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Abstract 

This paper discusses protection of the copyright of audio signal which is belonging to Egyptian Radio and Television Union 

(ERTU). It is used to protect it through the cloud and allow the Authorized Groups (AuthGs) to get benefit from.  It is done 

using watermarking techniques based on Discrete Cosine Transform (DCT). Many tests are performed to compare between the 

original and watermarked audio to insure the robustness of the process and then the high performance of the cloud which is 

done. Moreover, these tests are applied to insure the source of the audio and detect if any changes are made. This also 

overcomes the difficulties of distance for all AuthGs. 
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1. Introduction 

Watermarking is an effective tool to save the copy right for 

different media types. Audio contents for any multimedia 

organization like ERTU represent valuable Legacy like songs 

and presidential speeches [1]. a frequency-domain audio 

watermarking scheme based on dirty convolutional codes is 

presented with proper define to masking threshold which 

represents a major deviation from classical distortion models 

thus making the direct application of the dirty coding 

paradigm[2]. A novel scheme to adaptively determine the 

embedding strength for audio watermarking using 

Quantization Index Modulation (QIM) in Discrete Wavelet 

Packet Transform (DWPT) domain is discussed. The 

effectiveness of this scheme has been proven using the 

perceptual evaluation of audio quality and bit error rates of 

the recovered watermark under common digital signal 

processing attacks [3]. The technique is proposed based on 

optimization, multi-resolution representation in wavelet 

domain, and DCT for Blind 3D Model Watermarking [4]. A 

Singular Value Decomposition (SVD) based audio 

watermarking scheme using variable embedding strength, 

exponential and logarithm operations for copyright protection 

is presented [5]. Proper selection of cepstrum coefficient the 

watermarking is of strong anti-attack ability and ant jamming 

ability. Using auditory masking properties make the 

watermarking be of consistent good invisibility. The 

algorithm combined psychoacoustic model with cepstrum 

transform can be adaptive to embed watermarking in the 

complicated audio files. This is discussed in [6]. The rest of 

this paper is organized as follow. Section II presents the 

formulation of the problem. Numerical results are given in 

section III. Finally section IV is the conclusion of the paper. 
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2. Formulations of Problem 

Watermarking audio need to be measured and determined the 

qualities to decide how much it is effective. In the following, 

various metrics will be defined and explained to understand 

why it has been used in evaluation and the factors that must 

be considered.  The normal distribution is measure for 

probability of the data containing through the audio and the 

distribution of it. It can be described as: 

f(x) = ��√	
 e�(��)����                         (1) 

The parameter µ in this formula is the mean or expectation of 

the distribution. The parameter σ is its standard deviation; its 

variance is therefore σ 2. A random variable with a Gaussian 

distribution is said to be normally distributed and is called a 

normal deviate. Spectrogram is a graph which indicates the 

frequencies of speech versus time. It is used to get visual 

indication and comparison between the original and 

processed audio. Distribution of the signal gives the 

distribution of the signal's amplitude and it becomes a good 

comparison tool between processed and original speech. 

Histograms show the distribution of data values across a data 

range. It may be divided to many categories: 

a. Cartesian coordinates: shows the distribution of the 

elements in Y as a histogram with equally spaced bins 

between the minimum and maximum values in Y. 

b. Matrix input argument: when Y is a matrix, histogram 

creates a set of bins for each column, displaying each set 

in a separate color. 

c. Specifying number of bins: interpret their second 

argument in one of two ways as the locations on the axis 

or the number of bins. When the second argument is a 

vector x, it specifies the locations on the axis and 

distributes the elements in length(x) bins.  

d. Using data cursors: when the data cursor tool is used on a 

histogram plot, it customizes the data tips it displays in an 

appropriate way. Instead of providing x, y, and z-

coordinates, the data tips display the following 

information: number of observations falling into the 

selected bin, the x value of the bin's center and the lower 

and upper x values for the bin 

Scatter plots (also called scatter diagrams) are used to 

investigate the possible relationship between two variables 

that both relate to the same "event". A straight line of best fit 

(using the least squares method) is often included. The scatter 

diagram helps to identify the existence of a measurable 

relationship between two items by measuring them in pairs 

and plotting them on a graph. Things to look for: 

a) If the points cluster in a band running from lower left to 

upper right, there is a positive correlation (if x increases, y 

increases).  

b) If the points cluster in a band from upper left to lower 

right, there is a negative correlation (if x increases, y 

decreases).  

c) Imagine drawing a straight line or curve through the data 

so that it "fits" as well as possible. The more the points 

cluster closely around the imaginary line of best fit, the 

stronger the relationship that exists between the two 

variables.  

d) If it's hard to see where the draw a line, and if the points 

show no significant clustering, there is probably no 

correlation.  

The DCT and the IDCT of N × N image are defined as [6]:  

C(u, v) =	�α(u)α(v) ∑ ∑ f(x, y)cos	[
(	 !�)"	� ]cos	[
(	$!�)%	� ]���$&'��� &'     (2) 

f(x, y) =	�∑ ∑ α(u)α(v)C(u, v)cos	[
(	 !�)"	� ]cos	[
(	$!�)%	� ]���%&'���"&'    (3) 

Where f(x, y) is the pixel intensity at the audio location (x, 

y), and C(u,v) is the DCT coefficient at the transform  

location (u,v). 

