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Abstract

In this paper we propose a Lossless data compressor in
high level throughput  using re programable FPGA
technology.Real time data compression is expected to play a
crucial role in high rate data communication applications.
Most available approaches have largely overlooked the
impact of mixed pixels and subpixel targets, which can be
accurately modeled and uncovered by resorting to the wealth
of spectral information provided by hyperspectral image
data. In this paper, we proposed an FPGA-based data
compressor on the concept of CAM and Dictionary based
compression technique has been proposed in this paper . It
has been implemented on a Xilinx Spartan3 -II FPGA
formed by several millions of gates, and with high
computational power and compact size, which make this
reconfigurable device very appealing for onboard, real-time
data processing.

Keyword: Data-Compression, CAM, Image and Video
Compression, Digital Signal Processing , FPGA , ASIC, SoC .

I. Introduction

The use of lossless data compressor can bring about a

number of increasingly important benefits to an electronic
system. With the audio and video compression systems (such
as JPEG and MPEG) which are lossy and hence only
recreate an approximation of the original data. The most
obvious benefit of data compression is reduction in the
volume of data which must be stored .This is important
where the storage media itself is costly (such as memory) or
the other parameters, such as power consumption, weight or
physical volume, are critical to product feasibility. Using the
data compression reduce the total storage requirement, thus
effecting the cost saving. The push to roll out
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high definition video enabled video and imaging equipment
is creating numerous challenges for video system architects.
The increased image resolution brings with it higher
performance requirements for basic video data path
processing and next-generation compression standards,
outstripping that which standalone digital signal processors
(DSPs) can provide. In addition, the system specifications
require designers to support a range of standard and custom
video interfaces and peripherals usually not supported by
off-the-shelf DSPs. While it is possible to go the route of
application specific integrated circuits (ASICs) or use
application specific standard products (ASSPs), these can be
difficult and expensive alternatives that might require a
compromised feature set. Furthermore, these choices can
hasten a short product life cycle and force yet another system
redesign to meet varied and quickly changing market
requirements. Field programmable gate arrays (FPGAs) are
an option that can bridge the flexibility gap in these types of
designs. Additionally, with the increasing number of
embedded hard multipliers and high memory bandwidth, the
latest generation of FPGAs can enable customized designs
for video systems while offering a manifold performance
improvement over the fastest available stand-alone DSPs.
Designers now have the ability with state-of-the-art FPGA
co-processor design flows to implement high-performance
DSP video and image processing applications. This new
generation of tools facilitates the design of a system
architecture that is more scalable and powerful than
traditional DSP-only designs while at the same time taking
advantage of the price and performance benefits of FPGAs.
We have been researching high performance loss less data
compressor /decompression hardware as the means to
achieve the high throughput target [1]-[5].



II. Video Compression Application
Requirements

A wide variety of digital video applications currently
exist. They range from simple low-resolution and low-
bandwidth applications (multimedia, Picture phone) to very
high-resolution and high-bandwidth (HDTV) demands. The
present requirements of current and future digital video
applications and the demands they place on the video
compression system. The importance of video compression,
the transmission of digital video television signals is
presented. The bandwidth required by a digital television
signal is approximately one-half the number of picture
elements (pixels) displayed per second. The analog pixel size
in the vertical dimension is the distance between scanning
lines, and the horizontal dimension is the distance the
scanning spot moves during % cycle of the highest video
signal transmission frequency. The bandwidth is given by
Equation

Bw = (Cycle /Frame) (FR)
= (Cycle/Line )(NL)(FR)
= (0.5) (aspect ratio)(NL)(FR)(RH)/0.84
=0.8 (FR)(RH)(ML)
Where

Bw = system bandwidth.

FR = number of frames transmitted per second (fps),

N = number of scanning lines per frame,

Ry = horizontal resolution (lines), proportional to pixel
resolution.

Video compression and video CODECs will therefore
remain a vital part of the emerging multimedia industry for
the foreseeable future, allowing designers to make the most
efficient use of available transmission or storage capacity. In
this paper we introduce the basic components of an image or
video compression system. We begin by defining the
concept of an image or video encoder (compressor) and
decoder (decompress or). We then describe the main
functional blocks of an image encoder/decoder (CODEC)
and a video CODEC. We are emphasizes on the real
implementation of the CODEC on the VLSI system into a
FPGA (Xilinx Spartan 3 kit).

