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Abstract: 

 Digital watermarking is a promising field of research in which some information is inserted within a digital media so that the 
inserted data becomes part of the media. The technique of watermarking digitally serves no. of purposes as data authentication, 

broadcast monitoring, data indexing and many more. In this paper, a compression-domain watermarking technique based on the 

SPIHT coding is proposed. The performance of the scheme can be exalted with minimum complexity by cumulative optimization of 

quantization and watermarking. Set partitioning in hierarchical trees (SPIHT) technique is an uncomplicated and cost effective as 

compared with various viable compression techniques. This technique continue to satisfying image quality, high PSNR value, 

improved for advance transmission of image, decisive connection with error protection, depict the information on demand and it 

follows the need for correction of error denying from source to terminal although however it has some infirmity, imperfection that 

require to be evicted for its exceptional accessibility and serviceability. In this paper, adaptive watermarking is performed which is 

based on DWT with SPIHT technique. The watermarking approach applied with DWT and SPIHT is proved more efficient in terms 

of Mean Square Error (MSE), Peak Signal to Noise Ratio (PSNR), and SSIM (Structural Similarity Index).  
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I. INTRODUCTION 

 

Encompassed by the prevalent handling of digital 

information over the World Wide Web, providing security 

to information and protection of inventive property rights 

has become more important. The watermark is deliberated 

as a code for transmission and the decoder must have this 

code for recovering the whole transmitted information 

accurately. It serves as a verification code. Watermarking is 

a process in which some information is embedded within a 
media so that the inserted data becomes part of the media. 

This technique serves a no. of applications as broadcast 

detection, data verification, and data indicator. In case of 

digital watermarking, information is embedded within a 

digital media in digital format. Information stored in digital 

format can be easily imitated without the quality loss and 

can be handled conveniently and efficiently [1]. Digital 

watermarking is a branch of hiding data in which corrective 

and punitive information is hiding in digital media such as 

photographs, or digital video, or digital music [2-3]. The 

issue related to security with which the digital content may 
be trading over the Internet has generated Copyright 

Infringement Issues. Data which is copyrighted can easily be 

converted above peer-to-peer networks. This cause the 

fundamental apprehensions and concerns to those content 

providers who outturn these digital contents. The digital 

watermarking is an approach in which detectable code is 

injected in the host information. Selecting and validating the 

embedded watermark in the host data is used for identifying 

the possession of the copyright. A good watermarking 

technique should seizure following requirements [4]: 

 

1. Transparency: The watermark embedded should 
minimize the quality of images to a minimum rate. 

 

2. Robustness. Embedded watermark should pass 

through common image processing for example 

cropping, filtering, rotation, re-sampling, and 

compression along with interceded attacks. 

 

3. Security: The scheme of watermarking must be 

secured and protected even if the algorithm of 

embedding is contrived publically. 

 

4. Appropriate complexity: The additional 
computation and memory requirements should be 

concerned for the processes of compression and 

decompression, primarily for real-time 

applications. 

In the spatial domain, the image watermarks can be injected 

directly by modifying the values of pixels [5]. Instead, in the 

frequency domain, the watermark can be embedded by 

changing the coefficients of pixels after performing discrete 

cosine transform (DCT)[6] or by discrete wavelet transform 

(DWT)[7].Generally, frequency domain techniques have 

better performance than the spatial domain techniques. In 
addition to, spread spectrum techniques are broadly used 

techniques for securing communication and they can be 

easily integrated [8]. Coding Image is a lenient technology 

for many multimedia applications. Shapiro [9] proposed an 

embedded zero tree wavelet (EZW) coding which makes an 

enhancement in image coding by beginning the zero trees 

concept that not only entirely eliminates the spatial 

redundancy further multi-resolution scales although 

provides fine scalability. Said and Pearlman [10] proposed 

the set partitioning in hierarchical trees (SPIHT) classify 

algorithm which is the simplest and most efficient 

enhancement of the EZW coding.  
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The method based on SPIHT has become the foundation 

technology of arising multimedia standards such as MPEG-4 

[11] and JPEG 2000 [12]. Better performance of a 

watermarking system is well known when coding and 

watermarking is designed concurrently. In [13], two 

methods of watermarking are disseminated for EZW 
algorithm, in which the watermarking signal is embedded in 

irrelevant and relevant coefficients, subsequently. In [14], a 

new scheme of watermarking is prospected for Embedded 

Block Coding with Optimized Truncation (EBCOT). The 

JPEG-2000 standard is based on this scheme.  

