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FROM THE EDITORIAL TEAM 

 
2005 is History and 2006 is here. The SIGNALS newsletter 

editorial team wishes you a warm heartfelt “Happy New 

year”. 2005 was a pretty industrious year for the IEEE SP 

bangalore chapter, the high points being the number of 

technical seminars/symposiums organized, and ofcourse, the 

birth of the SIGNALS newsletter. The “IEEE Workshop on 

Multimedia Compression” was a memorable event. You can 

read a report on it under the new section “Eye Witness”. 

The SIGNALS newsletter, which was first issued in the 

month of September last year, has received good response 

from the society members. However, we are hoping that the 

number of article contributers to the newsletter will increase 

in the coming months. For those of you who missed our first 

issue, the SIGNALS newsletter aims to be an online forum 

for sharing the latest information about Signal Processing 

and related events, and for highlighting the work that is 

being done in various institutions (both industry and 

academia) in and around Bangalore. This newsletter will 

also focus on significant events in the international scenario, 

which have impact on the Digital Signal Processing field. 
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The year 2005 also presents some sorrowful memories. Professor M.C. Puri, Professor Emeritus 

in the Mathematics Department of the Delhi IIT, was killed in a suspected terrorist attack on the 

28th of December 2005 in the IIS campus. On behalf of the IEEE SP Bangalore Chapter, we 

express our condolences to the family of Professor M.C.Puri. 

 

The year 2006 stretches in front of us - a new dawn, a clean slate. So what does this celebrated 

“new beginning” mean to you. Just another year speeding by? If so, wake up and smell the 

coffee! Technology is advancing rapidly in leaps and bounds. On one hand technical disciplines 

are fragmenting into numerous sub-divisions of study areas. On the other hand there is a 

convergence of technologies and their applications. We encourage one and all to take this new 

year as an opportunity to break free of the monotonous routine of our lives and peek into the 

developing technologies in fields that are both related and unrelated to your work. Learn new 

technologies and see if you can apply them in your work. The possibilities are infinite. And 

ofcourse, do share your learning with us by sending in articles. The more you share the more you 

get!  

 

This edition of SIGNALS has a few newly introduced sections, which we hope you will find 

interesting and useful. So go ahead and dive into world of DSP!  

 

May God bless you with a Happy and prosperous 2006. 

 

The Editorial team 
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ANNOUNCEMENTS 
 
Our website has moved! 
 
The IEEE SP Bangalore chapter home page is now accessible at the following link: 
http://ewh.ieee.org/r10/bangalore/sps/ 
Visit our site for the latest updates on the IEEE SP Bangalore chapter activities.  
 
We need your articles 
 
We need your contributions to achieve the primary purpose of this newsletter – to keep all 
members aware of what’s happening on the Signal Processing Frontier, and to encourage active 
participation in these events. Please Send your feedback and contributions to 
ieeesp@dsplab.ece.iisc.ernet.in 
 
 
UPCOMING EVENTS 
 
 
�� TIDC 2006 : TI Developer Conference 

Venue         : Dallas, Texas, USA 
Date            : Feb 28th – 2nd Mar, 2006 
Key Events : Interactive sessions, Demos, Workshops 
Link             : www.ti.com/tidc06 

 
 
�� VIE2006  : IEE International Conference on Visual Information Engineering.  

Venue : Bangalore, India 
Date    : 26th – 28th September, 2006 
 
Note : Prospective Authors can submit their papers online at  
http://iee-pn.conference-services.net/directory.asp   
on or before 3rd April, 2006. 
Proposals for conference special sessions, Tutorials, workshops, etc, are also 
invited 
 
Link:  http://conferences.iee.org/vie2006 
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INFO TRACK 
 
Info Track is a new section introduced in this issue of the SIGNALS newsletter, which is intended 
to give you a peek at the latest developments and trends in DSP related fields. In Info Track, we 
present only facts, no explanations. We just hope we can whet your appetite and ignite your 
interest just enough so that you go in search of the answers to your own questions.  
 
