B E AR B A E SR ALXH ¥ 160 M FME (1996.5.24)
HEES 160-15

i tEm ZIKEEM T « &

SIVT7 4« V5 BEERE

VLSI 7 ot Y 0OkEt & tEREET(H

Design and Performance Evaluation of High-Performance
VLSI Processor Suitable for Control Systems for
State-Space Digital Filters

OF#ERE, HEE, SHEW, =W ¢
OKohji Chiba*, Yoshitaka Tsunekawa*, Hitoaki Yoshida*, Mamoru Miura*

*EFKRF

*Iwate University

F-=U—F: RBEMT 4V FIVT 1IVF (statespace digital filters), FIEE (high accuracy),
S BIEW (distributed arithmetic), MEBEVLSI 7—+F 7 F ¥ (high-performance VLSI
architecture), VLSIFEffi (VLSI evaluation)

MRS . Fo20 BET ELE4-3-5 BFKZE LEE WRIEH ENFRE
TH¥ERT], Tel: (0196)21-6468, Fax.: (0196)23-5491, E-mail: kohjiCcis.iwate-u.ac.jp

1. FUHIC

B, EH - BRI SR ITAF T, T
TDINTANIBHCONBZ LIS -TE
CHEOAGTE, 74 95 N7 48 DFIE
BORHIRBHEALAVTITFOA TN, &
BABATEINET A VF 7 4 V5 ZRBE
W74 P8 N7 4% (LLF, SSDF) &Md Z
I THSSDF %, ThE ToOEERMERICLS
WEROTFA I8 NT 4 NZEND TR, A=
VIANG, FTHF=N, LF¥FL—FHEEERD
LEDT 4 25 NT 4% ELTHS.

FA VIR T I OERFICBOTIE, X6
NP ERET L7 4NV BB RDBZZE G
) 12T, BTACBERNIILT 4NV
HERETHZ & (BB DLETHD. T4

F T 4 vy BREBHRA TR, Y27
LEREIBLED SIEM E ARER—IISTH 2 &
WORETHS. TORR, AURELRFILEE
HB/IVE SSDF DREHFREE 512, UL,
= DF HETEE X P2 SSDF BARBITAI & 1
57, Hh8H OHERIIEMT 5. €D,
BEO ‘S 707 0 v 3 CHIKRDSSDF
AERLTH, EFEEORABRMEAROMEIL
MERTERVLEWIBBERS -1

ZI T, bhbhlISSDF OFEERICHE L
T, HREEEER UcREEVLSI 7 —F 77
F v A WELTX7:5). SSDFizHOTIRBFLR
EICH U CRESESTREE 4 5 10?), RO
Pl A EER A hOBEI S U TR/IMET X 3.
Fhbh, HERFMNERD S IEEST 2080
B2ZAWRERED, ARBICESADBEA

-1-



DBETHIER IS OAELREN KBRS 1L 5.
FHETIR, SBHEBICEI{(SSDFAY o
+ v 3% VLSI it & X 5 APARTHENON H KT
COMPASS % BT L, TOHMEMMELIT.
TR, JERICRRIEBAITEOT b REA
MERTEL LI EEZWPLIT D, E6IT,
7 4 VE OIS B AR AEL M USRS,
MOESE TR MEEEIAEETFLTLES
DI LT, FEBRETRIEREMIT-EICR
Tt 52 &% VISIFREIC & - TH ST 5.

2. SECREAEMA LA
VLSI7—FF7F+

2.1 REEMFACIIVT 4%

L 27 LMK LN, FREREORE
BARE v X7 Lk > E0RBE JCH A ERIC
koTRBEh 3.

a(k+ 1) = Az(k) + Bu(k) (1)
y(k) = Cax(k) + Du(k) (2)

ZIT @k) BnRORBRY b, ulk)id
rRDANNY bV, yk) EZmROH A7 bV
Thb. i, A B, C, DEth€hnxn,
nxr, mxn mxrOEFEETATHS 1),
@) R E>TRABXNBZF 4 V7 MESRE
AFLPFA S AT LERBERT 4+ D5 V7 4
JU# (State-Space Digital Filters) &FF, Th%
SSDF| A, B, C, D) tit#b3 5. SSDF[A, B, C,
DD BB H(R>F0 X5 KB oNh 5.

H(z)=C(zI- A"'B+ D (3)

T, REBRT M la(k) MY AT LAOBEE
FROWHAEEL, TTAIA, B, C, DORBERNY
27 LDFRBITHIGY 5 & &, SSDF[ A, B, C, D]
BIEBHH() 2FT3RBEB T4+ V9NV 7 4
s O—o0EE (BH, MHE, BEOHAED
) R LTS,

Projection Direction

0 0 0 0 0 0
PTRRRHRY
PR AR
“ RO BB Y
THRH VD
B R BB B
- | \? \C{) \(? # \(?

10+ %) x4+ y,& v ¥ &)
. zin
Xin
Yout= Ki Xin+ Zin
Xi : Filter coefficient
Yom'
Fig. 1 Data dependence graph for SSDF.
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Fig. 5 Configuration of SSDF system using dis-
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Table 1 Filter specifications.

Order 16
Number of input 1

Number of output 1
14 bit fixed-point

Data format
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Fig. 8 Block diagram of VLSI processor.
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Fig. 10 Block diagram of PE module.
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Table 2 Key performance of the VLSI processor.

Technology 0.8um double-metal
CMOS standard cell
System clock 30 [MHz]
Sampling frequency 1.67 [MHz]
Latency 600 [ns]
Chip size 8.6x6.6 [mm?]
Number of gates 54,223.5 (gates)
Power dissipation 0.31 [W/MHz]
Supply voltage 5.0 [V]
Number of pins 115
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Table 3 Parameters of the VLSI processor.

Order 8 16 24 16
Number of inputs and outputs 1 1 1 8
Word length {bits] 14 14 14 14
Division number of ROMs 1 2 3 3
Machine cycle [ns] M M 34 34
Execution cycle 17 18 19 19
Sampling frequency [MHz] 1.73 1.63 1.55 1.55
Power dissipation [W/MHz] 0.091 | 0325 | 0.708 0.677
Number of gates [gates] 19,170 | 57,095 | 118,897 || 110,163
Number of signal pins 18 18 18 123
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