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Basic	  Principles	  

Polarimetry	   Interferometry	  

Polarimetric	  Interferometry	   Tomography	  

Physics:	  dielectric	  and	  	  
geometric	  proper0es	  

Eleva0on	  and	  coherence	  
of	  scaMering	  center	  
Volumetric	  and	  temporal	  proper0es	  

Separa0on	  of	  scaMering	  centers	  
via	  polariza0on	  diversity	  

3D	  scene	  	  
reconstruc0on	  
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PolInSAR	  Intro	  

Polarimetric	  SAR	  Interferometry	  
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PolInSAR	  Vegeta0on	  Model	  

•  Mul0-‐layer	  model:	  	  
•  Possible	  layer	  separa0on	  due	  to	  	  

–  ver0cal	  structure	  
–  temporal	  behavior	  
–  polarimetric	  characteris0cs	  

•  Every	  medium	  can	  be	  characterized	  	  
with	  	  	   	  	  	  à	  unprac0cal!	  

•  Simplest	  cases:	  single	  layer	  &	  	  
	   	   	   	  2-‐layer	  models.	  
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2-‐Layer	  PolInSAR	  Vegeta0on	  Model	  

Assump6ons:	  
-‐  Ground	  and	  volume	  components	  not	  

correlated	  
-‐  Polarimetric	  sta0onarity	  
-‐  No	  refrac0on	  effects	  and	  no	  differen0al	  

ex0nc0on	  
-‐  Volume	  and	  ground	  components	  

homogeneous	  
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Model: 	  Ground	  +	  Volume	  Layers	  
	  
	  
	  
	  
	  
	  
	  
	  

Interferometric	  coherence	  model	  
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Polarimetric	  Homogeneous	  Medium	  Model	  

Orienta0on	  Randomness	  
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Orienta0on	  Randomness	  
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2-‐Layer	  PolInSAR	  Vegeta0on	  Model	  
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SAR	  Tomography	  

•  SAR	  Interferometry	  and	  SAR	  Polarimetry:	  	  
–  Largely	  developed	  at	  JPL	  (15-‐25y	  ago)	  

•  SAR	  Tomography:	  	  
–  Mainly	  in	  Europe	  (last	  10-‐15y)	  
–  Ini0al	  demonstra0ons:	  10	  years	  ago	  using	  airborne	  

(ESAR)	  and	  space-‐borne	  sensors	  (ERS-‐1/2)	  
–  Poten0ally	  high	  resolu0on	  
–  Independent	  of	  solar	  illumina0on	  
–  High	  coverage	  

•  Tomography	  offers	  the	  capability	  to	  sense	  ver0cally	  
distributed	  informa0on,	  e.g.,	  vegeta0on	  and	  ice	  
structure	  or	  deforma0on	  signals.	  
–  Extension	  of	  2d	  SAR	  imaging	  to	  3d	  and	  4d	  (space-‐0me).	  
–  Forma0on	  of	  an	  addi0onal	  synthe0c	  aperture	  in	  eleva0on.	  
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SAR	  Tomography	  

Interpre0ng	  Polarimetric	  SAR	  Tomography	  over	  forests:	  
-‐  ver0cal	  distribu0on	  of	  backscaMered	  energy	  

in	  dependence	  of	  polariza0on	  
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Experimental	  Results	  

Harvard	  Forest	  
JPL’s	  UAVSAR	  
L-‐band	  
13	  tracks	  
	  
	  
	  
	  
	  
Spa0al	  baselines:	   	  5m	  –	  125m	  
Temporal	  separa0on:	  30	  min	  –	  11	  days	  
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Experimental	  Results	  

JPL’s	  UAVSAR	  sensor	  –	  Harvard	  Forest	  dataset	  –	  L-‐band	  

PolInSAR	  Height	  Es0mate	  
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Experimental	  Results	  

JPL’s	  UAVSAR	  sensor	  –	  Harvard	  Forest	  dataset	  –	  L-‐band	  

Overlaying	  PolInSAR	  Es0mate	  and	  Pol-‐Tomogram	  
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Experimental	  Results	  
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• 	  Krycklan	  Catchment	  	  
• 	  Northern	  Sweden	  Boreal	  forest	  
• 	  BioSAR	  II	  campaign	  2008	  
• 	  ESA-‐DLR-‐FOI-‐SLU	  
• 	  DLR’s	  E-‐SAR	  sensor	  

