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Abstract — SAR satellites have been increasingly used in the
last years. Nowadays, the main challenge is to combine high-
resolution with large swath in order to acquire more data with
more resolution in a shorter time. Several proposals have been
considered in order to achieve this objective. This paper
summarizes the trends on Spaceborne SAR systems that
promise to overcome the current challenges.
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I. INTRODUCTION

The ability of monitoring large areas with high resolution
images, independent of daylight, vegetal and cloud coverage,
smoke, and weather conditions, gives to SAR system
advantages over optical sensors. The SAR also has the ability
to penetrate in vegetation and soil .

The cost associated to Spaceborn SAR are relatively high,
however the coverage and the huge amount of data generated
by this sensors are of considerable importance in Defense and
for civilian activities, mainly in countries with continental
dimensions, such as Brazil, China, and Canada [1]-[6].

In fact, the use of SAR satellites has growing in the last
years. Several missions are already operational and there are
at least 10 new missions to be launched in the next 5 years
(11, [71, [8].

Nowadays, there is a considerable effort to optimize
geospatial data collection, boosting the development of new
SAR technologies [9].

The information obtained after the processing of SAR
data are valuable for several civilian applications, such as the
systematic monitoring and analysis of [1], [10], [11]:

a) deforestation, forest biomass change, forest height,
vertical forest structure (applications in biosphere);

b) volcanic activities, earthquakes, landslides, plate
tectonics (applications in geo/lithosphere);

c¢) ice cover and mass change, soil moisture, flooding,
ocean currents, water level change (applications in
hydro/cryosphere), among others.

SAR data have also several applications in Defense
providing, for instance [8], [10]-[12]:

a) capacity to access, manipulate, analyze, and manage
spatially reference data for mission planning in Geographic
Information Systems (GIS);
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c) operational environment awareness;

d) monitoring of borders;

¢) surveillance of ship traffic;

d) detection and surveillance of targets, among others.

Until 2014, all conventional spaceborne SAR systems
have used a planar antenna. In general, a few path of T/R
elements are employed to steer the antenna beam towards the
swath area [8], [13]. This approach limits the acquisition of
SAR images combining high-resolution and wide-swath
coverage. The SAR process involves the use of the Doppler
shift generated by the relative movement to the ground. If the
goal is to have a high-resolution in azimuth, the Doppler
bandwidth must be higher on the receiver of the SAR. This
implies in to increase the Pulse Repetition Frequency, PRF.
However, if the PRF is increased, the echo window length is
reduced in order to avoid the interference between
consecutive pulses of the reflected signals. This implies in to
reduce the swath width. In other words, with conventional
technologies it seems that it’s not possible to have high-
resolution and wide swath at the same time [1], [14].

In this paper the trends for Spaceborne SAR for Earth-
observation is presented. The new technologies explored now
attempt to overcome this limitation, allowing to combine
high-resolution with large swath.

II. CONVENTIONAL SPACEBORNE SAR DESIGN

The geometry of conventional spaceborne SAR is
illustrated in Fig. 1:
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Fig. 1. Geometry of conventional spaceborne SAR.
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where /i is the altitude of the satellite; D, is the width of the
antenna; D, is the azimuthal direction antenna length; v, is
the velocity of the platform; & is the look angle; t9a is the
aperture azimuth beamwidth; 7, is the near range; 7, is the
range from the SAR sensor to the target; 7, is the far range;
¥ is the grazing angle; w, is the swatch; 0, is the slant-
range resolution; O, is the ground-plane spatial resolution;
O, is the ground-plane azimuthal direction resolution; and

L, is the synthetic aperture length [14].

sa
The ground-plane azimuthal direction resolution is given
by:

6,=D,/2 (1)
The relation between D, and PRF can be expressed by:
D,=2v,/PRF, @
ie.:
S,=v,/PRF. (3)
The slant-range resolution can be expressed by:
8,=c,/2p Q)

where ¢, is light speed and pf is the transmitted pulse
bandwidth.

The ground-plane spatial resolution is obtained by
projecting O, to the ground plane:

8, =¢, /2ﬁ'COSl//0- 6))

The several pulses transmitted from space by SAR
satellite reach the target in different distances. In order to
avoid ambiguity, i.e., the interference between consecutive
pulses, a minimum time interval between each pulse is

needed. This time interval increases as W, increases and,

consequently, it decreases PRF. The relation between w, and
PRF is given by:

w, = ¢, /(2 PRF -cosy,). (6)

Equations (3), (5) and (6) suggest that high resolution
and large swath are conflicting requirements. As a
consequence, it would not be possible to design a SAR
satellite system providing at the same time high resolution
and large swath [1], [3], [14]-[16].
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However, several new techniques have been developed
recently with the purpose to overcome this restriction.

II1. HIGH RESOLUTION WIDE-SWATH (HRWS)

One of the new trends is to employ a planar antenna with
digital beamforming (DBF) on receiver in elevation
associated with multiple receive channels in azimuth (Fig.2).
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Fig. 2. High Resolution Wide-Swath SAR system.

