Rotation Detection of Handwriting Chinese Character

Based on' Strokes Segments

!

),
P

PoE R4 L4 E



A RE L R
=B~ 3o iR
Rotation Detection of Handwriting Chinese Character

Based on Strokes Segments

T L & R Student : Pao-Yu Chen

Advisor : Dr. Suh-Yin Lee

#

TR S

TR Fagis

MLE 2
A Thesis
Submitted to College of Computer Science
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of Master of Science
in
Computer Science

June 2010

Hsinchu, Taiwan, Republic of China

P ERRAL L] ES T


http://140.113.39.130/cgi-bin/gs/gsweb.cgi?ccd=tZNhum&o=s%A7%F5%AF%C0%B7%EB.adc
http://140.113.39.130/cgi-bin/gs/gsweb.cgi?ccd=tZNhum&o=sDr.+SUH-YIN+LEE.ade
http://dpeecs.nctu.edu.tw/professor/p4.html

g4 i mpa hEREFRWEL
R i~ TR TMF AR LT

i &

FEFIF R TENFRER P HEE > 282 :—;;q::e—kmrﬁ Fd
PERS GhenZ RAarg ® 3o R { vl o F 33 L B unHe
mf?&’* pAE = R E - f[#éd hd %ﬁ%%%fﬁm%’i‘u T*‘u'&'fﬁ;;‘c

Wk e REE g P s RAFRNEEL Ba s e U
ifﬁ:# IR A B ’ﬁxé’%iﬁn & Fm~ XEG e p e RF
Boos s E DT @B gk o AT P ‘§%‘"¢%%<ﬁ£ﬁ’ gk~

#od 23t ek LG XS L AEREE L L M

gREF P RS i) F RS
B 3T LRk o RERTEFIT R 0 75
Y RRER R S EORETETEC L EARK
K-mean clustering ehisizt= % > A kT g3 9—39 "mi@i ’ ”ﬁk
3 K W@ | & gy 1A ﬁ‘;@@iﬁf;Fméﬂo 5l A g B en
» H - s d BN R A AP ATk > LR AP B 2 E
xm,y—wm&&ﬁ»mW%?Rm%égﬁﬁwﬁﬁiﬁas
EREE S A 0 ’/fk';? BRI >Ee - B 2 j‘f‘ﬂfi
'*gj, > ”‘%@ 1 A /f

mm~

RIS
i

SR

Kv
pat|
5

i
é.‘_
A
Iz

KE

'\\4“

wodme AR 3

3 A
.A,

}M Q= e

|


http://140.113.39.130/cgi-bin/gs/gsweb.cgi?ccd=tZNhum&o=s%A7%F5%AF%C0%B7%EB.adc

Rotation Detection of Handwriting Chinese Character

Based on Strokes Segments

Student : Pao-Yu Chen Advisor : Dr.Suh-Yin Lee

ABSTRACT

As TabletPCs and Handheld devices are widely sepreaded,
handwriting characters recognition systems are requested, and the
request 1s more important in areas using Chinese Characters. More and
more stablized applications of Handwriting recognition technology
makes the requirement.A more free handwriting input environment is
prompted. This research focuses on-rotation angle detection during
the preprocess of handwriting characters: Users need not turn the
input device to themselves before starting input. Based on the basic
characteristics of 1input strokes, segments of Chinese characters,
horizontal strokes from left to right and vertical strokes from top
to bottom, this research can detect the rotation angle if such
invariant relations are found.First of all 1s to compute the
direction and length of each stroke segment of the 1input
writing. Secondly, two different methods and their combination,
structure analysis with heuristic rules and K-mean clustering, are
used to detect the rotation angle. Two associated sets of experiments
are performed.One 1is verifing skew/rotation limitation of the
handwriting recognition engine to make sure the research is working.
And the other is appling Principal Component Analysis on input
writing to detect the rotation angle as contrast.Finally, comparing
these two results and pick the better one to construct a Handwriting
Chinese Characters Rotation Detection System.
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TR A 5T EF
Ew 0@ RAETFRID e A L

e R L Xl » RO E X fhit » bt Eie 5 L0

MEF L= srpseudo-code
H s 2t

Algorithm 1. : % 3|MEILE 2 -

NO_DIRECTIONS = N(segment clusters #Pp &1+ ) o

remove small segments from ink.

find out i1nk segments and their length from removed ink.

clustering segments and accumulate length for each
cluster.

