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High Throughput Multistandared Transform Core
Implementation Based On Common Sharing
Distributed Arithmetic
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Abstract— This paper presents a low cost and high efficient
multistandard transform supported video codec using combination of
Factor Sharing and Distributed Arithmetic called Common Sharing
distributed ~ Arithmetic (CSDA) method. Common Sharing
Distributed Arithmetic (CSDA) unit is used for provide MST. It is
also used for provide the achievable accuracy. This architecture
efficiently shares the available hardware resources, so the hardware
cost gets reduced. It will support all video standards like
MPEG1/2/4,VC-1,H.264 according to the selection of MUX.
Simulation of MST core is done by using Model Sim.

Keywords- Common sharing distributed arithmetic (CSDA),
discrete cosine transform (DCT), integer transform, multistandard
transform (MST).

[. INTRODUCTION

urrently, several video compression standards, e.g.,

MPEG-2, MPEG-4, H.264/AVC and VC1 (Windows

Media Video 9), are widely applied in video codec
products, such as digital TV, mobile video, video conference,
and so on. The intercommunications between the video
devices using different standards are so much inconvenient,
thus video codec supporting multiple standards are more
useful and more attractive.

A codec is a device or software that is used to compress or
decompress a digital media file, such as a video or song. The
“codec” can be dividing into 2 parts: encode and decode. The
encoder performs the compression (encoding) function and the
decoder performs the decompression (decoding) function.
Some codecs include both of these components and some
codecs only include one of them.

A. Some Codecs

MPEG (Motion Picture Experts Group) is one of the biggest
families in video codec, and it is the most common video
format. The MPG, MPE, MPA, M15, M1V, MP2 etc. are all
from this family. MPEG format, including MPEG video,
MPEG audio and MPEG (video, audio synchronization) of
three parts, MP3 (MPEG-3) audio files is a typical application
of the MPEG audio, video include MPEG-1, MPEG-2 and
MPEG4.
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MPEG-1, its compression algorithm is widely used in the
production of VCD and the download of some video clip.
Almost all VCD is compressed using the Mpeg-1 format (*.
Dat file format). Using MPEG-1 compression algorithm, a
120-minute film (the original video files) can be compressed
to about the size of 1.2 GB, and the file format is generally
mpg and dat files.

MPEG-2, its compression algorithm used in the
production of the DVD (* vob - file formats), and also in some
of the HDTV (high definition television) and high demand
video editing, processing of the application. Using MPEG-2
compression algorithm could produce a 120-minute film (the
original video files) in the size of about 4GB to 8GB, of
course, image quality indicators are MPEG-1 can not be
compared. Use this compressed file format made by the
algorithm is generally the vob file.

MPEG-4 is a new compression algorithm, the use of this
compression algorithm can be a 120 minute film (the original
video files) is compressed to about 300MB. Now, this
compression algorithm of the MPEG are used by many
encoding formats, such as ASF, DivX, Xvid, mp4 (Apple,
mpeg-4 encoding format) are using the MPEG-4 compression
algorithm.

VC-1 is a video codec specification that has been
standardized by the Society of Motion Picture and Television
Engineers (SMPTE)and implemented by Microsoft as
Microsoft Windows Media Video (WMV) 9.

B. Transform Techniques

The discrete cosine transform (DCT) is a technique for
converting a signal into elementary frequency components. It
is widely used in image compression. Here we develop some
simple functions to compute the DCT and to compress images.

Distributed Arithmetic (DA) is a technique that is bit serial
in nature. It can therefore appear to be slow It turns out that
when the number of elements in a vector is nearly the same as
the word size, DA is quite fast , DA ‘replaces’ the explicit
multiplications by ROM look-ups. It is an efficient technique
to implement on Field Programmable Gate Arrays (FPGAsS).

