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Concurrent Imaging for TerraSAR-X: Wide-Area
Imaging paired with High-Resolution Capabillities
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Abstract—The concurrent imaging technique enables parallel [3], [6], [7]. By continuously steering the radar antenna to
acquisitions with different beams or modes, e.g., a wide area the center of the scene, the observation time for this area
Stripmap mode with a high resolution Spotlight mode. Such 5 mayimized, leading to the high-resolution radar data. The

?gg&%cﬂgfn.ﬁersr;r's&nﬁgsq.%ﬁlégqécm?g&g etﬁqgl]g;guz Eulg\e/-etz: rotation center is the center of the ST scene. The resolution

pulse interleaving scheme to acquire two acquisitions - even Of the Staring Spotlight mode can be calculatedgsst =

of disjunctive areas - at the same time, offering products with \/(2A©,), where\ is the wavelength of the transmitted signal
different resolution and coverage portfolios. This capability is and A©, is the angular range defined by the azimuth antenna
especially interesting for customers interested in an overview steering. The improved azimuth resolution of the ST mode
of a larger area but at the same time observing an area of : . . . .
interest with higher resolution, e.g., for infrastructure monitoring compared to SM is paid by a s_maller sce_ne_5|_ze as mentioned
or reconnaissance applications. The basic concept, as well as thedefore. The extent of the resulting scene is limited to the radar
driving system parameters, are discussed in detail, together with antenna beamwidth projected to the ground.

a coverage analysis revealing the high availability rate of the  The so-called Sliding Spotlight modes can be regarded as a
mode combinations on a global scale. A processing approach re- oo mnromise providing a larger (but still finite) scene size in

using a substantial part of the existing infrastructure is described imuth at th tofal imuth uti dt
and exemplary acquisitions are shown, together with a detailed 24/Muth atthe€ cost ot a lower azimuth resolution compared to

performance analysis with respect to resolution and ambiguities. ST. During early times, those modes have been called hybrid
SAR modes [8], [9]. Depending on the depth of the center of

Index Terms—TerraSAR-X, staring spotlight, concurrent rotation w.r.t. the surface a stronger or slighter sliding can be
imaging, high resolution, synthetic aperture radar (SAR). performed, providing flexibility to the mode design. For the
example of the TerraSAR-X mission, two Sliding Spotlight
modes are available, the so-called High-Resolution Spotlight
. INTRODUCTION mode (HS) and a Sliding Spotlight mode (SL) [10].
RADITIONAL and state-of-the-art synthetic aperture An azimuth steerable single-channel SAR system can oper-
radar (SAR) sensors operate in well-known imagingte in all these modes; however, under the restriction of using
modes. They range from high-resolution Spotlight ovétnly one at a time for each area of interest. For future SAR
Stripmap to wide-area ScanSAR modes [1]-[3]. The terrafiystems, highly innovative imaging modes have been devel-
observation by progressive scans (TOPS) mode can be gped in order to improve the performance and the flexibility
garded as an evolution of ScanSAR providing higher qualitp satisfy ever-growing user demands. Those modes require
images at the cost of increased commanding and procesdiagdware and processing capabilities way beyond state-of-
complexity [4], [5]. One common feature of all modes is théhe-art systems, such as multidimensional waveform encoding
tradeoff between resolution and scene size. and digital beamforming, employing many channels for the
The Stripmap (SM) mode allows for continuous imagin§eceiving chain [11]-[13]. Given those capabilities, not only a
in flight direction while providing medium resolution imagessingle-mode image can be acquired, but two or more images
The azimuth antenna beam of the SAR is typically lookintp different imaging modes can be generated simultaneously.
boresight with respect to the flight direction, i.e., it is nof his multitude of modes at the same time is also called hybrid
steered. Each point target is illuminated by the radar ov@peration in [11]. An experimental space-born demonstration
an observation angle defined by the width of the azimufff digital beamforming capabilities using the single-channel
antenna pattern while the sensor is passing by. This angul&f'faSAR-X system is reported in [14].
range directly leads to the achievable azimuth resolution of The paper at hand refers to a concurrent imaging technique,

dazsm = L, whereL is the physical size of the SAR antenndvhich can be regarded as a step towards such a hybrid mode.
in the azimuth direction. It goes beyond the Sliding Spotlight approach of the early

The Staring Spotlight mode (ST) is the Spotlight variarfiays but does not address_highly innO\_/ative_beamform_ing and
with the highest resolution. It is offering high azimuth resovaveform encoding techniques. The idea is to acquire two

lution while compromising the scene size in flight directiofMages simultaneously, by interleaving the acquisitions in a
pulse-to-pulse manner. Like in the well-established scheme
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COSMO-SkyMed next-generation constellation is envisage it G i
focusing on the acquisition of two Spotlight acquisitions & BRI
the same time [17]-[20]. Here we address this idea from tl
. . <,
TerraSAR-X perspective, where we concentrate on the sim %,
taneous acquisition of a Spotlight and a Stripmap produs o
Such a mode is favorable where an overview of a wider ar
is necessary, and in parallel, a zoom on a selected targel st
. . . . . . . range
interest is required. Applications can range from scientif i
over civil engineering to military use cases. Additionally, th  soumdmeeSNg
acquisition over disjoint areas is analyzed which can grea
reduce conflicting mode or scene selections which regula
appear over regions of high interest. S e
The paper is structured as follows. In Section I, th !
concurrent imaging technique is described. This covers tie
basic concept as well as a thorough timing and ambiguigyy. 1. Schematic representation of the data acquisitionimaging mode,
analysis. Section Il provides a coverage analysis that givelich allows simultaneous acquisition of a Stripmap and a Spotlight scene,
an idea about the applicability of the investigated scheme ﬂyralternating the transmit and receive antenna pattern in elevation and in
L. . . azimuth, as well as the radiated waveform from pulse to pulse.

acquisitions all over the Earth. In Section 1V, the commanding
and processing aspects are treated, followed by experimental
results in Section V. Exemplary acquisitions are shown and . . S : .