 

SPIHT (set partitioning in hierarchical trees): 

The SPIHT method is proposed by Said and Pearlman is 

auspicious image compression algorithm for wavelet 

transformed images. The workflow of the encoding process 

of SPIHT is proceeding from.After operating a Discrete 

Wavelet Transform, there are two passes of quantization are 
involved namely, the sorting pass and the refinement pass. 

Also the three linked lists are created such as, the LSP (list 

of significant pixels), the LIP (list of insignificant pixels), 

and the LIS (list of insignificant sets), for controlling the 

location and to predict the value of transformed coefficients. 

The sorting pass discerns the new significant entries in LIS 

and LIP for a preferred threshold. The refinement pass 

provides one supplementary bit of quantization precision for 

entries in List of Significant Pixels. The quality of 

reconstructed image is better and can be enhanced by 

repeating the process of quantization with threshold halving 
each time. The process of encoding establishes a fully 

scalable bit-stream and it can be halted when a target is 

reached the required bit rate or quality.  

 

DWT (discrete wavelet transform): 

DWT is the form of wavelet transform that divides an image 

into four coefficient segments in single level. Each 

coefficient segment contains one of low frequency bands 

and high frequency bands. In DWT, the most useful 

information in the signal appears in high amplitudes and the 

less eminent information appears in very low amplitudes. 

For this, DWT need to improve the security of the videos as 
it uses the frequency domain information of the cover video 

frames.In this paper, watermarking technique for SPIHT is 

expanded. In the proposed method the watermarking signal 

is embedded exactly on the bit-stream present in the 

quantization process where in compression with 

conventional approaches that assimilates the watermarks 

into transformed coefficients. In prominence to most DWT-

based methods [4], this approach is commanded as the 

compression-domain approach. This approach does not 

exactly involve the host image in the watermark detection 

process. Furthermore, to improve the performance of 
system, a joint optimization of quantization and 

watermarking can be effective. The organization of the 

paper is as follows: Section II literature related to this 

research is presented. In section III methodology is 

illustrate. In section IV experimental results are discussed 

along with the parameters used and the paper is concluded 

with section V. 

  

II.  LITERATURE WORK 
This section discussed the research work that has been done 

in last few years. Watermarking is the most promising field 
of research in which gathers the interest of all researchers. A 

literature review goes before the quest for information or 

knowledge and it hold the acceptance and sponsor of 

relationships among the literature and our research field. 

 

G. Coatrieux [15], proposed a new reversible watermarking 

scheme. This scheme makes use of a allocation process for 

analyze  parts of the image that can be watermarked with the 
most appropriate reversible modulation. The experiments 

conducted so far, on some natural images and on medical 

images from distant modalities, show that for capacities 

smaller than 0.4 bpp; proposed method can insert more 

information with lower distortion than any existing schemes. 

For the same capacity, they achieved a PSNR of about 1–2 

dB greater than with the previous scheme. 

 

Badhe, and Panchal [16], the implementation of audio 

watermarking in images using wavelet generations is 

proposed in this paper. The secret information is used in 

audio and the input image is color image. The algorithm is 
based on decomposition of images using Haar wavelet basis, 

Daubechies wavelet, Bi-orthogonal wavelet, Reverse bi-

orthogonal wavelet and discrete approximation of Meyer 

wavelet. The next part of the paper analyzes the 

watermarking results of different wavelet groups for quality 

metrics such as PSNR, MSE, RMSE and Entropy. The 

improvements of secret data are decent under calm attacks 

such as cropping, compression, noise effect, geometrical 

attacks and contrast enhancement. 

 

Seema and Sheetal [17], proposed a new embedding and 
extracting method with DWT-SVD in order to improve the 

robustness and imperceptibleness of the algorithm. The 

similarity matrix of the third level of image in DWT domain 

is modified with SVD to embed the singular value of 

watermark to the singular value of DWT coefficient. The 

expected embedding and extracting method was employed 

to accelerate the hybrid DWT-SVD watermarking and to 

avoid the leak of watermark. This hybrid approach leads to 

amend both the fundamentally conflicting requirements. The 

primary results show both the good robustness under 

numerous attacks and the high fidelity. The time required to 

perform the program is greatly decreased. 

