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analyses have been performed by various researchers [19–22]
investigating SAR concepts.

Abstract

A number of researchers have analyzed the curved signature
smears that result from moving targets in SAR imagery. In
particular, Ref. [5] examines the signatures of constant velocity
targets in stripmap SAR, which is related to range migration
effects [23,24]. For each subaperture within the collection, this
study maximizes the target impulse response (IPR) integrated
over a small but ﬁnite time interval of a scan SAR system. The
resulting central contour of the signature smear corresponding
to a constant velocity target is obtained by sliding this small
time interval over the extent of the full aperture.

This paper examines the effets of the mean target speed on the
synthetic aperture radar (SAR) imagery morphology of signatures induced by surface movers that are transitioning from
a lower to higher speed during the collection interval. The
radar platform moves with a constant velocity on a level ﬂight
path for the case of a broadside imaging geometry. Recent
studies have revealed that such moving target smears are not
constrained to have the simple shapes of mere parabolas but
instead can display a rich variety of two-dimensional (2D)
shapes, including self-crossing signatures. The current analysis investigates the properties of the theoretical 2D central
contours of these smears under the conditions of varying the
mean target speed for targets which transition from lower to
higher speed. It is shown that these theoretical predictions of
the signature contour morphology yield excellent agreement
with the results of SAR image formation applied to simulated
radar data.
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A recent analysis [13] also applies subaperture techniques in
order to investigate spotlight SAR image signatures for surface targets moving with arbitrary motion for cases in which
the radar trajectory has constant velocity on a straight and
level ﬂight path under conditions in which the radar mainbeam
points in a direction which is broadside to that of the platform
motion. This paper presents the ﬁrst detailed study of SAR
signature smears for cases of non-linear target motion. That is,
the resulting equations give an analytic capability for predicting the 2D structure of moving target smears directly in terms
of the ground-plane coordinates in which SAR imagery is generated. Refs. [17, 18] extend these results for cases of squinted
collections. In addition, Reference [16] examines the special
case of a target that transitions from a lower to higher speed
during the SAR collection interval for broadside collection geometries. Such target motion can be modeled through the use
of a hyperbolic tangent speed proﬁle. The current analysis extends this work by examining the SAR signature morphology
effects of varying the mean speed for targets which transition
from lower to higher speeds.

Introduction

SAR data collections can yield high-ﬁdelity imagery corresponding to a scene of interest on the earth’s surface. However,
any moving targets in the region are mismatched relative to the
SAR image formation process and thus are often smeared in
the radar cross-range direction within the resultant imagery.
Many studies investigate the properties of signature smears
in SAR imagery, which often arise from such moving targets
within the scene. In particular, a number of researchers [1–4]
investigate the general features of mover smears.
Some researchers [5–10] investigate moving target smear phenomenology using power series expansions of the motioninduced phase error, which tacitly supports the prior notion that
moving target signatures always yield gently curved signatures
having the shapes of approximate parabolas or hyperbolas. The
use of power series expansions confounds the investigation of
complicated target motions, since the number of terms in the
resulting expansions becomes quite cumbersome [6, 11, 12].
The challenges of the power series expansion approach led to
the development of subaperture-based techniques [13–18] for
understanding moving target signatures. Subaperture-based
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General Target Signatures

Deﬁne a set of ﬁxed three-dimensional (3D) Cartesian coordinates with the origin {x, y, z} = {0, 0, 0} lying at the surface
location at which the radar steers its mainbeam during the full
collection time. This coordinate origin is also referred to as
the ground reference point (GRP). The coordinate z increases
with altitude above the terrain, with z = 0 deﬁning the groundplane. The coordinate x increases with ground down-range
from the radar at the collection midpoint. The ground crossrange coordinate y completes the right-handed coordinates.

