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Abstract— This paper presents the design and implementation 
of three-dimensional (3-D) Discrete Wavelet Transform (DWT) 
with Distributed Arithmetic (DA) for medical image 
compression.  Various wavelet filters are evaluated and the 
proposed architectures are deployed for adaptive 
transformation process of medical image compression 
applications. Three architectures were synthesized using VHDL 
and implemented on field programmable gate array (FPGA) 
Xilinx single board RIO (sbRIO 9632). An in depth evaluation 
in terms of area, power consumption and maximum frequency 
are discussed in this paper. 
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I. INTRODUCTION  
In the high-tech world, medical imaging is very important 

to diagnose and analyze illness inside human body without 
having a surgery. Various types of medical imaging 
modalities [1], such as Computed Tomography (CT), 
Magnetic Resonance Imaging (MRI), Positron Emission 
Tomography (PET), Ultrasound (US) and X-ray are being 
used to assist diagnosis and track diseases. The increasing 
number of patients annually has continuously growth the 
amount of medical imaging data generated and directly 
causes a demand for data storage.  

Broadly speaking, the more widespread use of          
three-dimensional (3-D) imaging modalities, have generate a 
massive amount of volumetric data. Therefore, an efficient 
transmission speed and a long-lasting data storage are often 
very profitable to store and access the images to make 
diagnosis based on the type of examination. 

From hardware solution perspective, there are several 
possible devices, such as Digital Signal Processors (DSPs), 

Application Specific Integrated Circuits (ASICs) and 
multiple processors system platform. Recently, 
Reconfigurable Hardware (RH) in the form of FPGAs 
appears as viable system building block in the construction of 
high-performance systems and DSP systems. The capability 
to develop a programmable circuit architecture with the 
flexibility of computational, memory, speed and power 
requirement, FPGAs seem an ideal candidate to be propose 
as a hardware technology for prototype a simple, moderate 
and complex applications [2]. 

In this paper, Haar and Daubechies wavelet filters 
architecture have been proposed and examined specifically 
for 3-D transform in medical image compression. The aim of 
this paper is to develop an efficient reconfigurable 
architecture of Haar and Daubechies wavelet transform using 
distributed arithmetic. An evaluation of these architectures in 
terms of area, power consumption and maximum frequency 
is also carried out. Finally, a novel architecture of 3-D DWT 
with different wavelet filters and design strategies that can be 
further used as an intellectual property (IP) core for medical 
applications is expected to be proposed.  

The rest of the paper is organized as follows. An 
overview of the related work is given in Section 2. Section 3 
exposes the proposed architectures of 3-D DWT using DA. 
Experimental results and analysis of are presented in   
Section 4. Finally, concluding remarks and further potential 
ideas to be explored are given in Section 5. 

II. RELATED WORKS 
Medical image compression is important to reduce the 

size of the data generated without degrading the quality of 
the image. The fundamental actions of the algorithms used in 
medical image processing applications involve matrix 
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operations, mostly matrix transforms includes Fast Fourier 
Transform (FFT), Discrete Wavelet Transform (DWT) and 
some recently developed transforms such as finite Radon, 
curvelet and ridgelet transforms which are used in 2-D or 3-D 
medical imaging [2]–[4]. Therefore, there is a real need for 
high-performance systems, whilst keeping architectures 
flexible to allow for quick upgradeability with real-time 
applications [5], [6]. 

A classification of survey papers based on several points, 
which are medical image applications, types of image, 
system implementations and performance evaluations have 
been carried out in this research. Based on the surveys that 
have been reviewed, a brief conclusion can be made as 
follows: 

• As one of the most important elements in image 
analysis and as a subsequent processing, 
segmentation aspect followed by registration aspect 
are often reported in [7]-[8]. 

• At present, compression aspect becomes an 
important contribution since growing demand of 
various medical imaging applications [2], [3], [5]. 

III. FPGA-BASED ARCHITECTURES OF DWT USING DA 
DA design technique is one of the techniques that are 

often used in VLSI implementation. This design technique 
computes an algorithm that performs a multiplication 
operations using Look Up Table (LUT) instead of logic 
elements. Moreover, this design technique is applied for 
designing the efficient architectures of 3-D HWT and 
Daubechies wavelet transform. 