 

Das P. and Sidhu D. [18], presented the digital 

watermarking approaches like: DCT, DWT, Entropy 

Masking Model, and HVS Model with the active 

development and vast use of Internet, Transfer of 

information cast a big threat of security. People needs a safe 

and secured way to transfer their information. Digital 

watermarking is a technique of data hiding, which afford 

security of data. 

 

Ramandeep Kaur and Amandeep Kaur [19] presented a 
hybrid image watermarking approach for data hiding on 

high entropy range of an image. The basic idea of proposed 

approach is based on embedding of watermark in original 

image using hybrid DWT-SVD watermarking algorithm to 

produce watermarked image. Then achievement of proposed 

algorithm will be analyzed and related with existing DWT- 

SVD technique which has been correlated to entire image. 

The proposed algorithm will give best result as embedding 

watermark on high entropy range only rather than on entire 

image. The image watermarking approach on high entropy 

range is more robust than using entire image. The results 
will prove that proposed approach improve both capacity 

and quality of embedded information. 
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Abhilash, et al. [20] in 2013 proposed a Novel Lossless 

Robust Reversible Steganography Method for Copyright 

Protection of Images for the reversible Steganography 

(RRS) methods. These methods are popular in multimedia to 

protect copyright and preserving the host images as well as 

providing robustness against unintentional attacks. RRS 
methods are not rapidly applicable in practice because they 

fail to provide satisfactory results on wide-scale image 

datasets; they have limited access to robustness in extracting 

message from the stego images destroyed by different 

unintentional attacks and some of them suffer from 

extremely very poor invisibility for stego images. The 

framework has needed to address problems and further 

improve its performance.  

 

Reena Anju and Vandana[23] proposed Modified Algorithm 

for Digital Image Watermarking Using Combined DCT and 

DWT. In this paper more imperceptible and a robust 
combined algorithm of digital watermarking based on 

Discrete Cosine Transform (DCT) and 3levelsDiscrete 

Wavelet Transform (DWT) has been proposed. In this 

algorithm, the information of digital watermark which has 

been discrete Cosine transformed, is insert into the high 

frequency band of the image which has been wavelet 

transformed. PSNR, conduct Correlation and Computational 

time has been taken as performance decision parameters. 

Performance decision results show that combining the two 

transforms improved the performance of the watermarking 

algorithms that are based solely on the DWT transform. 
 

III.   METHODOLOGY 

In this section, methodology is discussed which is followed 

in this research. Here, adaptive watermarking is done which is 

based on DWT (discrete wavelets transform) and SPIHT (set 

partitioning in hierarchical trees). The figure shown below 

shows the flowchart of the process.  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig 1: Flowchart of Methodology 

In figure 1, flowchart of methodology followed is shown 

with all the steps. 

Step 1: Firstly loading the image in the database of the Mat 

lab. This is done for the loading the image value in the 

workspace of the Matlab. 

Step 2: Secret Key is generated using array. This secret key 

should match the key that is using while extraction of 

watermark. 
Step 3: After that, loading the message image or text for the 

embedded purpose. And we develop a code for the 

watermark embedding. 

Step 4: We develop a code for the applying the DWT 

techniques to the image and we develop the code for the 

SPIHT for the image. 

Step 5: After that we do code for the extraction purpose of 

the embedded message from the watermarked image. 

 

IV.  EXPERIMENTAL RESULTS 

 

This section is divided into two parts in which parameters 
used and results obtained are discussed. 

 

Parameters Used: 

There are some parameters which were useful in our 

implementation: 

 

MSE: MSE is the cumulative squared error between the 

compressed and the original image.  Mean square error is 

substantially a signal fidelity measure. The purpose of a 

signal fidelity measure is to compare two signals. 

Consistently, it is pretended that one of the signals is an 
immaculate original, while other signal is distorted or 

corrupted by errors. The MSE is given by formula:  

    
 

   
                 

   

   

   

   

 

Where, M*N is the size of image, f(x,y) is the original image 

and F(x,y) is the reconstructed image. 

