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Abstract— Watermarking an audio signal is a very crucial thing. So a new watermarking technique Empirical Mode 
Decomposition (EMD) is introduced. The audio signal is first split into frames and each one is then decomposed by EMD to 
get intrinsic periodic components known as Intrinsic Mode Functions (IMFs). The combination of watermark and 
synchronization code are embedded into the last IMF, which is most stable frequency component under different attacks and 
protects quality of the host signal. So this methodology is applied to any image and audio signals. It  has given the physical 
marking and its detection to protect audio on different attacks. 
 
Index Terms— Empirical mode decomposition, Intrinsic Mode Function, synchronization code, amplitude modulation, 
signal to noise ratio, frequency modulation.  
 
I. INTRODUCTION 
 
Digital audio watermarking means protecting digital 
audio file from illegal copying, illegal manipulation. 
A lot of works has been done on digital watermarking 
of image and video. This review will emphasis on 
digital watermarking of audio file to inspect if real life 
marketable execution is possible out of various 
techniques that has been proposed by different 
intellects. Recently, digital audio files are mostly 
abused for copyright breaches because they can be 
downloaded and copied easily. This may lead the 
owner of the works, a good loss in terms of revenue 
and his fame as well. Digital audio watermarking has 
gain a good attention to provide efficient solutions for 
copyright protection of digital media. Main goals of 
digital audio watermarking are robustness and 
imperceptibility.  The watermark should be inaudible 
within host audio so that its quality is maintained but 
it should be robust to the attacks or signal distortions 
given to the host data. At the end, watermark should  
be easy to extract and to prove ownership. To attain 
above necessities, pursuing new schemes for 
watermarking is a very difficult. Different techniques 
for watermarking with different complexities have 
been given. For protecting against various attacks on 
audio, a robust scheme of watermarking is given but it 
has demerits like bit rate transmission. To eliminate 
bit rate problem, watermarked schemes in the domain 
of wavelet has also been proposed. Watermarking in 
wavelet domain has fixed basis functions, thus they 
cannot guarantee to match all real time signals. To 
conquer these drawbacks, Empirical Mode 
Decomposition (EMD), this new signal 
decomposition technique has been introduced. It 
works on both stationary as well as non-stationary 
signals. EMD does not require a priori choice of filters 
or any basis functions. This scheme breaks down any 
signal in zero-mean symmetrical envelopes AM-FM 
modules known as Intrinsic Mode Functions. 

II. LITERATURE SURVEY 
 
Arnold, et al, has given a imperceptible watermarking 
technique in audio watermarking is not as developed, 
yet as related to the researches which has done in 
image and video watermarking. As human auditory 
system is much sensitive than the human visual 
system, the factor of inaudibility is very difficult to 
achieve than hiddenness from images. The audio 
signals are characterized by a few samples per time 
interval, which shows that the quantity of information 
bits that can be embedded strongly and noiselessly in 
audio files is much inferior than the amount of 
information bits that can be inserted in visual files.  
 
Gordy et al, has given an algorithm independent 
framework for equating digital watermarking 
algorithm with respect to perceptual quality, bit rate, 
robustness and complexity to signal processing. The 
requirements for practical applications may differ so 
low computation may be required for implementation 
in real life scenarios. Based on the four properties that 
are bit-rate, perceptual quality, computational 
complexity and robustness, the algorithms for public 
watermarks were compared. These are echo coding, 
DSSS (direct sequence spread spectrum), FHSS 
(frequency hoped spread spectrum), phase coding and 
frequency masking. For bit rate the frequency masking 
deal the lowest bit rate. For perceptual quality, phase 
coding, echo coding, and frequency masking 
presented most distortion into the audio signal. DSSS 
and FHSS have a higher SNR as the power of the noise 
should be a very low level. For computational 
complexity, DSSS, FHSS, and Echo coding, removal 
takes longer than embedding representing algorithms 
may run in real-time platform. Frequency masking 
embedding was the most costly operation because of 
the necessity to calculate a complex, time-varying 
perceptual masking analysis to be carried out on the 
host signal. For robustness to signal processing, time 
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domain algorithms, echo coding and DSSS, 
performed unwell, but frequency domain algorithms, 
FHSS, phase coding, and frequency masking produce 
the best performance. 
 
Tom et al, in watermark security has mentioned the 
inability by unapproved users to have access to the 
watermarked channels. That is, watermark security 
refers to the helplessness of unauthorized users to 
remove, detect and estimate, write or modify the raw 
watermarking bits or watermarked signals. The 
security of watermarking trusts in the secrecy of the 
keys and only the information of both the algorithm 
and the keys can break the algorithm.  
 
Martins, et al, has given  frequency domain approach 
for robustness. This frequency domain approach of 
watermarking is expensive to implement than time 
domain techniques. Because they have a higher bit 
rate and more robust watermark removal under signal 
processing.  Assessment of watermarking attacks on 
audio watermarks showed the need for more research 
to improve the quality of current watermarking 
method that can be used with electronic trade 
applications. This work concentrated on audio attacks 
expected to be faced for transmission of audio files. It 
verified their attacks on four algorithms including 
PCM (pulse code modulation) watermarking still 
under expansion. The conclusion for the PCM 
watermarking was that zero cross pullouts change and 
extraction of all watermarks while resampling 
destroys the watermark completely.   
 
