.98| 74.33] 73.02

90| 74.10f 74.10| 73.81| 74.54| 74.21| 72.81| 71.05| 70.52

90| 71.34| 71.64| 73.04| 74.43| 74.85| 75.99| 74.83] 75.80

90| 73.77| 73.88| 74.06| 73.14| 71.11| 7096 70.73] 71.15

90| 72.34| 73.76] 78.36| 76.08| 76.13| 77.41| 77.41] 76.08

90| 77.98| 75.55| 77.50| 76.49| 76.56| 74.27| 69.12] 75.39

90| 75.58| 73.82| 72.98| 73.32| 74.56| 75.07| 74.03] 76.03

100[ 70.84] 71.18| 73.80] 69.68| 63.40| 62.31| 63.18] 65.48

100[ 66.02] 62.83| 64.85| 63.83| 66.72| 66.07| 66.39| 65.18

100[ 66.17] 66.18| 6591| 66.58| 66.27| 64.99| 63.38] 62.89

100[ 63.65] 63.92 65.20| 66.48| 66.87| 67.91| 66.85| 67.74

100[ 65.88] 6598 66.14] 65.29| 63.44| 63.30 63.08] 63.47

100[ 64.56] 65.86| 70.08] 67.99| 68.04] 69.21| 69.21| 67.99

100[ 69.73] 67.51| 69.29] 68.36| 68.44| 66.33| 61.60| 68.45

100[ 68.63] 67.02[ 66.24] 66.55| 67.69] 68.16| 67.20| 69.04

232



Table 56. fiber02a Line Detection 0,,¢an, Grid =10 x 10

P errean

10] 57.58] 67.65] 56.94] 56.92| 48.83| 62.40] 43.52] 67.58] 52.80] 46.03
10] 59.12f 58.29] 30.80] 51.92| 48.06[ 27.59] 51.96| 57.89| 48.55| 44.60
10| 52.42( 47.07] 32.24] 49.64| 48.73| 37.03| 38.94] 43.74] 39.94| 45.34
10] 36.07( 33.12| 34.88] 48.74| 48.62[ 53.87| 60.38] 47.59| 45.69| 45.10
10] 39.06[ 50.39| 40.81] 34.21| 48.02( 42.62| 35.96| 57.51| 40.44| 40.38
10] 43.25[ 41.70] 44.57] 44.62| 51.99( 44.19] 54.51| 36.04] 37.17| 41.58
10] 51.09] 52.16] 41.67] 49.98] 60.97[ 39.97| 38.41| 38.24] 34.73| 39.10
10] 39.10f 33.65| 39.13| 37.32| 35.71f 42.29| 37.96] 43.21| 47.13] 4995
10] 54.18| 35.49| 46.43] 51.16] 45.17 39.38| 43.36] 35.68] 46.14] 44.24
10] 50.02( 48.82| 42.29] 36.25| 6295 47.28] 36.43| 36.10f 47.30] 39.28
20[ 57.38| 63.24] 57.01| 61.28] 57.65| 54.45| 49.61| 62.73| 54.13| 55.54
20[ 62.10] 54.03] 38.84| 57.26] 52.64] 44.54| 55.31| 59.86] 54.46] 52.18
20[ 65.05] 50.10] 47.64| 57.60[ 53.28| 46.52| 48.75| 45.11| 43.91| 49.77
20( 45.28| 43.57] 45.19| 46.05( 45.97| 49.31| 51.83| 44.47| 44.19] 43.93
20) 47.51 52.04] 40.61] 36.68| 47.69| 50.17| 42.01| 46.73] 36.86] 36.79
20| 38.54[ 37.64] 39.16] 44.02| 49.78| 38.48| 54.72| 37.77| 37.24] 43.80
20) 49.29( 45.39| 44.83] 52.53| 55.77| 41.96| 41.06] 47.28] 38.25| 40.78
20| 40.78[ 45.73| 43.55| 46.83| 49.62| 45.04] 47.11| 48.99| 51.25| 47.37
20) 49.70( 42.17| 45.85] 53.00f 39.86] 52.30] 55.24| 39.11| 43.60] 43.12
20| 46.45( 47.55| 47.61] 42.81| 58.24| 57.03] 40.66] 43.00{ 47.37| 41.96
30] 54.31[ 58.12| 54.07) 52.30[ 49.94| 49.29| 45.87| S53.11f 47.51| 49.37
30] 53.65[ 55.19] 36.91] 58.20[ 55.19] 49091| 62.46] 58.38] 54.70| 53.14
30] 65.73] 56.07| 54.55|] 62.46] 56.11] 51.50] 55.07] 51.39[ 50.56] 60.68
30] 57.62| 56.46| 57.56] 56.13| 56.08] 59.53| 60.89] 55.75| 57.92| 57.73
30 61.49] 64.60] 54.48] 51.80] 61.45] 60.98| 55.41| 59.42( 52.70] 54.25
30] 55.44 54.83] 55.87] 59.18] 61.53] 56.05| 66.11] 55.03] 55.27| 59.26
30) 63.01f 55.72| 55.33] 61.23] 63.36] 58.78] 58.16] 62.40[ 56.24| 57.97
301 57.97] 54.88] 54.95| 57.19] 59.09| 5596 57.56] 55.33] 56.87[ 56.77
301 58.36] 54.26] 56.76] 61.64] 53.07| 61.56] 63.56] 51.32] 58.09| 58.24
301 60.52] 56.96[ 57.00] 53.73] 64.25| 66.50[ 49.44| 48.02] 54.01f 50.32
40[ 54.33| 56.98] 54.16] 52.93| 51.29| 52.70| 50.32( 55.35| 51.46] 52.75
40( 55.73| 58.19] 45.49| 52.19| 50.10] 46.43] 54.68| 52.74] 50.19] 49.11
40[ 53.23| 46.52] 45.46] 5332 48091| 45.70| 49.25| 44.07] 43.49| 50.87
40| 48.74] 47.93| 48.70[ 47.70| 47.67[ 50.07] 51.64| 48.07) 49.58| 4945
40[ 46.40| 48.56] 41.76] 39.90( 50.93| 51.71] 47.85| 49.82| 45.15] 46.23
40[ 47.06] 46.63] 47.35| 49.65| 51.21| 46.28| 53.27| 45.57| 45.74| 45.47
40[ 48.07| 43.01] 42.74| 48.81| 49.94| 46.76] 46.33| 49.28| 45.00] 46.20
40[ 46.20] 49.53] 49.58| 51.14] 52.46| 50.29| 51.40( 50.18] 51.25] 51.18
40[ 52.28| 46.36] 48.10f 51.49| 45.53] 51.43| 52.82| 44.32| 50.63| 50.74
40( 52.32| 45.14] 45.17| 42.89| 50.20] S51.77| 43.55| 42.57| 46.73| 44.17
501 63.07] 65.19] 62.94] 61.95] 60.65| 59.23| 57.33| 61.34] 58.24| 59.27
501 61.64] 63.61| 53.47| 60.28] 58.61| 55.69| 63.04] 60.72] 58.68| 57.82
50| 61.83] 56.47[ 55.63| 62.17] 58.65| 56.09| 58.92| 54.79| 54.33] 60.22
50| 58.52| 57.87| 58.48| 57.69] 57.66[ 59.58| 60.38] 57.53] 58.73] 58.63
50| 54.46] 56.18] 53.52| 52.03] 58.26] 58.89| 55.80| 57.63| 53.90[ 54.77
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Table 56 (Continued). fiber02a Line Detection 0,,¢,,, Grid =10 x 10

P errean
50| 55.43] 55.09] 55.66| 57.50| 57.53| 54.77| 60.35] 54.21| 54.34] 54.13
50| 56.21] 52.16[ 51.95| 56.04] 59.00] 56.46] 56.12| 58.47| 55.06] 56.01
50| 56.01] 58.12f 58.15] 59.40] 60.45[ 58.72| 59.60] 58.63] 59.48| 59.43
501 60.31] 55.61f 57.00 59.70] 54.95| 59.66] 60.77] 53.98] 59.08] 59.16
501 60.42] 54.69( 54.71| 52.90] 58.73| 59.98| 52.93| 52.14] 55.46[ 53.42
60| 5891 60.65] 58.80] 58.00[ 56.92| 52.39| 50.83] 54.13] 51.58| 52.42
60| 54.37[ 5599| 47.66] 55.18| 53.81| 51.41] 56.62| 55.56] 53.88] 53.17
60| 56.46( 52.07| 51.37) 57.73| 54.84| 52.74] 55.06] 51.67| 51.29| 56.12
60| 54.73| 54.20] 54.70] 54.05| 54.03] 55.60| 56.49| 54.15| 55.14] 55.05
60| 5391 5532| 53.14] 51.92| 57.03] 57.54] 55.01| 56.51| 53.45| 54.16
60| 54.70[ 54.42| 54.90] 56.40/ 60.33| 58.88] 63.46] 58.42( 58.53| 58.35
60] 60.06] 56.74| 56.56] 59.43| 59.41| 57.33| 57.05| 58.98] 56.17| 56.96
60| 56.96[ 59.42| 59.45] 60.47| 61.34] 5991| 60.64] 59.84] 60.54] 60.50
60| 61.22( 57.36| 58.50] 60.72| 56.82| 60.68] 61.59| 56.02| 60.92| 60.99
60| 62.03( 57.32| 57.34] 55.85| 60.64] 61.67| 56.05| 55.40[ 58.13| 56.45
701 70.82] 72.29( 70.73] 70.04] 69.13] 64.73] 63.41] 66.20] 64.04| 64.76
701 6641 67.78] 60.73| 67.10] 65.94| 63.90( 70.74] 69.84] 68.42| 67.82
701 70.61] 66.88] 66.29| 69.98] 67.53| 65.75| 67.72] 64.84] 64.53| 68.62
70| 67.44] 66.99] 67.42| 66.86] 66.84| 68.18] 68.21] 66.22| 67.06] 66.99
70| 65.43] 66.63| 64.78] 63.75] 68.08] 68.52| 66.37| 67.64] 65.05] 65.65
70| 66.11] 65.87| 66.27| 67.55| 71.80] 70.57[ 74.45| 70.17| 70.27( 70.12
70| 71.57] 68.75| 68.60] 71.03] 71.16] 69.39] 69.15] 70.79] 68.41| 69.08
70| 69.08] 71.16] 71.19| 72.06] 72.79| 71.58| 72.20{ 71.52| 72.12| 72.08
700 72.69] 69.42( 7039 7227 68.96| 7224 73.01] 68.28] 72.44[ 72.50
70| 7337 69.39] 69.40{ 68.14] 72.20| 73.07 68.17] 67.62] 69.93| 68.51
80| 77.90| 79.20( 77.82| 77.21] 76.41| 73.11| 71.94] 74.41| 72.50[ 73.14
80| 74.59| 75.80[ 69.58| 75.20| 74.17| 72.38| 78.40| 77.61| 76.36| 75.83
80| 78.29] 75.00( 74.49| 77.74| 75.58| 74.01| 75.75| 73.21| 72.93| 76.54
80[ 75.50) 75.10[ 75.48| 7499| 74.97| 76.15| 76.17 7443| 75.16] 75.10
80[ 72.29| 7335 71.71) 70.80| 74.62| 75.01| 73.11| 74.24| 71.95| 72.48
80| 72.89] 72.68] 73.03] 74.16] 77.90| 76.82| 80.24| 76.47| 76.55| 7642
80| 77.70) 7522 75.08| 77.23| 77.58| 76.02| 75.81| 77.26| 75.16] 75.75
80| 75.75| 77.59| 77.61) 7837| 79.02] 77.96| 78.50| 77.90| 78.43] 78.39
80[ 78.93] 76.05 76.90| 78.56| 75.64] 78.53| 79.21| 75.05| 78.71| 78.76
80| 79.53] 76.02[ 76.03| 74.92] 78.50[ 79.27| 74.70| 74.22| 76.26] 75.00
90| 77.50[ 78.64] 77.43] 7690 76.19| 73.29| 72.27| 74.43| 72.76| 73.32
90| 74.59( 75.66| 70.19] 75.13| 74.23| 72.65| 77.94| 77.24[ 76.15] 75.68
90| 77.84| 74.95| 74.50] 77.36| 7546 74.08] 75.61| 73.38] 73.13| 76.30
90| 75.39( 75.04] 7537 74.94| 74.93| 7596| 75.98| 74.45] 75.10] 75.04
90| 72.57( 73.50] 72.07) 71.27| 74.62| 74.96| 73.30| 74.29( 72.28| 72.74
90| 73.10f 7291| 73.22] 74.21| 77.50[ 76.55| 79.55| 76.24] 76.32| 76.20
90| 77.32( 75.14] 75.03] 76.91| 77.22| 75.85| 75.67| 76.93| 75.10] 75.61
90| 75.61| 77.22| 77.24] 77.91| 78.48| 77.55| 78.03] 77.50[ 77.96| 77.93
90| 78.40( 75.87| 76.62] 78.08| 75.52| 78.05| 78.65| 75.00{ 78.21| 78.25
90| 78.93| 75.85| 75.86] 74.88] 78.02| 78.70| 74.69] 74.27| 76.06| 74.95
100[ 70.39| 71.43] 70.32| 69.83] 69.19] 66.53| 65.59| 67.58| 66.04] 66.55
100[ 67.72| 68.70] 63.69| 68.21| 67.39] 65.94| 70.79] 70.15] 69.15| 68.72
100[ 70.70] 68.05] 67.64] 70.26] 68.52] 67.26] 68.65] 66.61] 66.38] 69.29
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Table 56 (Continued). fiber02a Line Detection 0,,.,,, Grid =10 x 10

