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INTRODUCTION

A novel idea of a realization a Synthetic Aperture Radar ($8ystem combining a reflector antenna with a digital
feed array was suggested for the first time in [1]. The newtaligifeam-forming (DBF) SAR architecture has better
overall system performance while being of lower complelétyel as compared to the planar antenna based architecture
[2]. This innovative idea has driven intensive studies airaéfuture space borne SAR missions.

Antenna design aspects and performance of the reflectod iEBE SAR system have been thoroughly discussed in
[2], [3] and [4]. As shown in [3] the initial design of the refi®r antenna, aimed to satisfy the main system requirements
may need further optimization to allow better system pentmce. This paper is dedicated to this problem.

The paper starts with the introduction of the initial systdesign and its operational principle. The discussion is
followed by the consideration of several aspects specifictHe reflector based DBF SAR and their impact on the
system performance. Possible ways to reduce the impact tayirimg the antenna design are suggested. In the end
the overall system performance is estimated.

INITIAL DESIGN OF THE REFLECTOR BASED DBF SAR SYSTEM

A simplified structure of the initial design of the digital dma-forming SAR system based on the reflector antenna
is depicted in Fig[l. It consists of a circular paraboloidinear array of feed antennas, a feed system circuitry and
a digital control system. The feed array is represented byastays linearly arranged with a separatiband placed
in the reflector’s focal plane. Each feed element is congeftiea TR module. The receive part is represented by a
switch, a low noise amplifier, a band-pass filter, and an gnededigital converter. In the transmit part a conventiona
analog configuration based on phase shifters is used.

Activation of a single element results in a narrow high-ghgam illuminating a certain portion of the swath.
Combination of several channels results in formation ofréfigiired antenna pattern. When all the elements are switched
on, the reflector antenna pattern covers the complete swathvilide low-gain beam. The initial system design uses
a single digital channel in azimuth and is operated in ScafRBceive (SCORE) mode [5], [6]: the ground swath of
interest is illuminated by the wide transmit beam and a mameceive beam scans over the entire swath following the
pulse on ground. The scanning is performed digitally by cminly weighted data from the activated signal channels
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Fig. 1. Simplified architecture of the reflector based DBF SABtem: the reflector dish with a schematically depicted feesesy (left) and a
simplified structure of the digital feed system circuitrygfrf).



according to:
N
Sout (t) = Z Wy (t) * Sing (t)7 (1)
=1

where N is the total number of elements); (¢) are complex weighting coefficients;,, (¢) is the input signal at the
it" channel,s,:(t) is the output signal.

The parameters of the initial reflector antenna design aa@®BF SAR system specifications are described in Table |
a) and b) correspondingly [3]. The antenna is representethéycircular parabolic dish of0 m diameter with34
primary feed elements located at a distancé.6fn from the center of the reflector. The system is operated atdB
at an orbit height o710 km with a repeat cycle of arounti4 days.

TABLE |
(a) Antenna Parameters (b) System Specifications

Parameter Value Parameter Value
operational frequency 5.3 GHz average transmitted power 68 W
diameter 10m duty cycle n=>5%
focal length 5.5m bandwidth 100 MHz
number of elements | 34 ground swath width 203 km
inter-element spacing 0.6 -\ repeat cycle 14 days
feed array length 1.14m look angles 30° — 40°

orbit height 710 km

SYSTEM PERFORMANCE ASPECTS: ANALYSIS AND OPTIMIZATION
Frequency Dependence of the Antenna Patterns

In this section we investigate the impact of the frequengyedeent radiation characteristics of the reflector antenna
on the DBF SAR system performance.

