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Incoherent Processing of ISAR data for Moving Targets’ Detection
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ABSTRACT

An efficient incoherent scheme to detect moving targets’

signitures out of heavily corrupted ISAR data is

presented. The proposed scheme, converts a received signal in two-dimensional space-time domain into the one in

two-dimensional spatial frequency-temporal frequency domain to exploit spatial frequency functions extracted from

some specific a finite number of temporal frequencies.

incoherently added such that the moving targets’

In this method, selected spatial frequency functions are

signitures can be detected. The bandwidth of the targets’

signitures in the spatial frequency domain are determined and the pre-processing procedure required prior to

incoherent addition is described. we present two methods, called zero-padding method and Nyquist interpolation

method,

results led by each method are presented.

I . Introduction
Inverse Synthetic Aperture Radar(ISAR) is a
coherent imaging method that utilizes the motion
of a target to synthesize the effect of a large

aperture amennal I I.

For the success of a coherent
imaging, the moving target’s velocity should be
g the received ISAR

data are corrupted by heavy clutter and thus, the

known a priori In general,

estimated velocity is pretty often inaccurate, which

to implement the proposed scheme. The differences of these methods are described and the simulation

degrades the reconstructed image quality”*"”]
Recently, we proposed a velocity estimation
scheme, called subaperture processing, which is

applicable to both SAR and ISAR environment'®.

The proposed scheme could function under a low
target-to-clutter ratio(TCR)

In this paper, we propose a detecting scheme
of moving targets‘ signitures under a heavy clutter
from ISAR data, which makes possible to filter

out the considerable amount of clutter. This in
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turn enables us to estimate velocity estimation
properly. Hence, this method can be viewed as a
pre-processing for ISAR imaging. Besides this
application, the proposed method itself is valuable
as a novel method for moving targets’ detection'”’.
In Section II, we present a ISAR system model
for multiple moving targets and investigate some
ISAR

frequency domain. In Section [[l, we present a

properties of echoed signal in spatial
blind-velocity multiple target detection scheme and
examine its feasibility. =~ We next propose two
methods to implement the proposed scheme and
results in Section IV and

show simulation

conclusions are followed.

II. ISAR Model with Multiple
Moving Targets

ISAR

geometry on the (x,y) plane as shown in Figure

Consider a  two-dimensional system
1. A radar located at (0,0) illuminates the target
(1)
The

radar makes such transmissions and corresponding

area with a time dependent pulsed signal
and records the resultant echoed signals.

receptions at discrete times of
2uy
unknown multiple targets are moving within the
radar’s The
assumed to have constant velocity

ue [—u, ul

(we call data acquisition time) while

footprint. nth  moving target is
(-A,,—B,)
during the radar’s data acquisition time interval,
which is plausible in that 22, is normally short
time period. Note thatz is a time variable
indicating the instant of the pulse transmission
while / denotes delay time variable. The targets’
coordinates at #=( are denoted by (x,,v,). Then,
the »th
(x,y) = (x,—A,u,y,— B,u). For a fixed u, the

the radar and the nth

target at timey is located  at

distance between
R,(w), is

target,

R,(0)=V (x,— A)*+ (v,— B,w)*

The two-dimensional recorded signal is

50 (et = 5,00+ D—En_ o 4 2R2)

= R0 g = W
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a2 1. olF FREES EWe= A2d W

(1) where s.(f) is the static clutter signature that
can be assumed to be invariant of 1, ¢ is the
propagation speed, g, is the nth target’s reflectance
that includes antenna gain and propagation path
loss. We model the clutter as an additive white
Gaussian noise with variance ¢°. Thus, for a given
u, the ratio of the power received from the nth
target to  the
(S./ )~ g2/( R where R,=\x%+y%=R,(0).

Taking the one-dimensional Fourier transform of

white  noise  variance s

both sides of (1) with respect to ¢ yields

stu, ) =S.(w)+ Pw)

2
= expl 2k (x,— A"+ (y,— B,
ol (x,— A,0°+ (v,— B,w)*
where @ is radial frequency for¢ and £ is
wavenumber defined as w/c. (2) can be

interpreted as a sinario where the nth target is

stationary at ( x,,v,) and

¥ Y

a3 2. #H3R A=H)

the radar moves with velocity vector (A,,B,), as

illustrated in Fig. 2. We can view this scenario
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with respect to a spatial domain (X, Y), which is
a ¢ ,rotated version of the origianl domain (x,yv)

where §,=arctan(A,/B,), as follows: a radar
moves on Y-axis with speed V,,Em,
making transmissions and corresponding receptions
while a target is stationary, located at (X, V,)
which is defined as