Find out segment cluster with longest accumulated length
and mark it as major direction M.

Find out another segment.cluster with enough accumulated
length and be perpendicular to M, thenmarked it as second ma jor
direction S.

[f S cannot be found, Appling heuristic rules then return
0 as LO.
[f M > S then index large =M, index small=S
Else index_ large=S, index small M.
factor = NO_DIRECTIONS - index_large.
[f(|(factor + index_small)-3*N/4| <= N/8)
return index_large.
[f(|(index_large-index _small)-3*N/4| <= N/8)
return index_small.
return 0.

Done.
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L fRE B P A LR
7 N AR R 4 1T R P E £ eha
Yo B BEBHEFH AP JRIGEH L BB AN 8
$EAHIL25° ~-11.25° 2 0 4 4-1-1 B 0 284 Sk clicdp
B Sk 7 B3 - Bl i3 3R S MR R 7 A
St hRMEIRE > B s 2.8125° > WPEA G e A LT g
PREL AL S o S f e AR AT EREE P Bl B %o AP
5 o VE AL chpE g A B e g g b R R

%
-1
Bhod Bakul P o HO A L R NE I 4 PRI B

Boh: 47d %1 =50% 10 enkan (%)
e IYLIb (20 BT | GAfk RS 18T 5T \FT8F | B10fF | 5710
%ﬁ 007) | 97.7%| 97.7%| 989%] 98.9%|99.0%| 99.0%| 99.1%| 99.1% 99.1%| 99.1%
é 128125) | 97.5%] 97.5%-98:7%] - 98:7% 99:0%| 99:0%} 99.0% 99.0%] 99.0%| 99.0%
. 5.025) | 96.7%|96.7%-98.3%/ - 98.3%] 98.6%] 98.6%] 98.6%|98.6%| 98.6% 98.6%
B 1384375 | 94.7%| 94.7%]| 96.8%] 96.8% 97.3%{97.3%| 97.4%|97.4%| 97.4%] 97.4%
: 4(11.25) | 90.8%[ 90.8%| 93.7%| 93.7%| 94.3%| 94.3%| 94.5%] 94.5% 94.6%| 94.6%
S(14.0625°) 82.5%| 82.5%| 86.3%| 86.3%| 87.5%] 87.5%] 87.8%| 87.8% 87.9%)| 87.9%
0(16.875) | 67.5%|67.5%| T2.2%| 72.2%| 73.8%| 73.8%] 74.3%| 74.3%| 74.6%| 74.6%

2 A4-1-1. = BFLPLCHEHNGEE D v AT E R B A
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%4&4w@%ﬁiﬁﬁi@ﬁﬁm%ié$w:ﬁ%@mr
RFFETEHFT 2 0PERDLE > Fdhd 7 3w+ o
" %lﬁ ?ﬁi &Hi%“#i&&m??&W§o
o0 Gt RT L E A BB R (T )L o Tk X
4. 3%~4. 5% z’v’vﬁﬂ BB R SRR A R G e R
SRR ST R S S

\

sy
%ﬂ = F; £

Fahw 1 0 R P yaes (%)
7 E‘Jg
_ AN 123|456 7|89 10
, 53.0 | 53.0|55.2|55.2(56.1|56.1|56.4|56.4]|56.6|056.6
R A

