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Abstract

In this paper, a low-power structure for 512 tap FIR filter in MPEG audio algorithm is proposed. By using
CSD(Canonic Signed Digit) form filter coefficients and maximum sharing of input signal sample, it is shown that the
number of adders of proposed structure can be minimized. To minimize the number of adders, the proposed structure
utilizes the 4 steps of sharing, ie, common input sharing, linear phase symmetric filter coefficient sharing, block sharing
for common input, and common sub-expression sharing. Through Verilog-HDL coding, it is shown that reduction rates in
the implementation area and relative power consumption of the proposed structure are 60.3% and 93.9% respectively,
comparison to those of the conventional multiplier structure.

283

Keywords : arithmetic unit, common sub-expression, MPEG audio, CSD form

I.M &

< dEd wdz oo wdel Al tEz
=7b HoiAEA MP3 Edo]oe] AlFgo] ulg- w2 A
g5z 9t MP3E MPEGL audio layer II¢ &
gEs A8t ot 533 £ B335t
2o MP3 EFHolole Qrje Hogvhs a3,
2 general purpose DSPE Abgdle] dugEg =

o=
S

A Addisy st AR EAFea
(Dept. of Information and Telecommunication
Sangmyung University)

T AEY Ay dista qgd AFEPRENFE
(Dept. of Computer, Information, and Telecommuni
—cation, Sangmyung University)

A2k 200436€294, LS Y 200437426

(81)

Els

Fol ASICOZ ICE AFsl= AHo| Yubxel W
T} e H26= DSP Z2 AN E AHgsla &
hard wired ¥4 o2 F&EsE= BEA IC AFe] &
31 vk # =idAe MP3 B3IV EHE
AU(Arithmetic Unit)& AH&-3te] Adgog 83
FZ5 Aorsht, MP3gt 1 BaE MPEG audio €18
Z& SSB(Single Side Band) IEHWA Qua&ES Al
g5y, PN a7 13 & WOA(Weighted
Overlap-Add) 72& AH£3Y = IMDCT(nverse
Modified DCT) £&& F3to 32719 MDCT A7t
64719 Azt Az 2 WaEy A 82 HAlsle
512702 N &7) wHEozit). o] 512709 A F = 51289
LA windowingH o)A 284 AR 2Eo| B#@
gt wixoz 51270e] E¥E dA2EdA 327

o]

k% of

(2



284

y
[1==ali=3[1==2]i=-1] i=0] 1=1]1=2] 1=3]

Y
flr] ~>(f

&3 & Register

511

[

~—— 32 shift

a8 1. MPEG audio g22/&2 WOA 7=

Fig. 1. WOA structure for MPEG audio algorithm.
SIEENETERERE S-SRI S
o] 257] gtugiZolA 51289 HE]S DSP ZEAHA
2 Algste FEE A9 512 cycled] 28T F,
100MIPS(Mega Instruction Per Second) 4%¢ DSP

T2 AME 5129 AAbAIZEo] P a3ttt o] E=EAA
€ 29 148 FAUE SR HES 408 4

g3tol FHEEAD WALDE FAAAE BYTE
Aka,
a8 1914 w5, 6470 2ol 2, 7] AEL 8]

B2o2 BEalEo] 5127] ZAolzt "tk Al 5
o flr13 AE EE 747 FEAA E
Ao duk deo) FA AZFA Al AHEH

cala HAZE i dhale ALLE 4 glrh wEbA
E=RME a2d 19 FRAA 4HE AUz FTH
Fz2 AA Aoz gy HAZE it V)

andoE Reg 4+ AT

51270 Aol
224 A2Fo

¥ O o rlr
>

m\o rir

Q)]
PA

. AIoH
25 X
L= ’%uiiuﬂ 647l A%
512709 A& AEo] wEo] A
oA B W ]]9] 222 a9 14
Zro] W&o 512
dEAS 9 window
Z9 TEE Y3t AT
= 512719 AEZe B -FX
. w2k A4 MPEG audio €4t
Bl 512709 AE A