The circuit area can be reduced efficiently by combining
Distributed Arithmetic [1-8] and Factor Sharing [9-14] called
as CSDA Factor Sharing method shares the same factor in
different coefficients among the same input in order to reduce
cost.
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II. MATHEMATICAL DERIVATION OF THE

PROPOSED CSDA ALGORITHM

To gain better resource sharing for inner-product operation,
the proposed CSDA combines the FS and DA methods. The
foundations of the FS and DA method are described in the
following.

A. Mathematical Derivation

The FS method shares the same factor in different
coefficients among the same input. Consider two different
elements S; and S, with the same input X as an example

S1=C1X, S2=C2X. (1)

Assuming that the same factor Fs can be found in the

coefficients C; and C,, (1) can be rewritten as follows:
S; = (Fs2¥ +Fdl) X
S, = (Fs2* + Fd2) X )

Where k1 and k2 indicate the weight position of the shared
factor Fs in C1 and C2, respectively. Fd1l and Fd2 denote the
remainder coefficients after extracting the shared factor Fs for
C1 and C2, respectively

Fdl =C1 — Fs2&

Fd2 =(C2 — Fs2¥ 3)

B. Mathematical Derivation of CSD Format Distributed
Arithmetic

The inner product for a general matrix multiplication-and
accumulation can be written as follows:
Y=A"X=FE, AX; 4)
where Ai is an N-bit CSD coefficient, and Xi is the input
data. Equation (4) can be expressed as listed below

Y:[2D 2—1 . 2—[N—ﬂ]x
X
Agap Ag.g Apg X:
Apy Az Ay
- - |4
Apyoy An -V -1) Apy_y ¢
YD
=[2° 2" .....2'“*”][ E ] (5)
Vs

C. Proposed CSDA Algorithm

The proposed CSDA algorithm combines the FS and DA
methods. By expanding the coefficients matrix at the bit level,
the FS method first shares the same factor in each coefficient;
the DA method is then applied to share the same combination
of the input among each coefficient position. An example of
the proposed CSDA algorithm in a matrix inner product is as

follows:
12] hI]
2

Yl] [CLL
= 6
ni7le, ©)
where the coefficients C11 ~ C22 are all five-bit CSD
numbers

C=ll -1 1 0 0
C12:[1 -1 0 0 1]
C=[1 1 -1 0 0
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Cp=[0 1 -1 0 0] @)

III. PROPOSED 2-D CSDA MST CORE DESIGN
A Block diagram of 2-D CSDA MST core design

For increasing the throughput and reduce the hardware
cost, the 2-D CSDA (combines factor sharing and DA) core
design has often been implemented using either direct or
indirect methods. The direct methods include fast algorithms
that reduce the computation complexity. On the other hand,
the 2-D CSDA cores using the indirect method are
implemented based on transpose memory and have the
following two structures:

1. Two 1-D CSDA cores and one transpose
memory
2. a single 1-D CSDA core and one TMEM.

In the first structure as shown in Fig.1, the 2-D CSDA
core has a high throughput rate, Because the two 1-D DCT
cores compute the transformation simultaneously.
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Fig.1 Block diagram of 2-D CSDA MST core
B Architecture of 1-D CSDA MST

In this section architecture of 1-D CSDA MST core as
shown in Fig. 2 is discussed. This architecture consist of
following modules:

Selected butterfly Module(SBF)
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Fig.2 Architecure of 1-D CSDA MST

A. SBF

Selected butterfly module uses 8 multiplexers for modeling
the 8 point butterfly inputs. These 8 point transforms are
divided into two 4 point transform according to symmetry
property called as even part CSDA and odd part CSDA.

