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1
Table 1 Multiple linear regression results
1 2 3 4 5 6
T, 7.852% %% 11.40%** 0 0 3.686% %% 4.654***
'k 0 —0.204*** 0 0 0 -0.0530
T, 0 0 4.371% %% 3.087%** 2.7327% % 1.948%**
I 0 0 0 0.0443" 0 0.0251
28.48*** 18.06* ** 18.67*** 25.22%%* 17.87%** 19.33%**
R* 1% 89 91 94.7 95.2 100 100
Dk ok ok p<0.01 * % p<0.05 * p<0.1p
* % %
6 Pe =
-0.05377 +0. 025 175 +4. 654 T, + 1. 9487, +
19.33, R’
1 89%
1 1~ 3.
5 o
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P, =3.686T, +2.732T, + 17.87 (5)

SSIM

SSIM .

TBAQT.

9

Fig.9 Fitting error of models
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SSIM ( SSIM 99.193% - 2 o 0
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) 3 Table 2 BERs of watermark extracted by different
SSIM algorithms under image processing attacks
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Table 3 BERs of watermark extracted by different
algorithms under geometric attacks
BER/%
1) TBAQT
TDSS DQAQT  TBAQT
/ 1.56 0 0 ° 100
90° 1.56 0 0 SSIM

25% 2.12 0.04 0 SSIM

32% 5.55 1.38 0 0.5% -

50% 9.63 4.84 0 2) TBAQT

0.5 12.58 1.20 0

0.6 16.10 360 0 ’

0.7 19.71 8.66 0.01

0.6 1.77 0 0 BER 0.

0.8 1.52 0 0 3) TBAQT

2.0 1.56 0 0

o s o

2.0 1.60 0 0 °
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1.8 x0.7 1.63 0 0
(1) DOAQT  TBAQT
TDSS, ( References)
( 1) ° FAZLALI H R SAMAVI S KARIMI N et al. Adaptive blind
( 2) N N N image watermarking using edge pixel concentration J . Multi—

TBAQT DQAQT media Tools and Applications 2017 76( 2) : 3105-3120.

BER 0. GUAN H ZENG Z LIU J et al. A novel robust digital image
watermarking algorithm based on two-devel DCT C //Proceed—
ings of the International Conference on Information Science

TBAQT Electronics and Electrical Engineering. Piscataway NJ: IEEE

Press 2014: 18044809.

. TBAQT MOHREKESH M AZIZI S SHIRANI S et al. Hierarchical wa—
0.6 termarking framework based on analysis of local complexity var—

iations J . Multimedia Tools and Applications 2018 77(23) :

DQAQT 30865-30890.

YADAV N SINGH K. Robust image-adaptive watermarking

using an adjustable dynamic strength factor J . Signal Image

. and Video Processing 2015 9(7) : 15314542.

( 3) HUANG Y GUAN H NIU B et al. A spread-spectrum water—

marking scheme with adaptive embedding strength and PSNR
guarantee C // Proceedings of the International Conference on
Anti-Counterfeiting Security and Identification 2018: 82-87.

HUANG Y NIU B GUAN H et al. Enhancing image water—



12

2413

10

11

marking with adaptive embedding parameter and PSNR guaran—
tee J . IEEE Transactions on Multimedia 2019 21 ( 10):
2447-2460.

NASIR T KHELIFI F JIANG J et al. Robust image watermark—
ing via geometrically invariant feature points and image nor—
malisation J .Image Processing IET 2012 6(4) :354-363.
TANG C W HANG H M. A feature-based robust digital image
watermarking scheme J . IEEE Transactions on Signal Pro—
cessing 2003 51(4) :950-959.

YE X CHEN X MENG D et al. A SIFT-based DWT-SVD
blind watermark method against geometrical attacks C //Pro—
ceedings on the International Conference on Image & Signal
Processing. Piscataway NJ: IEEE Press 2015: 14841650.

