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Digital watermarking has been capturing the interests in programming society several 

decades ago due to the development of software and programming techniques that cause 

an increase in illegal use of digital files. In addition,  with the  widespread use of  Internet 

which support sharing any digital files easily, this had simplified distribution of illegal 

digital files without the owner’s permission. As the multimedia files; which include 

images, audio, and video clips; are prone to piracy, the multimedia industry and owner’s 

of digital media are coping with this issue to protect their intellectual property. 

Furthermore, the multimedia digital market needs to find solutions for copyright 

protection.  

 

 

A robust, imperceptible and high capacity algorithm is proposed by using the stationary 

wavelet transform and the quantization index modulation technique with new 

synchronization method. 

 

 

The results obtained show high robustness towards signal processing and manipulating 

attacks specially the de-synchronization attacks such as jittering, cropping, and zero 

inserting attacks. In addition, the imperceptibility and capacity obtained are considered 

high with respect to signal to noise values. A subjective test with volunteer’s listeners 

had been conducted for the proposed method. The findings show high imperceptibility 

with subject difference grade SDG of 4.76; meanwhile high payload capacity with mean 

value of 176.4 bps is achieved. Hence, based on these results, the proposed audio 

watermarking method outperforms most of the previous studies. 
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Watermarking digital telah membawa perhatian kepada masyarakat pengaturcaraan 

beberapa dekad yang lalu disebabkan oleh pembangunan teknik perisian dan 

pengaturcaraan yang menyebabkan peningkatan dalam penggunaan fail digital secara 

haram. Di samping itu, dengan penggunaan meluas Internet yang menyokong 

pengkongsian sebarang fail digital dengan mudah, ini telah memudahkan pengedaran 

fail digital haram tanpa kebenaran pemilik. Fail multimedia; termasuk imej, audio, dan 

klip video; terdedah kepada cetak rompak, industri multimedia dan pemilik media digital 

menangani isu ini untuk melindungi harta intelek mereka. Tambahan pula, pasaran 

digital multimedia perlu mencari penyelesaian untuk perlindungan hak cipta. 

 

 

Di sebabkan oleh terdapat banyaknya fail audio  dan peluang yang tinggi fail audio akan 

digunakan secara haram, kajian ini memberi tumpuan kepada pembangunan kaedah 

watermarking untuk perlindungan hak cipta audio. Algorithma yang mempunyai ciri ciri 

yang teguh, tidak kelihatan dan mempunyai kapasiti yang tinggi  dicadangkan dengan 

menggunakan stationary wavelet transform  dan teknik pemodulatan pengkuantuman 

indeks dengan kaedah penyegerakan baru. 

 

 

Keputusan yang diperolehi menunjukkan keteguhan yang tinggi terhadap serangan 

pemprosesan isyarat dan memanipulasi terutama serangan de-synchronization seperti 

jittering, cropping, dan kemasukkan sifar. Di samping itu, imperceptibility dan kapasiti 

yang diperolehi dianggap tinggi dibanding dengan nilai isyarat kepada bunyi. Ujian 

subjektif dengan pendengar sukarelawan telah dijalankan untuk kaedah yang 

dicadangkan. Hasil kajian menunjukkan imperceptibility yang tinggi dengan perbezaan 

nilai  SDG sebanyak 4.76; sementara nilai kapasiti muatan juga adalah tinggi dengan 

min 176.4 bps dicapai. Oleh itu, berdasarkan keputusan ini, kaedah watermarking audio 

yang dicadangkan melebihi prestasi kebanyakan kajian sebelumnya. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

Nowadays, Internet has become the main stream to share ideas and thoughts through 

various software applications. Tools such as email and file sharing as well as social 

media applications, e.g. Facebook and Instagram, are widely used today. While Internet 

easily and inexpensively supports sharing any digital content such as image, audio, and 

video; this had simplified the illegal use and distribution of digital files without the 

ownership permission. Moreover, the wide spread of computers and gadgets usage in 

addition to high speed internet and the growth of peer to peer file sharing techniques 

allow easy sharing of digital media saved in individual device using special software 

such as e-Donkey and Kazaa [1]. As the multimedia files may prone to piracy, 

multimedia industry and ownerships of digital media are coping with this issue to protect 

their intellectual property. Hence, the multimedia digital market needs to find an 

effective solution for copyright protection.    

The digital media industry tried to keep high product margins by adding encryption 

software that restricts duplication and playback as digital rights management. However 

all these arrangements to stop file sharing failed. Moreover, technology developers, 

scholars and customers think that this is a wasted effort by the industry to resist change 

and suppress creativity [1]. 

