
Abstract
With the rapid development of multimedia and the fast growth 
of the Internet, the need for copyright protection, ownership 
verification, and other issues for digital data are getting 
more and more attention nowadays. Among the solutions for 
these issues, digital watermarking techniques are the most 
popular ones lately. A variety of watermarking methods has 
been proposed by researchers during recent years. On the 
other hand, Image Compression plays a very important role in 
image processing especially when we are to send the image 
on the internet. Due to this wide popularity, compression plays 
a major role in the design of watermarking algorithms. For 
a digital watermarking method to be effective, it is essential 
that an embedded watermark should be robust against 
compression. Recently, several researchers have proposed 
effective watermarking schemes, which are more robust 
against compression, by considering the parameters and steps 
in compression techniques. This article presents an extensive 
review on the impact of compression techniques on the design 
and effectiveness of watermarking algorithms. In addition, a 
concise introduction about digital watermarking is presented 
along with its properties, applications and techniques.
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I. Introduction
The Internet is considered as a perfect auction and distribution 
channel for digital data; however their remains a hindrance, while 
dealing with copyright compliance and content management. 
Nowadays, digital images can be employed in any area of 
interest– with or without permission. When the images are put to 
wrong use or leaked, it can spoil brand image, marketing works, 
eventually this extends and produce a major impact in sales. It is 
vital to safeguard the copyright of digital content against piracy 
and malicious manipulation, due to the quick development and 
extensive use of network distributions of digital media content. 
With the availability of internet around the globe, security of 
digital images has resulted in a greater significance. The launch 
of image processing tools has brought in a higher liability for 
illegal copying, alterations, and dispersion of digital images. 
Watermarking systems have been presented as a feasible and 
effectual solution to these problems [1]. Digital watermarking is 
employed with an intention of disallowing illegal replication or 
utilization of digital images [2,3]. In recent times, there has been 
a rapid advancement of digital imagery and digital watermark 
technology. The categories of protection systems comprise the 
utilization of encryption and authentication techniques also. 
The watermark can be mentioned as a digital code irremovably, 
forcefully, and unnoticeably embedded in the host data and 
characteristically comprises details regarding status, origin, 
and destination of the data [4]. The growing significance of 
watermarking technologies is affirmed by the requirement of 
competent methods in data security comprising of copyright 
protection and data integrity detection. The watermarking 
technologies symbolize an efficient tool for recognizing the 
source, maker, owner, and distributor or authorized consumer 

of a document. The watermarking method is considered as the 
best since it offers a better identification. A digital watermark 
can be described as an imperceptible signal together with a 
digital data, called cover work, which can probably be recognized 
afterwards for buyer/seller identification, ownership proof, 
and so on. Digital watermarking can be classified as image 
watermarking, video watermarking and audio watermarking 
as per the application range. Modern digital watermarking 
schemes mainly focus image and video copyright protection 
[5]. In general, a digital watermark is a code which is embedded 
within an image. It performs the function of a digital signature, 
giving the image with an implication of ownership or authenticity. 
The main advantage of watermarking is that the content is 
not detachable from the watermark. A watermark can show 
several noteworthy features. These include that the watermark 
is difficult to make out, tolerates common distortions, prevents 
malicious attacks, transfers several bits of information, is 
competent of synchronizing with other watermarks, and 
requires a bit of computation for insertion or detection [6]. An 
excellent watermarking system for images should fulfill the 
following requirements [7]: 

Transparency: The embedded watermark is ought to • 
degrade the image quality to a lower level.
Robustness: The embedded watermark should endure • 
general image processing operations like cropping, 
rotation, filtering and compression.
Security: The watermarking scheme must be protected • 
even while the embedding algorithm is enabled as public. 
Security is basically obtained by employing cryptographic 
techniques.
Appropriate complexity: The computation and memory • 
requirements should be less compared with the 
compression/decompression processes, particularly for 
real time applications. It appears that, these requirements 
may clash with each other, and cautious design is needed 
for tradeoff. 

Watermarks and watermarking techniques can be categorized 
into two categories: namely spatial domain methods and 
transform domain methods that make use of DCT, DFT and 
DWT and more. Transforms are not used in the spatial domain 
methods and so they are simple, but are not resistant against 
attacks. Transform domain watermarking techniques are 
comparatively more competent to spatial domain methods. It 
is because of the reason that when image is inverse wavelet 
transformed watermark is distributed unevenly over the 
image, causing difficulties for the attacker to read or modify. 
In the transform domain watermarking techniques, discrete 
wavelet transform (DWT) based watermarking techniques are 
obtaining more recognition owing to the reason that DWT has 
several merits over other transform for instance progressive 
and low bit-rate transmission, quality scalability and region-
of-interest (ROI) coding insist more effectual and adaptable 
image coding that can be utilized for image compression and 
watermarking applications also. The compression standard 
JPEG2000 is on the basis of discrete wavelet transform to fulfill 
the necessities [8]. The major requisite of digital watermarking 
is that embedded watermarks are resistant against filtering, 
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compression, cropping, geometric transformation and other 
attacks.   

