ACTA H_ECTRONICA SINICA

Vol.37 No.6
Jun. 2009

TNO58. 92 A

, 100084)

0372-2112 (2009) 06-1338-05

The Influence of Quadrature Demodulation Errors on
Broadband Beanforming

L1 Ning,TANGJun ,PENG Ying ning
( Department d Hectronic Enginesring, Tsinghua University , Bejing 100084, China)

Abdtract :

The quadrature demodulation errors in broadband phased array radar will influence the performance of the broad-

band beamforming. Based on the broadband signal model and demodulation error model the covariance matrices of the time-domain

and frequency-domain broadband beamforming in error case are derived. Through the analysis of the covariance matrix ,it is found

that the degrees of freedom o the interference will increase and the performance of beamforming will become worse. Consider the
demodulation errors,more degrees of freedom should be provided to a read radar system.

Key words:

1
(9gnd to Inteference and Noise Rdtio,
SINR) . ,
[1]
[2,3]
[4]
' 2
) 2.1
:2007-09-04 ; :2008-03-31
: (No. 60602048) ; (No. 20060112118) ;

[2.3],

broadband phased array radar ; broadband beamf orming; quadrature demodulation errors

SINR

(No. 20094010040)



6 1339
N y =0, M - 1) Whn. m»
x(t) W =] Woo W10 Wn-1,0
2 Wom-1Wim-1Wn-1m-1] . MNX1
B
2
x|t =v| f0;0;T v f:t:T) dz f 1
[J [ ° J I-? [ J Z[J () (Minimum Variance Digortiorless Response ,MVDR)
v tT) Jn=ep[jatf(t+7,)] Nx1 SINR
n(n=0,1, ,N-1) fo [”. : MVDR
_ Tou :
B =7 wi= gl c"r1d “tcHR? 2
.u=[d9rBcos® s sn® coH ]’ ‘R .
0 @ ( C=1w®ly MN X MN e
0 ).r=[Xynzal" xe =(10 o" Mx1 ,
.dz(f) 1, 0.1y Nx1 1 NOL
E[dz(f)] =0, E[dz(f)dz " (g) ] = P(f)d (f - @) dfdg, _
E[dz(f)dz(g) ] =0,dz(- f) =dz (- f). P(f) MVDR
R . , R
2.2 X R= E[ xx"] . » X =] Xo0,0
X1,0 XN-1,0  Xo,M-1 Xl,M-lxN—l,M-l]T:X m n
' - m
1 (23], 1 ,R Hh I (in
phas) Q(quadrature) , ’ ’
Ri= H,=1.90, W, I Q : ’
=Wn=0. : Rn 3.2
Hn (pn l'IJI'I (Rn! Hn:(pnylpn FOUrIer (D|$rae
). Fourier Trandorm ,DFT) .
cos(2nft-@,) DFT ,
&—| R, || LPF|
x(0
o4 © ,
—@— -
M
-sin(21tfotw_)
Bl EA MR " MVER
3 Ao r
w (3
LA ersere
’ :v(m) m .R(m)
, : m ,
R(m) = E[ X(m) X"(m)] : :
' X(m) m ,
1.7
: DFT . ,
3.1 )
M (Fnite ,
Inpulse Regponse ,FIR) . n m(m



1340

2009
4 (pn:l'lJn)
. rank () ,Q,P :
4.1 crank (Q  P) <rank( Q) xrank
(P). (4 (5), rank ( AA") =1 rank
(BB") =1.
FIR T,
. :
el [y
T2
B
(ol LA a @ |
2
A,B , N x1
[A]n:-l[Rnei“’anei“’J [, = \
2 , Nx N Q P, Q
'12‘[ R.e - Hne'j‘pﬂ ) Hadamerd P Q P
AA" BB"
B
m
. B =
R 100MHz, fo=1GHz. s =0(
R(m) = (AA") IZB a(f, m P(f) wdf ). 4 ( ),
'23 u=[-0.6,-0.4,0.3,0.5].4
+(BB" J’ZB b(f,m P(f) (w") “df (5) , 30cB. N =32
2
s'nz[T[M -é-- m] FIR M=8
ca(f,m = N ; M=8.
gnm| L. 10
LB T M) , Rn, Ha [0.8,1.2]
an[ﬂM _é_+m] ) ®n. P, [-3.3]
b(f,m =" F 15 o 2
s'nz_n -~
0
(
(4 (5 ).
4 (5