Copyrights focus on protecting the owners’ rights and intellectual property from piracy. 

Trends today focus towards ways to protect the owner rights technologies that secure 

their digital products from being illegally used, distributed authority claimed or 

plagiarized. Watermarking copyright marks into digital media could be the most suitable 

solution for this problem [2]. Watermarking techniques hide information in the digital 

contents about the owner and the date of production. This hidden information can be 

extracted to claim the ownership and copyright of the digital content. However, hidden 

data security against attackers using watermarking techniques needs continuous 

improvements as the attacks types are becoming more challenging with available 

advanced software tools [3, 4].  

Generally, audio watermarking is considered more challenging compared to image and 

video watermarking. Inserting watermarks to digital audio files is more complex 

technique when compared with image and video techniques. This is due to the fact that 

the sensitivity of human auditory is more than the human visual system [5]. Hence, the 

invisibility for images is easier to achieve than the inaudibility. In addition, the size of 

hidden information data that can be embedded robustly and inaudibly in an audio file is 

much lower than visual media. This is because the audio files are representedby far less 

samples per time interval.  
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As the requirements to develop efficient solutions for copyrights protection for digital 

audio and multimedia products is urgently needed, the audio watermarking is considered 

a promising technique. Hence, this research focuses on improving audio watermarking 

technique for copyright protection.    

1.2 Digital Watermarking 

Digital transmission had become the significant trend of the century due to the ease of 

producing, distributing and transmitting. However, the lack of unauthorized access 

protection is considered main issue. Digital watermarking techniques are suggested to 

embed data in digital content for the protection reasons [2]. 

Digital watermarking is a mechanism of hiding digital data (bit stream) covertly in a 

cover signal such as an image, audio, video, text data or even software data. It is usually 

used to identify copyright owner or for purposes of authentication. The embedded data 

is called watermarking data; while the signal used to hide the data is called carrier, cover, 

or host signal. The hiding process is called watermarking. The embedded stream is to 

carry an evidence marker to indicate the owner of the content, information of the receiver 

side, and/or the date of creating the file. When an illegal copy is discovered, extracting 

hidden data can prove property or authentication of the content. 

Media owners are looking for techniques that guarantee protection of their rights, 

securing their content from piracy, unauthorized usage, and enable the chasing and 

conviction of illegal media distributors. Watermarking copyrights information could be 

the most important technique to protect the intellectual property for digital media. 

Watermarking data indicates the ownership and date of distributing the file content and 

extracting it when an illegal copy is discovered. Watermarking is not used for copyright 

protection only, there are many goals watermarking can achieve and it is already used. 

For instances: authentication, source detection, secret communication, networks security, 

and so on. 

Proving the authentication of a digital file watermarks could be utilized to check whether 

the digital file have been tampered or forged. Additionally, it could be used to define 

type of attacks that used to manipulate the file. Moreover, it might help to recover the 

original data by giving clues to the attack type and giving a chance to reverse it [2]. 

For source detection, a marker is embedded into a digital file at each point of distribution. 

When a copy of the work is found, then the watermark may be extracted from the copy 

and then the source that cause the illegal distribution is known. The source of illegally 

copied movies can be detected using watermarking techniques. Actually, watermarking 

techniques have reportedly used for this case.  
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Another idea is covert or secret communication or data using watermarking. It is used 

frequently by military and security applications. Protection of this communication must 

be guaranteed. Digital watermarking can be used to secure the transformed data [2]. 

Covert communication using digital watermarking is more secure compared to 

cryptography.  

In cryptography; when the original data is encrypted, only the secret key can be used to 

decrypt the data to obtain the original one. When the attackers have enough time, they 

have the possibility to decrypt the data as they are aware of the existence of such 

important data. However, in digital watermarking techniques; there is no way for 

attackers to assure that secret information is existing there or not [3]. 

Some sensors in wireless networks used to monitor the changes of physical phenomena 

in the enclose environments. This sensor networks help to surveillance of military and 

monitoring health of old people.  The security of those networks is an important issue. 

Some watermarking methods are used to achieve security of monitoring networks [4]. 

Generally, the watermarking system can be described according to its embedding and 

extracting algorithm characteristics. These characteristics might be all or some of them 

required to achieve the watermarking system. This is depending on the application area 

[2].  Imperceptibility, robustness and capacity of embedded data are considered as 

efficiency factors of any watermarking algorithm [5]. Achieving higher results in these 

three factors are still hot topic in watermarking algorithms.  

