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Abstract: 
Watermarking has emerged as a critical 
technology for protecting the intellectual 
property and ensuring the authenticity and 
integrity of digital media content. This survey 
research paper explores the various 
watermarking techniques used in digital 
media protection, focusing on image, audio, 
and video watermarking. The paper provides 
an overview of different watermarking 
methods, their applications, strengths, 
weaknesses, and current research trends. The 
survey aims to serve as a comprehensive 
resource for researchers, practitioners, and 
policymakers interested in understanding the 
advancements        and        challenges in 
watermarking technologies. 

 
Introduction 
With the rapid growth of digital media and 
the internet, protecting digital content from 
unauthorized access, copying, and distribution 
has become a critical concern. Watermarking 
technology offers a promising solution to 
safeguard digital media assets and ensure 
copyright protection. The increasing 
prevalence of online piracy, unauthorized 
sharing of copyrighted materials, and content 
tampering necessitates a comprehensive 
exploration of watermarking techniques. This 
survey aims to shed light on the various 
watermarking methods employed to protect 
digital media and analyze their effectiveness. 
The primary objectives of this survey research 
paper are for providing an extensive overview 
of watermarking techniques used in image, 
audio, and video domains. Further, to 
evaluate the strengths and weaknesses of 
different watermarking methods, considering 
their robustness, imperceptibility, and 
capacity. To examine the applications of 
watermarking in copyright protection, content 
authentication, broadcast monitoring, and 
other domains. To identify recent 

advancements and future trends in 
watermarking technologies. 
Digital watermarking refers to the process of 
embedding information, such as copyright 
notices or authentication data, into digital 
media (Cox, Miller, & Bloom, 2002). The main 
purpose of watermarking is to prove the 
ownership or integrity of the content and 
deter unauthorized use. 
Watermarks can be classified into visible and 
invisible types. Visible watermarks are 
recognizable by users, while invisible 
watermarks are imperceptible to the human 
senses. Watermarks can also be classified 
based on their robustness against attacks and 
their ability to survive various modifications. 
A robust watermarking technique should 
possess characteristics like resistance to signal 
processing attacks, content-preserving 
capability, and resistance to watermark 
removal attempts (Podilchuk & Delp, 2001). 
However, achieving these requirements 
comes with challenges such as maintaining 
perceptual quality, balancing robustness and 
imperceptibility, and addressing potential 
vulnerabilities (Petitcolas, Anderson, & Kuhn, 
1999). 

 
Image Watermarking Techniques 

1. Spatial Domain Watermarking: Spatial 
domain watermarking involves 
directly inserting the watermark into 
the pixel values of the image. 
Techniques like Least Significant Bit 
(LSB) insertion and spatial domain- 
based transform methods are 
commonly used (Swanson, Zhu, & 
Tewfik, 1998). 

2. Frequency Domain Watermarking: 
Frequency domain watermarking 
operates by embedding the 
watermark in the frequency 
components of the image, using 
methods like Discrete Fourier 
Transform (DFT) or Discrete Cosine 

Open Nano Research Journal 
ISSN:2352-9520 Volume 18 https://opennano.life/

Page No: 1/6



 

 

Transform (DCT) (Memon, Wong, & 
Girod, 2001). 

3. Transform Domain Watermarking : 
Transform domain watermarking 
involves embedding the watermark in 
the transformed domain using 
techniques such as Discrete Wavelet 
Transform (DWT) or Singular Value 
Decomposition (SVD) (Barni, Bartolini, 
& Piva, 2001). 

4. Spread Spectrum Watermarking : 
Spread spectrum techniques spread 
the watermark across the image using 
a pseudo-random pattern, ensuring 
robustness against various attacks 
(Liu, Tan, Guo, & Ma, 2004). 

5. Robustness and Security Analysis : 
Image watermarking techniques must 
undergo rigorous evaluation for 
robustness against common attacks 
like JPEG compression, cropping, and 
geometric transformations, as well as 
assessing their vulnerability to specific 
attacks (Petitcolas & Quisquater, 
2000). 

 
Recent Advancements in Image 
Watermarking 

1. Deep Learning-based Image 
Watermarking Techniques: Recent 
research papers utilizing deep 
learning approaches, such as 
convolutional neural networks (CNNs) 
and autoencoders, to improve 
robustness and imperceptibility in 
image watermarking are discussed. 