In this paper, we present an extensive review of watermarking 
schemes, where the watermarking and compression are jointly 
considered, by assuming that the watermarked image inevitably 
undergoes compression prior to watermark extraction. The 
important properties of watermarking systems, which play 
a significant role in the design of watermarking algorithms, 
are presented as well. The impact of various compression 
techniques (JPEG, JPEG 2000, SPIHT and more) on watermarking 
algorithms have been explored in this paper.

II. Properties of watermarking 
Watermarking systems can be typified by a number of properties 
[9,10]. The relative significance of each property relies on the 
needs of the system application. The properties described in 
this section are associated to watermark embedder, watermark 
detector, or both

A. Embedding effectiveness
The efficiency of a watermarking system remains in the view 
that the output of the embedder will be watermarked. When 
input to a detector leads to positive detection the cover work is 
anticipated to be watermarked. It is likely to find the efficiency of a 
watermarking system analytically or empirically by embedding a 
watermark in several cover works and recognize the watermark. 
The proportion of cover works that generate positive detection 
will be the probability of effectiveness [9]. 

B. Fidelity 
Generally, the reliability of a watermark system relates to 
the perceptual resemblance between the original and the 
watermarked version of the cover work. However, it is likely 
that the watermarked work to be degraded in the transmission 
process prior to it being recognized by an individual, an 
another definition of fidelity might be further appropriate. It is 
probable to define watermarking system fidelity as a perceptual 
resemblance among the un-watermarked and watermarked 
works at the point at which they are given to a viewer [10].

C. Data payload 
Data payload indicates the number of bits a watermark embeds 
in a unit of time or works. When audio is considered, data 
payload indicates the number of embedded bits per second 
that are sent. Miscellaneous applications require diverse data 
payload. For example, Copy control applications may require 
some bits embedded in cover works [9]. 

D. Blind or informed detector 
The detector is indicated in which it requires the original, un-
watermarked work as an informed detector. There is likelihood 
for the informed detectors to insist for information that are 
acquired from the original work instead of the original work 
itself. On the contrary, detectors that do not necessitate the 
original work are known as blind detectors. Informed detector 
offers an improved performance in watermark extraction. 
However, this might result in a large number of original works 
being saved [10].

E. False positive rate 
A false positive can be described as the recognition of a 
watermark from a cover work which does not comprise one 
in actuality.

F. Robustness, security and cost 
Robustness signifies the capacity to identify the watermark after 
common signal processing operations. Audio watermarking 
must be robust to temporal filtering, A/D conversion, time 
scaling and so on. The entire applications of watermarking 
do not demand the entire robustness types. This relies on the 
kind of application of watermarking system [9,10]. The security 
of a watermark represents its capacity to counter aggressive 
attacks. Hostile attack is the process particularly anticipated 
to prevent the watermark’s purpose. Three main types of 
attacks are unauthorized removal, unauthorized embedding, 
and unauthorized detection. The Cost of watermarking system 
represents the speed with which embedding and detection has 
to be executed and the number of embedders and detectors 
that have to be used. 

III. Review of compressed-domain watermarking 
algorithms  
In order to improve the robustness of watermark against JPEG 
compression, the most recently proposed techniques embed 
watermark into the low-frequency components of the image. 
However, these components hold significant information of the 
image. Directly replacing the low-frequency components with 
watermark may introduce undesirable degradation to image 
quality. To preserve acceptable visual quality for watermarked 
images, Shinfeng D. Lin et al. 1[11] have proposed a DCT-
based image watermarking technique that adjusts the DCT 
low-frequency coefficients by the concept of mathematical 
remainder. Simulation results demonstrated that the embedded 
watermarks can be almost fully extracted from the JPEG-
compressed images with very high compression ratios.

Compression on a watermarked image can significantly affect 
the retrieval of the watermark. Past investigations of this problem 
have heavily relied on simulation. It is desirable not only to 
measure the effect of compression on embedded watermark, 
but also to control the embedding process to survive lossy 
compression. Qing Chen et al. [12] have focused on oblivious 
watermarking by assuming that the watermarked image 
inevitably undergoes JPEG compression prior to watermark 
extraction. They proposed an image-adaptive watermarking 
scheme where the watermarking algorithm and the JPEG 
compression standard are jointly considered. Watermark 
embedding takes into consideration the JPEG compression 
quality factor and exploits an HVS model to adaptively attain 
a proper trade-off among transparency, hiding data rate, and 
robustness to JPEG compression. The scheme estimates the 
image-dependent payload under JPEG compression to achieve 
the watermarking bit allocation in a determinate way, while 
maintaining consistent watermark retrieval performance.

