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A broadband high-resolution beam forming method for collocated
multiple-input multiple-output sonars

YANG Guang WANG Fupo LI Shugiu ZHANG Xiang
(The Lab of Oceanic Information Technology, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190)

Abstract A high steering resolution can be obtained by using the high-resolution beam
forming method for collocated multiple-input multiple-output (MIMO) sonar. Based on
narrow-band methods, a broadband high-resolution beam forming method is proposed. The
performance of the method is analyzed with numerical simulation, and is validated with lake
experiments. The results show that the broadband high-resolution beam forming method is
effective to the collocated MIMO sonar and a high steering resolution is achieved in high
signal-to-noise ratio (SNR) conditions. The resolution decreases with the SNR reductions. The
computations of the method are much larger than the ones for conventional beam forming
methods. The proposed method may be employed for improving the steering resolution of a
system in high SNR conditions when computation capacities are satisfied.

Key words  Collocated MIMO sonar, Beam forming, Steered minimum variance

2010-07-06 B FH; 2010-12-13 52 Fs

1R &R/ #06 (1983-), B, dbui A, ELOUE, B TR KEES R,
FAh (1981-), B, w154,
IR (1963-), &, BIRA, 18RRI,
TKEE(1983-), B, H EEFAE.

"M WA 13, E-mail:doublex07@hotmail.com



132 A07%

2011 %3 A

it

1 5l

351 :AMIMO 75 g ] LUE i3 il fL e
BRI E BRI HE S, FEFIE S AL
e —MEE BRSO, &
SrgrE, SRR PR L — PR
EMIMOE AT Lo HEae 1. =ik
A TS RARE % BT
BHEWEM, QRIS BN ER.
B TFEREHE. FRERERTE. #
HBRRFEU M FEEBERTE. H
BN E TR E MM (Minimum Variance
Distortionless Response, MVDR) /7% ( X#F
Capon 71%) B—FHARIB A Z R HE.
fHMVDR 5 % & — M A o Jii%, MIMO 44
FHMNESEEERHNRES, FERINTE
KMVDRITVEBIT RHY &

T W & /NJ7E ( Steered Minimum
Variance, STMV) V£ R&MVDR &R
RE—MEREN, e52 TR FLEY
BEA -, IES AR
BMETHEE D FRENTEESTMVE
o SCR[7145 H T A HMIMO 5 44 1) 55 73 9
BRI ALAEHFIAMIMOTE 41 H
PR ALV PO A = M AT R
R —FEW RSP ERE S ERS PR
77, L HOE 0 EANSERR SR db BT
B AT T RAE .

2 HFIXMIMOEHAUSTMV AL HiR
Frf&it

MIMO 75 4K H i 17 5 SR8 # W B8
R, WERXMAREEL. A HE, XE
HAKHAHRESHUBITES, AT R
B EHHER X TN EHFMIMOEH AL,
BBHEMA R ETT, MAERET, 7T

ARV () P9 () B RAEHCA N, M5
HMIMO 75 4 1% W [ e B )45 5 3B T L
RAA

Y™ =a(0)p(O)bT ()™ + W™ (1)

Heb (Y RERHE, OCRREHES,
YN MM NEEBCEIR R, SN AMXNE
REBEHE, pO)RFBERNERNA
¥, a0) AERTHERE, bO) AR FH
K&, W M <N FEHERE, g W™ F
B TCENHEM M FIE T EH o2l 1
HE s, B(0) RMEBIME RN Z MR
R A . RARFEOTT B B(O) AT ET LU
AN, R AT LUE T
NI

REMVDRIE 1, AR W AT
AR R

R a(6)

a' (R a(8) -

w=

@

Hor () RasERE L e &,

R = Lywym 3)
N .
X (3) ABWESH T EFEHEE (Cross
Spectral Density Matrix, CSDM) K441t .

MVDRFEF i H Th R ] RR K

() =[a"@OR™ a@)]" (@)

MVDRE; 3R k2% B dhn H nf R 78 A

B _ at (e)ﬁ,NB-' yNB
a (@R a()

- (%)

aH (H)RNB WNB

= B(O)bT (6)SNB <
FOw ) +a”(l9)R""3’1a(6).