P errean
100[ 68.45| 68.13] 68.44| 68.04] 68.03| 68.98] 69.00f 67.59| 68.18] 68.13
100[ 65.87| 66.72] 65.41| 64.67| 67.75] 68.06] 66.53| 67.44] 65.60| 66.02
100[ 66.35| 66.18] 66.47| 67.37| 70.39] 69.51| 72.27[ 69.23] 69.30] 69.20
100f 70.22| 68.23] 68.12| 69.85| 70.13] 68.88] 68.71| 69.87| 68.18] 68.66
100] 68.66[ 70.13] 70.15[ 70.77) 71.29| 70.43] 70.87[ 70.39] 70.81| 70.78
100] 71.22[ 68.90| 69.58[ 70.92] 68.57| 70.90] 71.44| 68.09] 71.04] 71.08
100] 71.70] 68.87) 68.88] 67.99] 70.87| 71.49] 67.81| 67.42] 69.06] 68.05
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Table 57. fiber02a Line Detection Ly, Grid=1x 1

P

Ltotal

10

82.565

20

50.695

30

48.836

40

71.309

50

82.201

60

52.811

70

66.408

80

54.571

90

63.032

100

46.098

Table 58. fiber02a Line Detection Ly, Grid =2 x 2

P

Ltotal

10

49.477 | 57.280

10

40.000 | 52.393

20

53.141 | 96.000

20

66.910 | 72.180

30

56.143 | 41.049

30

126.830 | 59.228

40

70.612 | 50.220

40

63.781 | 178.930

50

121.020 | 49.980

50

55.731 | 52.479

60

52.240 | 41.000

60

41.146 | 128.690

70

129.400 | 105.800

70

66.851 | 60.166

80

64.008 | 47.802

80

45.044 | 76.688

90

71.694 | 120.920

90

42.059 | 65.856

100

43.324 | 75.664

100

130.510 | 57.009
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Table 59. fiber02a Line Detection Ly, Grid =4 x 4

P Ltotal
10 | 88.459 | 115.000 | 53.852 | 55.946
10 | 52.154 | 50.636 | 63.032 | 60.208
10 | 45.011 | 119.820 | 52.479 | 106.080
10 | 53.367 | 62.008 | 49.396 | 51.108
20 | 46.098 | 46.872 | 47.434 | 50.090
20 | 97.268 | 50.596 | 158.030 | 49.396
20 | 48.083 | 86.816 | 56.294 | 53.038
20| 76.007 | 49.041 | 89.269 | 62.201
30 | 62.801 | 46.487 | 85.563 | 48.083
30 | 64.000 | 40311 | 73.539 | 54452
30 | 58.600 | 41.976 | 41.195 | 47.885
30 | 162.370 | 82.024 | 89.269 | 121.120
40 | 95415 | 42.720 | 42.485 | 48.083
40 | 112.020 | 108.580 | 73.539 | 42.012
40 | 58.600 | 97.417 | 70.349 | 47.885
40 | 57.280 | 46.000 | 89.269 | 99.825
50 | 100.660 | 50.220 | 84.380 | 48.083
50 | 112.020 | 285.250 | 73.539 | 108.850
50 | 58.600 | 66.370 | 70.349 | 47.885
50| 41.773 | 90.443 | 89.269 | 55.154
60 | 40311 | 52.154 | 90.697 | 48.083
60 | 112.020 | 122.800 | 73.539 | 99.705
60 [ 58.600 | 56.921 | 70.349 | 47.885
60 | 42.059 | 86.023 | 89.269 | 55.154
70 | 40311 | 52.154 | 40311 | 48.083
70 | 112.020 | 64.140 | 73.539 | 99.705
70 | 58.600 | 57.871 | 70.349 | 47.885
70 | 42.059 | 86.023 | 89.269 | 55.154
80 | 40311 | 52.154 | 126.290 | 48.083
80 | 112.020 | 101.600 | 73.539 | 99.705
80 | 58.600 | 66.648 | 70.349 | 47.885
80 | 42.059 | 86.023 | 89.269 | 55.154
90 | 40311 | 52.154 | 56.719 | 48.083
90 | 112.020 | 101.140 | 73.539 | 99.705
90 | 58.600 | 136.500 | 70.349 | 47.885
90 | 42.059 | 86.023 | 89.269 | 55.154
100 | 40.311 | 52.154 | 184.050 | 48.083
100 | 112.020 | 101.140 | 73.539 | 99.705
100 | 58.600 | 63.071 | 70.349 | 47.885
100 | 42.059 | 86.023 | 89.269 | 55.154
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Table 60. fiber02a Line Detection Ly, Grid=5x5

P Ltotal
10 114.790 42.450 41.485 57.271 56.569
10 54.120 48.260 41.437 206.240 41.437
10 46.141 42.000 51.624 46.690 97.949
10 55.317 48.374 46.400 49.366 43.738
10 42.107 65.788 137.570 49.396 95.713
20 42.202 82.298 60.166 48.104 56.400
20 44.407 41.146 87.092 50.596 60.440
20 46.141 52.010 221.000 45.100 43.105
20 68.411 242.330 69.296 49.366 45.000
20 58.898 48.765 74.726 46.098 61.522
30 121.020 61.074 60.166 41.869 49.477
30 40.311 45.891 63.032 40.249 56.321
30 46.141 60.539 55.317 118.830 65.008
30 68.411 41.785 43.658 49.366 79.158
30 40.050 45.044 74.726 83.006 41.773
40 78.772 44.283 60.166 57.035 49.477
40 40.311 42.048 69.354 47.760 120.920
40 46.141 64.413 54.918 101.140 194.180
40 68.411 41.725 70.007 49.366 74.726
40 68.118 45.044 74.726 50.695 62.514
50 78.772 57.280 60.166 79.404 49.477
50 40.311 42.048 69.354 255.620 120.920
50 46.141 64.413 213.530 101.140 84.149
50 68.411 43.012 85.006 49.366 48.166
50 68.118 45.044 74.726 45.651 62.514
60 78.772 118.000 60.166 194.440 49.477
60 40.311 42.048 69.354 43.932 120.920
60 46.141 64.413 85.563 101.140 94.847
60 68.411 43.012 40.497 49.366 94.048
60 68.118 45.044 74.726 74.733 62.514
70 78.772 118.000 60.166 40.224 49.477
70 40.311 42.048 69.354 50.804 120.920
70 46.141 64.413 68.118 101.140 75.664
70 68.411 43.012 50.040 49.366 74.545
70 68.118 45.044 74.726 69.642 62.514
80 78.772 118.000 60.166 56.886 49.477
80 40.311 42.048 69.354 42.297 120.920
80 46.141 64.413 40.012 101.140 75.664
80 68.411 43.012 72.471 49.366 74.545
80 68.118 45.044 74.726 47.518 62.514
90 78.772 118.000 60.166 55.036 49.477
90 40.311 42.048 69.354 42.297 120.920
90 46.141 64.413 40.012 101.140 75.664
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Table 60 (Continued). fiber02a Line Detection Ly, Grid=5x5

P Ltotal
90 68.411 43.012 49.041 49.366 74.545
90 68.118 45.044 74.726 47.518 62.514
100 78.772 118.000 60.166 42.297 49.477
100 40.311 42.048 69.354 42.297 120.920
100 46.141 64.413 40.012 101.140 75.664
100 68.411 43.012 85.563 49.366 74.545
100 68.118 45.044 74.726 47.518 62.514
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Table 61. fiber02a Line Detection Ly, Grid=6 x 6

P Ltotal
10| 100.720| 108.160 64.195 98.433 73.824 72.173
10 57.871 50.220 45.607 59.304( 137.180 93.606
10 46.400 51.245 45,541 42.426 57.280( 102.240
10 49.820 41.183 79.712 64.351 91.241 44.553
10 43.186 64.351 64.351 44.385 64.195 60.531
10 57.079 74.108 40.804 96.021 115.320 65.924
20| 121.020 74.953 47.096 67.417 41.593 49.254
20 57.315 75.180 43.012 59.304 84.172 93.606
20 60.415| 104.550 40.025 43.290 46.840| 101.240
20 58.600 46.043 48.166 45.651 91.241 47.634
20 84.528 68.264 40.460 46.271 75.000 41.617
20 77.078 68.877 40.804 57.079 45.453 42.012
30 59.540| 141.480 47.096 53.141 79.712 47.802
30 60.638 71.169 41.195 59.304 70.831 93.606
30 42.048 57.271 40.025| 146.820 65.620 71.694
30 50.249( 120.000 67.119 51.420 91.241 95.635
30 51.894 49.041 54.129 93.434 50.249 58.138
30 77.078 51.624 40.804| 142.860 57.871 42.012
40 59.540 47.707 47.096| 193.020 52.887 47.802
40( 262.940 71.169 48.000 59.304 40.460 93.606
40 83.259 79.196 40.025| 120.000 40.162 40.162
40 50.249| 120.000 84.528 62.225 91.241 65.490
40 51.894 50.249 54.129| 108.560 81.320 40.311
40 77.078 51.624 40.804 46.840 77.078 42.012
50 59.540 47.707 47.096 46.065 45.706 47.802
50 129.190 71.169( 290.120 59.304 51.264 93.606
50 83.259 84.149 40.025 51.624 77.279 40.162
50 50.249| 120.000( 100.000 62.225 91.241( 117.000
50 51.894| 100.210 54.129| 108.560 81.320 43.417
50 77.078 51.624 40.804 41.049 49.477 42.012
60 59.540 47.707 47.096 46.065 85.843 47.802
60| 129.190 71.169 60.108 59.304 51.264 93.606
60 83.259 79.555 40.025 68.007| 132.910 40.162
60 50.249| 120.000 46.228 62.225 91.241 86.539
60 51.894 51.624 54.129| 108.560 81.320 45.222
60 77.078 51.624 40.804| 120.000 60.133 42.012
70 59.540 47.707 47.096 46.065 49.649 47.802
70( 129.190 71.169 47.011 59.304 51.264 93.606
70 83.259 79.555 40.025 44.102 41.617 40.162
70 50.249( 120.000 45.100 62.225 91.241| 158.400
70 51.894 51.624 54.129| 108.560 81.320 51.923
70 77.078 51.624 40.804 70.520 60.133 42.012
80 59.540 47.707 47.096 46.065 49.649 47.802
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Table 61 (Continued). fiber02a Line Detection Ly, Grid =6 x 6

P Ltotal
80 129.19 71.169 101.64 59.304 51.264 93.606
80 83.259 79.555 40.025 88.459 44,922 40.162
80 50.249 120 183.07 62.225 91.241 42.485
80 51.894 51.624 54.129 108.56 81.32 44.204
80 77.078 51.624 40.804 50.329 60.133 42.012
90 59.54 47.707 47.096 46.065 49.649 47.802
90 129.19 71.169 105.12 59.304 51.264 93.606
90 83.259 79.555 40.025 53.413 43.566 40.162
90 50.249 120 42.297 62.225 91.241 120
90 51.894 51.624 54.129 108.56 81.32 44.204
90 77.078 51.624 40.804 57.28 60.133 42.012
100 59.54 47.707 47.096 46.065 49.649 47.802
100 129.19 71.169 76.158 59.304 51.264 93.606
100 83.259 79.555 40.025 53.413 43.566 40.162
100 50.249 120 42.297 62.225 91.241 57.079
100 51.894 51.624 54.129 108.56 81.32 44.204
100 77.078 51.624 40.804 99.247 60.133 42.012

