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Abstract:  The direction-of-arrival (DOA) can be estimated by measuring the orthogonal relation between the signal and
the noise subspaces of multiple frequency components of the wideband signal with Test of Orthogonality of Projected Sub-
space (TOPS) algorithm. This algorithm largely depends on estimation of signal subspace of the reference frequency; there-
fore, it has some shortcomings such as more fake peaks, poor performance under low SNR and so on. To avoid these prob-
lems, a new direction of arrival (DOA) estimation method for wideband sources based on beamspace is proposed in this pa-
per. In the proposed method, the array receiving data is firstly transformed to beamspace by beamspace transformation, and
then the decision vector can be constructed by the orthogonal relation between the noise subspaces and steering vector of
multiple frequency components of the wideband sources in beamspace, finally, the DOA can be estimated by searching the
maxima of the pseudo spatial spectrum according to decision vector. The new method does not require initial focusing angles
and avoid the fake peaks that often appear in TOPS algorithm. At the same time, the new method reduces not only the SNR
resolution threshold but also the computational burden so that it has better performance than TOPS algorithm. Applying the
method on a uniform linear array and circular array respectively, simulation results and sea-experiment demonstrate the ef-
fectiveness of the proposed method by comparing it with some wideband DOA estimation methods.

Key words: array signal processing; wideband sources; direction-of-arrival estimation; beamspace method; test of or-

thogonality of projected subspace algorithm

Wk . 2011-04-07; &8 H . 2011-09-27
G ERERIERMPISSE (6131222)



2N

132 15

=3

VO 28 %

1 5|8

TEREFIE S A B b 6 S 55 AT DOA i
C RO TR 1K FE A U — R BB ST 1
FIX T2, S (5o BT S SE A A0 Y1 B, DR
B R S AL B S O A Ak X TSR AR S
DOA i}, 2 5T 725 [l A9 AR A7 14k 21 07 ORIAH
FabF gy AR S Fas il (188) ™ 7 2 W A5
SR 43 LA TR T N Al AR A
A ALk, SR G PR A AR A T RCR AT 4
BRSSOl 1SS FIRTE B G L & 1 T
ARG AT ROR , ERAEARAE W HE 2% 1R T Al 2
RARZE . Wang FI Kaveh %5 AN$2H T A T15 5 725 1)
PR (CSS) ™ SN SE A B AL L A o i
M A SR AR PR A5 R i R AR R S B R L,
A S () Ak BT s AT 7 Akt €SS Bk A Xt
ISS Sk AERER TARKAEETT (R Ak 2l i fh B2
A A T IR AR, TR R A i DU R AR RICR 22 1R
2, TR CSS L RITERE . 3 A Rt 1T DOA
Tt NIRRT T2 MR SE 3R T — 28
AT 3 SR B P i i AR R 2 B B AT A
JEWUG o SCHRL7-10 ] 3 i Bt BoA 8 E J2 00 1 A 9
FOE B MR 24T DOA it HEBOHRAEE
R T P9 IR TR ISR R e — i A5 DR X A 15, AR
FUIE AR R A0 BN A LA — S0 T 1 Hx 7
T — WP 5 BT RO

SCRRLTL ARG AEA A5 S 32 10 T —FORT RO AR N
B 7 25 (A IE A AR I (TOPS) 19 DOA A 3153 i
P75 H 3 — A 5 AR A O 11 A i
W, 728 0 R B o6 2 2% 0t o L A5 1 2 ) 45 2 3
AR L, T H 3 88 35 52 44 OB 10 G, 1 1
A WOBT R [ (19 BB R R 2EAT DOA i3t 1207165
PAFER) SEt DOA A 3177 35 AN A, € [a] s 1) T 454>
s B E R EANTG 2 AT J5 0 U 5 {HUR 2 2% 0
A A5 5 1 ) A T A 2 R e B R AN 5k
AE, DI B0k B oy B Dl W B S b R A, SRR
12 4R T —FfopR S 30 1 2% [ 1E 52 1 I 3K ( TOFS)
L I T5 TR ARG 1 A 2R 1) 4 5 A B e s 1
23 (8] A TESE 1R R AR 1) 25 [0 3 , 3 5 T TOPS 33k
B Dl o (HRA%T5 v RAE R R MR LL A5 1F T A 4
FEITRCR  FEAR AR MR LA P P ASTHRCRIR 220 AU
SESCHRL 12 ] A JE B, 7 A o RO 7 1 5

