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Abstract- JPEG 2000 is a widely used image coding standard for applications like Digital photography, video transmission 
and medical imagery. In the process of saving the images, since it processes one entire frame at a time, it consumes large 
power. During voltage scaling SRAM memory errors occurs in JPEG implementation. To reduce these memory errors, 
Contourlet transform technique is implemented in this project. This technique provides a flexible multi resolution, local and 
directional expansion for 2D images. These images are then transformed and sent through the Embedded Block Coding with 
Optimal Truncation (EBCOT) where compressed images are obtained.  By Inversing this transform technique, decompressed 
image is obtained.  Since this technique covers all the edges and smoothens the contours, we can reduce the loss of 
information/data thereby reduce the memory errors. This transform is advantageous since it does not require additional 
memory and circuit design is simple and more importantly reduces the power consumption and thus improves the image 
quality  
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I.  INTRODUCTION 
 
JPEG2000 is a widely used image coding standard 
that has applications in digital photography, high 
definition video transmission, medical imagery. Since 
it processes one entire frame at a time, it has large 
memory requirements and consequently consumes 
large memory and power consumption. Voltage 
scaling is an effective way of reducing memory 
power. At encoder side power saving is possible when 
memory operates at scaled voltages. SRAM failure 
rates is affected by threshold voltage(VT) variations 
which in turn is affected by process variations such as 
those due to random dopant fluctuation(RDF), length, 
width and oxide thickness, soft errors and others. Of 
these RDF is the dominant factor. However images 
and videos have some degree of error tolerance and 
full correction of memory errors is not needed to 
provide good quality performance. 
 
Several circuit, system level techniques have been 
proposed to lower the effects of memory errors. To 
locate the error locations and correcting it some error 
correcting code schemes are introduced and proposes 
an unequal error protection scheme to minimize the 
effects of memory and improve its performance. Then 
algorithm-specific techniques were used to minimize 
the SRAM memory failures. 
 
General block diagram of JPEG2000 consists of 
encoder/decoder. The original image which is in pixel 
domain is transformed into frequency sub-bands using 
the Contourlet Transform followed by quantization 
and stored in tile memory. Transformed image is 
passed into an Embedded Block Coding with Optimal 
Truncation (EBCOT) processing where the 
compressed image is obtained which is then given for 
inverse Contourlet and decompressed image is 

obtained. The simulated results are taken and 
compared for different images by estimating its PSNR 
ratios for each images and checked for its quality. An 
acceptable PSNR is to be achieved for the transform 
applied.  
  
Among various transform techniques, Discrete 
wavelet transform (DWT) has a number of advantages 
over other transforms including frequency 
localization, multi resolution representation, superior 
HVS modeling, linear complexity and adaptivity. 
These are the key reasons for the success of Wavelets 
in many signal processing applications. It has been 
proved that Wavelets are good at representing point 
wise discontinuities in 2 dimensional signal. However, 
in higher dimensions, there exists line or curve-shaped 
discontinuities. Since, 2D Wavelets are produced by 
product of 1D Wavelets, they can only identify 
horizontal and vertical discontinuities (edges) in 
images, ignoring smoothness along contours and 
curves. Several transform techniques like Discrete 
Cosine Transform (DCT), Discrete Fourier Transform 
(DFT) and Discrete wavelet Transform (DWT) can be 
used. DWT concentrate the energy of the host signal 
in a fewer components. It has been proven that the 
kernel of DWT is well suited for representing one-
dimensional discontinuities. However wavelet fails 
when the dimension increases. Curvelet transform was 
defined to represent two dimensional discontinuities 
more efficiently, with least mean square error in a 
fixed term approximation. Curvelet transform was 
proposed in continuous domain and its discretization 
was a challenge when critical sampling is desired.  
 
