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IDENTIFYING THE NUMBER OF AIRCRAFT IN FORMATION

FLIGHT USING ISAR TECHNIQUE
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(Department of Electronic Engineering . Nanjing University of Aeronautics and
Astronautics. Nanjing 210026, China)

Abstract: In this paper, an attempt at applying the cross- range one-dimensional ISAR processing
for identifying the number of aircraft in formation flight is described. The procedure will succeed only
if the translational motion of the target is compensated perfectly. The two-dimensional ISAR motion
compensation methods based on high resolution range profile., such as the scatter point referencing
and the track-the-target centroid, can not be used here. The track fitting method . which can be used
for one-dimensional ISAR motion compensation. relies on a parametric model and suffers from a seri-
ous defect of large amount of computation. The authors proposed an iterative dominant scatterer
method for one-dimensional ISAR motion compensation. It is robust and nonparametric with low
computational complexity. Live echo signals from two fighter planes in formation flight have been
collected using an S band surveillance radar. The cross-range one-dimensional ISAR processing was
done. Experimental results show that identifying the number of aircraft in formation flight via cross-

range one-dimensional ISAR processing is feasible.

Key words:
flight; radar resolution
CLC number: V243 Document code: A

Development of inverse synthetic aperture
radar (ISAR), which possesses high cross-range
resolution capabilities, made it possible to resolve
target scatterers for various purposes including tar-
get imaging and target recognition. Unfortunate-
ly, ISAR imposes large bandwidth requirement on
radar design, and entails additional cost and com-
plexity. However, bandwidth of the majority of
existing and planned search and tracking radars is
not wide enough to provide sufficient range resolu-
tion. Nevertheless, cross-range one-dimensional
ISAR technique may be used in narrowband coher-
ent radars to enhance cross-range resolution and to
realize cross-range one-dimensional imaging of
moving target such as aircraft or identification of
the number of aircraft in formation flight. Some

authors have shown the experimental results of

inverse synthetic aperture radar; radar imagery: motion compensation; formation

cross-range one-dimensional ISAR imaging of a
single flying aircraft®"*, An attempt to apply
cross-range one-dimensional ISAR technique for i-
dentifying the number of aircraft in formation
flight was reported”®, but only simulation data
were used to verify the idea, and the motion com-
pensation method needs to be improved . Motion
compensation is a key step in ISAR processing.
ISAR  motion ‘

methods™'* based on high resolution range profile,

Two-dimensional compensation
such as the scatter point referencing and the track-
the-target centroid, can not be used in cross-range
one-dimensional ISAR processing. The trajectory
fitting motion compensation method has been
adopted in one-dimensional ISAR processing to ob-
tain the cross-range one-dimensional image of a

single flying aircraft™?), The trajectory fitting
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method assumes a parametric model of the transla-
tional motion of the target, and needs multi-di-
mensional search in realization. So this method
lacks in robustness, and demands large amount of
computation. '

The authors proposed a robust and computa-
tionally simple motion compensation method for
one-dimensional ISAR processing , namely the iter-
ative dominant scatterer method. Live echo signals
from two fighter planes in formation flight were
acquired using an S band surveillance radar. Off-
line processing was carried out for the recorded da-
ta. Our experimental results reveal the feasibility
of identifying the number of aircraft in formation
flight via one-dimensional ISAR processing in nar-

row band coherent radar systems.

1 Motion Compensation in Cross-Range
One-dimensional ISAR processing

The motion of a target can be decomposed in-
to the translational motion of the target relative to
the radar and the rotational motion of the target
relative to a reference point on the target itself.
One-dimensional ISAR processing for the echo da-
ta contains two steps. First, the phase component
of echo signals corresponding to translational mo-
tion is removed through motion compensation.
Then, the cross- range one-dimensional image is
reconstructed by performing Fourier transform on
the compensated data.

One-dimensional ISAR motion compensation
can be realized using trajectory fitting method™*.
For uniform motion of a target, the radial motion
relative to the radar in a short period of time can be
considered to be with a uniform acceleration. The
phase ¢(¢) induced by the translational motion of
the target can be described by a quadratic polyno-
mial such as

o) =at* + Pt + 7 @)
where a and S are parameters to be estimated,
while 7 is a constant which has not any influence
on the final result, and can be ignored. Let S(z)
be echo signal. The signal after motion compensa-

tion Spc(2) is

Sme(2) = S(2) e™#® ¢))
Performing Fourier transform on Sn..(t), one can
reconstruct the cross-range one-dimensional image

g(r) of the target as »
g(r) = Jsm(t) e iztdy (3)

where r denotes the cross-range variable. Accord-
ing to maximum likelihood principle, and adopting
peak maximization criterion, define the objective
function for motion compensation as

C(a,B) = max|g(r)| (4)

The optimum estimate is

(ay,B,) = Arg r(r:.z?)(C(a,,B) (5)
In practice, one just need to identify the number of
targets. So the position of the targets on the cross-
range coordinate axis, which is dependent on £ in
Eq. (1), is of no concern. One need not work on
B. Hence, the two-dimensional searching process

can be simplified to a one-dimensional one as

a, = Arg maxC(a,f3) (6)

This method is computationally expensive. The
initial value of a in searching process depends on
information about the radial velocity of target. In
addition, in order to find a,, the searching interval
should be large enough and the searching step
should be small enough.

