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PolarimetricPolarimetric SARSAR

AnalysingAnalysing the the polarisationpolarisation state of an electromagnetic fieldstate of an electromagnetic field

Highly related to Highly related to ––
• Geometrical shape, structure, orientation and reflecting properties, 

and,
• Geophysical properties such as surface roughness and moisture 

content of objects and surfaces.
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Target  recognition and detection of both point and distributed objects



PolinSARPolinSAR
The phase difference between two or more image data sets acquired from 

similar or the same SAR separated spatially by a short distance gives
information on topography and with multiple datasets, changes in

topography or height.

Measure height, displacement and motion





•• 46 flight days over a 346 flight days over a 3--month month 
period, 21period, 21stst July to 23July to 23rdrd Oct.Oct.

•• 15 bases in 9 countries15 bases in 9 countries
•• 648 flight lines collected at 201 648 flight lines collected at 201 

sites in 18 countries & territoriessites in 18 countries & territories
•• 54,623 km of flight54,623 km of flight--line dataline data

AIRSARAIRSAR
PolsarPolsar -- C, L and PC, L and P--bandband
TopsarTopsar -- C and PC and P-- bandband



AIRSAR data provided to >400 PIAIRSAR data provided to >400 PI’’s s 
from 20 PacRim countries in 3 from 20 PacRim countries in 3 

missionsmissions

• Forestry and vegetationForestry and vegetation
•• Agriculture Agriculture 
•• Coastal analysis Coastal analysis 
•• Geology & tectonic processes Geology & tectonic processes 
•• Interferometry Interferometry 
•• Disaster management Disaster management 
•• Urban & regionalUrban & regional developmentdevelopment



CHH/LHH/PHH (RGB)

Define the impact of mine waste dispersions on the biodiversity Define the impact of mine waste dispersions on the biodiversity 
of the of the Fly River floodFly River flood--plain ecosystemplain ecosystem, PNG, PNG



Mapping and inventory of mangrove and wetland vegetation Mapping and inventory of mangrove and wetland vegetation 
communities in tropical regionscommunities in tropical regions

Are radar data suitable for defining Are radar data suitable for defining the biomass and species composition the biomass and species composition 
of mangrove populations under threat from environmental impactsof mangrove populations under threat from environmental impacts??

Thailand Thailand -- AIRSAR bands AIRSAR bands Cvv/Lhh/PhvCvv/Lhh/Phv (RGB)(RGB)



Kedah, Malaysia Kedah, Malaysia –– radar’s sensitivity to radar’s sensitivity to 
vegetation types and density permits the vegetation types and density permits the 
mapping of rice paddymapping of rice paddy--fields, rubber and fields, rubber and 
palmpalm--oil plantations.oil plantations.

Coastal Coastal PannayPannay, Philippines , Philippines ––
detecting the replacement of detecting the replacement of 
mangroves with aquamangroves with aqua--culture.culture.

LandLand--cover mapping, crop inventory and agricultural practicescover mapping, crop inventory and agricultural practices



TonleTonle Sap Great LakeSap Great Lake



IFSAR Cvv DEM  AIRSARIFSAR Cvv DEM  AIRSAR

Reconstruction of the Reconstruction of the AngkorianAngkorian habitat, 9habitat, 9--1616thth centurycentury



IFSAR Cvv DEM AIRSARIFSAR Cvv DEM AIRSAR

Reconstruction of the Reconstruction of the AngkorianAngkorian habitat, 9habitat, 9--1616thth centurycentury



ASTER coverage (Bands 2:3:1 RGB) ASTER coverage (Bands 2:3:1 RGB) 
of wetland site adjacent to Lake of wetland site adjacent to Lake 
Tonle Sap, with the locations of Tonle Sap, with the locations of 
AIRSAR field sites discussed in AIRSAR field sites discussed in 
this study.  These ASTER data this study.  These ASTER data 
were collected on 10were collected on 10thth January January 
2002.2002.



