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Abstract Adaptive array antenna system extracts the target signal from received signals by adaptive signal pro-
cessing technique, especially the spatiotemporal adaptive array are attracted due to their effectiveness for the phasing
problems. The spatiotemporal array construction requires lots of weight parameters to be adaptively controlled,
which causes the problem of the large computational cost. To reduce such computational cost, the received signals
are first transformed into frequency subband components, and then they are adaptively processed in paralell. Fre-
quency subband decomposition can reduce the computational cost. On the other hand, some adaptive algorithms
are recently proposed that can realize fast convergence while preserving low computational cost. It means that the
computational cost in FFT and IFFT used for spatiotemporal transformation cannot be ignored. In this report, we
employ the wavelet transformation instead of FFT and IFFT for spatiotemporal transformation, and confirm if the
wavelet transformation can reduce the computational cost or can improve the convergence property. We develop
a spatiotemporal adaptive array antenna system with filterbanks, which implement Haar or Daubechies wavelet
decomposition and reconstruction.
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Delay-time in Interference 25 [Sample]
Number of array elements 8

Array form A/2 uniform linear array
Input SNR 7 [dB]
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Sampling Frequency 40 [MHz] (4sample/symbol)
Roll-off Factor 0.5 (cosine roll-off filter)

Modulation type

BaseBand 7/4shift-QPSK

Frequency Subband

Decomposition

FFT, Haar 5% - {15578,
Daubechies F72% - {KiK/ &l

Adaptive algorithm

RLS, LMS, N-LMS, I-N-LMS

Forgetting Factor in RLS 0.9~0.99
Step size in LMS 0.1
a in N-LMS 0.1
B in N-LMS 0.0001
v in I-N-LMS 40
§ in I-N-LMS 0.0001

HEEDHEEERRDIE T A, 1T 200 EOHEERZED
T FEEZE 1.0[deg] MR E > T 2.

DL EDOFBEFHEONFRERZR 7TICRT. 7LD, ER
EEABLZ 50 B TIRRBICICRL, LUSEEeMC —30[dB]
BEICIRL T T EMVRERTES. Chb 2lED, YVx—
TL v b SR TEREEBOAZZ58IL Thofc 2 &6,
HHEEFC AL L R LEAREDT VT HEETHS T L
MHERTE S, ¥HFNO6IE, FFTR KXo THEZEILGE
LEEREETHS.

X5, RLS 7avd U XLE IN-LMS 7Vd V) A LD
Y — LS 2 - DR RER 61, BT ODCREFED ik
EREMSICTRY. Yx—7 Ly OV, BRARKE
BAEIORCDNVTRLTVS. K6 8K 5 EELL, BEHk
BEH# 1,000 BT >BEETOT Y 7HE —LZ—2VTH
3. ®6&D, LN-LMS 73U XLIEBWT EHEDES
RICEBT, FESLWT YT THENELONS T LHHEERT
%%, ¥E8 &, IN-LMS 7V U XL BN TH, 58
BRIC & B INREEO R EREITD SN, HOEHFR
WEHT7 VT U XLBEICDOVTE, ERTHST LERHEEL
fe. F7z LMS 73 U XL, RLS 7V U XIS IR
BBV E Vo EEEED. LALK S &b, [UREBOHEIZE
B&E —25[dB] &, MELETHERICGREZE TS T LR
TE5%. AREEAE, tOERMREEST7VT U ALOGE
THHEEL .

