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Abstract

TanDEM-X is a high-resolution interferometric mission lwihe main goal of providing a global and unprecedentedly
accurate digital elevation model (DEM) of the Earth surfageneans of single-pass X-band SAR interferometry. Despite
its usual quasi-monostatic configuration, TanDEM-X is thetfgenuinely bistatic SAR system in space. During its
monostatic commissioning phase, the system has been n@ehated in pursuit monostatic mode. However, some
pioneering bistatic SAR experiments with both satellitemmanded in non-nominal modes have been conducted with
the main purpose of testing the performance of both spacgrandd segments in very demanding scenarios. In particular
this paper reports about the first bistatic acquisition dnadfirst single-pass interferometric (mono/bistatic) asitjon

with TanDEM-X, addressing their innovative aspects andiésing on the analysis of the experimental results. Even
in the absence of essential synchronisation and caliloréiformation, bistatic images and interferograms withiEim
quality to pursuit monostatic have been obtained.

1 Introduction tion of these innovative experiments. Section 3 presents a
detailed description of the experiments and results. Secti

TanDEM-X is the first bistatic SAR system in Space,4concludes the letter with a summary.

whose main goal is the generation of a global digital el-

evation model (DEM) following the HRTI-3 standard [1]. . .
TanDEM-X extends the TerraSAR-X mission by adding2 TanDEM-X in the monostatic

a second fully-active satellite with cooperative openatio commissioning phase
capabilities forming a single-pass interferometric syste

and is therefore capable of providing very accurate 3D inThe TpX satellite was launched from Baikonur cosmod-

formation. During the first years of the TerraSAR-X mis- .o o on June 21st, 2010. For approximately one month,
sion, DLR has benefitted from the flexibility of the sys- tpx followed a specific test schedule while approach-
tem to perform some innovative SAR experiments in NONjhg TSX from the original 16000 km to the final flight
_nomi_nal configurations, i.e., spaceborne-_airbqrne hestat ¢ormation with 20 km separation planned for the mono-
imaging [2] or the demonstration of new imaging modeSgiatic commissioning phase. For the following months,
[3]. The uniqueness and the increased operational possiyi satellites operated independently in pursuit monos-
bilities of the new mission allow one to envisage a large aiic mode, TDX completing a monostatic test program to
amount of challenging and creative experimer_wts to take aq/'alidate its expected performance. The monostatic com-
vantage of the potential of the payloads. Besides the obviyissioning phase ended in early October 2010, after which
ous goal of testing the performance of the system in nonrpy approached TSX to a distance of some hundred me-
nominal bistatic configurations, a further objective slioul (o o achieve the so-called close flight formation. In this

be outlined: develop and test new techniques, modes or g, nfiguration, and from a purely geometrical point of view,
gorithms which might become relevant in future SAR MiS-TanDEM-X can be well considered as monostatic. De-

slons. spite the tight operational schedule, some room was re-
The paper addresses the first bistatic experiments peserved for innovative experiments during the first months
formed with TanDEM-X during its monostatic commis- of the mission. As an example, the first interferometric
sioning phase: 1) the first bistatic acquisition, comple-experiment was carried out on July 16th, while TDX and
mented with a repeat-pass interferometric processing oFSX were still separated b370 km [5]. Some two weeks
consecutive bistatic surveys, and 2) the first single-padster, the first bistatic acquisition of TDX was conducted.
bistatic interferometric acquisition [4]. The paper iustr  The monostatic commissioning phase was very appealing
tured as follows. Section 2 describes the aspects of th perform non-nominal bistatic SAR experiments because
monostatic commissioning phase relevant to the condumf the longer along-track baselines. It has been under



these circumstances that the first bistatic experiments wit3.1  Bistatic imaging and repeat-pass inter-
TanDEM-X have been conducted. Fig. 1 depicts the refer- ferometry

ence configuration formed by the TSX and TDX satellites o ] S
at the period. The acquisition, carried out for the first time on August