X,1=[ cosf, —sind, [ x,
Yy sind, cosd, ||,

Then, the system model of (2) can be rewritten

as

s(u, =S, (0) + Hw) Zﬂgn X+ (Y — V.2

(3)

Taking the Fourier transform on both sides of (3)

with respect to we[—u, u,] yields'"

S(k,, w)=S (w) sinc(k,uy) + P w)

n o em R <2 . Ry
‘B APl Ei T G AR
V»ik“*( v

n

(C))

where %, denote the spatial frequency domain for
u, @, 1is constant that is the function of
gy kouy and V, and 7,(-) is an indicator

(band) function defined by

). 2k V,sinf, + )]

uy Vicos 6, uyVicos“0,
R, R,

Ly | IRV, sing, -

| 0 otherwise

(&)

where R,=V X2+ Yi=\V 24> . Note that the

signature of the nth target is centered around
H,=2kV,sin8,=2kA, (6)
and the bandwidth of this support band is

. UWUViCOS:en o 41?”0331
=R, -~ I i

in the &, domain. /7, depends on % (or ), as
illustrated in Fig. 3.

Thus, the following approximations holds for the
amplitude function in (4):

Copyright (C) 2003 NuriMedia Co., Ltd.

exp[2k Xo+(Y,— V']

a, . a, _ a, (8)
\/4/22—( %)2 ~ 2kV,cosb,  2kB,

It is assumed that in the %, domain, the signature
of each target does not overlap with the clutter
signature and the signatures of the other targets;
1€

I(a) I{a)=0 for all j+n and «
{I,,(a) I(a)=0 for all n and «a.

where /. -) is the support band for the clutter

signature. This assumption can be satisfied if each
target is moving and its velocity vector is
different from each other.

k=k)
J\ "
2k,A,
k=ky) /\
» k,

a2 3. k, FolM9] 2dER) R

To filter out the clutter signature in the £k,
domain, we may use a bandstop filter with a
rejection band identified by [— #/wg, 7/ u,]. In
the following sections, we do not carry the

clutter signature, assuming it has been filtered out.

Il. Target Detection

In section II, we presented the ISAR signal
representations in different domains, i.e., s(u, 7,
s(u,w) and  S(k,, w). To coherently detect
moving targets’ signiture, we may use a statistic
/ defined as,

¢(X, Yy, Vo $)=| 228(ky, @)

) 5 ki o .k,
exp[*]\/ A —(5°) X—j3 Yal L( k) |

where (X,,Y,.V,, ¢, is the target parameter

space. Then, we should find peak valueds for /
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via varying parameters (X,,Y,,V,,4,). This
procedure is computationally intensive. The other
alternative is, for a given (V,,¢,), to use the
ISAR imaging algorithm to reconstruct the target
region. If there were a target with parameters
(V,.,), then this target would appear in the
reconstructed image. The reconstructed image
around the target location should show
significantly  higher target-to-clutter ratio(TCR)
than the TCR in the measurement (z,# domain.
This is due to the fact that the reconstruction
algorithm coherently combines the target signature
for image formation. However, this process should
be repeated for all values of (V,, 4, in its
prescribed parameter space. Thus, this approach
also requires a significant computation time. In
the following, we propose a incoherent detection
methods that is practical in regard to computation
time. The echoed signal due to the nth target

can be simply rewritten as (see (4))

. 2 ku 2 'ku
S(kyr @)= B,(R) expli() 4# — ()X, +i 3 V,)]

9)

where

B B= (@) .
4 = ()

Under a heavy clutter, i.e., very low TCR, the
signal signature at one temporal frequency,
whether it is in the 2 domain or £, domain, is
hardly detectable.

We define the following linear —mapping
h,=k,/k. Then, (9) can be rewritten with

respect to /4, by the following:

Sk, 0)=Qh, k)

. hu . . hu
= B,(k) CXD[J/@(\ 1=(57) Xutivg YD1 L(kh,).

(10)

(10) implies that unlike in the £%, domain, the
spectral support of the echoed signal in the 7,
domain is independent of « (or k). This means
the energy of the echoed signal is centered
around 24,

regardless of its  frequency

component, which is evident in Fig. 6 to appear
in Section IV.

Including the presence of Gaussian noise, the
echoed signal at wave number £ is expressed as
follows:

X, R)=B,(k) expli&(R)] I,(kh,)+n (k) +jn (k)

where
- hu 2 hu
EH=H| 4~ () Xt 3 ¥,

and »n, and n, are real and imaginary

components of a complex Guassian noise variable.
Here, we assume that  they are zero mean
Gaussian random variables with variance &°. By
the proper choice of an orthonormal set, (10) is

rewritten as
Qh, k)= Bk I(h,)+wlk)+jw,(k) (11)

where for notational simplicity, subscript » is
dropped in A(k) and (k) and w.(k) and w,(k)

are two components in a two dimensional vector

1,( k,)space formed with a new orthonormal set(see Fig.

