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ABSTRACT 

 
From October 2014 to February 2015, TerraSAR-X and 
TanDEM-X satellites operated in a Pursuit Monostatic 
formation, in which independent images were acquired with 
a temporal separation of 10 seconds, and an along track 
baseline of approximately 76 km, at a maximum effective 
baseline of 750 m [1]. In this phase, in order to support 
interferometric acquisitions of the same footprint on the 
ground, TanDEM-X orbit was adjusted, while TerraSAR-X 
remained unaffected relative to its reference orbit.  In 
preparation for a potential multi-mission Pursuit Monostatic 
formation following the end of the TanDEM-X science 
phase between TanDEM-X satellites and Spanish satellite 
PAZ [2], several new imaging acquisition arrangements 
with the current operational modes were investigated. The 
performances and effectiveness of these new SAR 
applications were evaluated.  In this paper we provide a 
brief summary of these new configuration scenarios.  
Primary examples demonstrate the potential of the 
monostatic formation for new imaging arrangements, such 
as wider swath or longer images by combination of two 
parallel or adjacent SAR scenes. Also, immediate repeat 
pass interferometric acquisitions for creation of digital 
elevation models (DEM) with minimal temporal delay were 
successfully tested. In here, in addition in comparison to 
TanDEM-X bistatic configuration, the characteristic and 
limitation imposed by the 10 seconds delay of the repeat-
pass temporal decorrelation [3] is examined in a case 
scenario acquired over forested areas. 
 

Index Terms—TerraSAR-X Pursuit Monostatic 
 

1. INTRODUCTION AND PAPER ORGANIZATION 
 
Launched in 2007, TerraSAR-X radar data are acquired in 
three main imaging modes of SpotLight, StripMap, and 
ScanSAR. Owing to its highly configurable system, the 
operating modes are extended with further two means of 
Wide-ScanSAR and Staring SpotLight [4]. By launch of 
TanDEM-X in 2010 a new era in space-borne radar remote 
sensing began. During TanDEM-X commissioning phase, 
along with qualification of the close formation of TanDEM-
X Bistatic configuration for acquisition of a high precision 

global elevation model, the scientific applications in a 
pursuit monostatic formation were demonstrated. [5]. 
Among these experiments, the great potential of the large 
baseline cross track interferometry, the bi and multistatic 
SAR applications, and Polarimetric SAR Interferometry 
were verified [6]. Although demonstration was successful, 
since these science acquisition arrangements are not as yet 
operational we aimed at establishing acquisition 
arrangements that can be achieved with the current 
operational modes.  
Organization of this paper is as follows: In sections 2 and 3, 
acquisition arrangements and operational examples of the 
new SAR applications are given. In section 3.5 results of 
forestry applications for canopy height estimation in both 
cases of close formation Bistatic and of the pursuit 
monostatic are discussed. 
 

2. IMAGING ARRANGEMENT 
 
The aim of testing the new imaging arrangements was to 
verify their performance for different applications, preserve 
image resolution, while enhancing swath and upholding a 
high level of data takes. In this case only operationally 
available TerraSAR-X modes were utilized. The tested 
configuration scenarios, their respective radar imaging 
modes, and examples of some the tested applications are 
listed in table 1.  In the next section an example of each of 
these scenarios is given. 
 

3. EXPERIMENTAL RESULTS 
 
In this section an example of each of the above scenarios is 
given. 
 
3.1. Ultra Wide 
 
The images are arranged in two parallel strips, covering 
almost up to double the original mode swath width.  The 
most attractive operational application of this imaging 
technique is the large area maritime ship surveillance with 
TerraSAR-X Wide ScanSAR radar data at a resolution of 40 
m. Maximum combined swath width of this mode is 400 km 
with beams of Wide ScanSAR image spanning from 15.6 to 
49 degrees. Higher resolutions of 16 m are achieved by 

 



 Table 1: Schematic image acquisition scenarios and their respective imaging modes 

 Ultra Wide  Ultra Length  
Immediate 
Repeat Pass  

Wide-CrossPol  Zooming  

Imaging 
mode 

All SpotLight All All 
ScanSAR/StripMap, or 
StripMap/SpotLight  

Applications 

Larger area 
monitoring and 
charting, e.g. Oil 
Spill Monitoring, 
Ship/Iceberg 
Detection, Sea Ice 
Charting  

