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Applications of Cross-Track Interferometry 

Topography                        Navigation                       Urban Areas 

   Crisis Management            Glaciology                       Oceanography 

    Geology                              Hydrology                      Land Use 
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Standards for Digital Elevation Models 

absolute  
height error single point errors 

(90% confidence interval) 

point-to-point errors 
(90% confidence interval) 

relative height error 
Definition of 90%  
point-to-point  
errors: 1° 

1° 
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Comparison of DEM Resolutions 
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Expected TanDEM-X DEM Quality 
 SRTM (C) “TanDEM-X Preview” 
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Collision Avoidance - HELIX Formation 

HELIX satellite formation enables safe operation 
   horizontal cross-track separation at equator by different ascending nodes
   vertical (radial) separation at poles by orbits with different eccentricity vectors
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Exclusion Zones 

0°

30°

50°

“TSX may not 
transmit in 
asc. orbit” 

“TDX may not 
transmit in 
desc. orbit” 



Slide 10  

Pursuit Monostatic Bistatic Alternating Bistatic 

   both satellites transmit and 
receive independently 

   temporal decorrelation &  
atmospheric disturbances 

  backup solution 

   one satellite transmits and  
both satellites receive 
simultaneously 

   dual use of signal energy 

   requires synchronisation  

   transmitter alternates 
between PRF pulses 

   provides two baselines 

   enables synchronisation,  
calibration & verification  

TanDEM-X Data Acquisition Modes 
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Impact of Oscillator Noise 

increased 
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Phase Referencing in TanDEM-X 

phase referencing can achieve  
short term rmse below 1°  
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Height of Ambiguity 
TanDEM-X enables large baselines which allow for ultra high resolution DEMs 
with height accuracies in the sub-meter range, but …

(height of ambiguity)

Compromise on Accuracy for Global DEM
   use reduced baselines
   additional acquisitions  

for difficult terrain 
acquisition scenario  
for global DEM 
according to HRTI-3

Local/Regional Ultra High Resolution DEMs

  multiple data acquisi-
tions with large and 
small baselines
regional DEMs with 
sub-meter resolution 
(e.g. HRTI-4)
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Combination of Interferometric DEM Acquisitions 

hamb = 45 m 

hamb = 30 m 

optimum combination of all swaths 
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Capabilities of TanDEM-X 

  4 Phase Center MTI (traffic, …)  
 PolInSAR (vegetation height, …) 

 Digital Beamforming (HRWS, …) 
 Bistatic Imaging (classification, ..) 

 Large Scale Velocity Fields  
(ocean currents, ice drift, …) 

 Moving Object Detection 
 Temporal Coherence Maps 

 Digital Elevation Models 
 Spatial Coherence (forest, …) 

 Double DInSAR (change maps, ..) 
 High Resolution SAR Images 

New Techniques Along-Track Interferometry Cross-Track Interferometry 

r+Δr r 

t+Δt t 

 cross-track baselines 
(0 km to several km) 

 along-track baselines 
(0 km to several 100 km)  

 interferometric modes  
(bistatic, alternating, monostatic) 

 SAR modes 
(ScanSAR, Stripmap, …) 

 bandwidth / resolution 
(0 ... 150/300 MHz)  

 incident angles 
(20° ... 55°) 

 polarisations 
(single, dual, quad) 

 …  

TanDEM-X is a highly flexible sensor which enables multiple powerful imaging modes
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Applications ATI & New Techniques 
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Along-Track Interferometry 

HELIX 

sensitive to  
fast movements 

sensitive to  
slow movements 

split antenna 

Balong  2.4 m 100 m 

Δx 12 m 12 m 

σ0 - 12 dBm2/m2 

θinc 45° 

vamb 500 km/h 12 km/h 

Δv  ~9 km/h 0.2 km/h 
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Digital Beamforming with Four Phase Centres 

without reconstruction with reconstruction 

Ch. 2 Ch. 1 

SAR Proc. 

P2(f) P3(f) P1(f) P4(f) 

Enables 
High 

Resolution 
Wide  

Swath  
Imaging  

Ch. 3 Ch. 4 

Ambiguity 
Suppression 
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“Double Differential SAR Interferometry” 

 Grounding line detection, vegetation growth, snow/ice accumulation, … ?  

h(t1) 

 Δh ~ ϕ2 - ϕ1 
coherence between  

passes not mandatory 

ϕ1 pass 1 

pass 2 

Δh  < 10 cm h(t2) 

ϕ2 

Bistatic  
Strip map 
B = 3000 m 
Δx = 12 m

e.g. difference between two single-pass cross-track interferograms 
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Polarimetric SAR Interferometry 

polarisations

pdf(µmin)

pdf(µmax)

Parameters 
h = 1.2 m 
β = 4.0 dB/m 
µmin = -7.0 dB 
µmax = 3.0 dB 
B⊥ = 4 km 
θinc = 35°  
Δx = 30 m 
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TanDEM-X Data Proposal Submission 

Open from January 2010 
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Summary 

  TanDEM-X has outstanding scientific and commercial potentials  

  TanDEM-X key technologies are: 

  close formation flying capability 

  bistatic radar operation and phase synchronisation 

  precise baseline determination 

  new algorithms for interferometric processing 

  TanDEM-X plays a key role in the development of next generation 
bistatic and multistatic SAR missions and applications 

  Launch in spring 2010 