α(u) = α(v) = ( �√	 			u = v = 01		otherwise                      (4) 

Correlation coefficient is used for similarity measurement. It 

give an indication that how the original and watermarked 

image are identical. There is of course threshold to decide the 

presence the watermark absence [7- 10]. It can be calculated 

as:  

C = ∑ ∑ 012(3,4)�1̅2 601�(3,4)�1̅� 67892:;92
<=∑ ∑ 012(3,4)�1̅2 67892:;92 �>=∑ ∑ 01�(3,4)�1̅� 67892:;92 �>

     (5) 

Where I�(r, c)is the value of the point (r, c) in the original 

audio. I	(r, c)is the value of (@, A)	in the processed audio, B�̅  

is the mean of the original audio and  B	̅  is the mean of the 

encrypted audio that is calculated as follows: 

B ̅ = �C∗E∑ ∑ B(@, A)CF&�EG&�                   (6) 

The layout of watermarking process is introduced in Fig. 1 

and the Graphical User Interface (GUI) of the application is 

displayed in Fig. 2. 

3. Numerical Results 

In this work, the basic idea is to apply DCT for the audio 

wanted to be watermarked and insert the watermark image in 
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the first part of audio in length equal to the length of 

watermark image. After inserting, IDCT is applied to this 

part then reconstruct the audio with both parts which one of 

them is watermarked. The original voices for Sadat’s speech 

besides watermark used in this work are displayed in Fig. 3. 

3.1. Embedding Process 

In embedding process, a watermarking image is inserted into 

the content. Then, the new audio is reconstructed to be like 

the original one containing the watermarking image. When 

listening to each audio, it may be noticeable a small change 

between them but for small duration of time. In Fig. 4, it 

shows the original audio and the watermarked audio 

respectively. It can be recognized that how much they are 

similar to each for most of duration of scenario. Fig. 5 shows 

the spectrogram of each. The normal distribution which 

displayed in Fig. 6 indicates the unnoticeable change in 

watermarked audio than original. The power of each audio is 

monitored in Fig. 7 where they are almost the same in low 

frequencies but there are changes in high frequencies.  In Fig. 

8 display the distribution of the audio. It shows how they are 

close to each and there is no noticeable change where it can 

be distinguished. Fig. 9 represents the data contained in 

original and watermarked in time and frequency domain 

where it shows the similarity with the original. Fig. 10 shows 

the scattering between the original and the watermarked 

signal, which indicate the high correlation between both. 

From all above, it can be realized that this techniques can be 

applied to the cloud without any noticeable change for both 

the original and the watermarked audio where it improve the 

security of cloud’s contents. 

 

Fig. 1. The layout of processing of the watermarking 

 

Fig. 2. The GUI of the application. 
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(a) 

 

(b) 

Fig. 3. (a)The original audio (Ryhanny) and (b) Watermark image. 

 

(a) 

 

(b) 

Fig. 4. The audio signal (a) original and (b) watermarked. 
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(a) 

 

(b) 

Fig. 5. The spectrogram of the audio signal (a) original and (b) watermarked. 

 

(a) 
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(b) 

Fig. 6. The normal distribution of the audio signal (a) original and (b) watermarked. 

 

(a) 

 

(b) 

Fig. 7. The power of the audio signal (a) original and (b) watermarked. 
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(a) 

 

(b) 

Fig. 8. The distribution of the audio signal (a) original and (b) watermarked.  

 

(a) 
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(b) 

Fig. 9. The Time/Frequency domain of the audio signal (a) original and (b) watermarked 

 

Fig. 10. The scattering between the original audio and the watermarked audio 

 

(a)          (b) 

Fig. 11. The watermark image (a) original and (b) extracted. 

 

(a) 
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(b) 

Fig. 12. The spectrogram of the watermark image (a) original and (b) extracted. 

 

(a) 

 

(b) 

Fig. 13. The normal distribution of the watermark image (a) original and (b) extracted. 
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(a) 

 

(b) 

Fig. 14. The power of the watermark image (a) original and (b) extracted. 

 

(a) 



 American Journal of Circuits, Systems and Signal Processing Vol. 1, No. 1, 2015, pp. 1-13  11 

 

 

(b) 

Fig. 15. The distribution of the watermark image (a) original and (b) extracted. 

 

(a) 

 

(b) 

Fig. 16. The Time/Frequency domain of the watermark image (a) original and (b) extracted. 
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Fig. 17. The scattering between the original image and the extracted 

3.2. Extracting Process 

In this case, the inserted image is extracted and the resulted is 

compared with the original to determine how much this 

algorithm suit the cloud and give high performance. 

In Fig. 11, the original and extracted image are showed 

where is almost similar to the original. Fig. 12 shows the 

spectrogram of each. The normal distribution which 

displayed in Fig. 13 indicates the big change in watermarked 

image than the original. The power of each image is 

monitored in Fig. 14 where a small change can be recognized 

for all frequencies.  In Fig. 15 display the distribution of the 

images where there is a change in value of both high and low 

value of images pixels. Fig. 16 represents the data contained 

in original and watermarked in time and frequency domain 

where it shows the changes between it and the original. Fig. 

17 shows the scattering between the original and the 

extracted image which indicate the correlation between both. 

The scatter of both image concentrate on the corner of the 

shape in positive slope. It is due to the portion of audio signal 

that extracted with the image. From all above, it can be 

recognized that the inserted watermarked can be still 

extracted and realized.  

4 Conclusion 

As seen from the results, the tests which are applied to the 

embedding process determine the high similarities between 

the original and the watermarked signal. In extracted process, 

the difference between the original and the extracted signal is 

obvious but still can recognize it. The difference is due to the 

part of audio signal which is extracted with image and 

change its structure. Generally, it has a good performance for 

embedding watermark image and a good reconstructed audio. 

The extracting process has many poor criteria and low 

performance but still and recover an acceptable recognized 

image where the cloud can maintain the security of its 

contents.  
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