000000000000 02700000 (2010.5.31)
goog 257-10

O0000LMSOOO0OOO0O FPGADOO

FPGA Implementation of LMS Adaptive Digital Filter using
Distributed Arithmetic

opnob*ogobobooo*xgbobod *Od
gog=oooog -

o Akihumi Hosoda*, Takurou Sasaki*, Katsuya Uchida*,
Kyo Takahashi**, Yoshitaka Tsunekawa*

*DO000,**00000ooooooo

*Iwate University, **Iwate Industrial Research Institute

ooooo :

0000 (distributed arithmetic), 00 O O (parallel computing), 000000000

(small hardware), 0000000000 (high-sampling rate), FPGA (Field Programmable gate array)

gon : 0O 020-0852

uboooboooon 3-3-2000000000000000000 0000

Tel: (019)635-11150 Fax: (019)635-03110 E-mail: takahashi-kyou@pref.iwate.jp

1. oo

000000 (Adaptive Digital Filter, ADF)
ggboooooobooboooonoooooo
ggooobobbboooooooobobooo
ggodobobobioooooooboboooaa
ggodooouooboboooboboobodouoaa
gpgoogboobobonobobobooooooo
ggooobobboooooooooboboooa
ggobbodoooooooboobboboooao
gogoooooobooooo

000000000 (Distributed Arithmetic,
DA)O LMSOODODODO Yooooonooo
OO0 LMSOOOOOO (LMS Adaptive Digi-
tal Filter using Distributed Arithmetic, DA-
ADF) 00000 2345000000000
ggogobobbbooooooboobooaa
gobooobbooboobboooNDbDboOogon
gogggobobboooooooobobbodoao
00D000DO0O00DooOoOooooooa?2y

gogdogoobbooooooobbooaa
Oooooo0oOooOoooooooooooo
0 O Whole Adaptive Function Space, WAFSO
OooooOo0oOoooooooooooooo
oooooooOoooooooooDoooooD
OOWAFSOOOOOOOOO0O0000000
0 (Multi-memory Block Structure) 0 0000
DA-ADF(MDA-ADF)0 0000000000
O000000000DA-ADFOOOOOO0O
DDDDDDD5),DDDDDDDDDDDD
000000000000 MDA-ADFOOO
DDG)DMDA—ADFDDDDDDDDD “0n
ooooOoOoO0’00ooboooooooo
Joooooopobobboboooooooogo
Joooooobooobooooo
000000000 00OooooooorpPGA
(Field Programmable gate array) 0 0 00 00O
oo00orpGAOOODOOODOODOOOOOOO
Joodoooooooobobbooooogo
goooobbobbooouooobboboooo

- 1=



gbobobobobobobobobobo
gboooobobobboboboobooDbo
gbobobobobobobobobo
00000000 e|D0o00oooooooo
OFPGAOUOOODOODOOOODODOODOOOO
goooboooooooobboooooobo
0000000000000 O0000FPGAD
gbooboooobooboobuoboboboonog
gbobooooooboboooobogonog
gooboooooon

2. ODOoOooLMsoooogo
21 0000000

00000000000000000000
000000000000000000000 B
0000000000000000000000
DA-ADFO000000 RAMOOODO0O0O
000000000000000000000
00 20MDA-ADF 0 WAFSO NOOO M
0D000000000000 2R(R = N/M)
000000 WAFSO MOOOODO
0000000000000 NOOOOOO
000 BOOOOO MOOOO O 10 MDA-
ADFOO0000 0 20000000000
00000D0000ONDOODODOD W(k)
ONOODODOOODO S(k)00000

y(k)= W (k) S(k)
W (k)= [wo(k), -, wn—1 (k)]
S(k)=[s(k),s(k—1),---,s(k—N+1)]T (1)

do0o0o0ooooooooooooBpOOO
0o0o0oooooooooboooooooon
WAFSOOOOOOOOODoOoODooooaoao
0000000000 e(k)bO0DOOODOOO
oooooooooooooooo koooo
BOOOODOO WAFSOOOOOOOGOOGOd
000000000 Adaptive Function Spaceld
AFSOO0O00OO0 O ()OO NOODOOOOO

0 0

Bbits P B bits
: .

BTA ~

Rbits} ] G)'I d(k)
- : tput
S o e(h) - ca;)cl:llz;tlion

shift register unit |} X B bits . process
(Rtaps) i B bits

»-@. WAFS,z;
SRU : B bits serial ¥ (RAM) update

Fig. 1 0 Fundamental structure of MDA-ADF.
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Fig. 2 0 Timing chart of MDA-ADF.
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Fig. 6 Block diagram of Cyclonell.
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Table 1 0 Condition of the Evaluations.

Description Language VHDL
Synth. and Fit. Tool | QuartusIl v.8
Synth. Option Balance
Fitter Option Auto
Target Device Cyclonell
C70F672C6
Filter Taps [taps] 32
Filter Division 16
Word Length [bits] 16
Calculation [bits] 24
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Table 2 0 Comparison of Hardware Performances on the FPGA (B=16,N=32,R=2).

LMS[1] | MDA[2] | Typel[6] | Type2|6]
Clock Rate [MHz] 19.4 55.2 68.0 84.2
Amount of Hardware [gates| || 42,064 | 8,084 8,456 5,108

Table 3 0 Comparison of ADF Performances on FPGA (B=16,N=32,R=2).

LMS[1] | MDA[2] | Typell[6] | Type2[o)
Required Clocks [clocks] 1 38 21 21
Sampling Rate [MHz] 19.4 1.45 3.24 4.01
Output Latency [ns] 40.2 380.6 308.7 249.3
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Table 4 O Improvement of the Performances
by employing RCA Adders and M4K Memory
Block. Typel: CLAAs and Input Registers
on LABs, Type2: RCAs on LABs and Input
Registers on M4K
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