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Skeleton extraction using improved level set methods
in eaves’ text recognition

Deng Qianyun, Zhou Mingquan, Wu Zhongke, Wang Xingce
College of Information Science and Technology , Beijing Normal University , Beijing 100875, China

Abstract: Objective Eaves are precious Chinese heritage which possess profound historical and cultural significance. How-
ever, eaves’ characters images have obvious characteristics of high wear resistance, high noise and complex topology. In
order to achieve eaves’ characters recognition and make a contribution to digital protection of cultural heritage objects, a new
method based on improved gradient vector flow field is proposed to extract skeleton of eaves’ characters. Method The algo-
rithm proposed in this paper is based on classic level set methods which are usually implemented by fast matching method.
What is different is that traditional medial function of level set method is replaced by gradient vector flow based medial func-
tion, which is more automatic and accurate. It is also the innovation point of this paper. The new algorithm is mainly
achieved by two wave propagations. Result Experiments verify the effectiveness and accuracy of the algorithm. The skele-
ton is 98. 03% similar to the standard skeleton of specific models constructed by Matlah2012a. when Gaussian, multiplica-
tive, salt and pepper noise are added into the image, we got a skeleton 99. 15% similar to the former one without any noise
in it. Improved level set method surpasses Hilditch thinning algorithm and distance transform algorithm and gets the best

skeleton of eaves’ characters, which is homotopy, thinness, centered and smoothness. Conclusion The results of the ex-
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periments indicate that our algorithm proves to be a useful and effective technique to extract skeleton of 2D objects with

complex topology.

Key words: eaves tiles; heritage conservation; centerline extraction; level set method; gradient vector flow
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Fig. 4 Standard model’s skeleton comparison
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Table 1 Comparison of skeleton match rate

HIRIC L/ %

JEAR

AEEE  Hilditch Pavlidis  FEES A8
P 96.25 10.82  10.76  80.48
Nvaviip:: 98. 65 90. 26 1.39  98.78
78 99.17  96.70  6.38  87.65

SEHESUCHIE 98.02  65.93  6.18  88.97
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Fig. 5 Anti-noise capability tests

3.3 REHEERILE
B 6(a) JEDUAREL 2 “ DU KR 7 48 B 5
16 (b) &2t BE I BIH ARG B FL S SCF, 8 T
AP T A R W A 3 RE g, A SC
XFRC Y SCFHEAT T ML B, 186 () —(e) At
FHARSCIRSE Hilditeh 55036 1R 26 A8 360 58070 X6 B 24 5C
FIRPUH LA R . YT B0 (2 (N5
CPTLCORT) R KR IRIMDE R (NES T
o HISEIREE AT LU B, Hildich 533557 BT [#]
E I BRASAR , e &8 40 R ELAA AR B AR F A%
RIEZ AR IRIE T ZE R R FE Rk . AR SC
SR K A AR, B R TG G, X TR 28K
EMGERA TR I A A BRI o B AR 40 3k I

Gy RO, T B AR L s BB Z . T
RIS B EI’J SRR TR, T OB
SR 0 RE R pR B XL T 3 B A T AL,
TR B ROR o 3T /NG DU i
AR ZE 1 S IR X 38R, Hildliteh 53732 A1 8 A4 330 0k 0o
AP S e P R (A SR X I ) 2 o BB
FIAN—EAFR ST, WA SCEE A2 770 Fh b3k
B IREE R o AE/NEE KT 7 T DX I /)
PRI FEAE I T AR, LKA
R AR SOR BG4 B Y FL 25 507 2R
35 T IR MR I3 hai b, B 0l s R R
TR, JB TR RE R4 i B ARk

(a) BLEC “POFRT” FR O T 0440

NG R F N O R NE R E NE YT
(b) BR AN HLEA S B 60 T4 305

00, ,
be % T @
ii  (17 | ‘

(0) ARSCEREAR I K ) 7 ARk

SIS

(d) Hilditch S4B 17 4

Wy, 20 -
\| %\ Lﬁ(\ﬁ%% ﬁ,?”i e
A 1; A
x N X FAF
(e) PH B AR M IVR BRI 1 48 2k
K6 3 FhAERICR Y B R

Fig. 6 Eaves’ characters’ skeleton abstracted

by three algorithms
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