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## 4471424621 : MAJOR COMPUTER SCIENCE

KEY WORD: ONLINE HANDWRITING RECOGNITION / BACK PROPAGATION NEURAL

NETWORK / DOMINANT POINT / CROOKEDNESS / Z / SYMBOL
NUMCHAI YINGNUANCHUN : AN ONLINE HANDWRITING RECOGNITION SYSTEM
FOR Z SYMBOL USING BACK PROPAGATION NEURAL NETWORK. THESIS
ADVISOR: ASST. PROF. WIWAT VATANAWOOD,PH.D., 110 pp. ISBN 974-17-3764-5.

The objective of this research is to seek a methodology for an online handwriting
recognition system for Z symbols by using back propagation neural network. This research,
which covers 103 different symbols, proposes 3 main processes, 1) data preprocessing
process by using stroke oriented normalization; 2) feature extraction process by stroke
segmentation and stroke/segment type checking by using crookedness value and number of
dominant points in stroke; 3) encoding process by arranging structure of input nodes for the
neural network so that the same feature of the same stroke is stored at the same input node

for every symbol.

The number of strokes, number of loop typed strokes, number of straight line typed
strokes, number of dot typed strokes, weight of points in each zone, chain codes of stroke,
segment type, and number of stroke’s dominant points are used as the training features for
the neural network: The test result from 3,090.characters of researcher’s handwriting gives a
recognition rate- of '92.46%, incorrect rate of 5.50%, and rejection rate of 2.04%. The

estimated recognition-rate of the system at 95% confident level is in-range 91.53% to 93.39%

Department Computer Engineering Student's signature............ococoi,
Field of study = Computer Science Advisor's signature............cooociiiiiiiiiiii,

Academic year 2003 Co-advisor's signature............ocoeeviiiiiiiiinnnn.
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Split handwritten data of symbol into strokes
FOR each stroke :
Find width (W) and height (H) of stroke
IF (W =<S,)and (H =< S,) THEN
The stroke type is ‘DOT’
ELSE
Calculate crookedness value (C,) of stroke
IF(C, = C,)THEN
Find direction of stroke
Find main direction from picture 4.9

The stroke type is ‘STRAIGHT LINE’ in that direction

ELSE
F{ (L, <15)ana (] d ,—d|€£3)ana(]d;,, —0; [£2 wherei=1t01-2)
L-2
and ( Z| d,, —d | {56,789}) } THEN
=i
The stroke type is ‘LOOP’
ELSE
IF (D, =2)or(D,>4) THEN
The stroke type is ‘CURVE’
ELSE
Split the stroke into segments according to the dominant points’ coordination
FOR each segment :
Calculate crookedness value (C,) of segment
IF (C, = C,) THEN
Find direction of segment
Find the main direction from picture 4.9
The segment type is ‘STRAIGHT LINE’ in that direction
ELSE
The segment type is “CURVE’
END IF
END FOR
END IF
END IF
END IF
END IF
END FOR

717 4.12 sWaanaasduiumainnesalnsAuaianiNue
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The Birthday Book

Latex Format Schema Box Format
\begin{zed}

[NAME, DATE] [NAME, DATE)
\end{zed}

\begin{schema}{BirthdayBook}
known: \power NAME\\
birthday: NAME \pfun DATE

\where
known = \dom birthday

‘\end{schema}

name?: NAME \\

date?: DATE
\where

name? \notin known

- waumw:m &I‘Lﬁﬂ'ﬁ

\end{schema}

wsamm ﬂ J0iY ‘Vil;lfla,%l:]@,ﬂ_

ZBRirthdayBook
\X’B‘ Book W name? : NAME
name?; NAME\ date! : DATE

B name? & known
\where date! = birthday(name?)
name? \in known
\also
date! = birthday (name?)
\end{schema}

3
birthday = birthday U {name? — date?}
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\begin{schema {Remind}

\Xi BirthdayBook \ rTiming
| EBirthdayBook
today?: DATE\ today? : DATE
cards!:\power NAME g EAAE
\where cards! = {n : known | birthday(n) = today?}

cards! =\{ n: known | birthday(n) = today? \}
\end{schema}

\begin{zed}
REPORT: = ok | already |
\end{zed}

\begin{schema}{Success}
result!: REPORT
\where
result! = ok
\end{schema}

egin{schenma} {AlradyKpoy
\Xi BirthdayBook \\ | 7 pKinghr
name?: NAME \ g

name'! - NAM]
result!: REPORT result! : REPORT

- —

e UV ERR
@W‘mnmumaw 1Y

\begin{zed}

RAddBirthday \defs (AddBirthday \land Success) \lor ~ ReddBirthday - = (AddBirthday . Success) v
AlreadvK AlreadyKnown