. Basic Video Compression Scheme

Video or visual communications require significant amounts
of information transmission. Video compression, as
considered here, involves the bit rate reduction of digital
video signal carrying visual information. Traditional video-
based compression, like other information compression
techniques, focuses on eliminating the redundant elements of
the signal. The degree to which the encoder reduces the bit

rate is called its coding efficiency, equivalently; its inverse is
termed the compression ratio:
Coding efficiency
= (compression ratio)-1
= encoded bit rate/decoded bit rate.

Prediction - -
L+ Error £ Spatial Quantizer Variable | [, or Ey,
Operator  |— Q Length Coder f——»
= T VLC S
Predicti ransmit
;L . Encoded
o Inverse Intraframe
Intraframe - Open Quantizer Sub-block
q
Interframe - Closed Q ar
7 7 Encoded
Ly andZ,, l Interframe
Motion Delayed Tnverse Spatial Prediction
Compensation -  Frame [#  Operator Error and
Memory T Motion
Veetor

Motion Motion Vectors Variable MV,
Estimation Length Coder ——
b VLC

Figure 1. A General video compression Scheme

IV. Basic Video Transmission Scheme

Applications of digital video range from low quality
videophones and teleconferencing to high resolution
television. The most effective compression algorithms
remove the time redundancy with motion compensation.
Local image displacements are measured from one frame to
the next, and are coded as motion vectors. Each frame is
predicted from the previous one by compensating for the
motion. An error image is calculated and compressed with a
transform code. The MPEG standards are based on this
motion compensation. For teleconferencing, color images
have only 360 by 288 pixels. A maximum of 30 images per
second are transmitted, but more often 10 or 15. If the
images do not include too much motion, a decent quality
video is obtained at 128kb/s, which can be transmitted in real
time through a digital telephone line. The High Definition
Television (HDTV) format has color images of 1280 by 720
pixels, and 60 images per second. The resulting bit rate is on
the order of lo3 Mb/s. To transmit the HDTV[11] through
channels used by current television technology, the challenge
is to reduce the bit rate to 20 Mb/s, without any loss of
quality.
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Figure 2. Basic Transmission Scheme
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V. A Simple Scheme for Soc Implementation
into The FPGA
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Figure 3. FPGA synthesis and implementation
VL. The Basic Overview and Structure of FPGA

Field Programmable Gate Array (FPGA is a semiconductor
device containing programmable logic components and
programmable interconnects [1]. The programmable logic
components can be programmed to duplicate the
functionality of basic logic gates (such as AND, OR, XOR,
NOT) or more complex combinatorial functions such as
decoders or simple math functions. In most FPGAs, these
programmable logic components (or logic blocks) also
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Figure 4. Basic Architecture of FPGA

include memory elements, which may be simple flip-flops or
more complete blocks of memories. FPGAs require three
major types of elements [2]:

- Combinational logic

- Interconnect

- I/O pins
Figure 4 shows the basic architecture of FPGA that

incorporates these three elements.

VILA Design Architecture of the Compressor /

Decompress or

The design is a dictionary style compressor based around a
dictionary implemented in the form of a content addressable
memory (CAM).The length of the CAM varies from 16 to
1024 tuples (4-byte location) trading complexity for the
compression. Typically, the device complexity has been
increased 1.5 times the dictionary doubles. It has also master
control logic , target control logic and DMA controller . The
architecture has 2 independent compression and
decompression engines that can work simultaneously in full-
duplex mode. Each of this engine has 2 32 —bit ports that are
used to move data to and from the PCI interface logic. Each
of these ports has own buffering scheme formed by dual port
SRAM memory blocks plus control logic that enable a
smooth flow of data during compression and decompression
operations. A hand —shaking protocol formed by bus request,
bus acknowledge and wait signals is used by each of these 4
ports to input or output data to the interface core.
Compression and decompression commands are issued
through a common 32-bit control data port .A 4-bit address
is used to access the internal registers that store the
commands, information related to compressed and
uncompressed block sizes and CRC (Cyclic Redundancy
check) codes to verify the compression operations. Each
channel includes a CRC unit that accesses the compression
engine or that leaves the decompression engine. A total of 10
registers form the registers bank. 5 registers are used to
control the compression channel and the other 5 for the
decompression channel. The first bit in the address line
indicates if the read /write operation accesses compression or
decompression registers. The device includes a test mode
that simultaneously decompresses the block being
compressed and reports any mismatches in the CRC codes
using an interrupt. The architecture is based around a block
of CAM to realize the dictionary.

