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Abstract

This article proposed an algorithm of balanced multi-wavelet transform for the original color car-
rier image and color watermark image in YCbCr color space, and the watermark information is
embedded into the low and middle approximation information. Before the watermark is embed-
ded, Arnold scrambling is used to encrypt the Y-channel gray watermark image to ensure the se-
curity of the algorithm. Experiments show that the algorithm not only has good robustness, but
also significantly improves the performance in resistance to noise attack and JPEG compression.
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Table 1. Performance indicators of the algorithm without attack

= 1. RBERBESER M REIEIR

TKEIR A ER Y s PN PSNR/dB NCC SSIM
512 x 512
Mandrill.ppm 32.6084 0.9998 0.9876
51.2 ; .512 32.8058 0.9999 0.9843
Bird.jpg
S12x 51.2 32.7124 0.9999 0.9818
Blaeeyed.jpg
312 x 51.2 32.8044 0.9942 0.9814
Pepper.tif
S12x 5.12 32.9254 0.9999 0.9906
Lena.tif
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Figure 1. PSNR and NCC changes of salt and pepper noise at different densities
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Figure 2. PSNR and NCC changes of Gaussian noise with different densities
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Figure 3. Variation of PSNR and NCC of multiplicative noise at different densities
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Figure 4. Changes of PSNR and NCC with different Wiener filter sizes
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Figure 5. PSNR and NCC changes of different JPEG compression ratios
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JPEG L4

B, B 2 A 3 SEERaE B, AR N TK BN MG RIAS [F) 25 F5E ARk M 7 AR e P e 75 e i, L
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Table 2. Comparison of NCC values of different algorithms under attack

2. ZERWHRAREEE NCC EELE

Wik SCHR[9] SCHR[10] NSRS
HER I 0.001 0.98 0.93 0.99
PSR 75 0.002 0.95 - 0.99
HIERIE 75 0.006 0.81 0.84 0.98
HER /N 0.99 0.85 0.89
R 0.001 0.91 - 0.93
il 7 0.002 0.83 0.85 0.89
i 7 0.006 0.60 0.84 0.81
etk 7 0.001 0.98 - 0.97
etk M 75 0.002 0.95 - 0.95
eI 0.006 0.83 - 0.91
HEJE[3 % 3] - 0.74 0.89
HB BEBELS < 5] 0.81 0.74 0.81
E IR PR3 x 3] 0.93 - 0.97
FEHRIB B[S % 5] 0.93 - 0.97
HEGNIER[3 * 3] 0.92 0.89 0.92
HEGNIEL[S * 5] 0.83 - 0.84
DOI: 10.12677/jisp.2021.104020 190 EIE 555 A #


https://doi.org/10.12677/jisp.2021.104020

RXBERE, Z it

M 2 WIEEIRATLUE H, 7R AN K ED R UG AT AN R RE B A 2 e, SR ECHE /K ER Y NCC A 3 40 i
T SCHR[6 RN SCHR[10], Ul B BB PR PR

6. &g

AT Y OB T 1A /NP AR S XUR Cu R B OK BN S, b B MR R RIK EDEHR E9 R T T 4 B cardbal
NBAEH, IS KENEREAT Arnold BELINE, R T EVAREEIE. W R B A IS R
BEAT 0T, SIS S5 RARWT, A SO SR SENEAE DRAEHR A FRIZK ELEA AN TT WL R [R] I B B B it 1k

&5k

[1]1 JEZEW, AFEX. 2T HVS PR KESRARGE R EITI]. B PR R, 2015(4): 78-80

[2] Cui, L.H. and Li, W.G. (2011) Adaptive Multiwavelet-Based Watermarking through JPW Masking. /EEE Transactions
on Image Processing, 20, 1047-1060. https://doi.org/10.1109/T1P.2010.2079551

[3] Gomathi, R. (2019) Robust Watermarking Scheme in YCbCr Color Space Using SVD and DKT-DCT Hybrid Wavelet

Transforms. International Journal of Innovative Technology and Exploring Engineering (IJITEE), 9, 3697-3700.
https://doi.org/10.35940/ijitee.B6363.129219

[4] #Rz, SRMkH. T EG AR 2 /N AR R LN R[], BURHTHR, 2017, 40(18): 95-97+100.

[51 Pravin, S.M., Deepika, R., Aarnika, R., et al. (2021) Digital Watermarking for Medical Images Using DWT and
Svdtechnique. /OP Conference Series: Materials Science and Engineering, 1084, Article ID: 012034.
https://doi.org/10.1088/1757-899X/1084/1/012034

[6] Mahendra, K.P., Girish, P., Rajeev, G., ef al. (2019) Non-Blind Arnold Scrambled Hybrid Image Watermarking in
YCbCr Color Space. Microsystem Technologies, 25, 3071-3081. https://doi.org/10.1007/s00542-018-4162-1

[7] Soumitra, R. and Arup, K.P. (2018) An SVD Based Location Specific Robust Color Image Watermarking Scheme Us-
ing RDWT and Arnold Scrambling. Wireless Personal Communications, 98, 2223-2250.
https://doi.org/10.1007/s11277-017-4971-z

[81 Su, Q.T., Niu, Y.G., Wang, G., ef al. (2014) Color Image Blind Watermarking Scheme Based on QR Decomposition.
Signal Processing, 94, 219-235. https://doi.org/10.1016/j.sigpro.2013.06.025

(9] RXBERE, ZEJAR. TR/ AR ORI O SR AR K R E R (BOK BB [D). B HE kg, 2021, 10(4):
1096-1102.

[10] Manish, G., Girish, P., Rajeev, G., et al. (2015) Discrete Wavelet Transform-Based Color Image Watermarking Using
Uncorrelated Color Space and Artificial Bee Colony. International Journal of Computational Intelligence Systems, 8,
364-380. https://doi.org/10.1080/18756891.2015.1001958

DOI: 10.12677/jisp.2021.104020 191 EIE 555 A #


https://doi.org/10.12677/jisp.2021.104020
https://doi.org/10.1109/TIP.2010.2079551
https://doi.org/10.35940/ijitee.B6363.129219
https://doi.org/10.1088/1757-899X/1084/1/012034
https://doi.org/10.1007/s00542-018-4162-1
https://doi.org/10.1007/s11277-017-4971-z
https://doi.org/10.1016/j.sigpro.2013.06.025
https://doi.org/10.1080/18756891.2015.1001958

	基于平衡多小波的双彩色图像水印算法
	摘  要
	关键词
	Algorithm Based on Balance Multi-Wavelet of Double Color Image Watermarking
	Abstract
	Keywords
	1. 引言
	2. 图像分解与置乱
	2.1. 多小波与平衡多小波变换
	2.2. Arnold变换

	3. 水印的嵌入与提取
	3.1. 水印嵌入
	水印嵌入算法步骤

	3.2. 水印提取
	水印提取算法步骤


	4. 图像的评价标准
	4.1. 评价不可见性
	4.1.1. 峰值信噪比
	4.1.2. 结构相似度

	4.2. 评价鲁棒性
	归一化相关系数


	5. 实验结果分析
	6. 结论
	参考文献