(R\= H,



6 1341
- I35, B R TE ,
} ——E% _
i ——R%E '
“ ! N=8 N=32 SINR
o
™ l 3
¥ 20 I
& ! :
10 : ,
. ' : IS T R
0 50 : 700 750 200 750 . —
HFHEA S A
% S, B BRTE B 5k
dopd : : ——EiRE 8
| | ——RE .10 |
T !
| | | -15 |
m 30 ldg | |
= | N | 20f
2o L NSNSy T N-=8
£ I I 25 . ,—N=32
- I : -1 05 05 1
| |
L, 1, [Tyt ‘ 5
1 | 1 l 1 1 1
5 10 15 20 25 30
R GE A 5 A6
B2 ARVRREST TR B AR S AE B BRI R W
, 2
--------- N=8
4.3 SINR 1 — N2
SINR e 05 0 05 1
u
, B3 AR VAR 2 % SINR 4 Bk 49 & W
SINR , (4
(5)
, SINR LsnR . )
SINR SINR (
). 5
u=0,
, -1 1,
3 ,
Lsnr 3 100 ,
3 ) ,SINR
SINR
3 N=8 ( )
N=32 ,SNR Lsnr 1dB
Lanr [1] VAN TREES H L. Optimum Array Processing:Part IV of De-

tection, Estimation, and Modulation Theory [M]. New York:



1342

2009

John Wiley & Sons,2002.17 - 668.

[2] KLEMM R. Space-time Adgptive Processing: Principles and

Applications[ M ]. London: Institution of Hectrical Engineers,

1998. 543 - 599.

NICKE. U. On the influence of channel errors on array signa

processing methods[J]. Archiv fuer Hektronik und Uebertra-

gungstechnik : Bectronics and Communication,1993,47(7) :209

- 219.

[4] AALFS D D,HOLDER EJ. Impact of wideband channel-to-
channel mismatch on adaptive arrays[ A]. |EEE Sensor Array
and Multichannel Signal Processing Workshop[ C]. Cambridge,
MA ,USA :IEEE,2000. 459 - 463.

[5] RABIDEAU D J,GALBEIS RJ,et d. An Sband digita array
radar testbed[ A]. | EEE Phased Array Systems and Technol ogy
[C].Boston,MA ,USA :1EEE,2003. 113 - 118.

[6] ENDERJ H G,BRENNER A R. PAMIR a wideband phased
array SAR/ M TI system[J]. | EE Proceedings- Radar , Sonar and
Navigation,2003,150(6) :165 - 172.

[7] GODORA L C. Application of the fast Fourier transform to
broadband beamforming[J]. Journd of the Acoustical Society

(3

—_—

o America,1995,98(7) :230 - 240.

[8] GUERCI J R. Principa components, covariance matrix tapers,
and the subspace leakage problem. |EEE Transactions on
Aerospace and Hectronic Systems,2002,38(1) :152 - 162.

[9] . [M]. : :

2004.59 - 105.

ZHANG X D. Matrix andysis and gpplications[ M ]. Beijing:

Tsinghua Press,2004.59 - 105. (in chinese)

1982 .
. Bmail :rrli04 @mail's. tsnghua. edu. cn

1973

Emeil :tang ur-ee @il . t9nghua. edu. cn

1939

. 200
Emeil :ynpeng @il . t9nghua. edu. cn