241




Table 62. fiber02a Line Detection Ly, Grid=8 x 8

P| Liw
10| 57.28] 60.02] 56.29| 47.00] 95.26| 78.26] 46.17| 48.10
10| 97.49| 52.24] 110.86| 86.00] 48.37| 63.64] 94.05| 48.37
10| 57.28| 50.09] 72.84| 112.27| 50.93 137.18| 64.35| 153.53
10| 65.15| 85.29] 80.01| 88.81| 57.49| 44.10] 60.41| 121.02
10| 41.62| 48.00] 49.20| 49.98| 63.00| 44.00| 100.12] 52.70
10| 103.12| 86.31] 51.62| 76.56] 92.20( 44.10| 44.10f 57.28
10| 63.60] 64.51| 45.00[ 80.01] 93.56| 120.70| 80.60( 50.92
10| 40.71| 85.00] 41.05( 98.47| 101.14| 60.08] 81.25| 73.17
20| 59.14| 184.00| 64.08) 56.04| 52.00[ 43.68] 65.80[ 61.98
201 44.27| 86.02|] 110.86| 50.00| 53.34| 49.50] 94.05 62.13
20| 60.08] 50.09] 72.84[ 112.27| 50.93| 46.39| 111.25| 91.00
201 54.12| 79.61| S51.11| 48.70| 12530 42.38] 60.41 121.02
201 41.73| 46.49] 69.12( 104.12] 45.54| 42.01| 44.94| 60.14
20| 103.12| 68.01| 43.19| 56.75| 92.20f 64.35| 64.35| 51.00
20| 56.14] 69.86| 69.30( 62.64] 43.42( 61.13] 61.21| 43.19
20| 40.71| 45.49| 41.05 47.43| 4031 57.28| 54.63| 44.10
301 59.14| 259.98| 64.08] 56.04| 184.00| 42.15 65.80] 61.98
30| 70.26| 5831 110.86| 222.17| 61.10| 45.28| 94.05| 62.13
30| 60.08| 50.09| 72.84| 112.27| 50.93| 42.01| 111.25| 74.20
301 96.68| 79.61| 51.11| 160.64| 53.71| 43.93| 60.41] 121.02
30| 44.82| 43.27| 80.81| 48.09| 93.86| 42.01| 44.94] 79.31
30| 103.12| 46.01| 87.30| 64.35| 92.20| 49.58] 49.58] 51.00
30] 111.80[ 84.85| 69.30| 62.64| 43.42| 63.57 51.74] 42.43
301 40.71| 121.76] 41.05| 47.43| 47.01| 63.60| 85.70| 44.10
40( 59.14] 64.85| 64.08] 56.04| 221.00| 59.06] 65.80[ 61.98
40[ 70.26] 58.31| 110.86] 98.01| 54.56| 110.37| 94.05| 62.13
40[ 60.08] 50.09| 72.84| 112.27| 50.93| 42.01| 111.25( 74.20
40( 73.03] 79.61| S51.11| 44.92| 131.88| 43.93] 60.41 121.02
40( 44.82| 84.17| 46.04| 68.03| 93.86| 42.01| 44.94| 100.90
40 103.12] 53.23| 42.54| 55.61| 92.20| 48.04| 48.04| 51.00
40( 111.80| 100.40( 69.30| 62.64| 43.42| 63.57| 54.23| 60.83
40( 40.71] 43.32| 41.05| 47.43| 47.01| 47.20] 85.70[ 44.10
501 59.14| 45.04] 64.08] 56.04| 47.52| 68.25] 65.80] 61.98
501 70.26| 5831 110.86| 65.07| 54.56| 110.37[ 94.05| 62.13
501 60.08| 50.09| 72.84| 112.27| 50.93| 42.01| 111.25| 74.20
501 86.00[ 79.61| S51.11| 98.88| 67.19| 43.93| 60.41] 121.02
501 44.82| 84.17| 75.43| 44.10 93.86| 42.01| 44.94] 43.42
50| 103.12 43.17| 81.15| 52.47| 92.20| 48.04] 48.04] 51.00
50| 111.80( 100.40| 69.30| 62.64| 43.42| 63.57| 41.05| 103.02
50| 40.71| 43.32| 41.05| 47.43| 47.01| 47.20] 85.70| 44.10
60| 59.14| 45.04] 64.08] 56.04| 43.42| 178.06] 65.80] 61.98
60| 70.26[ 5831 110.86] 59.01| 54.56| 110.37| 94.05| 62.13
60| 60.08( 50.09| 72.84 112.27| 50.93| 42.01| 111.25| 74.20
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Table 62 (Continued). fiber02a Line Detection Ly, Grid =8 x 8

P Ltotal

60| 62.10 79.61| S51.11| 52.20{ 52.17| 43.93| 60.41] 121.02

60| 44.82( 84.17| 184.00f 63.16] 93.86| 42.01| 44.94] 43.42

60| 103.12( 40.61| 62.80( 100.12| 92.20( 48.04| 48.04] 51.00

60| 111.80[ 100.40| 69.30| 62.64| 43.42| 63.57| 107.04] 61.52

60| 40.71| 43.32| 41.05 47.43| 47.01| 47.20{ 85.70| 44.10

701  59.14| 45.04] 64.08] 56.04| 176.71| 46.53| 65.80] 61.98

701 70.26| 5831 110.86| 74.11| 54.56| 110.37[ 94.05| 62.13

701 60.08| 50.09| 72.84| 112.27| 50.93| 42.01| 111.25] 74.20

701 76.42( 79.61| 51.11| 52.20{ 60.17| 43.93| 60.41] 121.02

701 44.82| 84.17| 45.22| 40.11| 93.86| 42.01| 44.94] 43.42

70| 103.12| 50.99| 61.85| 49.04| 92.20| 48.04] 48.04] 51.00

70| 111.80[ 100.40| 69.30| 62.64| 43.42| 63.57| 41.40] 42.20

701 40.71| 43.32| 41.05| 47.43| 47.01| 47.20{ 85.70| 44.10

80| 59.14| 45.04] 64.08] 56.04| 176.71| 40.31| 65.80] 61.98

80| 70.26| 5831 110.86] 47.27| 54.56| 110.37| 94.05] 62.13

80| 60.08[ 50.09| 72.84 112.27| 50.93| 42.01| 111.25| 74.20

80| 76.42( 79.61| S51.11| 52.20{ 43.42| 43.93| 60.41] 121.02

80| 44.82( 84.17| 45.22| 87.48| 93.86| 42.01| 44.94] 43.42

80| 103.12( 50.60| 58.31| 43.17| 92.20| 48.04| 48.04| 51.00

80| 111.80[ 100.40| 69.30| 62.64| 43.42| 63.57| 92.91| 143.78

80| 40.71| 43.32| 41.05 47.43| 47.01| 47.20| 85.70| 44.10

90| 59.14| 45.04] 64.08] 56.04| 176.71| 40.31| 65.80] 61.98

90| 70.26| 5831| 110.86| 47.27| 54.56| 110.37[ 94.05| 62.13

90| 60.08 50.09| 72.84| 112.27| 50.93| 42.01| 111.25] 74.20

90| 76.42( 79.61| S51.11| 52.20| 4342 43.93| 6041] 121.02

90| 44.82| 84.17| 45.22| 87.48| 93.86| 42.01| 44.94] 43.42

90| 103.12| 50.60| 58.31| 43.17| 92.20| 48.04] 48.04] 51.00

90| 111.80[ 100.40| 69.30| 62.64| 43.42| 63.57 9291| 43.83

90| 40.71| 43.32| 41.05| 47.43| 47.01| 47.20| 85.70| 44.10

100[ 59.14] 45.04| 64.08] 56.04| 176.71| 40.31| 65.80] 61.98

100[ 70.26] 58.31| 110.86| 47.27| 54.56| 110.37| 94.05| 62.13

100[ 60.08] 50.09( 72.84] 112.27| 50.93| 42.01| 111.25] 74.20

100 76.42] 79.61| S51.11| 52.20f 43.42| 43.93| 60.41| 121.02

100[ 44.82] 84.17| 45.22| 87.48| 93.86] 42.01| 44.94| 4342

100[ 103.12] 50.60[ 58.31| 43.17| 92.20| 48.04| 48.04] 51.00

100[ 111.80] 100.40[ 69.30| 62.64| 43.42| 63.57| 9291| 42.49

100[ 40.71] 43.32( 41.05| 47.43| 47.01] 47.20[ 85.70| 44.10
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Table 63. fiber02a Line Detection Ly, Grid =10 x 10

Pl Low
10] 40.03] 42.76] 58.31| 54.82| 54.45| 55.90[ 83.55| 149.00] 116.73] 346.55
10] 51.25[ 43.01] 48.09] 81.30] 72.92| 4238 40.01] 77.62| 45.45] 78.03
10| 101.97( 72.84] 59.41| 167.59| 43.11| 50.49| 133.70] 61.39( 46.84] 100.90
10] 61.56] 47.07] 69.64] 44.05| 253.00f 47.42| 52.15| 64.29| 139.30| 61.52
10] 73.06[ 41.59] 45.71| 64.50] 45.10] 41.05] 59.03] 124.20{ 120.37] 44.94
10] 46.82[ 50.49| 42.20[ 41.77| 45.54| 47.42| 71.45| 40.71] 98.08] 57.28
10] 44.01f 88.62] 91.98| 93.81] 79.23] 65.07| 44.05| 45.88] 42.01) 78.23
10] 78.23] 40.61] 40.46] 43.68] 47.20] 50.25| 81.58] 50.93| 110.45] 94.13
10] 71.18[ 46.17] 129.55| 77.16] 44.05| 86.37[ 50.70] 94.64[ 60.41] 139.09
10] 91.14[ 45.04] 42.01| 74.69| 40.20| 68.41| 41.01] 46.87[ 56.57] 54.59
20/ 40.03] 42.76] 58.31| 49.20] 54.33[ 67.96] 58.52( 46.10] 116.73| 71.70
20 61.52| 72.01] 46.53| 68.26] 57.28| 42.38] 161.07[ 47.17] 45.45[ 78.03
20/ 41.20] 205.76] 57.49| 43.42] 59.30[ 50.49] 84.87 50.36] 42.43| 91.66
20| 142.64] 47.07) 80.13] 53.85] 253.00f 73.11] 76.16] 76.32| 59.91| 99.25
20/ 81.32| 50.61] 41.30] 64.50) 70.46| 221.00] 68.82( 57.28] 120.37| 66.53
20/ 44.05| 50.49| 54.57| 80.81] 43.57[ 40.00] 44.28| 79.65| 57.01| 115.00
20/ 44.01| 68.01) 47.51| 65.77] 43.05[ 121.02] 44.05| 40.03] 59.48| 124.20
20 124.20] 52.47) 106.23| 97.64] 87.73| 49.74] 99.02| 61.52| 110.45| 64.35
20 71.18] 66.53] 129.55| 81.49| 111.66] 222.64] 76.32| 44.15| 71.42| 54.01
20/ 91.14] 82.49| 42.49| 54.45] 40.20[ 56.22] 67.90[ 49.48| 67.90| 78.77
30] 40.03] 42.76] 58.31| 58.55| 54.33| 99.36] 62.48] 82.66[ 116.73] 71.70
30 61.52( 60.11] 46.53| 129.34| 57.28| 42.38| 71.45| 60.75] 45.45| 78.03
30| 147.80[ 205.76] 57.49] 64.50] 82.10] 50.49| 106.38] 61.40| 42.43] 51.42
30| 142.64 47.07] 80.13| 179.51| 253.00| 73.11| 55.58] 58.24[ 51.55| 74.69
30 64.29( 50.61] 79.61| 64.50] 55.66] 149.00] 68.82| 46.01| 120.37| 67.27
30] 44.05 50.49] 54.57| 80.81| 63.33| 149.00f 77.82) 79.65[ 57.01] 117.80
30 44.01f 40.80] 47.51| 80.06] 121.07| 45.10{ 44.05] 40.03[ 59.48] 124.20
30] 124.20[ 174.61| 166.43| 97.64| 87.73| 49.74] 219.23] 90.21{ 110.45] 59.91
30 71.18] 76.84| 129.55| 81.49| 111.66| 222.64] 76.32] 68.01f 40.72] 41.44
30] 91.14 140.01] 42.49( 54.45| 40.20] 56.22| 47.00f 137.18] 67.90| 78.77
40/ 40.03| 42.76] 58.31| 58.55| 54.33[ 55.08] 62.48] 82.66| 116.73| 71.70
40( 61.52| 43.83] 46.53| 159.77) 57.28| 42.38] 59.94 60.41] 45.45[ 78.03
40 114.13| 205.76] 57.49| 74.22] 82.10[ 50.49| 149.00{ 103.04] 42.43| 65.97
40| 142.64| 47.07) 80.13| 179.51] 253.00f 73.11] 163.37| 58.24] 51.55| 74.69
40/ 48.08] 50.61] 150.66| 64.50] 60.42( 149.00] 68.82( 43.01| 120.37| 67.27
40[ 44.05] 50.49| 54.57| 80.81] 66.04] 148.95| 77.82[ 79.65| 57.01| 104.71
40/ 44.01| 40.80] 47.51| 115.52) 46.76[ 45.10] 44.05 40.03] 59.48| 124.20
40 124.20{ 41.11] 166.43| 97.64] 87.73| 49.74] 219.23| 59.30| 110.45| 59.91
40[ 71.18] 41.40| 129.55| 81.49] 111.66[ 222.64] 76.32( 68.01] 144.03| 41.44
40 91.14] 61.72) 42.49| 54.45] 40.20[ 56.22] 40.46] 137.18] 67.90| 78.77
501 40.03] 42.76] 58.31] 58.55] 54.33] 90.38] 62.48] 82.66[ 116.73] 71.70
50 61.52| 43.83] 46.53| 159.77( 57.28] 42.38| 211.12] 60.41| 45.45] 78.03
50{ 127.28| 205.76] 57.49] 74.67| 82.10] 50.49( 149.00] 103.04| 42.43| 65.97
50{ 142.64| 47.07| 80.13] 179.51| 253.00] 73.11| 46.67) 58.24[ 51.55| 74.69
50{ 148.17| 50.61] 40.03] 64.50] 60.21] 149.00{ 68.82] 80.62| 120.37| 67.27
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Table 63 (Continued). fiber02a Line Detection Ly, Grid =10 x 10