. plary acq . scene size, and the azimuth antenna steering is adjusted during
analyzed with respect to their impulse response function a

S L ) L overflight to image the region of interest for a long
ambiguity characteristics. In Section VI, further opt|m|zat|ori1I e, enabling high azimuth resolution. Despite the elevation

ig:]a;ﬁsIesse::(:irot:?/ﬁocnoc:cr{fgésmtﬁgIggptthmque are discuss d az_imuth antenna bea_ms, the transmit and the receive
' ' bandwidth and the transmitted waveform can be alternated
and tailored to the application. State-of-the-art satellite SAR
Il. CONCURRENTIMAGING TECHNIQUE systems such as, e.g., TerraSAR-X, are using a higher RF
State-of-the-art imaging modes of single-channel SAR syisandwidth for the Spotlight acquisitions in order to achieve a
tems so far did not offer any flexibility to acquire highsimilarly high range resolution as the high azimuth resolution
resolution data in a continuous manner nor the ability tachieved due to the azimuth antenna steering.
acquire two disjunctive scenes simultaneously. There is alwayBesides the acquisition of a Spotlight image within a
a compromise in choosing the right imaging mode for 8tripmap one, the acquisition of disjunctive areas is possible.
given application. Azimuth and range resolution have to bBehis scheme is presented in Figure 2 for two continuous
traded against scene extent and a single area of interest Bapmap scenes. The elevation beam is switched from pulse
to be selected. The flexibility to acquire a high resolutioto pulse from one swath to the other. However, the acquisition
image at the same time as a continuous coverage image Spotlight scene outside the swath of the Stripmap acqui-
or to image more than one area of interest at the momeition is possible, too. Experimental results are presented in
is paid by dramatically increased hardware and processiBgction V.
complexity for digital beamforming systems. Digital beam- Two major constraints have to be respected when designing
forming demands multiple receive channels, which drasticaldy single-channel concurrent imaging SAR acquisition. First,
increases the amount of data to be downlinked to the grouige timing constraints have to be considered. If both images are
Moreover, spatiotemporal waveform encoding requires addiet in the same range, the selected pulse repetition frequency
tional processing in the transmitter and receiver, creating m@RRF) must suit both areas (as shown in Figure 2) for a
complexity for the system. This gap in capabilities for singlepair of disjunctive Stripmap acquisitions. However, if both
channel systems is filled by the concurrent imaging technigaequisitions are acquired over the same area, as depicted in
described in the next section. Figure 1, there is no additional constraint compared to a
conventional Stripmap or Spotlight acquisition.
A. Basic Concept The secom_j constraint on the PRF is_, that it h_as to b(_a chos.en
. . . L . . adequately high, as each of the sub-images is acquired with
The idea behind this data acquisition scheme is to mterleag(ﬁ effective PRFfpreet equal to half the PRF, which is used

acquisitions in a pulse-to-pulse manner, taking into acco b the combined Strioman/Spotliaht acquisiti
additional constraints arising from this concept. As illustrate pmap/ispotig a 9P SwisT

in Figure 1, Stripmap and Spotlight images can be acquired si- - fPRF,SM/ST' (1)
multaneously by continuously switching between image mode ' 2

acquisition schemes from pulse to pulse. The beams depicldie corresponding effective pulse repetition interval (PRI),
in blue are acquiring the Stripmap data. They have wid@bprier IS the sum of the Stripmap PRIEpgrisw, and the
coverage in elevation, and the azimuth beam is looking Htaring Spotlight PRITpr st

a boresight direction during the whole acquisition, enabling

continuous imaging. The red beams offer a narrower elevation Trrieft =

4,
k)
2,
%
%

S
o

azimuth

Spotlight
acquisition

= Tpri,sm~+ Tpri,sT 2
fPRF,eff
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B. Timing Assessment

Traditional monostatic SAR acquisitions are characterized
by transmission in a pulse-wise manner. In other words, the
transmission is periodic according to the PRI. Each period
consists of an active transmission followed by a reception
interval. The antenna is actively transmitting during a time
interval of length PRItimes duty cycle.

The first timing constraint is that reception is only possi-
ble outside the transmission window. This restriction comes
from the enormous difference between the high power of the
transmit signal and the low power of the echo. Since the same
antenna is used to transmit and receive in monostatic systems,
the receiver would be saturated and, therefore, would not be
able to detect the low power of the echo.

The second constraint is related to the nadir echo, which is
the signal received reflected from the Earth around the nadir
line. The nadir line is, by definition, the line on Earth’s surface
by selecting an appropriate PRF. Here the challenge is to use the same &LgloseSt approach to the satellite trajectory. Reception of the

window for a different number (rank) of traveling pulses, which makes PREAdIr eChoe_S Si"_]UItE_mGOUSW to the _target echoes can cause
selection more challenging. This configuration allows simultaneous acquisitian strong bright line in the focused image due to the small

of two disjunctive Stripmap scenes by alternating the transmit and receiy¢cidence angle and the high backscatter of the nadir area
antenna pattern in elevation from pulse to pulse. Also, the second scene C(t&l . . .
be a Spotlight acquisition. 1, [23]. The reception of nadir echos can be avoided by
proper PRF selection.
These two constraints are known as transmission and nadir
- _ _ ~ interference, respectively. They can be summarized by the
For the sake of simplicity, the concurrent imaging techniqugning diagram shown in Figure 3 [2]. For the concurrent
analyzed in th|§ paper and described in [18] assumes the Same&ging technique, the combined PRFre swistexplained in
PRIs for both images Section 1I-A must be used in the timing diagram.
The white diamond-shaped areas represent usable PRF
regions for scenes seen under a certain incidence angle. The
decreasing size of usable areas between transmit and nadir

Using different PRIs would offer more flexibility in terms 0finterference lines for higher incidence angles and increasing

timing constraints and achievable scene sizes. This approg Fs IS ar?lr(fecltl consequence of the acquisition g-e.o.metry."As
is discussed in Section VI. shown in the following section, a concurrent acquisition calls

f latively high PRF which licates timi th
Arising range ambiguities due to high PRF can be tackl ra reavel ng whieh complicates timing as the

b . . |amonds become smaller, limiting the achievable scene size.

y using proper waveform design. For example, orthogona

waveforms can be used, as up and down chirping, in each o

mode of the combined acquisition, respectively in order fg- Ambiguity Assessment

avoid the focusing of ambiguities of point targets [21]. Nev- Since two images are being acquired in the concurrent

ertheless, the energy of the ambiguous pulses is containedniaging mode simultaneously, the PRF must be high enough

the image and no improvement can be achieved for distributedensure a sufficiently high sampling frequency to accom-

targets [13], [21]. modate both modes with sufficient azimuth bandwidth. This
An additional bounding condition in the TerraSAR-X acmotivates the analysis of range and azimuth ambiguities as

quisition is caused by the limitation that the SAR systeffiese parameters are tightly connected to the PRF. Ambiguities

can only switch antenna beams in transmit and receive #eme from different effects:

Elevation beam switched
from pulse to pulse

slant
range

ground range

first continuous AN
Stripmap acquisition N\
second continuous
Stripmap acquisition

Fig. 2. Schematic representation of the data acquisitionimxadiing mode

®3)

Tpri,sMm = TpRi,ST-

dependently for nominal imaging modes. For a concurrente
Stripmap/Spotlight acquisition, transmitting with one antenna
beam and receiving with another during the same PRI is not
possible. Thus, the number of traveling pulses has to be even.
This ensures the reception of the echoes of each mode with
the proper antenna pattern, i.e., right after transmission of the
given mode. For a concurrent Stripmap/Stripmap acquisition,e
it is possible to transmit with a certain elevation beam and
receive with another elevation beam within the same PRI.
Therefore, an odd number of traveling pulses is also possible
which relaxes timing constraints because a wider PRF range
is usable.

Azimuth ambiguities are a result of the sampling of the
Doppler spectrum by the PRF. The Doppler spectrum
is not strictly band-limited, but shaped by the azimuth
antenna pattern. Therefore, there is significant signal
energy with Doppler frequencies beyond the sampling
frequency (PRF), leading to aliasing.

Range ambiguities arise because the round-trip delay
(between transmission and reception of a pulse) is larger
than the PRI. Echoes of subsequent and previous pulses
manifest at the same echo window position as the actual
intended echo, although their travel time has a multiple
PRI difference.
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7000 : same and will be canceled out (e.g., transmit power, losses,
Eﬁ@: CARTURNRN s the wavelength). Thus, the RASR can be give by
— N Rk
6000 M GeI,Tx,mGeI,RX,mUO,m
— sin (0j.,,) R3
RASR= =1 (B1.m) o
- Ga,7x,0Gel,Rx000,0

sin (6i0) R3

where Ge1x and G rx are the transmit and receive antenna
pattern gains respectively [2]. The subscriptand( indicate
the evaluation of the antenna patterns (and other parameters)
for the position of them-th ambiguity and the target area
respectively. The parametey is the backscatter coefficient,
20 25 30 35 40 45 50 55 60 65 6; is the incidence angle, antl is the slant range.

Incidence Angle [deg] Because there is a cross-interference between the modes,

i.e., the Stripmap mode is interfering with the Spotlight and

Fig. 3. The timing diagram for an orbit height of 520 km and a$rait vice versg, one shall use _the Combm_ed PRF, which IS.t_WICe
duty-cycle of 20%. The green areas indicate transmit interference, and the effective PRF, to obtain the ambiguous range positions,
purple regions indicate nadir interference. Both types of interference need4fd therefore the RASR. This is a worst-case assumption, as
be avoided by proper PRF selection for an incidence angle of interest. Thase . . id . h . h ' d
usable PRF and incidence angle combinations are shown as diamond-shggél‘at'on 5 Is not consi .er'ng t e azimuth antenna pattern an
white areas. therefore assumes maximum interference between the modes.
This is only true when both interleaved modes point to the
same area with the maximum of the azimuth antenna pattern,

The tolerable ambiguity levels depend on the applicatiok., at the center of the acquisition, when the Spotlight azimuth
For areas with relatively homogeneous backscatter, the a§am is pointing boresight.
biguous energy is contributing to the total image noise andFigure 4 and Figure 5 show the RASR versus the PRF
visually reduces the contrast of images by turning regions & the Staring Spotlight and the Stripmap, respectively. The
low backscatter like airport runways into gray areas complicgteneral trend of increasing RASR with increasing PRF is
ing, e.g., the detection of aircraft [2], [6], [24]. For scenes withlearly visible for both modes. The parametky; describes
high contrast in backscatter the appearance of ghost targets&gn positions of the simulated point targets with respect to
be problematic. Ships appear as bright targets on a calm #& center of the scene in range direction. Especially in the
surface, but their azimuth ambiguities are clearly detectable@&ipmap mode, where the scene extent in range is sub-
well [25]. stantially larger than in Staring Spotlight, a degraded range

Since there are two different effects causing ambiguitiedmbiguity performance for larger deviations from the scene
it is common practice to assess the ambiguity performang@nter is visible in the high PRF region. In Figure 6 the one-
of a SAR system describing azimuth and range ambiguitid&y elevation antenna patterns used for the RASR simulations
separately. For antenna systems where the side-lobes & shown. The strif11 pattern is tapered to reduce side
concentrated in the principal planes (e.g., for rectangul'é]bes and widen the beam, because the nominal scene size of
planar antennas like TerraSAR-X and TanDEM-X), this apatripmap acquisitions is 30 km, whereas a Spotlight acquisition
proach is regarded as sufficiently precise. As a general rufe,maximum 10km in range. The sp661 pattern shows a
increasing the PRF leads to a higher range ambiguity-to-sig§#iC characteristic because it is optimize for maximum gain
ratio (RASR) and a lower azimuth ambiguity-to-signal rati¢26]-
(AASR). Thereby, an analysis of this trade-off must be carried For the assessment of the azimuth ambiguity performance,
out to guarantee a minimum of received total ambiguity powéie effective PRFferererr has to be used, as both modes
and possibly optimum acquisition performance. In order gxperience a sampling of their Doppler spectra with this rate.
perform a simulation to assess ambiguities in both range af@ditionally, the Stripmap and the Staring Spotlight part have
azimuth, the satellite orbit, attitude, antenna pattern, and fifebe treated differently. On the one hand, for Stripmap, there
target position must be known. is the possibility to reduce the processed azimuth bandwidth

The RASR is defined as the ratio of the sum of alfazsm With respect to the PRF to gain AASR performance.
ambiguous power contributions fromy different ambiguous This can be described by an azimuth oversampling factor

®)

5000 -

PRF [Hz]

