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Abgract

Synthetic Aperture Radar (SAR) imaging dgorithm for the moving targets with some motion
irregularities are investigated. For accurale SAR imaging of the moving targets, postion and the
velocity of the object according to the radar plaform mugt be known accurately. To cdculate the
indantaneous range and vedocity of the object, locd radar plaform with one trangmitter-two
recever (OT-TR) is conddered. After the range-bin dignment of the returned Sgnd in each
recelver, target's angular pogtion and velodity can be determined by using the phese difference of
the recavers Mation effect free SAR images of moving targets can only be achieved by doing
the phase compensation which uses the target's locetion, direction and speed dong the gperture.
In this paper, the formulaion for rgection of moation irregularities in SAR images is presented

and some computer Smulaions are given.

1. Introduction

Synthetic aperture radar and inverse synthetic
aperture radar are well-known techniques for
the recondruction of high resolution images by
coherent data processng which is obtaned
from many different pergoective views of an
object region, [1]-[5]. The recondruction of
accurate SAR images depends to the correct
phase compensation of the messured sgnds.
This compensaion can be implemented to the
reeuned dgnd by usng the motion
information of the object with respect to the
radar. To produce a moving targels image, a
basic SAR systemn should be modified.

In section 2.1, the basc synthetic aperture
sydem to be modded is the dde looking
configuration. Radar trangmits a liner FM
chirp pulse Unde the physcd optics
agoproximation, the reun dgnd can  be

expresad as an integrd form by means of the
location, speed, reflectivity and shepe of the
target. A st of complex samples of each pulse
reurn ae recorded for a range doman
processng. For preprocessng, range bins are
firg digned according to the corrdation fegture
of the echo envelopes in different pulse returns.
The reference envelope is obtaned by
averaging the exponetidly weighted previous
envdopes for the tracing of the target. The
most srong scatterer is sdected as a dominant
cetterer.  This scaterer is used for phase
compensation and angular trgectory
computation. In section 22, a formulaion is
given to obtan the moving tage's angular
postion and velocity dong the aperture base
on the phase difference of the OT-TR sysem.
In the trgectory computation, the dominant
point podtion in range combining with the
phase informetion gives an accurate meesure of
podtion and velocty. In order to diminate
motionrinduced phase erors, the phase
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information of the dominant point is used for a
phase compensation. The coordinate sysem of
the moving target is determined by means of
the trgectory computations adong the synthetic
aperture.

2. SAR Imaging System

2.1 Basic SAR

Le we condder a two-dmendond SAR
imegng sygem as shown in FHgl A radar
platform moves dong the x-axis direction with
veloaty vp. Redar illuminges the target area
with sphericd radiaion the patern which
depends on the radar antenna diameter,
frequency and the range of the target area, and
corresponding  reception at  discrete  locations
for %1 [—L, L]. Redar transmits alinear FM
chirp pulseas

ie<p[j(V\z+at2)] t<[T/3

t)=
a0 ; 0 t>[T/2)

@)

where w is the RF carrier frequency and 2 is
the FM rae of the reference waveform ().
For a given radar postion Xp, the roundirip
phase delay of the echoed sgnd from a point
scatterer a (X, y) is 2R/c (where c is the speed
of the dectromagnetic wave and R is the range
of the target with respect to the radar, (x- X, )?
+ vy )2, The tota received echo signd can be
expressed by udng the taget reflectivity
function bx, vy, t) within the radar
investigetion area A asfollows:

S(,,0) = @POx Y09 - 2y (2

For dationary targets fb(x, vy, t)/fit = 0, and one
can obtan the unknown reflectivity function
by using the Fourier transform reletion [6]
b(x,y) = F;*{C, )}
where is  two-dimendond

3

inverse  Fourier

trandorm and Cqt) is the post-processed
recaved dgnd. Dealed evduaion of the
inveson dgoiithm is desribed in the
following sections,

2.2 Moving Target Imaging

Ingtantaneous knowledge of the target podtion
and mation is generdly unknown but is
required for SAR imaging. The man problems
in moving tage SAR imaging ae ooherent
processng for the target motion compensation,
the computation of target angular trgectory to
determine the angular podtions of the target
with lespect to the radar and to provide tracing
information. It is wdl known that usng a
ange-antenna rada, it is difficult to determine
target angular trgectory due to coase angle
relution. On the other hand, it can be
determined by using the subgperture [5] or
multi-receiver  sygem. One  Trangmitter- Two

Recaver (OT-TR) angular trgectory and
podtion detemining locd SAR sydem s
shownin FHg.2.