P Ltotal
50 44.05| 50.49| 54.57] 80.81| 76.84] 43.83| 77.82] 79.65[ 57.01] 104.71
50] 44.01| 40.80] 47.51] 115.52| 66.48] 45.10 44.05] 40.03] 59.48| 124.20
50{ 124.20] 51.89| 166.43| 97.64] 87.73] 49.74[ 219.23] 59.30{ 110.45] 59.91
500 71.18| 42.52| 129.55| 81.49| 111.66] 222.64[ 76.32] 68.01f 59.30| 41.44
501 91.14| 61.72| 42.49| 54.45] 40.20] 56.22( 57.14] 137.18| 67.90| 78.77
60] 40.03[ 42.76] 58.31| 58.55| 54.33| 145.58] 62.48] 82.66[ 116.73] 71.70
60| 61.52( 43.83] 46.53| 159.77| 57.28| 42.38| 93.81| 60.41| 45.45] 78.03
60| 127.28[ 205.76] 57.49| 74.67| 82.10] 50.49| 149.00| 103.04[ 42.43] 65.97
60| 142.64 47.07] 80.13| 179.51| 253.00f 73.11| 46.67) 58.24[ 51.55| 74.69
60| 101.12[ 50.61] 40.03] 64.50] 60.21| 149.00] 68.82) 80.62( 120.37| 67.27
60] 44.05[ 50.49| 54.57| 80.81| 68.00] 43.83] 77.82) 79.65[ 57.01] 104.71
60| 44.01f 40.80] 47.51| 115.52| 134.83| 45.10] 44.05] 40.03[ 59.48]| 124.20
60| 124.20[ 51.89| 166.43| 97.64| 87.73| 49.74] 219.23] 59.30[ 110.45] 59.91
60 71.18[ 42.52] 129.55| 81.49| 111.66| 222.64] 76.32) 68.01f 59.30] 41.44
60| 91.14[ 61.72] 42.49| 54.45| 40.20| 56.22| 57.14] 137.18] 67.90| 78.77
70] 40.03] 42.76] 58.31| 58.55| 54.33| 77.67| 62.48] 82.66[ 116.73] 71.70
70] 61.52( 43.83] 46.53| 159.77| 57.28| 42.38| 43.11] 60.41| 45.45] 78.03
70| 127.28] 205.76] 57.49| 74.67| 82.10] 50.49| 149.00| 103.04| 42.43| 65.97
70| 142.64 47.07] 80.13| 179.51| 253.00] 73.11| 46.67) 58.24[ 51.55| 74.69
70| 101.12f 50.61] 40.03] 64.50] 60.21| 149.00| 68.82| 80.62| 120.37| 67.27
70] 44.05[ 50.49| 54.57| 80.81| 41.77| 43.83| 77.82) 79.65[ 57.01] 104.71
70| 44.01f 40.80] 47.51| 115.52] 49.41| 45.10] 44.05| 40.03] 59.48| 124.20
70| 124.20[ 51.89] 166.43| 97.64| 87.73| 49.74| 219.23| 59.30{ 110.45| 59.91
700 71.18] 42.52] 129.55] 81.49| 111.66] 222.64| 76.32| 68.01| 59.30| 41.44
70] 91.14[ 61.72] 42.49( 54.45| 40.20| 56.22| 57.14| 137.18] 67.90| 78.77
80| 40.03] 42.76] 58.31| 58.55| 5433] 77.67[ 62.48] 82.66[ 116.73] 71.70
80| 61.52| 43.83] 46.53| 159.77| 57.28] 42.38| 43.11] 60.41| 45.45| 78.03
80| 127.28| 205.76] 57.49| 74.67| 82.10) 50.49( 149.00| 103.04| 42.43| 65.97
80| 142.64| 47.07| 80.13] 179.51| 253.00) 73.11| 46.67| 58.24| 51.55| 74.69
80| 101.12| 50.61| 40.03] 64.50{ 60.21] 149.00{ 68.82] 80.62( 120.37| 67.27
80| 44.05| 50.49| 54.57| 80.81| 41.77) 43.83| 77.82] 79.65[ 57.01] 104.71
80| 44.01| 40.80] 47.51] 115.52| 44.05| 45.10f 44.05] 40.03] 59.48]| 124.20
80| 124.20] 51.89| 166.43| 97.64| 87.73] 49.74] 219.23] 59.30{ 110.45] 59.91
80| 71.18] 42.52| 129.55| 81.49| 111.66] 222.64| 76.32] 68.01f 59.30] 41.44
80| 91.14| 61.72| 42.49| 54.45| 40.20| 56.22( 57.14] 137.18] 67.90| 78.77
90| 40.03[ 42.76] 58.31| 58.55| 54.33| 77.67| 62.48| 82.66| 116.73] 71.70
90| 61.52( 43.83] 46.53| 159.77] 57.28| 42.38| 43.11] 60.41| 45.45] 78.03
90| 127.28[ 205.76] 57.49] 74.67| 82.10] 50.49| 149.00] 103.04| 42.43| 65.97
90| 142.64[ 47.07] 80.13[ 179.51| 253.00f 73.11| 46.67| 58.24| 51.55| 74.69
90| 101.12[ 50.61] 40.03] 64.50] 60.21| 149.00 68.82| 80.62| 120.37| 67.27
90| 44.05[ 50.49] 54.57| 80.81| 41.77| 43.83] 77.82) 79.65[ 57.01] 104.71
90| 44.01f 40.80] 47.51| 115.52] 44.05] 45.10] 44.05] 40.03] 59.48| 124.20
90| 124.20[ 51.89| 166.43| 97.64| 87.73| 49.74] 219.23] 59.30( 110.45] 59.91
90| 71.18] 42.52] 129.55| 81.49| 111.66] 222.64| 76.32| 68.01| 59.30| 41.44
90| 91.14[ 61.72] 42.49 54.45| 40.20| 56.22| 57.14| 137.18| 67.90| 78.77
100[ 40.03| 42.76] 5831 58.55| 54.33| 77.67] 62.48] 82.66| 116.73| 71.70
100[ 61.52] 43.83| 46.53| 159.77) 57.28| 42.38] 43.11| 60.41] 45.45[ 78.03
100 127.28] 205.76] 57.49| 74.67) 82.10[ 50.49] 149.00{ 103.04] 42.43| 65.97
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Table 63 (Continued). fiber02a Line Detection L, Grid =10 x 10

P Ltotal
100 142.64| 47.07| 80.13| 179.51| 253.00| 73.11| 46.67| 58.24| 51.55| 74.69
100[ 101.12| 50.61| 40.03| 64.50| 60.21| 149.00] 68.82( 80.62| 120.37| 67.27
100[ 44.05| 50.49| 54.57| 80.81| 41.77| 43.83] 77.82( 79.65| 57.01| 104.71
100[ 44.01| 40.80| 47.51| 115.52] 44.05| 45.10] 44.05 40.03| 59.48| 124.20
100[ 124.20| 51.89| 166.43| 97.64| 87.73| 49.74] 219.23| 59.30| 110.45| 59.91
100[ 71.18| 42.52| 129.55| 81.49| 111.66 222.64| 76.32| 68.01] 59.30| 41.44
100[ 91.14] 61.72| 42.49| 54.45| 40.20( 56.22| 57.14| 137.18] 67.90| 78.77
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Table 64. fiber02a Line Detection t;,, Grid=1x 1
P trotal

10 | 0421

20 | 0.560

30 [ 0.710

40 | 0.856

50| 1.218

60 | 1.165

70 [ 1.295

80 | 1.438

90 | 1.576

100 | 1.727

Table 65. fiber02a Line Detection t;,, Grid =2 x 2
P teotal

10 [ 0.200 | 0.152
10 [ 0.154 | 0.154
20 | 0.293 | 0.258
20 | 0.263 | 0.253
30 [ 0.381 | 0.338
30 | 0339 | 0.361
40 | 0.460 | 0.430
40 | 0.421 | 0.428
50| 0.580 | 0.519
50| 0.521 | 0.550
60 | 0.628 | 0.596
60 | 0.598 | 0.600
70 { 0.714 | 0.679
70 | 0.678 | 0.676
80| 0.797 | 0.763
80| 0.852 | 0.777
90 [ 0.926 | 0.881
90 [ 0.966 | 0.882
100 | 0.994 | 0.939
100 | 1.026 | 0.940
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Table 66. fiber02a Line Detection t;,, Grid =4 x 4

P trotal
10 0.130 | 0.082 | 0.082 | 0.087
10 [ 0.086 | 0.084 | 0.090 | 0.087
10 [ 0.083 | 0.086 | 0.083 | 0.084
10 [ 0.082 | 0.081 | 0.088 | 0.082
20 0.199 | 0.167 | 0.160 | 0.157
20| 0.146 | 0.151 | 0.164 | 0.164
20 0.189 | 0.165| 0.179 | 0.165
20 [ 0.168 | 0.161 | 0.146 | 0.197
30| 0.246 | 0.200 | 0.212 | 0.203
301 0.213 | 0.206 | 0.205 | 0.203
30| 0.244 | 0.226 | 0.228 | 0.183
301 0.210 | 0.220 | 0.125 | 0.209
40 | 0306 | 0.254 | 0.286 | 0.187
40 | 0237 | 0252 | 0.219 | 0.253
40| 0217 | 0254 | 0.227 | 0.175
40| 0265 | 0.261 | 0.121 | 0.263
501 0375 | 0323 | 0372 | 0.220
50 0418 | 0400 | 0.232 | 0.334
50 | 0.235 0.336 | 0.257 | 0.196
501 0.359 | 0322 | 0.129 | 0.287
60 | 0362 | 0323 | 0372 | 0.192
60 | 0231 | 0369 | 0.198 | 0.366
60 | 0202 | 0369 | 0227 | 0.170
60 | 0.350 | 0.361 | 0.118 | 0.274
70 | 0.352 | 0322 | 0423 | 0.187
70 | 0.235 | 0415 | 0.199 | 0.359
70 | 0.203 0420 | 0.221 0.170
70 | 0.338 | 0358 | 0.118 | 0.272
80| 0359 | 0332 | 0485 | 0.193
80| 0235 | 0479 | 0.203 | 0.361
80| 0.207 | 0.546 | 0.234 | 0.173
80| 0347 | 0359 | 0.115| 0.275
90 | 0.366 | 0331 | 0.558 | 0.198
90 | 0.246 | 0.559 | 0.218 | 0.362
90| 0212 | 0.613 0.223 0.184
90 | 0.352 | 0393 | 0.123 | 0.280
100 | 0.380 | 0.320 | 0.598 | 0.192
100 | 0.229 | 0.537 | 0.200 | 0.372
100 | 0211 | 0.711 | 0.234 | 0.169
100 | 0.353 | 0.347 | 0.116 | 0.273
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Table 67. fiber02a Line Detection t;,, Grid=5x5