II.  CONTOURLET TRANSFORM  

 
The Contourlet is a directional multiresolution 
expansion, which can represent images containing 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-2, Issue-7, July-2014 

Reduction of Memory Errors For Images In Jpeg 2000 
 

21 

contours efficiently. Contourlets, not only possess the 
main features of wavelets, namely multiresolutionality 
and time-frequency localization, but also show a high 
degree of directionality and anisotropy.  
 
One of the unique properties of contourlet transform is 
that we could have any desirable number of 
directional decompositions at every level of 
resolutions, in contrast to wavelet which has only 
three directions in each resolution. 
 
Contourlet transform is a directional transform, which 
is capable of capturing contours and finer details in 
images. The contourlet expansion is composed of 
basis function oriented at various directions in 
multiple scales with flexible aspect ratios. With this 
rich set of basic functions, the contourlet transform 
effectively capture smooth contours that are the 
dominant feature in natural images. In contourlet 
transform, the Laplacian pyramid does the 
decomposition of images into sub bands and then the 
directional filter banks analyze each detail image. In 
contourlet transform, the Laplacian Pyramid (LP) is 
first used to capture point discontinuities, and then 
followed by a Directional Filter Bank (DFB) to link 
point discontinuities into linear structures. The overall 
result is an image expansion using basic elements like 
contour segments, and thus called contourlet 
transform, which is implemented by a Pyramidal 
Directional Filter Bank.  
 
The pyramidal directional filter bank (PDFB) 
proposed by Minh Do and Vetterli (2005), which 
overcomes the block-based approach of Curvelet 
transform by a directional filter bank, applied on the 
whole scale also known as contourlet transform (CT). 
The grouping of wavelet coefficients suggests that one 
can obtain a sparse image expansion by first applying 
a multi-scale transform and then applying a local 
directional transform to gather the nearby basis 
functions at the same scale into linear structures. In 
essence, first a wavelet-like transform is used for edge 
point detection, and then a local directional transform 
for contour segments detection. One can construct a 
double filter bank structure in which at first the 
Laplacian pyramid (LP) is used to capture the point 
discontinuities, and followed by a directional filter 
bank (DFB) to link point discontinuities into linear 
structures. 
 
The template is used to format your paper and style 
the text. All margins, column widths, line spaces, and 
text fonts are prescribed; please do not alter them. You 
may note peculiarities. For example, the head margin 
in this template measures proportionately more than is 
customary. This measurement and others are 
deliberate, using specifications that anticipate your 
paper as one part of the entire proceedings, and not as 
an independent document. Please do not revise any of 
the current designations. 

III. EMBEDDED BLOCK CODING WITH 
 OPTIMAL TRUNCATION (EBCOT)  

 
In JPEG2000 the entropy coding of information is 
committed to the EBCOT algorithm introduced in 
1998 by David Taubman. EBCOT stands for 
Embedded Block Coding with Optimal Truncation. 
Every sub band is partitioned into little blocks (64 x64 
or 32 x 32) called as code blocks. Every code-block is 
codified independently from the other ones thus 
producing an elementary embedded bit-stream. The 
algorithm can find some points of optimal truncation 
in order to minimize the distortion and support its 
scalability. 
 
It uses the wavelet transform to subdivide the energy 
of the original image into subbands. Coefficients are 
coded after having done an appropriate quantization 
specified by the standard. Each subband is divided 
into code blocks before being compressed. As every 
code block is codified independently from the other 
ones, Rate-Allocation has the aim of choosing the 
contributions of each code-block at any resolution 
level in order to obtain the aimed bit-rate by 
minimizing the distortion. EBCOT algorithm carries 
out the Rate-Allocation by the means of a particular 
method called PRCD (Post Compression Rate 
Distortion).  
 
We choose a maximum bit rate as our target, and then 
it is possible to search for the set of truncation points 
that minimize the total distortion. The name of the 
PCRD method is due to the fact that the optimization 
of the Rate-Allocation is done on compressed data. 
Some of the advantages of PRCD includes 
compression of images are done only once. It finds the 
truncation points considering the compressed code 
blocks without the need of data recodification. There 
is no need to memorize the whole images that has to 
be compressed. Saving in memory the compressed 
representation of the code block is enough. As each 
block code is coded independently from the others. 
Block coding is in particular suitable for parallel 
implementations, in which more units process code 
blocks simultaneously. 
 