4000 A

3000 -

2000
15

ranges,Pamym, t0 the power at the target areBarges — JPREeff ©)
o 0s,a BaZ'SM.
> Pambm This factor clarifies the trade-off between azimuth resolution
RASR = mzllDTget' (4) and azimuth ambiguities in the Stripmap mode. On the other

hand, the AASR performance of Staring Spotlight has to
To compute RASR, we need to pay attention to the involvdme assessed carefully, considering the time-variant azimuth
parameters. Some parameters are different for the ambigudtytenna pattern and the weighting of the azimuth spectrum
and the target areas (e.g., antenna gain), and others that arenilte its processing window. Both aspects have a significant
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simulation. The blue curve represents the elevation beam @Gfbtand the
Fig. 4. Simulated RASR for the TerraSAR-X Staring Spotlighode at green one strigd11, respectively. The regions of the pattern, which are used
different range target positions for the exemplary elevation beam @pbt for nominal Staring Spotlight and Stripmap acquisitions are highlighted in red
with an incidence angle of approximately 40The distance of the simulated and orange, respectively.
target with respect to scene cent&fq is provided in the legend. In order to
respect cross-interference between the modes, the combined PRF needs to be

evaluated.
0
-5
0
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2000 3000 4000 5000 6000 7000 Fig. 7. Simulated AASR for the TerraSAR-X Staring Spotlighbae at
PRF [Hz] different azimuth target positions. Different distances of the simulated target

with respect to scene centeky, are provided. A generalized Hamming
Fig. 5. Simulated RASR for the TerraSAR-X Stripmap mode dediht range window with « = 0.6 and an azimuth antenna steering from *®2.2were
target positions for the exemplary elevation beam s@id with an incidence used. For the concurrent imaging case, the effective PRF was used.
angle of approximately 40 The distance of the simulated target with respect
to scene center\g is provided in the legend. In order to respect cross-
interference between the modes, the combined PRF needs to be evaluated.

Figure 7 the parameteh,, represents an offset in azimuth
direction with respect to the scenes center coordinate. Ana-

influence on the achievable performance, as described Aing how ambiguities vary from the scene center is essential
detail in [6] and [7]. The AASR of Staring Spotlight can beo ensure good performance throughout the whole image. The
calculated considering/ time steps to account for the time-AASR performance for Stripmap is smoothly improving for

variant azimuth antenna pattern steering amds the order increasing PRFs. However, for Staring Spotlight, there is a

of the ambiguity dramatic increase in the ambiguity power for low PRFs and
N especially for targets further away from the scene center.
S PambnmW? Figure 7 suggests that the azimuth scene extent of the Star-
n=1m=—M ing Spotlight image may be strongly limited by ambiguities.
AASR = ;1750 , (7) Therefore, the lower bound of the effective PRF has been
3 Ptarge;nWi chosen to be around 2500Hz to avoid these strong azimuth
n=1 ambiguities. The upper bound is defined not only by strong

where for TerraSAR-X a (generalized) Hamming window witlRASR in the Stripmap scene but also by satellite limitations.
a= 0.6 is used for spectral weighting Figure 5 depicts strong RASR for high combined PRFs, but

9rm with no indication of a sharp increase with higher PRFs.

W, =a—(1—a)cos (T) , n=1,..,N. (8) Therefore, the upper bound of the combined PRF has been

chosen to be the maximum PRF of the satellite, which is

Figure 7 and Figure 8 show the AASR performance faround 6700Hz. This results in a usable PRF range for the
the Staring Spotlight and the Stripmap mode, respectively. ¢oncurrent mode ofprr = [5000, ..., 6700] Hz or equivalently
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Fig. 9. Availability rate in terms of latitude for the overf@ipg concurrent
mode. The plot represents the probability of a random point at a certain
latitude to be accessible for a concurrent acquisition. The blue line represents

ferrefi= 2500, ..., 3350] Hz. the full performance incidence angle range, while the orange line represents
the data collection range [10].

I1l. COVERAGE ANALYSIS
The timing and ambiguity assessments present several con- i , ,
straints and restrictions intrinsic to the concurrent imagiH aging an(_j r_u_)n—o_verlapplng concurrent |_mag|ng'h_e over-
mode. Consequently, the range of operation in terms of PE pIng def|n|t|on IS used when the Staring Spotlight scene
is quite limited. Depending on the target position and tHg completely within the Stripmap one. Tmen-overlapping

desired scene size, the concurrent acquisition may not edEfinition is used otherwise.
be possible over some locations. This questioning of whether ) .
an area can be imaged using the concurrent mode or not, #&.,Overlapping Concurrent Imaging
if a concurrent acquisition on a given target can be performed |nitially, a simulation for the overlapping concurrent mode
motivates a global coverage analysis. This section has thi#l be described. This first simulation consists of checking
objective to assess the availability of concurrent imaging afla random target on Earth can be imaged with a scene size
over the Earth in a statistical sense. of at least 30 km around the target. In other words, testing
Before describing the simulations, the tearailability must if it is possible to perform a concurrent acquisition with a
be defined. An acquisition is said to beailablewhen at least minimum swath width of the Stripmap mode of 30 km being
one valid PRF can be found in the PRF table on-board thee target in the scene center. The swathes in this simulation
satellite to perform the concurrent mode. A valid PRF is olare not aligned with the operational TerraSAR-X Stripmap
tained by respecting all the timing and ambiguity constraintsiode swathes but centered around the target of interest. The
From a timing point of view, the incidence angle and the PR&levation beam is selected by optimizing the antenna gain over
together have to be in accordance with the timing diagramme imaged scene. As the Staring Spotlight has a lower swath
This means that the target echo reception must not interfevielth, approximately 5km, its timing does not need to be
with the nadir echo nor with the radar transmission. Besidediecked as its scene is within the Stripmap one. Simulating
due to commanding restrictions, the radar must receive withe hundred thousand random points on Earth’s surface and
the same antenna pattern as the previous transmit one at asthg the TerraSAR-X orbit, the result presented in Figure 9
PRI. In the time domain, this restriction can be translated ass obtained. In the plot, ‘Full Performance’ stands for the
having an even number of traveling pulses at the moment®mulation in which the incidence angle range of the target is
reception of each individual mode. Ambiguities, on the othd&retween 20 and 45, while in ‘Data Collection,’ this range is
hand, impose a minimum PRF of 5000 Hz in order to avoieiktended to 14and 60. Those definitions are in line with the
facing strong azimuth ambiguities in the Staring Spotlightasic SAR products’ definition of TerraSAR-X [10]. Allowing
acquisition. This minimum PRF value was arbitrarily choseior a broader range of incidence angles, naturally, the avail-
and can be seen as a lower boundary representing the watstity increases as there are more acquisition possibilities.
case of the Staring Spotlight azimuth ambiguity. The motivation to plot the availability rate in terms of
Among the many possibilities provided by the concurretatitude comes from the geometry of the orbit of the satellite.
imaging technique, one of the most important is the ability t&s a consequence of the polar dusk-dawn orbit, the radar flies
acquire data over two different places at the same time. Ormesr a random point at a high latitude much more frequently
each individual mode uses its own antenna pattern, the targéin over a point at a lower latitude [27]. The converging
of each mode can be even hundreds of kilometers apart. Taibits towards higher latitudes result in an increased number
motivates the differentiation betweeaverlapping concurrent of acquisition possibilities for high latitudes and a lower
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one. Removing the constraint of the targets being in the scene
center, now the availability rate is much higher, at 100%.

