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ABSTRACT Y.
In this paper we propose a novel methodology to estimate ST o
the true velocity of fast moving targets using a single syn- u, + *
thetic aperture radar sensor without increasing the Pulse Rep- : fe =
etition Frequency. The basic reasoning is that, although the u T wi (leyl) %"
returned echoes may be aliased in the azimuth direction, its radar > (%Yo) Ly
phase is informative with respect to the moving target tra- Yo N RN T Lg
jectory parameters. We will use this knowledge to retrieve u, + : v Sef, (%)) §
the necessary information to achieve focused images of fast (XeY ) 5
moving targets on their correct azimuth positions. u, + il
u,
1. INTRODUCTION e o
! swath !

Figure 1 shows a typical Synthetic Aperture Radar (SAR)
scenario. As the radar travels at constant velocity along
the flight path (azimuth direction), short microwave pulses
are transmitted at regular intervals and the corresponding
echoes are recorded. High resolution in azimuth is achievedmoving target, using SAR data from a single sensor. Basi-
by synthesizing a large aperture, exploiting the relative mo- ca|ly, we have exploited the structure of the returned echo
tion between the platform and the ground. The ground is of a point-like moving target: in the slow-time frequency
composed of static scatterers with reflectivity andamov-  domain, it is a scaled and shifted replica of the antenna ra-
ing target with reflectivityf,,. If the moving target sig-  djation pattern, immersed in noise. An optimal estimator for
nature is processed as if it was a static one, the resultingthe full velocity vector was therein presented. As in other
SAR image shows it defocused and/or at wrong positions, proposed methodologies to estimate the speed of moving
depending on the motion direction [1], [2, ch. 6.7]. Amov-  targets, the maximum range speed that is possible to in-
ing target in the azimuth direction appears blurred whereasfer without ambiguity, using a single sensor and a uniform
a moving target in the range direction appears misplaced.pylse scheduling, is proportional to the used Pulse Repeti-
To obtain focused and correctly positioned images of mov- tion Frequency (PRF) [8]. If the signal is aliased (the in-
ing objects it is necessary to know the moving target veloc- quced Doppler shift exceeddRF/2), it has been accepted
|ty vector. Methods to retrieve the full VelOCity vector of a that the true moving targets Ve|ocity cannot be unique|y de-
moving target using more than one receiving antenna havetermined. To resolve such targets, the obvious solution con-
recently been published. Examples are the multi-channelsists in increasing the PRF [8]. An alternative solution us-
SAR[3], the linear antenna array or velocity SAR (VSAR) [4].ing a non-uniform PRF was proposed in [9]. PRF increas-
the multi-frequency antenna array SAR (MF-SAR)[5]. ing leads both to an increase in the memory requirements
In the recent works [6] and [7] these authors have shown tg store the received signal and to a decrease of the maxi-
that it is possible to infer the complete velocity vector of a8 mum unambiguous range swath. The use of a non-uniform
“THIS WORK WAS SUPPORTED BY THE FUNDA&O PRF needs a non-conventional pulse scheduling. Moreover,

PARA A CIENCIA E TECNOLOGIA, UNDER THE PROJECT  Non-uniform sampling introduces complexity in image re-
POSI/34071/CPS/2000. construction algorithms.

Fig. 1. Considered SAR geometry.




In this paper we propose a novel methodology to esti-
mate the true velocity of fast moving targets using a single

Sincep.(z) exhibits high resolution about= 0 thens(u, z)
becomes clustered abaut= r(, for all u, i.e., the range mi-

antenna without increasing the PRF. The basic reasoning isgration has been compensated.

that, although the signal may be aliased in the azimuth di-
rection, its phase is informative with respect to the moving
target trajectory parameters. We will use this knowledge to
retrieve the necessary information to achieve focused im-
ages of fast moving targets.