NEXT GEN WiFi 
 
High data rate WiFi is all set to experience a spurt in growth both on the research and 

commercial fronts. The IEEE joint proposal group has almost completed the proposal for the 

IEEE 802.11n Next Generation WLAN standard. Following the deadlock between the three final  

TGn proposal groups – MITMOT, Wwise and TgnSync, the EWC (Enhanced wireless 

consortium) was formed in October 2005, to formulate a joint compromise proposal. This 

proposal is expected to be completed in January 2006. At the core of IEEE 802.11n will lie 

MIMO technology (Multiple Input, Multiple Output) based on “Multi-path Interference” 

principles. MIMO is pioneered by Airgo networks, a leader in the WLAN chipset market. IEEE 

802.11n is expected to provide higher data rates and benefit Video streaming, VoIP, gaming and 

multimedia terminals/devices, cell phones, etc.       

 
 
BIONIC EYES 
 
One of my all time favourite games is “Deus Ex” where the main character is a futuristic agent 

with Bio NanoTech Augmentations fitted on to his body. Parts of his body (including his eyes 

and skin!!) are reinforced with Nanotech devices making him a super human. Hence, you can 

imagine my excitement when news came out on an “artificial retina” developed by the Doheny 

Eye Institute at the University of Southern California. Though the device is far from being an 

independent artificial eye, the possibilities are mind boggling. This along with other nanomedical 

devices are leading to a domino effect in the research field with more new projects being 

announced regularly. The latest is a 6.5 million dollar project to fabricate bio-compatible 

batteries, being carried out by a SANDIA national laboratories team based at the University of 

Illinois Urbana-Champaign. At the heart of this research is the design of “Biomimetic 
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Nanoconductors” and study of natural and synthetic “ion transporters”. The “specialized 

transporters” found in the electric eel are being studied to model the ion transporters !!  

 

INTELLIGENT APPLICATION OF DSP ALGORITHMS LEADS TO ULTRA LOW 
POWER IMAGE SENSOR 
 
An ultra low power CMOS image sensor (0.88 nanowatt power dissipation per pixel), was 

demonstrated by researchers of the University of Rochester - Mark Bocko and Zeljko Ignjatovic. 

The reduction of power is attributed to two technological innovations. One is the redesign of the 

analog to digital conversion mechanism, so that each pixel is inactive until it is actually sampled. 

The second innovation is based on the less known arithmetic fourier transform which involves 

processing transforms without multiplication. This technique is called “image plane 

compression” and involves arranging pixels in geometries that require no floating-point 

multiplications during data compression. Discrete cosine transform (DCT) is the basic operation 

used in the data compression. According to the researchers, the trick lies in placing the 

photodiodes in such a way that they collect light only at points where the cosine function is at 1. 

This eliminates the need for multiplications and only additions need to be done. The image 

sensor is designed so that it’s output is in compressed form and still compatible with 

conventional video decoder hardware/software. The disadvantage in using this technique is that 

pixels cannot be packed too closely together, resulting in moderate resolutions only. However, 

it’s researchers are confident that their technology will find application in several areas of the 

Video signal processing field.                  
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EYE WITNESS 
 
2005 IEEE Workshop on Multimedia Compression 
 
The "2005 IEEE Workshop on Multimedia Compression" was organized by the IEEE Signal 

Processing Society, Bangalore Chapter, to bring together researchers, educators and practitioners 

from academia and industry, working on multimedia compression and allied fields. The 

workshop was held on October 27, 28, at Hotel Capitol, Bangalore. The IEEE Distinguished 

Lecture was presented by Prof. Fernando Pereira from IST, Portugal.  

Topics covered in the workshop included compression of audio, image & video, Digital Rights 

Management & content adaptation. The workshop comprised of invited tutorials and talks by 

world-class experts including: 

 

�� Prof Fernando Pereira, Instituto Superior Tecnico, Lisbon, Portugal 

�� Dr Minhua Zhou, Texas Instruments, Dallas TX, USA 

�� Prof K S Mohan, National University of Singapore, Singapore 

�� Prof A N Rajaopalan, IIT-Madras, Chennai, India 

�� Dr Sriram Sethuraman, Ittiam Systems, Bangalore, India 

�� Shailesh Ramamurthy,  Motorola, Bangalore, India 

�� Dr-Ing Thomas Ziegler, Coding Technologies, Nurnberg, Germany 

�� Prof Vikram M. Gadre, IIT-Bombay, Mumbai, India 

 

The key note speaker was Srini Rajam, Chairman and CEO of Ittiam systems. There were a total 

of 4 tutorials, 6 advanced topic sessions, and 1 panel discussion on "Future advances in 

Multimedia Compression". The program is given as below: 