B.EVEN PART CSDA

Even part (Fig.3) of the 8 point transform calculated by the
CSDA even part module. It has two stages each stage have
separate pipeline register architectures. First stage stage-
executes four input butterfly matrix circuit. Second stage-it
further decompose into odd and even part and by using CSDA
algorithm to share the hardware resources in variable
standards.
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Fig .3 Architecture of even part CSDA
C. ODD PART CSDA

Similar to CSDA_E ,the CSDA O(Fig.4) also share the
hardware resources.
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D. ECAT&Permutation

Eight adder trees with error compensation(ECATs) are
followed by CSDA_E and CSDA_O, which add the nonzero
CSDA coefficients with corresponding weights.
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The ECATS circuits can alleviate truncation error efficiently
in small area design when summing the nonzero data all
together. Therefore, the hardware size and cost is reduced.
Permutation module rearranging the into some sequence.

E. Transpose Memory

The architectural setup of the proposed transpose memory
subsystem is shown in Fig. 5. It consists of an 8X8 array of 12
bit cell modules. The array is configured to receive inputs
from the horizontal as well as vertical direction as well as to
shift data in both horizontal as well as vertical directions.

Array of Cells
{Data width for each cell

equal to 12 bit)
1 =
&
Control Unit ‘;-“;'
K

Input

il

TTILIT

Fig. 5 Architecture of Transpose memory

One of the most important aspects of the proposed memory
design is the ability to shift data in either direction as well as
to switch the direction of data flow during the circuit
operation. Each cell consists of a 12 bit register, 12 bit 2:1
multiplexer at the input and a 12 bit 2:1 de-multiplexer at the
output. The multiplexer and de-multiplexer allow the register
file to accept data from either direction as well as to transmit
data in either horizontal or vertical direction. All the switching
circuits,’ i.e at the input as well as at the output, are controlled
through a common control signal. The signal generated by the
control unit switches the select lines of the multiplexer and de-
multiplexer to switch the direction of data flow after every
eight cycles. This implies that the array can now accept an
8X8 data block in the horizontal direction, and start
transmitting the transpose through the vertical direction.

IV. SIMULATION RESULTS

The language which is used to build this architecture is
verilog HDL. The simulation of this MST core is done by
using Model Sim.

A. Simulation of SBF module



International Journal on Applications in Information and Communication Engineering
Volume 1: Issue 6: June 2015, pp 12-16. www.aetsjournal.com

ISSN (Online) : 2394-6237

W sl | LUU 05 ) =4 (=4 =R 128

VIR N il WP || s

CE R Ty T T W,

15.0dd Part_ CSDABD
15.0dd_Part CSDAB1
15.0dd_Part CSDAB2
15.0dd Part_ CSDAB3
{5_0dd_Part CSDA/S
f5_0dd_Part CSDA/Ck
[5.0dd_Part_CSDA/Reset
15.0dd_Part CSDADACO
15.0dd_Part CSDADAOL
[5.0dd Part CSDADAC2
15.0dd_Part CSDADAC3
15.0dd Part_ CSDADAD4
15.0dd_Part CSDADACS
[5.0dd_Part CSDADACE
15.0dd Part_ CSDADACT
15.0dd_Part CSDADACS
15.0dd_Part CSDADACY
15.0dd Part_ CSDA/AL
15.0dd_Part CSDA/AZ
15.0dd_Part CSDA/A3

101010101
100000001
110000011
111000111

011111110
(00000000 T
101000000

0110000011
0111000111
0101000000
(D0000000D ]
DOT1111110

C. Simulation of even part CSDA
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D.Simulation of 1-d CSDA
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F.2-D CSDA MST core
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G.Synthesis result of 2-D CSDA MST
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The Output for 2-D Common Sharing Distributed
Arithmetic- MST architecture gate count is 28.6 k. Compared
with existing system ,it will support all video standards and
also gate count is reduced.

V.CONCLUSION

The proposed CSDA MST core can support all video
standards like MPEG-1/2/4,H.264 and VC-1 standards with
high performance and low hardware resource cost. Common
Sharing Distributed Arithmetic method efficiently combines
both Factor Sharing and Distributed Arithmetic which reduces
the gate counts. CSDA-MST core with a throughput rate ,
which can support (4928 x 2048@24 Hz) digital cinema
format with only 30k logic gates.
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