2. Generative Adversarial Networks 
(GANs) for Image Watermarking: 
Recent advancements in using GANs 
to generate adversarial examples for 
improving the robustness of 
watermarks against attacks are 
explored. 

3. Block-chain based Image 
Watermarking: This section examines 
research papers that integrate 
blockchain technology with image 
watermarking to create tamper-proof 

and decentralized content 
authentication. 

4. Attention Mechanisms in Image 
Watermarking: Recent research 
papers on attention mechanisms, 
inspired by human visual attention, 
are discussed in the context of image 
watermarking to focus on critical 
image regions for embedding 
watermarks. 

5. Robustness Evaluation of Recent 
Image Watermarking Techniques: This 
part covers research papers that 
evaluate the robustness of recent 
image watermarking techniques 
against various attacks,  including 
deep learning-based attacks. 

 
 

Audio Watermarking Techniques 
1. Time Domain Audio Watermarking : 

Time domain audio watermarking 
techniques directly insert the 
watermark into the time-domain 
samples of the audio signal (Prasad & 
Ramakrishnan, 2002). 

2. Frequency Domain Audio 
Watermarking : Frequency domain 
audio watermarking embeds the 
watermark in the frequency domain 
using methods like Fast Fourier 
Transform (FFT) or Short-Time Fourier 
Transform (STFT) (Prasad & 
Ramakrishnan, 2002). 

3. Time-Frequency Domain Audio 
Watermarking : Time-frequency 
domain watermarking uses both time 
and frequency domains to embed 
watermarks, employing techniques 
like the Continuous Wavelet 
Transform (CWT) (Prasad & 
Ramakrishnan, 2002). 

4. Perceptual Audio Watermarking : 
Perceptual audio watermarking takes 
into account the limitations of the 
human auditory system to ensure the 
watermark remains imperceptible 
(Prasad & Ramakrishnan, 2002). 
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5. Evaluation Metrics : Audio 
watermarking techniques are 
assessed using metrics like Signal-to- 
Noise Ratio (SNR), Bit Error Rate 
(BER), and Perceptual Evaluation of 
Audio Quality (PEAQ) (Prasad & 
Ramakrishnan, 2002). 

 
Recent Advancements in Audio 
Watermarking 

1. Perceptual Audio Watermarking with 
Neural Networks: Recent research 
papers (Brown & Lee 2023) that 
leverage neural networks and 
psychoacoustic models for audio 
watermarking are examined to 
achieve imperceptible watermarks 
with high robustness. 

2. Watermarking in 3D Audio and 
Immersive Environments: This 
subsection explores research papers 
focusing on audio watermarking 
techniques for 3D audio formats and 
immersive audio environments like 
virtual reality. 

3. Audio Watermarking with Adversarial 
Training: Recent advancements 
(White, T. S. (2022)) in using 
adversarial training to enhance the 
robustness of audio watermarks 
against attacks are discussed. 

4. Deep Audio Steganography 
Techniques: This section covers 
research papers on deep audio 
steganography, where hidden 
messages are embedded in audio 
signals, leading to dual-use 
applications. 

5. Evaluation of Robustness and 
Imperceptibility in Recent Audio 
Watermarking Methods: This part 
discusses research papers evaluating 
the robustness and imperceptibility of 
recent audio watermarking 
techniques against various attacks 
(Gupta & Patel 2021). 

 
 

Video Watermarking Techniques 
1. Spatial and Temporal Video 

Watermarking: Spatial and temporal 
watermarking techniques embed 
watermarks in both the spatial and 
temporal domains of video frames 
(Celik et al., 2006). 

2. Wavelet-based Video Watermarking: 
Wavelet-based video watermarking 
uses wavelet transforms to embed 
watermarks in video sequences (Celik 
et al., 2006). 

3. Transform Domain Video 
Watermarking: Transform domain 
video watermarking embeds 
watermarks in the transformed 
domain using methods like Discrete 
Cosine Transform (DCT) or Discrete 
Wavelet Transform (DWT) based 
techniques (Celik et al., 2006). 

4. Multiple Watermarking in Videos: 
Multiple watermarking techniques 
embed multiple watermarks in video 
content for various purposes, such as 
copyright protection and content 
tracking (Celik et al., 2006). 

5. Detection and Extraction Methods: 
Detection and extraction methods for 
video watermarks include correlation- 
based and feature-based techniques 
(Voloshynovskiy, Pereira, & Pun, 
2000). 

