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A Method for On-line Text/Drawings Segmentation
of Stroke Patterns

KiMIYOSHI MACHIIT and MASAKI NAKAGAWA'

This paper presents a method for automatically separating line drawings and text in a
pen input system. In most existing pen input systems, switching from text input to figure
input requires manual actions which can be distracting to user’s thoughts. However, while
writing on real paper with a pen, one can concentrate on one’s thoughts without having to
take these extra actions. In order to incorporate this advantage of paper and pencil system
in computer pen interfaces, we have been proposing lazy recognition system in which the user
writes freely while thinking, and the handwritten patterns (‘stroke patterns’) are recognized
after the thought process has been completed (the user has stopped writing). In this lazy
recognition paradigm, however, stroke patterns must first be separated into text and line
drawings. In this study, 17 pages of stroke patterns were analyzed with the following results:
the logarithmic distribution of character stroke length and that of the length of the longer side
of rectangles circumscribing character strokes have similarity to the normal distribution and
show high symmetry; character strokes and drawing strokes rarely contact each other; and
character strokes are mostly inputted consecutively. We incorporated these characteristics
into an algorithm for automatically separating stroke patterns. The algorithm was tested on
18 pages of stroke patterns, and 87 % of all stroke patterns were correctly and immediately

separated.
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Table 1  Specification for the display-integrated tablet.
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Fig. 1 Example of a page of stroke patterns.
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Table 2 Number of strokes and categories of learning

patterns.

A HH X X i
8% —» 1D

1 PAD 339 40 379
2 70 342 55 397
3 70 306 37 343
4 me 54 41 95
5 7u 1307 127 | 1434
6 ne 577 53 630
7 ma 186 91 277
8 %} 135 51 186
9 2314 493 47 540
10 15 228 71 299
11 113 158 61 219
12 13 434 65 499
13 nE 167 30 197
14 7 160 92 252
15 PAD 354 34 388
16 - 113 672 20 692
17 7R 301 153 454
Lixis 6213 | 1068 | 7281

17 . 49AMb—Yayr
70 70—-Fv—}
BR . RBowR
PAD: PAD #x— }
oS 52 3

Bk IRAER AL

v Mg 1|

Apr. 1996

di d2 stroke length = 2 d,

circumscribing
rectangle of stroke

—

2 Ato-rk, AEEEOE#
Fig. 2 Definitions of stroke length and circumscribing
rectangle.
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Fig. 3 Distribution of stroke length.
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Fig. 5 Logarithmic distribution of character stroke length
and that of longer side of circumscribing rectangle.
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Table 3 Skewness and kurtosis of character stroke

distribution.
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Table 4 Stroke contact frequency.
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1 40 36 339 | 49
2 55 36 342 3
3 37 31 306 5
4 41 29 54 0
5 127 73 1307 | 30
6 53 38 577 0
7 91 46 186 0
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9 47 39 493 17
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16 20 14 672 2
17 153 102 301 12
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Fig. 6 Examples of characters that can be written with a
single stroke.
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Table 5 Minimum number of consecutive input of
character strokes.
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Fig. 7 Example of stroke input order.
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Fig. 8 Setting the threshold value.
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Table 7 Variations in threshold values settings.
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Table 8 Classification of test patterns.
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Table 10 Variations in segmentation scheme using stroke
contact frequency and stroke input order.
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Table 11 Percentage of correctly segmented strokes.

5y Xy | KW | hét

B_A 98.8 | 39.3 | 88.0
JEK_A | 98.4 | 41.9 | 88.2
A 98.8 | 38.1 | 87.9

AfEd | 98.5 | 40.3 | 88.0
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Fig. 9 Example of segmentation.
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Table 12 Segmentation test result of using stroke
contact frequency and not using it.
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