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Abstract—This paper presents a new (Advanced) watermarking scheme for audio signal. Many Impressive watermarking algorithms have 
been designed for digital images but very few have developed for audio. The proposed algorithm uses a Dual transform to achieve good 
quality results. Transform used are discrete wavelet transform and singular value decomposition. This newly proposed algorithm is 
established mainly in security point of view. Robustness of proposed method is verified by applying various attacks such as volume scaling, 
resampling, requantization, Low pass filter, etc. 

 

Index Terms— Audio Watermarking, Discrete wavelet Transform, Singular value decomposition, dual transform, Security, 
Wavelet, Robustness 

——————————      —————————— 

1 INTRODUCTION                                                                    

here are many techniques to share the information among 
two users privately and at the same time  to maintain its 

security level, Such techniques are like cryptography, Ste-
ganography and watermarking etc. Out of which watermark-
ing technique provides one of the best solutions among them 
.This technique embeds information so that it is not easily de-
tected to the others and at the same time the embedded wa-
termark should not degrade the quality [1]. Watermarking is a 
technique through which the secure information is carried 
without degrading the quality of the original signal. The tech-
nique consists of two processes, Embedding process and Ex-
traction process.The embedding block consists of watermark, 
original signal (or cover object), and watermarking key as the 
inputs (creates the embedded signal or watermarked data). 
Whereas, the inputs for the extraction block is embedded ob-
ject, key and sometimes watermark as illustrated in Figure. 
The watermarking technique that does not use the watermark 
during extraction process is termed as blind watermarking. 
Blind watermarking is superior over other watermarking in-
volving watermark for extraction as watermarked signal and 
key are sufficient to find the embedded secret information [5] 
 
Internet is one of the main reasons for the growth of research 
and also increases percentage of sharing information. But it 
also become easy to pirate the digital Media the watermarking 
technique during starting used on images, and is called as Im-
age Watermarking.[4] 

 
 
 

 
 
 
 
 

 
                   Fig 1 Embedding Procedure 
 
 
 
 
 
 
 
 
 
 
 
 
 
                     Fig 2 Extraction Procedure 

Image watermarking has become popular; but it also become 
easy to extract the watermark for unauthorized user Thus, 
developers have found another digital embedding source as 
audio and it is called as Audio Watermarking.  
The basic principle regarding watermarking technique is to 
add watermark signal to data to be watermarked in such a 
way that watermark should remain secure and quality is not 
degraded.  According to   International Federation of 
Phonoraphic Industry (IFPI), [3] audio watermarking algo-
rithm must satisfy following requirements to provide a useful 
and reliable form of copyright protection:[2] 
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1) Imperceptibility:- Once signal is extracted the quality of 
signal should not degrade. SNR (Signal to Noise ratio) of 
20db SNR should be maintain by watermark Audio. 
2) Robustness: - When we apply data compression and dif-
ferent attacks the result should not degrade. 
3) Security:-  Original data should not get modified by un-
known person. 
4) Capacity:  The algorithm should be able to carry as much 
information as possible but should not degrade the quality of 
the audio signal.[2] 

Wavelet Domain processing analysis block and synthesis 
block plays vital role in the complete structure of wavelet. To 
get the wavelet coefficients from the signal by the process of 
decompositions is mainly done by Analysis block.[4] The re-
construction process is the inverse of decomposition process  
The operation of 1-level discrete wavelet transform decompo-
sition is to separate high pass and low pass components. Thus, 
process involves passing the time-domain signal x[n] through 
a high pass filter g0[n] and down sampling the signal obtained 
yields detailed coefficients (D).Passing x[n] through low pass 
filters h0 [n]and down sampling generated approximate coeffi-
cients (A). [6] 
 In this paper section 1 gives brief introduction about pro-
posed method, section 2 gives idea about Discrete Wavelet 
Transform, section 3 provides experimentel results and section 
4 represents conclusion of this paper. 

