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Handwriting is a natural and desirable method of inputting data into a computer.
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It is need to recognize unconstrained handwritten characters.
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Purpose It is need to recognize unconstrained handwritten characters.
S

Feature analysis
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Database of unconstrained handwritten characters |
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What are unconstrained handwritten characters ? How should we collect unconstrained handwritten characters ?
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Collectiom method of handwritten characters
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A handwritten document sample
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Writing Conditions of Unconstrained Handwritten Characters

B & 0 & T ?

What are unconstrained handwritten characters ?

ENNEDPEER O Tl <, HEERIT. |
BRELDENTER LD o XFHN 2 E ATV, NS VAL

The contents must not be a meaningless group of
characters, but must include characters which have | S
meanings as parts of words, lines or paragraphs.

HHE %% ®i%%@i%®i%ﬁ<ﬁ apk. EXJE) &

> Y
DEIRIE L7 v, & 7 R
. \ ~
There are no constraints such as a specified frame % __________
in which the characters must be written. Writing on 7 2
ruled lines 1s allowed, because memos are often
written on ruled paper. \

circumscribed rectangle frame
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Collection Method Using Pseudo-Representation of Writing

Displayed on a CRT

!

Meaningful characters written one-by-one on a blackboard

VISUAL ...

Note taking by students during a lecture

* When the screen becomes full, it is cleared. Therefore, it is impossible
to wait until the end of the text before starting to write.

* This method forces the writer to wait until the character i$ displayed, so the
writer must write down the characters as they appear one after the other. .
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: P t1,t2,63,t4,t5 : Interval time \

. Window
FHNERIR

Sequence of presenting characters

The character display rate is set to match the time needed to actually write.
For example, the interval "t1" between displaying "V" and "I" is shorter than the interval "t4" between
"U" and next character "A", because "A" has more strokes so it takes longer to write.
b |
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Variation Entropy

h=—g%lﬁlogﬂmi2
M

(N =3n(0))
0<n(@)<m

(i=0,1,.....,M=64x64)
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9 110 { 11 | 12
13 114 | 15| 16

Matrix elements of 'i' th Mesh ¢

Superimposing

Three-dimensional figure
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vVariation Entropy of Unconstrained Handwritten
Characters using Proposed Collection Method
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Variation entropy of individual characters in the sample document
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Conclusion It is need to recognize unconstrained handwritten characters.

\
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/ Database of unconstrained handwritten characters \
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Writing Conditions of . Collection Method
Unconstrained Handwritten Characters HHFE 3 FHA O & 3T Using Pseudo-Representation of Writing
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V&) Character vary depending
on their positions in a document
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Superimposing of handwritten characters

Handwritten characters

Superimposing

3 - dimensional figure
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The theory of the field of induction on the retina
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The theory of psychological potential field
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Aline. Superposition.
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Generalization of psychological potential field
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Generalization of psychological potential field
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The potential field of a two-dimensional figure. The potential field of an array of dots.
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The nature of psychological potential field

LR T Vo y VBEOSH & AR OF IRy — VDR

The distribution of psychological potential field and reading of characters
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Recognition based on the potential field
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\ onsideration of a 3-dimensional figure as a 1-dimensional array

Potential Value .
Equational potential plane
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3-dimensional representation | ‘
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Elastically energy
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Calculating border line displacement on an equational potential plane

u; =u(x(0),y(D)

u, =du/ dx=x(i) —x(@—1)
u,=du [/ dy=y@-y@i-1)

u,=du, [/ dx=x(+)—-2x@)+x(@~1)
U, =du, [dy=y(i+D-=-2y()+yi-1)

2 .. 2 2
u; =u, +u,

i3
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Recognition by evaluating elastically energy
SART VU VISR L BT L - mma

Compare

e(p+Ap)
ol
—» e(p) min [ e,(p) dp
e(p—Ap)
Dictionary data 1 Unknown data Elastically energy ~ Recognition
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Potential field of the handwritten character '
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Elasticity energy from deformation of the potential field
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Elasticity energy from deformation of the potential field

Elasticity energy
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Elasticity energy between dictionary characters and an unknown character

10000
Unknown character *
>
o
[
(b))
[
L .
> 1000
ATl S .
gD =
Dictionary character ** S
Ll
]OO 1 1 1
: 0.0 0.1 0.2 0.3 0.4
* ETLOZfEA Potential Value

o TBACEESI] KEALF) .

Advanced Telecommunications Research Institute International




el )

HEDFEISERIC LD XFRHFDOIRE
PR LNBERARY R
BT v v VEOHEE
BONFE NBIC X A CFEoHENHFOFPMICEH
%@ﬁm%,%%ﬁi%ﬁﬁl$W$—T%ﬁ

SFIBIC L B ERH O TR

BT ROL X — 10 X B RO, BEOEERE
YA DR R DA S

AR =

Advanced Telecommunications Research Institute International



SHZIC X 230 FI 08 Y L
S B & O T

= X S OFES DA
S LI EORE
B

U

i

P
=\

J\
S“ / |
S
ik

Advanced Telecommunications Research Institute International



FESXNFDOHE

Projection of handwritten characters
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The field of induction on the retina of characters. ( YOKOSE, 1970 )
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A method of segmenting that evaluates the area of a character HEDOFH Efi% apare
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The field of induction created by characters
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Distribution of the field of induction around '73".
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Distribution of the field of induction around 'ZE.

AR =——

Advanced Telecommunications Research Institute International



Potential

A HIR DSBS

Hierarchical structure of closed curves
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Separation of character elements

P =0.036

N

P =0.045

[BUOHBILINU] JIMLSU YOIEISIY SUOTIBOTUNWIION]I ], PIOUBAPY

?@@

P =0.050



AR D B EER

Inclusion of closed curves
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Extraction of closed curves on equational potential planes.
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Experimental results of segmenting characters
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Experimental results of segmenting characters.
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Experimental results of segmenting characters.
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Kanisza triangle image and its induction field

Three-deimensional displacement of the field of
induction of Kanisza triangle image
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