The low rate for targets situated between 20 km and 65 km
is another interesting point. This effect is mostly caused by
the fact that the radar cannot receive while transmitting. In
the time domain, this means that the receive echo window is
limited by the transmit pulse. Targets that are in this prohibitive
distance range mostly represent that one of their echoes is
being received while the radar is transmitting.

For even larger distances, the rate goes down to approxi-
mately 50%. Once again, these targets can be imaged using
the concurrent mode by reducing the Stripmap scene size. For

instance, the orange line in Figure 10 represents the same
— 1120km, o7 Sy simulation but with the Stripmap swath width reduced to

-200 100 0 100 200 20km. The availability rate is considerably improved.

Distance Dkeril In summary, the Earth coverage analysis described above

reveals the good versatility of the concurrent imaging tech-
Fig. 10. Availability rate in terms of the distance betweea thargets for the 9 Y ging

non-overlapping concurrent imaging mode. The plot represents the probabilifAU€- Even though two acquisitions are being performed
of random points on the equatorial line to be accessible for different Stripmggmultaneously and the timings are quite tight, the mode can

scene sizes. still be vastly used around the globe with nominal performance
and reasonable coverage. In those extreme cases in which
the nominal performance is not possible, the concurrent mode

availability rate at the equator. This can be confirmed by thein still be applied simply by slightly reducing the Stripmap

plot presented in Figure 9. scene size. Additional optimization potential is discussed in
There are two main conclusions from the results obtainegection VI.

First, the idea that the worst-case scenario of the concurrent
imaging mode is approximately at the equator is confirmed.
The non-overlapping concurrent mode simulation, therefore,
will be run at a latitude of zero degrees. Second, in the full
performance range, the worst case of the availability is 45%.For the commanding of a concurrent acquisition, many
The scene size of the non-accessible targets could be reducgphbilities offered by the TerraSAR-X instrument have to be
to satisfy timing constraints and allow for the acquisitionused. A concurrent Stripmap/Spotlight acquisition exploits the
However, this limitation can also be improved by using certamzimuth antenna steering capabilities employed for the Staring
techniques. For example, by using different PRIs in ea@&potlight mode and the ability for a pulse-to-pulse change of
mode, as described in Section VI, it would be possible tbe elevation beam and the used waveform. Due to the large
increase the Stripmap echo window and, consequently, &imuth antenna steering range and the quantization of the
scene size. antenna steering angles, the Staring Spotlight mode utilizes
a substantial part of the instrument’s state machine for the
azimuth antenna steering [7].

Despite the fact that the TerraSAR-X radar system is

The non-overlapping concurrent imaging simulation is ralesigned only for a sequential switching of antenna beams, like
lated to the non-overlapping availability rate, i.e., when ther a Spotlight acquisition, it is technically possible to switch
acquisition is performed over disjunctive scenes. In this cade,a single dedicated antenna configuration at any time. This
not only the scene extent of each mode must be defined bapability is semi-operationally used for the so-called aperture-
also the distance between the targets. Besides, now the targetisching acquisitions, providing two phase centers for along-
must only be within the scenes, not necessarily in their centerack interferometry applications [28], [29]. However, the
From what was learned in the first simulation, now both targedperture-switching mode only toggles between two antenna
are at the equatorial line, and only the data collection incidencenfigurations. The concurrent mode commanding strategy
angle range was simulated. This represents the worst casedescribed here is the first time the sequential beam steering of
Earth while using the full capabilities of the satellite. Onca Spotlight acquisition and the antenna beam toggling of the
again, the simulation tests if the targets are accessible in tqgerture-switching scheme are combined.
non-overlapping way. Using 30 km for the Stripmap scene andThe concurrent imaging technique is not only demanding
5km for the Staring Spotlight one, which are nominal valugsom an antenna steering point of view but also because the
for the satellite, the result shown in Figure 10 by the blue lingaveforms employed for the Stripmap and the Staring Spot-
was obtained. Twenty thousand points were simulated. light mode are tailored for each mode separately and therefore

The first interesting observation from the image is olare different. For example, the Staring Spotlight part requires
tained at distances around zero kilometers, in which the nan-high range bandwidth of 300 MHz compared to 150 MHz
overlapping availability rate deteriorates into an overlappimgy 100 MHz for the Stripmap acquisition. Additionally, the
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\ |
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IV. EXPERIMENT COMMANDING AND PROCESSING
APPROACH

B. Non-Overlapping Concurrent Imaging
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chirp slopes are configured in opposite directions for Stripm: prolog imaging part epilog
and Staring Spotlight within the concurrent acquisition t %% %
improve the range ambiguity performance for point targe /%I I I/
: : %9 72
[21]. The use of different waveforms leads to the necessi NN o N _
of recording two different calibration and replica retrieva oy e et oo

sequences, one for each waveform, as shown on the top

Figure 11. The calibration sequence is used for the interr

. . . ) . standard SM

instrument calibration, whereas the replica retrieval sequer / e hd

provides the matched filter for range focusing [30], [31]. 8 SM image
For the processing of the acquired and dumped SAR di —— \ standard ST ||

on ground, a pre-processing approach is used. As shown S R— processor [} T o ‘

the bottom part of Figure 11, the concurrent imaging SA rawdata | LI, TMsP

raw data is split into two data streams by a pre-processiiy

step, re-arranging the raw data. Those _data streams are diregl@dis. The upper image shows the structure of the concuireaging

to two standard processors, one configured for Stripmap anchnique raw data. The actual imaging sequence is shown as green box,

the other configured for the Staring Spotlight acquisition. F&pntaining alternately ST and SM range lines. This imaging sequence is
surrounded by a prolog and a epilog, where calibration sequences are

the ex_periments shown in SeCtipn V, the TAXI Processor @pntained and the replica for range focusing is acquired. These parts are shown
the Microwaves and Radar Institute of DLR was used [32ds orange boxes. The lower image shows a block diagram of the concurrent