A TOFS v 352 1 SR B ARS8 ) 5 s Sl %o B 9104 5 i

T A Z R RS MEREAT B AR T et BT ik b
IR TGN L FE T TR AT H8ORA TARRAR w5, ] ek
SUANE N

2 EHESHEIRE

METCECN N )R 1% MR B U B0 T 1) D
MES L BE S, WA m ASBECHE 5 T LA
FRN

x, (1) =Z{si(t -7.,)+n,(t) (1)
K, 7, W T AME SRR m A FEICAEX S % BT
BB RIEIR [, (0) FBETC m bR InPERE RS o B HaIOE
PE AT IE Y B A B a0 BRI A A HL A 4, )
R 51) ) e LB PT HAUR R
X(f)=Af,0,)S(f)+N(f), j=1,2,+,] (2)
KL X)), NS, SOL) G MIERATER f, Rk i [ ) i
AT T 1, i ) o A R A5 1) e B I AR g
ACf,0,)=La(f,6,) ,a(f;,6,) - ,a(f;,0,) | NFEF]
TR, a(f,,0,)= [ o7 o o7 im T Sy fii
o [, RN RIBES B 1 fe . 3K (2) B BES$E0K

TEH R T BT
3 B FZEEZMENIK(TOPS) Bk

PR 723 (0] 1E A PR IR 3k (TOPS) ' — Fhoi
W SEAFAEAE T 05 5 DOA {53105 k. & kR 5
D8 N AT A S T2 W] 5 M P 2 W 1 1 58 PR
FiOriftiit . TOPS Bk mgab B )7 X 5 5 FAE 5 122
[6] (g TSS B3 01 CSS Bk AR, & [ I 145 5
o N ITA IS A S BT S T AR B il . SOk
[ 1L ] s R 00 0 0 0 B J 4 F 56 R Xk

h=1+1

(3)
ﬁsin 0.+ L;sin 0, (4)

WX FEEFRIE B4 a (S, 0,) AFTERLRE © (f,
0,) i3

a(f,,0,)=2(f,0,)al(f.6,) (5)
Kb @(f,6,) = diagia(f,6,) | FROWZARIRE it 1 22
BRI O(f,6,) 0k T LA 2 5 503 ) JBE AL 14 14 57
T ) i e e DAy 7 — R AL (Y S R 1) i

L Af=fi=fi, F O G S T ¢ ]
RERY IR TT B, M T F, A0 ACS,,0) B985 [l AR ]

sinf, =



1 3 &

KR A TR 125 1) TE AP S DOA AT I5 TR FE 133

P A AE T B R G, (i
D(Af,d) F=D(Af,$)A(f,,0) G =A(£,,0)G,  (6)

AT T F B 2 2

RID(Af, ) F = RIAS,0)} (7)

I d(Af, ) F, 5 ACS,,0) KA MR B ESR, 5 0
RIEUE S & A5,

SEX U, () 4K H NxD fHE, U (p) = ®
(A, ) By, Af =1y, Fy JIRES %05 L ES T
2 6], U AT R s 0 R A S D( )

D($p)=[U'W, UW,- U\ W, ] (8)
LW, R R MR TS ]

ATLIGIERA Y, 24 o Sk B B S5 4 I v 0 — o
It R D () 5Bl , 3 2o A I 0 0/ A S5 R i
Tk R BB 17 0 M T HEAT 7 57 B 8T, 5k TOPS
B AR SR

4 E-THEREH TOFS Hik

1 DA L 40 Ar a] %, TOPS B9k 3 Y MR 5 2 2%
WA 25 8] Fy A 56, Fy AT i 38 B85
M AN E MR . R, ] TOPS 87k 34T DOA
flith2s th 8 2 0 Dh g, TEARAE MR bL 25 10 F Al T fE
W SCERL12 1484 T AR A TOFS BB 2, R IEAR
7 B 2 TOPS B335 vy 5C T 451 3 1 A B 1 PR 2% 18,
R TE RO, A T — & AR . H o 2 R FE
B A5 M HE AR PF T A AR B — 2 PR IR
M HG A T MR B AR 25 T 0 IX — [n) A, AR ST SOk
12 TR BE Al b 2 s SR il o a1 Oy 1k R A7 T Ak 3 oK
PE AT AR RE , 38 X B S R A T A S I A B AT DA
Ul /INTH R B AR M LG 2 TR, DT AR AT R 47 1 £
TR

SR FHZE T o ) TOFS B5036 1 Se Xk 5 23 [i) X
TER B Ao, X SE 5 (5 5 i 38 k Aoy i, A i
X LA £, AR BB B T, , 38 4o J P 22
Vo I S CHR A Fp TR I H