As shown in Fig[R a), a far field radiation pattern of the ré¢fle@antenna(;.:;, can be represented as a sum of
its three main component$] (2, - a far field pattern due to the currents induced on the refletish by a primary
field, Cs - a far field pattern due to the currents induced on the feetbisydy the field reflected from the dist’s
- a far field pattern due to the currents induced on the refldntahe field reflected from the feed system. The total
field is expressed as:

Ctotal(97 ¢7 f) = CVl (97 ¢7 f) + CQ(Qa ¢7 f) + 03(95 d)? f) + Ci (2)

wheref is the elevation anglej is the azimuth anglef is the frequency, and’; are higher order components (neglected
in the current analysis).
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Fig. 2. a) Far field radiation pattern components. b) Tx gairesb scan angle as a function of frequency: solid line -ahtiesign (total gain),
dotted line - initial design (first component), dashed linaitial design with0.8 m feed offset in Y direction (total gain).
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Fig. 3. a) Reference and modulated receive signals at thé ofghe range compression filter in frequency domain b) Refsveand modulated
receive signals at the output of the range compression fiitéimie domain (solid line - reference signal, dotted line - matkd signal).

In Fig.[2 b) the gain variation of the total far field transmétrn, Ciotai 72, at zero scan angle for the initial
symmetric reflector configuration (solid line) is compareithva design using a feed offset 6f8 m in Y direction
(dashed line). The gain variation of the first field componé€ntr,, for the initial design (no blockage present) is
represented by the dotted line. The obtained results danatmghat the blockage due to the feed system located in
the main beam has a strong impact on the frequency dependéribe antenna characteristics. This effect can be
mitigated by using an offset configuration. In the following evaluate the impact of the frequency variation effect
on the reflector based DBF SAR system for the initial and bffiesigns.

A magnitude spectrum of the chirp echo signal received by dbesidered DBF SAR from the swath center,
0 = 0°,¢ = 0°, is depicted in Figl13 a). Here the dotted line represents dutated signalS,..4(f.), given by the
ideal chirp of which each frequency component is weighteth whe complex two way antenna field pattern value
obtained for the corresponding frequencies at the given angle; the solid line represents a non-modulated referenc
signal, S,.¢(f-). The signals are described by the following equations:

o t (o] o
S’r‘ef(fr) = f{eXP(JWkrtQ) -rect (T) } : Ctotal,Ta:,R:L’(O ) 0 ) fO)
P
. t (o) o
Smod(f'r‘) = f{exp(jwthQ) -rect (T) } : Ctotal,Ta:,R:L’(O ) 0 ) f)
p

wheret is the time,T), is the pulse duratior, is the range modulation rat¢ is the radar center frequency arfd
are frequencies of the operational band.

After the chirps pass a range compression filter the impudspanse takes a form depicted in Hifj. 3 b). Values
Arefmoa aNd Syer.moq, depicted on the plot, represent an amplitude and a sideléMeé of the compressed signals
correspondingly. The impulse response analysis of the DBR System was performed for each scan angle of
interest using the following evaluation parameters: PeakioRdefined asA,,.q./A..s, Relative Peak-to-Side Lobe

Peak Ratio [dB]
Relative PSLR [dB]
Relative ISLR [dB]
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Fig. 4. a) Peak Ratio, b) Relative Peak-to-Side Lobe Rati @nRelative Integrated Side Lobe Ratio as a function of trwaigd range. Solid
line - initial symmetric configuration, dotted line - offsetrdfiguration with an offset height di.8 m in Y direction.



40[

39

S
¢
>
7
/

38

I

] - P P P -
- -4 2 0 2 4 6 -
Scan angle [deg.] Angle [deg]

Gain [dB]

Normalized amplitude [dB]
IS
3

-3 &
3 3

& [T T
L -
-_—

4
3

(@ (b)

Fig. 5. a) Transmit antenna patterns without (solid line) aitth (dashed line) phase correctiod.§ m offset design, blockage is neglected). b)
The level of the “ghost” Tx signal relative to the useful sigas a function of the scan angle (solid line - initial symneettésign, dotted line -
0.8 m offset design).

Ratio (PSLR) expressed dS,cf - Proa)/(Pres - Smod) and Relative Integrated Side Lobe Ratio (ISLR) found as
ISLR,cf/ISLR,,,q WhereISLR is the sum of energy in the side lobes divided by the sum ofggnier the main
lobe.