 
�� MPEG Visual Representation Standards - Prof. Fernando Pereira 
 
�� Content Adaptation: a Metadata Challenge - Prof. Fernando Pereira 
 
�� AVS (the Audio Video Coding Standard Workgroup of China) - Minhua Zhou 
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�� Experiential Sampling in Multimedia Systems - Mohan S Kankanhalli 
 
�� Image Super-resolution - A.N. Rajagopalan 
 
�� Audio Compression for Multimedia - Thomas Ziegler 
 
�� aacPlus - Theory and Practice behind the Successful High Efficiency Audio Codec - Thomas 

Ziegler 
 
�� Wavelets and Scalability in Image & Video Compression - V M Gadre, Ankur Gupta  
 
�� The H.264 Standard - Sriram Sethuraman 
 
�� JPEG2000: A unified framework for Seamless, Interactive Image Coding - Shailesh 

Ramamurthy 
 
 
The event was well supported by local industry, with Ittiam Systems, Motorola, Patni Computer 

Systems, Texas Instruments, Analog Devices, Emuzed, FastVDO, Sarnoff Corporation, Siemens, 

Epigon Media Technologies being the sponsors. 

 

The workshop was well attended, with more than 180 registrants from the academic and 

practicing community. The participants interacted well with the speakers at the Q&A sessions, as 

well as in the panel discussion held on the first day of the workshop. 

 

The workshop concluded with an introduction to the local IEEE SP Chapter activities, and 

information on the upcoming WISSAP programme, also organised by the IEEE SP chapter.  

Updated presentations from the workshop, are available at the chapter webpage for download. 

 

More information on the workshop is available at, 

http://www.dsp.ece.iisc.ernet.in/~ieeesp/imcw05 

Contributed by, 

Prabindh Sundareson,  

Texas Instruments, Bangalore 
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EYE WITNESS 
 

Winter School on Speech and Audio Processing (WiSSAP-06) 
 
Venue: Dept of ECE, Indian Institute of Science, Bangalore-12 
Date:    4-7th  January 2006 

 
This is the first of a new series of academic events planned by the faculty of IISc and IITs; the 

first event is organized jointly by the IISc and the IEEE SP Society, Bangalore Chapter, with 

support also from the International Speech Communication Association (ISCA). This series of 

winter schools is planned to be a regular event catering to advanced technology development 

topics in the speech and audio research area. This first school focused on "Speech Recognition 

and Understanding" being a popular technology topic for both academia and industry. The 

school comprised of mainly two expert speakers,  

(1) Prof. S. Levinson, Univ Illinois, Urbana, USA and  

(2) (2) Dr. Bhiksha Raj, Mitsubishi Electric Research Labs, Cambridge, USA  

Both are established experts in the focused area. In addition, we also invited Prof. T. Svendsen, 

NTNU, Norway, to present a lecture on adaptation in ASR. All together the invited talks covered 

~18 Hrs of lectures. In addition, the first day comprised of tutorial lectures by local faculty for 

7.5 Hrs. The complete program and the list of topics covered are available at the site: 

http://www.dsp.ece.iisc.ernet.in/~ieeesp/wissap06/ 

 
The school received more than the expected response, in terms of both registrations and industry 

sponsors. We had 12 industry sponsors and 102 paid registrants; of these, 29 were faculty, 36 

students and 37 industry engineers, among which 9 were IEEE members. Including the invitees, 

sponsorer free registrations and some IISc students, a total of about 160 participants got the 

benefit of the course. The lecture presentations at GJSH were electronically displayed in an 

adjoining lecture room with audio question feedback, which was appreciated by everybody. 

Everybody liked the quality of lectures and all the arrangements; there were detailed question 

Answer sessions both during and after the lectures, indicating the participant’s interest in the  
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topics. In particular, the invited lectures were highly motivating and illustrated the current trends 

and future direction of research for speech recognition and understanding. 

There was a textbook display in the corridor, along with other exhibits of conferences and 

journals in the area of speech and audio processing. These were also highly appreciated by the 

participants. 

 
 
Contributed by, 
 
Prof. T.V. Sreenivas, 
ECE Dept., IISC Bangalore. 
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Web Review 
 
Web Review is a new section introduced in this issue of SIGNALS. In this section, we choose a 

DSP related web site and present a review on it. The internet is a wonderful learning tool. The 

only problem is finding where the resources are on this huge network. Through “Web Review” 

we hope to help ease your quest for DSP related information on the Web. 

