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At present, spaceborne synthetic aperture radars (SARs) can only cover wide swaths using techniques such as ScanSAR, 
which involves trade-offs in resolution or number of looks; or TOPS-SAR, which also requires an advanced phased ar- 
ray antenna capable of steering in azimuth. Performance in either case is limited by signal-to-noise considerations and 
by range ambiguities. Digital beam-forming techniques have been proposed that offer high-resolution and wide swaths, 
but generally require complex beam-forming networks, large phased array antennas (especially at longer wavelengths), 
very high data rates and/or onboard processing to succeed. All these stretch currently available technologies to their 
limit. 

 

In this paper, an alternative approach is described that is suited for longer wavelength SARs in particular, employing a 
large, deployable reflector antenna and a much simpler phased array feed. To illuminate a wide swath, a substantial frac- 
tion of the phased array feed is excited on transmit to sub-illuminate the reflector. Shorter transmit pulses are required 
than for conventional SAR. On receive, a much smaller portion of the phased array feed is used to collect the return 
echo, so that a greater portion of the reflector antenna area is used. The locus of the portion of the phased array used on 
receive is adjusted using an analog beam steering network, to ‘sweep’ the receive beam(s) across the illuminated swath, 
tracking the return echo. This is similar in some respects to the whiskbroom approach to optical sensors, hence the 
name: SweepSAR. 

 

SweepSAR has advantages over conventional SAR in that it requires less transmit power, and if the receive beam is nar- 
row enough, it is relatively immune to range ambiguities. Compared to direct radiating arrays with digital beam- 
forming, it is much simpler to implement, uses currently available technologies, is better suited for longer wavelength 
systems, and does not require extremely high data rates or onboard processing. 

 
I. Introduction 

 
Conventional SAR systems suffer from limitations in 
swath width and resolution: generally one cannot have 
both wide swath coverage and high resolution [1]. In 
designing SAR systems, one usually has some trade-off 
between the two, because the limited antenna dimensions 
constrain the trade space [2]. ScanSAR techniques allow 
wider swaths employing a burst mode of data acquisi- 
tion, with the radar beam pointed electronically to differ- 
ent subswaths in elevation [3], [4]. ScanSAR achieves 
wider swath at the expense of degraded azimuth resolu- 
tion or fewer looks. It was first demonstrated on 
NASA/JPL’s SIR-C mission in 1994 [5] and was one of 
several key techniques that enabled the follow-on SRTM 
mission to successfully measure more than 80% of the 
Earth’s topography [6], [7]. 

 

More recently, an innovative approach to SAR data ac- 
quisition, named TOPS-SAR, has been proposed by De 
Zan and Guarnieri [8]. TOPS-SAR includes burst-mode 
operation, scanning of the antenna footprint in azimuth 
during each burst, and elevation steering to illuminate 
different subswaths. It involves the same trade-offs be- 
tween azimuth resolution/number of  looks and swath 
width as ScanSAR, but offers significantly improved ra- 
diometric and ambiguity performance. This is achieved 
at the expense of increased complexity – TOPS-SAR re- 

quires beam steering in both elevation and azimuth, 
which can only be done in practice using a sophisticated, 
two-dimensional, phased array antenna. 

 

In order to overcome the fundamental limitations of con- 
ventional SAR systems, several innovative designs have 
been suggested where the receiving antenna is split into 
multiple sub-apertures that are connected to individual re- 
ceiver channels. One promising approach is the displaced 
phase centre antenna (DPCA) technique which employs 
multiple apertures in the along-track direction to acquire 
for each transmitted pulse additional samples along the 
synthetic aperture. As a result, one may reduce the trans- 
mit PRF without elevating the azimuth ambiguities. The 
DPCA technique therefore enables a decoupling of the 
otherwise contradicting requirements for wide swath 
coverage and high azimuth resolution [4]. 