P ttotal
10 0.117 0.069 0.073 0.108 0.073
10 0.070 0.074 0.075 0.073 0.075
10 0.093 0.078 0.074 0.087 0.094
10 0.075 0.076 0.070 0.060 0.079
10 0.083 0.072 0.078 0.084 0.084
20 0.184 0.130 0.118 0.124 0.134
20 0.125 0.126 0.124 0.136 0.155
20 0.079 0.142 0.143 0.153 0.137
20 0.132 0.145 0.139 0.065 0.145
20 0.133 0.130 0.093 0.130 0.127
30 0.230 0.181 0.117 0.183 0.188
30 0.200 0.231 0.184 0.179 0.186
30 0.073 0.231 0.199 0.179 0.185
30 0.124 0.185 0.180 0.067 0.180
30 0.186 0.155 0.089 0.177 0.184
40 0.230 0.224 0.108 0.230 0.184
40 0.175 0.256 0.224 0.225 0.229
40 0.073 0.225 0.225 0.194 0.223
40 0.122 0.225 0.224 0.058 0.239
40 0.224 0.140 0.085 0.226 0.198
50 0.227 0.289 0.116 0.283 0.186
50 0.177 0.347 0.251 0.307 0.259
50 0.075 0.234 0.280 0.194 0.291
50 0.125 0.265 0.282 0.061 0.308
50 0.228 0.154 0.104 0.314 0.208
60 0.217 0.335 0.105 0.327 0.180
60 0.180 0.240 0.223 0.325 0.218
60 0.074 0.223 0.319 0.188 0.326
60 0.120 0.254 0.321 0.052 0.341
60 0.220 0.137 0.084 0.323 0.195
70 0.212 0.334 0.103 0.394 0.181
70 0.177 0.243 0.225 0.371 0.219
70 0.074 0.221 0.372 0.190 0.370
70 0.121 0.256 0.374 0.053 0.383
70 0.235 0.146 0.088 0.392 0.199
80 0.218 0.332 0.106 0.444 0.180
80 0.176 0.242 0.234 0.412 0.225
80 0.072 0.229 0.406 0.202 0.363
80 0.122 0.258 0.467 0.056 0.382
80 0.223 0.137 0.084 0.421 0.196
90 0.223 0.331 0.113 0.519 0.189
90 0.187 0.253 0.236 0.444 0.225
90 0.076 0.239 0.417 0.196 0.380
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Table 67 (Continued). fiber02a Line Detection t,.;, Grid =5x 5

P ttota]

90 0.122 0.270 0.528 0.056 0.392

90 0.231 0.142 0.104 0.426 0.209

100 0.218 0.328 0.104 0.542 0.179

100 0.178 0.245 0.230 0415 0.223

100 0.077 0.226 0.405 0.194 0.363

100 0.121 0.257 0.558 0.054 0.381

100 0.219 0.138 0.084 0414 0.196
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Table 68. fiber02a Line Detection t;,, Grid =6 x 6

P ttotal
10 0.124 0.071 0.072 0.067 0.072 0.072
10 0.072 0.065 0.075 0.051 0.068 0.069
10 0.066 0.068 0.067 0.066 0.081 0.067
10 0.064 0.077 0.067 0.074 0.053 0.076
10 0.065 0.071 0.066 0.153 0.072 0.081
10 0.066 0.070 0.064 0.069 0.067 0.066
20 0.156 0.118 0.121 0.116 0.126 0.113
20 0.121 0.120 0.125 0.051 0.118 0.068
20 0.129 0.140 0.125 0.127 0.133 0.132
20 0.142 0.123 0.132 0.121 0.063 0.127
20 0.138 0.144 0.114 0.201 0.119 0.114
20 0.110 0.113 0.066 0.117 0.118 0.106
30 0.236 0.168 0.132 0.181 0.184 0.176
30 0.185 0.132 0.203 0.056 0.189 0.076
30 0.181 0.190 0.124 0.171 0.197 0.185
30 0.128 0.218 0.199 0.191 0.073 0.170
30 0.120 0.156 0.162 0.269 0.185 0.167
30 0.113 0.179 0.073 0.205 0.182 0.101
40 0.193 0.196 0.112 0.206 0.280 0.152
40 0.203 0.132 0.231 0.067 0.235 0.074
40 0.202 0.212 0.132 0.274 0.223 0.181
40 0.125 0.224 0.213 0.202 0.055 0.213
40 0.121 0.205 0.148 0.263 0.173 0.206
40 0.113 0.155 0.067 0.206 0.213 0.102
50 0.208 0.213 0.110 0.234 0.330 0.167
50 0.306 0.127 0.319 0.049 0.246 0.073
50 0.205 0.276 0.124 0.345 0.270 0.196
50 0.166 0.268 0.288 0.208 0.082 0.297
50 0.127 0.265 0.151 0.278 0.180 0.335
50 0.114 0.157 0.070 0.272 0.288 0.121
60 0.183 0.194 0.106 0.227 0.353 0.152
60 0.285 0.129 0.342 0.048 0.233 0.066
60 0.199 0.287 0.115 0.352 0.323 0.266
60 0.142 0.205 0.318 0.204 0.053 0.297
60 0.126 0.309 0.147 0.242 0.171 0.400
60 0.112 0.157 0.231 0.338 0.261 0.097
70 0.180 0.206 0.123 0.235 0.364 0.151
70 0.278 0.127 0.396 0.049 0.230 0.068
70 0.196 0.267 0.119 0.399 0.361 0.171
70 0.123 0.214 0.353 0.203 0.059 0.346
70 0.122 0.298 0.147 0.241 0.169 0.453
70 0.113 0.150 0.063 0.394 0.268 0.101
80 0.187 0.195 0.111 0.231 0.394 0.150
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Table 68 (Continued). fiber02a Line Detection t,.;, Grid =6 x 6

P ttntal
80 0.286 0.126 0.435 0.048 0.239 0.066
80 0.199 0.272 0.118 0.467 0411 0.170
80 0.125 0.208 0.402 0.201 0.053 0.389
80 0.120 0.295 0.147 0.248 0.172 0.560
80 0.111 0.151 0.063 0.445 0.274 0.100
90 0.182 0.212 0.111 0.236 0.374 0.152
90 0.295 0.139 0.490 0.050 0.249 0.068
90 0.204 0.279 0.118 0.491 0.424 0.171
90 0.128 0.210 0.518 0.205 0.055 0.492
90 0.124 0.300 0.147 0.246 0.175 0.492
90 0.118 0.160 0.066 0.512 0.276 0.102
100 0.182 0.192 0.107 0.228 0.379 0.177
100 0.303 0.130 0.528 0.050 0.24 0.069
100 0.205 0.282 0.119 0.494 0.424 0.175
100 0.129 0.216 0.537 0.206 0.053 0.565
100 0.127 0.306 0.153 0.257 0.175 0.490
100 0.119 0.157 0.063 0.565 0.287 0.102
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Table 69. fiber02a Line Detection t;,, Grid=8 x 8

P tmtal
10| 0.10] 0.07| 0.07 | 0.06 006 | 0.06| 0.06 | 0.06
10] 006 | 007] 0.06| 009]| 0.06| 0.06| 0.04 | 0.06
10| 006 | 0.04] 006| 004] 0.05| 0.06]| 0.06 | 0.06
10| 0.06 | 0.06]| 0.06| 006| 0.06| 0.06]| 0.05| 0.04
10| 0.06 | 0.06]| 0.06| 006]| 0.07| 0.06]| 0.06 | 0.06
10| 0.06| 0.06| 0.07]| 0.07 0.07 ] 0.06 | 0.03 0.06
10] 0.06| 0.06]| 0.06| 006| 0.06| 0.06| 0.06 | 0.06
10| 004 | 006] 0.05| 006]| 0.06| 0.06]| 0.06 | 0.07
20| 012 ] 0.I5] 0.07 | 0.09 | 0.11 0.11 0.10 | 0.08
20| 0.10] 0.10]| 0.06 | 0.15] 0.10| 0.10]| 0.03 | 0.09
20| 0.10] 0.04]| 0.07| 004| 0.05| 0.10]| 0.11 0.10
20| 010 ] 0.09| 0.09| 0.10] 0.11 0.10 | 0.05 | 0.04
20 | 0.11 0.10 ] 0.10] 0.10 | 0.10 | 0.08 | 0.11 0.10
20| 0.06 | 0.10 | 0.11 0.10 | 0.06 | 0.10| 0.02 | 0.10
20| 010] 0.10| 0.07| 0.10| 0.07| 0.10| 0.10| 0.11
20| 0.04 | 0.10] 0.05| 0.07] 0.11 0.10 | 0.11 0.10
30| 0.11 019 ] 0.07] 009 ] 0.19] 0.14 | 0.09 | 0.08
30| 010 0.12] 0.06| 022] 0.19]| 0.18 | 0.04| 0.12
30| 0.11 004 ] 007 005] 0.05]| 0.15] 0.10]| 0.14
30| 0.17| 0.09] 0.10| O0.15 0.15 0.12 | 0.05 0.04
30| 012 014 ] 0.15] 0.14 | 0.14] 0.08 | 0.12 | 0.15
30| 006| 0.16] 0.15)| 0.14] 0.06 | 0.15] 0.02] 0.10
30| 022 0.14] 0.08| 0.11 009] 0.15| 0.18 | 0.16
30| 0.05| 0.17] 0.05| 008 ] 0.16 | 0.16 | 0.17] 0.10
40 | 0.11 024 ] 0.08| 009] 023]| 0.19] 0.09| 0.09
40 | 0.11 012 ] 0.06 | 025| 0.8 | 0.18 | 0.04 | 0.12
40 | 0.11 005] 0.08] 0.05] 0.06 | 0.17 | 0.11 0.14
40| 0.19] 0.09| 0.10] 020] 0.19 | 0.12] 0.05| 0.04
40| 013 ] 017 019 ] 0.18 | 0.14 | 0.08 | 0.11 0.18
40| 006 | 0.18| 0.19] 0.18]| 0.06 | 0.18 ] 0.03 | 0.10
40| 0.19| 017 007 ] 0.10| 007 | 0.13 | 020 | 0.18
40| 004 | 08| 005] 0.07] 0.14 | 0.16 | 0.15| 0.10
50| 02| 028] 0.07| 010] 030 023 ] 0.12] 0.09
50| 0.11 0.12 | 0.06 | 0.28 0.16 | 0.16 | 0.03 0.10
50| 0.10| 0.04] 0.06| 0.04] 0.05 0.15 0.10 | 0.13
50| 026 009] 009 023] 027 0.12] 0.05] 0.06
50| 014 017 ] 024] 023 ] 0.15] 0.08 | 0.11 0.22
50| 0.06| 026| 024 023] 0.06| 0.18] 0.03]| 0.10
50| 020 06| 0.07| 0.10| 0.07| 0.15 0.25 0.25
50| 0.04| 019] 0.05| 007] 0.14| 0.17 ] 0.16 | 0.10
60| 010 025] 0.06 | 009 | 030 027 | 0.09 | 0.08
60 | 0.11 012 ] 0.05| 049 | 0.17| 0.16 | 0.03 | 0.09
60| 0.10| 004 | 0.06| 004 | 0.05| 0.15] 0.10]| 0.12
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Table 69 (Continued). fiber02a Line Detection t;, Grid =8 x 8

P ttota]