A. Algorithm Computation using DA 
The basic algorithm computation approached by DA is to 

replace the multipliers, which occupy large areas by LUTs. 
Moreover, DA design technique relies on the fact that the 
filter coefficients are known. Therefore, the pre-computed 
sums of two vectors, c[n]x[n] can be stored on the FPGA 
LUTs, indirectly offers a reduction for the hardware 
resources. 

Consider the following dot product y of Ak shown in     
Eq. 1, where Ak is the constant coefficient filter and Xk 
represents the input sample vector. The input sample vector 
Xk can be represented in N-bit 2’s complement notation. 
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B. System Architectures 
Fig. 1(a) illustrates the proposed system applications for 

3-D HWT, Daub4 and Daub6. Focusing on the transform 
block, the proposed architectures for 3-D HWT, Daub4 and 

Daub6 are divided into three 1-D HWT/Daub4/Daub6 with 
transpose module in between. 

Each 1-D HWT/Daub4/Daub6 block will performs the 
algorithms computations, in which the 3-D image with         
N × N × N point is fed into the first 1-D HWT/Daub4/Daub6 
block. Then, the second 1-D HWT/Daub4/Daub6 block takes 
the transposed coefficients values from the transpose module, 
T1 and computes the HWT, Daub4 and Daub6 algorithms. 
Finally, the values of the transposed coefficients produced by 
the second transpose module, T2 are fed into the last 1-D 
HWT/Daub4/Daub6 block and the 3-D transformed 
coefficients are generated. In addition, the ROM is used for 
store the pre-computed values.  

C. DA Implementations 
The proposed architecture for 1-D HWT with DA 

implementation is shown in Fig. 2. The LUT contains eight 
possible values that have been computed from the known 
HWT filter coefficients. Fig. 3 and Fig. 4 illustrates the 
proposed architectures for 1-D Daub4 and Daub6 
respectively. It use two smaller LUTs to avoid the increasing 
memory size. 

IV. RESULTS AND ANALYSIS 
Three proposed architectures were synthesized using 

VHDL and implemented on Xilinx FPGA single board RIO 
(sbRIO 9632). Three parameters are selected to evaluate the 
performance of the proposed DA architectures, which are 
area (slices), maximum frequency (MHz) and power 
consumption (mW) are carried out. 

 Table 1 shows the implementation results for the 
proposed DA architectures using HWT, Daub4 and Daub6. 

TABLE 1 IMPLEMENTATION RESULTS 

Parameters Proposed DA Architectures 
HWT Daub4 Daub6 

Area (Slices) 1,522 1,648 1,972 
Maximum 

frequency (MHz) 
57.22 51.71 50.49 

Power 
consumption 

(mW) 

80 126 137 

 
In terms of area, HWT architecture requires less area 

(7.4%) with 80 mW power consumption at 57.22 MHz speed. 
In comparison with HWT architecture, Daub4 architecture 
requires 0.6% of more area and consumes 46 mW more 
power with 51.71 MHz. On the other hand, Daub6 
architecture use 2.2% of more area and 57 mW of more 
power consumption with 50.49 MHz compared with HWT 
architecture. 

In summary, the results indicate that the proposed HWT 
architecture provides better saving area by 7.65% compared 
to Daub4 and 22.82% compared to Daub6 architectures. In 
terms of maximum frequency, HWT architecture yields 
9.63% and 11.76% better maximum frequency than Daub4 

(1) 

(2) 
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and Daub6 architectures respectively. Whilst, in terms of 
power, HWT architecture consumes less power by 36.51% 
than Daub4 and 41.61% than Daub6 architectures. 

V. CONCLUSION AND FUTURE WORKS 
Three architectures for 3-D Haar, Daub4 and Daub6 have 

been proposed in this paper based on transpose computation 
for transform block of medical image compression. 
Comparative study for the proposed architectures has reveals 
that Haar wavelet filter provides better achievements than 
Daubechies wavelet filter.  

On-going research is focusing on the design and FPGA 
implementation of 3-D DWT using various types of wavelet 
filters and different design strategies.  
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Fig. 1. Proposed system DA architectures 

(a) Compression system overview (b) Architecture for 3-D HWT with transpose-based computation  
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(c) Architectures for 3-D Daub4/Daub6 with transpose-based computation (d) Input data for sub-images for [I]z                                                                       
(e) Transpose matrix after T1 (f) Transpose matrix after T2. 
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Fig. 2. Proposed architecture for 1-D HWT. 
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Fig. 3. Proposed architecture for 1-D Daub4. 
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Fig. 4. Proposed architecture for 1-D Daub6.

 


