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Figure 3: Examples of wrinkles. Figure 4: Transformed binary images.

similarly to the average and moments of the random variable. The average size indicates the size
of the target object in one value. The skewness is the third order moment indicating the distortion
of the shape of a density function from the symmetrical shape. If the skewness is positive ( or
negative), the shape of the size density function is biased to the smaller (or larger) sizes, and the
absolute value of the skewness indicates the degree of bias.

4. EXPERIMENTAL RESULTS

Figure 3 shows examples of wrinkles yielded by the standard method of wrinkle evaluation
explained in Sec. 2. A square region including the wrinkle, indicated in blue, is extracted from
each of the images, and the shape of wrinkle is manually traced by yellow line in each square.
Although the sizes of the images are slightly different, the scaling and the resolution, and the size
of extracted square, are the same for all the images. The regions extracted from Fig. 3 (a)-(d) were
transformed to binary images as shown in Fig. 4 (a)-(d), respectively. The size of the binary images
is 128x128 pixels. The traced line is regarded as a boundary, and the left side is white and the right
side is black in each of the binary images. Figures 5 (a)-(d) illustrate the side density functions of
Fig. 4 (a)-(d), respectively, where the size is indicated on the horizontal axis and the size density is
on the vertical axis. The structuring element is disk-shaped, and the size is defined as the radius of
the disk. The maximum size is set to 60 pixels, since the height of the binary images is 128 pixels
and the structuring element should not be larger than the image itself.

Table 1 shows the average size and the skewness for the size distributions where the maximum
size is limited to 60 pixels. The average sizes are not so different for all the images, however,
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Figure 5: Size density functions of Fig. 4 (a)-(d).

the skewnesses are significantly different. It is obviously indicated that the absolute values of the
skewnesses are small for sharp wrinkles, and large for rounded wrinkles. Figure 5 indicates that
the local maxima of the size densities are nearly linearly increasing for the small absolute values
of the skewnesses, and those are increasing in some curve for the large absolute values of the
skewnesses.

Figure 6 is a binary image of a corner, which was artificially generated, for reference. lts size
density function is illustrated in Fig. 7. The average size is 40.26 pixels and the skewness is -1.92.
The function is almost exactly linearly increasing, and the skewness in this case is similar to the
real images of the sharp wrinkles. It supports our conclusions in the relationship between the
shape of the wrinkle and the skewness.



Table 1: Average sizes and skewnesses of the size density functions in Fig. 5 (a)-(d).

(@) (b) © (d)
Average size 42.74 49.41 41.54 48.06

Skewness —-1.23 —-4.15 -2.10 - 6.87
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Figure 6: An artificial corner image. Figure 7: Size density function of the artificial corner
image.

5. CONCLUSIONS

This paper has proposed a method of evaluating the sharpness of fabric wrinkles. Our method
measures the morphological size density function of the image of a wrinkle. We have found that
the sharpness of the wrinkle is evaluated by the skewness of the size density function.
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