4). Note that w.(k and w(k) are also zero

mean Gaussian

BUOI(h,) AE——wn (k)

a2 4. e 7 U

random variable with a variance o°. Now,
consider the sum of |Q(k,, #,)|”’s obtained at
different wavenumber %, Using (11), this sum that

is normalized with the number of frequency N, is
represented by

)= B 10 k)= L Bk)? + w.(k)]
(12)
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where z(k)=p(k;)+ w k). Hence, z(k) is a
Gaussian random variable with mean A(k,) and
variance ¢°. To examine the statistical property for
2(h,), we will first find a moment generating
function. The moment generating function for
24 (k,) is

¢ (D= Elexp[2*(k)p]]

B(k))
o5 1 da(k)

fexp[z (k)p]T exp[—

Bk)*o
—20%0

=\/1_1 ; exp[ ]

20%0
where p is an independent variable for a moment
generating  function. The moment generating

function for w°(%,) is, by the same procedure,

¢ wny(0) = Vlj—m .

Hence, the resultant moment generating function
for x(k,) is expressed as

b0 = 1-280) ¥ exo| 75 (28]
(13)

By the property of the moment generating
function, the mean and the variance for x(4,)

can be found as follows:

E[x(h,,n:l 0O pey= 20"+ A
Vard x(h,)] = dr o k] pmg— (BT AT (14)
=4 (242
N
where
_ 1 N
A= ﬁ}lb‘*(k,) (15)

To examine the statistical property of A, we
rephrase (15) into

] (16)

To obtain (16), we used (7) and (16). For
bandpass signal, |ky— k|< k&, holds. Thus, A is

Copygight (C) 2003 NuriMedia Co., Ltd.

random process with respect to N and does not
increase or decrease as N increases. This implies
the variance of x(%,) is inversely proportional to
N, or, as N increases, a target signature in the
x(h,) will gradually become prominent in the

region of

uy B, u“ n
TS SO PRE )](eee<5>
and (6)).

IV. Simulation Results

First step to implement the proposed algorithm
is to modify the received signal in the (%,,w)

domain into the signal in the ( %,,w) domain. As
shown in Fig.3, the location of the center of
gravity of the echoed signal in the £, domain
varies depending on the frequency component.
However, it does not depend on the frequency
component in the %, domain. Let 4 be the
sample spacing in the k%, domain, which is

A=2n/2u, by the DFT(Discrete  Fourier

Transform) theory. Then there exist m,’s that
meet the equitations 2
kiA,=Ad%m; (i=1-N) (17)

where 4 m, represents the value of &, that
maximizes the amplitude of the frequency
component at w=w, that is, [S(k,, w). To
convert the echoed signal into ( %,, w) domain, or,

to colocate the center of gravities of each

frequency component, s’ should be the same
regardless of %, which is mathematically impos-
sible. This problem was tackled by two methods.
In the first method, we made the sample spacing
4 vary depending on k. Let 4, be the desired
sample spacing in the %, domain for k=#k;. To
make all ;s be equal, 4, should satisfy

2k A,/ 4;=2k; A,/ 4; , which results in
A:] 4;= kil k (18)

, or equivalently,

www.dbpia.co.kr
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u;i=u; kil k; (19)

because of 4,=2z/2u«; where 2u, denote the
desired data acquisition time for 4=k, In reality,
2u, can not be different for different frequency
component (%, w;). Due to the fact that if (&,
then «,> u; by (19), we, for convinence, fixed
uy=u, and other ;s were calculated by
w,= uykyl k; (see (19)). As the actual acquisition
time is 2wy, s(u, w;) should be synthesized by

zero-padding, that is,

s(u, w;) for |ul< wuy
stu, w) = (20)
0 for |ul> ug

The zero-padding shown in (20) guarantees m,’s
in (17) are equal for any frequency components.
However, via zero-padding, the number of
samples are different for each frequency
component. Let M denote the number of pulse
transmissions. Then, the number of data samples
for k=ky becomes M. For data samples of the
other frequency components, after taking FFT
with respect to « and applying the conversion
algorithm into ( z,,%k) , we have only to cut off
samples of higher spatial frequencies that exceed
the number of sample M. In the following
discussion, we call this the zero-padding method.
In the second method, we made (18) satisfied by
using  interpolation  rather  than by  the
zero-padding. If %<k, , 44, by (18). Thus, in
this method, we set Ady=4=2x/2u, and
determine 4, by 4;=A4yk;/ky . We then
interpolated the sample values of S(m4,, ;)
from  S(nd,w,) by the following Nyquist

interpolation formula

sin('z—(n A;,—md))

S(nd, w)= 2 S(md, w;)
e —g(nd,—md)

@D

Although the range of >} is —o to oo, we, by
windowing, used 4 to 6 adjacent samples to

reduce the computation time. As this method

Copyright (C) 2003 NuriMedia Co., Ltd.

changes the sample spacing in the %, domain
depending on the frequency component, the
number of samples are different, as in the
zero-padding method. Thus we can remove data
samples exceeding M exactly in the same manner
as we did in the zero-padding method.

