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الخلاصة 

لتنفيذ التحويل المويجي المقطع الثنائي الابعاد  ةلبحث تم تطبيق معمارية كفؤءفي هذا ا
وتم  9/7 ,ومرشح 5/3وهما مرشح ( JPEG 2000) ــال باستخدام مخطط الرفع لنوعين من مرشحات

لعممية ( مستويات 3) من اجل تصميم معمارية متعددة المستويات الأنابيبطريقة خط  إعتماد
تصفير معاملات  تأثيرتم استخدامها لدراسة  هذه المعماريةن حيث أالعكسي التحميل الامامي و

ان معمارية التحويل المويجي المقطع و عمى نوعية الصورة المسترجعة,( HH, HL, LH)التفصيل 
تبنى بالاعتماد عمى معمارية  (one-level 2-D DWT) الابعاد المقترحة لمستوي واحد يائنالث

كوحدة  (DDWT-1)باستخدام  (D DWT-1) ططع الاحادي الابعاد فقجي المقالتحويل الموي
 اتـويـلاث مستـائي الابعاد لثــلبناء نموذج التحويل المقطع الثنطورت  ترحةـقـالم المعماريةإن . اسيةـاس

( three-level 2-D DWT) .ـقد تم استخدام الوMatlab  لعمل محاكات لممعماريات المقترحة
 .signal to Noise Ratio (SNR) خدام نسبة الاشارة الى الضوضاءباست وقياس نوعية الصورة

 
Abstract 

In This paper, An efficient architecture for the implementation of two 

dimensional discrete wavelet transform based on lifting scheme for two 

types of JPEG2000 filters (5/3 and 9/7 filter) are proposed. The pipelining 

method is applied in the proposed architecture to design multilevel (three-

level) architecture for both direction (forward and inverse) transform. After 

that, the proposed architecture is used to study the effect of clearing the 

detail coefficients HH, HL and LH sub-band images into the quality of 
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reconstruction image, the proposed one-level two dimensional discrete 

wavelet transform architecture (one-level 2-D DWT) is built by using the 

one dimensional discrete wavelet transform (1-D DWT) only,then by using 

the 1-D DWT as basic element, the architecture are developed to built the 

three-level two dimensional discrete wavelet transform module (three-level 

2-D DWT). The Matlab was used to simulate the proposed architectures and 

measure the quality of image by using the signal to Noise Ratio (SNR). 
 

Keyword: 2-D DWT, lifting scheme, 5/3 and 9/7 filter, 3-level 2-D DWT. 

 

1. Introduction 
The discrete wavelet transform (DWT) is being increasingly used for 

image coding. This is due to the fact that DWT supports features like 

progressive image transmission (by quality, by resolution), ease of 

compressed image manipulation, Region of interest coding, etc. DWT has 

traditionally been implemented by convolution[1]. Such an implementation 

demands both a large number of computations and a large storage features 

that are not desirable for either high-speed or low-power applications. 

Recently, a lifting-based scheme that often requires far fewer computations 

has been proposed for the DWT [2], [3]. The main feature of the lifting 

based DWT scheme is to break up the high pass and low pass filters into a 

sequence of upper and lower triangular matrices and convert the filter 

implementation into banded matrix multiplications [2], [3]. Such a scheme 

has several advantages, including “in-place” computation of the DWT, 

integer-to-integer wavelet transform (IWT), symmetric forward and inverse 

transform, etc. Therefore, it comes as no surprise that lifting has been chosen 

in the upcoming JPEG2000 standard. In the JPEG2000 verification model 

(VM) Version 8.5, the following wavelet filters have been proposed: (5, 3) 