4.3 BER #ff

B 9 1<, Case #1 DFAIC DV TD BER(Bit Error Rate)
BEERRY. BEVYRIVEE 10,000 YAV TH D, EE
DIEWEBERBEL - SNR OFFANTIE, AJ1 SNR OB
ICL7A 57T BER AL TV S, E0wESFIHRER

0 - Tr\
I~ e |
% -10 Pt
L
=
2
‘g -20 -
=11]
<
s Ha (Low)
—— — Ha Eﬁver;)
----- Db (Low ~
S0F BER
- EE-I(-EV%) e
" 1 1 1 1 1 I 1 L 1 n
90 -60 -30 0 30 60 90
Angle [deg]

B 5 Y¥—L/3Z— Case#2 (RLS)

0 T T \
o= == Ha (Low, RLS)
udming - L T\
— o B T [
% 210k \ S FRTGNLMS) ION,
L
o
£ 0t |
5
>
a0k BEK
1 L L . ﬁm
90 -60 -30 0 30 60 90

Angle [deg]

®6 Y—ILs3%— Case #2 (RLS,I-N-LMS)

0 T T T T
Ha (Low)

E‘ — — — - Ha (Even) i
- -0 eeeeees Db (Low)
= ~=~ = Db (Even)
g
ER|
g 201
x 4
b

30r “ﬁ:, pilhe & ' ""; X

3 ‘% _. / ‘-"--_..

0 100 200 300 400 500
Number of Iteration

7 BEEOICREHE Case #2 (RLS)

C7HE 7747 7Nd ) ALACDNTIE, EIFHELLY BER
WP EOZ LR TES. M9 T, FFTICKXAHESS
#E Haar Wz —7 L v M X BHEEOBIERIT oI EDORE
RLTWABAD, Daubechies 7 x—7 L hDFELERDOR
WRTESRL 7z, £7:% D BER DS, Haar LIZIFFLWER



0 T LS B —

— — — Ha (Low, RLS)
««««« Db (1) J
FFT (RLS)
A o e e Ha o (Low, [-N-LMS)
1o % ----- Db (#) b

e FRT ([#N=-LMS)
N I-N-LMS

Magnitude [dB]

1

0 100 200 300 400“ 500
Number of Iteration

B8 BEWOIGHEFE Case #2 (RLS,I-N-LMS)

57,
T T T

LMS
*kg} i

> 85
m le-3+ -1
t— O — HaLow (RLS) ") '

~—A -~ HaFEven (1) g
ledg b FFT (n) '\%_
| —~7 -~ Ha Low (LMS) T

— =4 - HaFE
= ven((:;‘)) RLS
le-5 — PR N 1 P

0 5 0 5 10 15
SNR [dB]

9 Haar Vx—7L v +® BER ¥t (Case # 1)

5. i H 2

KRETE, SMEE7 VT )X, BRI REEEE S )V
U XLOFHERIC DV TRETT 5.

£3lT, M1, M2 TREN38ETHEDFRY =77
V=TT HC BT, BEHMEEES% 1 BT 2Ol nEik
MELREOERERT. SEHMFEEHT7LIVALE, H
3 1 DOFEFIFELTES 1 BIHRER B 2FEHEREE
WM EFRTH D, K- ABRESERT VI Y XL T ¢
NVEBRESETEDERTHB. iz, () MIZHEEEER7 IV
VX LOBERBHIC BRIEL A EDMETH D, HIRE
EROERAL - SHEFIHOERRERZIC LD () NOBECBETE
BT eZRY. %3 RLS OREE[10], FFT OMELHE RE
BUFLUFISRTRE DL,

RLS OFE# © 3k° + 3k (kRO ZERFHOK)

FET OB . Nlog, N (N GANESE

FETOREH: DlogN ( 7 )

£3&D, Haar 7x—7 Ly bIZ FETICEN, $HCREH
ERECHIBTED T LA MHEETES. THL FPGA IC ¥
TB5LETREGN BB, £z, Haar Vx—7 L v M EHV
56, REOFREI 12580 20EBORTHY, T4
JVEE TRV 7 FMEECBERA SN AT L BIERICHE
ARV, ChUIHU T, FFT TORERBIATULE 2 D
BEEBST, —RCIERERTHS. Lo TEBDHERE,
#£ITRINBZEUEAHBEDEEZ OGNS, ThiZ, Haar
Tr—T7 Ly MKk BDBOF R RBEEILND. —FA,
Daubechies Vx—7 L v b BZRWZBEOHERIIAE AL
Drixh, HEBOETOF SIS ED AN L EHEREIN 3.