2. PROPOSED APPROACH

Consider a moving target with slant-range and cross-range

coordinatesz,,, ¥, ) when the platform is at position =
0, and speed vectdp,, vy) = (Um vy, bnvy) defined in the
slant-plane(z, y); symbolwv, denotes the platform speed
and (um, by, is the target relative velocity with respect to
the radar. When the SAR platform is broadside to the mov-
ing target it is positioned at coordinatés,,yo = ug).
When the radar is positioned at coordinate «’, the corre-
sponding received echo from a moving target, after quadra-
ture demodulation and pulse compression, is
s(u', @) = alym — v )pe(x — (1)) fr exp =92,
1)

wherea(u) is the antenna radiation pattern (it is assumed
that the dependency af(u, z) on z is negligible and that
there are no pointing errors of the antehigunctionp..(x)

Assume now that the received signal is immersed in
white noisesn (u, x), i.e.,
y(u,z) = s(u,x) + n(u, z). (6)

Define vectors

y [nya"'vyO,yN]T
s = [s_n,...,50,5n]7,
where,
vi = y(ui,ro — Y (u;))
Si a(ym - Vmui)eijZkor(Ui),

with u; = usi, whereu, is the sampling space in the cross-
range direction; = —N,...,0,...,N, where2N + 1is
the number of samples on the cross-range direction.

Let us assume that the moving target parameflets
(vo, m, Vm) @nd the reflectivityf,,, are known. In this case
only the noise term in expression (6) is random. Therefore,
the density of vectoy conditioned tdd andf,, is

p(Ylfm,0) = N(my, Cy) (7)

where the meam, = f,,a(0) and the covarianc€’,, =

denotes the compressed emitted pulse in the range directiong; I, whereo? is the noise power. Notice that = y;(6).

ko = 27/ )¢ is the wavenumber at wavelength, andr (u')
is the distance between the platform and the moving target,
given by

r(u') (2)

wherev,, = 1 + b,,. Definingu = u' — ug, r(u') can be
written as

\/(mm - ,Umul)2 + (ym - I/mu’)z,

(3)

Approximatingr(u) by a series expansion abaut 0, and
retaining only the terms through the quadratic, results

r(u) = \/(.750 - /meu)2 + (yO - VmU)Q'

_ xoﬂm + me()u + (:u?n + ’/fn) U2 (4)
To 27‘0 ’

J

r(u) = ro

~

v
whererq = /z3 + y;. If we could estimate), then we
could compute(u, z = r¢ + ¢ (u)) , leading to

s(u,mo + ¥ (u)) = a(yo — vu)pc(0) fre =32k (5)

IFor clearness of the exposition we considered no pointing errors of

Therefore the density in (7) is correct only for the tfig
However, forf ~ 6, the range migration is negligible and
y(0) ~ y(6y). Thus, we still use (7) to derive the maxi-
mum likelihood (ML) estimator of). After some algebra
we achieve the ML estimator &,

| 2ivisi(0)"]
215 ()
Assume thati(u) = a(—u) and noting that(u) = a(yo —

vu) = a[v(yo/v — u)], then (8) can be rewritten as a corre-
lation

8

b\ML = argmax
0

| 22 yisi—is (0)]
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/éML = argmax
0

with 19 = VyTO

The proposed methodology can be summarized as fol-
lows:

1. Obtain an image focused with = 0 andv = 1
(static ground parameters). The ground will be focused and
the moving targets will appear defocused and at wrong po-
sitions.

2. Detect the moving targets and estimate their approxi-

the antenna. If pointing errors are present and known, they can easily bdnate positions using methods such as those proposed in [10]

included in the proposed approach.

or[11].



3. Isolate the defocused moving targets and re-synthesize
its signatures back to the', ) domain as proposed in [2].
This procedure increases the signal to noise ratio, although

Table 1. Mission parameters used in the simulation.

it introduces some correlation due to the spatial windowing. Rarameter Value
4. For each synthesized signature proceed as follows: Carrier frequency 5 GHz
. . . Chirp bandwidth | 100MHz
e Using the synthesized signature mass center, deter- Altitude 12Km
mine a rough estimate of the target coordinéies yo ); Velocity 637Km/h
¢ Redefine the cross-range origingat that is,ug = 0 Look angle 20°
for u’ = 7. Using the redefined origin leads#tg, =
o,

Table 2. Estimation results for three types of targets
e For eachu, v of interest: form the observation vector (SNR = 0dB). All the targets move with range speed of
y(u) = su,r(u, o, 0, u,v)] and apply the matched —7.959m/s and azimuth speed @&in/s. The range speed
filter described in (9), storing the coordinatg, where is three times the maximum imposed by the used PRF.

