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Watermarking Algorithm Based on the LWT-QR Decomposition and Laplacian Pyramid
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ABSTRACT: The work aims to improve the robustness and invisibility of digital watermarking and put forward a kind of
watermarking algorithm based on the Laplacian Pyramid and LWT-QR decomposition. First, the two layers' Laplacian
Pyramid decomposition of host image was conducted. The second layer of Laplacian residual image was taken for a layer
of LWT decomposition, and the low frequency subband size was subject to the 4x4 non-overlapping block processing.
Then, based on the related properties used to improve the wavelet coefficient, the QR decomposition of each selected line
frequency sub-block was done. The watermark was embedded with the first line of the decomposed R matrix as the target.
Meanwhile, Arnold scrambling of the watermark was conducted. The scrambled watermark image was embedded into the
first-line elements of R matrix. The PSNR of the watermarked images could reach 45 dB, and such scheme had better ro-
bustness against the common signal processing attacks with the average NC values all above 0.9. Theoretical analysis and
a lot of experimental data show that the scheme can well improve the robustness and invisibility in the operation process
of the image.
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Fig.1 The watermarked image

B XN A 18 3 B A KBRS B9 PSNR B L 3%
1o XTEESCHAISCHRI2] . SCHR[7]. SCHK[8]. SCHK[9]
B0 BB KcdE , T DA A H, SCH Y PSNR {E 15
B TAR Kok, K BN ARG BUE 5 R G 36 AR I
BES, JKEN)E SO IR
3.2 E&HMHiITM

SR K BT AR G BRI, 3 H ) E BT K
Ep el ) NC {ER45, NC {8 ED & 3R U K Bp
FEAGRKEN A — AR A 228, HE R

# 1 PSNR &R
Tab.1 The test of PSNR value

R SCh SCER[2] SCHR[7] SCRRI8] SCHR[9)
Clock 459024 42.0763 44.9681 45.7213 44.3871
Boat 45.5763 40.5497 45.1645 45.5742 43.9973
Barbara 45.1352 43.7961 43.5961 45.1072 45.3490
Girl  45.6751 43.0765 45.6327 45.5096 44.1853
Pepper 45.9863 42.1968 452633 45.7362 45.0163
Lena 459823 41.7948 44.9850 44.9802 44.9654
Man  44.0758 44.4517 43.6244 44.1476 44.0639
Rice 44.0758 40.9064 44.0483 44.0578 44.0321
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Fig.2 Watermarking extracted after common attacks
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Tab.2 NC value under signal processing attacks

Yok = 28 XHNCE
0.005 0.941
e ST R 0.010 0.934
0.015 0.901
0.01 0.967
N 0.03 0.921
0.05 0.901
3%3 0.961
o TR I 5%5 0.933
7x7 0.906
3%3 0.970
P 8 5%5 0.862
7x7 0.719
30 0.997
JPEGE % 20 0.964
10 0.925
1/16 0.984
% L85 1/8 0.949
1/4 0.901
0.75 0.898
Eiie 1.25 0.932
1.5 0.951

# 3 WEM NC E3TEE
Tab.3 Contrast of anti-attack NC value

Behie A e SClR[2] SCER[7] SCHRE8] SCHR[9]
Gaussian 0913 0912 0906 0912  0.876

Salt 0.924 0921 0.896 0.921  0.901
Mid-filter  0.976  0.959  0.919  0.959  0.942
JPEG 0.967 0961 0916 0961  0.926
Rotate  0.962 0.934 0921 0934  0.899

Cut 0.957 0915 0898 0915 0.933
Translation 5 ge7 (913 0966 0918  0.954
scaling
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Tab.4 NC value under compounding attacks

Y 2Rl SCRNCH
HEFE10°+JPEG (30% ) 0.886
HEFE 10°+JPEG (40% ) 0.905

BYI1/16+45710.751% 0.864
BFYI16+477801.54% 0.938
JPEG(40%)+45 1 0.754% 0.886
JPEG(40%)+4i 18 1.5F% 0.912
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