Closed canopy forest trees (Top) and open Closed canopy forest trees (Top) and open 
canopy forestcanopy forest treestrees with patches of with patches of 
shrublandshrubland and open water (Bottom)and open water (Bottom)



Flooded grasslandsFlooded grasslands Original data Original data Cvv/Lhv/PvvCvv/Lhv/Pvv Segmentation: Segmentation: Mean values Cvv, Lhv, Pvv

Original classification 

Original classificationOriginal classification Radar signatures: Radar signatures: CvvCvv, , LhvLhv and and PvvPvv Final classificationFinal classification



Wetland classification Wetland classification 
–– super classessuper classes

Class distribution:Class distribution:
Class 1:Class 1: 44.0%44.0%
Class 2:Class 2: 5.8%5.8%
Class 3:Class 3: 12.3%12.3%
Class 4:Class 4: 13.2%13.2%
Class 5:Class 5: 24.3%24.3%
Class 6:Class 6: 0.4%0.4%



Remote Sensing Data Acquisition:  InjuneRemote Sensing Data Acquisition:  Injune

LASER

Aerial 
Photography

CASI

AIRSAR

Landsat 
ETM+

500 m



AIRSAR (POLSAR) dataAIRSAR (POLSAR) data

• 4 strips of NASA JPL 
AIRSAR data 
acquired (12.5 x 80 
km)

• Full range of forest 
types.

• Incidence angle 
variation from ~ 30o to 
60o.

• Fully polarimetric
– HH, VV and HV.



Biomass Mapping Using Empirical Biomass Mapping Using Empirical 
Relationships, Relationships, InjuneInjune, Queensland, Queensland

FPC layer P-band HH Biomass



Foliage Projected Cover

Regrowth

Dead standing 
trees

ALOS PALSAR L-band HH

Identifying woody Identifying woody regrowthregrowth and and 
tree mortalitytree mortality



SAR Observations of SAR Observations of BrigalowBrigalow--dominated dominated 
regrowthregrowth

a) C-band,     b) L-band and    c) P-band backscatter 
(HV, VV and HH in RGB) data illustrating reduced 
return from Brigalow-dominated regrowth with 
decreasing frequency.

a) b) c)



SAR Observations of SAR Observations of BrigalowBrigalow--dominated dominated 
regrowthregrowth

C-band L-band

Total Power

P-band

Reduced return from Brigalow-dominated
regrowth with decreasing frequency

Areas of Brigalow particularly prominent 
(red) in Total Power image (C-band in red)



Woody Woody regrowthregrowth mapping using AIRSAR and mapping using AIRSAR and 
JERSJERS--1 SAR1 SAR

2000 AIRSAR 
(C-, L- and P- band 
Total Power in RGB)

Classification of 
Woody regrowth

Using L-band HH and
2000 FPC

1995 JERS-1 SAR 
with 1995 Landsat FPC 

(in R)

Map of woody 
Regrowth (mainly 
Brigalow; orange), 
Non-forest (blue)
And forest (green)



Comparisons with Queensland Comparisons with Queensland StatewideStatewide Land Land 
Cover and Trees (SLATS) datasetsCover and Trees (SLATS) datasets

SLATS Time-series
JERS-1 SAR
(4 dates)/FPC

AIRSAR L-HH/
FPC



West  Alligator 
Mangroves 

Species/
Community 

Differentiation

JERS-1 SAR allows 
some differentiation of 
mangrove zones.

Difference in main
Communities can occur

Inconsistencies in 
classification



•• Two XTwo X--band antennasband antennas

•• Antenna Positioning Measurement UnitAntenna Positioning Measurement Unit

•• Two PTwo P--band antennas band antennas 

•• 20m / 40m dual baseline20m / 40m dual baseline

GeoSAR ComponentsGeoSAR Components

GeoSARGeoSAR



Flight CharacteristicsFlight Characteristics

P-Band (85 cm wavelength)

X-Band (3 cm wavelength)

Profiling LIDAR (3 Returns, 3 Intensities)
Collection Height:Collection Height:

10,000m to 12,500m MSL10,000m to 12,500m MSL

14km
14km

14km
14km

11.5 km11.5 km

2 views of ground2 views of ground
In X and P In X and P 
simultaneouslysimultaneously
Both sides of planeBoth sides of plane
InterferometricInterferometric



GeoSAR Product CharacteristicsGeoSAR Product Characteristics

XX--bandband PP--bandband
DEM height accuracyDEM height accuracy

Single swathSingle swath 0.50.5--1.2 m1.2 m (Relative)(Relative) 11--3 m3 m (Relative)(Relative)
MosaicMosaic ~1.0 m~1.0 m (Absolute)(Absolute) 11--4 m4 m (Absolute)(Absolute)

DEM resolutionDEM resolution 2.5 2.5 -- 5 metres5 metres 2.5 2.5 -- 5 metres5 metres

PlanimetricPlanimetric AccuracyAccuracy 1 m (Relative)1 m (Relative) 2 m @ 5 km Altitude (Absolute)2 m @ 5 km Altitude (Absolute)

< < 2.5 m (Absolute)2.5 m (Absolute) 4 m @ 10 km Altitude (Absolute)4 m @ 10 km Altitude (Absolute)

Ground swathGround swath 12 12 --14 km on each side14 km on each side 12 12 --14 km on each side14 km on each side

PolarizationPolarization VVVV HH and HV or VV and VHHH and HV or VV and VH

Pixel SizePixel Size 1.25 1.25 –– 3m3m 1.25 1.25 –– 5m5m

Multi-swath mosaicking and application of Lidar ground measurements 
results in considerable improvement over single-swath accuracy.  



