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Abstract—This paper surveys the various VLSI 

architectures recently developed to implement lifting based 

scheme of DWT. The basic principle behind the lifting 

scheme DWT is it decomposes the finite impulse response 

filters in wavelet transform into a finite sequence of simple 

filtering steps.  The main hazards faced in image processing 

are speed, computational complexities and memory 

requirements. This paper tries to obtain such an architecture 

which focuses all three tradeoffs i.e., speed, memory 

requirement and computational complexities. The 

architecture proposed in this paper includes lifting based 

scheme DWT which is implemented using Direct Mapped 

Architecture and then it is reconfigured so that same 

RM(Reconfigurable Module) of FPGA will be occupied by 

Reconfigurable IDWT module. Digital Watermarking is 

achieved using Alpha Blending Technique 

Keywords:- DWT, IDWT, Direct Mapped Architecture, 

Reconfigurable Computation, Lifting Based Scheme, Digital 

Watermarking, Alpha blending. 

I.  INTRODUCTION 

The main objective of this paper is to implement Digital 

Watermarking on image using DWT algorithm which will 

be implemented using Reconfigurable modules of Xilinx 

FPGA. 

Proliferation of multimedia data on the Internet and 

the ease of copying this data have brought an interest for 

copyright protection. During transmission, data can be 

protected using encryption; however after decrypting it, it is 

no longer protected. As an alternative to encryption, 

watermarking has been proposed as a means of identifying 

the owner, by secretly embedding an imperceptible signal 

into the host signal. DWT based algorithms usually produce 

watermarked images with the best balance between visual 

quality and robustness due to the absence of blocking 

artifacts. The existing FPGA architectural solutions are 

mainly ASIC like architectures and use external off-the-

shelf memory components which represent a bottleneck for 

data access. The possibility of parallelizing the processing 

elements offered by FPGAs associated to a sequential access 

to data and bandwidth limitations do not enhance the overall 

computing throughput. The very powerful commercial 

VLIW digital signal processor obtains its performance 

thanks to a double data-path with a set of arithmetic and 

logic operators with a possibility of parallel executions and a 

wide execution pipeline. However, these performances are 

due to a high frequency working clock. Even though these 

DSP has a parallel but limited access to a set of instructions, 

the data memory access remains sequential. The 

performance requirement is paid by high circuit complex 

and power consumption. Most of work focuses on the reuse 

of devices likes FPGAs for different applications or 

different partitions of one application. In order to square up 

these needs, we propose a novel DWT architecture and 

implementation method. The proposed architecture can 

support multi-standard by reconfiguring the interconnection 

between date memories and processing elements. Moreover, 

the number of processing element and its working frequency 

could be reconfigured dynamically. A controller plays a key 

role as a reconfigurable interface allowing multiple accesses 

to local memory, external memory through a DMA and 

feeding the processing element in an optimal fashion. An 

implementation method is developed to identify parallelism 

level of processing element and working frequency as well 

as to find out the tradeoff between power consumption and 

performance. In comparing with others VLSI and ASIC 

architecture, double size of memory can be economic in 

using our novel architecture. 

Section II describes Theoretical Principals. Section 

III Proposed Architecture. Section IV describes DWT and 

IDWT implementation. Section V describes Digital 

Watermarking Algorithm. 

II. THEORETICAL PRINCIPLE 

A. Digital Watermarking 

To hide information into image which is not visually 

perceptual to human eye for that various digital 

watermarking algorithms are as follows: 

 Visible Watermark 

 Invisible Robust  Watermark 

  Invisible Fragile Watermark 

1) Visible Watermark: The logos which are hidden into 

images are an example of visible watermark. This is done to 

claim ownership. 

2) Invisible Robust Watermark: In this watermarking, 

information is concealed into the image instead of any 

logos, here after performing watermark if there is a need to 

extract watermark after compression, printing, geometric 

distortion etc it becomes easy when done using Invisible 

Robust Watermark. 

3) Invisible Fragile Watermark: In this watermarking, 

information is concealed into the image instead of any 

logos, here after performing watermark if there is any 

change in watermarked image can be detected using 

Invisible Fragile Watermark. 

B. DWT 

Discrete Wavelet Transform (DWT) becoming increasingly 

popular due to its computational simplicity and its usability 

in a variety of signal processing applications. DWT 

becoming more popular over traditional Fourier and Cosine 

transforms (DFT, DCT) in DSP applications mainly because 

of its capability of multi-resolution signal analysis with 

localization in both time and frequency and better 

performance factors. DWT can be viewed as a multi 

resolution decomposition of a signal into its components in 

different frequency bands and analyzing each component 

with a resolution matched to its scale. The advantages as 

well as complexities of wavelet transforms is that the set of 

actual wavelet basis functions that are used is actually a 
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parameter, unlike with the DFT and DCT transforms. This 

can be an advantage because the basic functions of the DWT 

can be optimized to better fit some application or 

implementation method (e.g., using only integer arithmetic). 

