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ZRENAEREH B, SEEGSSHEHHRNAN—TIET R, LEARH
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90° W —H TG, BEFER ZHES _ESHNIPTRERBTKERE. BERTY
REROEE ZEFESHEE. FRUANTAZSHAENATRFHIEAMNER. Zoltowskil!
FA R S ARSI ZRANT B URELR T SRGESHE, HNAMPHKSMHET.
BHERTNAMM AT U EBE L H ERE A HENRL, ARERENEIERNFES
BET, HEHMATHEEMBWAN. £ZEESEE, HAAMMASESHME KRS
B, —ATHENNERMILASHTE. AEARKETEANBERALERHR, HRET
AEMRE: MTHAT 6 MOSREMKESE G AEY Y . BRFZEL, AXRETHEY
) B ) e 2L 3t B SE A AR S B R B, T HE B R AIE 4 AR SR AR B SL 0 BAG T SRR
FRAAMAEFTE, ZAERSAETESRKER, RIRTRETHELES SR
ZHRMBSPLEMAERENS A AARBR LT BT ERL T SR IGHNK L % 5B
AN —ERMBELEBEHSHEEN. REAXTERAXNZRGESAE, TUANNAN=4ES
Bfhit, BHBS—RHEEEARE. FTEHERIRNZ TGS BT 5 P ERRE B RO
.

2 EsS#y
EREMAELHEEIMETRHBGESHNE (NTFRETRE TEBEERBRELH) 0
HEORBENGESERRASE. BREHAE N MR P08 BY fi  FAN 0 AN
oi MEFHESEHFES, Kb i=1,2,-- N, BiFE cHERERTEMIN. THMHEHM
HEMCNRHARAE, BS5E5FHX. BAIRANEREEEREAHN
X(t) = AS(t) + N(t); (1)
Y(t) = X(t — ) = AS(t — 1) + N(t — 1) (2)
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X(t) = [#1(2), 22(2), -, zm (1)), (3)
5(t) = [s1(2), 52(2), -+, sn ()], (4)
N(t) = [m(t), na(2), - -, nm ()], (5)
= [a(f1,61,1),a(f2,02,92), -, a(fNn,ON, ¥N)), (6)
a(£,8,) = [exp(~j2nfn), exp(—j2nfr2), -+, exp(~j2m fyma)]”, (7)
= Rcos(§ — 2ni/M)sinp/c, i=1,2,--- M, (8)

Hbh T REEBHHE; ) REE I MEHFESHEASE; RAREIER; c ARUEK
EEERE; n() REB I AHETHBBRS.
MTESEHRE, Bt (2) XTH5H

Y(t) = ADS(t) + N(t — 1), 9)

K
D = Diaglexp(—j2m f17),exp(—j2m for), - - -, exp(—j2m fNT))- (10)
EAXNESBEMH AR, w, 6 M REAMISR, AT - HEIHESSEE
RA=ASREBH=FTHH— R WEEHEAN=AN—SHELE, EXESRNMIT
B, ESRSHRXTRHALEREN,

3 ESSMMLItNZE
WE|ETEB T, X(¢) WZEDTEEEN
Rx = E{X(t)XH(t)} = ARs A" + oI, (11)

Hep EREJ¥EHE,; H REER Hermite HB; Rs = E{S@)SH (1)} RIESHITEEM;
I RPAFERE.
HTHREr#£0, B Y () M X(t) U=REHITEERERN

Ryx = E{Y(t)X"(t)} = ADRsA". (12)

f&i% Rank(A) = Rank(Rs) =N . T#&, # Rank(ARsA¥)=N, BE
5l Rank(A) = Rank(Rs) = N, MAX Rx ERFENH F

P12 g >N S>> PN = = Py =07, (13)
Span(A)LSpan(En), (14)

e {pi,i =1,2,---, M} & Rx MMM, NMMFERBY {v,i = 1,2,---,M}; EN =
[vN+1,UN+2, - o), BRI AT 2EME]; Span(-) RELERZM.

E B ISR (1] .

i (14) B P =4 MUSIC 3%, T afmAagtHELK:

P(w,8,¢) = { 3 awﬂw)ll} . (15)

t=N+1
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TEERNSGE —REROSHE T T,
35 5B B
Ry = RyxRY, (16)

B Ry = Rx — oI = ARsAY ; # [RFEMEHEHM,

™ R Rank(A) = Rank(Rs) =N B AEME D ®iIXAcEELR, BAXNMAERE D
B ATERESEE, FARMARE (7) XoNNEER R, 00350 AMX BRI
K&, W RiA=DA,

UE B I 3CMR [6,7] .