K 5 PEWTE IR LGA K EME AT, Eit
BN e 1ERIET BB £(6) KIMVDRAG it



FI0HEFE2H

B ot % HINE AT RN & R T 133

a(@)RNE™ YNBSNB" p* ()

a 0 < ) (
0 N[a" ()R a(@)][b" (O)RE?H' ()] |
(6)
Horp () RREHHE,
“NB_l NB ONBY
Ry = NS S (M

iR (6) AJLAMREIE#IE L TMIMO
A BRI, JESHTTR RS,
MVDR J5 A7 A v 8 BeoRr B T . w1,
HETHREN (4 AWEm. KiHESH
DR TO0Hz R AE S, FR2 A
7Hz, 35Hz, 70Hz, #HWUfE%LL10dB, H
FrATr40°, 1680 BETC. 245 38 B h o
PR M10%E, FMRELRER. —KA
HHEANTHOHERI%N G S HEWHE
2, BT LEAAMVDRFES FREES
BT REAE .

_1%7’%'ﬁ
—-—=5%H :
u .;.......lo%ﬁ?«ﬁ --------------------------------

1 -{LE/dB

—-80 —60 —40 -20 O 20 40 60 80
Fhire
Bl R STMVDRIY & 1 1 52

FEFEHEEAT, X (D) KRG SHERE
ATy A
Y =a(0,w)3(0,0)b" (6,w)S+W . (8)

Hy IM NI o w BEIR R, SA
MXNHI T RSB, B(0,0) Fox HER
MERSEZS, a@,0) NERFER AR
8, b(0,0) ARFERITALRE, W AMxN
Fmg RS . Ho S0, 0) « a8, w) F15(6,w)

WG SMEN AL, ARFESHEMT,
BRESHNIFE N 0, <0< o, , WITTH
AN o, FICSDMARBE T AR R

2 1 ' ' H

K(ay) =ﬁY (k)Y'(k) ‘ )
HepI<k<h, Y'(k)Ramxty EE 24
JESE N o R 2. R SCER61H 1 F R

P 5 % 4 B ( Steered Covariance Matrix,
STCM) HIHE %, AIRSTCMEfhTHA

Rom(®)= 3 DUOK@)D(O)"  (10)

Hrh
elo(d) 0 v 0
0 eimn(9)
D, (6)=
0 . ejﬂ’lr.blrfl(o) N

(11

7,(0) RoRGF7 T B AR5 e 4 T
FIAH XS LERT o

STMV 5MVDR [ A8 £ 7R 48 %€ J7 1]
fE SR EHERT, FHEA S R E
S5tk E /D, mFTARIKZ BT BAH K
R R ik e TR B R KR
R B LA E AT B AR &M, (2D
EZ24H TMVDRBURER, STMVAIR
£ 1) ## A L MVDR B % 8 ) A R X ZE T
a(0,w) B R 1R ES,

STMVEEF 4t h&F n] R A

A A -1
P (0)=[ 1, RO) 1, |
1

Ly, [i Dy (6)K () D, (8)" }_ La,
pan )
(12)

H, RAMXIFE1IRE.
STMV Fik 2l g m= (10) &



134 &‘ﬂf’?

2011 3 A

STCMK#4T 7+ & K, MVDR T EME
CSDM. CSDM (¥4t v 5 W30 i ] P9 (4 3
EENE L, MSTCMEE MU ENE K,
WERAESHHEREBE K. W (100 FXfk
IR0, B 7RSI b3 W A5 5 B [ 43
RoBRBATT EM. mBRSBERETHE
SR BSR4 A IEA S fi . WICSDMAN
STCM#Y 4 & Wishart 7+ 4, &A1 B B4
R ANFINB. Bl R T IRG MR G T ZE,
STCM%E R AT LAAH E CSDM 1 I 58 /b i 30 U
HimEN©,

FELEF R ER, KA TR ER
METOE i — T BRI 4 T FEMVDR 7 ¥4 3Rk 5K
WSTMVIHITHE . HEKBENMERERER—
ANTFRE, 4518 IR FREAE S M
A _E RIS RS 45 SR, FFE T R R R AT
HATHIAAME . AMERRIES TUARR N

F(n,0) = %é[),, (Q)Y'(k)ej%"k (13)

BUSEX I 345 SR TFFT R M, R #
ANFESREHAT O AME, FRAMEL R AR
BEATFFTIE AR #e, 133 4Mz2 /5 10 I R 503
R TRERIVE 1, LR S STMV T iE
PHE T A R B A

M (3) HICSDMAtHTTAF R K

R(®) = %f(n,é’)f’(n, O)H (14)

Xt &1 ME R H 25 REATMVDRIZ
B, HTFEFHEZECLHT T AAAME,
B SmMAEBESHENAFELR, SHER
a(@,0) ATIRE.

