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Doppler Compensation in Airborne Forward-Looking
Radar for Ground Short Range Clutter

CAO lJian-shu WANG Xue-gang
(School of Electronic Engineering, Univ. of Elec. Sci. & Tech. of China Chengdu 610054)

Abstract In the ground short range target detection of airborne forward-looking arrays, the clutter Doppler
frequency highly depends on range. A Doppler compensation method based on vector similarity criteria is proposed,
which can estimate the compensation values from the received clutter data. The Doppler compensation, as a
pre-processing of space time adaptive processing (STAP) corresponding to clutter data of various range bins, can be
utilized for efficient solution of the ground short range clutter nonhomogeneous problem. The method in the pulse
domain has the same impact as in Doppler domain and is suitable for parallel implementation; moreover, it has the
advantage of low complexity. The simulation shows that a high performance improvement factor can be obtained
when it is applied to the pre-processing of STAP.

Key words airborne forward-looking radar; STAP; clutter suppression; Doppler compensation

[1-4]

(5]

Ja

2005 - 07 — 15
(1970 -)



321

3
f, = %cos(e +a)cos(p) = %[cos(y/) cos(a) — \/cosz (p) — cos®(y) sin(a)] (1)
cos(y) = cos(8) cos(yp) a=-m/2 \%
@
2V
fy == ~o0s" (9) - cos” (y) e
h R, r Q@
2 g2
p=sint By 3)
r 2r(R, +h)
2 @ 1 Ja r
2 V=150 m/s h=6000m A=0.1m f=1
300 Hz 10 km 30 km
10 30km
VA
—f
: )2
| : v i
N}/\\/ :
(7 \\\
y (o)
1 2
2 (fa  cos(y))
2
N K i j -
/ n k x, (n,k) n
Xl(t) (n) = [x/ (n’l)lx[ (I’l, 2)! : 'yx/ (n,K)]T
i X, =[X,, @), X,y (@ X,y (T
X, =0%;, 7@ X (@) X TN
Yij A =diag[D,D,---,D],., D =diag[L.e”,--- e’ * D], .
Ax.f
- X, XJ. FFT Y, Y/.’t ijt ko
YJ'Jxko
- X, X, FFT Y., Y, k,



322 35
Yjvko
Euclidean
ky=pK/2n
,B -
. 2
p ik T il
minl,, |
D FUF =M1 <<H>” M F I
) el
. 2 . 2 R 2
mﬂln"AXj - X,.|2 = nl:n Yok — Vi , = nl(!n Y ko —Y,."2
. 2 R 2
n}(;n"va’ka _Yivf||2 m/;!n"AX.f B X[”z
. 2
min |V, i, =i, = max(Re(Y, ., "Y;. ) @)
. 2
minfY,, Y[, = max(Re,,"Y,) ®)
@) K Yi(
Yii) Y, (O Yi( Y
ko K NK XK
Yj ( Yj,r) kO
kO
min| AX, - X, | = max(Re(X ' A" X,)) = max(Re[ X, X (1) D" X, (n)]) =
% i Rl = Mma j i) = Z 2o\ i\ =
K N ., ) K .
max(Re{ [T x; (n,k)x; (n.)]e 7)) = max(Re[ X yie ™)) (6)
k=1 n=1 k=1
N .
y(k) = 33, (n.k)x, (k) 7)
® @) X, X/ X,
(Hadamard ) N (k) K y(k)
NK
A AX
KN
3
4x24 N=24 K=32 2=0.1m
h=6 000 m £,=1 300 Hz V=150 m/s
cos(yo)= 0.245 2 CNR=60 dB —-40 dB -20dB
10 30km 18.75 km [
3
4
[8-9]

3DT



3 : 323

60 dB ( CNR;x NK=88.8 dB) =+~
5] ( y=165m/s h=6060 m 2=0.098 m
)
8.5 T T
o e
ST5F-N--t------ R
o] Mg
651 -1 R R
ol M
5'510 15 20 2 30
r/km
3 4

[1] Klemm R. Adaptive airborne MTI: comparison of sideways and forward looking radar[C]// IEEE National Radar Conference -
Proceedings. Alexandria: [s.n.]. 1995:614-618.

[2] Richardson P G Hayward S D. Adaptive space time processing for forward looking radar[C]// IEEE National Radar Conference
-Proceedings. Alexandria: [s.n.], 1995: 629-634.

[3] Klemm R. STAP for circular forward looking array antennas[C]// IEE Conference Publication. Edinburgh: [s.n.], 1997: 300-304.

[4] Wang Y L, Bao Z, Peng Y N. STAP with medium PRF mode for non-side-looking airborne Radar[J]. IEEE Transactions on
Aerospace and Electronic Systems, 2000, 36(2): 609-620.

[5] , , . [91. , 2001, 29(6): 721-725.

[6] , . [M]. : , 2000.

[7] Klemm R. Adaptive clutter suppression for airborne phased array radars[J]. IEE Proceedings, Part F: Communications, Radar and
Signal Processing, 1983, 130(1): 125-132.

[8] , , . 1)1 , 1994, 16(1): 38-48.

[9] , , . @) , 1994, 16(2): 17-27.



