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Abstract
The aim of this paper is to propose the 2-D DWT architecture. The 
Discrete Wavelet (DWT) is a multiresolution analysis tool with 
excellent architecture in the time and frequency domains. Previous 
DWT architectures are mostly based on the modified lifting scheme 
or the flipping structure. In order to achieve a critical path with 
only one multiplier, at least four pipelining stages are required 
for one lifting step, or a large temporal buffer is needed. In this 
brief, modifications are made to the lifting scheme, and the inter-
mediate results are recombined and stored to reduce the number 
of pipelining stages. As a result, the number of registers can be 
reduced to 18 without extending the critical path. In addition, the 
two-input/two-output parallel scanning architecture is adopted in 
our design. For a 2-D DWT with the size of N × N, the proposed 
architecture only requires three registers between the row and 
column filters as the transposing buffer, and a higher efficiency 
can be achieved. The implemented architecture represents the 
simulations in Xilinx for 1-D DWT and 2-D DWT outputs.
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I. Introduction
Traditional DWT architectures [3-4] are based on convolutions. 
Then, the second-generation DWTs, which are based on lifting 
algorithms, are proposed [5-6]. Compared with convolution-based 
ones, lifting-based architectures not only have lower computation 
complexity but also require less memory. Nevertheless, directly 
mapping these algorithms to hard-ware [7] leads to relatively long 
data path and low efficiency.
Recently, several novel architectures based on the lifting scheme 
have been proposed [8–10]. Shi et al. [8] achieved an efficient 
folded architecture (EFA) with low hardware complexity. 
However, its critical path delay is T m + T a, where T m and T a 
are the delay of a multiplier and an adder, respectively, and the 
computation time of EFA is quite long. Through optimizing the 
lifting scheme, Wu and Lin [9] proposed a pipelined architecture 
to reduce the critical path to one multiplier and limit the size of 
the temporal buffer to 4N , but it has one input and one output 
and cannot achieve high processing speed. Based on Wu and 
Lin’s design, Lai et al. [10] implemented the parallel 2-D DWT. 
The design is a pipelined two-input/two-output architecture, and 
a 2 × 2 transposing module with four registers was developed. In 
addition, the critical path delay is one T m. Nevertheless, it needs 
eight pipelining stages to complete the 1-D DWT and makes the 
total number of registers reach 22.
In this brief, further optimization on the lifting scheme is proposed 
to overcome shortages in previous works and minimize sizes of 
the logic units and the memory without loss of the throughput. 
By recombining the intermediate results of the row and column 
transforms, the number of pipelining stages and registers is 
reduced, while keeping the critical path delay as T m. In addition, a 
novel architecture is developed to implement the 2-D DWT based 

on the above modified scheme. The parallel scanning method is 
employed to reduce the size of the transposing buffer. As a result, 
our design achieves higher efficiency.

II. Proposed Algorithm
The lifting scheme was first proposed by Daubechies and Sweldens 
in 1996 [5-6]. It shows that every finite-impulse response wavelet 
or filter bank can be factored into a cascade of lifting steps. 
That means the polyphase matrices for the wavelet filters can 
be decomposed into a sequence of alternating upper and lower 
triangular matrices multiplied by a diagonal normalization matrix. 
The whole lifting scheme of the 9/7 filter has two lifting steps 
and one scaling step. In order to optimize the critical path of the 
lifting-based hardware implementation, a modified algorithm is 
employed by changing the coefficients in lifting formulas [11], 
shown as follows:

 (1)

 (2)
Based on eq (1) & (2) the flipping structure can achieve one 
multiplier delay by pipelining. However, the above flipping-based 
algorithm also shows obvious limitations. It needs the temporal 
buffer with the size of 11N to cache the intermediate data.

Fig. 1: Proposed Overall Architecture of 2-D DWT

Fig. 2: Internal Proposed Architecture 2-D DWT

The high pass signal and the low pass signal can be directly output 
from the third pipelining stage. Therefore the pipelining stages 
of the 1-D processing element (PE) are limited to three, and the 
number of registers is further reduced.



IJEAR Vol. 4, IssuE spl-1, JAn - JunE 2014

w w w . i j e a r . o r g InternatIonal Journal of educatIon and applIed research  133

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

III. Proposed Architecture for 2-D DWT

A. Overall Architecture 
Based on the proposed modified algorithm, a novel architecture 
for the 2-D DWT shown in Fig. 1 is proposed.
First, the serial-parallel conversion for the original data in the 
preprocessing module is carried out. After that, data are sent into 
the column filter for the column transform. Next, the output data 
of the column filter are sent into the transposing buffer, where the 
data transposition is operated to meet the order of the data flow 
required by the row filter. Then, the row filter begins to read the 
data from the transposing buffer for the row transform. Finally, 
the scaling module is used to finish the scaling computation.

B. Parallel Scan of Preprocessing and Raw Image Data
Since parallel scanning is adopted the data move from different 
rows and columns. With preprocessing module, raw image data 
are factorized into different parts of filter logic unit (FLU).

Fig. 3: Parallel Scanning Unit

C. One dimensional PE
This architecture can be used for in column and row filtering by 
selecting the RAM or Buffer properly. In order to reduce the size 
of the transposing buffer between the column and row filters and 
to improve the processing speed, our design adopts the architecture 
of two-input/two-output.

Fig. 4: Proposed 1-D PE

D. Transposing Module
The architecture of the transposing module is shown in fig. 4. Three 
registers and two multiplexers are used to make the output data 
meet the order of the data flow required by the row filter. Fig. 5 
also shows the orders of the input and the output for the transposing 
module, where L and H represent the low-pass signal and the high-
pass signal of the column transform output, respectively.

IV. Simulation Results
This plot explains about the 1-D plot proposed architecture in 
graphical representation

Fig. 5: 1-D DWT for multiple data

This plot explains about the 2-D plot of proposed architecture in 
graphical representation

Fig. 6: 2-D DWT for Multiple Data

This plot explains the flip-flops structure design of proposed 
architecture in RTL Schematic

Fig. 7: RTL Schematic of 2-D DWT Architecture

V. Conclusion
We have proposed a novel architecture for the 1- and 2-D 
DWTs. The modified one lifting step circuit can work within 
three pipelining stages with fewer registers, and the critical path 
delay. For the 2-D DWT architecture, only the temporal buffer 
with 4N size is used in the column filter. A detailed analysis is 
performed to compare the proposed architectures with other 
previous architectures in terms of hardware complexity, critical 
path delay, storage size, computation time, and throughput. 
According to the results, the proposed architecture can achieve 
high speed with lower hardware complexity and smaller storage 
size. We can further extend the implementation for proposed 
architecture using different techniques.
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