Jun. 2013

Transactions of Nanjing University of Aeronautics & Astronautics

IMPROVED DOPPLER WARPING METHOD FOR
AIRBORNE RADAR WITH
NON-SIDELOOKING ARRAY

Vol. 30 No. 2

Zhao Jun GRRZE) ", Shen Mingwei (JL ) s Zhu Daiyin CRASE)D® s Zhu Zhaoda (RIKIK)?

B

(1. Aeronautic Ordnance Engineer Department, The First Aeronautical Institute of Air Force, Xinyang, 464000, P. R. China;

2. College of Computer &. Information, Hohai University, Nanjing, 211100, P. R. China;
3. College of Electronic and Information Engineering, Nanjing University of Aeronautics

and Astronautics, Nanjing, 210016, P. R. China)

Abstract: Traditional range-dependency compensation space time adaptive processing (STAP) methods usually in-
volve aligning the clutter spectrums in a certain point to reduce the clutter non-homogeneity. A novel compensation
STAP method is proposed as an improved Doppler warping (DW) method for airborne radar with non-sidelooking
radar. This method facilitates DW method to bring clutter spectrum of different range gates together in the main-
lobe and subsequently compensation to accomplish space angle of different range gates alignment at multiple
Doppler bins. Simulation results show that the proposed method can further reduce the clutter non-homogeneity of
non-sidelooking array and significantly outperform traditional algorithms with only a little increase of the computa-
tion load.

Key words: non-sidelooking array; airborne radar; Doppler warping; clutter suppression; space-time adaptive pro-

cessing

CLC number; TN951 Document code: A

INTRODUCTION

Space time adaptive processing ( STAP)
techniques are used in airborne radar systems to
improve the performance of detecting slow-mov-
ing targets. However, traditional STAP approa-
ches almost exclusively consider airborne radar
with sidelooking uniform linear array and seldom
non-sidelooking airborne radar (non-SLAR). In
fact, the clutter spectra of non-SLAR change
with range and interference in different range cells
are not independent identical distributed (IID)
with interference in cell under test (CUT). Since
the premise of statistical STAP approaches is to

have sufficient training IID samples with interfer-
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ence to estimate the covariance matrix of CUT,
the performance of traditional statistical STAP
methods degrades dramatically.

In the last few years, a number of contribu-

U1 where the clutter

tions have been reported
range-dependency problem is largely addressed
and different approaches are proposed. Among
them, compensation techniques are the effective
ones to remove the non-consistency characteristics
of non-SLAR such as Doppler warping (DW)!#
and angle-Doppler compensation (ADC)™* meth-
od. These technologies are demonstrated to re-
cover the performance degradation induced by
However,

particular geometry in many cases.

they still suffer from significant loss due to the
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residual clutter dispersion in the training sample manipulations
data set. LN 2fa A . 2/
(27(7) <L> 4 cos* B — / ficosﬁcosa:
Therefore, a novel strategy of the training fam I Fam [+
cos”fsin’ a (3)

sample processing is proposed as an improved DW
method to compensate the spectrum in the main-
lobe and clutter trajectory variability of non-
SLAR over multiple Doppler bins. Simulation re-
sults illustrate the effectiveness of the proposed

method.

1 CLUTTER PROPERTIES OF
NON-SLAR

Consider a pulse Doppler radar situated on an
airborne platform, which is moving at a constant
velocity of v, as shown in Fig. 1. The radar an-
tenna is a uniformly linear array (ULA) consis-
ting of N elements. And K pulses are collected in
a coherent processing interval. The placed angle
between the axis of the array and the flight direc-
tion is @, and B is the cone angle between the axis
and the clutter scatter at elevation § and azimuth
¢. The Doppler frequency fand the space fre-

quency f, of the scatter can be denoted as

fa :Zlcossb:z—vcos&cossﬁ (D)
A A
f« = cosf=rcosfcos(p—a) (2)

where ¢ is the cone angle between the flight direc-
tion and the array, which satisfies the equation
cosg=cosfcosg, and A the RF wavelength.

