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Figure 2.8: Gradient based HT (a) 50 fibers (b) 100 fibers (c) 200 fibers (d) 400 fibers

The simulation was replicated 30 times for each of the four methods with different fiber

density and count the number of fibers (lines) at each run. Then by averaging the total number of

fiber we get a comparative result among the methods. The result is shown in table 2.4. After

analysis the result we plot an accuracy analysis result as depicted in figure 2.9.

Table 2.5: Simulation study result

Method No. of Fibers Detected Fibers Accuracy Maximum

50 46 0.92 8
Simple Hough Transform 100 88 0.68 16

200 164 0.82 45

400 302 0.76 112

50 46 0.92 8
Opening Method Based Hough 1qg 90 0.90 15
Transform 200 180 0.90 28

400 353 0.88 61

50 49 0.98 3
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100 97 0.97 5

Partitioned Hough Transform 200 188 0.94 19
400 324 0.81 88
50 50 1 0
Gradient Based HT 100 100 1 !
200 194 0.97 8
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Figure 2.9: Accuracy analysis of simulation case study

Clearly, the simple HT method has the lowest extraction accuracy. It is not surprising since
some pixels of other fibers on the extension of a fiber will also contribute to the cell of the
accumulator that represents this fiber, which will influence the voting accuracy. In comparison,
adding the partitioning step before the application of the simple HT could significantly improve
the extraction accuracy. However, as the fiber density increases, the extraction accuracy for both

methods decreases rapidly. The reason is that, as the fiber density increases, the useless voting by
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pixels of other fibers increases, which reduces the HT based methods. If the density is too high,
most of the fibers may be connected and the partitioning step is no longer working. The extreme
case is that all fibers are connected. In such case the partitioning based HT would degenerate to
the simple HT method. As expected, the gradient based HT method has the highest accuracy for
all the four scenarios, since it could effectively eliminate the useless voting of other fibers when
detecting a certain fiber. The opening method is much more stable than the other three methods in
terms of the extraction accuracy. When the fiber density is lower, the accuracy of the opening
method is not high. However, its advantage becomes obvious as the fiber density goes higher.
Therefore, when the fiber density is extreme high, the opening method would be more preferable

to all other HT based methods.

2.6 Application to real images

In this section we apply the proposed methods to extract fibers from two real images, as

shown in Figure 2.10. Here the left image contains 64 fibers and the right image contains 89 fibers.

Figure 2.10: Two real images (a) 64 fibers (b) 89 fibers
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Figure 2.11 shows the extraction results. The first, second, third and fourth row represent
the simple HT, opening method, partitioning HT and gradient based HT respectively. Figure 2.12

shows the number of detected fibers in two images for each of the methods.
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Figure 2.11: Fiber extraction from real images (a) Simple HT (b) Opening Method (¢)

Partitioning HT (d) Gradient HT
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Figure 2.12: Number of detected fibers (out of 64 and 89 fibers in image 1 and image 2

respectively)

From figure 2.12, we can see that simple Hough Transform and opening method based

Hough Transform performs almost with the same accuracy whereas partition based Hough
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