RLS DB © 3k° + 3k (k3R 2 ERFHHOK)
FFT DB Nlog, N (N EANESE)
. N
FFT ORFH . T log; N (7 )
%3 Bt B B
8 EEHADEA | 16 EBEHADEE
WE | RE | WE EH
RLS 1208 | 1728 | 2416 3456
LMS 128 136 256 264
N-LMS 192 208 384 400
I-N-LMS | 264 280 528 560
FFT+IFFT | 216 108 576 288
Haar 216 8 576 16
F558] (432) | (432) |(1152) | (1152)
Haar 126 8 270 16
fEE | (252) | (252) | (540) | (540)
Daubechies | 648 864 1728 2304
F5E] (1296) | (1728) | (3456) | (4608)
Daubechies | 378 504 810 1080
K& | (756) | (1008) | (1620) | (2160)

6. FLHESHORE

Tx—7 Ly s ERCTHEESBRITSTET T 4T 7
L=72TFEDNT, YRT LN« BEtZ21T o7z, Haar
Yx—7 Ly ORAFREESEE AV RE, FEEREN
FFT £ 0 &47%<, D FFT OB A LABEDOT > 7)1
BEZFFDOC L ZMHERL, Haar Vx—7 L v b DFEEHED
U7z. Daubechies Vx—7 L v FERVZEELEEIES
THholeh, THSHEFHERBN S AUEERHTICRES K
Mol

SHROFEL LU TR, vz—T Ly MpEERCGE0E
BEDNOFROEER, RERICEREEZRNHBEOT VT
FHEEERH, F/z FPGA X DSP NOEEIC X 5MEI%E H D
WFoh 5. %7z, Daubechies Vx—7L whix, ZD7 277
PEEEE Haar Yz —7 Ly MR FFT LASTH- T, FEE



OETHRFITH 7. ULHL Daubechies Vx—7 L v FDE
AR Haar Vx—7 Ly FOFNICHNREMTH B0, 7
ST 4T 7Y TFOEMBNC Haar vz —7 Ly b EH
WEBEX DO DF NS5 FTREENHFTES. T5L
T RS BOMAREL 55

X [
[1] %M, “TVL—7 7 Fic LB BERETLE, FIEREHHR,
1998.
[2] BR, SEHEUAYLRBEEOV T MY 2T T THEM” b
Vw7 R, 1999.

[8] ##&, AR, “RERCEARSREESLERT S ESR T L—
TV T O ADRBEIC I 5 BB L UG ENE,” ¥
% (A), vol.J82-A, no.6, pp.867-874, 1999.

[4] J. Nagumo, A. Noda, “A learning method for system identi-
fication,” IEEE Trans. Automatic Control, vol.12, pp.282-
287, June 1967.

(5]

{7

(8

10}

BH, BF, “BEBRSoOOWBESRL LMS TAVT U X
L,” {525, DSP2002-11, Apr. 2002.

1. Journy, “Application of Wavelet Subband Decomposition
in Adaptive array,” IEEE AP-S International Symposium,
vol.1, pp.16-19, June 1994.

B/, |, “BERI5—7 V&Y ZOMAzFIAL 2 MU-
SIC HIC & 3w BB BiE0RA& AR, B¥EER, AP2002-95,
Oct. 2002.

G. Strang and T. Nguyen, “Wavelets and Filter Banks,”
Wellesley-Cambridge, MA, USA, 1996.

K. Ichige, S. Shimizu and H. Arai, “Combination of Op-
timization Algorithms for MMSE/CMA Adaptive Antenna
Array,” IEICE Tech. Report, AP2003-61, July 2003.

J. Wang, B, “hVVTAIVRERCWETE T 74T T
FFOWKE,” E¥# (B-1I), vol.J75-B-11, no.11, pp.835-842,
Nov. 1996.