 

The web site we have chosen for this edition, is “Iowegian’s dspGuru”. The URL for this website 

is www.dspguru.com  

 

DspGuru is a site based on the Open-Source DSP movement. Though the concept has been in the 

DSP community for sometime, it was not really properly organized, that is until DspGuru came 

on the scene. DspGuru’s mission statement (in their own words) is as follows: (Quoted from the 

site) 

 

“OpenDSP (sm) is dspGuru's initiative to promote the use of "open" software within the DSP 

development community. DSP developers already use open software, of course, but it can be 

hard to find, and it does not always meet developers needs in a systematic way. We hope to 

change all that.”  

 

DspGuru also makes it clear that though they are promoting open source DSP, they are not 

against commercial/closed source DSP. Infact dspGuru’s parent company “Iowegian 

International Corporation” offers commercial services in the DSP domain.  

 

The website is a delightful hunting ground for the typical DSP engineer. The site has a well-

organized collection of DSP algorithms (source code included). There are a lot of links (to good 

DSP resources on the net), which have been arranged carefully and systematically in the “High 

level DSP Libraries” section. A separate sub-section for hardware has a lot of links to other sites  
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regarding DSP hardware. Information on comp.dsp, which is a usenet newsgroup revolving 

around DSP topics, is available on the site.       

 

There is an excellent page on DSP FAQs which gives straight-forward and easy-to-understand 

answers to commonly asked questions on DSP topics like multi-rate DSP, filters, etc. This page 

is a must-see for beginners and will certainly impress “experienced” dudes too! The tutorials 

section contains a few gems, for instance - Richard Lyon’s paper on Quadrature Signals. Another 

interesting feature is the “DSP Tribal knowledge” page which is a database of  “How-to” 

knowledge in DSP, accumulated by years of experience in the DSP field by several contributors. 

There is also a list of “DSP Tricks” compiled by active participants of the comp.dsp newsgroup. 

And don’t miss the page on “Fun” which is loaded with hilarious essays (or “rants” as the author 

describes them!).  

 

To sum it up, dspGuru.com is a very good place to start, if you are a beginner in DSP or if you 

are an experienced DSP engineer and need some “brushing up” or “how-to” tips. The layout of 

the site is simple and effective. Without a doubt, dspGuru.com is a key exponent of the Open-

source DSP movement, and the SIGNALS Team gives them an enthusiastic “THUMBS UP”.  

 
 

 

 

Disclaimer: The above review is purely a statement of opinion. The SIGNALS editorial team 

does not guarantee the validity of the statements/comments made.  
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MAIN COURSE 

Scalable Image Coding with JPEG2000 
Shailesh Ramamurthy( Shailesh.Ramamurthy@motorola.com) 

Motorola India Electronics Private Limited 

 
1. INTRODUCTION:  
 

Image coding is of paramount importance in diverse arenas such as multi-media 
communications, medical imaging, remote sensing and document imaging. Various devices such 
as digital cameras, printers and scanners use hardware and embedded software implementations 
of image coders. 
The Joint Photographic Experts Group (JPEG) has been responsible for bringing out a family of 
image coding standards, to which JPEG2000 has been a recent addition. These standards are a 
collaborative effort between the International Organization for Standardization (ISO) and 
International Telecommunication Union Standardization Sector (ITU-T)1. Superior compression 
performance and scalability features required by modern applications are the prime motivators 
for the design of the JPEG2000 standard.  
In this article, the important aspects of, and features enabled by, JPEG2000 have been presented. 
This article is intended to serve as a starting point for those interested in learning about 
JPEG2000. 
 

2. JPEG2000 - Parts of the Standard 
 
The JPEG2000 standard consists of various parts [4].  Part 1 forms the core or the baseline of the 
technology, and has been published as an International Standard [1]. The parts have been 
summarized in the table below.  
 

Part 1 Core coding system 
Part 2 Extensions 
Part 3 Motion JPEG 2000 
Part 4 Conformance 
Part 5 Reference software  
Part 6 Compound image file format (document imaging.)  
Part 8 JPSEC (security aspects) 
Part 9 JPIP (interactive protocols and API) 
Part 10 JP3D (volumetric imaging) 
Part 11 JPWL (wireless applications) 
Part 12 ISO Base Media File Format (common with MPEG-4) 

 

                                                 
1 The JPEG and JPEG-LS standards also originated from the work of the JPEG committee. 
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It should also be noted that Part 1 of the JPEG2000 standard defines the decoding process 
precisely in the form of normative sections (i.e., required for compliance), while some aspects of 
the encoder are left to the choice of implementations. 
 