From Egs.(1—2) we obtain the angle-

Doppler relationship of clutter scatter after some
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Fig. 1 Geometry of airborne radar with ULA and clut-

ter scatter

where f4n = 2v/A is the maximum Doppler fre-
quency and f, the pulse repetition frequency.
From Eq. (3), for a sidelooking array, the
placed angle becomes ¢=0° and the clutter power
spectra are overlapped straight lines in the ]7(,—
cos@ plane. But for a non-SLAR, the placed angle
satisfies 0<C@<C90° and the power spectra are a set
of ellipse with constant rotated angles. The com-
parison of clutter spectra distribution between
sidelooking arrays and non-SLLAR arrays at the
slant distance R, of 10,15,40,400 km is given in
Fig. 2.
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Fig. 2 Comparison of clutter spectrum distribution of

ULA

From Fig. 2, we can see the clutter trajectories
of sidelooking arrays are stationary over a range in
angle-Doppler space while those of the non-SLLAR ar-

rays change with the change of range. An adaptive
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weight of STAP method trained from a set of range
gates in the vicinity of CUT will not be usable for
null clutter in the CUT since the location of clutter
for a given Doppler bin varies with the change of
range, thus the performance of statistical STAP

methods degrade.

2 STAP METHOD FOR NON-SLAR
2.1 Processing with DW method

Suppose the cone angle of main beam is g and
2L target-free echo vectors X, (/[=—L,-,—1,1,
==, L) in vicinity of CUT, defined in the 0th
range cell, are collected as training samples to es-
timate the interference covariance matrix. From
Eq. (3), the normalized Doppler frequency differ-
ence between the /th secondary range cell and the

0th range cell in the mainlobe direction is

A?cn:f(n*fdo 4)
where
?(u :/1277.}<COS(1COS[8+«/COSZ(91_Coszﬁsina) (5)

The transformation matrix for the /th range

gate of DW algorithm can be expressed as

TDW,/ = Tu ® IN (6)
where
1 0 0
0 exp(i2xAfa) - 0
T,= |, . .
0 0 exp(i2n(K—1DAfa)

D)
and Iy is the NX N identity matrix.

The [th secondary data processed with DW
method is

Xpw., = Thw. X, (8)

The clutter spectra distribution of non-SLLAR
(a=60°) after processing with DW method is giv-
en in Fig. 3.

After preprocessed by DW algorithm, the
clutter spectra at secondary range cells are collo-
cated and the clutter in the centers of main beam
is homogeneous, but in the directions of the side-
lobe, there is still a large clutter dispersion. In

order to further reduce the clutter range-depend-
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Fig. 3 Distribution of clutter spectrum with DW

method

ency of non-SLAR, an improved DW (IDW)

method is proposed.
2.2 IDW method

The main idea of IDW method is to further
reduce the residual dispersion in the sidelobe area
of non-SLLAR. Multiple Doppler bins, which lie
in the vicinity of the Doppler bin points to spec-
trum center of CUT, are firstly selected, and a
subsequent space angle compensation is per-
formed to align the trajectory of /th range gate
with that of CUT in each Doppler bin. Compared
with DW method, clutter dispersion processed
with IDW method is further reduced as the trajec-
tories have been co-located in multiple Doppler
bins.

The /th secondary data processed with DW
method Xpw., is transformed to a N X K matrix
Xpw.: and then FFT is performed over the time di-
mension. According to Eq. (3), for the /th sec-
ondary data, the cone angle changes at the fre-
quency F, is

AcosBy. = cosf,., — cosf,.o D)

where

cospB,., =cosa * F,++/cos’0,— F? sina (10)
where 8,., is the cone angle correspond to the pth
Doppler bin for the /th range cell, F, the center
frequency in the pth Doppler bin, p= — P, -,
—1,1,+-,P, where 2P denotes the total number
of the Doppler bins and F,= f4. The compensa-
tion factor of IDW method for the [th secondary

range gate can be denoted as
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Ty, =

1 1

exp (jZTr %A cosﬁl_,)

Then the processed secondary data is

};DW.[ - TIDW,/@ }/DW.Z (12

where ;(/DW,/ is the transformation of Xpw., after
FFT is performed.

