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Maximum Likelhood DOA Estimation in Radar Low2 Angle Tracking Environment
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Abstract: Based m the temporaRspatial sequential Maximum Likelihood( ML) algorthm, a new algorithm for estimating the eR

evation angle of a target in radar low2angle tracking envronmert is presented. According to the range of the target and the height of the
antenna, the new algorithm first gets the relation of the direct and specular signals in elevation. Then a on€ dimensional search are done

on the likelihood function. Campared to the temparal spatial sequential ML algorithm, the new algarithm not only has a low camputation

complexty, but also has a good performance. The theoretical analysis and computer simulation results demonstrate the merits of the new
algorthm.

Key words: maximum likelihood estimation; directia2 o2 arrival; low2 angle tracking

[1~ 4]

, MUSIC (3]

(6l ,  MUSIC

[7~9] [10] he s hy , Ra

» [T [11]
5 RdURma

s

120020807, 12004203229
7 { No. 413070403)



1521

" e .!‘/*(_‘/‘ -
( NS i
R -.t‘\l
e
1
),
M ( M)

x(m)= A(()S(m)+ n(m), m=0,1,, ,M- 1 (1)
AC()=[a(H), a(H)], A (= [H,B]"T
JH B (

),a(H) a(kh) , S(m)=[Si(m), S,
(m)]7, Si(m)= siexp( 2Pfsim$t)
,S1 , fai
Sa(m) = Qexp(j 7) S1( m) , Q
.7
, St , n( m)
( )
[7]
O,
, o
(FFT).
fdl.
x(fa),  x(far)
= Ex(mep(- 2Pm$ity).
T(()= x"(far) Pax(fur) (2)
H , Pa= A(A"A) A",
(= argn(axT( O) (3)
’ [3]’ '
(
).
FFT (

(3)

[12]
(D

sin( Hi)= ( h- hr)/ Ry
sin(I-E)= - (ht+ hr)/RmU' (ht+ hr)/ Rd
H= - arcsin(sin( H)+ 2h;/ Rq)

s

3

(6) A )
A= [a(H), a(- arcsin(sin(H)+ 2h,/ Rqg)) ]

Tn (H) = x"(£41) Py x(f'a1)
Py = An( ANTAN) T T AT

s

M= argnb?xTN(Hl)

(4
)
(6)

(7

(8)

9



1522

2004

; [13].

M:
Bias( ()= E{(- (}=0 (10)
R,

Var( ()= E{[ ¢ - ECOILC- E(OIT)= FPRe ' {#5

4
D"PiD#, ) + % Re ' { # D"PAD#,} Re {( D"PAD)
P (A"A) "JRe '{#4D"PAD#,} (11)
E{#} ,Re{#} , P Hadamard
R, FFT ,  E{n(fu)n"

M- 1

(fa}= R, n(fa) = F n(m)exp(- j2PmS$ fa1), #p= diag
m=0

M1

(Sp1, Sp2), Pi= I- Pa Spi= E Si(m)exp(- j2PmS$ ), D
m=0

= [d(H), d(H)], d(H)= graCH).

[ 14] ,  (11)

, N | Spi| %/ Ry(FFT )

s s

RZ
Mse( () U 7“Re’ Y #IDTP AD#, ) (12)

\S)

b

BiasN(H1)= E{H]— H1}= 0
(13)

Varn(M)) = E{{M - E(H)][H- E(HM)]}= %Re"

4
{ SHDYP ADn S, 1+ %Re- 2{SUDNPAD\S, }Re{sum[ ( D¥P £ Dy)
P (A"A) T} (14)

sum {# } 5= [ 521", De= g
AN~ 5 5
R
Msey () U5Re ' {S;DRP A D\, } (15)
h h
h= [ ! 12} - D'PAD  hy
hay hy
i hN12i| o L
= DNP & Dy, h by
|:h\121 hno
2
h
Mse(H) U R — (16)

2| Spil *hyihy- his’eos’( 7))

R} 1
2] Spy| “hyyy+ Qhygyt 2Qhy5008( 7)

s

Msey (M) U

(17

7="P/2 , 71=0 P ,
7=0 , 7
=P 7=0 ,
( ),
, ) [3]
, [3]
7="P/2
, Mse(H;) E Msen(Hh), 7 P/2
0 » Mse(H)) ,  Msey (1) >
OF 7FP/2
, 7=0 . ,
OF 7FP/2 ,
) , P/2< 7FP
( , ,
1), ,
OF 7FP/2 ,
5
10 , ,
( ) 80m, 100km,
500Hz, Ims, Q=01 9. ,
( FFT
)- ,
( (12) (19 ) o *
, 200
M 128, 0
, 4000m,
( )
7 2
7=P , 1=0
7=P



1523

7
7=012P, 2 , 3
7=012P, 0 >
4 5 4000m
M M 128
14
1 \‘ . \\
iz \f ®08 e
F’l‘ o \ )// % » \\
i R 0dk_ . * =
£, \\_T__ g ““*
0 0z o4 o5 on g 5 T ; s
(308 TRNELL /5 T
2 3
- -
L \ L \\
= \\ u i
3 I U
08 . - o 0.5 -
& - £y +
a = > - - . & . B 4 . }_‘_\H
* - - 4
f:h 50 W 0. X 3% 300 gﬂﬁ‘-) -Iﬂ.ﬂ(' /000 000 a0
e BiEmE /*
4 5
6
[ 17 SHERMAN S M. Conplex indicated angles applied to unresolved radar

targets and multipath[J] . TEEE Trans, 1971, AES- 7(1):160- 170.

[2]

[3]

[4]

[5]

Lol

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

WHITE W D. Low2angle radar tracking in the presence of multipath
[J]. IEEE Trans, 1974, AES- 10(6): 835- 852

TRUNK GV, et al. Bounds on elevation error estimates of a target in
multipath[ J]. [EEE Trans, 1979, AES- 15(6): 883- 887.
ZOLTOWSKI M, et al. Beamspace ML bearing estimation incorporating
lowangle geometry] J]. IEEE Trans, 1991, AES- 27(3): 441- 458
SCHMIT R. Multiple emitter location and signal parameter estimation
[J]. IEEE Trans, 1986, AP- 34(3):276- 280.

ZIKIND I, et al. Maximum lkelihood localization of multiple sources
by alternating projection[ J]. IEEE Trans, 1988, ASSP- 36( 10): 1553
- 1560.

(1. L1997, 25(6): 71~ 76.

[J1. , 1997,25(9): 69- 73.
. )))
[D]. , 1996.
LI J, et al. Maximum likelihood angle estimation for signals with known
waveforms[ J] . I[EEE Trans, 1993, SP- 41(9):2850- 2861.
LI J, et al. Computationally efficient angle estimation for signals with
known waveforms[ J] . IEEE Trans, 1995, SP- 43(9):2154- 2163.
HAOY, & al. A new sinplified temporaPspatial maximum likelihood
algorithm for DOA estimation[A]. 6th Intemational Conference on SP
[ C]. Beijing Posts & Telecom Press,2002. 174- 177.
> . [R].
,2003.
STOICA P, et al. MUSIC, maximum likelihood, and CrameR2Rao
bound: further results and comparisons[ J] . IEEE Trans, 1990, ASSP
- 38(12):2140- 2150.

,1938 6



