Int. J. Elec&Electr.Eng&Telecoms. 2015

9

JUEETC

Indemefional Journal of Electical and lechronic Engineering & Telecommunications

Research Paper

ISSN 2319 — 2518 www.ijeetc.com

Special Issue, Vol. 1, No. 1, March 2015

National Level Technical Conference P&E- BiDD-2015
© 2015 IJEETC. All Rights Reserved

DESIGN OF MULTISTANDARD TRANSFORM CORE
USING COMMON SHARING DISTRIBUTED
ARITHMETIC

A Bharathi'*, M Jayabharathi?, S Keerthana' and P Nivetha?

*Corresponding Author: A Bharathi, < Bharathil5892@gmail.com

This paper presents a design of low cost and high throughput multistandard transform (MST)
core using combination of Factor Sharing and Distributed Arithmetic called Common Sharing
Distributed Arithmetic (CSDA) method. CSDA technique reduces the number of adders efficiently
compared to the directimplementation by 44.5%.This architecture shares the available hardware
resources, so the hardware cost gets reduced. With eight parallel computation paths, the
proposed MST core has an eightfold operation frequency throughput rate. CSDA-MST core
achieves a high-throughput rate, supporting the (4928 x 2048@24 Hz) digital cinema or ultrahigh
resolution format. It supports MPEG-1/2/4 (8 x 8), H.264 (8 x 8, 4 x 4), and VC-1 (8 x 8, 8 x 4,
4 x 8, 4 x 4) transforms. Reduction of gate counts from 28,606 to 23,799 can be achieved here.

Keywords: Common Sharing Distributed Arithmetic (CSDA), Discrete Cosine Transform (DCT),
Integer transform, Multistandard transform (MST)

INTRODUCTION

Several video compression standards, e.g.,
MPEG-2, MPEG-4, H.264 and VC-1
(Windows Media Video 9), are widely used in
video codec products, such as digital TV,
mobile video, video conference, and so on.
The intercommunications between these
devices using different standards are so
inconvenient, thus video codec that supports
multiple standards are more useful and more
attractive.

Many researchers have worked on
transform core designs that include integer
Transform and discrete cosine transform,
distributed arithmetic factor sharing technique
and matrix decomposition methods to reduce
hardware cost. This systemincludes ROM and
accumulators instead of multipliers for
reducing area cost. Represents a method for
implementing Discrete Cosine Transform
(DCT) with distributed arithmetic with dramatic
reduction in size of ROM Accumulators (RAC).
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In Factor Sharing (FS) method matrices are
derived from same matrix and delta matrix
where coefficients in same matrix can share
the same hardware resources by factorization,
for different standards. This paper proposes
a MST core that supports MPEG-1/2/4 (8 x
8),H.264 (8 x 8,4 x 4),andVC-1 (8 x8,8 x 4,
4 x 8, 4 x4) transforms. The proposed MST
core employs DA and FS schemes as
Common Sharing Distributed Arithmetic
(CSDA) to reduce hardware resources. The
main goal is to reduce the nonzero elements
using CSDA, thus few adders are required in
the adder-tree circuit. According to the
mapping strategy, the chosen Canonic Signed
Digital (CSD) coefficients achieve excellent
sharing capability for hardware resources.

The rest of the paper is organized as
follows. The Section Il shows the mathematical
derivation of the proposed CSDA. Section Il
addresses the proposed 2-D CSDA-MST
architecture, which include derivation of eight-
point transform, choice of coefficients, and the
proposed 2-D CSDA architecture. Section IV
presents comparisons and discussions.
Finally, Section V offers a detailed conclusion.

DERIVATION OF COMMON
SHARING DISTRIBUTED
ARITHMETIC

To achieve resource sharing for inner-product
operation effectively, the proposed CSDA
combines the FS and DA methods. The FS
and DA method are described as follows.

Mathematical Derivation of Factor
Sharing

The FS method shares the same factor in
different coefficients among the same input.

Consider two separate elements S1 and S2
with the same input X as an example.

S1=C1X, S2 = C2X.

Assuming that the same factor Fs can be
found in the coefficients C1 and C2 can be
rewritten as follows:

S1 = (Fs2*! + Fd1)X
S2 = (Fs2*? + Fd2)X

where k1 and k2 indicate the weight
respectively. Fd1 and Fd2 denote the
Remainder coefficients after extracting the
shared factor Fs for C1 and C2, respectively.