The primay attenna trangmits  reference
dgnds, then primary and secondary antennas,
which are sgparated as d, receve the echoes
from the targets For the tracing of a spedific
target, range-bin dignmet implemented in
eech recaver by udang the iterdtive enveaop
corrdaion method for eech pulse return. After
the target tracng, dominant scatering center
can be sdected as a srong scatterer within the
range window. This target center is used for
coherent demodulation and pogition
determination.

The phase diffeeence of the primay and
secondary receivers may be expressed in terms
of ranges and wavelength by ignoing smdl
modulating terms as

Df (t) = 2|—p[Rp t)- R.(1)] (4)
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From Fig.2, the range difference [Rp(t)-RHt)]
is formulated via primary range Rp(t), distance
of the two receivers d and target postion ép(t)
asfollows,

IR, (©) - R(t)| =

R, ) - JRE@+d%+ 20R, M cosq ©) | )

By subdgtituting egn(5) into egn(4), a reation
between the messured phase difference Af (1)
and angular podtion &t) is obtaned. This
relaion is cdled the angular trgectory
eguation. Initid angular pogtion and angular
veocdty may be extracted from this rdation by
usng the optimization procedures. The range
difference between the primary and secondary
antennas takes a vaue between the -d<Rp-Rs<
d . This range difference corresponds to phase
difforence  -28d/é<Af <28d/é  and  angular
postion 0<e<d . On the other hand, the
wrapped meesured phase  difference  tekes
place many angular postions on a sami-circde
with congtant range. Forward and backward
arrangements of the wrapped phase difference
locations over the pulse returns endble the
angular pogtion of the target. After the initid
pogtion of the target is determined, target
angular velodity can be cdculaied by usng the
spectra-doman Fourier andyss or the lesd-
sguare method.

2.3 ImagingAlgorithm

Recelved echo dgnd from the targels which
contains number of N didributed points, is the
form of

5,0=4b,gt- 22 ©

where bn represent the intendties of the point
targets and R, is the range of the points with
respect to the radar. R, can he expressed as

p T I

()

where rp is the locaion vector of the target
coordinate sysem (X)) in the radar coordinate
sysem (x)y), and r, is the locaion vector of
the point scaterer in the coordinate sysem
(X,y). We can sy that dl the point scaterers lie
in a draular area which radius is A, and fn <
A. In the radar gpplicaions, digance of the
target to the radar is much greater than the
object sze A, i.e. R>>A. Taking into account
this assumption, the point scaiterer range R,
can be gpproximately expressed as

T
R, @R, +1 x—
RP

(8)

where 1, /R, is the unit vector in the direction
of 0 as shown in Fig2 and r . rp /R, is the
projection of the point scaterer dong the g
direction. The returned echo dgnd can be
written as the line integrd of the projection
Pg(u) as

2(R+u)
c

SO = FWa(t- )du )

After the range-bin dignment is implemented,
and trgectory and postion are cdculated, the
recaved sSgnd is coherently demodulated by
rigng the dhifted reference waveform g*(t-2
Ry/c). Then it is applied to the low pass filter
and the output Sgnd will be
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C,)=8,® g (t- 2R /0 (10)
or equivaently,
A
Cq (t) - o R] (u)e- j(2w+4at)u/cdu (11)
-A

By writing ( 2m 4at)/c = W, egn(11) can be
given as

C,(t)= o P, (ue ™ du (12)

The Fourier transform of the projection Py(t) is
defined as

Po(W,) = ¢ P, (u)e ™du (13
- A

By subdituting equation(13) into equation(12),
the rdation between the Fourier trandorm of
the projection of the reconstructed object and
the demodulated received echo sgnd is found
as

Py (W,) = C,(t) (14)

According to the Fourier projectiondice
theorem [7], unknown object reflectivity
densty function b(x, y) can be recondructed
by udng the two dimensond invese Fourier
trandorm of the demodulaed echo sSgmd
Cqy(t). However, received echo sign & is only
avalablefor

_I+M£t£1+m (15)
2 2 C

c

So, two dimendond Fourier daa of the
recondructed object is obtaned for the
different angles g, which are the radar viewing
angles of the taget dong the synthetic
agoeture. The inner and outer radii, Wy and W
are proportiond to the radar center frequency,
FM modulation rate and pulse duration. By
ubdtituting lower and upper limits of the time
intervd in egn(15) into the W= (2w+4at)/c,
(11) one can obtan the minmum W, and
maximum W, Fourier domain radii as

w 2T BR A
c Cc c?

