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Research	  goal	  

Our	  objec*ve	  is	  	  

•  Combine	  in-‐situ	  and	  satellite	  observa*ons	  to	  develop	  
methodologies	  for	  analysis	  of	  polarimetric	  SAR	  data	  of	  
sea	  ice	  

•  to	  improve	  physical	  understanding	  of	  the	  interac*on	  EM	  
waves	  and	  sea	  ice,	  and	  the	  interpreta*on	  of	  polarimetric	  
sea	  ice	  features	  

	  	  

	  



SAR polarimetry 
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Analysis	  of	  SAR	  scenes	  
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Statistical analysis 

Single polarization 

Multiple polarizations 



Quad-pol vs. dual & single pol. 
Advantages:  
•  Large information contents 
•  Carries scattering information 

Disadvantage: 
•  Small scenes 
•  Large data volume/unit area 
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Climate	  related	  products	  and/or	  opera&onal	  products	  	  will	  
rely	  on	  dual	  or	  single	  polariza&on	  SAR	  data	  
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Areas	  of	  interest	  



Satellite	  data:	  

Radarsat	  2	  
C-‐band	  
Frequency:	  5.4	  GHz	  (5.5	  cm)	  
Quad-‐pol	  &	  dual	  
Scene	  size	  (standard):	  25	  x	  25	  km	  
Resolu&on:	  az	  7.6	  m,	  ra	  9	  m	  
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TerraSAR-‐X	  
X-‐band	  
Frequency:	  9.65	  GHz	  (3.1	  cm)	  
Single	  &	  Dual-‐pol	  (HH-‐VV,	  HH-‐HV,	  
VV-‐VX)	  
Scence	  size	  (StripMap):	  15	  x	  50	  km	  
Resolu&on:	  az	  6.6	  m,	  gra	  1.7-‐3.4	  m	  



Valida&on	  measurements	  
•  Ground	  Electromagne&cs	  (Geonics	  EM31)	  and	  

snow	  depth	  measurements	  
•  Airborne	  EM	  profiling	  (AWI-‐EM	  Bird)	  
•  Calibra&on	  and	  Valida&on	  Drillings	  
•  UAV	  measurements	  

UAV measurements 

Drillings 

Helicopter EM 
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Sta&s&cal	  modelling	  
The	  global	  pdf	  of	  a	  SAR	  image	  is	  modelled	  as	  a	  mixture	  of	  
non-‐Gaussian	  pdfs:	  
•  good	  representa&on	  of	  the	  data	  
•  flexible	  to	  accommodate	  large	  varia&ons	  in	  the	  data	  
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This	  model	  is	  cast	  into	  a	  clustering	  algorithm	  which:	  
•  tries	  to	  recover	  mixture	  components	  using	  the	  EM	  algorithm	  
•  assigns	  pixels	  to	  clusters	  according	  to	  a	  Bayesian	  rule	  
•  includes	  spa&al	  context	  using	  a	  Markov	  Random	  Field	  model	  



Features	  



Ice	  thickness-‐	  Fram	  Strait	  
RS2	  image:	  Fast	  ice	  Fram	  
Strait	  of	  Svalbard,	  
September	  2011	  



Segmenta&on	  (6x6,	  7	  classes)	  
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(RS2	  image:	  Fast	  ice	  in	  the	  Fram	  Strait,	  September	  2011)	  



Segmenta&on	  (31x31,	  7	  classes)	  
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(RS2	  image:	  Fast	  ice	  in	  the	  Fram	  Strait,	  September	  2011)	  



Segmenta&on	  (51x51,	  7	  classes)	  
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(RS2	  image:	  Fast	  ice	  in	  the	  Fram	  Strait,	  September	  2011)	  



Shannon	  Entropy	  



Ice	  thickness	  –	  dri<	  ice	  

Thickness	  histogram	  from	  EM	  bird	  

Helicopter	  track	  

RS2	  image:	  Dri<	  ice	  North	  of	  
Svalbard,	  April	  2011	  
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Shannon	  Entropy	  
RS2	  image:	  Dri<	  ice	  North	  of	  
Svalbard,	  April2011	  
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Some	  polarimetric	  features	  
RS2	  image:	  Dri<	  ice	  North	  
of	  Svalbard,	  April	  2011	  
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Yamaguchi	  decomposi&on	  
RS2	  image:	  Dri<	  ice	  North	  
of	  Svalbard,	  April	  2011	  
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Intended	  work	  flow	  
Some	  issues:	  
•  Co-‐loca&on	  of	  satellite	  data	  and	  

on-‐the-‐ice	  measurements	  
•  Iden&fica&on	  the	  relevant	  

polarimetric	  features	  
•  Relate	  polSAR	  proper&es	  to	  

geophysical	  proper&es	  
•  From	  quad-‐pol	  observa&ons	  to	  

dual-‐pol	  scenes	  
•  From	  	  small	  coverage	  to	  large	  

coverage	  
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Image	  segmenta&on	  
from	  sta&s&cal	  modelling	  

Scakering	  proper&es	  
from	  polSAR	  analysis	  	  

Classifica&on	  into	  
sea	  ice	  types	  

Es&ma&on	  of	  
geophysical	  parameters	  



Summary	  
•  We	  have	  acquired	  polSAR	  and	  in-‐situ	  data	  of	  Arc&c	  
sea	  ice	  that	  allow	  for	  detailed	  studies	  

•  We	  have	  developed	  segmenta&on	  tools	  that	  
combine	  sta&s&cal	  -‐	  and	  polarimetric	  signal	  features.	  
This	  allow	  for	  regional	  analysis	  

•  The	  preliminary	  analysis	  indicate	  poten&al	  of	  SAR	  
polarimetry	  to	  increase	  sea	  ice	  informa&on	  retrieval	  	  