\end{zed}
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NAME

Given set brackets
Schema definition
Abbreviation definition
Chevron Brackets
Bar

Schema brackets
Colon

Semicolon

Comma

Fat dot

Universal quantifier
Existential quantifier
Unique Existential quandtifier
Equality
Membership
Negation
Conjunction
Disjunction
Implication
Equivalence

Power set

Selection

Theta

Cartesian product
Tuple Brackets

Mu

Set brackets
Sequernce brackets
Bag brackets
Lambda

Relational image Brackets
Dash

Query

Shriek

Delta

Xi

SYNTAX TERMINALS

T Y <> d o << e

R e s e b L VR
=IVH_‘

[l [ o=
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NAME

Inequality
Non-membership
Empty-set

Proper subset
Non-empty subsets
Subset

Set union

Set intersection

Set difference
Generalised union
Generalised intersection
Binary relation

Maplet

Composition

Domain restriction
Range restriction
Domain subtraction
Range subtraction
Relational inverse
Transitive closure
Rellexive-trausitive closure
Partial functions

Total functions

Partial injections

Total injections

Partial surjections
Total surjections
Bijections

Functional override
Natural numbers
Integers

Addition

Subtraction
Mulitplication

Division

Less than

Less than or equal to
Greater than or equal to
Greater than

Strictly positive integers
Relational iteration
Number range

Finite sets

Non-empty finite sets
Cardinality

Finite partial functions
Finilc partial injections
Filter

Concatenation

TOOLKIT SYMBOLS

-
—

=

I DOC— 2 CIN N QW™

i

MWV ATV A
+ 3

l+N=ze 3 [ T3] 18

=

—

::EZVIVI/\/\E:*

) 4 H T
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LAaE AMNINIEY [6]

Z Paragraphs, Declarations FPredicates
IATEX input Output Meaning IXTEX input Output Meaning
3] [X] given set =y Ty equality
\begin{axdef} x \in 8 zE S membership
D D \loot P -~ P negation
\wkere axiomatic box P \land § FAag@ conjunction
P F P \lor Pv @ disjunction
\end{axdet]} P \implies @ P=Q implication
\begin{schema}{5} - PAift Q Ped 3?1?\';?";[;6'.
D n “forall ST € P YST e P . .
quantification
\where schema box existential
P P \exists ST ¢ P 35T« P N .
quantification
\end{schema} ;
\exists_1 ST 6P  3,STep DM
guantification
\begin{gendef} [X] — [X] \LET V== let1V == N
D D s E local definition
\where generic box o P
P P schema
\end{gendef} \ Bl pre-condition
4 a \iorei{R} b aRo infix relation
S \defs T 527 horxz:)rlmtal schema \IF P if P
fleiyfiipns \THEN @ then @ conditional
% == X == 4 3gPreviation \ELSE R else R
definitian
T ::= T o=
Al Af free type definition = -
B\ldata E\rdata  B(E) i SSh Al pression I .
YEX input Qutput Meaning
\Belta § AS schema name prefix
\Ii S =5 schema name prefix
\lnot § -8 negation
5 \land T saAT conjunction
S \lor T SvT disjunction
S \implies T S§=T implication
S\Niff T SeT equivalence
_ Expressions \forall 5T & 5 VST es  Universal
EIEX input Qutput Meaning quantification
(2, b) (e, b) tuple \exists 5T @ S 35T 45  existential
\{a, b\} {a,8) get digplay qufm!.:ﬁcanon
\pover X PX power set Vexists_1 ST @ § 3, 8T« 5 unique .
X \cross ¥ X xY cross product ! quantification
_ : (D|Pe ) 5 \hide (a) S\ (a) hiding
\M{D | PoE\} E} set. comprehension § \project T S1T prajection
e 5 re § re-condition
{(\lambda ST ¢ E) (S0 lambda expression \p P ze uential
E) 5 \semi T SsT s
(# 5T o . . composition
{\ma 5T ¢ E) E) definite description S \pipe T 5T piping
(\LET V==E1 0V =F [
¢ B2 £1 local definition .
» E2 Sets
E1°E2 ETE? funcFiun_ IATEX input Cuiput F\‘!eaning
application x \neq y zEy inequality
a.b b selection x \notin S g8 non-memhership
\theta 5 05 binding fermation \emptyset )] empty set
\IF P if P S \subseteq T SCT subset
\THEN Ei then E1  conditional 5 \subset T s5CT proper subset
\ELSE E2 else E2 nOn-empt;
\langle E \rangle (F) sequence display \pover_1 X B, X powerser: ¢
\lbag E \rbag [E] bag display S \cup T sSuT set union
\neg n Tn negative numeral S \ecap T snT set intersection
\Iblet D \rblect LER) binding set S \setminus T S\T set difference
x! T! decoration \bigecup § U 8 generalized union
x7 z? decoration . eneralized
x? z’ decoration \bigeap 5 n J ;gmersection
decoration (n a .. first component of
x-n i digit) ( first’x JLthes ordered ]fair
\L _ underacore (in I second = second component.

