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Abstract

While computers have become common and various input devices have been developed,
there are still many opportunities to use handwriting. There are many studies about
handwriting to make handwriting better, research to make one’s handwriting more beautiful
than the original one, research that enables high-speed input, and research to improve user’s
handwriting skills. In addition, there are also many studies that clarified what the
characteristics of handwriting are in the first place to support those researches on handwriting.

So far, we have conducted researches on averaged handwriting, in which handwritings are
expressed as mathematical expressions and are averaged, and investigated their characteristics.
Specifically, we clarified that averaged handwritings will be more beautiful than original ones,
and averaged handwritings by dominant hands and those by non-dominant hands are similar.
In addition, we have carried out researches to support handwriting. For example, we proposed
a drawing tool that averages trials and errors in writing characters and drawing figures in order
to beautify handwritings, and the practice system that improves the user’s handwriting by
combining their handwritings and model handwritings while maintaining the user’s
motivation to practice. However, for some of the researches introduced here, it was pointed
out that their evaluation experiments lacked objectivity and reproducibility since
handwritings are highly abstract and often need to be subjectively evaluated. In order to solve
such problems, we also quantitatively evaluate handwritings. For instance, we examined the
similarity between the average characters written with dominant hands and those written with
non-dominant hands. We also evaluated the degree of improvement in handwriting practice
by calculating the similarity score between handwritings before or after practice and model of
handwriting. However, in these researches, similarity is evaluated only by the Euclidean
distance on the premise that the Euclidean distances between points constituting strokes of
handwritings is corresponding to the similarity of handwriting, and in fact, it was not clear
whether it corresponds to subjectivity. Therefore, we hypothesized that not only the distance
between strokes but also other factors such as the degree of curvature of strokes and the
balance of a character would largely affect the way people would perceive similarity of
handwritings.

Therefore, in this research, in addition to the Euclidean distance of strokes, we evaluate the
similarity of handwriting in many ways by using other similarity evaluation methods such as
curvature of strokes and balance of a character. Also, in order to consider the way people
perceive handwritings, we conducted a questionnaire to collect data of characters that are

similar and characters that are not similar and clarified importance of each similarity
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evaluation method that matches one's evaluation. In fact, the similarity score considering the

way people perceive handwritings is possible to derive from the formula as follows:

Similarity Score = —0.047 X Sppint —2.879 X Scyppe — 1.105 X Spengin
—1.536 X Szreq — 1.930 X Suspect — 0.029 X Cyrapiey + 8.480
(Spoine: the Euclidean distance of strokes, Syt the difference of curvatures of stroke,
Siengen: the similarity of lengths of stroke, Sg,¢q: the similarity of areas of stroke,
Saspect: the similarity of aspects of stroke,

Cyravity: the Euclidean distance of gravities of stoke)

When there are more than two strokes, it is possible to derive from the formula as follows:

Similarity Score = 8.506 — 0.036 X Dp4in —0.015 X Dyprm—point —41.315 X Deyrpe
—0.284 X Diengen — 0.192 X Dgreq — 0.025 X Dypgyiry
—1.751 % Daspect —0.155 x Dstroke—aspect — 0.284 X Dygiance
( Cpoine: the Euclidean distance of character,

Caspece: the similarity of aspects of character, Cpgiance: the similarity of balance)

We also showed the effectiveness of our proposed method by investigating the similarity of
averaged handwritings by dominant hands and those by non-dominant hands again.
Furthermore, we also showed versatility by describing another application possibility.

To summarize, the contributions of this research are as follows:
® We derived an evaluation formula of similarity considering the way people perceive

handwritings.
® We clarified the similarity between the averaged handwritings by dominant hands and
those by non-dominant hands.

® We showed the applicability of this proposed method.
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