A NOVEL REFLECTOR BASED DIGITAL BEAMFORMING SAR SYSTEM ROBUST
AGAINST FEED FAILURES

Sgurd Huber, Marwan Younis and Gerhard Krieger

German Aerospace Center (DLR), Microwaves and Radar imstiOberpfaffenhofen, Germany

1. INTRODUCTION

Synthetic aperture radar imaging is a vastly developingiplise, where information from distant objects can beiestrd
contactless. Especially in the field of spaceborne earterebton missions the performance requirements in terrmevasit
time and image resolution continuously increase. Sincedti@r antenna naturally represents the interface betweetattered
electromagnetic energy and the radar signals after rexgmticareful design of the antenna is one key step in the ptinoef

an efficient SAR system. A requirement directly affecting #mtenna design is the designated revisit time of the SAHitat

For applications like earth system dynamics monitoring §13hort revisit time is desired, which in turn rises the nefddrge
swath widths. At the same time scientists are interestechiglainformation content of the SAR signal. This is traditidly
achieved by increasing the signal bandwidth resulting inghdr resolution of the SAR images. Large swath widths and
high azimuth resolutions are contradicting requirementbnventional SAR systems. This SAR inherent restrictian be
overcome by digital beamforming (DBF) techniques [2, 3].

Of increasing interest for SAR applications become larflector antennas in combination with feed arrays [4, 3, 5J. Ei
sketches the operation principle of a spaceborne SAR syistsidelooking geometry. On transmit a broad beam is geeérat
in order to illuminate the entire swath, while on receive aowa high gain beam is scanned across the swath. This mode of
operation is known as SCORE, first suggested in [6] and fudbeeloped in [7] and [8].

Reflector systems are already a mature technique for conuattioni satellites. Reflector antennas typically generate a
shaped beam due to the mechanical molding of the reflector @isat means, for any given feed position, only a certaiisol
angle can be illuminated. Therefore a set of multiple feedheints is required in order to cover the complete regiontefést.
This technology is considered as baseline for Tandem-La[@jission proposal for an interferometric L-Band radarinsent.

In [10] a reflector based Ka-Band system for high resolutianttizobservation applications has been investigated. ditiy
such systems are severely handicapped in case of a feedntlimihgere. A dropped out element would cause a 'blind’ spot i
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Fig. 1. System operation of a reflector SAR system in a sidelookeagretry. On transmit a wide beam (yellow) illuminates
the entire swath, while on receive a narrow high gain bead) falows the pulse on ground.
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Fig. 2. Left: Power flux density in the focal plane of a paraboliceetbr resulting from an incident plane wave. The quadratic
patches symbolize the elements of the feed array. Aimosidheglete electromagnetic power is concentrated arouniolduok
feed elementin the center of the array. Right: Example ofaalsed reflector antenna with two foci. Here the electrametig
power is distributed over several black colored feed elémen

the antenna footprint. Therefore, state-of-the-art systare planed with redundant receiver hardware. Cleadyoiion poses
a considerable increase of the costs for satellite SAR syst®loreover, the redundant electronics, as for examplitiadally
required switches, will produce losses.

The most widely established spaceborne SAR antenna is #&mamparray antenna. This kind of antenna is very robust
against a single or even multiple element failures in terfriseam shape stability. The drawback is clearly that therargte
size required to realize a high-resolution wide-swath S&&esn can render a SAR mission infeasible concerning this.cos
Consequently, an antenna design is needed, which comiliegsliustness against element failure of a planar arrayiaate
with the high gain of a large unfoldable low-weight reflectmtenna. This concept involves a defocusing of the indafidu
element beams by utilizing a new reflector surface.

It is the goal of this paper to introduce a concept to incréasgpermissiveness of a reflector antenna based SAR systems
against feed element losses. This concept involves an @tivevdesign of the reflector dish. In conjunction with dagit
beamforming techniques this reflector concept unfoldsiligpbtential in terms of wide-swath imaging capability.

2. DEFOCUSED REFLECTOR ANTENNAS

The concept of defocusing a reflector antenna is not newidtioins like [11, 12, 13] achieve a defocusing by movingfidesl
out of the focal point and leave the shape of the reflectomawatenaltered. The advantage is that conventional reflewatibin
paraboloidal, cylindrical or corner surfaces can be @dizIf however a defocusing is desired in only one dimenstavation

in this example, a simple displacement of the feed array avoolt be satisfying, since the pattern tends to symmetyicall
defocus in all dimensions. For example a paraboloidal reftegith an axially shifted feed will, compared to the focdsmse,
generate a broader rotational symmetric Bessel-like beam.

Here the defocusing is achieved by shaping the reflectorigisi. One possibility is to construct a reflector with twaxi.
Fig. 2 on the left shows the power flux density in the focal plafia conventional parabolic reflector antenna, with a singl
focus, generated by a plane wave incident antiparalleldadtational axis of the reflector. The quadratic patchesessmt the
individual elements of the feed array. Only a single elemeaolored in black, receives the main part of the electroreign
power. In contrast on the right side of Fig. 2 the power fluxgiigrfor a reflector with two foci is shown. In this case thedee
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Fig. 3. Left: Individual reflector antenna gain patterns in theval®n plane for the dual-focus reflector. The dashed epeclo
represents the gain pattern after digital beamforming.hRig€omparison of the gain patterns of the conventional &ed t
dual-focus reflector after digital beamforming, when elated 8 (center element), 24 and 33 have dropped out.

elements are placed in the plane through either of the focar be observed that the electromagnetic power is smaatbd i
z-dimension, corresponding to elevation, as intended. $e od an black colored element failure the remaining blad&red
elements still receive enough electromagnetic power iemi@maintain SAR operation.

3. PERFORMANCE

Aside from a broadening of the antenna beams, defocusinfiegtr antenna always involves a loss in gain. The individua
elevation gain patterns versus elevation scan angle fdtexter antenna with 35 feed elements is shown in Fig. 3 ondfie |
Compared to a conventional single-focus parabolic refteandtenna the gain loss is in the order of four to five dB. Howeve
with digital beamforming techniques the high gain can beveced as indicated by the dashed curve. In case of feed sleme
failures the gain loss after digital beamforming is much kenahan with the single-focus reflector, as presented ¢ Bion

the right. Here a beamforming technique, known as minimuriaaae distortionless response (MVDR) [14] beamforming ha
been utilized. The dashed red curve represents the moshenthry beamforming, here called 'unity’, when feed eletsen
are simply turned on or off. This result gives reason to thectiesion that DBF techniques utilizing phase and amplitude
information are required.
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