8th, 2010, was planned over Brasilia city, Brazil. For this
first bistatic experiment, TSX operated monostaticalljhwit
a squint of -0.8 deg, whereas TDX was set in receive-only
TSX mode with a squint of 0.8 deg. Due to the small bistatic an-
Vgar g 20 km e . e
RN - gle, no relevant modifications of the timing schemes were
required. Synchronisation pulses were exchanged during
the data-take, from which the clock phase error could be
measured [1]. A squinted monostatic image and a non-
squinted bistatic one were obtained, but with no spec-
tral overlap between them. The same acquisitions were
conducted in consecutive passes of the system over the
same area to produce bistatic repeat-pass interferograms,
i.e., after eleven days. The first bistatic image acquired
by TanDEM-X is shown in Fig. 2, where the famous
Figurel: Formation of the TSX and TDX satellites during airplaine-like shape of the Brazilian capital appears & th
the TanDEM-X monostatic commissioning phase. centre of the image. The colour coding is used to identify
distributed scatterers (blueish in the image) from paike-|
and extended scatterers (yellowish in the image).

3 Experimental results

As previously stated, two sets of innovative bistatic exper g2
iments have been carried out during the monostatic com
missioning phase. In both cases, the geometrical conf
uration coincided with the one depicted in Fig. 1: the
beams used in pursuit monostatic operation are representeé
by solid lines, corresponding the dashed ones to a bistati
operation with symmetric azimuth steering.

b

Table 1. Acquisition parameters G N SO
Figure 2: First TanDEM-X bistatic image, showing

Experiment 1 _Experiment 2 Brasilia city area in radar coordinates (horizontal bistat

PRF [H2] 3182.52 209124 52 range vert)i/cal azimuth time)

Tx bandwidth [MHz] 100 150 ' '

Sampling freq. [MHz] 109.89 164.83

Incident angle [deg] 36.6 35.8 For better comparison with the monostatic image, Fig. 3
Squint angle TSX/TDX [deg] 10.8 10.9 shows a zoom over the city with the monostatic and the
Bistatic swath [km] 68.44 14.58 bistatic images overlaid and appearing in magenta and
Cross-track baseline [MBxerack) 253 43 green, respectively. Two different aspects of the previous
Polarisation W HH images can be outlined. In the city centre, the dominant

scattering mechanism seems to be monostatic, but there ex-
Table 1 lists the main parameters of the acquisitions. Thest distinct building areas near the lake, where the bistati
column 'Experiment 1’ refers to the first bistatic imaging scattering dominates. The conclusion is that, even for the
acquisition, as well as to the repeat-pass bistatic interfe small bistatic angle of the experiment, about 1.6 deg, sig-
metric results; the column 'Experiment 2’ refers to the firstnificant changes in target reflectivity, especially in man-
single-pass bistatic interferometric acquisition. Altala made structures, can be expected between monostatic and
takes were acquired using the regular stripmap modes difistatic observations. This feature might be very helpjul t
the satellites. The data have been processed using the e@hance the performance of existing identification or clas-
perimentalTanDEM-X interferometric processor (TAXI), sification algorithms. The second one is the distribution of
a flexible and versatile processing suite especially devethe azimuth ambiguities. Considering the azimuth ambi-
oped for the evaluation of TanDEM-X experimental dataguities of the point target of opportunity in the centre of
products [6, 7]. Fig. 3, which are mapped on the lake and zoomed within



the ochre rectangle on the bottom right corner of the figthe new system bistatic images and interferograms of sim-
ure, a range difference in the position of the monostatidlar quality to the monostatic (more mature) TerraSAR-X
and bistatic ambiguities appear. This happens because theunterparts, a quite relevant information at the time.
monostatic image is squinted, whereas the bistatic is not,

and therefore the 2D monostatic impulse response, unlike

the monostatic, is skewed. This feature might be exploited

to develop ambiguity identification/supression strategie

3.2 Bistatic single-passinterferometry

Following the success of the bistatic imaging acquisitions
a natural next experiment consisted of performing a single-
pass bistatic interferometric experiment with a large glon
track baseline before the end of the pursuit monostatic
commissioning phase. However, a way to overcome the
spectral decorrelation of the previous bistatic configarat
was needed. Because of the small bistatic angle, simulta-
neous monostatic and bistatic images with similar equiva-
lent squint angles have Doppler spectral overlap, i.e., the
images are coherent. This equivalency is depicted in Fig.

