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Abstract: Robustness is an important issue in the development of multi-bits watermarking algorithm. A new
algorithm for robust multi-bits image watermarking based on Hidden Markov Model (HMM) in wavelet domain is
proposed. The algorithm is characterized as follows: (1) the proposed blind detector based on vector HMM, which is
employed to describe the statistics of wavelet coefficients, achieves significant improvements in performance
compared to the conventional correlation detector; (2) an adaptive watermark embedding scheme is applied to
achieve the low distortion according to the human visual system; (3) an optimal multi-bit watermark embedding
strategy and a maximum-likelihood detection for tree structure of vector HMM are proposed through system
robustness analysis. Simulation results show that relatively high capacity for watermark embedding in low
frequency subbands of wavelet domain is achieved with the proposed algorithm, and high robust results are
observed against Stirmark attacks, such as JPEG compress, adding noise, median cut and filter.
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A5 SR A7 ST FRATT IR IR SR T A% 58 PR AH S AR DU (TG 15 18 il ) S50 0 47 Mk 0 B 7 4 L 00 A O ARG I 50
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A DL TRT S 3 G < SR X (20) B A7 AR SCAS I S A 0 H A5 ¢ BRB HRON MR L by,

Correlate(T/|b,) > Correlate(T' |b,,), VYm =l (20)

b)) VHEAR AN by 7 B A SGAE. I BITEIR AR B by N85 AR SL & h o' xd, 5\

L R 4 Correlate(T!
(20)55 4

T/ x(a'.xd,) >T *(a'.xd,), VYm=l @1

Kl 5 45 H T ZEA IR JPEG Bidi 41T A0 4 W o 1) DU P48, 23 Sl SR ) e HMIML FH R DGRz 00 245 11 5%

PR B LA T DA R I, /N 3k 1) B HHMIML S 00 285 B A0 2 PR A DA I 28 76 SR A Pk e b7 2% 4R Tt 75 2 3
1R 2, G IS 3 AT AT 45 AR/ A8 SRR R A 454

lena fishingboat

18 T T 1 T

BER(%)
BER(%)

1
Yg 20 25 a0 E3 40 b5 20 F3 30 E3
JPEG quality factor JPEG quality factor
pepper baboon
20

BER(%)
BER(%)

JPEG quality factor

JPEG quality factor
Fig.5 BER values comparison between vector HMM detector and correlation detector

Bl 5 /N i) B HMIME AR 8 AR DA 45 PR i 46 b
1R 2 434 HH T AE Stitmark4. 1 S & UG AR 25 10 926 45 4L, 5206 4 Y A Y (R 56 T
P ) B HMM R A I 8 4 2 A% SER AR SR I S8 AE AR BT TPEG Mrahi o W A ey A7 mh 8 9 e 55 7 1 11

A EENR .
Table 1 Performance of vector HMM detector
£ 1 T E HMM BERY FR I 2% e

Image Lena Baboon fl16 Fishingboat Peppers
PSNR (dB) 42.56 42.98 42.52 42.43 42.23
JPEG 13~100 11~100 11~100 12~100 11~100
Additive noise 1~3 1~3 1~5 1~3 1~5
MedianCut Tx7 77 9%x9 Tx7 <7
Gaussian Ok Ok Ok Ok Ok
Sharpening Ok Ok Ok Ok Ok
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Table 2 Performance of correlation detector

F2 MRS ERE

Image Lena Baboon fl6 Fishingboat Peppers
PSNR (dB) 42.56 42.98 42.52 42.43 42.23
JPEG 18~100 23~100 17~100 16~100 18~100
Additive noise 1~3 1 1~5 1~2 1~5
MedianCut 5x5 3x3 5x5 5x5 5x5
Gaussian Ok Ok Ok Ok Ok
Sharpening Ok Ok Ok Ok Ok
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