F. H. Yeh et al. [13] have made a research in the development 
of a user-key dependent removable visible watermarking 
scheme in JPEG compression domain. The protected images 
are embedded with the visible watermarks, and further 
compressed by JPEG compression. The visible watermarks 
only can be successfully removed by authorized user with the 
private key. Experimental results showed that the scheme can 
recover images to the extent of JPEG-compression qualities.

Chuhong Fei [14] has determined the watermark domain 
that maximizes data hiding capacity. They focused on the 
situation in which the watermarked signal undergoes lossy 
compression involving quantization in a specified compression 
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domain. A linear model for the process of quantization was 
presented which leads to analytical results estimating the data 
hiding capacity for various watermarking domains. Using the 
framework, they predict appropriate transforms for robust 
spread spectrum data hiding in the face of JPEG compression. 
They found that a repetition code used in conjunction with 
spread spectrum watermarking in a different domain than 
employed for compression improves data hiding capacity.

A very robust against JPEG compression, difficult for collusion 
attack, and transparent secret key digital watermarking system, 
which takes a spatial-domain approach, was presented by 
Phen-Lan Lin [15]. The unique watermark that consists of both 
the owner's logo and the user's license number provides the 
ownership protection and traceability of illicit dissemination. 
The technique of block-oriented and modular-arithmetic–based 
watermark embedding and extraction achieves the robustness 
against image processing such as lossy compression, filtering, 
and cropping. The random perturbation of the pixels within 
the marked block as well as the unique and fused watermark 
information result in difference images with irregular-shape 
and uneven-luminance blobs, hence greatly increase the 
difficulty of collusion attack. Transparency is further fulfilled 
by means of embedding the information bits around but not 
on the exact edges of the features to avoid edge sharpening or 
smoothing, which effectively magnifies the contrast among the 
distributed images. The experimental results demonstrated that 
the watermarking system is superior to Voyatazis and Pitas's 
scheme with respect to image processing, and is much more 
secure than the method of Cox et al.'s method.

Compression on a watermarked image can significantly affect 
the detection of the embedded watermark. To show that a 
particular watermarking scheme is robust against compression, 
simulation is often relied upon. Minghui Xia and Bede Liu [16] 
have investigated the problem analytically and characterized 
the noise introduced by JPEG compression. They proposed a 
maximum a posteriori (MAP) detector, analyze its performance, 
and demonstrated that it has superior performance over the 
correlation detector.

A VQ-based digital image watermarking scheme was proposed 
by Hsien-Chu Wu and Chin-Chen Chang [17]. During the encoding 
process of the VQ compression technique, the proposed 
scheme embeds a representative digital watermark in the 
protected image so that the watermark can be retrieved from 
the image to effectively prove which party is in legal possession 
of the copyright in case an ownership dispute arises. In their 
method, the code words in the VQ codebook are classified 
into different groups according to different characteristics and 
then each binary watermark bit is embedded into the selected 
VQ encoded block. The main feature of the scheme is that 
the watermark exists both in the VQ compressed image and 
in the reconstructed image after VQ decoding. Because the 
watermark is hidden inside the compressed image, which is 
much smaller in size, much transmission time and storage 
space can be saved when the compressed data, instead of the 
original form, are transmitted over the Internet. Furthermore, 
the reconstructed image has robustness against aggressive 
image processing. The embedded watermark can even survive 
JPEG lossy compression.

The Picture Archiving and Communication System (PACS) were 
introduced for computerization of the medical system and 

tele-diagnosis between the hospitals. It is becoming possible 
to create, store, and transmit medical images via PACS. To 
improve transmission speed among the hospitals, the medical 
image should be compression JPEG 2000 by high compression 
ratio. Sung-Jin Lim et al. [18] have proposed an algorithm that 
utilizes both JPEG 2000 and robust watermarking for protection 
and compression of the medical image. With the proposed 
algorithm, it takes considerably less time to do JPEG 2000 and 
watermarking than when they are done separately. Based on 
the experiment results, it takes 0.72 second for the proposed 
algorithm and 1.11 second when they are done separately.