MEL BRI LLE Y, HRAFETER
— AN FREHATAMER I ECSDME R L 2
HESTCMMiE R, ME it # % /EMVDR &
AR B2 N 21658, MVDRIIZHER A T
X EEFFSTMVI ikt . FikEgA

BW T E R — A FREST R AME, it
HEMVDR A+, Bl ] LL 78 $MIMO 75 44 1
STMV ALt ik

5 (13) AENFHRHES#T
FHAL #M

~ h Jrasm
S(n,0) =%Z;D;(9)S'(k)e N (15)
k= .

R
eiwero () 0 0
; 0 eimi (6)
D (6) =
0 cer glorti(8) |
(16)

ACETN T &k -
HiFHIAHN LR . BT &PETRBE T CE
AT T AME, Hik (6) FHEREER
a(0,0) 5 b(0,0) ¥IHE1RE, WATLEE
Huwy RIEMERN

ﬂA(g) = erAR(G?‘l Y(Q)S(HA)H Ly,
NI, R(O) 1y, 1003, Rss (D)1, ]

(17)

Hor

Ry(6)= %S(n,ﬁ)g(n,ﬁ)“ 3

B S FE 0 A STMV 7 i3 B b5 7
RIS THEEEAE R, E2FTR. B &
TEH B B BOE TE B A 7 AL R B AT A
%, BRI, M
TE& AN AL % 5 5 BAR T BT A B T 1Y
WEEMF, BIA LSS HRESH4AIKE,
14 Fl & AN R 5 G745 B0 B9 T 80+ 8 0
FEARE, REEER (17) KA
It o) . 58|,KRME T (Maximum
Likelihood, ML) 753401/, A(6) itk AMH
A% £ 7 L B Ay SR8 0 B BT A



F30EHEFE2H

oot S HIIRXEASHER W &S PR AT IE

135

R I B2 T

P LM, T

I H SMBIAE R L ] RIALIEE |

01 62 9‘1 gl e’_’ ew 61 Q GM
K2

| IR 4] \ LSRG ] l L TRG. |

Rs(6) ™ Rys(8) ] Rysl0) =]

[ wwhor || wwke | B
! ! i

i R AR TR U7 3 B

B2 STMVIJ7i% B A7 frfdivHHE

3 WEHESKELER

W5 E AT MIMO 5 1STMV 7 % B
FRA PSSR, HEEMLT ERE &R
AT T xR RAES T h4, [EEE
16m; #BWBEIC 164, BIFEIm: KIHFFEM
BWMEETR—KFL L. RiHES &M
VB E A Bk AI{E 5, 7E700~800 Hz N LA 10 Hz
Rl BBk, MEAE Nt RS, BEHIEFR
AL T-30°0542. E3(a). (b). (c)FI(d)75itL
BT E &G TMLAEMSTMV b i 1E &
W 5t 4> 5 520dB. 0dB. —10dBHI
—20dB TR E PR TT. X BEMER TS
FIRERBRAEREBERNTEE SR SRS
hERZ .

B3R HEELERATUEN, 5
W Eb 52 B STMV 7 VL Re 5 78 21| Lk ML 7 ¥k
HBREHHASES, AR RFESNE
FSHAMBILL . BEEER L EILSTMV 7%
BT L 53 B ST BT T M, S Lt
BT . ML 7T VE T A o B D REAE R Lh R
RN BRI ARHE. JERERERE &
TR (-20dB) B, STMV LRI L4y HiRs
HEERNEMLA %, B, FEEREERER