The embedded signal should not degrade the host signal and the quality of the file should 

be kept high. In other words, the user should not feel any change in the signal, this feature 

is called imperceptibility. The first most important method to measure the 

imperceptibility is calculating the Signal to Noise Ratio (SNR) [6,7]. The SNR should 

be high enough to make the hidden data imperceptible.Even though the characteristics 

are not all important in all application,the imperceptibility should be guaranteed in most 

of the cases. The second method is the subjective test;especially for audio watermarking. 

In audio watermarking, five grades are defined to evaluate the watermarked digital file 

based on a group of volunteers. The result is the mean value of their evaluation using a 

method called Subjective Difference Grade (SDG) measure [8, 9].  

The embedded signal should survive intentional and non-intentional attacks. This 

reflects the degree of robustness of algorithm. Robustness is an important characteristic 

especially for copyright hiding marker. This is because the illegal users try to remove 

the copyright mark intentionally. Examples of attacks on audio watermarking may 

include many types of signal manipulating (e.g., noise addition), processing (e.g., re-

quantization and re-sampling), coding (e.g., Moving Picture Experts Group compression 

(MPEG)), and de-synchronization attacks (e.g., random samples cropping, jittering and 

zero inserting). These attacks cause displacement and mightily threat the existence of the 

watermark [5]. 
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On the other hand, the capacity or payload of the watermarking algorithm is defined as 

the number of bits that can be embedded in the scheme without causing any noticeable 

distortion to the content. The capacity is not the major concern in most of the 

watermarking applications. However, the capacity could be more important in audio 

applications because some kind of attacks may trimandcut the file into small clips in 

order to be used as phone ring tune. 

It is obvious now that the digital distribution of music is unavoidable. The great increase 

of audio files over the Internet in last few decades made music industry extremely 

worried about these developments. While they perceive specific   prospected advantages 

to digital distribution of music, they need protect their intellectual property eagerly. 

Every system adopted eventually must equipoise the interests of the industry, artists, and 

consumers [10]. 

The audio watermarking system for copyrights protection must cover the following main 

requirements: imperceptibility for high quality of the audio file, robustness against 

different attacks, and accepted-level of security to prevent unauthorized detection.  

Payload capacity and the computational complexity are important issues as well [11,12]. 

1.3 Problem Statement 

As it has been mentioned before, there is wide availability and high chances of audio 

files to be illegally used. There  is great need to develop a way for digital file owners to 

protect their intellectual property. Watermarking copyright mark is one of the proposed 

solutions. 

In any watermarking system, the efficiency of the system is defined by three conflicting 

parameters namely imperceptibility, robustness and capacity. Until now, the need for an 

efficient system to survive the de-synchronization attacks with high data payload is still 

not fully satisfied [13,14]. The available audio watermarking systems lack the efficiency 

features in terms of acceptable trade off between robustness, imperceptibility and 

capacity. If one of these evaluation factors is achieved in these works, the others are not 

given the required performance for audio watermarking. Thus, an efficient audio 

watermarking algorithm that considers all these factors is needed to fulfill the 

multimedia market requirements.      

An algorithm that can embed a high payload secret data into an audio signal without 

degrading the quality of the signal is proposed. The embedded data also should be able 

to be recovered after the signal being attacked. The proposed algorithm should cope with 

common attacks such amplitude scaling, echo addition, re-quantization and noise 

addition. The de-synchronization attacks will also considered. The computational 

complexity will be taken into account while efficiency factors are kept acceptable when 

developing the new watermarking algorithm.  
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1.4 Aims and Objectives  

The aim of this study is to design and implement an efficient audio watermarking 

algorithm by covering following objectives: 

1. To design a method that can embed data imperceptibly in audio files. 

2. To develop an algorithm for hiding relatively high payload in audio files. 

3. The proposed scheme should be able to survive common attacks, such as 

resampling, noise addition and amplitude scaling, as well as the de-

synchronization attacks like jittering, cropping and zero inserting attacks. 

1.5 Thesis Organization 

After a short introduction, the rest of this thesis is organized as follows. Chapter 2 

reviews the audio watermarking scheme followed by its applications. The classification 

of audio watermarking is also described. Then, the most relevant work related to audio 

watermarking is presented and critically analyzed.  Chapter 3 illustrates the design and 

implementation of the proposed embedding and extracting algorithm for efficient audio 

watermarking approach. Afterward, the evaluation methods of the proposed approach 

for efficiency factors are presented. The details and description of experimental results 

of the proposed approach are given in Chapters 4. Finally, in Chapter 5, conclusions 

drawn from our results are discussed and suggestions for future work are explained. 



