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Robust Adaptive Beamforming Based on
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ABSTRACT

The adaptive beamformer has higher resolution and stronger
interference rejection than the data-independent beamformer.
However, the adaptive beamformer is very sensitive to the direc-
tion-of-arrival (DOA) errors of signal sources, the imperfect ar-
ray calibration and the error caused by the near-far effect. The
constrained least mean square algorithm is the most widely used
in adaptive beamforming technique, which will degrade dra-
matically when the mismatch in look direction exists. In order to
overcome its weakness, an adaptive beamforming technique
based on maximum likelihood estimation (MLE) is proposed in
this paper. This new method discussed in this paper chooses the
performance surface which comes from MLE, instead of the
power surface which employed in constrained LMS algorithm.
Simulation results show that this algorithm improves the ro-
bustness against uncertainties in array manifold. Meanwhile two
variable scalars are provided to adjust the convergence speed
together.

Index Terms adaptive beamforming, maximum likelihood
estimation, constrained LMS, look direction error, robust
beamforming

I, INTRODUCTION

Adaptive beamforming is a significant technology, which
has been employed in wireless communication, radar, sonar,
acoustics and seismology. Recently, several works has been
done to improve the robustness in adaptive beamforming,
against the mismatch and modeling errors, and enhancing its
interference cancellation capability. The linear constrained
minimum variance beamformer is one of the widely used
adaptive beamformers presented in ([1]-[5]). In this algo-
rithm, the weights are constrained to minimize the array out-
put power. In practical scenarios, the performance degradation
of this algorithm is pronounced, because most of these meth-
ods is much sensitive even to the slightly mismatch between
the presumed and actual array response. Such a mismatch
could be caused by look direction error [6], an imperfect cali-
bration, unknown wavefront distortion and signal fading [7],
near-far wavefront mismodeling, local scattering and other
effects. Such errors cause the unsteadiness in algorithm. Di-
agonal loading technique is a widespread approach to improve
the robustness against mismatch errors ([8]-[11]). However,

978-1-4244-1880-0/08/$25.00 ©2008 IEEE.

the major drawback of this technique is that it is not clear how
to get the optimum value of diagonal loading level based on
the recognized level of uncertainty constraint.

This paper presents a simpler robust array processing algo-
rithm. The performance criterion used is maximum likelihood.
In algorithm, the inverse of noise variance matrix is avoided.
At the same time, a new variable scalar is proposed to control
the output power. This algorithm is robust to look direction
error and also provide good rejection performance for direc-
tional interference.

The rest of the paper is organized as follows. In section
IT, the constrained LMS algorithm is summarized. In section
III, the ML-LMS algorithm is present, which optimizes the
robustness of beamforming and improves recursive imple-
mentation. Computer simulations and performance compari-
son are provided in section IV. Conclusions and points for fu-
ture work are summarized in section V.

II. CONSTRAINED LMS ALGORITHM

The structure of the adaptive array beamforming is illus-
trated in Fig.1. The system is a line array of L sensor elements
equispaced with half-wavelength. It is assumed that the de-
sired signal, x(¢) is narrowband signal and the arrival direction
@ is known as a prior. The received signal is expressed as
follows,

X(t)=Sy*s(t)+ N(1) (1)
Where S, denotes the desired signal arrival phase vector.
N(t) denotes a random noise component on elements, which
includes background noise and electronic noise generated in
the channel. It is assumed to be temporally white with zero
mean and variance equal to 03 .The array correlation matrix is
defined by,

R, = E[Xx"] 2

Where E[e] denotes the expectation and H denotes the
complex conjugate transpose. And N(¢) denotes a stationary
zero mean complex Gaussian random vector with covariance
R,, -A real-time constrained LMS algorithm for determining
the optimal weight vector is

W(n+1)=W(n)-pug(W(n) :
3)
whs,=1 vn

ICMMT2008 Proceedings



iteration number

Fig.3. experiment: the convergence speed changes with /£ using ML-LMS

the matrix inversion formula to R,, and postmultiplying by
Sy, expressed as,

1

=—RlS, )
1+aSfR;)s,

-1
Rxx SO

Where o denotes the desired signal power. Since, S(I)L[ R;,} So
is a scalar and substituted by m. Rewrite the constrained
ML-LMS algorithm as follows,

W(n+1)=

10
W (n)=2u"[1X(n+ )X " (n+ )W (n)-8,] (10)

Where 1=SI RSy, ' = u(1+am)

Since R_ is normally not available in practice, an esti-
mate of it at each iteration is made by replacing R_ by its
noise sampleX(n+l)XH(n+1) . X(n+1)denotes the array
signal sample, also known as the array snapshot, at the
(n+1) th instant of time, which usually assumed to be mod-
eled as the statistically independent observation vectors taken
from a mean multivariate complex Gaussian distribution.