Furthermore, in many practical cases phase
¢@(t) can not be exactly described by a second order
polynomial. Instead, a higher order polynomial is
required. In such cases the optimum estimate p, of

the parameter vector p is

po = Arg maxC(p) 7
4

where C(p) denotes the objective function. Obvi-
ously, this is a multi-dimensional searching prob-
lem which requires even larger amount of computa-
tion.

To avoid the assumption of parametric model
for phase ¢(¢) and the large amount of computa-
tion of trajectory fitting method, the iterative
dominant scatterer method is develocped. By this
method one can extract the phase information,

which is needed for performing the motion com-
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pensation, from the strongest scatterer in the
cross-range one-dimensional image, and eliminate
the second order and higher order phase error from
echo data. The method is a modified and general-
ized version of the phase gradient autofocus
method ™ for SAR and the modified Doppler cen-
troid tracking method™ for two-dimensional IS-
AR.

The iterative dominant scatterer method can
be summarized as the following routine.
I. Perform Fourier transform on echo data to
achieve a cross-range one-dimensional image, and

find out max|g(r)|. Motion compensation has not
{ o

been performed yet.

I. Isolate and separate the strongest scatterer.
Perform inverse Fourier transform. The phase of
the resulting data is just the translational phase
component that needs to be removed in motion

compensation. Perform Fourier transform on the

. Repeat I until max|g(r)| does not increase

any more.

In comparison with the trajectory fitting
method, the iterative dominant scatterer method
demands a greatly reduced amount of computa-
tion. Usually, the algorithm converges after sever-
al steps of iteration. Furthermore, this method is

nonparametric and robust.

2 Processing Results of Live Data

Live echo data from two fighter planes in for-
mation flight have been collected using an S band
surveillance radar in 1990. The cross-range one-di-
mensional ISAR processing was carried out. Figs.
1. 2, and 3 show the processing results for data of
80, 120, and 160 pulse repetition intervals, re-
spectively. In the figures, (a), (b), and (c) rep-
resent the result obtained by direct Doppler pro-
cessing, trajectory fitting, and iterative dominant

scatterer procedure, respectively.

compensated data, then one can see that
max | g (r) |increases.
6000 6000 10000
4§ 4000 £ 4000 E
& £ £ 5000
: 5 >
2
= 2000 < 2000 <
0 50 100 0 50 T00 0 50 100
Cross-range cell Cross-range cell Cross-range cell
(a) (b) (©)
Fig.1 One-dimensional ISAR processing results, 80 PRI
(a) direct Doppler processing; (b) trajectory fitting; (c) iterative dominant scatterer
10000 15000 15000
o g 3
3 2 10000 = 10000
E 5000 ) 5
g s 5000 s 5000
0 50 100 -150 0 50 100 150 0 50 100 150
Cross-range cell Cross-range cell Cross-range cell
() (®) (©

Fig.2 One-dimensional ISAR processing results, 120 PRI

(a) direct Doppler processing; (b) trajectory fitting; (c) iterative dominant scatterer
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Fig.3 One-dimensional ISAR processing results, 160 PRI

(a) direct Doppler processing; (b) trajectory fitting; (c) iterative dominant scatterer

3 Concluding Remarks

Based on the above results, one may make the
following observations.

1) Direct Doppler processing without motion
compensation suffers from poor resolution, and
may miscount the number of aircraft. When the
processed number of pulse repetition intervals in-
creases, the higher order phase error becomes larg-
er, so the performance of direct Doppler processing
deteriorates further.

2) Whereas both trajectory fitting and itera-
tive dominant scatterer methods c_ar; improve reso-
lution and ability of identifying the number of air-
craft, the latter needs much less amount of compu-
tation than the former, and will further manifest
its merit when higher order phase error exists in e-
cho data.
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MR, RRBEEREALNRRRRRTEENSH . X[1]#E Lincoln L
EFEMRES BERER S HAGEA. BETEEKa KR, BEMRMESSH A2 0. 3n.
RIS RT, BAKRENEBESRIHFEEERLN—EEER. XRIBEEEHR
BT ERRE (MP) BRSNS B S IS B HR15R (GMTD), LU R ES B H7AUHR (GMTIn) .
& GMTI HARETE Joint STARS 0 AN-APGT6 BXEFEA[3], HEEBHSPERT REE4].

ANAPGT AR HEA N 3-20m , X [1IRIERAZ.

Joint STARS F AN-APG 76 HLECEIER OMTI 2K, LR EBTEAUET SRR 2K (5], B
—f% SAR KPR F TR E T SAR BT OMTL. XX[2, 3R F IMIF SRR BRMEENNTE. &
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MR B R, FHAmEEEe.
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ERUZET% SAR/ISAR BTLARIFAC=/5B4r, BN SAR, F#H{X, 0 ISAR.
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