60 0.31 0.09 0.09 0.24 0.28 0.12 0.05 0.04

60 0.12 0.16 0.31 0.26 0.14 0.08 0.11 0.20

60 0.06 0.29 0.28 0.27 0.06 0.18 0.02 0.10

60 0.18 0.17 0.07 0.10 0.07 0.14 0.28 0.26

60 0.04 0.17 0.05 0.07 0.13 0.15 0.14 0.09

70 0.10 0.26 0.07 0.09 0.34 0.31 0.09 0.08

70 0.10 0.12 0.06 0.34 0.16 0.15 0.03 0.09

70 0.10 0.03 0.06 0.04 0.05 0.14 0.10 0.12

70 0.34 0.08 0.08 0.23 0.32 0.11 0.05 0.04

70 0.12 0.16 0.35 0.31 0.14 0.08 0.11 0.21

70 0.06 0.33 0.32 0.31 0.06 0.18 0.02 0.10

70 0.18 0.16 0.07 0.10 0.06 0.13 0.32 0.30

70 0.04 0.17 0.05 0.07 0.13 0.15 0.15 0.09

80 0.10 0.25 0.07 0.09 0.34 0.32 0.09 0.08

80 0.11 0.12 0.06 0.37 0.17 0.16 0.03 0.09

80 0.11 0.03 0.06 0.04 0.05 0.14 0.10 0.12

80 0.36 0.08 0.09 0.24 0.34 0.11 0.05 0.04

80 0.12 0.16 0.34 0.33 0.14 0.08 0.11 0.20

80 0.06 0.33 0.34 0.33 0.06 0.18 0.03 0.10

80 0.17 0.16 0.07 0.09 0.06 0.13 0.36 0.34

80 0.04 0.17 0.05 0.07 0.13 0.15 0.14 0.09

90 0.10 0.25 0.07 0.09 0.35 0.33 0.09 0.09

90 0.11 0.12 0.06 0.38 0.17 0.16 0.03 0.10

90 0.11 0.03 0.06 0.04 0.05 0.15 0.10 0.12

90 0.37 0.09 0.09 0.25 0.37 0.12 0.05 0.04

90 0.13 0.18 0.35 0.35 0.15 0.08 0.11 0.20

90 0.06 0.36 0.36 0.35 0.06 0.19 0.03 0.11

90 0.19 0.16 0.07 0.10 0.07 0.13 0.40 041

90 0.04 0.18 0.05 0.07 0.14 0.17 0.15 0.09

100 0.11 0.25 0.07 0.09 0.36 0.33 0.09 0.08

100 0.11 0.12 0.06 0.37 0.16 0.16 0.03 0.11

100 0.11 0.04 0.06 0.04 0.05 0.15 0.10 0.12

100 0.37 0.09 0.09 0.24 0.35 0.12 0.05 0.04

100 0.13 0.18 0.35 0.36 0.15 0.08 0.11 0.21

100 0.06 0.35 0.36 0.35 0.06 0.18 0.02 0.10

100 0.18 0.17 0.07 0.10 0.06 0.13 0.41 0.43

100 0.04 0.19 0.05 0.07 0.13 0.16 0.15 0.10

254



Table 70. fiber02a Line Detection t;,, Grid =10 x 10

P ttctal
10| 0.05] 0.06| 0.06| 0.06| 006| 006 | 006 | 0.10| 0.05| 0.06
10| 0.10] 0.05| 0.06 | 0.12]| 0.06| 006 | 0.05| 0.06 | 0.04| 0.06
10| 0.05] 0.05| 0.06| 0.06| 0.06| 005| 006 | 0.06 | 0.05| 0.06
10| 0.06| 0.03| 0.05| 0.06| 0.05] 006 | 005| 0.06 ]| 0.07| 0.09
10| 0.05] 0.06| 0.06| 0.05] 005| 006 | 0.06| 0.06 | 0.06]| 0.05
10| 0.05] 0.04| 0.06| 0.07]| 005]| 007 | 005| 0.06 | 0.06 | 0.06
10| 0.05] 0.05| 0.06| 0.06| 0.06| 005| 005| 0.05] 0.08| 0.08
10| 003 ] 0.06| 0.06| 0.06| 006| 005| 006 | 0.06 | 0.06 | 0.06
10| 0.05] 0.06| 0.06| 0.06| 0.06| 006 | 006 | 0.06]| 0.05| 0.07
10| 0.05] 0.07| 0.06| 0.07]| 0.05]| 006 | 0.06| 0.06 | 0.06 | 0.06
20| 0.05] 0.06| 006, 010| 009 | 0.10| 0.10| 0.16 | 0.06 | 0.08
20| 0.13] 0.10) 0.09| 018 | 0.10| 0.06 | 0.10| 0.16 | 0.04| 0.06
20| 0.10] 0.07| 008 | 0.17| 0.10 | 0.05| 0.11 0.10 | 0.08 | 0.10
20| 0.07] 003 007| 0.10| 0.05| 0.08| 0.10| 0.11 0.10 | 0.13
20| 0.10] 0.10) 0.10| 0.06 | 0.10 | 0.10| 0.11 0.10 | 0.06 | 0.10
20| 0.09] 0.05| 0.07| 0.10| 0.11 0.10 | 0.11 0.08 | 0.09| 0.11
20| 0.05] 0.0 0.09 | 0.10| 0.11 0.10 | 0.03| 0.08]| 0.09| 0.08
20| 0.04| 0.10) 010 009 | 007| 0.10] 0.10| 0.16 | 0.06 | 0.10
20| 0.05] 011 ) 0.06| 008 | 009 | 022 ] 0.06 | 0.10]| 0.10| 0.10
20| 0.04| 0.18] 007 007| 005| 0.10] 0.10| 0.10] 0.09 | 0.07
30| 0.06| 0.06| 0.06| 0.14] 008 | 0.14| 0.11 020 | 0.07 | 0.08
30| 0.14| 0.16| 0.09] 0.19] 012 006 | 0.14| 0.20| 0.04| 0.06
30| 0.13 ] 0.07| 0.08] 020]| 0.14| 005| 0.14| 0.14]| 0.08| 0.14
30| 0.06| 0.03| 008 013 004 008 | 0.14| 0.14| 0.13| 0.16
30| 0.14] 0.12| 0.14] 0.05] 0.13| 0.19| 0.11 0.14 | 0.06 | 0.12
30| 0.08| 0.04| 0.06| 0.10] 0.14| 0.18 | 0.11 0.06 | 0.09| 0.14
30| 0.05] 0.13| 0.09| 013 ] 0.14| 0.10| 003 | 0.08] 0.09| 0.08
30| 0.04| 0.14| 0.11 0.10| 0.07| 0.09]| 0.10| 0.19| 0.06 | 0.11
30| 0.05| 0.14| 0.06| 0.08] 0.09| 0.15| 0.06 | 0.11 0.14 | 0.11
30| 0.03] 020| 0.09| 0.06]| 005| 0.10| 0.15| 0.12] 0.08 | 0.07
40| 0.05]| 0.06| 006 013 | 009 | 0.17 | 0.10| 0.20| 0.06 | 0.08
40| 0.13] 0.16 | 0.11 0.26 | 0.11 0.07 | 0.21 024 | 0.04 | 0.06
40| 0.18] 0.08| 0.08| 025| 0.15] 0.05| 0.25]| 0.21 0.09 | 0.20
40| 0.08] 0.03] 009 017 | 006 | 0.09 | 020| 0.15]| 0.14 | 0.18
40| 020] 0.12 | 0.21 0.05 | 0.21 025| 0.12| 0.19]| 0.07| 0.13
40| 0.10] 0.05| 0.07 | 0.11 020 025] 0.13| 007 | 0.10 | 0.17
40| 0.06| 015 0.10| 0.19| 0.19 | 0.11 0.04 | 0.08| 0.10| 0.10
40| 0.04| 021 | 0.11 0.09 | 0.07 | 0.11 0.11 025 | 0.06 | 0.12
40| 0.05]| 022) 0.08| 009| 009 | 0.16 | 0.08| 0.15| 0.18] 0.13
40| 0.04] 031 0.07| 007 0.05]| 0.11 036 | 0.14 | 0.12 | 0.09
50| 005| 0.06| 0.06| 0.13| 0.08] 022] 0.11 023 | 0.06 | 0.08
50| 0.11 0.16 | 0.09]| 020] 0.10| 0.06 | 0.21 0.19 | 0.04 ] 0.05
50| 020 0.07] 007] 025| 0.14] 0.05| 0.19| 0.18 | 0.08 | 0.15
50| 006| 0.03| 0.06| 0.14| 0.04| 0.08] 0.21 0.13 | 0.12] 0.15
50| 0.21 0.12| 020] 0.07] 020 020 0.11 020 ] 0.06 | 0.12
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Table 70 (Continued). fiber02a Line Detection t;,;, Grid =10 x 10

P ttctal
50 0.10 0.04 0.06 0.10 0.21 0.24 0.10 0.06 0.09 0.23
50 0.06 0.13 0.08 0.18 0.21 0.10 0.03 0.08 0.08 0.08
50 0.03 0.20 0.10 0.08 0.06 0.09 0.11 0.22 0.05 0.11
50 0.05 0.18 0.05 0.07 0.09 0.13 0.06 0.11 0.18 0.10
50 0.03 0.21 0.07 0.06 0.04 0.10 0.26 0.10 0.08 0.06
60 0.05 0.05 0.05 0.13 0.08 0.25 0.10 0.17 0.05 0.07
60 0.11 0.16 0.09 0.21 0.10 0.06 0.25 0.19 0.04 0.05
60 0.19 0.07 0.07 0.25 0.14 0.05 0.18 0.18 0.08 0.15
60 0.06 0.03 0.07 0.14 0.04 0.07 0.20 0.13 0.12 0.15
60 0.26 0.11 0.19 0.05 0.19 0.20 0.11 0.19 0.06 0.12
60 0.08 0.04 0.07 0.10 0.31 0.24 0.11 0.06 0.08 0.16
60 0.05 0.13 0.09 0.17 0.26 0.10 0.03 0.08 0.08 0.08
60 0.03 0.20 0.10 0.09 0.06 0.09 0.10 0.21 0.05 0.11
60 0.05 0.18 0.06 0.08 0.09 0.13 0.06 0.10 0.19 0.11
60 0.04 0.21 0.07 0.06 0.04 0.09 0.25 0.11 0.08 0.07
70 0.05 0.05 0.05 0.13 0.08 0.28 0.10 0.19 0.05 0.07
70 0.11 0.16 0.09 0.21 0.10 0.06 0.29 0.19 0.04 0.05
70 0.20 0.07 0.08 0.26 0.14 0.05 0.19 0.18 0.09 0.18
70 0.07 0.03 0.07 0.15 0.04 0.07 0.21 0.13 0.12 0.15
70 0.27 0.11 0.19 0.05 0.19 0.20 0.11 0.20 0.05 0.11
70 0.08 0.04 0.06 0.10 0.30 0.25 0.10 0.06 0.08 0.16
70 0.05 0.13 0.08 0.17 0.29 0.10 0.03 0.08 0.08 0.08
70 0.04 0.20 0.10 0.08 0.06 0.10 0.10 0.22 0.05 0.11
70 0.05 0.18 0.06 0.08 0.10 0.13 0.06 0.11 0.18 0.10
70 0.03 0.21 0.06 0.06 0.04 0.10 0.26 0.11 0.08 0.06
80 0.05 0.05 0.05 0.12 0.08 0.27 0.10 0.17 0.05 0.07
80 0.11 0.16 0.09 0.21 0.10 0.06 0.29 0.18 0.03 0.05
80 0.19 0.07 0.07 0.25 0.14 0.05 0.18 0.18 0.08 0.15
80 0.06 0.03 0.07 0.14 0.04 0.08 0.20 0.13 0.12 0.15
80 0.27 0.11 0.19 0.05 0.19 0.20 0.11 0.19 0.06 0.12
80 0.08 0.04 0.06 0.10 0.31 0.24 0.10 0.06 0.08 0.16
80 0.05 0.13 0.08 0.17 0.31 0.10 0.03 0.08 0.09 0.08
80 0.03 0.19 0.10 0.08 0.06 0.09 0.10 0.22 0.06 0.11
80 0.05 0.18 0.05 0.08 0.09 0.13 0.06 0.11 0.18 0.10
80 0.03 0.20 0.07 0.06 0.04 0.10 0.26 0.11 0.08 0.06
90 0.05 0.05 0.05 0.13 0.08 0.27 0.10 0.17 0.05 0.07
90 0.11 0.16 0.09 0.21 0.10 0.06 0.29 0.19 0.03 0.05
90 0.20 0.07 0.08 0.25 0.14 0.05 0.19 0.18 0.08 0.15
90 0.06 0.03 0.07 0.14 0.04 0.07 0.21 0.13 0.12 0.15
90 0.28 0.11 0.19 0.05 0.19 0.20 0.10 0.19 0.05 0.11
90 0.08 0.04 0.06 0.10 0.31 0.24 0.10 0.06 0.08 0.16
90 0.05 0.13 0.08 0.17 0.31 0.10 0.03 0.08 0.08 0.08
90 0.03 0.20 0.10 0.08 0.06 0.09 0.10 0.21 0.06 0.11
90 0.05 0.18 0.05 0.08 0.09 0.13 0.06 0.11 0.18 0.10
90 0.03 0.21 0.07 0.06 0.04 0.10 0.27 0.11 0.08 0.06
100 0.05 0.06 0.05 0.13 0.08 0.27 0.11 0.17 0.05 0.07
100 0.12 0.16 0.09 0.21 0.10 0.06 0.30 0.19 0.04 0.05
100 0.19 0.07 0.08 0.26 0.14 0.05 0.19 0.18 0.08 0.16
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Table 70 (Continued). fiber02a Line Detection t;,;, Grid =10 x 10
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Appendix C: Matlab™ Codes

function preprocess_avg

%Get Image
RGB = imread("0013-2-10a.bmp™);

I = rgb2gray(RGB);
n = 256;

for 1 = 3:2:11

tic

dim = i;

H = fspecial("average”,dim);

B = imfFilter(l,H, "same”,"conv");
D=1 - B;

toc

t = toc;

[count, x] = imhist(D,n);
hist_data [x, count];
hist_data = hist_data“;

run_number

run_string
dim_string

num2str( run_number );
num2str( dim );

figure(1); colormap(gray);
imagesc(B);
title(strcat("Average Filter, Std Dev = ",dim _string));