Y(f)=T/X(f)

= T A(f,,0,) S(f) +T,/N(f,)

=B(f,0,)S(f.) +N,(f,) 9)
K, B(f,,0,)=156,00,)6,(0,) +b,(6,) ] A I
IEREFAE b, (6, ) SRy kR I A4 I SR 7 [ f5E, N, () A
SR S ) DA f, A DR SR SRS 1) P Uy 2 R
AT LA A

R(f)=E{Y(f)Y'(f)]
=B(f,,0,)R.(f,)B"(f,,0,)+aIT,'T,
=B(f,,0,)R(f)B"(f.,0,)+R (/) (10)

R, (f,) R f, b (30 oS e 75 R B 7 2

XA AR (R (f,) R, () ) HEATRAAE (H 53 it

SR AR A D AR AE B X B G AR A 5 723 W,

ER/ING B~ D AN E AR X V7 B P SR MR 7 T2 )

Wi o A5l oREISR 6y W ] 5 e P 2% i) AL 3R, U7 33

SR A T A IE S S T

bl'(6)W,, =0" (11)

F TS BRI R AR ST, TR T AR AR
FCH O R B R HEAT O LA T, AT AL R 25 A5 A5 F s
Up ,=b Wy Wy b, 33T UYL RGO RI i 4 D(6) -

n(e)=1U;,, U;,,-,U;,] (12)
HRAE D(0) H45 e R 5 F 2 0] {2 k) H Ax ok
i pifathiit .

b |- AR SC IR 45 3 T 0 U0 0 TOFS 3%
H 2 BT LA T -

L ARRETIE SR 5 B 3 ) 4 BESCHRAE FFT 25
W AR B SR M

2. SPREASA A Ly (i B AR
S Y MU T

3. PRV R T, 5 e T S0 4
SRBRBCE A R B by 225 R, R B,
MR Iy 2R R,

A I O B RO B U 7 22 R R, IR
By 2R R, TR 4% 15150 4 091 0 0 B
G A Fy, W S (] W,

5. ph SR 6 5 W 2 ], % o
A AT 7 O i K e i D(9) = [U”,
Uy e U 1 e U =0, Wy Wb, s

6. LA ) A A2 1 1 ¢ 0 = arg ma
;éy%ﬁﬁﬁﬁﬁ%ﬁﬁuﬂm%mﬁﬁ0u0$%
SEE TR,

5 g

UL AT AT — etk , FAT X 7Kk R e 37
R B9 5 R B S AT T AL R — 5
W R B A RS AT AL B . I8 — i N=16 )
[ B G AR 24 50 [ A, [ 3] T B A P S 15 119
WG 1KHz ~ 2KHz, 8 3 — DGR, oo iR



2N

134 15

o

B} 28 %

H91.5KHz, BFEAAEA A,/ (4sin (pi/N)) A, R 5
WX LA o FEAHF IR AR 5 o e 0 A B AL R
M P DAy 2 AN R S 9 o 0T IR P o O 3 A 3 1 %
Pkl o3 S0 B, #3 BRe 2L 17 256 & FFT J54) 3 5% 33

At L 1 Y A1

TS A8 1R 15 A 3 R BAL L

S 1 RBRONIEAE A ROR HER

& EAEIRMNE 5 IR E W L 15dB, AL
TR =40 (1O F1 200 73 3l %k A< SCH M % 07 vk (B o
Fric 4 BTOFS) FI TOPS J5 4 LA e SCHK [ 12 ] BF $2
TOFS J5 {52647 5 5, WL L Bk Dl V(B 28051, AN 1T 1
s

TOPSHi%:

,,,,,,,,,,,,,,

0.8f-------- e

0.6f----——-- oo .

,,,,,,,,,,,,,,

,,,,,,,,,,,,,,

04f-—--mmmm 77777777 T

|
T
1
0|
0
IR C)
TOFSHik
1 x
0.8f-------- | et EEEEEERRER
(Y O E ]
| !
E
| E
04F-----—--- SR —i-—— ——————————————
: } :
! Il !
T T | ROSSE SR
! It !
| ol
. ' S -
-100 -50 0 50 100
JiEFi(°)

. BTOFSHTik
T T

0.8F-------- R

_____________
,,,,,,,,,,,,,

0.6 - R

_____________

1)) SR R

,,,,,,,,,,,,,

1 \|
0 ' f
- -50 0

JrRLA )

50 100

B =R s R AR

Fig.1 DOA estimation result of three algorithms
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