(the high pass filter has five taps and the low pass filter has three taps), (9, 

7), C (13, 7), S (13, 7), (2, 6), (2, 10), and (6, 10). To be JPEG2000 

compliant, the coder should be able to at least provide a (5, 3) filter in 

lossless mode and a (9, 7) filter in lossy mode. In this Paper, an unified 

architecture was proposed which is capable of executing all the filters 

mentioned above using the lifting scheme. Since novel shift-Accumulator 

(SA-ALU) centric lifting scheme architecture is proposed to reduce the 

hardware utilization and the time delay of the operation [4]. The 

architectures are mostly folded and can be broadly classified into serial 

architectures (where the inputs are supplied to the filters in a serial manner) 

and parallel architectures (where the inputs are supplied to the filters in a 

parallel manner [5]). The serial architectures are either based on systolic 

arrays that interleave the computation of outputs of different levels to reduce 
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storage and latency [6] or on digit pipelining, which implements the filter 

bank structure efficiently [7]. A scalable architecture in [8] was proposed to 

implement as VLSI architecture for 2D DWT with 100% hardware 

utilization based on lattice structure. 

This paper is organized as follows. Section 2 describes the convolution 

and lifting scheme of 5/3 and 9/7 filters of discrete wavelet transform. In 

section 3, the analysis of 1-D forward and inverse discrete wavelet transform 

module for both 5/3 and 9/7 filter are explained. The one and multi-level two 

dimensional forward discrete wavelet transform module are listed in section 

4, and the inverse module for one and multilevel are shown in section 5. The 

clearing the detail coefficients are explained in section 6. Finally the 

conclusions are declared in section 7. 

 
2. DISCRETE WAVELET TRANSFORM 
2.1 convolution method  

The traditional forward and inverse1-D DWT can be realized by 

convolution based implementation [9], [10]. In the forward transform, the 

input sequences x[n] are down sampling and filtered by the low-pass filters 

ha[n] and high-pass filters ga[n] as shown in Fig.1 [9]. 

 

 

 

 

 

 

  
Fig.1 the convolution method to represent the discrete wavelet transforms. 

 
To obtain the low-pass and high-pass DWT coefficients, s[n] and d[n]. 

The equations may be written as follows: 
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Where  

n: the index of signal which is represent as matrix.  

x(n): the input data. 

ha(n): the low pass filter of the analysis level. 

ga(n): the high pass filter of the analysis level. 
s(n): the approximation coefficient. 
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d(n): the detail coefficient. 
For the inverse transform, the DWT coefficients are up sampling and filtered 
by another set of low-pass hs[n] and high-pass gs[n] filters to reconstruct the 
original data xs[n]), which is described as follows: 

 

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)()()()(
M

k

kngskdknhsksxs  (3) 

  
2.2 lifting scheme 

The lifting-based forward 1-D discrete wavelet transform was derived 
from Daubenchies and Sweldens [1] [2]. As shown in Fig.1, it indicates that 
the traditional filter banks wavelet transform could be decomposed into 
several lifting steps. As the lifting-based DWT also reduces the hardware 
complexity of the traditional filter bank Implementation [11]. The lifting 
scheme consists of the following three steps to decompose the samples, as 
shown in Fig.2.  
(1) Split step: The input samples 1 is split into even samples and odd 

samples; 
(2) Predict step(P): The even samples are multiplied by the predict factor 

and then the results are added to the odd samples to generate the 
detailed coefficients; 

(3) Update step(U): The detailed coefficients computed by the predict step 
are multiplied by the update factors and then the results are added to the 
even samples to get the coarse coefficients.  

 
 
 
 
 
 
 

 

 
2.2.1 lifting scheme in 5/3 filter 
The filter coefficient of low pass filter ha [n] =[ -1/8,1/4,3/4,1/4,-1/8]. 
The filter coefficient of high pass filter ga [n] = [-1/2, 1,-1/2], [12]. 
So the three steps of lifting scheme can be written as the following 
equations: 
 1. Splitting Step:  

 12
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 2. Predict step:  

Fig. 2 lifting scheme of the discrete wavelet transform 
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 3. Update Step:  
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Where 

 α: the 5/3 filter coefficient in predict step. 