He ISO/[EC
£ 2y
A A= 64719

U

o
=

Arithmetic unitE M8 XH=

(82)

MPEG audio ZE & &gy 9

zo wed "o} o] 512709 AE z,3 5129 ¥
A b0l 242 FaAA v A3} 2ol 512709 £
AT Y WEH
Yo = MyTy
= bz,

(1)

Ysin = Ps11Ts1a

olg} & 512709 FAL B9 FAZE dAE
Agstel aRHoE FEAY] dAAE WA 2 9
o AE7Y 2ok glo] MAToler Bk HAIsh
ATE AWE Agae FAE FUsE A, 2L
g Az NZ T2 AFE FAEE =g 74
&M CSS(common sub-expression) Ffo Z& E&
Hol A g Aed 4 ) Rl 512709 9 A
Z22 a9 IMDCT £38¢] 870 EAtEglens o
o3} o] 874 e 22 YUY MEFEO] EAIH

Ty = Tgy = Tyog = = Tugg

Iy = Tgs = Tig9 == Tugo

: (2)

To3 = D27 = To1 == Tyl

gebd g709) U A7} 2o o] BY NuE
W 2S5 Uk dE 5 o9 4HNBI} A
8035 g Zow tEd A

h =Mz

Yos = hesTh

(3)

Yaag = Pago™y

239 ;¢ gL AHEEE BE S £F 1071

nay)z sy 29 29 o] gEAsTt THEH 1

% 28 2ol PYYUZIL ThE BSo] B2
% 63714 647h) B=ol ATk ol9
NEE AgHE B

LN
L

. ad 2?4 Zo] 949
£5 63714 64714
B2< hard wired



20044 93

MRS
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> yl 1]
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L y[ 651
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- y[129]
h[193]= 0.090927124
- - y[193]
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y[257]
h[8211= 0.108856201
- - y[321]
h[385]= 0.031478882
- y[3851]
h{449]= 0.003173828
- —-> y[449]
I8 2. 354 378 25 1 7=
Fig. 2. block 1 structure sharing common input.
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J% 3 =% 13 EE 639 ZMIIE SR8 =2
1-63 +=
Fig. 3. block 1-83 structure sharing multipliers of block
1 and block 63.
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Table 1. CSD form for filter coefficients of block 1-63
-31-33.

-1o |t 2 {3 |4 [5 {6 {7 [8 |9 |10 |11 |12 |13 |14 |15 |16 |A |B
hl 1 {0 |0
h65 1 n n 1 3|1
h129 1 n 1 2 |1
higd 1 n n 1 1 n |5 12
h257)1 1 1 1 n 4 12
h321 1 n n n 312
h385) 1 1 n 2 |1
ha49 1 n 1 a |3 [1
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h% 1 n 1 2 |1
h159 1 1 n n n 1 5|2
h223 1 1 n n 1 n 512
h287] 1 1 n 1 n 1 1 6 13
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hdl5 1 1 n |2 |1
h479 1 n 110
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Table 2. Total number of adders in the proposed

structure.
8= 2957 cspy T2 | Aere 7=

2 1-63-31-33 73 51 2
52 2-62-30-34 63 45 27
EE 3-61-29-35 &0 49 30
£E 4-60-28-36 71 49 29
=& 5-50-27-37 63 54 30
£ 6-58-26-38 73 49 28
E& 7-57-25-39 &0 51 30
E2 8-56-24-40 68 49 29
8E 9-55-23-41 67 45 29
EE 10-54-22-42 69 48 31
E2 11-53-21-43 73 53 30
B2 12-52-20-4 71 51 29
82 13-51-19-45 77 53 29
BE 14-50-18-46 72 51 30
22 15-49-17-47 22 51 29
2 16-48 44 24 17
EE 0-32 43 31 22

| Total 1179 (100%6) 1804 (68.2%6) | 477 (40.46%)
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Fig. 6. Verilog-HDL simulation result of muitiplier based block 1-63-31-33 structure.
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