3. THE CODING PROCESS – AN OVERVIEW 
An overview of the coding process is now presented. For more details, the reader can refer to [1, 
2, 5]. The functional block diagram of the coding process has been presented in Figure 1. With 
the exception of rate control, there is a one-to-one correspondence between the key functional 
blocks in the encoder and decoder. Hence the following explanations indicated for the encoder, 
can be applied for the decoder by appropriate logical inversion of the described processes. 
 

 
Figure 1: JPEG2000 Encoding and Decoding 

 

The preprocessing stage of the encoder ensures that the input sample data presented to 
subsequent stages of the encoder have a nominal dynamic range that is approximately centered 
about zero. Thus, if the sample values are unsigned, a level shifting operation is carried out for 
the sample values. 
The inter-component Transform decorrelates the information common to all colour 
components into a luminance channel, preserving colour information in two chrominance 
channels. Two intercomponent transforms are defined in Part 1, viz. the irreversible colour 
transform (ICT) and reversible colour transform (RCT). These map image data from the RGB to 
YCrCb color space.  
The DWT (discrete wavelet transform) then decomposes each tile-component to sub-bands. Part 
1 employs the 5,3 reversible integer-to-integer and the 9,7 nonreversible real-to-real transforms. 
The transform recursively applied to the lowpass subband signal obtained at each level in the 
decomposition. 
If quantization is applied (non-lossless coding), transform coefficients are quantized using 
scalar quantization with a deadzone. A different quantizer is employed for the coefficients of 
each subband, and each quantizer has only one parameter, its step size. The quantizer step size  
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for each band is specified relative to the nominal dynamic range of the subband signal. The 
encoder conveys the step size information to the decoder via the code stream. 
Each subband is partitioned into code blocks so that each of the code blocks can be 
independently coded using the context-based arithmetic coding based bit-plane coder. Each bit 
plane of each code block is coded in multiple coding passes. The bit-plane coder accounts for 
most of the computational complexity of the JPEG2000 coding process. The constituent 
arithmetically-coded bitstreams, produced by each code-block or coding pass, are packaged into 
data units called packets. The flexibility in organization of packets enables powerful scalability 
features. 
 The encoder effects rate control by either choosing the quantizer step sizes, OR, by selecting 
the subset of coding passes to include in the code stream, in a near optimal manner in the rate-
distortion sense. For lossless coding, the quantizer step sizes must be fixed at one, and hence rate 
control relies on the latter mechanism of selection of subset of coding passes, which is also 
referred to as Post Compression Rate Distortion (PCRD). This is one of the unique mechanisms 
of rate control that JPEG2000 is known for, wherein the rate allocation is performed after the 
source has been compressed. 
 

4. FEATURES 
JPEG2000 offers a unified framework for support of lossy and lossless coding of various types 
of digital images such as photographic, synthetic, medical, remotely sensed and bi-level. We 
now describe the powerful features that JPEG2000 offers.  
 
4.1 Progression Orders and Scalability 
JPEG2000 supports scalability in four dimensions – Quality, Resolution, Spatial Position and 
Component. 
 
Quality based Progression: Receiving and decoding more bit-stream data results in an 
improvement in image quality. Quality progressing all the way to lossless can be contained 
within the JPEG2000 stream. It has generally been noted that image quality improves rapidly 
with the number of bytes decoded.  
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Figure 2: Quality Based Progression – Clockwise from left top: 0.25 bpp, 0.75 bpp, 2 bpp 
 
Resolution based Progression: A small thumbnail is decoded from the first few bytes. 
Progression of resolution in terms of multiples of two (size-wise) in each dimension results when 
the bitstream is continually decoded. 
 

 
Figure 3: Resolution Based Progression 
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Spatial Position based Progression: This allows for different regions of the image to be 
received one after the other. Memory constrained applications that need to decode only specific 
parts of the image can do so by decoding the relevant packets of data. 
(Colour) Component based Progression: Images typically contain one component (grayscale), 
three colour components (YUV, RGB etc), four components (CMYK) or more than four 
components e. g. LANDSAT images. Component based progression allows data corresponding 
to different (colour) components to be progressively decoded. A black-and-white printer may 
choose to decode a grayscale version of a colour image. It is interesting to note that JPEG2000 
allows for images with upto 16384 components.  
The progression order can changed within the stream if desired. Also, if desired, a stream 
encoded in a particular progression order can be parsed and re-ordered using a different 
progression order on the fly, without actually decoding the image data. 
 