However. also the operational TerraSAR-X multi-mode SARode processing. The combined raw data is split into two data streams and
’ fed into two processors. One is configured for the Stripmap, the other for the

processor (TMSP) COUl_d be Usefj [33]. Staring Spotlight part. Finally two images are created.
For the pre-processing, detailed knowledge of the com-

manding of the concurrent acquisition is necessary. Although
the imaging pulses are simply alternating between the Star
Spotlight and the Stripmap mode data, the auxiliary data is ngs
as shown in the top row of Figure 11. In the so-called prold
and epilog, sequences of calibration and replica retrieval pulss#
are contained and have to be directed to the correct data stre

for proper processing. The timestamps of the recorded rarfss: ek
lines have to be preserved as they contain the informatifieiEeome:
about the orbit position. In addition, for example, the PRESSSEEEES
contained in the header of the SAR pulses has to be adap
as only every second pulse of the imaging part is used
each image.

iments, the same processing approach could be used
operational implementation. Thereby, the existing processig;
capabilities, optimized for both modes independently, could &
re-used extensively. Only the relatively low complexity pre®
processing step described above is necessary. Fig. 12. Polygons of the concurrent acquisition over an ardzaist Australia,
where radar reference targets are deployed (corner reflectors). The blue
polygon represents the area which is acquired in Stripmap mode, while the
smaller red polygon represents the area imaged in Staring Spotlight mode.

In order to demonstrate the feasibility and also to highlight
the capabilities of the concurrent imaging technique, several

experimental acquisitions have been commanded, executeﬁ, his ch ved b di lution b lativel
and evaluated, employing the TerraSAR-X satellite SAR syS: Ich Is characterized by me lum reso ution but relatively
areal coverage. The upper right image represents the

tem. Those images can be evaluated for their impulse respo . ) I h .

function (IRF) characteristics as well as for their ambiguit taring Spotllg_ht part of the acquisition, characterized by h'gh
performance. paugl resoluu.on, but re_duced ar_eal coverage. The Staring
Spotlight area is marked in the Stripmap image by the yellow

) rectangle in order to highlight the difference in coverage.

A. IRF Analysis In order to demonstrate the high resolution capability of the
The first experimental acquisition is a TerraSAR-X Starin§taring Spotlight part of the acquisition, a corner reflector was
Spotlight combined with a Stripmap acquisition. In Figure 1Bnaged. The corner reflector is part of the Australian corner
the blue polygon represents the expected coverage of teflector array, located in Surat Basin, Queensland [34], [35].
Stripmap part, whereas the red polygon represents the Stafyg evaluating the characteristics of this artificial target, an
Spotlight coverage. assessment of the IRF characteristics is possible. A zoom in
The focused images of the experimental acquisition ao@ the corner reflector in the Staring Spotlight image is also
depicted in Figure 13. The left image is the Stripmap pashown. The position of the corner reflector is highlighted by

V. EXPERIMENTAL RESULTS

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TGRS.2022.3140290, IEEE
Transactions on Geoscience and Remote Sensing

IEEE XXX, VOL. XX, NO. X, JULY 2021 9

Stripmap

azimuth

Fig. 14. Zoom in on the area around the corner reflector of tiygisition
shown in Figure 13. The corner reflector is visible in the lower left part of
the Stripmap (top) and the Staring Spotlight (bottom) scenes. A further zoom
in on a man-made structure in the Staring Spotlight scene demonstrates the
ability to resolve very detailed structures, e.g., of buildings with this mode.

Fig. 13. The Stripmap part of the experimental acquisitiorhighlighted

with a blue box (left). The yellow rectangle in this image highlights the area,
where the Staring Spotlight image is located. The Staring Spotlight part of
the experimental acquisition, highlighted by a red box (upper right) offers
higher resolution but a smaller scene size (3.5knB.5km) compared to
the Stripmap (22.9kmx 46.5km). Both images contain a corner reflector,
highlighted by the red arrows. The zoomed region of the Staring Spotlight Parameter | conc.-ST | ST conc.-SM | SM
image clearly shows the response of the corner reflector. The Stripmap imagé Res. (az.) | 0.229m | 0.219m| 2.767m 2.982m
is acquired with elevation beam strijil 1 and the Staring Spotlight image with Res. (rg.) | 0.573m | 0.595m| 1.785m 1.767m
elevation beam spob51 at an incidence angle of about’4@he acquisition PSLR (az.)| 25.7dB 31.6dB | 28.3dB 29.3dB

was performed on 2020-07-08. PSLR (rg.) | 24.0dB | 31.3dB | 29.0d8 | 30.0dB
ISLR (az) | 24.7dB | 25.2dB | 20.5dB | 22.4dB
ISLR (rg.) | 21.6dB | 25.4dB | 20.4dB | 22.3dB

TABLE |
IMPULSE RESPONSE FUNCTION PARAMETERS EVALUATED FROM THE
CORNER REFLECTOR WITHIN THE IMAGE

red arrows.

A further zoom in on the area around the corner reflector
is shown in Figure 14. Here the high resolution capability afoncurrentimaging Stripmap part is slightly better, as déig
the Staring Spotlight mode as shown on the bottom is cleagyocessed azimuth bandwidth was applied. Residual differ-
visible compared to the Stripmap image on the top. This figuemces, both in resolution and side lobe ratios can be attributed
highlights the benefit of acquiring a high-resolution image ito the use of an experimental processing environment for the
parallel to the overview image. concurrent imaging acquisition. The processor is tailored for

To compare the experimental acquisition with nomindligh-precision imaging [36], however the input parameters are
TerraSAR-X image products, two nominal images had begartially entered manually. The reference acquisitions have
ordered additionally. The experiment was executed on 204geen processed using the operational TerraSAR-X processor.
07-08 and offers a Stripmap and a Staring Spotlight image inTo demonstrate the capability to image disjunctive areas
one overflight. The Staring Spotlight reference and Stripmapen with different imaging modes in a single overflight
reference images were acquired on 2020-07-19 and 2020-by-a single-channel SAR system, a second experiment has
30, respectively. been conducted. In Figure 15, the polygons highlighting the