 β: the 5/3 filter coefficient in update step. 

= -0.5, β=0.25 [12]. 

 The lifting scheme of 5/3 filter can be determined as shown in Fig. 3 [13]. 

 

 

 

 

 

 

 

 

 

 
Fig.3 the lifting scheme of 5/3 filter. 

 
2.2.2 The lifting scheme in 9/7 filter 
The lifting scheme of 9/7 filter [12] as shown on fig. 4 consist of 

1. Splitting Step: 
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Where  

α: the 9/7 filter coefficient in the first lifting predict step. 

β: the 9/7 filter coefficient in the first lifting update step. 
γ: the 9/7 filter coefficient in the second lifting predict step. 

δ: the 9/7 filter coefficient in the second lifting update step. 

α= -1.5, β = -0.0625, γ= 0.7998046875, δ= 0.46875  
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Fig. 4 The lifting scheme of 9/7 filter. 

 
3. One Dimensional Discrete Wavelet Transform module (1-D 

DWT ): 
To design the forward and inverse 1-D DWT module, the type of filter 

that is used should be determined. In this paper, two type of JPEG2000 filter 
are used (5/3 and 9/7 filter), so the first module are designed depends on 5/3 
filter and the second module are designed depends on 9/7 filter [14]. 

 

3.1 The 1-D Forward DWT module ( 1-D FDWT) of 5/3 and 9/7 filter:  
The forward 1-D DWT of 5/3 filter are designed based on lifting 

scheme as shown in Fig.5. 
 
 
 
 
 

Fig. 5 The forward lifting scheme block of 1-D DWT based on 5/3 filter. 

 
And the module of forward 1-D DWT of 9/7 filter are built as shown in fig.6 
depends on equations (8)-(13).  
 
 
 
 

 
Fig. 6 The forward lifting scheme block of 1-D DWT based on 9/7 filter. 
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The input signal x(n) is one dimension signal,but in two dimensional signal 
like image which has a size equal to (N*N), the above modules must be 
developed to suit the 2- dimensional input. 
 
3.2 The 1-D Inverse DWT module (1-D IDWT) of 5/3 and 9/7 filter: 
The inverse module of 5/3 filter can be designed depends on the symmetrical 
computation of lifting scheme as shown in Fig. 7. 
 
 
 
 

 
Fig. 7 The inverse DWT module based on lifting scheme of 5/3 filter. 

 
The inverse module of 9/7 fitter is designed as shown in Fig. 8. 
 
 
 
 

 
Fig. 8 The inverse DWT module based on lifting scheme of 5/3 filter. 

 
4. One-level two Dimensional Forward Discrete Wavelet 

Transform (one-level 2-D FDWT) module 
The 2-D FDWT are build depends on the ROW-COLUMN fashion on a 

block of data size N*N, i.e. the pixels from the first row of the input image 
are read from the 1-D DWT Block1 as shown in Fig.9(a) and calculate the 
approximation and detail coefficients, in 2-D DWT the approximation 
coefficient represent the low frequency data (L) and the detail coefficients is 
representing the high frequency data (H) which are stores into intermediate 
memory bank (N*N), this calculation continuous until the last pixel of the 
last row. At this point all the operation is done at every row of the image, so 
these operations are called row discrete wavelet transform. After that the 1-D 
DWT Block2 begins to calculate the 1-D DWT in every column of 
approximation coefficients, at the same time the 1-D DWT Block3 reads the 
detail coefficients from the intermediate memory bank and calculate the 
DWT in each column. This kind of operation is called the column discrete 
wavelet transform. The 1-D DWT Block 2 generate the approximation and 
detail coefficients from the low frequency data so, the approximation 
coefficients from 1-D DWT Bolck2 is representing the low frequency data 
which generated from the low frequency data (LL sub-band image) and the 
detail coefficients from 1-D DWT Block2 is representing the high frequency 
data which generated from the low frequency data (LH sub-band image). 
The 1-D DWT Block3 is calculating the approximation (low frequency) and 
detail (high frequency) coefficients from high frequency data HL and HH 
sub-band images respectively. The one-level 2-D FDWT consist of 3 
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processor elements and intermediate memory bank, the internal design of the 
processor elements are similar but the internal design depends on the type of 
the used filter either 5/3 or 9/7 filters. The size of each sub-band images (LL, 
LH, HL and HH) is N