Fd1l = C1-Fs24, Fd2 = C2 — Fs24.,
Mathematical Derivation of CSD

Format Distributed Arithmetic

The inner product for a general matrix
multiplication-and-accumulation can be written
as follows:

!
Y= Z AiXi
i=1

where Ai is an N-bit CSD coefiicient, and Xi is
the input data.

The above equation is written as

.= (N=1) ]

Ao Ao - Ao X
A Az Ar X5

Ay v=ny Azv=1y - - AL v=1) XL
Yo
Yy

}-[ N=1})

The inner product computation in the above
equation can be implemented using adders
and shifters instead of multipliers. CSDA
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based architecture can achieve a smaller
area.

Proposed Common Sharing
Distributed Arithmetic (CSDA)

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. The FS
method is adopted first to identify the factors
that can achieve higher capability in hardware
resource sharing, where the hardware
resource in defined as the number of adder
usage. Next, the DA method is used to find
the shared coefficient based on the results of
the FS method. The adder-tree circuits will be
followed by the proposed CSDA circuit. Thus,
the CSDA method aims to reduce the nonzero
elements to as few as possible. The CSDA
shared coefficient is used for estimating and
comparing thereafter the number of adders in
the CSDA loop.

PROPOSED 2-D CSDA-MST
CORE DESIGN

Mathematical Derivation of Eight-
Point Transform

This section introduces the proposed 2-D
CSDA-MST core implementation. Neglecting
the scaling factor, the one dimensional (1-D)
eight-point transform can be defined as:

_Z'lq _.\'\'q
Z] X1
Zr X2
Zs | X
Z: |~ ¢ Xy
Z_q Xs
25 Ye
J’fj_ Yj_
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Because the eight-point coefficient
structures in MPEG-1/2/4, H.264, and VC-1
standards are the same, the eight-point
transform for these standards can use the
same mathematic derivation.

Zy C4 €4 €4 C4 ag
. 7> €2 € —Cp —C2 a
j:‘. — . —
Z.], Cq4 —C4 —C4 C4 az
Zl’v Cg —C2 €2 —Cg asy
= (_"--i'l
71 ] ey 3 es 1 | [bo]
7 — Zy | _ | €3 —c7 —C1 —c5 b
v Z5 - cs —C1 €7 3 b:
| Z7 | ¢7 —¢s5 3 —c | b3 ]
= Cy-b
where
Xp+ X7 X — X7
X+ x X1 — X
a=|"17"6 h=|"17"6
X2+ x5 X2 — X5
X3+ x4 X3 — X4

Moreover, the even part Ze can be further
decomposed into even and odd parts: Zee and

Zeo
] [::‘:]
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_ | ca ca
C4 —C4

where
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Architecture of the Proposed 2-D
CSDA-MST Core

The architecture of the 1-D eight-point MST
core is shownin Figure 1, which consists of a
selected butterfly (SBF) module,an even part
CSDA (CSDA_E), an odd part CSDA
(CSDA_0),eight error-compensated error
trees (ECATs), and a permutationmodule.
Figure 2, shows the proposed 2-D MST core

Figure 1: Architecture of 1-D CSDA-MST

I:-.-
|

ECATs

Parmutation

that consists of two 1-D CSDA core and a
TMEM(Transposed Memory).The TMEM can
be referred in Lai and Lai (2010).

The Figure 3 shows the even part CSDA
and the odd part CSDA is shown in Figure 4.

Figure 3: Even Part CSDA
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Figure 4: Odd Part CSDA
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The transform output ZO can be expressed
in distributed arithmetic as follows:

Lo = cado +csAy
= (M.E 24 M2 5 £ M2 T) Ao
+ (.wlz 2 L M-25 = M2 ?) Al
= Deet2 " + Deet2”” + Deen2”’
= DAL2 2+ DAG2 3+ DA, 277
where
DAq = Deet = (Ao + A1) M2
DAg) = Deeo = (Ao + A ) M.

Before the 1-D transform output, the
permutation module repermutes the transform
outputs Z to T between eightpoint and four-

point transformations.

