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An optimization algorithm for Chinese characters skeleton extraction
ZHANG Jiulong, WANG Xiani, ZHANG Zhendong, GUO Luming
(School of Computer Science and Engineering, Xi’an University of Technology Xi’an 710048, China)
Abstract; Character skeleton extraction is one of the important preprocessing steps for the calli-
graphy style evaluation. Traditional thinning algorithms have the drawbacks of zigzag, nonsingle
pixel, fork point distortion, spurious branches, etc. This study aims at solving these problems.
Based on a rotation invariant algorithm the provisional skeleton is obtained, with two steps taken
to optimize the result. First, with the guarantee of the connectedness of skeleton, we perform a
process by which to reduce the skeleton to single pixel in width. Second. we employ the maxi-
mum circle method to merge the fork points. The experimental results show that the two-step op-
timization can obtain a better skeleton compared with some common methods.
Key words: image morphology; Chinese calligraphy; skeleton extraction; fork point detection;
fork point merging
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Fig. 1 Local pixels after thinning
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Fig. 2 Counter example for the fact that center

points should not be deleted
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Fig. 3 Result with reduced single pixel in width
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Fig.4 Two 3-fork points split by a 4-fork point
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Fig. 5 Fork points merging
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Fig. 6 Amplified result of thinning at fork point
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Fig. 7 Comparison of skeleton extraction

of several algorithms
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Fig. 8 Thinning results of the use of Z-S,
A-W and our method
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Tab.1 Performance comparison of several

thinning algorithms

RS HRERENH i s A~ HL
7-S h ik 500 35
5N AR RS 337 79
dithdi Ay 690 (K EH ) 47
A-W ¥k 581 23
AR S 7 554 22

MR T AT DLE A SCT7 I AR B AR R A S
Z T 7-S ik R W YITR 5 i A 32 B P O 3
FpOT WA TEWT RN M58 . AR SO R B 2R R A
DT AR O AW ik R R X B RO
FAEAR AR R TR S HAFAE B M. AR ST 241
Spe /D UE B 3% 58 P DL S B . 3 SR 2 A
24T 25 2 T BUE SRR R AU D i S B
Z AR R RN AT 2N SR REENEE,
4

% 1iE

AR SCHETE 45 1 5 1 B JRAR U L A1 3 LR
ERRENINRGTR N (S I S N S e | S
RO, 32 AR R AL A o3 SO R K & I AN T T
PEAT TRk . BTGB SRR AR A PR AIE P 1R T

BRI N R A B JR B R B G . 56 L
R T3 i 34T 70 X B 0F . LR AR LA
SCHORAYE AIC BRI A 23 Sl T HERL.

5% 30k

[1] ZHANG T Y, SUEN C Y. A fast parallel algorithm for
thinning digital patterns[J]. Communications of ACM,
1984,27(3) :236-239.

[2] GONZALEZ R C, WOODS R E. Digital image process-
ing [ M]. 2nd ed. Lebanon: Prentice Hall, 2002;
420-453.

[3] LIAO C W, HUANG J S. Stroke segmentation by
Bernstein-Bezier curve fitting[ J]. Pattern Recognition,
1990, 23(5) . 475-484.

[4] ) e BE , BY o= A9, — Fh o7 445 P AR 2 B 32 00 02 4l 1k 3 vk
(00, i S T 2 4. 2005,10(1) :48-53.

LIU Xiabi, JIA Yunde. A character image line-segment
extraction and thinning algorithm[]]. Journal of Image
and Graphics, 2005,10(1) :48-53.

(5] 302 o i vl oA o 48 7 58 ) 200 4k b i i LD . 22 8
Tl R4l CH AR D 2002, 19(3) : 251-253
LIU Hongshen. Application of hit-miss transformation
in thinning chokes of character[J]. Journal of Anhui U-
niversity of Technology, 2002, 19(3):251-253.

(6] Grol, RILE, . £ T HEMUENBEFZRR

L)1, o & 0L %6 B 523 5 BB 2 2 4. 2009, 21(6):
746-751.
YU Kai, WU Jiangqin, ZHUANG Yueting. Calligraphy
characters retrieval based on skeleton similarity [ ] ].
Journal of Computer-Aided Design & Computer Graph-
ics, 2009, 21(6):746-751.

L7 X896 25, R W4, s RE, 45, T [ BU 24 S5 3R 0 19 0

KA B AR IR LT ], b [ 4 BB 2 4. 2014, 19(9)
1324-1331.
DENG Qianyun, ZHOU Mingquan, WU Zhongke, et
al. Skeleton extraction using improved level set methods
in eaves’ text recognition [ J]. Journal of Image and
Graphics, 2014,19(9) :1324-1331.

[8] AHMED M, WAED R. A rotation invariant rule-based
thinning algorithm for character recognition[]]. IEEE
Transaction on Pattern Analysis and Machine Intelli-
gence, 2002,24(12).:1672-1678.

[9] ROCKETT P 1. An improved rotation-invariant thinning
algorithm[ J]. IEEE Transaction on Pattern Analysis
and Machine Intelligence, 2005, 27(10):1671-1674,

[10] LIU K, HUANG Y S, Suen C Y. Identification of fork

points on the skeletons of handwritten Chinese charac-

ters[ J]. IEEE Transaction on Pattern Analysis and

Machine Intelligence, 1999, 21(10):1095-1100.
(FifEHmiE /)