The noise satisfied a stationary zero mean complex Gaus-
sian distribution is the precondition of the ML criterion.
However, in this algorithm, Gaussian distribution is no
longer the necessary condition. This algorithm is also effec-
tive when noise is uniform distribution or exponential distri-
bution.

The difference between the ML-LMS algorithm and the
constrained LMS algorithm is the decision criteria. In other
words, the surface used for calculating the gradient is not the
same. Compared with the constrained LMS algorithm,
ML-LMS algorithm omits a constrained matrix. So, the com-

I
-1 08 06 04 02 0 02 04 06 08 1
error degree(deg)

Fig.4.ouput SNR with error degree from -1 to 1 degree

plex of the computation is greatly decreased and the storage
demand is reduced. Here the scalar ¢ is not still a constant. It
is a variable scalar and adjusts the output power. In this algo-
rithm, two variable scalars control the convergence together.

ForO< u'< , with A, denoting the maximum

ax
eigenvalue of R, , the algorithm is stable and the mean value

of the estimated weights converges to the optimal weights.
Since A <7Tr(Ry,), where Tr(R,,) denotes the trace of
R, , which is equal to the average power measured on the

corresponding element of the array and is measurable, one
may select the gradient step size x' in terms of quantities

using O<pu'< . In this expressing, ¢ is a variable

2t-Tr(R)
scalar, thus the range of ' is adjustable, which improves

the flexibility of the implementation.

[V. COMPUTATION AND SIMULATIONS RESULTS

In this section, computer simulations are carried out to in-
vestigate the performance of the proposed beamformer. A lin-
ear uniform array with eight array elements is taken into ac-
count. The direction of the signal arrival is assumed to be 0" .
The direction of the two interference signals are 30°
and-70°. Signal and interference are uncorrelated. The ef-
fects of the two variable scalars are shown in Fig.2-3. Fig4-5
illustrate the change of the signal to noise ratio (SNR), when
the look direction is mismatched.

In Fig.2-3, the input signal is out of non-direction noise.

The desired source power is 20dB and the powers of two in-
terferences are both 30dB. Fig.2-3 show that the convergence

speed
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3 DERGHRAMAR
HERETXF R BRER 5 DEK
Aey, WmEtRRS T HRBERRS, ZHAMY
R THENDENEFGES, FRETRS
PEKMUENRE. MRS R 2T
2 H SR B, 88X T3 BETR
ER IR ROAERE, A3 TR TRV ERIR AR R IR,
IERSEIIX — B ARHIA BER.

AN

/|\
%
/8

B1 RCALEBHIY

Sk D E RS BORZ & E ok
kK. REERRTER. FE LD 60
A NN TR R DERA, KEMMEE
S AR EEE R, THT EERS
BRBIBIF. 1962 4F, EKEPARBHAFE
RERE T —MEH T LENEERSINE
RCA (Radar Camouflage Arrangement) ',
mE 1.RCA He& B IRAHEL 4544, 1% 12m,
rE 40m, BEX TAFSE ST 100MHz ()
AT IR B BE ) S AR AT R E R
FE2 0.5cm (RS pALRE,  LLIE 5 1A X
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TAESEACT 15GHz K& IS G 6 ) A

‘ eJ1s | HAGE R P AT R R L0 AR B

iy RCA Wit Hhidfuds 7 2T & 15 1Ak
Bi&it, JFEkEd Tl DA RS
LAl WOERe & . I I RGO 2 R AEN
TR EIMEH SIS G 1wt AR,
RCA AL T LA FIER S WM&t HAx,
A EETDERSFEAN KRN T 77 m,
G IERESETAEEERE .

RCA FHIEREINEAH A B FHAG T H
TENH: —2EXMEFER; —2WE
Hr S5 PR BB A AL o &% ok ), 1967
F3E [E Rockwell A& & THT —Fh BBIFEM
SES (Self Erectable Structure) ', Z%45HE
B, REERDN, EHRERERLE, IF
HE&—eHbErfER, Wk 2. SES HZ Z7#
JESS AR, JRZEE A€ B ERE T B
e BEE, HE&ENEPUREEER
R AES B S . PR R R A
AL BN BB R S BRI R R PR
FH BT 75 B R T TR R B . HIE BRI R PR
8.5cm. ZiH R JE 60cm B, SES mJH R
120MHz % 900MHz )85 15 NS