A bit-plane encoder is used; it encodes the information 
belonging to a code-block by grouping it in bit-planes, 
starting form the most significant one. After that, less 
significant bit-planes will be encoded.  
 
The main advantage is the possibility of decoding 
only some bit-planes during the decompression.  
 
Obviously during the reconstruction, the larger the 
number of discarded bit-planes, the higher the 
distortion due to a larger quantization error. Besides, 
the possibility of cutting off arbitrarily the stream 
makes possible the use of the PRCD algorithm for 
rate-allocation. 
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Figure 1 , PROPOSED SYSTEM 

 
The processes involved in encoding /decoding are 
organized in three different steps called fractional bit 
plane. The truncation points that can be used by the 
PRCD coincide with the extremes of fractional bit 
plane. The steps involve Significance Propagation 
pass, Magnitude refinement pass and cleanup pass. 
The same steps are involved for decodification.  
 
The information coming from the EBCOT block is 
coded by a particular adaptive arithmetic encoder, 
called MQ coder, whose main peculiarities are the use 
of finite precision arithmetic and the capability to 
compress without using multiplication and/or 
divisions thus avoiding an excessive computational 
load. 
 
IV.  CONTOURLET TRANSFORM 
 
Contourlet Transform (CT) is proposed as an 
improvement of Curvelet transforms by Do and 
Vetterli (2005). The Contourlet is a directional 
multiresolution expansion, which can represent 
images containing contours efficiently. Contourlets, 
not only possess the main features of Wavelets, 
namely multiresolutionality and time-frequency 
localization, but also show a high degree of 
directionality and anisotropy. One of the unique 
properties of contourlet transform is that we could 
have any desirable number of directional 
decompositions at every level of resolutions, in 
contrast to Wavelet which has only three directions in 
each resolution. 

 

 
(a) DWT 

 

V.  INTRODUCTION TO CONTOURLET 
 TRANSFORM  
 
The Contourlet Transform was introduced by Do et al 
(2005) and Po et al (2006) is a directional transform, 
which is capable of capturing contours and finer 
details in images. The contourlet expansion is 
composed of basis function oriented at various 
directions in multiple scales, with flexible aspect 
ratios.  
 
With this rich set of basis functions, the contourlet 
transform effectively capture smooth contours that are 
the dominant feature in natural images. In contourlet 
transform, the Laplacian pyramid does the 
decomposition of images into subbands and then the 
directional filter banks analyze each detail image. 
  
In contourlet transform, the Laplacian Pyramid (LP) is 
first used to capture point discontinuities, and then 
followed by a Directional Filter Bank (DFB) to link 
point discontinuities into linear structures. 
 
The overall result is an image expansion using basic 
elements like contour segments, and thus called 
contourlet transform, which is implemented by a 
Pyramidal Directional Filter Bank. 
 
The pyramidal directional filter bank (PDFB) 
proposed by Minh Do and Vetterli (2005), which 
overcomes the block-based approach of Curvelet 
transform by a directional filter bank, applied on the 
whole scale also known as contourlet transform (CT).  
 
The grouping of wavelet coefficients suggests that one 
can obtain a sparse image expansion by first applying 
a multi-scale transform and then applying a local 
directional transform to gather the nearby basis 
functions at the same scale into linear structures. In 
essence, first a wavelet-like transform is used for edge 
point detection, and then a local directional transform 
for contour segments detection. 
 