4.2 Multiple Customized decoded data from a single compressed JPEG2000 stream: 
JPEG2000 enables the paradigm of ‘Encode once, decode in many ways’ by way of its design 
and allowing for powerful random access features into the bits-stream. The encoder can, for 
instance, losslessly encode image data, while the decoding application can choose the resolution, 
component, position or quality that it is interested in. It is possible to extract and decode bytes 
required for an intended application without having to decode the entire bit-stream. 
 

 
Figure 4: Encode Once and Decode in several ways 
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4.3 Other features 
Other features include geometrical manipulations and image editing operations such as cropping, 
in the compressed domain to avoid build-up of quantization effects in multiple encode-decode 
cycles associated with earlier image coding techniques. 
The flexibility of varying quality on a spatial-region-basis has already been described. This 
flexibility is available while encoding or decoding. In addition to this, JPEG2000 also allows the 
encoder to choose regions of arbitrary shape and size as regions of interest (ROI), for 
preferential quality treatment. Wavelet coefficients within the ROI are pre-emphasized prior to 
bit-plane coding. The amount of pre-emphasis is contained within the bit-stream so that while 
decoding, the decoder can properly realign the pre-emphasized coefficients. 
 
5. JPEG2000 vis-a-vis JPEG 
 
The original JPEG standard is perhaps the most widely used technique for storing compressed 
images. The JPEG Standard defines the Sequential mode, Progressive modes and the 
Hierarchical mode of operation. The sequential mode is frequently utilized in encoding. The 
JPEG progressive modes allow for some elements of quality scalability while the rarely used 
hierarchical mode of JPEG allows for some elements of resolution scalability. However, a JPEG 
bit-stream is typically decoded in the manner intended by the encoder; also, the decoder deals 
with only the image quality, size, resolution and spatial extent as parameterized during the JPEG 
encoding process. Conversion of a bit-stream from one mode to another can be difficult. 
Typically, such conversion must be accompanied by decoding/re-encoding, sometimes resulting 
in loss of image quality. The powerful mix-and-match possibilities enabled by JPEG2000 cannot 
be achieved in JPEG. For instance, JPEG progressive modes cannot successively improve image 
quality across multiple resolutions of hierarchical refinement. [3] has presented data depicting 
that on an average, for a desired quality, JPEG2000 can provide a reduction in required rate of 
53% over that of JPEG.  
 
6. concluding remarks 
 
JPEG2000 is a powerful vehicle for highly scalable compression enabling resolution, quality, 
position and  component scalability, along with excellent coding performance in terms of 
enabling high quality at high compression ratio. Potentially, it has a large application base for a 
number of future imaging applications in diverse areas. Various products and solutions that have 
adopted this technology, as well as information on compliance level reported by some JPEG2000 
codecs, have been summarized in [6]. 
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GETTING CONNECTED 
 
Mailing list for IEEE SP Bangalore chapter 
 
As part of our initiative to facilitate better information spread across the wide spectrum of 
members and volunteers of the SP Bangalore chapter, a LISTSERV list has been setup.  
 
To email all of the list's subscribers (please use this responsibly), send your mail to  
IEEESP-BLR@LISTSERV.IEEE.ORG 
 
Creating a new subscription is easy. If you want to subscribe a member to the list, send a mail 
from your email to LISTSERV@LISTSERV.IEEE.ORG and type "subscribe ieeesp-blr" without 
quotes in the body of the message. Leave the subject line blank. More information on using 
LISTSERV is available at http://listserv.ieee.org/ 
 
 
Links 
 

�� This link contains information related to IEEE SP conferences 
      http://www.ieee.org/organizations/society/sp/SPSConf.html 

 
�� IEEE SP Bangalore Chapter Homepage 
      http://ewh.ieee.org/r10/bangalore/sps/ 

 
�� TI Developer conference at Dallas 
      www.ti.com/tidc06 

 
�� VIE2006 at Bangalore 
      http://conferences.iee.org/vie2006 
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