IEEAﬂﬁﬂ

2 SES Bk
1969 &, Rockwell 2~ @] &t T —F K H
SES K 225 5 VS (Vehicle Shield) ©®*,
kg Ea y DERMEFXES RS, RN

J1, W 3. VS HENREAEAA L 2 MY
— BRI, FER b7 SR S SES R
WL, JEREE 60cm, FHKSZHL TR X ks
VR TR S, XKy sesuor,
T2 B U AP g B AR KR A R
5. VS AU B R IR, RS
A ST EREDEANL; DTEA
)5, T B AN i SR S A
Ve WA . SES M, HRdsH T
ARG R AR R E R, FRARLT
KFEAMESE, % TRERME T X ER
RE LG RS . VS I3 T %S
ST, EUARIT DERESENGME, £X
s A1 T R 5 i S P TR, A
B EINA M VS B KRS T R s
Bk B AR, S0 TR T E Mg
HgBH*E

ANV
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1971 4E, &3t AWM RS LE,
EERGAAEITT M IEEFLREEH
CSASS ( Crossed Skirt Antiradar Screen
Structure) "%, & 4. CSASS W AHSARH
JETT L5, FoFRT G M R, A
MEBHZEMILERDNTEREKNSEER
W B 4B VAR, P 2 e AR LR ) 4B
BEE, XESE5EKSAEHEE. K
i, CSASS #iEZEIEEANE:; BEANE
FERESARIRFTIF, B A& E, 5E
T XT Hh B8 IR I BE B - CSASS X Hh 7 ]
MR ESER NI Rt 2, DISRIGHE
/N T 1) B IR BUSY B (Radar Cross
Section, RCS); HANRI 45418 I 3K T 100°,
DL 5 R ST B P42 . CSASS Wit H ikt
H T RA S5 B AR T 1
STFERER . IR TR AW B

1971 2 J5, FMEFEIINETBEKAR
&E, BEHELET R DERBAK, mMEE
ik T TERBSHARKPIR . HE 80 F14X,
N EE CBRBERRE” R, BEIKET
R BERZEMTHE, mEERFRITFGEIE
BB H AR

B 5 SSSSIa4 %

1990 4, EEAIAREHEA RS A RCA.
VS K CSASS MIFFr, witHHi—RIEER
53 $SSS!'? (Satellite Signature Suppression
Shield), WK 5. %BEGEKIFEHRAN: #
Ess DEEHEE. Wt aTAERAIMES
FEE, A TGV B AR e 4 b B/ ML BRI 5 2%
RI, PRI D EYERTFIREE. 5 K4
B EIATREtE. SSSS AHMEE RSN BREBITS
¥y, HERMHEE Imm KBTS BEER
i, RSN R VRE A JEE 0.05um )& 5
RIFEME (&), HERNRTNGRER %
BURKAR . Ba B BRTUK AL S, RIS
My 7BA BIAER R, LUREUE /MY RCS.
o5 il E AT S B RER:, (FRERE
AEEESERENER MRS ERERS
TR MBI X . B 6(a)-(d)EH T %R &
BEXTEE. BOh. AT ILE A AMRIN R A R
B BE ST HIMINR 45 5 . SSSS ZEXT 7 Al JlFE T
R ER G AR EME, mxkAT R
H 98~99% [ 5} ZE W S VIS, X FEAN AT
IR E LR o W6 RIS e
A D EMPUBOE AT HEE . 7E
R, H 10W/em® K& REBOERSS (High
Energy Laser, HEL) XJTiiffi-h 40° (F)f5 & &
AT, RRPZRD 2 HEIES R
7 REXT B B BB R

1990 42 B, EEKH T “Misty” a5
PEKRERITHE M LE Misty-1, %2
SKH T SSSS ka8,

1999 4, EEKAAF R T —FuEH
TE DERGRIEREERE™, wE
7o GRLERHEREME, HNTFHRITHIEN
MR GRS S RE. BOMRERR
IRMEIH) RCS, ™ TAET 2.4~11.2GHz i,
HAT A KT 1GHz (3B Y 58
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60
WiEAR
50!’ vV
40}
missavE 20 DR
o sol RCSIEE 150 MHz
/dBsm 10 RRTy AU 71 o Rt o o e
o Lo / Y“E ki Pt RO P Y
-10
-20p \\ 2200 MHz
-30} 950 MHz
..40 L we /'3 1 1
20 40 60 80 100 120
Aifs e/