As with the eight-point transform, the output
data T are
[To Ty -~ T3] =20 Zy -+ Z7]

And the transform output data T for the four-
point transform are

[To W T2 T3]
[ 73 75 Te T7 ]

[;'fn. ;"f: ;"':4 xﬁ]
[}{l Z3y Zs }{7]

Core-1 and Core-2 are different in word
length for each arithmetic, MUX, and register,
and the TMEM is designed using sixty-four 12-
bit registers, where the output data from Core-
1 can be transposed and fed into Core-2.

Table 1: Comparisons of Different 2-D Transform Cores with the Proposed Architecture
thaweg el o (Chonefal | Lai edal |Chen of ol | Lo ol ol | Crang olal | Loo of al |Heargeo el | Fan ot &L | Proposed
5] [39 18l 2 [15] k| g [38]" [16)* CSDA
Measured Resulis Ne Mo Na Mo Mo Mo Mo No Mo Yos
Technelogy 0.1Bpm | 0.13pm Snm 0.1Bpm | 0.13pm 0.13pm | 013pm | 018pm | 0.18um | 0.18pm
Gate Counts (NANDI) JOBK |152Kit| SSEK 648 K' 36.6K JIK HAK EIEK' 472K K
Die Area {mm’) A NA  [0BSx0.85) MA NIA WA MIA MiA MA 076 x0.7H
Oparation Frequency [MHz) [ 250 100 100 103 151.5 123 200 100 160
Processing Rate L] 8 i 8 8 250180 | 256768 | 25681363 32 B "
(pixatsicycle) x4 Z56/104 | 2568/831 | 25B/1788 18 4
Throughput Rate B 1465M | 505 | 231M | 640G 00 M
[pizalsisec) dxd 400M 250M | 800 M BooM 2535M | 467K | 17EM 326G 400 M 1286
peeibe  Bxl | x ) 'S X X O
Bxb - X . X . B X - ¥ O
H.264 | dxd () - . B . B ) ] ]
Supporting amd(H)| _ _ 0 - _ ", . S o
Standard BxB X x % ] ) X 0
ve |2 X X " X X _ X X , o]
4xf % o X X x X o]
44 X % ! % i X X 9]
Power Consumption (mW) IWTmW | NA JAmW | 242mW | MR A MA | BESMW | NA | 463mW
Hardwaro offici &b . 4 1,249 0.63 100.6" 18.9¢
(10° wmu-nﬁr dxd iboe 1008 1ad 12 6.9 1.20 0.48 50.3! 847" 427
PSR (dB) A NiA 534 WA MIA WA M/A MIA MIA 50.4
‘P"“I ' ""[_::'"j:’] :: 0.26 M 423 5.1t (Y11 NIA (1173 ;;:: (1) 042
* Only conssdened the handware circult of 1-D transform
" Only supported H 264 4xd integer transforms,
* Only supported V-1 integer rarsloms,
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COMPARISON AND
DISCUSSION

Table below shows a comparison of the
proposed 2-D CSDAMST core with previous
works. In the DA-based row-column
decomposition methods, eight parallel
computation paths cause the transform core
to achieve a throughput rate of 400 M-pels/s
when operated at 50-MHz operation frequency
by using the DA method to achieve a high
throughput rate.

The power consumption is another issue in
the circuit designs. In order to have a fair
comparison, the power efficiency is defined
as throughput rate per power and gate. The
proposed CSDA-MST core has medium
power consumption between pervious works,
and the power efficiency is:

Power Efficiency (pels/sec-gate-W)
Throughput Rate
Gate Counts

Power =

The proposed CSDA-MST core can
support MPEG-1/2/4 (8 x 8), H.264 (8 x 8, 4 x
4),andVC-1 (8% 8,8 x 4,4 x 8,4 x 4) multiple
transforms by using the CSDA algorithm to
reduce area cost. Furthermore, by employing
eight parallel computation paths, the CSDA-
MST core can achieve a high throughput rate
and the four-point transform can achieve the
same throughput rate because the CSDA_O
can execute four-point transform. Hence the
CSDA-MST core has high hardware efficiency
when supporting MPEG-1/2/4,H.264, and VC-
1 transformations.

CONCLUSION

By using the proposed CSDA method, the
number of adders and MUXs in the MST core
can be saved efficiently. The CSDA-MST core
has good performance, with a high throughput
rate and low-cost VLSI design. So far visual
media technology has advanced rapidly; this
approach will help to meet the rising high-
resolution specifications.
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