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Abstract

In the past decades. bi-dimensional empirical mode decomposition (BEMD) algorithms have been developed for the image
watermarking task with good robustness and imperceptibility; however, the non-negligible algorithm efficiency has received
little attention at the same time. In this paper, we devise a robust and efficient image watermarking algorithm based on
1D empirical mode decomposition (EMD) and dimensional reduction via Hilbert curve. Converting the problem of two-
dimensional image watermarking into the problem of one-dimensional signal watermarking promises to enhance the efficiency
and the robustness of the proposed algorithm. Specifically, host image is first reduced into one-dimensional signal by the
Hilbert curve. Our key insight is a dimensionality reduction strategy based on the Hilbert curve that preserves the spatial
local relationship to the greatest extent possible. Second, the one-dimensional signal is segmented into several short signal
intervals, and each of them is decomposed into several intrinsic mode functions (IMFs) and a residue by 1D EMD, which is
much faster than BEMD. Third, the maximum or minimum points of the first IMF are chosen as the watermark embedding
positions. For the watermark image, it is first encrypted by Arnold transform, which improves the security of the algorithm.
And then, it is also transformed into one-dimensional signal correspondingly. A repeated embedding strategy is used in the
embedding process to improve the algorithm’s robustmess. The final watermarked image can be reconstructed by the inverse
Hilbert curve transform after integrating the modified first IMF, the remaining IMFs, and the residual. To improve the security
and reduce the length of the key, Arnold transform and Huffman coding are adopted. The watermark extraction is the inverse of
the embedding process without using the host image and watermark image. Comprehensive experimental results confirm that
our new algorithm exhibits good robustness, efficiency, and high imperceptibility. Compared with the actual watermarking
algorithms, the newly proposed watermarking algorithm not only reduces the computational expense, but also shows better
performance in combating the cropping attacks, Gaussian noise, median filter, image enhancement attacks, etc.

Keywords Image watermarking - Empirical mode decomposition « Hilbert curve « Dimensionality reduction - Amold
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Zero-Watermarking Algorithm for Remote Sensing Image Via BEMD and DFT
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Abstract: In order to solve the problem of modifving the host image when the traditional image watermark-
ing algorithm protects the copyright of remote sensing image, and to improve the robustness of remote
sensing mmage watermarking algorithm, a remote sensing image zero watermarking algorthm based on
bi-dimensional empirical mode decomposition { BEMD) and discrete Fourier transform (DFT) & proposed.
Firstly, BEMD s used 1o decompose the host image to get the intrinsic mode function and margin, and the
residual miformation 18 divided into B=8 blocks DFT, and the high frequency coefflicients are constructed mto
coefficient images. Then Arnold transform 18 used to scramble the watermark image o improve the security
of the watermark image. Then the se of the watermark image 15 adjusted to solve the problem of image size
matching between the host image and the watermark image 1n the process of watermark embedding. Fmnally,
the coefficient image decomposed by DFT and the watermark image are constructed into feature image by
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Abstract: In order 1o solve the problem of large computation and model redundancy when applying deep leaming 1o
image watermarking, and 1o improve the robusiness of image watermarking algodthm against noise, rotation, and
cropping attacks, this paper adopts the obust image newral architeciure search (NAS). Multinomial distribution lesrning
for effective the neural archileeture search walermarking netwerk algorithm based on algorithm 1o find the optimal
netwaork structure in the preset search space, and performs efficient embed—dng and robust extmacton of mage
watermarks. Firsily, the lineady conneeted fully convolutional layers in the sub—network are changed 1o independent
neural unit siructure, then we parameterize the connection of nodes m the structural unit, and se1 the search space for
esch newron operation in the structural unit. Secondly, after completing & batch of data set training each time, the
probabilities of being selected for the next opemtion are dynamieally updaied scconding to the number of samples and
the average loss hunction valwe. Finally, the network stuciure after the search is retramed, whch reduces the model
parameters by more than 52% comparing with original model 2 wel as the mode] training time. Since the obained
neitwork struciure & more compact , the proposed algorithm can achieve higher performance md betler experimental
results . ompared 1o the original netwodk |, the newly—developed neiwork relies less on spatial information when hiding
images. A larger number of experiments are performed to illusirate the advanages of the proposed algorithm ine hiding
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Grayscale watermarking algorithm via BEMD and texture complexity

ZHAD Hui-chao!, HU Kun®, WANG Xiao-chao'
i 1. Schoal af Mathematical Sciences, Tiangang Universay, Tiamym 300387, Ching

2 Techmology and Engmneering Center for Space Utilization, Chnee A cademy of Sciences, Beyjing 100049, Chna)

Abstract: This paper presented a grayscale watermarking algorithm combiming texdure compleity and hi-dimens ional
empirical mode decomposition (BEMD). Firstly, the watermark image afler Arnold transform was decomposed by
BEMI to obtain the mtrinsic modal function {IMF) and the residual information of different scales. Then, the texture
complexity of the host image after scgmentation was calculated, and the region of high texture complexity was
selected as the embedding location. In order to better fuse the IMF of the watermark image with the host image,
BEMD decompasition was performed on the host image under the same sieving conditions as those for the watermark
image. Finally, the watermark information was repeatedly embedded into the pre-selected location of the host image,
and then the image embedded with watermarks was reconstructed by the IMF and the residual. Watermark extraction
was the inverse process of watermark embedding. The experiments on host images at different texture levels revealed
that the peak signal-to-noise ratios of images embedded wath watermarks were all above 40 dB, and the nomalized
cocfficients values of watermark extmetion all exceeded 0.5 in the face of eight common attacks . Compared with the
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