(a) FERRHHEAN

xooo]g

100
EstEr 3

IWSR o]

ol G T T T T 2 |
0 20 40 60 80 100 120
Agif o e/°

(c) TRAREYE

ks RiE - SO
Lcs - |
/[dBsm  -80F
-100f
-11ofF
-120f
-130
-140
-|5O | e} I ST, S 1 L
0 10 20 30 40 50 60 70 80 S0 100 1i0 120
AHfy 8/°
(b) #ABEEA
100
gHRE
/w/sr 10+
l PRRTENESRY sy T T T 1
o} 20 40 60 80 100 120

A&t/ er°
(d) 4r9hreg4e

6 SSSS &4 FmliXHAE

1999 4 5 H, EBEAS T 5 Misty
EHKEGTED,

2005 4, EEEE AR R T —MER
g R, HEMWERWME 8. R4
FH D E BT BRI IE 5 8 B ESL
—EEEE, 456 BREAEER, FIA
B B 192 BOR B US 5, FRGERTHR I e
LA E. HEEKMSE, HATE
it 1% 4 Y FL4% % 1 (Inverse Synthetic Aperture
Radar, ISAR) REfgxt HAREATIRA . BTN
ERZEMHM, RPXEITEREERDH
AN FE B PR B .

B 7 2HEMARE R A

2007 9, AHREMREEKRS THE=A
ZH g T2 Misty-111.

B3 E4h, A RERME T Wi T DE
FETREBEARMIIF, EAKEILR LMK
1.

ey 378

30 [AEAM }-——h&mwx |14

8 ERMEZALLEMIER

~ 1%
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4 RENREE

H T2 T W g e TR B S BR R R AT
W, BRTPEKBRS FEH AL EIE.
Wt AT RSN R & 34T, HEE
ALIE LA S K

1) B&BARITRINKEE, REER
fpaEXN PERS IR, 5K 4EAH
b, HETHE R AT b e TR S B
VR R P ITER, K AN RS N fRT v,
KPEAREE 5 T XTI R 2 MR 2 R DA
BRI 4, RN E T 3R A TS 1 RE 5
BE 77 - T 18 B TT 45 M T A ks i B 5 1 AR
LER, FHHBEIERNHEK.

2) EATAEHFEMDEGSME. X
SRR LT G5 A B IE B AR A R AR
WaEH . BRS R S R ARME. FiREE
W%, FATRERSE/REIELURGE
MBEHEE RS . BR. OB TS RIIA
25 B AR I E AR R S

3) DERRSHERESR. AR
BIEROGF R A B E 2, TR AT BRER
54 B 6 AT RSBV A BEEAT TR, R
ok B8 B Y, RS fA LR 17 B
X 458

4) BEERRER . RAKSEKTD
B, HEg = RETESHICER IR E4e
RS CEIEXTHUE S RLR), X TR H A
P A5 A5 Rk 8 5 B o 4k TR 58 %
S s s, RABSINER TR, Nk
K E 5 RCS, )£ FF A7 5 16456 2 T 5 HLxot
RS, WA s N PR, HAE
o DI A SN o AR R 4 52 B K v
4k TR AM AR (R, HOxd b s T 82 g th
St X MR R P T R 2 SRR ik
P10 TR A A LA SE B S RO B £, 3L

BRI BRI —E =R, SRS/
SAMEILTE & RCS SRS A3 R 285
A RIX L ) 7L ) BO& 1

5 EHBAESM. MEAGHRS. A
# B ESAEHR & E L RZE K8 F 6 7]
R A A RFF LR, KA DENH
BHES; FERBOLENEERSET AL
BRABMATAER, A DEMRERRSH
HEBRAHKTE, BEMELHASZNIE
AT BAE ST B ARBEAT BRER IR, FFXfE
HAr2EATHLBh SRR, AR BERA
7 E

6) FRETREKAEMNHEBEA. BET
XGRS R RS 5 RREN AR A
FEAKRE S, BEEERNARENAERE,
HEHa O BEZEEE. RRNES DE
Ko b3t b R LRSS, 277
ke BRI BRI ETTH. FBTRE X
AUERH A FTEAZREE RS TR
oF, BMEBESGAK RCS, £BE2T;
A EZ IRy oo

A, BERSGEACHEHNNEER
BREANBIEEIE. Bt TR KRAINE
SETMERS, HE5T7 A thhe g K
EhEaMCR oA Eshiket. BEERSE. B5
MEL . BERES AT EARBA
Wik g, RKRMFERSDECKRESEENTE
f 477 m S5 e KPUITdae 1. R A
KEEATEFEY, DEBEBRAZZHERRLX
RIBOR, AR, 583 T 2% AR Rl
A A RESEI.

Sk
(#5529 71)
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