• 	  ascending/descending	  paths	  	  
• 	  6	  tracks,	  respec0vely	  
• 	  L-‐	  and	  P-‐bands	  
• 	  2*27	  forest	  plots	  
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Experimental	  Results	  
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Experimental	  Results	  
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Conclusion	  

•  Poten0al	  of	  Polarimetric	  SAR	  Interferometry	  and	  SAR	  Tomography	  for	  
–  ver0cal	  forest	  structure	  characteriza0on	  
–  vegeta0on	  and	  scaMering	  type	  characteriza0on	  

•  Observa0ons	  from	  data:	  
–  No	  defini0ve	  model	  which	  would	  work	  for	  all	  forests	  
–  Temporal	  decorrela0on	  -‐	  poten0ally	  large	  error	  source	  

–  Strong	  baseline	  choice	  dependence	  
–  Mul0ple	  baselines	  improve	  the	  es0ma0on	  (*requires	  accurate	  processing	  &	  calibra0on)	  

–  Performance	  depends	  on	  forest	  and	  tree	  species	  type	  
–  L-‐band:	  no	  ground	  for	  dense	  forests,	  slopes,	  insufficient	  double-‐bounce	  

•  Challenges:	  
–  Data	  processing	  and	  calibra0on	  
–  Long	  baselines	  processing	  for	  improved	  height	  resolu0on	  
–  Error	  analysis	  
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UAVSAR	  Workshop	  –	  JPL,	  Pasadena	  –	  03/27/2013	  

Thank	  you	  for	  your	  aMen0on!	  

Forest	  Structure	  Characteriza0on	  	  
using	  UAVSAR	  PolInSAR	  and	  Tomography	  
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PolInSAR	  Coherence	  Set	  Distribu0ons	  

•  Example	  scenario:	  
hv=20m,	  ex0nc0on=0.3dB/m,	  ground	  phase=0	  degree	  
SNR:	  [9dB,	  15dB],	  Temporal	  Brownian	  mo0on:	  24h	  with	  sdev=2mm/h	  

Thermal	  decorrela0on	  effects:	   	   	  Temporal	  decorrela0on	  effects:	  
	  
	  
	  
	  
	  
A-‐posteriori	  cohset	  PDF’s	  and	  Confidence	  regions	  for	  49	  and	  100	  looks:	  
	  	  

SNR=[∞,15,10,5,0,-‐5]dB	  
Brownian	  mo0on	  with	  sdev=2mm/h	  
over	  0,1,2,5,10,20	  days	  

Confidence	  levels:	  68%,	  95.5%,	  99.7%,	  99.994%	  
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Non-‐modeled	  Variability	  

•  Example	  PolInSAR	  height	  es0ma0on	  errors	  due	  to	  model	  simplifica0on.	  
Induced	  non-‐modeled	  coherence	  magnitude	  and	  phase	  offsets	  or	  
variabili0es,	  and	  the	  resul0ng	  height	  es0ma0on	  errors,	  if	  not	  
compensated.	  

•  Model:	  simple	  RVoG	  
•  Example	  scenario:	  

hv=25m,	  incidence	  angle=45	  degrees,	  
kz=0.15,	  ex0nc0on=0dB.	  
	  

Error Source �|�| � arg � �hv(|�|) �hv(arg �)
�temp of 0.8 -0.10 0

�
3.12m 0m

��temp of 50% ±0.05 0

� ±1.58m 0m

Min(cg) of 15% -0.10 -20.3

�
2.94m -4.72m

Canopy 75% 0.19 13.4

�
-6.25m 3.12m

Extinction 0.2dB/m 0.07 35.4

�
-2.16m 8.23m

��,�� (# looks =25) ± 0.10 ±13.7

� ±3.26m ±3.19m

��,�� (# looks =100) ±0.05 ±6.85

� ±1.61m ±1.60m
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