Figure3: Zoom over Brasilia. TanDEM-X bistatic (green) - T0 achieve this, an imaginative commanding of the

over TerraSAR-X monostatic (magenta). Radar c:Oordi_satellites was designed, with a switch of the azimuth an-

nates (horizontal range, vertical azimuth time).

tenna patterns of TSX and TDX on a pulse-to-pulse ba-
sis. Both satellites transmitted one pulse using the non-
squinted beams (solid lines) in Fig. 1 (any undesired en-
ergy from the other satellite was highly attenuated due to
the lack of overlap of the non-squinted footprints, sepa-
rated by about 17 km); in the next pulse TSX transmit-
ted with a squint of -0.9 deg and TDX only received with
a squint of +0.9 deg (depicted with dashed lines in Fig.
1). All things considered, one pursuit monostatic interfer
ogram with full baseline, plus two symmetric bistatic inter
ferograms with half baseline could be computed. However,
the acquisition had a couple of drawbacks: firstly, the PRF
needed to be doubled, i.e., the swath was halved; secondly,
due to the specifics of the commanding, no calibration nor
synchronisation pulses were available. The acquisitios wa
carried out over th@arque nacional del volcan Turrialha
. ] L . in Costa Rica, a gracefully montainous area. Note that
Eﬁg{r?z\l/;/i t'?}?::gé&;?tat'c 11-days repeat-pass interfery,. . experiment was conducted early October 2010, about
' a week before the first official bistatic TanDEM-X inter-
ferograms in close formation were obtained, and are there-
Fig. 4 shows the repeat-pass interferogram using the twfore the first bistatic single-pass spaceborne SAR interfer
bistatic images after eleven days. The residual fringesmetric acquisitions. As stated before, TDX uses a direct
correspond mainly to a priori DEM-errors and (possibly) X-band link to measure the differential phase between the
marginally to unaccounted atmospheric effects. The meatwo radar master clocks. This phase is used to correct the
value of the coherence is 0.35; in urban areas, this valueistatic raw data, so that no residual synchronisation er-
increases to about 0.5. There are no significant differrors propagate in the final DEM product [8]. TAXI has an
ences between the values obtained from the monostatiutomatic synchronisation module which is capable of es-
repeat-pass and the bistatic interferograms. Concerningmating the synchronisation error using the bistatic data
the interferometric performance, the baselines are pract|7, 10], which definitely substantiates the scientific char-
cally the same, as is the SNR of both acquisitions. Notecter of the experiment. The estimated clock carrier fre-
that the monostatic image has a squint, but since no sigiuency difference of about 124 Hz is also consistent with
nificant changes in target reflectivity other than for certai available contemporary SyncLink samples. Fig. 5 shows
man-made structures have been observed, the results ahe DEM generated using one of the bistatic interferograms
definitely consistent. Besides its novelty, the relevamtco with the interferometric phase overlaid.
clusion of this experiment was that we could obtain with




expected to have an SNR 1.2 dB worse for equivalent re-
flectivity. This loss in SNR is attributed mainly to the elec-
tronic antenna steering and consequently causes a propor-
tional loss of the overall coherence in the mono-bistatic
pairs. The mean value of the coherence of the pursuit
monostatic pair is 0.645; for the single-pass bistaticgair
this value drops to about 0.625.

&8 4 Summary

ﬁ;’r $F T o 2

Figure 5. DEM of the are sorrounding Turrialba volcano, This paper has presented two innovative spaceborne SAR
the first single-pass bistatic interferometric TanDEM-X ac experiments performed with TanDEM-X in the monos-
quisition with interferometric phase overlaid. tatic commissioning phase of the mission. In particular,
the first bistatic imaging acquisitions and the first single-

Although the test of the performance of this automatic synPass bistatic interferometric acquisition. Moreovergatp
chronisation procedure is out of the scope of the preser@ss bistatic interferometry with TanDEM-X has also been
letter, we can show the validity of the approach by crossdeémonstrated. Even in these experimental configurations,
checking the results obtained using the single-pass iistatWith partial lack of synchronisation and calibration infor
interferogram of Fig. 5 and the one resulting from the con/mation, b_|stat|c interferograms of similar quality to the
ventional pursuit monostatic one. Comparing the heighfhonostatic have been produced.

difference between the two DEMSs, no trends in range or

azimuth can be |denft|f|e_d, which qualitatively validates th References
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