 

PSNR: PSNR is most commonly used to measure the 

quality of for image confining. The signal in this case is the 

original data, and the noise is the error received by 

compression. When analyze compression, PSNR is a human 

perception of reorganization quality. The PSNR is 

determined based on colour texture based image 

segmentation. The PSNR range between [0, 1], the higher is 

better. PSNR calculate by using formula:-                          
PSNR = 20log10 (255/√MSE) 

PSNR is most commonly used to measure the quality of 

reorganization. The signal in this case is the initial data, and 

the noise is the error received by confining. Although a 

higher PSNR mostly illustrate that the reconstruction of the 

superior quality, in some cases it may not give the superior 

quality.  

 

SSIM: Structural similarity index is used for measuring the 

similarity between two images. This is a method for 

predicting the perceived quality of digital pictures, as well 

as other kinds of digital images and videos. The SSIM index 
is calculated by using equation given below. The measure 

between two windows x and y of common size N×N is: 

          
                   

   
    

        
    

     
 

Where    is the average of x,    is average of y,   
  is 

variance of x and   
  is variance of y.  

Load Image 

Load Secret Image 

Entropy Mask Image 

Generate Secret Key 

Apply watermark 

Apply watermark with 

SPIHT 

Calculate parameters PSNR 

Entropy Image and PSNR 

watermarked 

https://en.wikipedia.org/wiki/Average
https://en.wikipedia.org/wiki/Average
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The covariance of x and y is given by    . Two variables c1 

and c2 are used for stabilizing the division with weak 

denominator where  

        
  

        
  

L is the dynamic range of the pixel-values and the value of 

k1 =0.01 and k2 =0.03 is set by default. 

 

Results Obtained: 

The main objective of the research was to adaptive 

watermark the image by DWT and SPIHT technique. The 

results obtained for validation of the proposed work with 

different parameter like PSNR, MSE and SSIM is discussed 

and compared with the previous work. In figure 2 and 3 

comparison of mean squared error is shown between 

previous and proposed approach. The value obtained of 

MSE should be less as lower the value, means less no. of 

errors present. Lesser the errors more efficient are the 

approach.  
 

 
Fig 2: Graph comparison of MSE with Previous and 

proposed algorithm 

 

In figure 2 and 3 the graphical comparison and value 

obtained of MSE for both previous and proposed algorithm 

is shown. 

 
Fig 3: Comparison of MSE with Previous and proposed 

algorithm 

When we compared these results with the results shown in 

previous work, we found that the mean square error value in 

previous work is more as compared to our work. 

 
Fig 4: Graph comparison of PSNR with Previous and 

proposed algorithm 

In figure shown (fig 4 and 5) shows the comparison of 

PSNR among previous and proposed scheme. 

  

 
Fig 5: Comparison of PSNR with Previous and proposed 

algorithm 

 

When we compared the results with the results shown in 

previous work, we found that the peak signal to noise ratio 

value in previous work is less as compared to our work. 

 

 
Fig 6: Graphical Comparison of SSIM with Previous and 

proposed algorithm 

 
The figure showed (fig 6) shows the graphical comparison 

of SSIM with the previous and proposed algorithm. 

Structural similarity index is a measure of similarity among 

two images. As the value of SSIM is high, better is the result 

and efficient is the approach.  

 

 
Fig 7: Comparison of SSIM with Previous and proposed 

algorithm 

 

In figure 7 the value of SSIM is obtained by using both 

proposed and previous. The value of SSIM is more in case 
of proposed work which means it is more efficient than the 

previous approach. 

All these obtained results are evident of that the proposed 

technique of adaptive watermarking by using DWT with 

SPHIT is more efficient and competent.   

 

V.  CONCLUSION AND FUTURE SCOPE 

 

The experimental results obtained validated the proposed 

technique more efficient. SPIHT algorithm is used in this 

paper and it is an efficient and broadly applied technique 

because of its many advantages like it is a very simple and 
fully embedded codec with progressive image transmission 

and powerful error correction techniques. Here, it is 

combined with Discrete Wavelet Transform for higher 

https://en.wikipedia.org/wiki/Dynamic_range
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compression efficiency. Although having many advantages, 

there is still requirement for improvements in it so as to 

increase speed which decreases the time of execution. There 

is requirement for high quality (high peak signal to noise 

ratio), error resilience, and reduction in memory 

requirement. SPIHT can also be implemented for lossless 
image compression for higher image quality i.e. high PSNR 

without much decrease in compression ratio.  
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