SU Q CHEN B. Robust color image watermarking technique in
the spatial domain J . Soft Computing 2018 22( 1) : 91406.
ZONG T XIANG Y NATGUNANATHAN I et al. Robust histo—
gram shape-based method for image watermarking J . IEEE
Transactions on Circuits and Systems for Video Technology
2015 25(5) :717429.

LOAN N A HURRAH N N PARAH S A et al. Secure and ro—
bust digital image watermarking using coefficient differencing
and chaotic encryption J . IEEE Access 2018 6: 19876-
19897.

PARAH S A SHEIKH J A LOAN N A et al. Robust and blind
watermarking technique in DCT domain using inter-block coef—
ficient differencing J . Digital Signal Processing 2016 53:
11-24.

HUYNH-THE T BANOS O LEE S et al. Improving digital im—
age watermarking by means of optimal channel selection ] .
Expert Systems with Applications 2016 62( 1) : 177-489.
HUYNH-THE T HUA C TU N A et al. Selective bit embed-
ding scheme for robust blind color image watermarking J . In-
formation Sciences 2018 426:1-8.

PENG Y QI J. Show and tell in the loop: Cross-modal circular
correlation learning J . IEEE Transactions on Multimedia
2019 21(6) : 1538-550.

PENG Y ZHU W ZHAO Y et al. Cross-media analysis and

reasoning: Advances and directions J . Frontiers of Information

18

19

20

21

22

23

Technology & Electronic Engineering 2017 18( 1) : 44-57.
QI J PENG Y. Cross-modal bidirectional translation via rein—
forcement learning C // Proceedings of the International Joint
Conference on Artificial Intelligence 2018:2630-2636.

YUAN M PENG Y. Text-o-image synthesis via symmetrical
distillation networks C //Proceedings of the 26th ACM Multi—
media Conference. New York: ACM 2018:14074415.

] 2019 56( 1) : 183208.
PENG Y X QI J] W HUANG X. Current research status and
prospects on multimedia content understanding J . Journal of
Computer Research and Development 2019 56 ( 1) : 183208
('in Chinese) .

2009 14(3) :622-635.

LIU L. KUANG G Y. Overview of image texture feature extrac—
tion methods J . Journal of Image and Graphics 2009 14(3) :
622-635( in Chinese) .

GONZALEZ R C WOODS R E. Digital image processing third
edition J . Journal of Biomedical Optics 2009 14(2):
029901.

WANG Z BOVIK A C SHEIKH H R et al. Image quality as—
sessment. From error visibility to structural similarity J . IEEE

Transactions on Image Processing 2004 13(4) : 600-612.



2414 2019

Image texture based adaptive watermarking algorithm
HUANG Ying' NIU Baoning' ©  GUAN Hu® ZHANG Shuwu’

(1. College of Information and Computer Taiyuan University of Technology Taiyuan 030024 China; 2. Digital Content Technology and

Media Service Research Center Institute of Automation Chinese Academy of Sciences Beijing 100190 China)

Abstract: Watermarking is a technique of embedding a mark called a watermark in an image to prove the
copyright of this image. This paper proposes an image texture based adaptive watermarking algorithm by taking
advantage of the textured regions of an image being easy to hide the watermark. Firstly a texture measurement
method is proposed to reflect the richness of image’ s texture and the concepts of global texture value and lo—
cal texture value are introduced to comprehensively analyze the image texture distribution. The textured regions
of an image are located by using the sliding window and judged by the local texture value of the inner window
area and then we only embed the watermark in the textured regions and ensure the visual quality of embedded
watermark. The function relationship among the global texture value the local texture value of the textured re—
gions and the embedding parameter is obtained by multiple regression analysis. It can adaptively adjust the
embedding parameters with the texture values of the regions to maximally enhance the imperceptibility and ro—
bustness of the watermark. Moreover embedding the same watermark in multiple non-overlapping textured re—
gions further improves the accuracy of the extracted watermark. The simulation experiments on 100 images
show the superiority of the proposed method compared with the state-of-the-art methods in terms of impercepti—
bility adaptivity and robustness.
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