Larger area 
monitoring and 
surveillance with 
very high resolution 
imagery, e.g. Image 
intelligent within 
Security and 
Surveillance 

GMTI, Digital 
elevation models, 
and Forest canopy 
models, e.g. Stock 
pile volume 
estimation and 
change detection  

Elevation models 
and classifications 
, e.g. Oil Spill 
detection, 
De/Afforestation 
mapping, and Sea 
Ice Charting 

Large area 
surveillance with 
zoomed-in high 
resolution target 
recognition, e.g. Small 
ship detection, sea-ice 
route detection 

Acquisition 
Scenarios 

    

combination of two ScanSAR at the cost of reducing 
relative swath width to 200 km.  A combination of two 
StripMaps results in 60 km swath at resolution of 3 m (Fig 
1). It must be noted, that provided satellite resources are 
available, the length of images for either ScanSAR or 
StripMap may be extended up to 1600 km.  This makes the 
arrangement specifically suitable for tactical ship detection 
long coastlines and/or coastline mapping. The double swath 
imagery of SpotLight mode results in a combined image of 
20 km swath width (resolution up to 1 m). The theater 
configuration of two Staring Spotlights produces up to 8 km 
swath width at resolution of 0.25 m. Needless to remark, as 
either satellite acquisitions are independent of each other, a 
small area of overlap is required to calibrate and seamlessly 
mosaic the images together, while care must be taken to 
filter and reduce ambiguities resulted from antenna pattern 
and other fast moving targets within the overlapping 
regions. Figure 1, provides a preview of the Ultra-Wide 
StripMap arrangement, along the coastal waters of South 
Africa. 

 
Figure 1: Doubling the swath coverage with two long adjacent 
StripMap TerraSAR-X images over coastal waters of South Africa
 
 
 

3.2. Ultra Length 
To overcome the limited azimuth length of the SpotLight 
images, it is possible to combine the two acquisitions in the 
along track direction, yielding a double length very high 
resolution combined imagery.  As previously mentioned, in 
this period, TanDEM-X orbit was slightly adjusted to 
support same longitudinal footprint acquisitions. As can be 
seen from preview in figure 2, the two adjacent High 
resolution Spotlight images have covered an area of 5 by 10 
km square of Cape-Scott Provincial Park in Canada. 

 
Figure 2: Doubling coverage length of TerraSAR-X High 
resolution 
 
3.3. Wide CrossPol  
The operation of ‘Wide Cross Pol’ mode is synonymous to 
that of interferometric repeat pass acquisition, with the 
exception that the sensors are tasked to acquire images with 
different polarizations. As such, a combination of two 
incoherent co-polarized Wide ScanSAR images can be 
employed for wide area Oil-Spill detection, or Ship/Iceberg 
or Shore-line indication. A combination of two dual-
polarization StripMaps provides incoherent full polarization 
imagery, suitable for stable target classification. Figure 3 



provides the preview of the combination of Wide ScanSAR 
images in HH and VV over the warm waters of Mexico, for 
application of Oil Spill detection.  It must be remarked, that 
although TanDEM-X’s orbit is adjusted to handle earth 
rotation during the 10 second acquisition delay, and it has 
already proven particularly effective for small area imaging 
arrangements, extra care must be taken when processing 
larger images, such as in Wide ScanSAR applications, 
where a rigorous co-registration step is needed to insure 
accurate registration between the two scenes. 

 
Figure 3: Oil Spill detection in Mexican waters with TerraSAR-X 
Wide ScanSAR at two polarizations of VV and HH 
 
3.4. Zooming 
The multi-mode target indicator arrangement is a useful 
combination where an affirmation of target through 
resolution and number of looks is required. Figure 4 is an 
example of near coast-line tactical ship detection with both 
StripMap at 3 m resolution, and standard ScanSAR at 16m 
resolution modes. The mixed mode images can be also 
resampled and co-registered in an effort to predict shorelines 
map through an incoherent cross-correlation process of the 
overlapped region. 