According to the number of Internet in widely use and the 
development of the related application, the distribution and use 
of multimedia contents, such as digital images, are very easy. 
Since these can modify as easy as use, multimedia contents 
need compressed JPEG 2000 and digital watermarking 
technique because of its enormous amount of information. 
To protect the digital image in real-time, Sung Jin Lim et al. [19] 
have proposed two methods that Dual Watermarking Method 
(DWM) based JPEG 2000 and performing JPEG 2000 and 
watermarking synchronously. DWM consists of the robust and 
fragile watermarking. Also, in DWM, watermarks are carefully 
embedded avoiding the areas of Region of Interest (ROI) and 
the edge of the digital image to protect the integrity of it. In 
performing JPEG 2000 and watermarking, it takes considerably 
less time to do JPEG 2000 and watermarking than when they 
are done separately.

A digital watermarking method, integrating with the state-of-the-
art image compression standard--JPEG 2000, is developed by 
Li, K. and Zhang, X.P [20]. Unlike most proposed watermarking 
schemes, which embed watermarks in the wavelet domain, 
a binary watermark is embedded in the code stream, which 
is the output of entropy (tier 2) coding. To reduce the image 
distortion introduced by the embedded watermark, visual 
compensation is applied. To improve the robustness of the 
watermark, a protection region, characterized by each sub-
band, is determined according to human visual system (HVS). 
The experimental results showed that, by selecting the sub-band 
and bit-plane carefully, the proposed watermarking scheme 
exhibits a high robustness to normal image processing.

M. Schlauweg et al. [21] have presented an efficient JPEG2000-
based image authentication scheme, which is robust to JPEG 
compression and other allowed signal processing operations. 
Positive wavelet-based watermarking approaches proposed 
in recent years are enhanced by image adaptive perceptual 
modeling and error correction coding. The method is secure 
in contrast to most of the schemes proposed so far. Lots of 
popular features of the JPEG2000 compression framework 
are supported, such as quality and resolution scalability, 
lossless image rotation and flipping. All coefficients of the 
wavelet decomposition are protected using the extended scalar 
quantization and hashing scheme. They showed that error 
correction coding yields impressive robustness improvements 
of the embedded image content dependent signature without 
raising a security gap.  The functionality is not only proved 
by experimental results but also a real prototype camera 
implementation and web-based verification.

JPEG 2000 is a compression technology that achieves very 
high compression rate and maintains visual quality. Digital 
watermarking techniques have been developed to protect the 
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copyright of media signals. M. A. Suhail et al. [22] have put into 
perspective joint photographic experts group (JPEG) and JPEG 
2000 concepts along with watermarking principle. It provides 
evaluation of the compatibility aspects of JPEG 2000 versus 
JPEG standard with watermarking. Various experiments have 
been conducted to compare the performance of both standards 
under various conditions.

A digital watermarking method, integrated with the state-of-
the-art image compression standard--JPEG 2000, is developed 
by Kan Li and Xiao-Ping Zhang et al. [23]. The binary digital 
watermark is embedded in the quantized wavelet coefficients 
in sub-bands with intermediate resolution after the stage of 
quantization and recovered before dequantization during 
decompression. Different from previously proposed JPEG 
2000 based watermarking schemes, the compression ratio, 
regarded as an important parameter, is used to design the 
adaptive watermark encoder: The strength of watermark is 
designed as proportional to the compression ratio such that the 
embedded watermark can survive the following code-stream 
rate allocation procedure without degrading the image quality 
The experimental results showed that the proposed system is 
robust to common image distortions and processing.

Chuen-Ching Wang et al. [24] have proposed a fragile 
watermarking for digital camera named compression 
watermarking algorithm (CWA). It bases on modifying the last 
non-zero coefficient of DCT quantized-block in JPEG image. The 
algorithm not only can provide the authentication ability but also 
can increase the compression ratio of the JPEG compressed 
domain image. As a result, the CWA can be applied in the DCT 
based domain application to provide authentication and bit 
rate reduction.

IV. Conclusion 
Digital watermarking technology is promising as a solution to 
a broad class of information communication challenges such 
as self-healing data, broadcast monitoring, and signal tagging. 
Compression serves as the main frequent form of incidental 
distortion in these applications, thereby limiting the robustness 
of watermarking [25,26]. Numerous advantages are there to 
combine the image coding and watermark embedding scheme 
at one end whereas, the image decoding and watermark 
extraction at the other end. The considerable techniques in 
reality for digital image watermarking those which are combined 
with compression are extensively reviewed here. Besides these, 
a preface to digital watermarking, Watermarking combined with 
compression, and properties of watermarking are also being 
presented.  The aim of this research is to assist the budding 
researchers, in the field of digital image watermarking combined 
with compression, so as to understand the accessible methods 
and further to aid, advancing their research.
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