2
/4. The LL sub-band image is represent the 

approximation data of image which includes the must important information 
of the image and another three sub-band images (LH, HL and HH) is the 
detail coefficients of the image. 
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(b) 
Fig.9 (a) One-level 2-D FDWT module, (b) the Matlab code of 2-D FDWT. 

LL(N2/4) 

LH(N2/4) 

HL(N2/4) 

HH(N2/4) 

1-D DWT  
Block1 

1-D DWT  
Block2 

1-D DWT  
Block3 

Intermediate 
Memory 

Bank 

Row-DWT 

Column-DWT 

Image 

clc 
clear all; 
close all; 
[a,b,c,d]=wfilters('bior2.2'); 
y=imread('C:\MATLAB7\work\pic\Baboon.jpg'); 
d2=y(1:145,1:145); 
[x1 y1]=size(d2); 
figure(1) 
imshow(d2,[]); 

d21=double( d2); 
for k=1:145 

[w11(k,1:end),w12(k,1:end)]=dwt(d21(k,1:end),'bior2.2'); 
end  
figure(6) 
imshow(w11,[]); 
w13=zeros(75,75); 
w14=zeros(75,75);  
w15=zeros(75,75); 
w16=zeros(75,75); 
for k=1:75 

[w13(1:end,k),w14(1:end,k)]=dwt(w11(1:end,k),'bior2.2'); 
[w15(1:end,k),w16(1:end,k)]=dwt(w12(1:end,k),'bior2.2'); 
end  
figure(18) 
imshow(w13,[]); 
figure(19) 
imshow(w14,[]); 
figure(20) 
imshow(w15,[]); 
figure(21) 
imshow(w16,[]); 
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4.1 the Multi-level Forward 2-D DWT module: 
The multi-level of 2-D DWT can be designed depends on one-level 2-D 

FDWT module as shown in Fig. 10. At the beginning, the Multiplier (MUX) 
entered the data from the image to calculate the first level of 2-D FDWT and 
all LL sub-band image are stored into memory buffer (N

2
/4) which the size 

of input image is N*N and the other sub-band images are stored into the 
external memory. After the first level of 2-D FDWT is finished, the MUX 
begins to read the data from memory buffer (N

2
/4) and the second level of 2-

D DWT is start and all the operation are repeated until the data from 
memory buffer (N

2
/4) is finished, at the same time the LL sub-band image of 

the second level is stored into memory buffer, here the used Size of the 
memory buffer is N

2
/16. The other sub-band images of the second level (LH, 

HL and HH) are stored into external memory. In this paper, the architecture 
was build to calculate the three-level 2-D FDWT based on lifting scheme as 
shown in Fig.11. 
 
 
 
 
 
 
 

 
 

Fig. 10 The multilevel 2-D FDWT module. 
 

 
 
 
 
 
 

(a) 

 
 
 
 
 
 
 
 

 
 
 

(b) 
Fig. 11 (a) Three-levels Forward 2-D DWT module, (b) The Matlab code of three-

level 2-D FDWT. 