the maximum occurs and the corresponding value.

e Consider the value.,, for the pair(ji, 7) where the | Target type | v emor [ wv.eror [ yn eror]
maximum of the estimator has occurred: Its value is point-like 0,005m/s | 0,0123m/s | 0,45m
related to the error in our rough estimateygf. Co-

9 9 7 x 12m extended| 0,3m/s 4,2m/s 28,3m

ordinatey,, is thus estimated ag,, = um? + 7o.
Coordinater.,, is estimated b, = Zo — fifo. 7x 12m extended| 0,041m/s | 0,29m/s | 1,6m

To reduce drastically the length of the search interval with | _(one predominant
respect tq: one could use the methodology proposed in [12].

Using the results from the proposed strategy we have all
the information needed to achieve a focused and correctly€xperiment. A degradation is expected to occur because all
positioned image of the moving targets. the theory was developed for point-like targets. The esti-
mation results are presented in Table 2. Although the range
velocity estimation is good, the cross-range speed has an er-
ror of4,2m /s and the azimuth position is retrieved with an

In this section we show some simulation results. Table 1 €rror of28m. The velocity estimates enable us to retrieve
shows the simulation parameters. a focused image of the moving target, however it cannot be

We will start by considering a point target moving with  correctly positioned in the image. _ _
range velocity, = —7.959m/s (exactly 3 times the max- _ The_ last experiment consists in repeating the previous
imum velocity imposed by the used PRF), and azimuth ve- s!mulanon but Wlth an extended moving target which ex-
locity v, = 8m/s. The true azimuth coordinate of the target h|b|t§ a predominant scatterer (10dB above the average re-
is ym = 209 when the platform is at the center of the tar- flect|_v|ty). The result_s are gxpected to enhan_ce as the pre-
get area® = 0). In Fig. 3 the velocity estimation results dominant scatterer will proyldethe esumatorvylth Qatawhlch
are presented. Figure 3 plots the azimuth uncertainty es-partly behaves asa p0|nt—l|k_e target. 'I_'he estimation results
timation. Both graphics plot the results of 64 monte-carlo ©f Poth the velocity and azimuth position have improved
trials, as function of the signal-to-noise ratio. The noise are @nd are also presented in Table 2. For illustration purposes,
the contributions of the static ground which lie in the obser- the resulting ambiguity vector estimation map is sketched
vation vectory(u') formed at step 4 of the algorithm pre- N Fig. 3. The achl_eve_d results enab_le both thg focusing and
sented in previous section. The static ground was simulatedthe correct repositioning of the moving target image.
as having constant intensity but phase which is uniformly
distributed in & interval. 4. FINAL REMARKS

The achieved results enable both the focusing of the
moving target and its repositioning with high accuray for In this work we presented a novel methodology to estimate
SNR = —9dB. For SNR below that value the azimuth un- the true velocity of moving targets with range velocity which
certainty estimation is severely degraded and the target carinduces a doppler shift in the slow-time frequency domain
no longer be correctly positioned. beyond the maximum imposed by the pulse repetition fre-

Our second experiment is to use the proposed estimatorquency. We have also shown that it is possible to retrieve
with an extended moving target with homogeneous reflec- the true position where the moving target should be imaged.
tivity. The velocity parameters are those of the previous Using the retrieved parameters the moving target can be fo-

3. SSIMULATION RESULTS
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Fig. 2. Velocity estimation as function of the SNR, for 64
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monte-carlo runs. The achieved results enable the focusing

of the moving targets even in low SNR conditions.

Azimuth uncertainty estimation
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Fig. 3. Moving object position estimation as function of the
SNR, for 64 monte-carlo runs.

cused and positioned correctly in the reconstructed target
area. Good results where shown for point-like moving tar-
gets. The proposed technique also works well for extended
targets, provided that they exhibit some predominant sc
terers. When this fact does not apply, severe degradat
may occur with the azimuth velocity estimation and the a
imuth position estimation. More work needs to be done
model correctly extended moving targets.
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