© C
OPYRIG

HT U
PM

72 
 

6 REFERENCES 

[1] Goel, S., Miesing, P., & Chandra, U. (2010). The impact of illegal peer-to-peer 

file sharing on the media industry. California Management Review,52(3), 6-33. 

 

[2] Obimbo, C., & Salami, B. (2012). Using Digital Watermarking for Copyright 

Protection. INTECH Open Access Publisher.137-158 

 

[3] Huang, D. C., Hung, K. D., Hou, T. W., & Chan, Y. K. (2015). A Secret 

Communication Method Based on Watermarking Technique Using Genetic 

Algorithm. Journal of Internet Technology, 16(1), 85-93. 

 

[4] Elbaşı, E., &Özdemir, S. (2012, October). Secure data aggregation in wireless 

multimedia sensor networks via watermarking. IEEE. In Application of 

Information and Communication Technologies (AICT), 2012 6th International 

Conference on, 1-6.  

 

[5] Lin, Y., & Abdulla, W. H. (2014). Audio Watermark: A Comprehensive 

Foundation Using MATLAB. Springer. 

 

[6] Vercellesi, G., Zerbini, M., &Vitali, A. L. (2006, September). Objective and 

subjective evaluation mpeg layer III perceived quality. In 14th European Signal 

Processing Conference (EUSIPCO 2006), Florence, Italy, 4-8. 

 

[7] Arnold, M., Baum, P. G., & Voeßing, W. (2007). Subjective and objective quality 

evaluation of watermarked audio. Digital Audio Watermarking Techniques and 

Technologies, 260-277. 

 

[8] S.R. Quackenbush, T.P. Barnwell III, M.A. Clements, Objective Measures of 

Speech Quality,(Prentice Hall, Englewood Cliffs, 1988). 

 

[9] Lin, Y., & Abdulla, W. H. (2007). Audio watermarking for copyrights 

protection (No. 650). Technical Report, School of Engineering Report. 

 

[10] Winograd, J. M. (1999). Audio Watermarking Architecture for Secure Digital 

Music Distribution.A Proposal to the SDMI Portable Devices Working Group, by 

Aris Technologies. Inc., Mar, 26. 

 

[11] Xiang, Y., Peng, D., Natgunanathan, I., & Zhou, W. (2011). Effective 

pseudonoise sequence and decoding function for imperceptibility and robustness 

enhancement in time-spread echo-based audio watermarking.Multimedia, IEEE 

Transactions on, 13(1), 2-13. 

 

[12] Sobha, R. V., &Sucharitha, M. (2015, April). Secure transmission of data using 

audio watermarking with protection on synchronization attack. InCommunication 

Technologies (GCCT), 2015 Global Conference on, 592-597. 

 

[13] Li, R., Xu, S., & Yang, H. (2016). Spread spectrum audio watermarking based on 

perceptual characteristic aware extraction. IET Signal Processing,10(3), 266-273. 



© C
OPYRIG

HT U
PM

73 
 

 

[14] Al-Haj, A. (2014). An imperceptible and robust audio watermarking 

algorithm.EURASIP Journal on Audio, Speech, and Music Processing, (1), 1-12. 

 

[15] Katzenbeisser, Stefan, and Fabien Petitcolas. Information hiding techniques for 

steganography and digital watermarking. Artech house, 2000 

 

[16] Popa, R. (1998). An analysis of steganographic techniques. The Politehnica 

University of Timisoara, Faculty of Automatics and Computers, Department of 

Computer Science and Software Engineering.Master thesis. 

 

[17] Lalitha, N. V., Rao, C. S., & Sree, P. J. (2016). An Efficient Audio Watermarking 

Based on SVD and Cartesian-Polar Transformation with 

Synchronization.In Microelectronics, Electromagnetic and 

Telecommunications, 365-375.  

 

[18] Taheri, A. (2015). An Adaptive Digital Image Watermarking Based on Image 

Features in Discrete Wavelet Transform Domain and General Regression Neural 

Network. Iraqi Journal for Electrical & Electronic Engineering, 11(1), 184-191. 

 

[19] Chang, J., & Liu, D. (2015). The Application of Chaos in Digital Water-marking 

and Information Hiding. IEEE. In Application of Information and Communication 

Technologies (AICT),  6th International Conference on, 1-6.  

 

[20] Li, J., & Wu, T. (2015, August). Robust audio watermarking scheme via QIM of 

correlation coefficients using LWT and QR decomposition. IEEE. In Informative 

and Cybernetics for Computational Social Systems (ICCSS), 2015 International 

Conference on, 1-6.  