 

An extension of the DPCA technique is the Quad Array 
system [21] that uses additional apertures in elevation to 
suppress range ambiguous returns [22]. By this, it be- 
comes possible to further increase the image swath, but 
the drawback is a range gap in the middle of the wide 
swath since it is impossible to simultaneously transmit 
and receive radar pulses. A further extension of the 
DPCA technique is the High-Resolution Wide-Swath 
(HRWS) SAR [23][13]. This system combines a separate 
small transmit antenna with a large receiver array. The 
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small transmitter illuminates a wide swath on the ground 
and the large receiver array compensates for the inevita- 
ble Tx gain loss by a real-time digital beamforming 
(DBF) process in elevation denoted as scan-on-receive 
(SCORE). According to SCORE, the receiver beam is 
moved in synchrony with the apparent motion of the 
transmitted pulse along the ground, such that the maxi- 
mum antenna gain can be used at all times. The origin of 
this idea can be traced back to the patent of J. Blythe [24] 
and the SCORE technique has been further elaborated in 
[9], [10], [25] and [26]. The HRWS system uses in addi- 
tion multiple azimuth channels to image a wide swath 
without rising ambiguities. The combination of the azi- 
muth signals from the multiple apertures requires the ap- 
plication of dedicated multi-channel SAR signal process- 
ing algorithms as introduced in [19] and further detailed 
in [20]. More recently, the approach has been demon- 
strated on a ground-based SAR testbed [11]. 

 

An elegant extension of DBF, involving the transmission 
of multiple waveforms was proposed by Krieger et al 
[12]. Their modified approach to DBF SAR offers im- 
proved ambiguity performance at the expense of in- 
creased complexity in data acquisition and processing. 

 

Note that most of these techniques for wide swath, high 
resolution imaging using DBF or extensions are intro- 
duced in the context of short wavelength SAR systems, 
e.g. X-band or Ka-band. For conventional (stripmap) 
SAR at such short wavelengths, the antenna height is 
generally very small (typically around 12 wavelengths 
for an elevation beamwidth of 5-6 degrees, which illumi- 
nates ~ 100 km from low Earth orbit). Adding height to 
these small antennas to allow multiple receive apertures 
in elevation for DBF does not increase the overall an- 
tenna area to an unreasonable extent. In [13] for example 
the receive antenna dimensions for an X-band HRWS 
system are 12 m long by 1.66 m high. 

 

The situation is dramatically different at longer wave- 
lengths. Scaling the application of the HRWS approach 
in [13] to an L-band system would require an antenna of 
dimension 12m by 13.3m, which is four times bigger 
than the SIR-C L-band antenna. Mass/unit area capabili- 
ties for phased array antennas are in excess of 10 kg/sq. 
m, and they have to be deployed after packaging for 

launch in significantly smaller launch vehicle shrouds. 
Deployment of antennas of this size/mass in space re- 
quires heavy lift capacity and robust spacecraft attitude 
control, as well as elaborate deployment mechanisms. 
Such large, massive antennas must, therefore, be con- 
sidered technically challenging. 

 

In summary, digital beam-forming approaches for SAR 
seem well-suited to improve performance for shorter 
wavelength (C-, X-, or Ka-band) SAR systems. DBF 
SAR approaches result in system designs with reduced 
power levels, mode flexibility, wider swath width, better 
spatial resolution and lower ambiguity levels. But they 
typically have complex beam-forming networks, very 
high data rates, increased operational complexity, and 
require onboard processing capability. At longer wave- 
lengths, DBF SAR approaches result in very large, heavy 
phased array antennas, which present several technical 
challenges to deploy in space. There is a need for a 
beam-forming approach that provides most of the advan- 
tages of DBF SAR without the disadvantages, particu- 
larly at longer wavelengths. 

 

In this paper, we present such an approach, termed 
SweepSAR, which uses a lightweight, deployable reflec- 
tor antenna combined with a simple, one-dimensional 
phased array feed. SweepSAR can be implemented as an 
analog beam-forming approach. In this case the entire 
swath is illuminated on transmit, while on receive, an 
analog beam-steering network excites the elements of the 
phased array feed in succession such that a pencil beam 
scans the swath, tracking the locus of the return echo. 

 

In section II, we formulate some simple equations to 
characterize the performance of a SweepSAR system. 
These are developed from the corresponding equations 
for conventional SAR systems. In section III we show 
how the SweepSAR technique can yield lower peak and 
average transmit power requirements, or be used to gen- 
erate wider swaths than conventional SARs. Finally in 
section IV we summarize our results and discuss their 
implications for future SAR missions, but especially the 
NASA/JPL DESDynI mission [14], and the correspond- 
ing Tandem-L mission proposed by both DLR and 
NASA/JPL [15]. 