% picnamel = strcat( "data/Preprocessing/Average/0013-2-
9a/filter_run_", run_string);

% saveas(gcf, picnamel, “fig® );

% saveas(gcf, picnamel, "png®);

figure(2); colormap(gray);
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imagesc(D);
title(strcat("Preprocessing Difference, Avg Dim =
",dim_string));

% picname2 = strcat( "data/Preprocessing/Average/0013-2-
9a/diff_run_", run_string);
% saveas(gcf, picname2, “fig" );
% saveas(gcf, picname2, "png-);
Ffigure(3);
imhist(D,n);

title(strcat("Noise Histogram, Average Dist = ",dim_string));

picname3 = strcat( "data/Preprocessing/Average/0013-2-
10a/diff _run_", run_string, " hist");

saveas(gcf, picname3, "fig" );

saveas(gcf, picname3, "pngT);

fid = fopen(strcat("data/Preprocessing/Average/0013-2-
10a/diff_run_", run_string, " _hist.txt"), "wt");

fprintf(fid, "%6d %12d\n", hist_data );

fclose(Tid)

fid = fopen(strcat("data/Preprocessing/Average/0013-2-
10a/diff_run_", run_string, " time.txt"), “wt");

fprintf(fid, "%6.9d ", t);
fclose(fid)

end
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function preprocess_median

%Get Image
RGB = imread("fiberlOa.bmp®);

I = rgb2gray(RGB);
n = 256;

for 1 = 3:2:11

dim = i;

oy}
1l

medfilt2(l, [dim dim]);

lw)
1l

1 - B;

toc
t = toc;
[count, x] = imhist(D,n);

hist_data = [x, count];
hist _data hist _data“;

run_number

run_string
dim_string

num2str( run_number );
num2str( dim );

figure(1); colormap(gray);
imagesc(B);
title(strcat("Median Filter, Dim = ",dim_string));

% picnamel = strcat( "data/Preprocessing/Median/0013-2-
12a/filter_run_", run_string);

% saveas(gcf, picnamel, "fig" );

% saveas(gcf, picnamel, “png®);

figure(2); colormap(gray);

imagesc(D);

title(strcat("Preprocessing Difference, Median, Dim =
",dim_string));
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% picname2 = strcat( "data/Preprocessing/Median/0013-2-
12a/diff_run_", run_string);

% saveas(gcf, picname2, "fig" );
% saveas(gcf, picname2, "png-);
figure(3);
imhist(D,n);

title(strcat("Noise Histogram, Median Dim = ",dim_string));

picname3 = strcat(
"data/Preprocessing/Median/fiberl0a/diff_run_", run_string, " _hist");

saveas(gcf, picname3, “"Tig" );

saveas(gcf, picname3, "png”);

fid =
fopen(strcat("data/Preprocessing/Median/fiberlOa/diff_run_",
run_string, °"_hist.txt"), “wt");

fprintf(Ffid, "%6d %12d\n", hist data );

fclose(fid)

fid =
fopen(strcat("data/Preprocessing/Median/fiberlOa/diff_run_",
run_string, °_time.txt"), “wt");

fprintf(fid, "%6.9d ", t);

fclose(fid)

end
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function preprocess_gauss

%Get Image
[RGB,mapl] = imread("fiberlOa.bmp®);

I = rgb2gray(RGB);
n = 256;
for i = 1:1:25

tic

sigma = 0.25*i;

H = fspecial("gaussian”,[5 5],sigma);
B = imfFilter(l,H, "same”,"conv");
D=B-1;

toc

t = toc;

[count, x] = imhist(D,n);
hist _data = [x, count];
hist _data = hist_data”;

run_number i;

run_string = num2str( run_number );
sigma_string = num2str( sigma );

Ffigure(1); colormap(gray);
imagesc(B);

% title(strcat("Gaussian Filter, Sigma = ",sigma_string));
% picnamel = strcat(
"data/Preprocessing/Gaussian/fiberO2a/filter_run_", run_string);
% saveas(gcft, picnamel, “fig® );

% saveas(gcf, picnamel, "png-);

figure(2); colormap(gray);

imagesc(D);

title(strcat("Preprocessing Difference, Sigma =
",sigma_string));
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picname2 = strcat(
"data/Preprocessing/Gaussian/fiberl0a/diff _run_", run_string);

saveas(gcf, picname2, "fig" );

saveas(gcf, picname2, "png”);

figure(3);
imhist(D,n);

title(strcat("Noise Histogram, Gaussian Sigma =
",sigma_string));

picname3 = strcat(
"data/Preprocessing/Gaussian/fiberlO0a/diff _run_", run_string, " hist");

saveas(gcf, picname3, "fig" );

saveas(gcf, picname3, "png°);

fid =
fopen(strcat("data/Preprocessing/Gaussian/fiberl0a/diff _run_ -,
run_string, " hist.txt"), "wt");

fprintf(fid, "%6d %12d\n", hist_data );

fclose(fid)

fid =
fopen(strcat("data/Preprocessing/Gaussian/fiberl0a/diff _run_-,
run_string, " time.txt"), "wt");

fprintFf(fid, "%6.9d °, t);

fclose(Tid)

end
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function preprocess_LoG

%Get Image
RGB = imread("fiberlOa.bmp®);

I = rgb2gray(RGB);
n = 256;
for i = 1:1:25

tic

sigma = 0.25*i;

H = fspecial("log”,[5 5],sigma);
B = imfFilter(l,H, "same”,"conv");
D=1 - B;

toc

t = toc;

[count, x] = imhist(D,n);
hist _data = [x, count];
hist _data = hist_data”;

run_number i;

run_string = num2str( run_number );
sigma_string = num2str( sigma );

Ffigure(1); colormap(gray);
imagesc(B);

% title(strcat("LoG Filter, Std Dev = ",sigma_string));
% picnamel = strcat( "data/Preprocessing/LoG/0013-2-
12a/filter_run_", run_string);

% saveas(gcft, picnamel, “fig® );

% saveas(gcf, picnamel, "png-);

figure(2); colormap(gray);

imagesc(D);

title(strcat("Preprocessing Difference, LoG, Std Dev =
",sigma_string));
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picname2 = strcat(
"data/Preprocessing/LoG/fiberl0a/diff _run_", run_string);

saveas(gcf, picname2, “fig" );

saveas(gcf, picname2, "png-°);

figure(3);
imhist(D,n);

title(strcat("Noise Histogram, LoG Sigma = ",sigma_string));

picname3 = strcat(
"data/Preprocessing/LoG/fiberl0a/diff _run_", run_string, " _hist");

saveas(gcf, picname3, "fig" );

saveas(gcF, picname3, “"png");

fid =
fopen(strcat(“data/Preprocessing/LoG/fiberlOa/diff run_ ", run_string,
" hist.txt"), "wt");

fprintf(Ffid, "%6d %12d\n", hist data );

fclose(Tid)

fid =
fopen(strcat(“data/Preprocessing/LoG/fiberlOa/diff_run_", run_string,
" _time.txt"), "wt");

fprintf(Ffid, "%6.9d ", t);

fclose(fid)

end
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function edge_roberts

%% Define Variables

for j = 1:1:12

pic_string = strcat("0013-2-", num2str(j), "a");
dim = 5; %Defines size of n x n smoothing kernel

RGB

imread( strcat( pic_string, " .bmp") ); %Get image
scale = 0.001; %Edge detection threshhold scale
%% Noise Reduction via Averaging

rgb2gray(RGB); %Converts image to grayscale

H fspecial ("average”,dim); %Generate kernel

w
1

imFilter(l,H,"same”, "conv™); %Filter Image
B 90 = imrotate(B, 90); %Rotate image 90 degrees counter-clockwise

figure(1); colormap(gray);

imagesc(B);

title(strcat("Average Smoothing, °, num2str(dim), * x ",
num2str{dim) ) );

lavg
Bavg

mean(mean(l))
mean(mean(B))

%% Edge Detection: Roberts
for 1 = 1:1:30
threshold = i * scale;
tic;
[BW, thresh] = edge(B, "roberts®, threshold );
toc;
t(i) = toc
[count, Xx] = imhist(BW);

hist _data [x, count];
hist_data = hist_data“;
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[BW_90, thresh ] = edge(B_90, “roberts®, threshold );
BW_90check = imrotate( BW_90, -90);
[count 90, x 90

hist _data 90
hist _data 90

1 = imhist(BW_90check);
[x 90, count _90];
hist _data 907;

Check = BW - BW_90check;

[count_check, x_check] = imhist(BW_90check);
hist _data check = [x_check, count check];
hist _data check = hist _data check";

run_string = num2str(i);

Ffigure(2); colormap(gray);
imagesc(BW);
title( strcat("Roberts Method, Thresh = ", num2str(threshold) )

picnamel = strcat( "data/Edge Detection/Roberts/",
pic_string, “/edges thresh ", run_string );

saveas(gcf, picnamel, "fig" );

saveas(gcf, picnamel, "png");

figure(3); imhist(BW);
title( strcat("Edge Histogram, Roberts Method, Thresh = *,
num2str(threshold) ) );

picname2 = strcat( "data/Edge Detection/Roberts/",
pic_string, "/edges thresh ", run_string, " hist");

saveas(gcf, picname2, "fig" );

saveas(gcf, picname2, "png-);

figure(4); colormap(gray);

imagesc(Check);

title( strcat("90 Degree Rotation Check, Roberts Method, Thresh
= ", num2str(threshold) ) );

picname3 = strcat( "data/Edge_Detection/Roberts/",
pic_string, "/edges90 thresh ", run_string );

saveas(gcf, picname3, "fig" );

saveas(gcf, picname3, "png-);

figure(5); imhist(Check);
title( strcat("Error Histogram, Roberts Method, Thresh = *,
num2str(threshold) ) );

picname4 = strcat( "data/Edge Detection/Roberts/",

pic_string, "/error_thresh ", run_string, " hist");
saveas(gcf, picname4, "fig" );
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saveas(gcF, picnamed4, “"png");

fid = fopen(strcat(“data/Edge Detection/Roberts/",

pic_string, "/edges_thresh_%, run_string, °"_hist.txt"), “wt");
fprintf(Ffid, "%6d %12d\n", hist data );
fclose(fid)

fid = fopen(strcat("datas/Edge Detection/Roberts/",

pic_string, "/edges90 thresh_ ", run_string, " hist.txt"), "wt");
fprintF(fid, "%6d %12d\n", hist_data 90 );
fclose(Tid)

fid = fopen(strcat("data/Edge_Detection/Roberts/",

pic_string, “/error_thresh_", run_string, °"_hist.txt"), “wt");
fprintf(fid, "%6d %12d\n", hist_data_check );
fclose(fid)

end

fid = fopen(strcat("data/Edge_Detection/Roberts/0013-2-1a/time.txt"),
Wty

fprintf(Fid, "%12d %12d\n", t );

fclose(fid)

end
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function edge_sobel

%% Define Variables

for j = 1:1:12

pic_string = strcat("0013-2-", num2str(j), "a");
dim = 5; %Defines size of n x n smoothing kernel

RGB

imread( strcat( pic_string, " .bmp") ); %Get image
scale = 0.001; %Edge detection threshhold scale
%% Noise Reduction via Averaging

rgb2gray(RGB); %Converts image to grayscale

H fspecial (“average”,dim); %Generate kernel

w
1

imFilter(l,H,"same”, "conv™); %Filter Image
B 90 = imrotate(B, 90); %Rotate image 90 degrees counter-clockwise

figure(1); colormap(gray);

imagesc(B);

title(strcat("Average Smoothing, °, num2str(dim), * x °,
num2str(dim) ) );

lavg
Bavg

mean(mean(l))
mean(mean(B))

%% Edge Detection: Roberts
for 1 = 1:1:30
threshold = i * scale;
tic;
[BW, thresh] = edge(B, "sobel®, threshold );
toc;
t(i) = toc
[count, Xx] = imhist(BW);

hist _data [x, count];
hist_data = hist_data“;
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[BW_90, thresh ] = edge(B_90, "sobel®, threshold );
BW_90check = imrotate( BW_90, -90);
[count 90, x 90

hist _data 90
hist _data 90

1 = imhist(BW_90check);
[x 90, count _90];
hist data 907;

Check = BW - BW_90check;

[count_check, x_check] = imhist(BW_90check);
hist _data check = [x_check, count check];
hist data check = hist _data check";

run_string = num2str(i);