R HISTMV J5 ¥ 0] LA4S 3 BB 47 16 B AR 43 B
Bt TER LR MLTERES, HA6E
Mg AR AL B K IML T VA B R g 1 5 AL 4
M BES

T K 20095 T B BIEREHE LR T
MLA& A ERISTMVAS U AER 23 . R
5 KR s Ui B Tk, H AN e a3
BT HARA A RSB SR 5 - BrBas K
FHFAKT15mik, BEBHEWPELI845m, #
Wz Bt {3 P IR BE A 1 mA 16K ok B i FHGPS
TEER, WAMERE NS m. LIS
AR IR A, CPAT T R P I S P
MR FR . BT RS, Haedsfs T-31.9°
700, HGPSALRRITE IR . HABLIE R
BEGEA. a7 ReESEA
FREE T IERT . AAMEESI AR X H B
SHE S W RS RS, BT ER
H #rfs B 5 & 4 51 4860 mA1-30.0°, 53K
br B ARG BAEEIRE, HEREN1.78%, /i
PR ZE 16.33% . X FE XA & B bR B 5 LAk v
SR MR R A M
FEE R, HERI RS A BRAR M 2 H AR ST .
TR ET B T RARF BB A& AME,
RURAAEE A, M HSIN T HFE A
ERTH, KRS, XEHLSEHET &



136

20113 A

13— {k4yiH/dB

e
(a) SNR=20dB

A1k /dB

i i i i i
=70 =32 -30 -28 -26

(c) SNR=—10dB

JidLr

B—{5%HdB

Jifrre
(d) SNR=—20dB

E3 ML S STMY ISR AR R R 7 6020 9 7 bR

P B R ISTMV 5 ik 7= A M BE I F (%
BEazs 17 #KBIEML = RISTMY )7 78
Ff) HAR T DA T 4 R AR . AZE AT LA
FH, MLFTEMSTMV 18 8 45 8 K5
R, 25 8-31.9°H1-31.6°, HENF1%.
EMLA BB EH WA LR KT
STMViiE . B AR 20 B s b A fdit 45
FHEEA BN X 5E3(d)M4E K A-20dB
BT A5 BRARL. SEIG BRI KA 2T S S
Hoh a7 pB U 28 REUE A E M T, B
BRI A oAt e i s, A S
AR, WATRENREE T H R
EEA-15.71dB, HEHETRILE PRI
BAC, mz b rHEENER, RAHR
BIE20 BT AR, RITTHE
R,

J1—F i /B
8

—40
~50 -40 =30 =20 ~10

e
B4 SERREOE TR S 0 HUR

4 R%

A SCE TEXF % e o o T IR R AR
T FE A TR 5 MIMO 7 94 1) 5 4 5 4
R R TE R JT 5, S8 I U8 17 B AR 4



F30EE 2 M

Bt % IS AL HERRE RO PR RITE 137

PR ITIEHAT T AT MRUE. 45 RERH %
T7ER] LUK 35 AMIMO 75 g 34T 5 43
RIER, S OL AT LIS BB Ty
frorHERE S, BE(SRLLATRRAR T LB 0 T
R, ASMRTERENEBHBZATH
MR T 5. EiEE o BERAE
e LB R A ST AT LUR A A7 iR 3 AR
BT hr 5 BrERE .

(1]

[2]

2 £ X ®

WILCOX D, SELLATHURAI M, RATNARAJAH T. A
comparison of MIMO and phased array radar with the
application of music [C]. Conference Record of the
Forty-First Asilomar Conference on Signals, Systems and
Computers, 2007.

CHUN Y C, VAIDYANATHAN P P. A subspace method

(3

[4]

{51

(6]

M

for MIMO radar space-time adaptive processing [C]. IEEE
Intemnational Conference on Acoustics, Speech and Signal
Processing, 2007.

H, 7. APESEA{EMIMOMN & & 8l it Rk
WPEBIF [ K, 2008, 36(9): 1804-1809.
GUOHUA W, YILONG L. High
MIMO-HFSWR using sparse frequency waveform [C]. 9th
International Conference on Signal Processing, 2008.

PAL P, VAIDYANATHAN P P. Frequency invariant MVDR
beamforming without filters and implementation using
MIMO radar [C]. IEEE International Conference on
Acoustics, Speech and Signal Processing, 2009.

JEFFREY K, DAVID S. multiple broad-band source

location using steered covariance matrices [C]. IEEE

resolution

Transactions on Acoustics, Speech and Signal Processing,
1989, 37(10): 1481-1494

LUZHOU X, JIAN L, STOICA P. Target detection and
parameter estimation for MIMO radar systems [C]. IEEE
Transactions on Aerospace and Electronic Systems, 2008,
44(3): 927-939.