 

[21] Liang, X., Chen, Y., Shi, Y., Li, X., & Ma, Z. (2015). Robust blind extracting 

audio watermarking based on quadrature Phase Shift Keying and Improved 

Spread Spectrum. IEEE. In 8th International Congress on Image and Signal 

Processing (CISP), 824-828.  

 

[22] Gupta, G., Joshi, A. M., & Sharma, K. (2015). An Efficient Robust Image 

Watermarking Based On Ac Prediction Technique Using Dct 

Technique. ICTACT Journal on Image & Video Processing,6(1).1055-1059 

 

[23] Zhao, H., &Shen, D. S. (2009, November). A new semi-fragile watermarking for 

audio authentication. IEEE. In Artificial Intelligence and Computational 

Intelligence, 2009. AICI'09. International Conference on, 3(1),  299-302.  

 

[24] Zou, D., Shi, Y. Q., Ni, Z., & Su, W. (2006). A semi-fragile lossless digital 

watermarking scheme based on integer wavelet transform. IEEE Transactions 

on, Circuits and Systems for Video Technology, 16(10), 1294-1300. 

 

[25] Bravo-Solorio, S., & Nandi, A. K. (2011). Secure fragile watermarking method 

for image authentication with improved tampering localization and self-recovery 

capabilities. Signal Processing, 91(4), 728-739. 

 



© C
OPYRIG

HT U
PM

74 
 

[26] Lin, E. T., &Delp, E. J. (1999, October). A review of fragile image watermarks. 

In Proceedings of the Multimedia and Security Workshop (ACM Multimedia'99) 

Multimedia Contents, 25-29. 

 

[27] Singh, P., & Chadha, R. S. (2013). A survey of digital watermarking techniques, 

applications and attacks. International Journal of Engineering and Innovative 

Technology (IJEIT), 2(9), 165-175. 

 

[28] He, X., Illiev, A. I., &Scordilis, M. S. (2004, May). A high capacity watermarking 

technique for stereo audio. In Acoustics, Speech, and Signal Processing, 2004. 

Proceedings.(ICASSP'04). IEEE International Conference on, 5(1), 393-399.  

 

[29] Khaldi, K., &Boudraa, A. O. (2013). Audio watermarking via EMD. IEEE 

Transactions on, Audio, Speech, and Language Processing, 21(3), 675-680. 

 

[30] Lin, Y., & Abdulla, W. (2011). Objective quality measures for perceptual 

evaluation in digital audio watermarking. IET signal processing, 5(7), 623-631. 

 

[31] Lei, B., Soon, Y., Zhou, F., Li, Z., & Lei, H. (2012). A robust audio watermarking 

scheme based on lifting wavelet transform and singular value 

decomposition. Signal Processing, 92(9), 1985-2001. 

 

[32] Lei, B., & Soon, Y. (2015). Perception-based audio watermarking scheme in the 

compressed bitstream. AEU-International Journal of Electronics and 

Communications, 69(1), 188-197. 

 

[33] Wang, X., Wang, P., Zhang, P., Xu, S., & Yang, H. (2013). A norm-space, 

adaptive, and blind audio watermarking algorithm by discrete wavelet 

transform. Signal Processing, 93(4), 913-922. 

 

[34] Chawla, G., Saini, R., &Yadav, R. (2012). Classification of Watermarking Based 

upon Various Parameters. International Journal of Computer Applications & 

Information Technology, 1, 16-19. 

 

[35] Petitcolas, F. A., Anderson, R. J., & Kuhn, M. G. (1999). Proceedings of the IEEE, 

Information hiding-a survey.  87(7), 1062-1078. 

 

[36] Hu, H. T., Hsu, L. Y., Lai, S. Y., & Chang, Y. J. (2015, August). The use of 

spectral shaping to extend the capacity for DWT-based blind audio watermarking. 

In IT Convergence and Security (ICITCS), 2015 5th International Conference on , 

1-5.  

 

[37] Khalil, M., &Adib, A. (2015). Informed audio watermarking based on adaptive 

carrier modulation. Multimedia Tools and Applications, 74(15), 5973-5993. 

 

[38] Mohammed, A. A., & Mohammed, D. M. (2014). Modified Phase Coding Audio 

Watermarking Resistant to Signal Attacks. International Journal of Computer 

Applications, 92(2), 1-6. 

 



© C
OPYRIG

HT U
PM

75 
 

[39] Matsumoto, T., & Sonoda, K. (2015, September). Audible Secret Keying for 

Time-Spread-Echo Based Audio Watermarking. In 2015 International 

Conference on Intelligent Information Hiding and Multimedia Signal Processing 

(IIH-MSP), 164-167.  