After converting the data in ( %,,%) domain into
( h,, k) domain, we used (13) to calculate X(%,).
System parameter values used in the simulation
are as follows: At 1024 discrete time instant
within time period of «=[0., 2] (sec), a radar
transmits a sequence of pulses and receives an
corresponding echos from two moving targets
residing in the radar footprint. Each target is
simulated as a point scatterer. Target 1 has a
velocity vector (120,170) (m/sec) and is located at
(10001,2) (m)
velocity vector (60,70) (m/sec) and its location at
u=1 is (9970,50) (m). We simulated the echoed
signal by (3), where the amplitude of each

when y=1. Target 2 has the

frequency component P(w) is assumed to be
constant and we set g, =2 and g,=1. The
simulated data  s(x, ;) were calculated at
uniformly spaced 256 different frequencies which
are in the arbitrarily selected frequency range
from 239 MHz to 260 MHz. Fig. 5 shows the
amplitude of S(k,, k), in which x-axis specifies
k, domain and y-axis represents /% domain.
There exist two moving targets’ signitures whose
centers of gravities and bandwidths are dictated
by (6) and (7), respectively. Fig. 6 shows the
figure of |4, k)| which

545

1500 1000 500 0 500 1000 1500

a8 5. S(k,, kel A%
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_:L,E:! 6 Q(hu,k)fl] ﬂ% -300 200 -100 0 100 a‘n 300
were obtained from S(k,,%) by the zero-padding
method. The figure of |Q(#,, k)| obtained by the
Nyquist interpolation method is omitted because
of its negligible difference from Fig. 6. To see
the performances of the proposed scheme, we
added Gaussian noise to the echoed signal s(u,w)
as much as targets’ signitares were conpletely
embedded in the clutter. We next, via taking
Fourier transform and applying the zero-padding
method, obtained ¢X 4,,%). As the added noise is
independent of the echoed signal, it is still
uniformly distributed in the ( %,,%) domain(see
Fig. 7). Finally using (13), we calculated x(%,).
Fig. 8 to 11 show the plots of x(%,) versus #,,
varying the number of terms summed, N. For
N=1 and even for N=50), we can not see
targets”  signitures. However, when N s
significant as much as 100, two targets’ signitures
are detectable. We next used the Nyquist
interpolation method for the noise added data
S(k,,w). Fig. 12, Fig. 13 and Fig. 14 show the
plots of  x(h,) versus 4, for N=50,100 and
200, respectively. The results of the Nyquist
interpolation method were almost comparable to
those of the zero-padding method. The

performances of the Nyquist interpolation method
depends on the accuracy of the interpolator. In

. . \ . L |
case of low TCR as in this example, the a9 i S
interpolator is apt to work erroneously. On the

other hand, the inaccuracy of the zero-padding 2 9. N=20091 52| x(h.)

Copygight (C) 2003 NuriMedia Co., Ltd.
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method lies in the fact that the zero-padded data
acquisition time is not integer multiple of pulse
repetition period, which is 2#,/M. This kind of
error is independent of the noise level. Moreover,
as the Nyquist interpolatation method requires
more computation time, the zero-padding method
is more recommandable in low TCR.

V. Conclusions

In this paper, we presented an incoherent
method to detect moving targets from the ISAR
data corrupted with heavy clutter. The feasibility
of the proposed scheme was mathematically
proved and we also presented two methods, that
is, the zero-padding method and the Nyquist
interpolation method, to implement it.
Intrinsically, the Nyquist interpolation method
should give better results at the expense of
complexity. However, due to heavy clutter, which
prevents the Nyquist interpolation method from
working properly, the outputs from both methods
were almost comparable. Through simulation
results, the proposed scheme explicitely showed
the localized targets’ signitures in the linearly

mapped spatial frequency domain. Information on
7 — . . . the locations of the targets’ signitures can be used

to filter out the clutter for obtaining ISAR signal

921 12, N=1003] A9 x(h,) of much higher TRC. Further research will

Copyright (C) 2003 NuriMedia Co., Ltd. 1189
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investigate on the usefulness of the proposed
scheme for estimating the targets’ velocities and

imaging the targets.
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