Finally, inverse fast Fourier transformation
(IFFT) is performed over the columns of }/mw.[
and Xipw., are obtained. And then N X K matrix
X'ow. is transformed back to a NK X 1 vector.
The principle of IDW algorithm is shown in
Fig. 4.
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Fig.4 Principle of IDW method

The IDW algorithm applied at the /th sec-
ondary range cell can be summarized in the fol-
lowing steps:

(1) Apply the compensation factor Tpy,, of
the DW algorithm to the /th secondary range cell
and get the processed data Xpy., = Thy., X, with
DW method;

(2) Transform Xpw., into a N X K matrix
Xtw., and perform a FFT over the time dimen-
sion;

(3) Select 2P Doppler bins nearby the

Doppler bin corresponding to the mainlobe direc-

exp (jZTt %A cosﬁz.z)

_exp(jZTr %(N— DA cosp ) exp(j2n %(N— DA cosp... )

1

exp (jZTr %A cosﬁp,,>

exp(j2n %(N— DA cospr. )

(1D
tion of the CUT and calculate the cone angle
difference Acosg,.; at the pth Doppler bin; form
matrix Tipw.; s

(4) Perform Hadamard inner product with

Tww., and Xpw.,» and obtain the compensated data

X/IDW./ =Tpw. @X/DW./ H
(5) Perform an IFFT over the processed ma-
trix };Dw., and then transform it back into a NK X

1 vector.

3 SIMULATION RESULTS

Simulation parameters are given in Table 1,
CUT is assumed to lie in R,=12 km and 128 data
from range cell adjacent to CUT are collected as
training samples to estimate the covariance. A re-
duced dimension method, namely 3DT-SAP algo-
rithm"* is used to reduce the dimension of pro-
cessed data, The minimum variance power spec-

(1s] optimum  processor

trum comparison  of
(OPTHH, IDW, ADC, DW and sample matrix
inversion (SMD ™ is given in Fig. 5, compari-
sons of improved factor (IF)™*! are shown in

Fig. 6.

Table 1 Parameters in simulation
Parameter Value
v/(mes ") 130
Radar platform height H/m 8 000
A/m 0.23
N 8
K 8
Bandwidth B/MHz 1
f+/Hz 2 260
Element space d/m 0.115
Clutter to noise ratio CNR/dB 50

Fig. 5 shows all clutter spectra of compensa-
tion STAP methods, including IDW, ADC and

DW, are significant narrower than spectra with-
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out compensation (SMD. Apparently, IDW dem-
onstrates a further improvement with respect to
both ADC and DW method because the latter only
reduces the clutter dispersion in one Doppler bin
while the former in multiple Doppler bins. This
fact is also confirmed in Fig. 6, where the im-
proved factor of IDW outperforms 2. 92 dB than
ADC method and 10.02 dB than DW method.
The comparison of the required training samples
and computation load of compensation STAP

methods are given in Tables 2—3.
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Fig.5 Comparison of clutter spectrum of compensa-

tion STAP methods for non-SLAR(a=60°")
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Fig. 6 Comparison of IF of compensation STAP meth-
ods for non-SLAR(¢=60")

As the non-homogeneity of non-SLAR in-
creases with the placed angle «, the benefit of
IDW method increases too. Under the condition
of @a=30°, IF of IDW outperforms 4. 03 dB than
that of DW method. When ¢ = 60" and « = 90°,
the values increase to 10. 02 dB and 13. 14 dB. To
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further improve the performance of IDW method, Table 2 Comparison of training samples of compensation

more Doppler bins to compensation should be a- STAP methods

dopted, but this will lead to an increasingly heavy Method DW ADC  IDW
Number of training sample 48 48 48

computation load.

Table 3 Comparison of computation load of compensation STAP methods

Complexity of Total computation

Method Complexity of covariance matrix estimation .
adaptive vector load
DW (24* +64%) X 48X 8 24% X 8+24% X 8 1.91X10°
ADC (24* +64%) X 48X 8 24% X 8+24* X8 1.91X10°
IDW (242+242+642+2X%10g28>></18><8 249 X 84-247 X 8 2.14X10°
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