In Fig. [4 the results of the system impulse response anabjsiained for the initial symmetric configuration
(solid line) are compared with th&8 m offset design (dotted line). The degradation of the PeakoRat the offset
configuration at near ranges is due to the filter mismatch.elmeal, the analysis shows that the offset configuration
with a less pronounced frequency variation effect allowsdahieve better overall performance in terms of the power
content of the impulse response as well as of the side lole tmmpared to the reference signal.

Transmit Antenna Pattern Shape Improvement

The offset configuration leads to the degradation of theranaepattern. The shape of the transmit elevation pattern
has an impact on the system ambiguities level as well as omatliemetric resolution. Activation of all the feed
elements according to equatidd (1), with(¢) = 1, results in the transmit pattern depicted by the solid Imé&ig.[3
a). The pattern has a large gain loss at large scan angleb Velaids to a performance degradation at the swath borders.
The shape of the pattern can be improved by means of pattathesjs methods. In Fifil 5 a) the dashed line represents
the pattern formed when complex weights are applied to teetfiree digital channels. The pattern synthesis required
the smallest variation of the electric field over the anguéarge of interest. In order to further decrease the gain loss
at large scan angles the number of feed elements was indr&ase 34 to 38.

Multipath Effect

The large feed system structure in the near field resultsdarfdhmation of a so called ghost chirp due to multipath
effects. This disturbing signal is a result of the third cament,Cs, of the antenna radiation patter@y,..; Fig.[2
a). The “ghost” signal is following the useful signal on gnouand in the end effect this may cause an image quality
degradation. In Fid:]5 b) a level of the disturbing transrignal relative to a useful signal is shown as a function of
scan angle for the initial (solid line) and offset (dottedelj reflector configurations. A level of the disturbing signa
on receive is well below-35 dB for the given direction using both configurations. Theutessdemonstrate that the
feed offset tends to push the maximum of the disturbing pattemponent out of the angular range of interest.

PERFORMANCE OF THE REFLECTOR BASED DBF SAR SYSTEM

In Fig.[d the performance of the DBF SAR system based on thialinéflector design is compared to the system
using the reflector antenna with0z8 m offset height and phase correction. The level of Azimuthbiguity-to-Signal
Ratio (AASR) is higher at the swath borders for the optimized systems Thexplained by the increased defocusing
for the large scan angles which in turn leads to broader ahimpatterns. In order to reduce this effect a transmit pulse
repetition frequency was increased fra880 MHz up to 1995 MHz, which allowed to improve the azimuth ambiguities
level over the complete swath as well. The Range-Ambigtait$ignal Ratio RASR) and Noise-Equivalent-Sigma-



Zero (NESZ) levels remain generally unchanged and are well below &pequirements. Nevertheless at near ranges
these parameters are worse which is due to the increasesl neyistition frequency and the reduced transmit gain for
the offset design. The azimuth resolution&h remained unchanged for both systems.
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Fig. 6. a) Range Ambiguity-to-Signal Ratio b) Azimuth Ambiguito-Signal Ratio c) Noise-Equivalent-Sigma-Zero (solitel- initial symmetric
design, dashed line3.8 m offset design with the Tx pattern phase correction).
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CONCLUSION

Performance aspects, specific for the novel DBF SAR systeronimination with a reflector antenna, are considered
in this paper. The main discussion is dedicated to the pnoloEfrequency dependent antenna patterns and the impact
of this effect on the DBF SAR system performance. It was shtivan the blockage due to the feed system located in
the antenna main beam has a strong influence on the frequenegion effect. An offset reflector configuration was
considered as a possible solution to the problem. Afteepatbptimization, the performance of the DBF SAR based
on the offset design was estimated and compared to thel isjtrametric system. It was shown that the optimized
system has a low ambiguity level and a radiometric resalutiomparable to the reference design, while it has less
impact on the signal frequency modulation and is charaxtdrby the reduced level of multipath effects.

Optimization of a complex system for a single parameter l)sudaads to the degradation of another system
characteristic, although a certain compromise to imprdwe required parameter keeping the overall performance
on a high level can be found. This was in particular demotesdran this paper which showed that the DBF SAR
system based on the reflector antenna is a promising coregating further development and intensive investigation
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