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Development of an Adaptive Array Based on Subband Signal Processing
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Fig.1 Configuration of an adaptive array based on
subband signal processing.

DEnXHicEssIhd, §BIHTLOTL-TY
THEREES z@) &, FFFIIBVTHY Tiwampte
THY 7Ny 7E3hkE M O TDL (Tapped Delay
Line) R EN 5. Z0LE, &F v FICEHSH
BF TN, THERVTRRTESN S, |

x (t)

T (t - Tsample)
Tiap (t) = .

T (t - (M b 1) Tsample)

i1 - ZTI,N
=l & @

TmM1 0 TMN

IO TDLICREFESR Yy TNE, ¥or4r7
VYT ERBENDIEICEY, Bl MTaumpe OFR
I &i{%B @ DFT (Discrete Fourier Transform) I
s h, FESEI SN B, 22T, TDL Ik
FENLBEFY Y40 7)) v 7 SR DFT ICAT
SNBEI ¢, 12,

te = M31\41—:*31171112163 (5)
TEEND., TIT, x IBNTETERTHY,
K= =00, ,1, 2,00 Chb. ¥h&, MZRD



2 /TN FRFRBIZES(TY T AT TV —T 7T ORRE

DFT M3 Z &2 &), BEEHEEATOY 7T
ﬂ Xtap(tn) %’T‘%‘é.

Xiap ()
T1,1 T1,N
=|FFT| : | .- FEFT| (6)

T, IM,N

Z I T, FFF[e] BHIMMICTFENERIIHL
T DFT @ BfkRYETEERE L TIRAL 72 FFT (Fast
Fourier Transform) % #i§ 2 & 2R Y. BEBRALT
OF YT VAT, &I 7Ny FTECHMICER S
NEEAMEEERETAZILICLY, BEEERTO
FTryFFHAY () PRES Ix M) ORI b
LTRADEHIZFELN S,

Y (tx) = diag [Xsap () W (£x)] U]

Z I, diaglA] &, 175 A OxFARS T KT
¥, BEABEAFIW &, BFTNVFIELOER
BENRZ MV wa(m=1,---,M) RSN BIT
Pl L TRATESN S,

W(te)=[ w1 we wy | (8)

2B, wiETUYFTFETEN CELVWERZ LD
BEABEANIFVTHY,

Wy = [ Wm,1 Wm,2 Wm,N ]T (9)

TERIND,

BIRIC, Y (te) \C3L CEFFT % L R R
DEFEETL, STV /YU TLVERET-T, B
SR MAESITH y(t) 7FKE S (I1x M) O~
MLELTELNRS.

—77, B1IZRLAE IS, EARERS FvidE
BRIET7T AT ) X LML o GEBBICSEZ b . F
RIERECHE, EAREEHFTLTYXLIZRLS %
Bwv, Zhzg3 7"y FTEICHEL, MaIcEifE
SETEABEOMEEZITS. Tokd, ZRESD
FHAE SN TWALENS S, RLS O &) kEikik
BEHOTNVT ) X 4LiL, TRTCOEAREE T —2D
TutyyTHETA LY L, M SEL THED
T Oty ORI B FEEE T RIS (MR
L% [9]. ‘

3. BEEBEOEK, ETRUHE
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HEZBEOTEHTEER IR T. FEBEET
BE 8 ELTABEBTLV—TyF+HEELE. Bk
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ESOHZEEE R 2.185CGHz, FREEAEE
800kbit/s TH 5. ZOZE/BIHL, X— AN
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HF 2 FFAL:. &8, XRECE, 7108
BERBIZESK 7Y S F 477 L —OWEERERT

F1 RIEEBOEEHET
Table 1 Specification of the equipment.

Data Rate 800kbps

Modulation BPSK

RF 2.185GHz

Antenna 8-element array antenna

Element Antenna Circular patch antenna

Sampling Frequency 3.2MHz (4 samples/symbol)

A/D 12bit

IF 70MHz

# of Subbands 32

Main DSP TMS320C6201 (Texas Instruments)

2 BEBEICBYRTL-TY7TTO4HER
Fig.2 An array antenna in an anechoic chamber.
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Fig.3 Configuration of the equipment.
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Fig.4 Frame Format.
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Fig.5 Timing of each parts in the configuration.
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3.2 BRFEEORE

AMEEBOEHTHEAL A DSP Fv 7O LD,
TNy FESRBICEDL T TF47 7L —D
N=F 2T ORBEZBELPIT 5.

F 2, BWICHERAL 2 DSP o#ER{. KEE
T, EBCESLELZITIDOETTRL, 74
70— HEHlEFoTVAELDETTTRTCED, 5513
o DSP ¥ v 7 (TT #t# TMS320C6201) Z AL
Twa, WRELT, ¥, EAREETESRTE, A
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®2 £ZROEFREIHAHLL DSP (TMS32006201)
DE
Table 2 The number of DSPs used in each part.

Signal Processing #aof DSP
FFT calculation 4
weu RLS (32) 2
Reference signal generation 1
Data flow control 2
Realtime output calculation 2
OCU | IFFT calculation 1
Data flow control 1
total 13
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WP AT Y XL, — DO TEHEROBREEE HHT A
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FEBEY LTS bDTHAE —FT, HiES
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Vector Signal Vector Signal Down Converter
Generator#l Generalor?2
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De Function
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(Clock) v v
Aosequence clock Adaptive Processor
Generator reference Bt.z.mi on X
(information symbols) Subband signal processing
10MHz
Jor carrier sync.

H6 EEY AT LDHRK

Fig.6 Configuration of the experimental system.

3 EBVATLOLEHT
Table 3 Specification of the experimental system.

DOA’ of the desired signal _ 10°
DOA of the delayed signal -10°
Desired signal to noise power ratio (S/N) 0dB

Desired signal to delayed signal power ratio (S/I)  0dB

* DOA (Direction Of Arrival); measured clockwise from the boresight.
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Fig.7 Time shift of a multipath signal to a desired
signal versus theoretical output S/N with 8
elements (antenna gain = 9dB).
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Fig.8 Comparison of output S/(N + I) versus time
shift of a multipath signal to a desired signal
between theoretical results and experimental
results.
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(a) Antenna pattern measured in the experiment
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H]

Iry

Level (dB)

Desired Delayed
Signal ‘ ¢ Signal

30.94B
i\

/ NAP E
R
v N
RV %

-100 -50 0 50 100
DOA (degree)

(b) HEi - TN FNAEOBEEN T ELDEED
T TFosy - EE

(b) Antenna pattern measured in the experiment
where the delay of a multipath signal is 7 symbols

Level (dB)
b s

B9 77y —ERE
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* TAA: Time domain signal processing Adaptive Array
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Fig.12 Comparison of computational load.
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