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Some Context 
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Outline 

  Purpose  
  Geometry 

  Optimal Pointings 
  Finding the Satellite 

  Requirements  
  Coordinate Transforms 

  Operation 
  Results 
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  Accuracy Testing 

  Vs. RPT Results 
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Geohazard Site 
Locations 

Thunder River 

Ottawa 

Buckinghorse 
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Geo-Hazards In-SAR Study 
RS-1 Imagery Little Smokey 

RS-1	
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Thunder River Site 
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Purpose in Developing 
TSP 

Determine Azimuth & Elevation 
pointings for RS-2 
  Arbitrary location on earth 
  Initially for RS-2 transponder 
  Extended to other satellites:  

  RS-1, ENVISAT, TerraSAR-X, ALOS 
COSMO-SkyMed 

  Extended for CRs and other targets  
  General need for user community 
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Yaw-Steered Pointing – RS-2 

  Requires Target location 

  Requires Satellite location 

Orbit 
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  Require Target location 

  Require Satellite location 

  Require Satellite velocity 

Non-steered Pointing - RS-1 
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Finding Satellite Position 

  How do we implement this? –Use NORAD TLEs 
  Freely available  
  Standard for Orbit description 
  Well established propagators available for development 

  SGP-4 (Simplified General Perturbations) Propagator  
  Position, velocity wrt time from TLEs 
  Existing MATLAB® code 

  Other issues 
  Coordinate frames 
  Calculating Pointings  
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Pointing Requirements 

  Angular Resolution 
  Δθ = ±0.01° for azimuth and elevation 
  For a target R=1000 km, Δs = ±170 m 

  Time Resolution 
  Not crucial for ‘event’ time 

  few seconds 
  Crucial for orbit propagation.  

  v ~ 7.5 km/s for RS-1 
  Can therefore travel 0.17 km in 

~0.02 s 
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Coordinate Transforms 

  Propagator output: 
  True Equator Mean Equinox (TEME) frame 
  X axis in direction of vernal equinox, Z axis of rotation 

  Optimal satellite position calculation: 
  Earth Centred, Earth Fixed (ECEF) 

 X axis points towards (0°,0°), Z axis of rotation 
  Local vertical (ENU) (East, North, Up) (X,Y,Z) 

  Azimuth and Elevation Calculation: 
  Local Polar Coordinates (LPC) (Az, El, Range) 
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Coordinate Transforms 
True Equator Mean Equinox (TEME) 

Earth Centred Earth Fixed (ECEF) 

Local Vertical, East-North-Up (ENU) 

Neglecting polar wobble 

Range, Azimuth, and Elevation (LPC) 

Latitude λ, longitude φ 
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Operation 

  SW written in MATLAB®, two primary modes: 
  Fast 

  Inputs: satellite, target location, and approximate event time 
  Orbit found from TLE archive  
  Outputs:  Optimal pointing 

  Custom 
  Inputs: satellite,  target location, time window, initial time step,  

  Specific TLE, and polar  wobble coordinates 
  Orbit found from specific TLE 
  Outputs:  Optimal pointing 

  Batch 
  Table input/output 
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Opening Screen 
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Satellite Selection  
-Canned or Custom 
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Target Location Selection  
– Canned or Custom 
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Target Location Query 
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Time Selection - UTC 
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Geometrical Confirmation 

Target 

Location 

Nadir 

Point 

              Vs 
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Field Geometry 
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Example Textual Dump 

Target Range 

Satellite XYZ P/V/t 

Target/Satellite Angles 

Satellite lat/long/Alt 

Beam Velocity 

TLE Epoch 

TLE Norad ID 
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RS-1 vs TSP Results 

  Ottawa RPT 
Events 2007/08 to 
2008/06 
  RMS errors: 
  Azimuth 0.06° 
  Elevation 0.03° 
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ENVISAT vs TSP Results 

  Res RPT Events 
2005/07 to 
2005/08 
  RMS errors: 
  Azimuth 0.11° 
  Elevation 0.04° 
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Conclusions 

  A general new tool, TSP-2, has been developed and validated  
for Target Pointing.  

  Currently being used for Validation of  RS-2 

  Government and Commercial Clients 

  Available through CCRS 

  Hire a Student or Two! 
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Orbit Accuracy Testing 

  Historical RS-1 and ENVISAT RPT pointings 
  RPT pointings empirically correct to ~0.1° 

  Compare TSP to STK results 
  Premise:  STK is industry standard propagator 
  STK allows TLE input  
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Pointing Error -TSP vs STK 

  Pointings for events between  2008/07/02,  
00:00:00 to 12:00:00 

  Same TLE’s used  
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Absolute Position Error  
– TSP vs STK 

Difference in ECEF position 
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Along/Across Track Error  
– TSP vs STK 

  Majority of error in along-track direction (i.e. direction of 
velocity) 

  Very small error in across-track direction 
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A Versatile Tools is available  
for Growing Community 

  > $4M in CRs by one 
Cdn Company in 
2008 

  InSAR – Geohazards 
  Subsidence 
  Landslides 
  Plate shifting  

  Phase Calibration 
  Amplitude 

Calibration 
  Positioning 
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Reflector Installation  
Above Permafrost 
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TLEs 

Keplerian Elements: 
  Semi-major axis of orbit 
  Eccentricity of orbit 
  Mean motion 
  Inclination 
  Right ascension of ascending node 
  Argument of perigee 
  True anomaly 
  Mean motion dot 
  Mean motion dot dot 
  Bstar drag parameter http://www.mindspring.com/~n2wwd/html/orbital_description.html 


