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ABSTRACT - We present an efficient and robust technique to estimate the velocity of moving targets from a single
SAR image. In SAR images, azimuth image shift is a well known phenomenon, which is observed in moving targets
having slant-range velocity. Most methods estimated the velocity of moving targets from the distance difference
between the road and moving targets or between ship and the ship wake. However, the methods could not be always
applied to moving targets because it is difficult to find the road and the ship wake. We adopted a method estimating the
velocity of moving targets from azimuth differentials of range-compressed image. This method is based on an
assumption that Doppler center frequency shift of moving target causes a phase difference in azimuth differential
values. The phase difference is linearly distorted by Doppler rate due to the geometry of SAR image. The linear
distortion is eliminated from phase removal procedure, and the constant phase difference is estimated. Finally, range
velocity estimates for moving targets are retrieved. This technique is tested using an ENVISAT ASAR image in which
several unknown ships are presented. The theoretical accuracy of this technique is discussed by SAR simulation. The

advantages and disadvantages of this method over the conventional method are also discussed.
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1. INTRODUCTION

There is a military requirement to extract the moving
target velocity vector from a SAR image such as that
produced by ENVISAT ASAR. Especially, the
estimation of velocity assists the tracking of vessels,
which is an important component of ocean surveillance.

A moving ship generates a kind of trace on the water
surface, which is called a wake. Conventional methods
have been estimated the velocity of ship from the
displacement between ship and the wake in azimuth
direction. In some circumstances, however, the ship
speed can not be estimated from these methods because it
is difficult to find the ship wake in SAR images.

The azimuth shift of a moving target from its true
position in a SAR image and its relation to the target
velocity is well known. Especially, several algorithms for
detection and investigation of the moving ship have been
developed by Wahl et al. (1993) and Eldhuset (1996).
Wakes usually appear in a SAR image as near-linear
features that may be brighter or darker than the ocean
background. SAR images also tend to exhibit naturally
occurring linear features. For a surface ship, these can be
usually be eliminated by only accepting lines that pass
close to it. The detection of linear wake features can be
implemented using the Radon transform (Rees, 1990; Lin
and Khoo, 2003).

Nevertheless, its application to velocity extraction
must overcome some obstacles. One of these problems is
that many ship images are not accompanied by a wake in
a SAR 1mage. The appearance of a wake depends on
many factors including the ship type, size, and speed. The
SAR sensor characteristics including frequency and

polarization are important as are the directions of the
wind and the ship track relative to the sensor. However,
the occurrence of a wake 1n a SAR 1mage 1s not fully
understood.

In this paper, we propose an efficient and robust
method for estimating the velocity of moving targets
from azimuth differentials of range-compressed image
without further information like ship wake.

The remainder of the paper is organized as follows.
Section 2 explains our method using general SAR
parameters and geometry in detail. In section 3, the result
using ENVISAT ASAR data is presented. Finally, brief

discussion about the result and conclusions are provided

in Section 4.

2. THEORY

2.1 Velocity retrieval using ship wake

The azimuth displacement, A , of the ship image
caused by Doppler frequency shift 1s given by:

A=RV/V, (1)

where R is the slant range distance of the radar, V 1s the
platform velocity and v is the target line of sight (LOS)
velocity (James, 2003). For example, using values of
R=850 km, V=7100 m/s, and v =15 m/s (30 knots), we

find A=1800 m. All wake lines should lie within about
1800 m of the ship for most practical ship speeds. In the

case of the Single Look Complex (SLC) image of
ENVISAT ASAR data that has nominal azimuth pixel
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size of about 4 m, this amount of displacement accounts
for about 450 pixels.

2.2 Velocity retrieval using azimuth differential

In the procedure of SAR raw data processing (see
figure 1), the range compressed signal at time 7 is given

by:
c(t)=a(t;r,)- eXpI:—- i% R(t;r, )} ’ (2)

where g(t;r) is an arbitrary complex constant and

R(t;r) 18 instantaneous slant range at time 7.

Figure 1. SAR geometry.

If the target is a moving object, eq. (2) can be
approximately rewritten as given by:

()= a(tr)-exp| =i F1,0))
-exp{f-zzr-[(fuc+%fg)-t+%(f;e +%z‘~;)-r2}}’ G)

where 7. is a Doppler center frequency, r is a Doppler

rate, and ; and ; are LOS velocity and acceleration for

moving target. Similarly, the signal at after time of 7, is

the followings:

c(t+1)=al{t+t,;r) exp[— iﬂ;;@, (O)J

-exp{f-zfr-[(fm+%r1)-(t-z-a.)+%(f;f +-§:fﬂ;)-(r+a)2}}' ®

If the target velocity is consistent, the target
acceleration, # , can be assumed to be zero due to the

very short illumination time of the satellite SAR system.
The azimuth differential signal between f and 7+7,

times 1S given by:

Cay (t)=c(t+t)-c*(t)

=a(t+t.;r)a(t;r,) epr:iZE(fDth + %thczﬂ

: exp[iZ;rg%} » exp[iZiy‘ tht] ’ )

where * means complex conjugate.
Since the phase of eq.(5) is a linear function of
azimuth time #, it appears with a slope of 2zf.r .