 

[40] Ramesh, P., Shree, D. V., &Padmapriya, D. K. (2013). Novel Hybrid Inaudible 

Audio Watermarking with Binary Image as Watermark using DWT.International 

Journal Data & Network Security (IJDNS), 4, 169-173. 

 

[41] Wang, X. Y., & Zhao, H. (2006). A novel synchronization invariant audio 

watermarking scheme based on DWT and DCT. Signal Processing, IEEE 

Transactions on, 54(12), 4835-4840. 

 

[42] Xiang, S., Kim, H. J., & Huang, J. (2008). Audio watermarking robust against 

time-scale modification and MP3 compression. Signal Processing, 88(10), 2372-

2387. 

 

[43] Podilchuk, C. I., &Delp, E. J. (2001). Digital watermarking: algorithms and 

applications. IEEE, Signal Processing Magazine, 18(4), 33-46. 

 

[44] Arnold, M. (2000, July). Audio Watermarking: Features, Applications, and 

Algorithms. In IEEE International Conference on Multimedia and Expo (II),  

1013-1016. 

 

[45] Li, X., & He, G. (2012). Efficient Audio Zero-Watermarking Algorithm for 

Copyright Protection Based on BIC and DWCM Matrix. International Journal of 

Advancements in Computing Technology, 4(6). 28-35 

 

[46] Surekha, B., &Swamy, G. N. (2013). Sensitive Digital Image Watermarking for 

Copyright Protection. IJ Network Security, 15(2), 113-121. 

 

[47] Som, S., Mahapatra, S., &Sen, S. (2015). A No Reference Image Authentication 

Scheme Based on Digital Watermark. In Information Systems Design and 

Intelligent Applications, 741-749.  

 

[48] Preda, R. O. (2013). Semi-fragile watermarking for image authentication with 

sensitive tamper localization in the wavelet domain. Measurement, 46(1), 367-

373. 

 

[49] Milano, D. (2012). Content control: Digital watermarking and 

fingerprinting.Rhozet, a business unit of Harmonic Inc., http://www. rhozet. 

com/whitepapers/Fingerprinting—Watermarking. pdf, Last accessed May,30. 

 

[50] Somani, S. M., Mohan, B. K., Choksi, D. V., Venkatachalam, P., &Habib, T. 

(2016, April). Robust watermarking of satellite images using texture-based LSB-

DWT method International Society for Optics and Photonics. In SPIE Asia-

Pacific Remote Sensing,1-9.  

 



© C
OPYRIG

HT U
PM

76 
 

[51] Kuribayashi, M. (2014). Simplified MAP detector for binary fingerprinting code 

embedded by spread spectrum watermarking scheme. Information Forensics and 

Security, IEEE Transactions on, 9(4), 610-623. 

 

[52] Gunjal, B. L., & Manthalkar, R. R. (2010). An overview of transform domain 

robust digital image watermarking algorithms. Journal of Emerging Trends in 

Computing and Information Sciences, 2(1), 37-42. 

 

[53] Bassia, P., Pitas, I., & Nikolaidis, N. (2001). Robust audio watermarking in the 

time domain. IEEE Transactions on, Multimedia, 3(2), 232-241. 

 

[54] Lie, W. N., & Chang, L. C. (2006). Robust and high-quality time-domain audio 

watermarking based on low-frequency amplitude modification. IEEE 

Transactions on, Multimedia, 8(1), 46-59. 

 

[55] Cvejic, N., &Seppänen, T. (2004, April). Increasing robustness of LSB audio 

steganography using a novel embedding method. In Information Technology: 

Coding and Computing, 2004. Proceedings. ITCC 2004. International 

Conference on , 2, 533-537. 

 

[56] Cvejic, N., &Seppanen, T. (2004). Reduced distortion bit-modification for LSB 

audio steganography. In Signal Processing, 2004. Proceedings. ICSP'04. 2004 

7th International Conference on,  3, 2318-2321.  

 

[57] Swanson, M. D., Zhu, B., Tewfik, A. H., & Boney, L. (1998). Robust audio 

watermarking using perceptual masking. Signal processing, 66(3), 337-355. 

 

[58] Lie, W. N., & Chang, L. C. (2001, May). Robust and high-quality time-domain 

audio watermarking subject to psychoacoustic masking. In Circuits and Systems, 

2001. ISCAS 2001. The 2001 IEEE International Symposium on, 2, 45-48.  

 

[59] Bibhu, V., Kushwaha, P. K., Kohli, R., & Singh, D. (2015, February). Secret key 

watermarking in WAV audio file in perceptual domain. In Futuristic Trends on 

Computational Analysis and Knowledge Management (ABLAZE), 2015 

International Conference on, 629-634.  