In Table I, the IRF parameters of the concurrent imagingpverage of both sub-modes of the experimental acquisition
approach and the conventional modes are shown. The res@li¢ shown. The red rectangle corresponds to the Staring
tions in slant range and azimuth as well as the peak-to-si@potlight part, whereas the blue polygon is the Stripmap part.
lobe ratio (PSLR) and integrated side lobe ratio (ISLR) are The focused images of the second experimental acquisition
derived by evaluation of the corner reflector. The resolutiare depicted in Figure 16. The left image is the Stripmap
of the concurrently acquired images matches very well tipart. The upper right image represents the Staring Spotlight
number derived for the nominal modes for both the Stripmagene. The Staring Spotlight image is outside the Stripmap
and the Staring Spotlight part. The azimuth resolution for thend therefore not highlighted within the Stripmap. The same

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TGRS.2022.3140290, IEEE
Transactions on Geoscience and Remote Sensing

IEEE XXX, VOL. XX, NO. X, JULY 2021 10

Stripmap Staring Spotlight
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Fig. 15. Polygons of a single-channel concurrent acquisiteer an area
in East Australia. The blue polygon represents the area which is acquirec
Stripmap mode, while the smaller red polygon represents the area imai
in Staring Spotlight mode. For this experiment both parts of the concurre
acquisition are imaging disjunctive areas with different imaging modes.

corner reflector analysis as for the first experiment has be
conducted for this experimental acquisition and it suppot
the observation of comparable resolutions as provided by {
reference acquisition.

Fig. 16. Stripmap part of the experimental acquisition wittscene size
B. Ambiguity Assessment of 20.7km x 46.5km (left). The Staring Spotlight part of the experimental
acquisition (upper right) is located outside the Stripmap acquisition in this

To assess the azimuth ambiguity performance and ver#xperiment. The scene size is 3.5km 3.5km and the distance between
the predictions shown in Secton I1-C, acquisitions over higife S6eT Suath e e St Pl eeve = o1, e S
contrast scenes have been commanded. A similar anal ed area of the Staring Spotlight image (lower right) clearly shows the
as shown in [37] can be carried out to derive the AASRsponse of the corner reflector. The achieved resolution is comparable to the
performance. Figure 17 shows a zoom into the Stripmap p&pg ©f the first experiment.
of a concurrent acquisition over the municipality of Pilma in
the Brazilian state of Espirito Santo. The sea appears dark
black and azimuth ambiguities are clearly visible. The arrow To assess range ambiguities, acquisitions employing the
highlights a bright area near the coast and its ambiguity in teencurrent imaging technique close to the city of Buenos
sea in early azimuth direction. The separation of the actu@res, Argentina have been commanded. In Figure 19 two
target and its ambiguityampi is about 4 km as expected fromStripmap images are shown. The left one is the Stripmap part

For\Row of a concurrent acquisition performed on 2020-09-24 with
dambi = Lfg, (9) elevation antenna beam stripill. This elevation beam was

2Vet selected in order to provoke the appearance of range ambigui-
where fpre is the PRF,uy and verr are the ground and theties in near range, as the antenna gain in near range is degraded
effective velocity, respectively. The yellow line indicates whereompared to a nominal acquisition. The antenna pattern com-
a cut in azimuth direction is used to visualize and analygensation during processing is enhancing the signal energy in
the AASR performance. The power of the SAR image alorife near range area and leads to the dominant appearance of
this cut is shown in Figure 18. The power is normalized tambiguities. A high ambiguous power especially close to the
the maximum value. The average power of the target areac@nter in azimuth direction is notable, as highlighted by the
approximately -1.0 dB, the ambiguity is at -20.0 dB and the sgellow box. For comparison the same area was acquired on
clutter is at -25.5dB. By subtracting the sea clutters’ pow@020-10-16 with elevation beam tanDEKIL 040 as shown
from the value measured at the position of the ambiguign the right of Figure 19. The range ambiguities are very
and respecting the target power, an estimate for the AASRIch attenuated compared to the left image. This beam is
of -20.4dB can be derived. It is important to note that thigleally illuminating the area of interest and would be used for
value is the single sided AASR as the ambiguity power is onfin operational acquisition, e.g., for the bistatic TanDEM-X
coming from the late azimuth direction. For a comparison withission.
the results of Section II-C, 3dB have to be added, leading toln order to analyze the ambiguities recognized in the yellow
an AASR estimate of -17.4dB. The value expected from thmx of Figure 19 a spectrogram of a single range line is shown
simulation shown in Section II-C is -19.1dB for an effectivén Figure 20. The spectrogram highlights the time-frequency
PRF of 3044 Hz. relations of the analyzed signal. In the lower part, a linear
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azimuth

Fig. 17. Zoom into the Stripmap part of a concurrent acqoisitacquired
over the municipality of Pilma in the Brazilian state of Espirito Santo. Th
sea during the acquisition was very calm. Therefore, it appears dark bla
At the coast, a bright area is visible. Its first ambiguity repeats in the sea a
distance of about 4 km, according to the PRF. A cut in the azimuth directio
indicated by the yellow line, is used to assess the AASR performance,
shown in Figure 18.

azimuth

...................................... <« signal

Fig. 19. Stripmap images of two concurrent acquisitionseclmsthe city of

-10 Buenos Aires, Argentina. The left image was acquired on 2020-09-24 using
singla sided elevation beam strifD11. This beam results in reduced antenna gain in near
AASR=-20.4.dB range, leading to the exaggeration of ambiguous signals here. The right image
was acquired on 2020-10-16, using elevation beam tanDEM40. This
beam is ideally illuminating the scene and provides an almost ambiguity-free
—azimuth ambiguity + image. This beam would be the choice for an operational acquisition.

sea echo = -20.0 dB

=15

Power [dB]

Tsea echo =-25.5 dB

0 2500 5000 7500 10000 12500 15000 17500 20000
Azimuth Samples

-30

Time [us]

Fig. 18. Azimuth profile along the sea-land transition (ywlldine in
Figure 17) for the Stripmap part of the concurrent acquisition used to evalui
the azimuth ambiguity performance.