HL 

HH 

LH 
 
 

One- level 2-D FDWT 

Memory 

Bank 

External 

memory 

LL 

Original image 

 

 LL1 

  

 HH1 
  

 HL1 

  

 LH1 Original 
image 

1s 

  
Level 

 2nd 
 
Level 

 3rd 
  
Level 

LL2 

  

 HH1 
  

 HL1 

  

 LH1 

LH2 

HL2 HH2 

  

 HH1 
  

 HL1 

  

 LH1 

LH2 

HL2 HH2 

LL3 

HL3 

LH3 

HH3 

W11=zeros(75,75); 
W12=zeros(75,75); 
W13=zeros(75,75); 
W14=zeros(75,75);  
[w11,w12,w13,w14]=dwt2(d21,'bior2.2'); 

W11=zeros(40,40); 
W12=zeros(40,40); 
W13=zeros(40,40); 
W14=zeros(40,40); 
[w21,w22,w23,w24]=dwt2(d21,'bior2.2'); 
W11=zeros(23,23); 
W12=zeros(23,23); 
W13=zeros(23,23); 
W14=zeros(23,23); 
[w31,w32,w33,w34]=dwt2(d21,'bior2.2'); 
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5. One-level two Dimensional Inverse Discrete Wavelet 

Transform(one-level 2-D IDWT) module: 
The inverse 2-D DWT as shown in Fig.12, the 1-D IDWT Block1 read 

the LL, LH sub-band images and the 1-D IDWT Block2 read the HL, HH 

sub-band images in parallel manner to calculate the reconstruction low and 

high frequency data which are stored into internal memory bank, after the 2 

modules is finished their operation, the 1-D IDWT Block3 begins to read the 

reconstruction data from the internal memory bank and generate the 

reconstruction image Xr (N*N).  

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

(b) 
Fig.12 (a) One-level two Dimensional Inverse Discrete Wavelet Transform, 

(b) The Matlab code of 2-D IDWT. 

 
5.1 The Multi-level Inverse 2-D DWT module: 

The inverse multilevel module can be designed depends on one-level 

module as shown in Fig.13. The module begins to read the LL, LH, HL and 

Reconstruction image 

LL(N2/4) 

LH(N2/4) 

HL(N2/4) 

HH(N2/4) 

1-D IDWT  
Block3 

1-D IDWT  
Block1 

1-D IDWT  
Block2 

Intermediate 
Memory 

Bank 

Row-IDWT 

Column-IDWT 

for k=1:75 

[w11r(1:end,k)]=idwt(w13(1:end,k),w14(1:end,k),'bior2.2'); 
[w12r(1:end,k)]=idwt(w15(1:end,k),w16(1:end,k),'bior2.2'); 
End 

for k=1:145 

[d21r(k,1:end)]=idwt(w11r(k,1:end),w12r(k,1:end),'bior2.2'); 
end  
figure(22) 
imshow(w11r,[]); 
figure(23) 
imshow(w12r,[]); 
figure(24) 
imshow(d21r,[]); 
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HH sub-band images of the third level 2-D FDWT which are stored into 

external memory and calculate the inverse 2-D DWT to reconstruct the LL 

sub-band image of the second level (LLr2) which is stored into memory 

bank( N
2
/4) as shown in Fig.13. After the finishing of reconstructing the data 

of the second level, the module begins to read the LLr2 and the LH, HL and 

HH sub-band images of the second level of 2-D FDWT of the external 

memory as shown in Fig.14. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.13 The implementation of first level inverse 2-D IDWT. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.14 The implementation of second level inverse 2-D IDWT. 
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And generate the reconstruction data (LLr1) and is stored into memory bank 

(N
2
/4) Finally the module read the LLr1 from memory bank (N

2
/4) and the 

LH,HL,HH of first level of 2-D FDWT from external memory and generate 

the reconstruction image (Xr) as shown in Fig.15. 
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(b) 
Fig.15 (a) The implementation of third level inverse 2-D IDWT, 

(b) The Matlab code of third level 2-D IDWT. 

 
6. Clearing the Detail Coefficients 
6.1 Clearing the HH sub-band image 

After designing the forward and inverse 2-D DWT architectures for both 5/3 

and 9/7 filter, the smoothing processing is beginning by clearing the HH 

sub-Band image which is produces by the one-level forward 2-D DWT 

module as shown in Fig. 16. 