 

[60] Munir, R. (2015, May). A chaos-based fragile watermarking method in spatial 

domain for image authentication. In Intelligent Technology and Its Applications 

(ISITIA), 2015 International Seminar on, 227-232.  

 

[61] Shieh, C. S., Huang, H. C., Wang, F. H., & Pan, J. S. (2004). Genetic 

watermarking based on transform-domain techniques. Pattern recognition,37(3), 

555-565. 

 

[62] Lin, Y., & Abdulla, W. H. (2015). Audio watermarking techniques. In Audio 

Watermark, 51-94.  

 

[63] Li, W., Xue, X., & Lu, P. (2006). Localized audio watermarking technique robust 

against time-scale modification. IEEE Transactions on, Multimedia, 8(1), 60-69. 

 



© C
OPYRIG

HT U
PM

77 
 

[64] Megías, D., Serra-Ruiz, J., &Fallahpour, M. (2010). Efficient self-synchronised 

blind audio watermarking system based on time domain and FFT amplitude 

modification. Signal Processing, 90(12), 3078-3092. 

 

[65] Cox, I. J., Kilian, J., Leighton, F. T., &Shamoon, T. (1997). Secure spread 

spectrum watermarking for multimedia. IEEE Transactions on, Image 

Processing, 6(12), 1673-1687. 

 

[66] Huang, J., Wang, Y., & Shi, Y. Q. (2002). A blind audio watermarking algorithm 

with self-synchronization. IEEE International Symposium on, In Circuits and 

Systems, 2002. ISCAS 2002. 3, 627-630.  

 

[67] Wu, S., Huang, J., Huang, D., & Shi, Y. Q. (2005). Efficiently self-synchronized 

audio watermarking for assured audio data transmission.IEEE Transactions 

on, Broadcasting, 51(1), 69-76. 

 

[68] Tao, Z., Zhao, H. M., Wu, J., Gu, J. H., Xu, Y. S., & Wu, D. (2010). A lifting 

wavelet domain audio watermarking algorithm based on the statistical 

characteristics of sub-band coefficients. Archives of Acoustics, 35(4), 481-491 

 

[69] Özer, H., Sankur, B., &Memon, N. (2005, August). An SVD-based audio 

watermarking technique. ACM. In Proceedings of the 7th workshop on 

Multimedia and security, 51-56. 

 

[70] Cai, Y. M., Guo, W. Q., & Ding, H. Y. (2013). An audio blind watermarking 

scheme based on DWT-SVD. Journal of Software, 8(7), 1801-1808. 

 

[71] Lei, B. Y., Soon, Y., & Li, Z. (2011). Blind and robust audio watermarking 

scheme based on SVD–DCT. Signal Processing, 91(8), 1973-1984. 

 

[72] Chen, O. T., & Wu, W. C. (2008). Highly robust, secure, and perceptual-quality 

echo hiding scheme. Audio, Speech, and Language Processing, IEEE 

Transactions on, 16(3), 629-638. 

 

[73] Gruhl, D., Lu, A., & Bender, W. (1996). Echo hiding. In Information Hiding , 

295-315. 

 

[74] Ko, B. S., Nishimura, R., & Suzuki, Y. (2005). Time-spread echo method for 

digital audio watermarking. IEEE Transactions on, Multimedia, 7(2), 212-221. 

 

[75] Pan, J. S., Huang, H. C., & Jain, L. C. (Eds.). (2004). Intelligent Watermarking 

Techniques, World scientific. 

 

[76] Seok, J., Hong, J., & Kim, J. (2002). A novel audio watermarking algorithm for 

copyright protection of digital audio. etri Journal, 24(3), 181-189. 

 

[77] Xiang, S., & Huang, J. (2007). Histogram-based audio watermarking against 

time-scale modification and cropping attacks. IEEE Transactions 

on, Multimedia, 9(7), 1357-1372 

 



© C
OPYRIG

HT U
PM

78 
 

[78] Al-Nuaimy, W., El-Bendary, M. A., Shafik, A., Shawki, F., Abou-El-azm, A. E., 

El-Fishawy, N. A.,  &Kazemian, H. B. (2011). An SVD audio watermarking 

approach using chaotic encrypted images. Digital Signal Processing, 21(6), 764-

779. 

 

[79] Wang, J., Healy, R., &Timoney, J. (2011). A robust audio watermarking scheme 

based on reduced singular value decomposition and distortion removal. Signal 

Processing, 91(8), 1693-1708. 