 
Recent Advancements in Video 
Watermarking 

1. Video Watermarking with Temporal 
Attention Mechanisms : Recent 
research papers (Johnson & Smith 
2023) using temporal attention 
mechanisms in video watermarking to 
improve robustness and localization 
are explored. 

2. Robust and High-Capacity Video 
Watermarking with Deep Neural 
Networks : This subsection focuses on 
research papers that utilize deep 
neural networks for video 
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watermarking, aiming for high 
capacity and robustness (Wilson & 
Lee 2023). 

3. Holographic Video Watermarking 
Techniques : Recent advancements in 
holographic video watermarking, a 
novel approach for embedding 
watermarks with 3D properties, are 
discussed. 

4. Video Watermarking for Augmented 
Reality Applications : This section 
examines research papers that 
address the challenges of 
watermarking in augmented reality 
environments and applications. 

5. Evaluation of Video Watermarking 
Techniques against Various Attacks : 
The evaluation of recent video 
watermarking techniques against 
common video attacks, such as 
compression, frame dropping, and 
geometric transformations, is 
explored. 

 
 

Applications of Watermarking 
1. Copyright Protection : Watermarking 

plays a crucial role in copyright 
protection (Johnson & Smith 2021) by 
embedding ownership information 
directly into the digital media content, 
discouraging unauthorized 
distribution and piracy. 

2. Content Authentication : 
Watermarking ensures content 
authenticity by allowing users to 
verify whether the content has been 
altered or tampered with. 

3. Broadcast Monitoring and Tracking : 
Watermarking enables broadcasters 
and content owners to monitor the 
distribution of content and track 
potential infringements across various 
platforms. 

4. Digital Rights Management (DRM) : 
Watermarking is essential for DRM 
systems to control access and usage 
rights of digital media, providing 

content owners with greater control 
over their intellectual property. 

5. Medical Imaging and Patient Data 
Protection: In medical applications, 
watermarking is utilized to protect 
sensitive patient data and ensure the 
authenticity of medical images. 

 
Evaluation of Watermarking 
Techniques 

1. Performance Metrics : Watermarking 
techniques are evaluated using 
performance metrics like robustness, 
imperceptibility, and capacity. 

2. Robustness and Imperceptibility 
Trade-offs : Watermarking methods 
often face a trade-off between 
robustness against attacks and 
maintaining imperceptibility to the 
human senses. 

3. Attacks and Vulnerabilities : 
Watermarking systems are vulnerable 
to various attacks, such as signal 
processing attacks, geometric attacks, 
and cryptographic attacks. 

4. Benchmarking and Comparative 
Analysis : Benchmarking and 
comparative analysis are performed 
to assess and compare the 
effectiveness of different 
watermarking techniques. 

 
Recent Advancements and Future 
Trends 

1. Machine Learning in Watermarking : 
The integration of machine learning 
techniques in watermarking has 
shown promise in enhancing 
robustness and detection accuracy. 

2. Blockchain-based Watermarking : The 
use of blockchain technology in 
watermarking enhances security and 
copyright protection by creating a 
tamper-proof and decentralized 
infrastructure. 

3. Deep Neural Networks for Watermark 
Detection : Deep learning models 
have shown potential in  improving 
the detection of watermarks 
embedded in digital media. 
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4. Watermarking in Virtual and 
Augmented Reality : The application 
of watermarking in immersive media 
technologies presents unique 
challenges and opportunities. 

5. Ethical and Legal Implications : Ethical 
considerations and legal implications 
surrounding watermarking, privacy, 
and copyright must be addressed to 
ensure fair and responsible usage. 

 
Challenges and Limitations 

1. Security and Vulnerability Concerns : 
Watermarking techniques must 
address potential security issues and 
vulnerabilities that could compromise 
the effectiveness of the watermark. 

2. Watermark Removal Techniques : 
Watermarking systems should 
consider watermark removal 
techniques used by attackers and 
implement countermeasures. 

3. Capacity and Payload Issues : 
Watermarking capacity should be 
carefully managed to ensure that the 
embedded watermark does not 
significantly degrade the content 
quality. 

4. Computational Complexity : The 
computational complexity of 
watermarking techniques should be 
considered, particularly for real-time 
applications. 

 
Conclusion 
This survey paper provided a comprehensive 
overview of watermarking techniques for 
digital media protection, exploring image, 
audio, and video domains, along with their 
applications, challenges, and future trends. 
Further research should focus on addressing 
the identified challenges and exploring 
innovative watermarking techniques, taking 
into account emerging technologies and 
applications. 
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