 
 

II. SweepSAR Concept 
 

Ramanujam et al [16] have patented a multi-beam reflec- 
tor antenna with a simple beamforming network, pri- 
marily for scanning a pencil beam to various geographic 
locations for communications satellites in geosynchro- 
nous orbit. A beamforming network is used to excite a 
subset of an array of feed horns, to generate the required 
pencil beam steered to the required angle(s). 

 

Here we study a unique adaptation of this approach to a 
spaceborne SAR in low earth orbit, first proposed by 
Blythe [24] and improved upon by Kare [25]. In follow- 

ing this approach, we use a large reflector antenna fed by 
a one-dimensional array feed. The basic concept is il- 
lustrated in Figure 1. The array feed is configured so that 
it allows beam steering in elevation. On transmit, multi- 
ple feed elements are used to sub-illuminate the reflector, 
which results in a wide illuminated swath on the ground. 
On receive, significantly fewer elements of the feed array 
are excited by the beam-forming network. This means 
that more of the large reflector is used on receive, so that 
the receive beam is shaped like a pencil beam. The locus 
of the portion of the phased array used on receive is ad- 
justed in real-time across the feed array using an analog 









 

Average power on transmit, Pav 168 W 500 W 168 W 
Number of Rx channels, nchan 1 2 2 
Data rate, DR 163 Mbps 373 Mbps 255 Mbps 
Noise equivalent σo

 -30 dB -35 dB -30 dB 
Swath width, Wg 120 km 60 km 340 km 
Spatial resolution, ρ 100 m 100 m 100 m 
Number of looks >100 > 100 >30 

Table II: Design parameters for a SweepSAR system, illustrating three types of data acquisition: Strip- 
map, Polarimetric, and ScanSAR modes. 

 

Comparing Tabels I and II, we see that one can achieve comparable performance using SweepSAR in each mode, but at sig- 
nificantly reduced peak and average transmit power levels. 

 

Next consider a SweepSAR system, designed to achieve wider swaths while allowing the average transmit power to vary as 
in eq. (16). The wavelength, orbit altitude, and incidence angle assumed to produce the results in Table III are again identi- 
cal to the values used in Table I. 

 

Comparing Tables I and III, we see that in the latter case we have much wider swaths for both the stripmap and polarimetric 
modes. In fact the stripmap mode in Table III has as wide a swath as the ScanSAR mode in Table I, but with significantly 
more looks. This comes at the expense of an increased data rate, and the addition of a second receive channel. The stripmap 
mode in Table III achieves the same dual channel capability of the ScanSAR mode in Table I using SweepSAR, but at a sig- 
nificantly increased data rate and twice the number of receive channels. The average power values for both modes in Table 
III are again less than the comparable values in Table I by a factor of 2 or 3, but not as low as in Table II. 

 
 Stripmap Mode Polarimetric Mode 

Wavelength, λ 0.24 m 
Altitude, h 600 km 
Min. Incidence angle, θi(min) 20 deg 
Max. Incidence angle, θi(max) 40 deg 
Antenna length, L 13.5 m 
Antenna height on transmit, Wt

 0.45 – 0.65 0.9 – 1.4 
Antenna height on receive, Wr

 13.5 13.5 
Transmit power, Pt 1600 W 3000 W 
Pulse length, τp 60 µs 60 µs 
Average power on transmit, Pav 336 W 1260 W 
Number of Rx channels, nchan 4 6 
Data rate, DR 882 Mbps 877 Mbps 
Noise equivalent σo

 -30 dB -35 dB 
Swath width, Wg 340 km 160 km 
Spatial resolution, ρ 100 m 100 m 
Number of looks >100 > 100 

Table III: Design parameters for an L-Band SweepSAR system, illustrating two 
types of wideswath data acquisition: Stripmap, and Polarimetric modes. 