% % % % % % % % % %

T 57.3|97.3|59.7|59.7)60.6|60.6|60.9|60.9|61.1]6I.1
% % % % % % % % % %

e 4-2-4. VR AHFT EHF TR g T B F R

4.3 @ A Je > E 0P & & -PCA

Principal Components Analysis(PCA)[16] & - B % ¥R L&
FENBRT P DA A dg RS FHREFE X BB 2. ARED
bR RE AR cBEPCAFT NP e 7 A 9%] T o
o R R ﬁ Pl RS AR T LB b gy~ e 3 RPHK
‘;m’i\ur‘aﬁﬁ = @;%ﬁhlkz\g_\e;[ﬁ;_}mkl—a@ﬁg} % oo i3 #
PCA e j2 —«uzﬁsal » g AR (X Y)BH 5 A L RBT Y B e
= & Coveriance Metrix » 4 Eq.4-3-1 - i A& £P Coveriance
Matrix 7 32/ %15 B & & 45 13 B hfnpt o F ond B fhenhf fhe il
7o oy AT - (X Y)T g o R A FLE B YR O
AR CE N EEY CARE CLUNE SE TR EELE R 4
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FELE LA PRE IR A% g R
= B~ PO DR RS T R R4S BP0 g f@f‘?w
*&3 ¢ ¥ Uk daw it FEaEd & & o Coveriance Matrix she B =~ 4 3+
EAkz o kv gl ize BAZ Py MR X (Standard
Deviation) » = TJ%—ELr% B pcie(eigenvalue) » £ 1 * i2a B iE kR
Pt e B e £ (eigenvector) @ 1% 5 2V & R e & 5
wah(Mo> R T gh) B & 5w dh(S> &2 ) o

CX,Y) = (X = Xa) (Vi = Yaw)) / (n - 1) 1 =l'n (Eq. 4-3-1)

T E A PCA R TR A B B R E AN AT o
Algorithm 2.: PCA & & 1 plix -
step 1. Get Coveriance Matrix using input ink data
Coveriance Matrix = [cll cl2]
[e2] ¢22]
step 2. compute eigenvalue 1 and eigenvalue 2
via the Coveriance Matrix
eigenvaluel =<(cll4c22)/2 +
sqrt(CCeli+c22)*(cl1+c22))/4 +
cl2%c21 - cl1*c22);

eigenvalue?2 = (cll+c22)/2 -
sqrt(((cl1+c22)*(cl1+c22))/4 +
cl2%c21l - cll*c22);
step 3. Using LU decomposition and Gauss-Jordan elimination to
compute eigenvector 1.
Using eigenvalue 1 and coveriance matrix to build
pMatrix.
pMatrix = [cll-eigenvaluel cl? ]
[c21 c22-eigenvaluel ]

pMatrix[0]=cll-eigenvaluel;
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pMatrix[1]=cl2;
pMatrix[2]=c21;
pMatrix[3]=c22-eigenvaluel ;

step 5. x of eigenvector 1 = decomposited matrix element 1
y of eigenvector 1 = decomposited matrix element 2
value = square root of

(square(pMatrix[0])+square(pMatrix[1]));

[value2  valuel]
[0 0]

x = valuel / value;

y = value?2 / value;

step 6. return to step 3., using eigenvalue 2 to
compute eigenvector .2

step 7. Compare these two eigenvalues, pick the eigenvector
whose associated eigenvalue is larger as the vertical
axis, and the other is the horizontal axis.
The horizontal axis 1s what we expect.

Step 8. Done.
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Co 4 ’T}“‘E‘E BEHEDFTHS B 24T (Eq. 4-4-1°Eq.4-4-2) ¢

(X L) i=1~N (Eq. 4-4-1)
C = (X SixLi)TL»i=1~N (Eq. 4-4-2)
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FEME 4D R - éi%fsé‘{ﬁ;#:%;‘é ik & A F
BoRE R R BRSO SRR S DT R R R ek 4-4-1 H 4
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