 

[80] Giovanardi, A., Mazzini, G., &Tomassetti, M. (2003). Chaos based audio 

watermarking with MPEG psychoacoustic model I. IEEE. 2003 and Fourth 

Pacific Rim Conference on Multimedia. Proceedings of the 2003 Joint 

Conference of the Fourth International Conference on ,InInformation, 

Communications and Signal Processing, 3,  1609-1613. 

 

[81] Boney, L., Tewfik, A. H., &Hamdy, K. N. (1996, June). Digital watermarks for 

audio signals. In Multimedia Computing and Systems, 1996. IEEE, Proceedings 

of the Third IEEE International Conference on, 473-480. 

 

[82] Malik, H., Ansari, R., & Khokhar, A. (2008). Robust audio watermarking using 

frequency-selective spread spectrum. Information Security, IET, 2(4), 129-150. 

 

[83] Fan, M. Q., & Wang, H. X. (2011). Statistical characteristic-based robust audio 

watermarking for resolving playback speed modification. Digital Signal 

Processing, 21(1), 110-117. 

 

[84] Chen, S. T., Hsu, C. Y., & Huang, H. N. (2015). Wavelet-domain audio 

watermarking using optimal modification on low-frequency 

amplitude. IET, Signal Processing, 9(2), 166-176. 

 

[85] Li, R., Xu, S., & Yang, H. (2016). Spread spectrum audio watermarking based on 

perceptual characteristic aware extraction. IET Signal Processing,10(3), 266-273. 

 

[86] Wang, X. Y., Shi, Q. L., Wang, S. M., & Yang, H. Y. (2016). A Blind Robust 

Digital Watermarking Using Invariant Exponent Moments. AEU-International 

Journal of Electronics and Communications. 70(4), 416-426 

 

[87] Chowdhury, A. K., Khan, M. I., & Deb, K. (2014). A Robust Audio 

Watermarking In Cepstrum Domain Composed Of Sample's Relation Dependent 

Embedding And Computationally Simple Extraction Phase. The International 

Journal of Multimedia & Its Applications, 6(2), 77-96. 

 

[88] Shokri, S., Ismail, M., Zainal, N., &Shokri, A. (2013). BER Performance of Audio 

Watermarking Using Spread Spectrum Technique. Procedia Technology, 11, 

107-113. 

[89] Weeks, M. (2010). Digital Signal Processing Using MATLAB & Wavelets. Jones 

& Bartlett Learning. 

 

[90] Debnath, L. (Ed.). (2012). Wavelets and signal processing. Springer Science & 

Business Media. 



© C
OPYRIG

HT U
PM

79 
 

 

[91] Mansour, M. F., &Tewfik, A. H. (2005). Data embedding in audio using time-

scale modification. Speech and Audio Processing, IEEE Transactions on,13(3), 

432-440. 

 

[92] Wei, F. S., Feng, X., & Mengyuan, L. (2005, May). A blind audio watermarking 

scheme using peak point extraction. IEEE. In Circuits and Systems, 2005. ISCAS 

2005. IEEE International Symposium on, 4409-4412.  

 

[93] Misiti, M., Misiti, Y., Oppenheim, G., &Poggi, J. M. (2007) Wavelets and their 

Applications. 

 

[94] Nematollahi, M. A., Akhaee, M. A., Al-Haddad, S. A. R., &Gamboa-Rosales, H. 

(2015). Semi-fragile digital speech watermarking for online speaker 

recognition. EURASIP Journal on Audio, Speech, and Music Processing, 2015(1), 

1-15. 

 

[95] Kushwah, V. R. S., Tiwari, S., &Gautam, M. (2016). A Review Study on Digital 

Watermarking Techniques. Futuristic Trends in Engineering, Science, 

Humanities, and Technology FTESHT-16, 166,  189-193 

 

[96] Zolotavkin, Y., &Juhola, M. (2016). A New Scalar Quantization Method for 

Digital Image Watermarking. Journal of Electrical and Computer Engineering,1, 

1-17 

 

[97] Chen, B., & Wornell, G. W. (2001). Quantization index modulation methods for 

digital watermarking and information embedding of multimedia. Journal of VLSI 

signal processing systems for signal, image and video technology,27(1-2), 7-33. 

 

[98] Feng, B., Lu, W., Sun, W., Huang, J., &Shi, Y. Q. (2016). Robust image 

watermarking based on Tucker decomposition and Adaptive-Lattice Quantization 

Index Modulation. Signal Processing: Image Communication,41, 1-14. 

 

 

 

  