1

{μ0 (τs ), ν0 (τs )} and velocity {μ1 (τs ), ν1 (τs )} via:


dn α(t) 
dn β(t) 
μn (τs ) =
,
ν
(τ
)
=
.
n s
dtn t=τs
dtn t=τs

(6)

Here, τs denotes the mean time for a given subaperture.
Ref. [13] presents a methodology for computing the central
contour of the SAR signature for a generic surface moving target. This locus corresponds to the location of energy deposition for a given subaperture image. This analysis yields the
following generalized signature equations [13]:
x(τs ) = μ0 (τs ) − μ1 (τs )τs −

1
ν1 (τs )τs2 ,
κ0

y(τs ) = ν0 (τs ) + κ0 μ1 (τs ) + ν1 (τs )τs .
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(1)

For the ﬁrst example, the parameter values are selected to give
the target trajectory of Figure 2(a) and the target speed of Figure 2(b). The induced SAR simulation signature smear and the
prediction overlay for a rightward-pointing radar mainbeam
are presented in Figure 3(a), and the corresponding results for
a leftward-pointing radar are shown in Figure 3(b).

Deﬁne the following constant-velocity radar trajectory as a
three-dimensional (3D) parameterization of position within the
{x, y, z} coordinates as a function of slow-time t:
X(t) = −X0 ,

(2)

Y (t) = ±V0 t,

(3)

Z(t) = Z0 .

(4)

Signature Results

This section examines the speciﬁc signatures which result from
individual cases of a constant-heading target which is initially
moving with approximately constant speed and then undergoes
an increase in speed, and then settles to a higher approximately
constant speed with the same heading. All examples below
examine the effects of different mean speeds for a given ﬁxed
target heading.

The radar transmits a number of waveforms for a total collection duration of T0 between −T0 /2 and T0 /2, so that t = 0
is the synthetic aperture mid-point. During this collection interval, the target is permitted to move on the ground plane according to two arbitrary analytic functions of slow-time t in the
ground down-range x and ground cross-range y directions:
y = β(t).

(8)

These equations give the size, shape, and location of the central
contour of the signature smear induced by the moving target.

Fig. 1: This top view of the collection geometry shows the definitions of the ground plane coordinates x and y relative
to the radar velocity vector.

x = α(t),

(7)

The signature shapes in these ﬁgures exhibit more structure
than the simply bowed smear shapes that are characteristic of
targets moving with constant speed and heading [13]. However, vehicle trafﬁc in urban environments often undergoes frequent maneuvers in which the speed is increased, thus motivating the current research. In addition, this analysis of targets
with increasing speed yields an accurate match between the
predicted signatures and the actual target signature resulting
from SAR simulations. Thus, these results further validate the
predictive signature theory.

Here, V0 is the constant radar speed. Also, X0 and Z0 are the
values for the ground down-range and altitude, respectively,
of the radar platform relative to the GRP at the aperture midtime t = 0. The upper sign in (3) corresponds to a radar that
pointed to the right, and the lower sign gives a radar pointing
to the left. In the present convention, the upper sign gives a
starboard-pointing radar mainbeam and the lower sign corresponds to one that is steered to the port side. This convention
is used throughout this paper. In addition, deﬁne the following
constant parameter:
X0
κ0 ≡ ∓
.
(5)
V0

For the second set of examples, the mean speed is decreased
relative to that of the ﬁrst example. The true target trajectory
and speed are shown in Figures 4(a) and 4(b), respectively.
The induced signature smear and the corresponding prediction
overlay are shown in Figure 5(a)for a rightward-pointing radar
mainbeam and in Figure 5(b) for a leftward-pointing radar.
Again, there is good agreement between the theoretical predictions and the results of the SAR simulation. The lower initial speed yields a smaller portion of the resulting signatures in
these plots.

The nth order derivatives of the true target motion functions
{α(t), β(t)} of (1) are applied to compute the corresponding {x, y} components of the instantaneous target position
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(a)

(a)

(b)

(b)

Fig. 2: Target trajectory and speed for the ﬁrst example: (a)
Target trajectory in the ground-plane, with circles at 3second intervals; and (b) Corresponding target speed
proﬁle as a function of slow-time.

Fig. 3: Signature smears and prediction overlays corresponding to the target of Figure 2: (a) Rightward-pointing
radar mainbeam; (b) Leftward-pointing radar mainbeam.
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(a)

(a)

(b)

(b)

Fig. 4: Target trajectory and speed for the ﬁrst example: (a)
Target trajectory in the ground-plane, with circles at 3second intervals; and (b) Corresponding target speed
proﬁle as a function of slow-time.

Fig. 5: Signature smears and prediction overlays corresponding to the target of Figure 4: (a) Rightward-pointing
radar mainbeam; (b) Leftward-pointing radar mainbeam.
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Conclusion
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