3m pixel X-band Orthorectified Radar Image 
(first surface intensity image)5m pixel P-band Orthorectified Radar Image (foliage penetration)
(note clarity of streets beneath overhanging trees)

Four Standard Products of Four Standard Products of GeoSARGeoSAR

3m X-band DEM
(and 5m P-band DEM)



Shaded relief models of X Shaded relief models of X 
and Pand P--band DEMs band DEMs –– Andean Andean 
foothills, Colombiafoothills, Colombia

XX--bandband PP--bandband



XX--DEMDEM PP--DEMDEM

GeoSARGeoSAR DEMsDEMs -- suppression of vegetationsuppression of vegetation



P-DEM

X-DEM

X-DEM

X-DEM

P-DEM

P-DEM

RGB composite P:X:P IFSAR dataRGB composite P:X:P IFSAR data

Airborne GeoSAR Xand P band



Digital Elevation ModelDigital Elevation Model Magnitude ImagesMagnitude Images
PP--bandband PP--bandband

X-band

P-band

9m tree9m tree
HeightHeight

Drainage feature profile comparison 
Top-Surface (X-band) vs. Sub-Surface (P-band)Colombia, South AmericaColombia, South America

Airborne GeoSAR Xand P band



1.25m X1.25m X--Band ORI (image)Band ORI (image)

1.25m P1.25m P--Band ORI (image)Band ORI (image)

PP--Band Band –– radiometricallyradiometrically improvedimproved

Airborne GeoSAR Xand P band



Orchards and trails, 
irrigation patters, 

drainages exposed in P-
band

Capable of counting trees 
in orchards

1.25m X1.25m X--band ORIband ORI

1.25m P1.25m P--band ORIband ORI

1.25m X1.25m X-- and and 
PP--band Radar band Radar 

ImagesImages

Papua New Guinea

Airborne GeoSAR Xand P band



PP--Band Magnitude Band Magnitude 
Image (5m)Image (5m)

Air strip and associated manAir strip and associated man--made features, Colombia, South Americamade features, Colombia, South America

Airborne GeoSAR Xand P band



Colombia, 2006Colombia, 2006

Radar colorized 
though image 
processing of band 
combinations

Airborne GeoSAR Xand P band



Makeshift Makeshift 
airfield airfield 
revealed in revealed in 
PP--bandband

Airfield Airfield –– KupianoKupiano, PNG, PNG



XX--MAGMAG

Block2Block2Redundancy    Processing



Redundancy    Processing



AIRSAR MULTIAIRSAR MULTI--
BAND DATABAND DATA



AllAll--bands subset analysisbands subset analysis
Cvv Lhh Lvv Lhv Phh Pvv 100%

Cvv Lvv Lhv Phh Pvv 95.1
Cvv Lhh Lvv Lhv Pvv 93.6
Cvv Lhh Lvv Lhv Phh 92.4
Cvv Lhh Lvv Phh Pvv 88.8

Cvv Lvv Lhv Pvv 87.9
Cvv Lvv Lhv Phh 87.5
Cvv Lhh Lvv Pvv 81.3
Cvv Lhv Phh Pvv 80.7
Cvv Lhh Lhv Pvv 80.6
Cvv Lhh Lvv Phh 80.4

Cvv Lhv Pvv 73.2
Cvv Lvv Lhv (ENVISAT / RADARSAT and ALOS) 72.2
Cvv Lvv Phh 71.1
Cvv Lhv Phh 70.4
Cvv Lhh Pvv 68.2
Cvv Lvv Pvv 67.1

Cvv Phh 54.1
Cvv Lhv 53.9
Cvv Lhh 52.0
Cvv Pvv 51.6
Cvv Lvv 50.7
Lhv Pvv 50.1

Lhv (ALOS-PALSAR) 31.2
Lhh (ALOS-PALSAR) 29.3
Phh 28.8
Lvv (ALOS-PALSAR) 28.0
Cvv (ENVISAT-ASAR, RADARSAT) 27.0
Pvv 25.7

73.2%73.2%



3D model of AIRSAR bands 
Phh/Lped/Cvv (RGB) overlaid 
on TOPSAR DEM



HH:HV:HH (RGB)

Thank You