Ffigure(2); colormap(gray);
imagesc(BW);
title( strcat("Sobel Method, Thresh = ", num2str(threshold) )

picnamel = strcat( "data/Edge Detection/Sobel/",
pic_string, “/edges thresh ", run_string );

saveas(gcf, picnamel, "fig" );

saveas(gcf, picnamel, "pngT);

figure(3); imhist(BW);
title( strcat("Edge Histogram, Sobel Method, Thresh = *,
num2str(threshold) ) );

picname2 = strcat( "data/Edge Detection/Sobel/",
pic_string, "/edges thresh ", run_string, " hist");

saveas(gcf, picname2, "fig" );

saveas(gcf, picname2, "png-);

figure(4); colormap(gray);
imagesc(Check);

title( strcat("90 Degree Rotation Check, Sobel Method, Thresh =

", num2str(threshold) ) );

picname3 = strcat( "data/Edge_Detection/Sobel/",
pic_string, "/edges90 thresh ", run_string );

saveas(gcf, picname3, "fig" );

saveas(gcf, picname3, "png-);

figure(5); imhist(Check);
title( strcat("Error Histogram, Sobel Method, Thresh = =,
num2str(threshold) ) );

picname4 = strcat( "data/Edge Detection/Sobel/",

pic_string, "/error_thresh ", run_string, " hist");
saveas(gcf, picname4, "fig" );
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saveas(gcF, picnamed4, “"png");

fid = fopen(strcat( data/Edge Detection/Sobel/",

pic_string, "/edges_thresh_%, run_string, °"_hist.txt"), “wt");
fprintf(Fid, "%6d %12d\n", hist data );
fclose(fid)

fid = fopen(strcat("data/Edge Detection/Sobel/",

pic_string, "/edges90 thresh_ ", run_string, " hist.txt"), "wt");
fprintF(fid, "%6d %12d\n", hist_data 90 );
fclose(Tid)

fid = fopen(strcat("data/Edge Detection/Sobel/",

pic_string, “/error_thresh ", run_string, " hist.txt"), “wt");
fprintf(fid, "%6d %12d\n", hist_data_check );
fclose(fid)

end

fid = fopen(strcat("data/Edge_Detection/Sobel/",
pic_string, "/time.txt"), “wt");

fprintf(Ffid, "%18d\n", t );

fclose(fid)

end
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function edge_canny

%% Define Variables

for j = 2:1:9

pic_string = strcat("fiber0", num2str(jJ), "a");
dim = 5; %Defines size of n x n smoothing kernel

sigma = 2.75; %Defines standard deviation for Canny Method
RGB = imread( strcat( pic_string,".bmp") ); %Get image
scale = 0.025; %Edge detection threshhold scale

%% Noise Reduction via Averaging

rgb2gray(RGB); %Converts image to grayscale

H

fspecial ("average”,dim); %Generate kernel

w
1

imFilter(l,H, "same”, "conv™); %Filter Image
B 90 = imrotate(B, 90); %Rotate image 90 degrees counter-clockwise
figure(1); colormap(gray);
imagesc(B);
title(strcat("Average Smoothing, °, num2str(dim), " x ",
num2str(dim) ) );
%% Edge Detection: Canny
for 1 = 1:1:30

threshold = 1 * scale;
[BW, thresh] = edge(B, “"canny®, threshold, sigma );

t(i) = toc

[count, x] = imhist(BW);
hist _data = [x, count];
hist _data = hist_data”;

[BW_90, thresh ] = edge(B_90, “canny®, threshold, sigma );
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BW_90check = imrotate( BW_90, -90);

[count_90, x_90] = imhist(BW_90check);
hist_data 90 [x 90, count_90];
hist _data 90 hist data 907;

Check = BW - BW_90check;

[count_check, x_check] = imhist(BW_90check);
hist _data check = [x_check, count_check];
hist _data check = hist _data check";

run_string = num2str(i);

Ffigure(2); colormap(gray);
imagesc(BW);
title( strcat("Canny Method, Thresh = ", num2str(threshold) )

)

picnamel = strcat( "data/Edge Detection/Canny/",
pic_string, "/edges thresh ", run_string );

saveas(gcf, picnamel, "fig" );

saveas(gcf, picnamel, “"png");

figure(3); imhist(BW);
title( strcat("Edge Histogram, Canny Method, Thresh = =,
num2str(threshold) ) );

picname2 = strcat( "data/Edge_Detection/Canny/",
pic_string, "/edges thresh ", run_string, " hist");

saveas(gcf, picname2, "fig" );

saveas(gcf, picname2, "png-);

figure(4); colormap(gray);

imagesc(Check);

title( strcat("90 Degree Rotation Check, Canny Method, Thresh =
", num2str(threshold) ) );

picnhame3 = strcat( "data/Edge_Detection/Canny/",
pic_string, "/edges90 thresh_", run_string );

saveas(gcf, picname3, "fig" );

saveas(gcf, picname3, "pngT);

figure(5); imhist(Check);
title( strcat("Error Histogram, Canny Method, Thresh = =,
num2str(threshold) ) );

picname4 = strcat( "data/Edge Detection/Canny/",
pic_string, “/error_thresh_ ", run_string, " hist");

saveas(gcf, picname4, "fig" );

saveas(gcf, picname4, "png”);
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fid = fopen(strcat("data/Edge Detection/Canny/",

pic_string, "/edges thresh ", run_string, " hist.txt"), “wt");
fprintf(fid, "%6d %12d\n", hist_data );
fclose(fid)

fid = fopen(strcat("data/Edge_Detection/Canny/",

pic_string, "/edges90 thresh ", run_string, " hist.txt"), "wt");
fprintf(Ffid, "%6d %12d\n", hist data 90 );
fclose(fid)

fid = fopen(strcat("data/Edge Detection/Canny/",

pic_string, "/error_thresh ", run_string, " hist.txt"), "wt");
fprintf(fid, "%6d %12d\n", hist_data_check );
fclose(fid)

end

fid = fopen(strcat("data/Edge Detection/Canny/",
pic_string, "/time_txt"), "wt");

fprintf(fid, "%18d\n", t );

fclose(fid)

end
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function lines

%% Define Variables

for j = 2:1:2

pic_string = strcat("0013-2-", num2str(j), "a");

dim = 5; %Defines size of n x n smoothing kernel

sigma = 2.75; %Defines standard deviation for Canny Method
RGB = imread( strcat( pic_string,".bmp") ); %Get image
threshold = .005; %Edge detection threshhold

% Line Detection Variables

grids = 8; %Number of grids for line detection

ThetaRes = 1; %Theta resolution for hough transform

RhoRes = 1; %Rho resolution for hough transform

nhoodsize = 9; %Supression area around hough peak

fill_gap = 8; %Defines minimum gap distance for hough lines
min_length = 24; %Minimum length of merged lines

%% Noise Reduction: Averaging

rgb2gray(RGB); %Converts image to grayscale

[ M, N ] = size(l); %Determines size of image
H = fspecial(“average”,dim); %Generate kernel
B = imfilter(l,H, "same”,"conv®); %Filter Image

figure(1); colormap(gray);
imagesc(B);
title(strcat("Average Smoothing, °, num2str(dim), * x ",
num2str{dim) ) );
%% Edge Detection: Canny
[BW, thresh] = edge(B, “canny®, [threshold 2.5*threshold], sigma );
figure(2); colormap(gray);
imagesc(BW);
title( strcat("Canny Method, Thresh = ", num2str(threshold) ) );

%% Line Extraction: Hough Transform
for hough_peaks = 10:10:100

hough_peaks_str = num2str(hough_peaks);
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for grid =[ 1234568 10 ]
grid_str = num2str( grid );
for m =1 : 1 : grids

for n =1 : 1 : grids

% Iteration scheme divides BW into grid
Bva =BW(C (M /Zgrids ) * (m-1)+1:(M/
grids ) *m , (N /grids ) *(n -1)+1: (N/ggrids ) * n);

% Hough Transform
[H,T,R] =
hough(BWa, "RhoResolution” ,RhoRes, "ThetaResolution®,ThetaRes);

hough_thresh_str = num2str(10*hough_thresh);

% Hough Peaks
peaks =
houghpeaks(H,hough_peaks, "NHoodsize",[nhoodsize nhoodsize]);

% Hough Lines
lines = houghlines(BW, T, R,
peaks, "FillGap®,fill _gap, "MinLength" ,min_length);

for k = 1:length(lines)-1
xy = [lines(k).pointl; lines(k).point2]
dx(k) = xy(2,1) - xy(1,1);
dy(k) = xy(2,2) - xy(1,2);

dtheta(k) = atan( dy(k) /7 dx(k) ) * 180 / pi;
len(k) = sqrt( dx(k) "2 + d(y)™2 );

if dtheta(k) < O
dtheta(k) = dtheta(k) + 180;
end
end

toc
t(m,n) = toc;

mean_theta(m,n) = mean( dtheta );
sum_len(m,n) = sum( len );
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end

mean_theta;

sum_len;

t;

filel = strcat("data/Line_Detection/", pic_string,
"/grid_", grid_str," thresh ", hough peaks str," mean theta.txt");

dimwrite(filel, mean_theta, "\t")

file2 = strcat("data/Line Detection/", pic_string,
"/grid_", grid_str," thresh_ ", hough peaks str," sum len.txt");

dimwrite(file2, sum len, "\t")

file3 = strcat("data/Line Detection/", pic_string,
*/grid_", grid_str," thresh_ ", hough_peaks_str,” sum len.txt");

dimwrite(file3, t, "\t")

end
end

end

end
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function alignment_analysis

%% Define Variables

pic_string = strcat("0013-2-1a%);

dim = 5; %Defines size of n x n smoothing kernel

sigma = 2.75; %Defines standard deviation for Canny Method

RGB = imread( strcat( pic_string,".bmp") ); %Get image

threshold = .005; %Edge detection threshhold
% Line Detection Variables
grids = 8; %Number of grids for line detection
ThetaRes = 1; %Theta resolution for hough transform
RhoRes = 1; %Rho resolution for hough transform
hough_peaks = 50; %Defines threshold for hough lines
nhoodsize = 9; %Supression area around hough peak
fill_gap 8; %Defines minimum gap distance for hough lines

min_Jlength 24; %Minimum length of merged lines

hough_peaks_str = num2str( hough_peaks ); %String formatting for
Hough Peaks
grid_str = num2str( grids ); %String formatting for Grids

%% Noise Reduction: Averaging

rgb2gray(RGB); %Converts image to grayscale

[ M, N] = size(l); %Determines size of image
H = fspecial("average”,dim); %Generate kernel
B = imfFilter(l,H, "same”, "conv"); %Filter Image

figure(1); colormap(gray);

imagesc(B);

title(strcat("Average Smoothing,
num2str(dim) ) );

, hum2str(dim), * x -,

%% Edge Detection: Canny

[BW, thresh] = edge(B,“"canny”, [threshold 2.5*threshold], sigma );
figure(2); colormap(gray);
imagesc(BW);
title( strcat("Canny Method, Thresh = *, num2str(threshold) ) );

%% Line Extraction: Hough Transform
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% lIteration scheme divides BW into grid
BWa = BW(C (M /Zgrids ) * (m-1)+1: (M/grids ) *m
, (N/Zgrids ) *(n -1)+1: (N/grids) *n);

% Hough Transform
[H,T,R] =
hough(BWa, "RhoResolution” ,RhoRes, "ThetaResolution®,ThetaRes);

% Hough Peaks
peaks = houghpeaks(H,hough peaks, "NHoodsize",[nhoodsize
nhoodsize]);

% Hough Lines
lines = houghlines(BW, T, R,
peaks, "FillGap®,fill_gap, "MinLength® ,min_length);

for k = 1:length(lines)-1
xy = [lines(k).pointl; lines(k).point2]
dx(k) = xy(2,1) - xy(1,1);
dy(k) = xy(2,2) - xy(1,2);

dtheta(k) = atan( dy(k) 7/ dx(k) ) * 180 / pi;
len(k) = sqrt( dx(k) 2 + dy(kK)"2 );

if dtheta(k) < 0
dtheta(k) = dtheta(k) + 180;
end
end

toc
t(m,n) = toc;

mean_theta(m,n) = mean( dtheta );
sum_len(m,n) = sum( len );

end

mean_theta
sum_len
t
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%filel = strcat("data/Line Detection/", pic_string, "/grid_ ",
grid_str," thresh_*, hough peaks str," mean_theta.txt");
%dImwrite(filel, mean_theta, "\t")

%File2 = strcat("data/Line Detection/", pic_string, "/grid_ ",
grid_str," thresh_ ", hough peaks str," sum_len.txt");

%dImwrite(file2, sum_len, "\t")

%File3 = strcat("data/Line Detection/", pic_string, "/grid_ ",
grid_str," thresh ", hough peaks str," sum_len.txt");

%dImwrite(File3, t, "\t")

end
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