 LLr1 
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Bloock2 

image 
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Bloock3 

1-D IDWT  
Bloock1 

Intermediate 

Memory 

Bank 

Row-IDWT 
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 HH1 

  

 HL1 

 

 

LH1 

r2=IDWT2(w23,w24,w25,w26,'bior2.2'); 
figure(26) 
imshow(r2,[]); 
r21=IDWT2(r2,w24,w25,w26,'bior2.2'); 
figure(27) 
imshow(r21,[]); 
r22=IDWT2(r21,w24,w25,w26,'bior2.2'); 
figure(28) 
imshow(r22,[]); 
r23=IDWT2(r22,w24,w25,w26,'bior2.2'); 
figure(29) 
imshow(r23,[]); 
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Fig.16 The implementation of clearing process in the HH sub-band image. 

 
Then reconstruct the image by using the one-level inverse 2-D DWT 
module, The quality of reconstructed image can be measured by using the 
Signal to Noise ratio (SNR) criteria as the following equation:
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This type of clearing HH sub-Band image is called smoothing image 
because this processing erase the high frequencies from the image and 
smooth the edge of image, thus, one of the most popular type of 
enhancement image is clearing HH sub-band image. This clearing is 
reducing the noise from the noisy image because the noise is found in the 
high frequency range, so when deleting this range by clearing HH sub-band 
image, the noise is deleted too. The values of SNR that are calculated by 
using Matlab to simulate the one-level forward and inverse 2-D DWT 
module is listed by Table.1. The reconstruction images of 5/3 and 9/7 
filtersas shown in Fig. 17. 
 

Table.1 The SNR results from clearing HH sub-band image. 
Images 

145X145 
SNR(dB) by 

using 5/3 filter 
SNR(dB) by 

using 9/7 filter 
Barbara 63.25 63.58 
Baboon 66.53 68.35 
papers 77.55 80.79 

Camera man 52.94 54.96 
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 Fig. 17 The reconstruction images of 5/3 and 9/7 filters. 
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In order to clear the high frequencies from every row of the image, it must 

be clear the HL and HH sub-band image as shown in Fig.18. The SNR for 

this architecture are listed by Table.2. The reconstruction images of 5/3 and 

9/7 filters as shown in Fig. 19. 

 

 

 

 

 

 

 
Fig.18 The implementation of clearing process in the HH and HL sub-band image. 

 
6.3 Clearing The HH, HL and LH sub-band images 

In order to clear the high frequencies from each column and each row of the 

image, it should be clear the HH, HL and LH sub-band images and all the 

result illustrated in Table.3. The reconstruction images of 5/3 and 9/7 filters 

as shown in Fig 20.  

 
Table.2 The SNR results from clearing HH and HL sub-band images. 
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Fig.19 The reconstruction images of 5/3 and 9/7 filters. 
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Table.3 The SNR results from clearing HH, HL and LH sub-band images. 
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Fig. 20 The reconstruction images of 5/3 and 9/7 filters. 

 
7. Conclusion 
The clearing of HH sub-band image produce the maximum SNR compare 

with the SNR that generate from clearing HH and HL sub-band images and 
the SNR which generated from clearing HH, HL and LH sub-band images. 

The clearing process which is performed into LH and HL sub-band images, 

deleted some of the low frequency pixels which represented important 
information, But the clearing process decreases the size of pixels that needed 

to reconstruct the image, i.e. the number of pixels is needed to reconstructed 

the image is N
2,

but when the clearing process is used the number of pixels is 
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3N
2
/4 if the clearing process is applied into HH sub-band image and N

2
/2 if 

the clearing process is applied into HH and HL sub-bands images and N
2
/4 if 

the clearing process is applied into HH, HL and LH sub-band images). So it 

must be tradeoff between the cleaning information of the image and the size 

of sub-bands images which used to reconstructed the image to reduce the 
external memory.  
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