opnames}

of ordered pair
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| Relations Numbers and Finiteness
IXIEX input “Qutput Meaning IATEX input Qutput Meaning )
X \rel Y XoeY relation \nat N nalural nunbers
maplet {ordered \ntim Z integers
* \mapste y Y paif) ( ath a+h addition
\dom X dom X damain a-b a—b sithiractinn
\ran X ran X TAnNED arh a#h rmultiplicativn
\id X idX identity relation a \div b adivd division
relational a \med b amod b modulus
Q \comp R Rk composition adb a< b less than
R \circ 0 RoQ hankwa.qu relational a \leq b 2 < h less than or equal
composition = to
S \dres R S4aR domain restriction greater than or
B \rres T R T range restriction 2 \geg b D equal to
. domain adb a>b greater than
S \ndres R IR anti-restriction \pat_1 My positive integers
range succa SUCG a SUCLessOor
R \:Prres T RpT anti-resiriction a \upto b a.. b number range
R \inv R~ relational inversion R-{k} RE iteratian
R \limg 5 \rimg RS relational image - A \bsup ¥ \szup Rt iteration
Q \eoplus R Y& A averriding \finset F finite sct
R \plus Rt tr;nsi‘tivc clos1_.ujv.‘ \finset_1 F, nen-winpry finite
R \star R réllexive fransitive seb
closure number of
\f X #X members of a finite
set
X \ffun Y XwY e
[unction
3 finite partial
Funciions X \tinfly L injcctil:)n
IXTEX input Qutput Mm.ning : win“§ min S minimum of a sct
X \pfun ¥ X w Y partial function of numbars
X \fun Y XY tatal function xS ez & maxirum af 4 ael
X \pinj Y XY partial injection of numbers
X \inj ¥ X—Y total injection Bags
X \psurj Y XY partial surjection IAIEX input Output Meaning
X \surj Y XY total surjcction \bag bag bags
X \bij ¥ X—Y bijection count B x counl B ¢ multiplicity
B ‘bcount x Biz multiplicity
n \otimes B n@B bd-g scaling
x \inbag B zin B bag membership
B \subbageq C RC & sub-bag relation
8 ‘\uplus C By C bag union
Sequences B \uminus C BYC bag difference
IXTEX input Cutput Melanmg R items s bag of sequence
\seq X seq X finite sequence ¢lements
\seq_1 X seq, X non-empty finite : Miscellaneous, Spacing .
sequence ETEX input Output Meaning
\iseq X iseq X injective sequence \spot, € - separator
s \cat t s concatenation \mid, | | separator
Iev”s rev s reversal p \bind x P~z variable binding
head”s head s first element
last™s last 5 last elemeant, AN newline
S tail's all but the first \! £~ negative thin space
element u (a space) o normal space
front-s e al! bul the last \, Tz Lh?n space
element - Iz thin space
U \extract s Uis extraction \: TIT medium space
s \filter V sV flter \; Tz thick space
squash”t squash | compaction \u (a space) T interword space
s \prefix t 5 prefix ¢ prefix relation n quad spaces (n a
s \suffixr t 5 suffix t suffix relation \tn ® e digit)
s \inseq t sinf segment relation
~ distributed
W /9 concatenation
\disjoint S disjoint S disjointness
5 partition

S \partition T

partition
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