Christine, et al, has given a general description of 
digital watermarking algorithm and its applications. 
He has given the general watermarking problems, 
drawing equals to communication and information 
concept to help understand the fundamental properties 
and the limitations of watermarking system. 
Numerous technical problems connected with 
watermarking are yet to be solved and whether it can 
be used in court of law was talked. Questions, such as 
what are sensible alterations permissible, what 
measure of alteration can be used to determine the 
efficiency of an algorithm and so on, were raised.  
 
Martin, et al, in his paper focused on the design of a 
content delicate audio watermarking scheme to allow 
numerous post production developments and on the 
design of an invertible watermarking pattern 
collective with digital signatures for high security. 
 
Anastasias, et al, has mentioned in his overview of 
watermarking schemes grounded on chaotic 
generators and correlation detector offered a 
transform domain technique containing multiplicative 
inserting of high frequency chaotic watermarks in low 
frequencies of the discrete Fourier transform (DFT). 

High pass chaotic watermarks demonstrate to perform 
better than low pass watermark which have worst 
performance when no distortion is subjected on the 
watermarked signal. 
 
Xian young, et al, has given the comparison of 
watermarks given by three famous chaotic functions, 
logistic map and Bernoulli maps in the existence of 
practical attacks. Two (2-D Arnold cat) chaotic maps 
to improve security and one map for encryption of 
position of the host image, and one extra map to 
govern the pixel bit of the host image for watermark 
embedding. He claimed the watermark to be 
imperceptible and it is also robust to some typical 
signal processing operations.  
 
Aidan, et al, has given a comparison among 
watermarks produced from chaotic functions and 
pseudorandom number sequences displayed that 
chaotic watermarks proposes superior performance 
over the pseudo random grounded watermarks with 
low pass chaotic signals having the finest complete 
performance for the different attacks. The use of 
chaotic function in watermark generation disclosed 
that chaotic sequences have robustness above the 
extensively used pseudorandom arrangements in 
watermarking applications and the watermarks 
generated by logistic map especially, have best 
performance over other chaotic maps used to produce 
watermarks.   
   
Mathieu, et al, has given a new watermarking model 
joining both time and frequency (TF) domain 
illustration using molecular matching pursuit (MMP) 
algorithm and a psychoacoustic model. This model 
claimed imperceptibility and robustness to common 
signal handling operation but it fails against low pass 
filter and its audibility depends on type of music.  
 
Ali, et al, has proposed audio watermarking created on 
discrete wavelet transform (DWT). He has given 
singular value decomposition (SVD) technique. A 
binary image of size 6x4 pixel was inserted into audio 
file. It was informed that the algorithm fulfills the 
desired feature of optimum audio watermarking that 
has been set by the International Federation of 
photography Industry (IFPI). IFPI conditions that the 
watermark should not damage the perception of audio, 
the algorithm should deal resistance to most common 
attacks and audio processing operations and the 
watermark should stop unauthorized removal unless 
the quality of audio hampers a lot. 
 
 Ke-Xin Yin, et al, has given a sightless robust digital 
watermarking scheme using chaotic encryption and 
human visual system in the DWT domain. The 
watermark is encrypted by means of logistic map.  
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Christophe, et al, has given a combination of DCT and 
DWT on audio signal with enhanced imperceptibility 
and robustness with improved synchronization 
scheme. It was Chaos based watermarking algorithm 
created on discrete chaotic iteration verified on image 
formed a robust and well-organized algorithm with 
security using the bitwise exclusive OR (XOR) . 
 
K.Khaldi, et al, has proposed a comparative study of 
different decomposition approaches used to de-noise 
an ECG signal. There are several signal processing 
techniques available that is Fourier Transform 
method, Short Term Fourier Transform method, 
Empirical Mode of Decomposition method, Wavelet 
analysis, etc. Though Fourier Transform method is 
mainly used for decomposition purpose, it is not 
appropriate for decomposition of non-stationary 
signal. However, almost all of  the biomedical signals 
are non-stationary in nature. So the signal should be 
correctly de-noised thus it can deliver vital medical 
information related to patient’s health condition. The 
problems of FT method can be cracked out by Wavelet 
Transform method. As Wavelet Transform is a 
non-adaptive, it is not acceptable to remove the high 
frequency noise from signal. The difficulties of WT 
method can be lessened by Empirical Mode of 
Decomposition method. A in depth study is required to 
find out the most beneficial decomposition method for 
an ECG signal. A latest accommodative and adaptive 
audio watermarking technique supporting Empirical 
Mode Decomposition (EMD) was disclosed. The 
audio signal is fragmented into frames and each one is 
decomposed adaptively, by EMD, into intrinsic 
periodic rudiments known as Intrinsic Mode 
Functions (IMFs). The watermark and therefore the 
synchronization codes are embedded into the extrema 
of the preceding IMF, a chance of frequency mode 
stable under different attacks and protective audio 
sensory action quality of the host signal. All this mean 
that, our methodology is applied to any image and any 
audio signals. 
     
CONCLUSION 
 
In this paper we have discussed about various ideas 
and basic requirements behind watermarking 
techniques.  
A new watermarking scheme based on the Empirical 
Mode Decomposition technique is projected. The 
watermark is inserted in very low frequency mode and 
is related with synchronization codes, this gives better 
protection against various attacks. Data bits of the 
synchronized watermark are embedded in the extrema 
of the last IMF of the audio signal so does not affects 

the quality of host signal. It works in real time. It 
requires less calculations. It would be one of the best 
techniques to prove ownership and authenticity of 
original audio signal.  
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