A CAM[14,17,18] is used to store data, much the same
as a RAM. The write mode of CAM and RAM is similar to
some degree, but the read mode differs significantly. With
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RAM we input an address, and get data out. With CAM we Mo ] e S o e
input data, and if this data is stored in the CAM, we get the ~1 L
address of that data out. There is an address at the output = ™ B r--""% ﬁ
even if there is no match so with a CAM we need a Match - I
bit to indicate if the CAM contains the input data. ol | Jowe] [ e ' :
Fig shows a CAM has been applied for string matching in - = v,
this work. The data to be matched is sent to the CAM as a fred =
Byte Strum. In parallel, it is compared to all strings (i.e. ] | e =
words) stored in the CAM. If a match is found, it is indicated = p— —
by the Match bit. The Match Address reports the "address" | Jowen| T ol
of the string that matched in the CAM. Exact string matching = — uwn
is performed and thus, only one (or none) string will give a Figure 6. CAM based dictionary Architecture

match. The string matcher has not yet been integrated with
the Snort program, although this is the intention.

IX. Implementation and RTL Overview at ime

Byte Stream .
J| FPGA String

Match Address atcher (C AM)I
Match

PC

A A

Figure 5. CAM dictionary Interface

The contribution of this paper is also to implement a
Variable Word-Width Content Addressable Memory (CAM)
in FPGA for string matching. Thereby great flexibility is
obtained with respect to how the Snort rule set is defined. In
order to design a system for an FPGA, a Hardware
Description Language (HDL) is needed. VHDL[18,19,20]
was chosen for this work in spite of its somewhat restricted _
programming features. ) FOC — —m

VIIL.The Dictionary Architecture

In our architecture CAM based dictionary has 16,32 or 64 L N
tuples.The n-tuple dictionary is formed by a total no of n*32 -
CAM cells. Each cell stores one bit of data tuple and it can

maintains its current data, or load the data present in the cell oy T
above. The dictionary architecture has been shown in the
above fig . The architecture compares the search data with
the data present in the dictionary using one XOR gate to do [aED> ae o
the comparison of each input bit plus (logy(dictionary i i
width)) 2 input and gates tree to obtain a single comparison . e
bit per dictionary position. The delay of the search operation —
. O . . i . ) e L4 TR
although in principle is independent of dictionary length, in _:)
fan outs and long wires of large dictionaries its speed S
considerably. An adaptation vector named move in fig and
whose length equal to dictionary length defines which cells

keep its current data and which cells load data from its north- W
neighboring cell.

We implemented the CAM in hardware by
using Xlinx ISE 8.1i.

Figure 7. RTL view of CAM
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] *'%_.: X. Conclusions
==
=
==

L] In this paper we presented the starting portion of our
. research project of ASIC design implementation and
_J N verification of large video data transformation SoC[24]
design in FPGA System. In future complete pre coder design
will be appended to the coders and a complete video
—— — compression system or scheme will be realized after
mathematical verification of algorithm. The intention is to
use XILINX Spartan 3E FPGA for implementation of ASIC
Design. More over the design should be tested in real time
using XILINX ISE 8i.

XI. Acknowledgment

I am thankful to Prof Amit Konar for his kind guidance.
] And also thankful to the lab support of the Embedded system
Lab of CMERI, Durgapur for complete my work.

— PREVIOUS<31:0> DOUT=31:0> ——o [1] ISO/IEC 11 172 (MPEG-1),“Information Technology-
Coding of Moving Pictures and Associated Audio for Digital
Storage Media at Up to About 1.5 Mbit/s.”

[2] ISO/IEC 13818 (MPEG-2),“Information Technology-
Generic Coding of Moving Pictures and Associated Audio

— SEARCH=31:0>

— CLEAR Information.
[3] ISO/IEC 10918 (JPEG), “Information Technology-
— oK Digital Compression and Coding of Continuous-Tone Still
Images.