To be able to produce hardware for any DWT or many 

different DWTs, some parameterized method for generating 

the hardware is desirable. 

 Forward 1-D DWT can be defined as follows: 
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 Inverse 1-D DWT can be defined as follows: 
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The above two equations can be implemented using very 

efficient architecture that focuses all the performance 

parameters i.e., speed, memory requirements and 

computation complexities. The multipliers and adder need 

for computations will be of fixed point representation to 

reduce the memory requirements and reduces the 

computation complexities. To achieve the speed 

Reconfiguration Computing of FPGA will be used.  

C. Reconfigurable Computing 

Reconfigurable Computing can be defined in following 

ways. 

1) Reconfigurable computing is defined as the study of 

computation using reconfigurable devices. 

2) Configuration respectively reconfiguration is the process 

of changing the structure of a reconfigurable device at star-

up-time respectively at run-time. 

The effectiveness of reconfigurable computing for 

DSP is mainly due to the parallelism that can be exploited in 

DSP applications. The factors contributing to this 

parallelism are: 

 A factor that helps the exploitation of parallelism in 

DSP applications is the small word widths that many 

DSP applications naturally use for their data. These 

word widths are often the result of the data precision 

provided by the analog-to-digital converters—many 

produce 8- to 12-bit data words. When compared with 

floating-point implementations, these smaller word 

widths require smaller arithmetic units and less routing, 

resulting in higher operating clock rates and allowing 

many units to be instanced on the same chip. Of course, 

internal data widths in a DSP application will grow past 

the input precision and a significant amount of effort 

may be necessary to balance word widths with the 

precision necessary for an application. If this balance 

can be maintained, a single reconfigurable device can 

perform a significant number of operations. 

 Another issue that improves the parallelism that can be 

exploited by reconfigurable computing is the fact that 

DSP applications often use fixed coefficients or 

constants throughout their computations. By “folding” 

the constants directly into the hardware, i.e., 

customizing the hardware for a given constant, the area 

and speed of operations can be significantly improved. 

Reconfigurable computing ability to supply both 

flexible and significant memory bandwidth also improves 

the possible parallelism that can be extracted in DSP 

applications. Several reconfigurable computing systems 

provide ten or more ports to external SRAM as well. These 

ports to deeper external memories can provide the ability to 

process multiple blocks of data simultaneously, providing 

the opportunity to exploit additional parallelism through 

partitioning a single data set across multiple DSP 

computation engines or allowing the processing of multiple 

input streams or data sets. Clearly, the ability to customize 

an application’s memory hierarchy and the availability of 

on- and off-chip memory bandwidth through many 

independent memory ports contributes significantly to 

application performance and the parallelism that can be 

exploited by reconfigurable computing. 

III. PROPOSED ARCHITECTURE 

Wavelet transform is a time domain localized analysis 

method with the window’s size fixed and forms convertible. 

There is quite good time differentiated rate in high 

frequency part of signals DWT transformed. Also there is 

quite good frequency differentiated rate in its low frequency 

part. It can distill the information from signal effectively. 

Below figure1 shows watermarking embedding technique.
[1]

 

And figure2 shows watermarking distillation techniques. 

The embedding process includes the decomposition of 

original image using Reconfigurable DWT. By doing 

decomposition we will get image divided into 4 parts i.e. 

LL, LH, HL, and HH. LL coefficient contains the important 

information of the image. Here for watermarking LL 

coefficients of the image are selected. Now DWT of the 

watermarking image is taken and LL coefficient of the 

image will be selected. By inserting LL components of 

watermarking image into LL coefficients of the original 

image we will get output as watermarked image. 

Original 

Image

Reconfigurable 

DWT

Choose wavelet coefficient in the high 

frequency band  

Watermarking

Embeddeding 

warkmark

Reconfigurable 

IDWT

Watermarked 

image

 
Fig. 1:  Block diagram of Digital Watermarking 

Embedding Using Reconfigurable DWT Architecture. 