BB EEE, FIMTHE

exp(—j2mfit) = A, (17)
a(fl,01,<Pl)=ul, l=1v2$"'1N7 (18)

Hb Al 492R OEIANEERHEEANNMFERE.
WBIBME « fEE, F 2rfir<2r. 1 17) RE

fi = —Arg(A)/2rT, {1=1,2,---,N, (19)

Hoh Arg(-) REBHE A, BAETHAT 6 09595 BB 22 M mem 5, gLl (8) .
(19) Xed W RLZHBH

FZ, = By, (20)
K+
Fe Rcos(2r/M) Recos(2n x2/M) --- Rcos(2r x M/M) T (21)
~ | Rsin(2r/M) Rsin(2r x 2/M) --- Rsin(2r x M/M)| °
Zy = [2m fi cos 8y sin ¢/ ¢, 2 fy sin @ sin ei/e7, (22)
B, = [_Arg(ull)a —AIg(UIz), Tt ‘Arg(ulM)]T' (23)
Ki#(20) ABEEH®E H
Z = (FTF) 'FTB = [cu, cal”. (24)

B (22) . 20X, FESHLAFMMAN

0 = tg~ " (car/cu), (25)
o =sin" ey - c¢/(2rficos )], 1=1,2,---,N. (26)

HTFFESSH (19) . (25) 1 (26) KEXMER R #ES WKWK LT RBRN, BHLH
WHER (15) AN=HEBBRINEIL. T (25) NG ESHAMA, HEER —/2~7/2,
R TETR: (1) WRMALEO~~/28, HEXATE, ERMOTAAMGTHR (24) AP
) cu Fl cu FTEHMME. (2) MRWAE —7/2~0 8, EMFiMH HEZXDTH EHNT
B () mE. 3) MAGSTERAMAEMRA, WATERK.
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1 SHSiN
Si(t) Sz2(t)
#E (GHz) Hirfka (°) () WX (GHz) Hhes (°) (%)
B 2.6 30 80 8.6 210 40
¥4 2.603 29.765 80.614 8.594 210.312 40.163
x| 3.012x107% [ 6479 x 1073 | 5.761 x 10~ | 2.116 x 1072 | 2.774 x 1072 | 2.012 x 103
%2 SNR Y MESHEIHTMENEN
5% 1t (SNR) WE (GHz) Firs (©) W (°)

(dB) ¥ 18 HREE ¥H g E ¥ R

-5.0 7.421 | 8473 x 102 | 49.342 | 6.012 x 10~ 2 | 70.810 | 2.476 x 10"

0.0 7.379 | 1.308 x 1072 | 49.830 | 8.212 x 10~ | 70.528 | 9.051 x 10~2

10.0 7.330 | 4.449 x 10> | 50.036 | 3.769 x 10~> | 70.147 | 8.652 x 10~3

BRE (18) AkMnt, FLEAHMMAMEN, BBETEROE—MHRETSHNIESR
it
4 RO E

HTRIEFERESHE RIAMET THEALA 100 KL HEIERXE. BRALTER
B& 2~ 18GHz . ig’illﬁf'lﬂ‘]ﬁj—ﬁﬁ M=8, Y8 R= 5Amin, R T = ’\min/c ’ KEF Amin &

RARETHENBREK.
a0 245 TR BMEE A MA -
A¥H 100, {5%H (SNR)#% 10dB. £RRTFE 1.
4.2tz (SNR) st 5 A s it HA B %
K128, iRRFE2.
5 &HXRiE

ASCF I 295 B B 52 1) 77 BRI AR ST R E SR L B T MBI AL 2 A5 5 W
BB, BEERNEE, FUANMARRENKS M. EARFABBEMNE. MM
WABEKHLBIR MATE# T — K.
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A NOVEL METHOD FOR SIGNAL PARAMETERS ESTIMATION

Tang Bin Xiao Xianci

(University of Electronic Science and Technology of China, Chengdu 610054)

Abstract Based on uniform circular array and its elements output signal delay, a novel method
for estimation of spatial frequency, azimuth and elevation is presented. Without any spectral
peak search and parameters pairing, the resulting method is computationally efficient with high
resolution and small variance, even in the short data length. Computer simulation demonstrates
the effictiveness of this method.

Key words Circular array, Frequency, Azimuth, Elevation
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