One can construct a double filter bank structure in 
which at first the Laplacian pyramid (LP) is used to 
capture the point discontinuities, and followed by a 
directional filter bank (DFB) to link point 
discontinuities into linear structures. 
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VI.  LAPLACIAN PYRAMID 
 
One way of achieving a multiscale decomposition is 
to use a Laplacian Pyramid (LP). The LP 
decomposition at each level generates a down sampled 
lowpass version of the original and the difference 
between the original and the prediction, resulting in a 
bandpass image. In this figure, ‘H’ and ‘G’ are called 
analysis and synthesis filters and ‘M’ is the sampling 
matrix. The process can be iterated on the coarse 
version. The original image is convolved with a 
Gaussian kernel. The resulting image is a low pass 
filtered version of the original image.  
 
The Laplacian is then computed as the difference 
between the original image and the low pass filtered 
image. This process is continued to obtain a set of 
band-pass filtered images, since each one is the 
difference between two levels of the Gaussian 
pyramid.  
 
Thus the Laplacian pyramid is a set of band pass 
filters. By repeating these steps several times a 
sequence of images, are obtained. If these images are 
stacked one above another, the result is a tapering 
pyramid data structure, and hence the name Laplacian 
pyramid.  

 

 
 
The Laplacian pyramid can thus be used to represent 
images as a series of bandpass filtered images, each 
sampled at successively sparser densities. It is 
frequently used in image processing and pattern 
recognition tasks because of its ease of computation. 
A drawback of the LP is the implicit oversampling. 
However, in contrast to the critically sampled wavelet 
scheme, the LP has the distinguishing feature that 
each pyramid level generates only one bandpass 
image, which does not have scrambled frequencies. 
This frequency scrambling happens in the wavelet 
filter bank when a highpass channel, after down 
sampling, is folded back into the low frequency band, 
and thus its spectrum is reflected. In the LP, this effect 
is avoided by down sampling the lowpass channel 
only. 
 
VII. DIRECTIONAL FILTER BANK 
 
The directional filter bank proposed by Do and 
Vetterli (2001), is a critically sampled filter bank that 
can decompose images into any power of two’s 
number of directions. The DFB is efficiently 
implemented via a l-level tree structured 
decomposition that leads to ‘2l’ subbands with wedge-
shaped frequency partition. The original construction 
of the DFB in involves modulating the input signal 

and using diamond shaped filters. Furthermore, to 
obtain the desired frequency partition, an involved tree 
expanding rule has to be followed. As a result, the 
frequency regions for the resulting subbands do not 
follow a simple ordering based on the channel indices. 

 

 
Figure 3: DFB Frequency partitioning 

        
The DFB is designed to capture the high frequency 
components (representing directionality) of images. 
Therefore, low frequency components are handled 
poorly by the DFB.  
 
In fact, with the frequency partition shown in figure 3, 
low frequencies would leak into several directional 
subbands, hence DFB does not provide a sparse 
representation for images. To improve the situation, 
low frequencies should be removed before the DFB. 
This provides another reason to combine the DFB 
with a multiresolution scheme. Therefore, the LP 
permits further subband decomposition to be applied 
on its bandpass images. Those bandpass images can 
be fed into a DFB so that directional information can 
be captured efficiently. The scheme can be iterated 
repeatedly on the coarse image. The end result is a 
double iterated filter bank structure, named pyramidal 
directional filter bank (PDFB), which decomposes 
images into directional subbands at multiple scales. 
The scheme is flexible since it allows for a different 
number of directions at each scale. Each image is 
decomposed into a lowpass subband and several 
bandpass directional subbands. 
 
Specially let a0[n] be the input image. The output after 
the LP stage is J bandpass images bj [n], j=1,2,…..,J 
and a low pass image aJ[n]. That means , the j-th level 
of the LP decomposes of the image aj-1[n] into a 
coarser image aj[n] and a detail image  bj[n].  
 
Each band pass image bj[n] is further decomposed by 
an lj-level DFB into 2lj bandpass directional images 
c (lj)j,k[n], k=0,1,….,2lj-1.  