The signal is transmitted by a single small antenna that
doesn’t use DBF. This antenna is designed to illuminate a
wide swath with broad bandwidth. The echoes from the scene
are received by DBF elements arranged in azimuth and
elevation uniform path. The multiple sub-apertures are
connected to a specific channel that amplifies, digitizes and
records the signal for subsequent sending to the ground
station. This technique is known by Scan-on-Receive
(SCORE) and it has a good performance on planar scenes.
However, mountainous terrains with large gaps reduce the
high resolution performance [1], [13], [17]-[19].

The difference between this technique and the traditional
stripmap mode lies in the coherent combination of the echo
signals at the receiver.

In order to enlarge the swath, HRWS must have a long
antenna. This requirement can be a limitation considering the
launcher fairings [1], [19], [20].

IV. ULTRA-WIDE SWATH OPERATIONAL MODES
a) ScanSAR with Multiple Azimuth Channels

This technique employs the Burst Mode Operation. This
mode allows switching the footprint presented in section III
into different sub-swaths (Fig. 3). However, this technique
reduces the illumination time per sub-swath. The alternative
is to design a Multi-Channel in Burst Mode enabled to
increase the time spent in one footprint [1], [19], [21].

According to [1] and [22] this SAR system might be used
by ESA (European Space Agency) in the Sentinel-1
replacement. Nevertheless, this concept needs additional
research in order to solve challenges like bandwidth
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variation, large variation on squint angles and different burst
PRFT19].
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Fig. 3. ScanSA/R with Multiple Azimuth Channels.
b) Single-channel SAR with Multiple Elevation Beams

This is an alternative to ScanSAR with Multiple Azimuth
Channels operational mode. This approach considers a
different path of elements disposed in elevation. The
arrangement of elements in elevation faces different swaths
that return the echo signal generated by a single transmitting
antenna.

The challenge is to cover the blind ranges let between the
illuminated swaths. The possible solution can be the use of a
constellation where each satellite has different bursts with
different PRF (Fig. 4) [1], [19].

The other challenge of this mode is the use of a higher
SAR antenna, as discussed in Section III.
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Fig. 4. Single-channel SAR with Multiple Elevation Beams.
¢) Digital Beamforming with Reflector Antenna

A promising alternative to overcome the challenge of the
higher planar antenna is to employ a deployable reflector
antenna (Fig. 5).

The heritage of the successful employment of these
antennas in telecommunication satellites enhances the trend
to implement this technology in modern SAR systems.
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These antennas are made with advanced light graphite-
epoxy composite which has low sensitivity to space thermal
variations.

The gain of the antenna allows to improve the signal-to-
noise rate, using a lower transmission power. This feature
reduces considerably the power requirement, usually between
3,000W and 5,000W for traditional planar systems, to levels
about 1,000 W [1], [14], [19], [23]-[27].
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Fig. 5. Digital Beamforming with Reflector Antenna.

The antenna focuses the scene reflecting the signal
transmitted by a set of feed T/R elements. This set depends
on the swath that will be illuminate. The signal echoes back
to the antenna and are registered through the feeds switched
as receivers. Along azimuthal direction the beams are swept
in order to cover the entire scene [23], [24].

This concept was introduced by NASA/JPL (Jet
Propulsion Laboratory) and DLR during Tandem-
L/DESDynl projects researches [1].

d) Rotating Reflector Antenna

This concept was introduce by NASA/JPL in the mission
named Soil Moisture Active and Passive (SMAP).

This approach does not use a DBF technology. A single
feed is pointed to the antenna that has a rotation rate about
13.0 to 14.6 rpm. The footprint has a swath about 40 km.
However, the rotation along track, associated to processing
algorithms, allows covering a 1.000 km of swath (Fig. 6).

The satellite was launched January, 29™ 2015 and the
intensive period of calibration and validation is expected to
be finished at April, 27" 2016[26], [28], [29].

One of the advantages of this project is to cover a large
area in a few days. The entire planet can be mapped at least
four times faster than with the use of the present technology
[28].
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One of the difficulties to implement this technology is the
spin of the antenna. The attitude of the satellite must be
controlled when the rotation starts, in order to prevent
displacement of the provided orbit [20].

Antenna Beam
Foptprifit-

8

Fig. 6. SMAP Mission Illustrative concept. Available at
<http://news.sciencemag.org/> and [26]. Access:July 10™.

V. FINAL CONSIDERATIONS

The future of the Spaceborne SAR systems is promising.
Several missions are already launched and there are at least
10 new missions to be launched in the next 5 years[1], [7],
[8].

The use of reflector antennas has a potential to cover large
areas in short time. The first mission using this technology
was already launched and there are new projects upcoming in
the next years [26], [30].

DBF arises as a good solution to allow for SAR missions
with high-resolution and large swath simultaneously. A very
interesting alternative to DBF is the usage of rotating
antennas with just one feed.

Ongoing researches in other areas, not mentioned in this
work, the experience and results of SMAP mission, and the
development of projects that use DBF will drive the trends of
Spaceborne SAR Systems.
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