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Adaptive Watermarking Using Successive Subband Quantization and

Perceptual Model Based on Multiwavelet Transform Domain
Ki-Ryong Kwon' and Joon-Jae Lee”

ABSTRACT

Content adaptive watermark embedding algorithm using a stochastic image model in the multiwavelet
transform is proposed in this paper. A watermark is embedded into the perceptually significant coefficients
(PSCs) of each subband using multiwavelet transform. The PSCs in high frequency subband are selected
by SS8Q, that is, by setting the thresholds as the one half of the largest coefficient in each subband.
The perceptual model is applied with a stochastic approach based on noise visibility function (NVF)
that has local image properties for watermark embedding. This model uses stationary Generalized
(Gaussian model characteristic because watermark has noise properties. The watermark estimation use
shape parameter and variance of subband region, it is derive content adaptive criteria according to edge
and texture, and flat region. The experiment results of the proposed watermark embedding method based
on multiwavelet transform techniques were found to be excellent invisibility and robustness.

Key words: multiwavelet transform, successive subband quantization, perceptually significant
coefficients, noise visibility function, stochastic image model
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). Az gsto] g PSNRe| d(w

PSNR[dB] : Lena(512x512)
Watermark : . -
Strength : Stanonar_v 'Non—Statl(l)nar_v
Multiwavelet | Biorthogonal | Multiwavelet | Biorthogonal

10 53.08 5191 53.16 51.05
20 47.06 46.28 47,14 45.36
30 43,54 42.85 43.62 41.90
40 41.04 40.39 41.12 39.43
50 39.10 38.46 39.18 37.51
60 37.52 36.89 37.60 35.93
70 36.18 35.56 36.26 34.60
80 35.02 34.40 35.10 33.45
90 34.00 33.38 34.08 32.43
100 33.08 32.47 33.16 31.52
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1S Frisr] 98 YEvtao 499 IS

JPEG ¢}&5 2 10%~90%2. 2 WA 7)H A PSNR

7 SAIEE eI Holt) H) xnw\ohz,)] Zelo] A%

AEE 20% ~80%° A o 44 PSNRZ HEIH &

% & ART, FaH 2ol 2 *é A=
29 o]_:_"_\_ gl%qq_ /\1'6«] 3 X‘“?_]_’sJ_' H(]' -’] JPEG?}
Zol) o3

ot ¢ %91 cropping &4
Zo] ZelA 2 WS FHriEkr] A8 992
Zelhle vl &S 10%~90% 2 ¥3hA 71 WA PSNR

. Hejoi3a7t MelE oy JiX| A gatol| chst PSNR
[mage Multiwavelet Multiwavelet MultiwaveletT Biorthogonal
(SSQ+Perceptual Model) | (SSQ+Modified Perceptual Model) (HVS) (HVS)
Lena 41.90 42.60 41.20 38.89
Boat 42.62 43.99 40.08 38.32
Barbara 38.18 38.41 36.48 37.49
Baboon 38.18 38.06 35.23 36.91
Bank 38.68 38.83 35.42 36.37
Bridge 40.12 40.23 37.10 36.45 ﬁ
Cablecar 44.20 44.19 42.41 43.05
Goldhill 42.06 43.98 39.51 40.66
Sail 42.62 44.07 41.39 38.59
Pepper 3947 39.43 34.95 3172
Woman 40.12 40.12 38.79 36.31
Altoro 40.12 44.05 35.26 32.06
E 3. JPEG 2¢&E 71 (10%~90%) 0l thst PSNR X FALT
Multiwavelet Lena (512x512)
Quality 10 20 30 40 50 60 70 80 90
PSN Non-Stationary 30.93 33.35 34.60 35.24 35.92 36.48 37.05 37.62 38.37
Stationary 30.83 33.21 34.38 35.08 35.62 36.14 36.75 37.56 38.86
CR Non-Stationary 22.33 28.20 29.95 30.37 30.52 30.62 30.83 30.85 30.91
Stationary 23.87 28.80 30.38 30.70 30.78 30.90 31.06 31.08 31.14
E 4. JPEG(Q=80%) Y% ¥ CroppingE ©isto]| 2 PSNR ¥ FAlT
Multiwavelet Lena (512x512)
Quality 10 20 30 40 50 60 70 80 90
PSNR Non-Stationary | 38.289 | 38938 | 39.767 | 40.82 42202 | 4429 46,959 | 50.13 55.883
Stationary 38532 | 39172 | 40.002 | 41,048 | 4151 44501 | 47.166 | 50.366 | 56.056
CR Non-Stationary | 27.854 | 25742 | 23666 | 20532 | 17419 | 13.846 | 10.161 7.441 | 4.0745
~ 1 Stationary | 28057 | 25903 | 23.821 20672 | 17558 | 13.915 | 10.203 | 7.5042 | 4.0899
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LENA 512x512
Stationary Non-Stationary
PSNRIdB]| CR |PSNRI[dB]| CR
3x3 Gaussian. 34.05 |27.24] 3415 2642
3x3 Sharpening 22.45 17.05 22.46 15.81
3x3 Median 31.06 |[1744| 3110 [16.18
FMLR 3259 1739 3264 |16.12
Cropping 50% 48.52 1746 4852 17.47
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