 
Finally, in Figures 3 and 4 we plot the SNR and ambiguity performance for SweepSAR stripmap and quad-pol modes, re- 
spectively. Similar (though not identical) parameters to those given in Table III were used to generate these plots. The data 
gaps that appear in each plot correspond to transmit events. The ambiguity levels plotted in Figs. 3 and 4 are relative (as is 
usual), and combine both range and azimuth ambiguities into one value for each ground range position relative to the nadir 
point (directly beneath the spacecraft). In our analysis we found that azimuth ambiguities tend to dominate the combined 
range ambiguity values, because the instantaneous swath on receive is so narrow. 

 

IV. ummary and Discussion 
 

We have seen in the above that the SweepSAR technique 
offers the potential for significant reductions in the 
transmit peak and average power required for a SAR sys- 
tem. This is achieved by making full use of the areal ex- 
tent of a reflector antenna on receive. The SweepSAR 

 
 

technique can also be used to generate wideswath, high- 
resolution coverage – a significant improvement over 
conventional ScanSAR techniques [18]. The penalty is a 
higher data rate and an increase in the number of receiv- 
ers needed to record the return echo. The elevated data 



rate is not as big a problem as it might appear initially: 
note that in the 30 years since Seasat launched downlink 
rates for LEO satellites have increased significantly – 
from ~85Mbps up to ~640 Mbps. In addition, analog-to- 
digital converters (ADCs) have increased in bandwidth 
from ~ 20 MHz to several GHz. 

 

The SweepSAR approach discussed in this paper is un- 
der consideration for adoption as a mode of operation of 
the radar instrument on NASA’s DESDynI mission [14]. 
It is also being considered as part of the joint studies on- 
going between DLR and NASA/JPL of a Tandem-L mis- 
sion [15]. The parameters used have been selected to 
match as closely as possible the image characteristics 
expected for those mission concepts. 

 

The average power reductions projected for SweepSAR 
on DESDynI and Tandem-L should be even lower than 
given in Tables II and III, when one factors in the orbital 
duty cycle for the radar. Both DESDynI and Tandem-L 
have science objectives in the solid earth (geophysics), 
ecosystems, cryosphere and hydrology science disci- 
plines. To meet these objectives requires data acquisi- 
tions primarily over the land surface areas of the Earth 
(with some polar sea ice and coastal ocean coverage 
added in). The Earth’s land surface is about 31% of the 
total surface area, so adding in the sea ice and coastal 
ocean results in coverage requirements of roughly 35%, 

i.e. the radar will need to be activated ~35% of the time 
(or for 35 minutes in a 100 minute orbit). Referring back 
to Table II, this means that the average transmit power 
required for even the most demanding mode (quad-pol) 
is under 200W. For the stripmap and ScanSAR modes 
the value is under 60 W. Allowing 100W for the remain- 
ing electronics in the radar (a typical value) and assum- 
ing that the radar data acquisition is distributed evenly 
between the three available modes, the power required 
from the spacecraft power system for the radar instru- 
ment should be under 200W in total (≤ 600W during 
radar operation). 

 
Both alternatives addressed in this paper for SweepSAR 
are attractive. Wide swath coverage with performance 
comparable with conventional stripmap SAR is highly 
desirable for DESDynI and Tandem-L applications. Pay- 
load power is a known cost driver in any space mission, 
so an approach that reduces the payload power needs by 
a factor of 4 or more has to be seen as significant. Lower 
power means a reduced power system on board the 
spacecraft, in particular smaller solar panels, and batter- 
ies, and the overall mass of the platform is reduced. 
When the lower mass of the reflector antenna (compared 
with the phased array) is also taken into consideration, a 
reflector+phased array SAR at L-band offers a very at- 
tractive solution. 
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Figure 3: SweepSAR performance for the wideswath Stripmap mode similar to that in Table III, using idealized an- 
tenna patterns. Note the data gap in swath coverage, which corresponds to a transmit event. Either side of the ‘data 
gap’ separate receive beams are ‘swept’ across the swath, tracking the return echo. Each receive beam requires its 
own receiver, doubling the number of receive channels. 

 

 
Figure 4: SweepSAR performance for the Quadpol mode similar to that in Table III, using idealized antenna pat- 
terns. Note the data gaps in swath coverage, which corresponds to transmit events. Either side of the ‘data gaps’ 
separate receive beams are ‘swept’ across the swath, tracking the return echo. Each receive beam require its own 
receiver, increasing the number of receive channels needed. 
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