Accordingly, f, can be estimated by measuring this

slope. After eliminating the first and third phase terms of
the eq.(5), remaining phase shows an information about
LOS velocity for moving target, ; .

3. RESULT

An ENVISAT ASAR image over the west sea of the
Korea which acquired on Jan 13, 2006 was used for this
study. This scene contains numerous unidentified vessels
of various sizes.

Figure 2. Target ship and 1ts wake in SLC image.

Figure 3. Target ship and its wake in SLC image in Range
compressed image.

Figure 2 shows an azimuth shift phenomenon of the
moving target. The moving ship is appeared in the middle
of the figure, and its ship wake is presented above the
target as a bright slant line in azimuth distance of about
119 pixels.

Figure 3 shows a range compressed image of the areas
over figure 2. Because the azimuth compression 1s not
performed yet, the signal of the target is distributed along
the azimuth line. According to the eq. (5), The phase of
the azimuth differential signal in the target line have a
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part related to the variation of Doppler frequency,
—27 /A . In theoretical viewpoint, the Doppler frequency

variation due to the motion of the moving target should
be

n Z
Agfhbp ::-jgjiig-.afk ’ (6)

where 5 is the number of pixels between moving target

and its true position.

Figure 4 shows the slope of the phase in the azimuth
differential signal at the line of target in figure 3 (vertical
bright line in the middle of the image). Phase unwrapping
1s desirable for the step of measuring the slope from the
data, because the sloped phase is usually distributed in
wrapped form over more than one cycle. The time

interval of the two azimuth signal, 7_, is the multiple of

1/ PRF . If we assume the signal is only concerned about

the 1solated target, for example a moving ship in open sea,
the central position of the linearly sloped phase indicates
the location of moving target.
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Figure 4. Sloped phase in azimuth differential data

Since this algorithm is highly dependent on the value
of the reference Doppler frequency, it is crucial to
estimate it carefully. The image used for this study covers
land and sea together. This means that the reference
Doppler frequency should be estimated at stationary
target, for example, lands. Figure 5 shows the image used
for this estimation and the estimated Doppler frequency
by using the line to line correlation method developed by
Soren Madsen (1989). Since the right side of the scene
contains broad sea, it affects the value of the Doppler
frequency. To compensate this effect, we fit the first
1360 samples in linear polynomial and then calculated
the value of Doppler frequency at target region using the
slope of fitting polynomial. The value from the line to
line correlation method was 90.2 Hz, but it from the
fitting method was 246.5 Hz.

After removing first and third phase terms of eq. (5)
from the azimuth differential data, the remaining phase is
directly concerned to the velocity of the moving target in

line of sight direction. In this study, the estimated
velocity of the ship in Fig. 2 was -4.026 my/s, while 1t was
-3.979 m/s by conventional ship wake shifting distance
method. The sign of the value means heading direction of
the target. Negative sign accounts for the direction
toward the sensor. We tested our algorithm to another
moving ship which is located near the land. The result
was +3.542 m/s, while it was +2.47 m/s by ship wake
shifting distance method. This difference is mainly due to
the bad estimation of the center position of the target in
the azimuth differential signal and this effect will be
discussed in the next section.
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Figure 5. Test image and estimated Doppler frequency

4. DISCUSSION AND CONCLUSION

In this paper, we proposed an efficient and robust
approach for estimating the velocity of the moving target
on SAR image. To retrieve the LOS velocity for a target,
we used the range compressed image, which is a by-
product of SAR raw data processing. Additional
information which indicates the motion of the target, like
ship wake, is not required, because the proposed method
uses the phase difference in azimuth differential values,

The presented result, achieved on an ENVISAT ASAR
data, is nearly coincident with the result from ship wake
distance method. One important requirement 1n our
algorithm is that the target should be isolated from its
surrounding materials. If the some bright targets exist
near the target, the moving target signal is corrupted by
them. This effect results in the difficulty in determining
the center position of the moving target signal. Since the
extra materials nearby the target also generates coherent
signal in azimuth line of range compressed data, the
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linearly sloped section of the azimuth differential data is
extended and this effect results in bad estimation of the
center position.

Based on this preliminary result, it was possible to
estimate the velocity of a bright moving single target. To
estimate the velocity of targets, an additional process for
separating the moving target signal from the background
signal may be required.
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