 
Figure 4: Multi-mode zooming approach for ship detection off the 
coast of Africa 
 
3.5. Immediate Repeat Pass (10 Seconds Delay)  
Interferometric digital elevation models can be created from 
the cross-track repeat pass images acquired in this Pursuit 
Monostatic mode. The 76 km along track baseline creates a 
temporal baseline of 10 seconds introducing temporal 
decorrelation in interferometric coherence with respect to 
those of the bistatic formation. In a case example, over a 
tropical peat swamp forest in Central Kalimantan with 
biomass values ranging from 161 to 440 t/ha (Figure 5a), 
both bistatic and monostatic interferometric modes yielded 
very high coherence. The pursuit monostatic acquisition 
exhibiting a baseline of (B┴=104m) achieved an even 

higher overall coherence compared to the bistatic 
acquisition with larger perpendicular baseline 
(B┴=326.6m). The substantial smaller baseline of pursuit 
monostatic configuration caused lower volume 
decorrelation, which resulted in higher coherence despite 
temporal decorrelation. Increased perpendicular baselines 
result in increased volume decorrelation [3]. Thus, as 
expected pursuit monostatic acquisitions with similar or 
larger perpendicular baselines result in generally lower 
interferometric coherence due to the temporal decorrelation 
compared to bistatic configurations. The pursuit monostatic 
acquisition with a perpendicular baseline of 190.9 m yielded 
a similar mode coherence value compared to bistatic 
configuration with a perpendicular baseline of 326.6 m. 
However, the histogram showed less frequency of that value 
and generally larger range of coherence values compared to 
the bistatic acquisition (Fig. 5c). Similarly, substantial lower 
interferometric coherence was observed (mean value of 0.3 
vs. 0.44) in another case example in a tropical forest in 
French Guiana where similar perpendicular baselines for 
pursuit monostatic (B┴=254.8 m) and bistatic (B┴=236.2 
m) acquisitions were used.  
However, the small perpendicular baseline evaluation of 
pursuit monostatic mode in Kalimantan suggests a useful 
interferometric exploitation to derive digital surface models. 
Due to the low penetration of X-band, these digital surface 
models represent the forest canopy surface. Forest canopy 
height is retrievable by subtracting the digital terrain model 
from the surface model and can be used as basis for biomass 
estimation. The interferometric coherence of pursuit 
monostatic in comparison to that of bistatic acquisition, and 
interferometric estimated heights in comparison with Lidar 
digital surface model, for an area of interest are given in 
figure 5. The pursuit monostatic formation of TerraSAR-X 
and TanDEM-X may provide frequent data flows for 
interferometric height change detection enabling timely 
monitoring of forest biomass changes and its quantification. 
This ability could serve the measurement of carbon stocks 
and their changes over time in order to evaluate the 
effectiveness of political instruments supporting climate 
change mitigation.  
The retrieval of digital surface models is also relevant for 
security applications where a continuous monitoring and 
derivation of information on the status-quo provide valuable 
intelligence. Pursuit monostatic interferometric image pairs 
are an ideal data source for creation of 3D maps of critical 
infrastructure and estimation of rapidly changing 
constructions such as deposits or stockpile’s. Such 
parameters can provide information for further assessments 
about ongoing activities on site. Additionally, the 10 second 
time difference of the acquisitions allows for an estimation 
of rapidly moving objects, indicating the moving target 
speed, rotation and their true heading. For example motion 
of ships between the two acquisitions is visible in the 
combination of the two datasets [5]. 

 



4. CONCLUSION 
In this paper, we presented examples of operational Pursuit 
Monostatic acquisitions suitable for commercial 
applications. The preliminary results show the usefulness of 
the Pursuit Monostatic formation for wide area imagery 

especially within the e.g. maritime domain and forestry 
applications. The repeat pass interferometric acquisitions 
provide a simple but accurate and effective as a moving 
target indicator as well as elevation models for stable targets 
and for forested areas. 

 

  
 

(a) Interferometric coherence map of pursuit monostatic acquisition 
(B┴=104.6 m) 

(b) Digital surface model of pursuit monostatic interferometric 
imagery (B┴=104.6 m) 

  

(c) Histogram of interferometric coherence of the pursuit monostaic 

and bistatic configurations of the test area 
(d) Elevation profiles along the transect indicated in (a) 

Figure 5: (a) Interferometric coherence red box indicating transect where field measurements were conducted, (b) DSM of pursuit 
monostatic acquisition, (c) histogram plot of interferometric coherence from pursuit monostatic (B┴=104.6 m & B┴=190.9 m) and 
bistatic (B┴=326.6 m) acquisition, and (d) elevation profiles of LiDAR and TerraSAR-X  
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