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Abstract: Objectives: Digital watermarking technology provides a new means for the security protection of
vector map. Existing researches focus mainly on the watermark embedding process, while the watermark
detection process is typically the inverse one of the watermark embedding process, and there is a lack of
self-optimization methods of watermark extraction results. Consequently, there is still much upgrade space
for the watermark detection effect. A self-correcting digital watermarking model is designed for vector map
based on error—control coding of copyright watermark information. Methods: Error—correction coding
(ECC) and cyclic redundancy checking (CRC) are performed on the original copyright watermark data first-
ly. The original watermark data and the ECCs and CRC codes are then treated by lossless compression coding,
i.e. Huffman coding (HC), so that the watermark length can be constrained. The mixed watermark data

with self-correcting ability is then generated by combining the results of HC. Afterwards, a differentiated
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embedding method is proposed for the various components of the generated mixed watermark data, conside-

ring their different characteristics and the stability difference of map vertices. After watermark extraction,
Huffman decoding (HD) is firstly performed on the extracted results and then the copyright watermark da-
ta, the ECC and the CRC codes can be obtained by separation. Afterwards, partial error bits in the ob-
tained copyright watermark data can be detected and corrected based on the obtained ECC and CRC codes,
and the detection effect of copyright watermark can be further improved. Results: Experimental results
show that the proposed method can improve further the detection effect of copyright watermark based on
previous research, and it has ideal reversibility, invisibility, robustness and watermark capacity. Conclu-
sions: Although the constructed digital watermarking model is quite robustness against conventional trans-
formations and attacks, it is very fragile under map scaling. Therefore, it is worthy of further study on the
construction of geometric invariants of vector map data, as well as the corresponding watermark embedding
methods.

Key words: vector map; digital watermarking; error—correction coding; checking coding; compression

coding; copyright protection
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Fig.1 Construction Process of Mixed Watermark
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Fig. 2 Example of Error-Correction Coding of Copyright
Watermark Data

2) LAAT Sy B AL XoF 24 R B 1) % AF 35 A5 408 26 T
AL (cyclic redundancy check, CRC) 4 fi%h . LA
P 2(b) i AT ) 24 B R 30 o 81, HCAR PR T AR A
5 G B AN P 3T o BEATIC R P A 46 AR A
PR 6 57 5 08 P 18 A i 22 T =Xy

glx)=x"+ax+1 (1)
1 0 1 1 1 1 1 0 0
0 1 0 1 0 1 1 0 1
1 0 1 1 1 1 1 0 0
0 1 0 0 1 1 0O0(fO0

PR3 S AT PR T U A A S B 2 441
Fig. 3 Example of CRC Coding of Error-Correction

Codes

R A 2 T Y SR R R B A S B R
oAl A OR RTE R (R K S A b
AR o

3) I I 8= I 2 g A 5 i R 4 BROAUK PR
SR A B 1 A R e A B 5 AT TC PR R 4 L O
AR AR g A5 5T AR R TR A 7K ER
R LI 2Ca) v iy J5 h BRAUK ERAE B ), B
SEFAT IV A4 H A3 F R F A5 8B 8 (g 4 4>
TR — P9, 5 KB R AR T4 B R 440
PLOANSF ), 45 3 A “01107 41110701107 “0100”
“O1117 8R 5 B & FAF i 8 A~P AU (5
FFREFEMXNMERILE D EL NGOG,
E M H; & Ja , MR B AT 8 R 2 g fid . &
20 IR R RRBOK ERAE B LA K 2 B 1 AR A 360 B 1)
R G A5 RAE N R AR IR A K ENE B .

2 BAKEMEESERHAN

A KEE B b, 2 B A0 T LUK I A2 GF it
FOKERAR B i 5 7 15 0, L 24 5 RCR MO 21
8 A By i i 5 15 g A5 mT AR SO 21 IE 4 B 1 o
B R X T 3 T A B 6 B U A RO AR
MEERA-pEE . NI, 2R G K EE B4 4
TR o3 T R G A 1 P e A A R IR R



%50 &5 14

I L 65 T 2 58 ) 2 2 B ) 9 0 7K 167

x1 FHESFEHIMNEXF

Table 1 Correspondence Between Strings and Letters
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Table 4 Statistical Results of Hoffman Coding
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Table 5 Statistical Results of Watermark Embedding
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Table 8 Experimental Results of Digital Watermarking Model in Resisting Map Vertex Reordering
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Fig.9 Experimental Results of Digital Watermarking Model in Resisting Randomly Addition and Deletion of Vertices
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Fig. 10 Experimental Results of Digital Watermarking Model in Resisting Map Simplification and Clipping
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