-20 0 20
Range Frequency [MHz]
M0 T
i Qi i i i 0.0 -5.0 -10.0 -15.0 -20.0
frequency slope is clearly visible as highlighted by the whit Power [dB]

box. The clear visibility of a line is an indicator for a dominan
target within the ambiguous range. The chirp rate of the , _ _
down chip can be estimated from the bandwidth of 100 MH{9, 20, Spectagrem of 2 sile range ine of he raw dete wtee,
and the duration of approximately 1% as 9.1 MHzis. This response of a dominant target in the ambiguous range with a clear down
estimate corresponds very well to the chirp rate of the Starinlgrp characteristic. A chirp rate analysis reveals, that the ambiguous signal
Spotlight part of the concurrent acquisition which employs D the Stripmap image originates from a Staring Spotlight pulse.

down chirp waveform with 9.28 MHz&. This confirms that

the ambiguity within the Stripmap image is caused by a Staring =~ ] ) ) . )
Spotlight pulse. The power of the ambiguity is already reduc&nPiguity is a dominant disturbance in the image. This
by a factor of three compared to the actual power of triRfovoked ambiguity can be used for further investigations of
Staring Spotlight pulses’ echo. This is because the Stripmﬁﬁ‘b'gu'ty mitigation techniques as described in Section VI.
receive signal is filtered to 100 MHz and the actual interfering

signal is transmitted with 300 MHz bandwidth. Additionally, VI. FURTHER OPTIMIZATION

the ambiguity is not focusing in range, as the chirp slopesThe results shown in the previous sections are already very
of the Stripmap and the Staring Spotlight part were chospromising. Nevertheless, there are opportunities for further
opposite to smear the response of ambiguities. Nevertheleésgyrovements, e.g., with respect to ambiguity performance,
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swath coverage, and global availability of a potential opera-
tional concurrent mode for the TerraSAR-X mission.
Due to the necessity of high PRFs, the concurrent imaging

technique is demanding from an ambiguity point of view. 15} 4id o

However, there are promising techniques to reduce ambigu- 5 164.24 s 164.24 s .

ities. One is the use of waveform encoding and dual-focus 1.0 b s ]

processing to reduce range ambiguities [38], [39]. The other ‘ ‘ | ‘

is to employ multiple channels in azimuth, probably even in 05

a bi- or multistatic configuration, in order to allow for an

azimuth ambiguity suppression [40]-[42]. At the current time, 0.0

the TerraSAR-X and TanDEM-X satellites are still in close 8.8 49 time tms] A AL

orbit formation. After completing the global digital elevation

model (DEM) mission [43]-[45], they are serving a multitude ST and SM (different PRIs)

of scientific purposes. This close-formation could serve as an 20 ;'fx’pu;deE;N e

excellent testbed for bistatic concurrent imaging. 1;% N ]
Another aspect with optimization potential is the timing. I 17322 y 149?9“5

The experiments presented in this paper and the mode de- 10;___ | e—tr——p

scribed in [18] halved the nominal PRI or doubled the PRF, ’ s

respectively. However, as shown in the upper row of Figure 21, &

the Staring Spotlight part of the concurrent acquisition is not - 5

as demanding as the Stripmap one concerning the timing. The g =

Stripmap scene is much larger and therefore demands a longer 38 4.2 4.4 46

echo window. The Stripmap PRI is completely utilized. The time [ms]

gray bars in the Staring Spotlight PRI highlight spare times.

By keeping the effective PRI constant (cf. Equation 2) angdg. 21. Sequence of alternating Stripmap and Starging i§hotpulses of

decreasing the Staring Spotlight PRI, a longer echo winddbg concurrent acquisition shown in Figure 13 (top). Transmitted pulses are
wn in red. The focused echo window length is shown in green, whereas

for the Strlpmap part .Can be aCh'eV‘?d’ as shown in the Iov\f#gecho window extension, necessary for matched filtering in range, is shown
part of Figure 21. In this example, an improvement of 17.7% @f orange color. For the used PRF of 6088.55 Hz a PRI of 164s2dnables

the Stripmap swath width can be achieved. The unused tinfefgcused echo window length of 90.86 for the Stripmap. The gray bars
during the Staring Spotight PRI are significantly reduced. Ji10" tnused tmes curng e Siarng Spatioht P, e cferent Ps
is not completely vanishing, as the PRI could not be reducegkctive PRF, enables a longer echo window for the Stripmap, while leaving
further because the maximum available PRF of TerraSAR-Xth# Staring Spotlight scene unchanged (bottom). An improvement of 17.7 %
around 6700 Hz, leading to a minimum PRI of about 49 Lﬂghsetasrit;'g“;%%tﬁ;ﬁf'ﬁ,;‘lzﬁgr'zyagg'ri‘)'fed by reducing the unused times during
For improving the Stripmap echo window length, only the
spare time after the echo window extension of the Staring
Spotlight can be used. The spare time before is dictated by
the effective PRF and the position of the Staring Spotligid acquire an overview image in Stripmap mode and, at the
scene. Also, an increase of the Staring Spotlight echo winde@ame time, provides a zoom on a target of high interest, e.g., an
to acquire a larger scene is not possible, as the constrainéiield, power plant, or other critical infrastructure. Because
factor here is the produced amount of data and the data ratethe pulse-to-pulse interleaving, the mode is complex in
Staring Spotlight is using 300 MHz range bandwidth, requiringrms of timing and ambiguity performance. We provide
a high sampling frequency which in turn produces a large daathorough analysis of these aspects for the TerraSAR-X
rate for the solid state mass memory and its interface [7]. case. Additionally, an analysis of the global availability of
In Section II, a concurrent Stripmap/Spotlight mode usoncurrent acquisitions demonstrates the potential of this mode
ing the TerraSAR-X Staring Spotlight mode and a twoeven on a global scale. For high and medium latitudes an
beam Stripmap were discussed. However, also a concurrawilability of concurrent mode data of more than 70% can be
Stripmap/Spotlight using the TerraSAR-X High-Resolutioachieved. Commanding and processing aspects are discussed
Spotlight mode can be investigated in more detail in the futurand the approach of using a pre-processing step together with
It can further enlarge the trade space of resolution againisé already established TerraSAR-X processor environments
ambiguity performance. The High-Resolution Spotlight mods shown. The experimental acquisitions and the analysis
is a Sliding Spotlight variant and offers decreased azimugr.t. impulse response function and ambiguity characteristics
resolution compared to Staring Spotlight, but with improvekighlight that the expected performance could be achieved.
azimuth ambiguity performance and azimuth scene size. The results demonstrate the potential of this mode. By com-
promising scene size and ambiguity performance in a very
VII. CONCLUSION controlled way, two SAR products can be acquired at the
In this paper, we describe a concurrent imaging techniggame time, either on the same, or over disjunctive areas,
that can acquire two SAR images simultaneously by a pulses desired by the customer. Besides the already achieved
to-pulse interleaving of both imaging modes. The mode is aljjfepomising results, there are ideas for further improvements
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that will be investigated in the near future.
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