[4] R. Koenen, F. Pereira, and L. Chiariglione, “MPEG-4:
Context and Objectives,” Image Communication Journal,
Vol. 9, No. 4, 1997.

Figure 9. Complete View of the CAM [5] MPEG-7: ISO/IEC JTCl/SC20/WG211, N2207, “Context
and Objectives,” March 1998.

[6] G. Wallace, W. B. Pennebaker, and J. L. Mitchell] “Draft
Proposal for the Joint Photographic Expert Group (JPEG) ,”
JPEG-&R6, June 24, 1990.

[7]1 ISO/IEC WD15444 (V3.0) “JPEG2000 Lossless and
Lossy Compression of Continuous-Tone and Bi-level Still
Images,” 1999.

[8] H. Witten, R. M. Neal, and J. G. Cleary, “Arithmetic
Coding for Data Compression,” Communications of the
ACM, Vol. 30, No. 6, June 1987.

[9] A. N. Netravali and B. G. Haskell, Digital Pictures.
Plenum Press, New York, 1988.

[10] P. Tong P. Ruetz and P. Ang. “A video-rate JPEG chip
set”. Journal of VLSI. Signal Processing, 5:141-150, 1993.
[11] Shaw-Min Lei and Ming-Ting Sun. “A parallel
i variable-length-code decoder for advanced television
applications”. Proc. 3rd Int. Workshop on HDTV, Aug.
1989.

— RESET MATCH=3:0> ——o

Figure 10. Floor Plan of Proposed CAM Architecture

2009 World Congress on Nature & Biologically Inspired Computing (NaBIC 2009) 963



[12] MPEG-2 International Standard. Video
Recommendation ITU- T H.262. ISO/IEC 13818-2, Jan. 20,
1995.

[13]7J. Lucas, R. Hoare, I. Kourtev, and A. K. Jones. LURU:
Global scope FPGA technology mapping with content
addressable memories. In Proceedings of the IEEE
International Conference on Electronics, Circuits, and
Systems (ICECS), 2004.

[14] R. Neale. Is content addressable memory (CAM) the
key to network success Electronic Engineering,
71(865):9{12, February 1999.

[15] M. Chang, M. Teklap and M. Ibrahim Sezan,
‘Simultaneous motion estimation and segmentation’ , JEEE
Trans Im. Processing 6(9), 1997.

[16] S.J.E. Wilton, 'FPGA Embedded Memory
Architectures: Recent Research Results", in IEEE Pacific
Rim Conference on Communications, Computers and Signal
Processing , Aug 1999.

[17] C.J. Jones, S.J.E. Wilton, "Content-addressable Memory
with Cascaded Match, Read and Write Logic in a
Programmable Logic Device", U.S. Patent 6,622,204. Issued
Sept. 16,2003

[18] IEEE, IEEE standard VHDL Language Reference
Manual, std 1076-1993, New York, 1993.

[19JA. Rushton, VHDL for Logic Synthesis, John Wiley,
1998.

[20] J.E. Vuillemin, P.Bertin, D. Roncin, M. Shand, H.H.
Touati and P. Boucard, Programmable Active Memories:
reconfigurable systems come of age, IEEE Trans. on VLSI
Systems, 4:56-69, March 1996.

[21] K. Illgner and F. Muller, ‘Image segmentation using
motion estimation’, in tirne-varying Image Processing and
Image Recognition, Elsevier Science, 1997.

[22] R. Castagno and T. Ebrahimi, ‘Video Segmentation
based on multiple features for interactive multimedia
applications’, IEEE Trans. CSVT §(5), September, 1998.
[23] E. Steinbach, P. Eisert and B. Girod, ‘Motion-based
analysis and segmentation of image sequences using 3-D
scene models’, Signal Processing, 66(2), April 1998.

[24] S.J.E. Wilton, R. Saleh, 'Progammable Logic IP Cores
in SoC Design: Opportunities and Challenges", in the IEEE
Custom Integrated Circuits Conference, San Diego, CA,
May 2001, pp. 63-66.

964 2009 World Congress on Nature & Biologically Inspired Computing (NaBIC 2009)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Times-Italic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