 
VIII. RESULTS AND DISCUSSIONS  

 
In JPEG2000, the images are in pixels format. In order 
to convert those pixels into digital values we do 
coding in MATLAB and for transformation, 
compression and decompression process the coding is 
written in Modelsim 6.3g Altera web edition and 
corresponding simulation results are obtained for each 
process.  
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Coding is done using MATLAB and Verilog. The 
Natural image is selected and processed into 
Modelsim where contourlet transform takes place 
along the contours and edges.  
 
The transformed image is processed into EBCOT and 
simulated output window is seen in Modelsim. Again 
processing is started for inverse Contourlet transform 
and that corresponding simulation output is obtained.  
 
Thus after compression and decompression process 
output image quality is displayed in terms of the 
PSNR performance for the decompressed output 
image obtained. 
 
IX. INPUT IMAGE 
 
To start the process, the original image in pixel 
domain is transformed into sub bands using contourlet 
transform technique to convert into decimal values.  
 
In contourlet transform, the Laplacian pyramid does 
the decomposition of images into subbands and then 
the directional filter banks analyze each detail image. 

 

 
Figure4  Input Image 

 
X.  TRANSFORMED IMAGE 
 
The original image in pixel domain is transformed 
into frequency sub bands using contourlet transform 
followed by quantization.  
 

The Contourlet is a directional multiresolution 
expansion, which can represent images containing 
contours efficiently. Contourlets, not only possess the 
main features of Wavelets, namely 
multiresolutionality and time-frequency localization, 
but also show a high degree of directionality and 
anisotropy.  
 
In contourlet transform, the Laplacian Pyramid (LP) is 
first used to capture point discontinuities, and then 
followed by a Directional Filter Bank (DFB) to link 
point discontinuities into linear structures. 

 
Figure5. Transformed Image 

 
XI.  TRANSFORMED IMAGE INTO 
 EMBEDDED BLOCK CODING WITH 
 OPTIMAL TRUNCATION (EBCOT) 
 
The transformed image is passed into Embedded 
Block coding with Optimal Truncation (EBCOT). 
Every sub band is partitioned into little blocks (64 x64 
or 32 x 32) called as code blocks. Every code-block is 
codified independently from the other ones thus 
producing an elementary embedded bit-stream.  
 
The algorithm can find some points of optimal 
truncation in order to minimize the distortion and 
support its scalability. A bit-plane encoder is used; it 
encodes the information belonging to a code-block by 
grouping it in bit-planes, starting form the most 
significant one. After that, less significant bit-planes 
will be encoded. 

 

 
Figure 6Transformed Image into EBCOT 

 
XII. INVERSE CONTOURLET 
 
After the transformed image passes into EBCOT and 
compressed image is obtained the process then 
undergoes inverse Contourlet to obtain the 
decompressed image in the decimal, unsigned values. 
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Figure 7 Contourlet Transform 

 
XIII. OUTPUT IMAGE 
 
After compression and decompression process 
through Contourlet transform technique, the output 
image is obtained. The quality of the image is 
represented in terms of PSNR value. Thus the PSNR 
performance of the output image is obtained. The 
PSNR performance is 29.73 dB 

 

 
 

CONCLUSION 
 
In this project, JPEG2000 implementation deals with 
lowering the effects of SRAM memory errors that 
occurs during voltage scaling. To reduce the memory 
errors and locate the memory errors we proposed 
contourlet transform that is mainly used for 
multiresolution and anisotropy for images. Contourlet 
transform can represent images containing contours 
efficiently thereby reducing the memory errors and 
also reduces the power consumption. Thus image 
quality is also achieved to an acceptable PSNR than 
other transforms.  
 
FUTURE ENHANCEMENT 
 
In future Phase, the coding can be converted into a 
memory location and that will be implemented in 
SPARTAN 3E kit.  Many advanced transform 
technique can be used instead of Contourlet transform 
and their image quality can be estimated by 
comparing with other transforms. Thereby the 
memory requirements and power consumption can 
also be estimated and compared in JPEG2000. 
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