W, =(

+
w, = (2, 2T +8a(R2 A,
C C C

(16)

The gpature length, sample-spacing, operaion
frequency, pulse duration and the frequency
modulation rate of FM chirp-pulse are efective
on theresolution.

3. Numerical examples

In this section, we give results obtained from a
computer Smulaion using theimaging
agorithm explained above. In this computer
smulaion, we choose atarget moving dong
the line given by the equetions,

X(t) = X(0) + Ve, £.5n(0.08)t - 130sin 4t

y(t) = y(0) +Vv.e, t - 170c0sot (17)

and the location of the target coordinate
sysemisshown in Fig.3. Thetarget contains 9
point scatterers as given in Fig.4. Numerica
amulation parameters of the target and SAR
sydem aegivenin Table 1.
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Table 1. Numericd Smulaion Parametars

T 9 point scatterers

ar

g

et
Vdocity v=-150 ex +200 ey
X(t=0s) 8660m
y(t=0s=C) 5000m

R OT-TR sygem

a

d

ar
Frequnecy F=3.0GHz
Modulation a=500MHz/sn
Direction +X-aIs
OT-TRdigance | D=b5m
Aperture 2L=10km
Xp(t=0s=) -5000m
Y p(t=0sec) 5000m

Thelocation of the frequency space data,
which is coherently processed, dong the
agoertureisgivenin FHg.5. Two dimensond
inverse Fourier transform of the data given in
Hg.5, forms the image of thetarget, as shown
in FHg.6.

4. Concluson

An dgorithm has been presented for moving
taget imaging by udng the tage angular
trgectory computation. To solve the angular
trgectory, one trangmitte-two recever locd
SAR sydem is congdered. Angular podtion of
the taget was cdculaed usng the phese
difference of the recdved dgnds Two
dimensond imege of the target was obtained
usng the Fourie-Sice theorem based on the
cdculated angular podtion. As a result, we
conclude tha, phase compensdion ad
increesing the bandwidth of the trangsmitted
ggnd improve the obtained image qudity of
moving targets.

References

1  Ddide G.Y.; Wu, H: Moving target
imaging and trgectory computation usng
ISAR.

10

|EEE Tran. Aerogpace and Electronics
Sys. Val. 30, No. 3, pp: 887-899, July
1994.

Wohlers, M. R.; HSa0, S.; Menddsohn,
J; Ganer, G.: Computer smulation of
synthetic gperture radar images of three
dimensond objects.

|EEE Tran. Aerogpace and Electronics

Sys. Val. 16, No. 3, pp: 258-270, May
1980.

Soumekh, M.: A sysem modd and
inversgon for synthetic gerture radar
imeging.

|EEE Tran. Image Processing, Val. 1,
No. 1, pp: 64-76, January 1992.

Soumekh, M.: A Array imaging with
beam-geered data. IEEE Tran. Image
Processing, Vol. 1, No. 3, pp: 379-390,
July 1992.

Yang, H.; Soumekh, M.: Blind-ve ocity
SAR-ISAR imaging of amoving target in
dationary background. IEEE Tran. Image
Processing, Val. 2, No. 1, pp: 80-95,
January 1993.

Munson, D. C.; Obrien, J. D.; Jenkins,
W. K.: A tomogrgphic formulation of
gpatlight-mode synthetic aperture radar.
Proc. IEEE, Val. 71, pp: 917-925,
August 1983.

Mersereau, R. M.; Oppenheim, A. V..
Digitd recondruction of
multidimensond sgndsfrom their
projections. Proc. |IEEE, Val. 62, pp:
1319-1338, October 1974.

Sedef KENT & Selcuk PAKER



One Transmitter - Two Receiver Moving Target SAR Imaging

y
S 3
P
_N %
P
X
X X%
> -—
-L L d
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Figure 5 Freguency space data of the processed data. Figure 6 SARimage
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