2   DISCRETE WAVELET TRANSFORM 
The process of separate out frequency details is nothing but 
the DWT concept, which is multi- resolution decomposition. 
The audio signal can be transformed into frequency domain 
which is ranging from low frequency to high frequency [3]. 
High frequency spectrum is normally removed in the com-
pression process, since it is less sensitive to human ear. Be-
cause of this reason low frequency components are used to 
embed against various attacks 
Equation of DWT is:  
 

 
W (j, k) =∑∑ x (k) 2 j /2 ψ(2  − j  n-k)                    (1)                  

 
Ψ (t) is a time function with finite energy and fast decay called 
the mother wavelet [3] 

The DWT of a signal x is calculated by passing it through a 
series of filters. First the samples are passed through a low 
pass filter with impulse response g resulting in a convolution 
of the two: 

          * g) [n] =           (2) 

           The signal is also decomposed simultaneously using a 
high-pass filter h. The outputs giving detail coefficients (from 
the high-pass filter) and approximation coefficients (from the 

low-pass). It is important that the two filters are related to 
each other and they are known as a quadrature mirror filter. 
However, since half the frequencies of the signal have now 
been removed, half the samples can be discarded according to 
Nyquist’s rule. The filter outputs are then sub sampled by 2 
(Mallet’s and the common notation is the opposite, g- high 
pass and h- low pass): 
 

                      (3)   
 
             

                     (4) 
 

This decomposition has halved the time resolution since only 
half of each filter output characterizes the signal. However, 
each output has half the frequency band of the input so the 
frequency resolution has been doubled. [8] 
 
 
 
 
 
 
 
 
  
                         Fig 2.1 Frequency resolution 
 
 
2.1 Cascading Filter Banks 

It is observed that as the level of decomposition increases fre-
quency resolution of it is also increases. The signal is decom-
posed into low and high frequencies. Due to the decomposi-
tion process the input signal must be a multiple of 2. Where n 
is the number of levels. 

3   SINGULAR VALUE DECOMPOSITION 

It is one of the new transform techniques for watermarking. 
SVD based method is introduced by Gorodetski et, al. It is 
powerful technique for factorizing earl and complex ma-
trix.SVD technique is normally used in watermarking (image) 
and Image compression.[10] SVD transform decomposes 
(M*N) image C (M*N ) into 3 matrices.  Embedding procedure 
block diagram is shown in fig 3.1 Firstly discrete value de-
composition is get apply to original audio signal and then af-
ter that singular value decomposition is taken out ,watermark 
image and singular value form is embedded and  output of 
embedded block is given to  Inverse singular value decompo-
sition. To get watermark audio as a output inverse discrete 
wavelet tansform is applied to the inverse DWT block. 
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Fig 3.1 Block didgram of embedding procedure  

 Extraction procedure of audio signal is shown in fig 3.2. Wa-
termark audio is taken as input then discrete wavelet trans-
form and singular value decomposition is applied, after that 
watermark extraction is done and we get original signal. 

 

 

 

 

 
                Fig 3.2 Block diagram of extraction procedure  

  3.1   Embedding Process  
Embedding process for proposed scheme is as follows: 
Step 1: Select an image to embed in the audio.  Convert it into 
gray form. 
Step 2: Perform DWT transformation on audio signal. This 
Operation helps to produces two sub band namely A, D.  D                  
Represents detail sub band and A represents approximate Sub 
band. 
Step 3: Select a sub band for embedding process 
Step 4: Apply SVD to the DWT performed approximation sub 
band. SVD decomposes the DWT coefficient into three matrix-
es. 
 Step 5: Perform step 2, 3, 4 to image also.  
 Step 6: Embed the image bits into the DWT-SVD Transformed 
original audio signal using following equation 
                                 S em = S+ K*Sw                         (5) 
Where S = singular Matrix f original audio signal   
 Sw = singular matrix of image signal 
 Sem = singular matrix of watermark audio signal 
 Step 7 with the use of U and VT apply inverse SVD operation 
and then to extract watermark audio inverse DWT is get apply. 
[4] 