For distillation original image will be decomposed 

using DWT and its HH coefficient will be extracted. The 

watermarked image will be decomposed using DWT and its 

HH coefficient will be extracted. They will be compared and 

the components which are not matching will be stored and 

replaced with the actual HH coefficients. The original image 

and the watermarking image will be reconstructed using 

IDWT.  
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Distilled 
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Fig. 2: Block diagram of Digital Watermarking 

Distillation Using Reconfigurable DWT Architecture 

IV. DWT AND IDWT IMPLEMENTATION 

A. DWT 

Discrete Wavelet Transform is multi-resolution tool to 

decompose image into LL, LH, HL, and HH.
 [6] [7] [9]

  

DECOMPOSED  IMAGE

LL Coefficients LH Coefficients

HL Coefficients HH Coefficients

ORIGINAL IMAGE

 
Fig. 3: General DWT Concept 

In this paper the image is decomposed using (5, 3) 

lifting based scheme.  The top level block diagram of DWT 

is as follows: 

MEMORY

CONTROL UNIT

1-D DWT

MEMORY

L

MEMORY 

H

1-D DWT

1-D DWT

MEMORY

LL

MEMORY

HH

MEMORY

HL

MEMORY

LH

EVEN 

SAMPLE

ODD 

SAMPLE

Fig. 4:  Block Diagram of 2D DWT 

In this algorithm equations used to achieve the 

decomposition is as follows: 

Predict = Odd sample - 1/2(Even sample + Delayed 

Even Sample) 

Update = Even sample +1/4(Predict sample + Delayed 

Predict Sample) 

The VLSI architecture to implement the following 

equations is: 

8-bit 

Register

8-bit 

Register

+

x

+

α

+

x

+

β

8-bit 

Register

si

di

out_1

out_2

8-bit 

Register

Fig. 5:  Internal diagram of 1-D DWT 

The control unit in figure 2 controls the operation 

when to read data from memory, when to write data and 

when to multiply when to add, these will be controlled using 

this control unit. 

B. IDWT 

IDWT will reconstruct the image from LL, LH, HL, and 

HH. The image is reconstructed using (5, 3) lifting based 

scheme.  The top level block diagram of DWT is as follows: 

MEMORY

CONTROL UNIT

1-D DWT

MEMORY

L

MEMORY 

H

1-D DWT

1-D DWT

MEMORY

LL

MEMORY

HH

MEMORY

HL

MEMORY

LH

Fig. 6: Block Diagram of 2D IDWT 

In this algorithm equations used to achieve the 

decomposition is as follows: 

Update = Even sample - 1/4(Odd sample + Delayed 

Odd Sample) 

Predict = Odd sample + 1/2(Update sample + Delayed 

Update Sample) 

The VLSI architecture to implement the following 

equations is: 
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Fig. 7: Internal Diagram of 1-IDWT 

The simulation results of the above block diagrams are 

discussed into Experimental Results Section.  

V. DIGITAL WATERMARKING ALGORITHM 

A. Watermark Embedding 

Embedding is done using Alpha Blending Technique the 

formula used for this technique is 
[2]

: 

LLWIM = k*LLOI + q*LLWI 

LLWIM = LL components of the Watermarked image.  

LLOI = LL components of the Original image.  

LLWI = LL components of the Watermarking image.  

(k, q) = scaling factors. 

B. Watermark Extraction 

Extraction can be done using Alpha Blending Technique
 [2]

: 

LLRM = (LLWIM - q*LLWI)/k 

LLWIM = LL components of the Watermarked image.  

LLRM = LL components of the Recovered image.  

LLWI = LL components of the Watermarking image.  

(k, q) = scaling factors. 

 The simulation results are discussed into 

Experimental Results Section. 
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VI. EXPERIMENTAL RESULTS 

Results are validated using Matlab first of all the image is 

decomposed using DWT and reconstructed using DWT. The 

pixel info was written into text file using Matlab and given 

as stimulus to DWT and IDWT algorithm again using FPGA 

Virtex 4 the reconstructed image was written into text file 

and from text was converted using Matlab. The results are 

shown below. 

Original 

Image:  

 

 
Fig. 8: 

Image 

obtained after 

DWT and 

IDWT 

 
Fig. 9: 

Watermarking 

Image  

 
Fig. 10: 

Watermarked 

Image 

 
Fig. 11: 

Recovered 

Image 

 
Fig. 12: 

Here Recovered Image shows that there is no 

distortion or attack done. To achieve this results values of k 

and q were taken as k = 1 and q = 0.0078 

VII. CONCLUSION AND FUTURE WORK 

In this paper watermarking has been achieved using VLSI 

architectures. The results obtained are validated using 

Matlab. To achieve better results scaling factors were taken 

as k = 1 and q = 0.0078 and in DWT alpha is taken as 0.5 

and beta as 0.25. To improve the performance of VLSI 

architecture, Reconfiguration DWT can be used. The work 

which going to be carried out further is, the present 

architecture will be implemented using Reconfigurable 

Computing. 
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