3 .2    Extraction Process   
Extracting process for proposed scheme is as follows: 

Step 8: performed 4, 5, 6 of the embedding procedure until the 
S matrix is obtained for all frames of audio  
Watermark signal [4] 
 Step 9: Compose the singular matrix of watermark image in 
the DWT-SVD transformed watermarked audio  
Signal With the use of equation 
                S ext = (Sem – S)/ 0.0001                                   (6) 
Where S ext = singular matrix of extracted watermark signal  
 Atep 10 Produce final image as follows: 
Step 10: Apply the inverse SVD operation using the U and VT 
matrices, which were unchanged and S matrix, is modified 
according to the equation [5] 
Step 11: Apply inverse DWT operation to obtain original au-
dio. 

    4          EXPERIMENTAL RESULT  
It is almost impossible to achieve robustness against attacks 
so, as a practical point of view host file will successfully re-
trieve once attack is applied .[14]Proposed watermarking algo-
rithm is evaluated using two Measures, first is  Subjective 
evaluation and  second is Objective evaluation. 

4.1.      Subjective Evaluation 
Table 1 Mean Opinion Score [5] is considered as subjective 
evaluation measure. Result for MOS between host audio and 
watermarked audio for the proposed scheme are shown in 
Table 2 This subjective evaluation is very time consuming 
evaluation because it is directly based on human listening tests 
[15]. The results of this subjective evaluation is differs from 
person to Person, to obtain more accurate results objective 
evaluation is preferred [18]. 
                                              TABLE 1  
                          MEAN OPINION SCORE 
 

 
                           
 
                                 
 
 
 
 
 
 
 
 
 
 

 
 
                                        
 
Method for subjective evaluation is as follows 
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1) Various original audio samples such as classical, rock, pop 
etc was played in front of various people. 
2) After that watermark samples were played in random man-
ner 
3) People were asked to find out difference based on audio 
quality of original and watermarked signal. 
4) After that people were asked to give grade of each sample 
on scale 1 to 5 is shown in table 1 
5) From the given grade, average grade for audio is calculated. 
                                     TABLE 2 
 EXPERIMENTEDVALUES OF SUBJECTIVE MEASURES 
 

 

4.2.      Objective Evaluation 
                             
Robustness against attack is measured using SNR [5] .The var-
ious types of attack may not affect perceived quality of audio 
but it may affect the watermark image.Evaluation parameter 
to verify robustness of algorithm it is as given as follows 
Signal to noise ratio provide the amount by which the signal is 
corrupted by the noise. 
 SNR (Signal to Noise ratio) defined as ratio of signal power to 

noise power. [2] 

Equation of SNR is:  
 

                   SNR = 10 log 10      ∑ X (i) 2                                    (7) 

                                               ∑ {X (i)-X ‘(i) 2} 

Where X (i) and X’ (i) are original and watermark audio signal 

respectively. 

The Robustness of proposed method is evaluated in terms of 
SNR.Variuos attcaks such as Volume scaling, Resampling, 
Requantisation, Low pass filtering are apply to proposed 
method and results are evaluated. 

                                              TABLE 3 
 EXPERIMENTED SNR VALUES IN DECIBAL 

 
     In the TABLE 3)    Attack 1: Volume Scaling, 
                                      Attack 2:  Requantization, 
                                      Attack 3: Resampling, 
                                      Attack 4: Low Pass Filtering. 

5      CONCLUSION 

Proposed Algorithm uses DWT, SVD for Audio 
Watermarking Process. We proved by simulation result that 
this algorithm is robust against different attacks such as 
volume scaling, Requantization, Resampling, Low pass 
filter.  Evaluated results shows that proposed method 
provides improved SNR [More than 20db] which is 
standadised by International Federation of Phonographic 
Industry [IFPI].  
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