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OUTLINE:

SAR imaging with a dual-polarized antenna

Antenna cross-talk calibration

Antenna isolation of current satellite SARs

Impact of low C-band antenna isolation on maritime 
surveillance applications: 

ship detection 

wind speed measurement

Requirement on C-band dual-polarized antenna 
isolation for successful radar constellation missions
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SAR imaging 
with a Dual-Polarized Antenna

Polarization 
Synthesis

σ°TR

Quad-Pol: (HH,HV,VH,VV)

H
V

Dual-Pol: HH-HV& VV-VH     

Single-Pol: HH, HV or VV
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Antenna Cross-talk (Isolation)

Each polarization measurement is contaminated with target 
backscattering that occurs at the other polarizations
VHH= func(HH, HV, VH, VV, radar & antenna parameter)

H

V

Antenna cross-talk at transmission

Antenna cross-talk at reception
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Measured Versus Pure Voltage: 
Polarimetric Calibration

Quad-pol measurement required VHH, VHV, VVH and VVV

Touzi-Livingstone General polarimetric SAR Model:

• [D]: Distortion matrix  [g(θ)]: Antenna distortion matrix

R. Touzi, C.E.  Livingstone, et al., Antenna Gain and Phase Patterns 
for Calibration of Polarimetric SAR Data; IEEE TGRS, 1993
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CALIBRATION

Pure (HH,VV,HV,VH) from distorted measurements
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Calibration of the Convair-580 X and C-band SAR
at CCRS since 1990

Active (ARC) and passive calibrator (CR) + natural target 

influence RADARSAT2 system design

Antenna isolation from -20dB (orig. requirement) to -32dB (Thanks to 
Tony Luscombe MDA)
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Dual-Polarization Antenna Isolation 
of Satellite  SAR

CEOS Antenna isolation Requirement: -25 dB (CEOS2007)
Envisat (2002): actual isolation -35 dB (Torres CEOS02)

ALOS (2006): actual cross-pol isolation -35 dB
( Touzi & Shimada IEEE TGRS 2009)

TerraSAR (2007): requirement -25 dB; actual -30 dB        
( A. Moreira)

Radarsat2 (2007): actual isolation -32 dB (A. Luscombe
CEOS 2008) 
Sentinel-1 (2012): Expected isolation -35 dB ( E. Attema 
and P. Snoeij)

RCM (2012): Expected antenna isolation -28 dB ( Not 
finalized)



Canada Centre for Remote Sensing • Earth Sciences Sector8

Touzi et al, CEOS`09 Workshop, Pasadena, Nov.  2009

Impact of Low Antenna 
Isolation on Ship Detection

Cross-talk cannot be removed from single and 
dual-polarization measurements

“Pure” polarization measurement HH, HV and VV

Minimum requirement on antenna isolation 
Frequency dependent

Applications Requirements at various frequency (P, L, C, 
and X)

Technology advance in Antenna, T/R, switch  Design

Impact of low antenna isolation on key 
applications using multi-frequency polarimetric 
SAR data 
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Impact of C-band Low Antenna 
Isolation on Maritime Surveillance 

Applications

Calibrated Quad-pol RADARSAT 2 are used
Cross-pol isolation better than -50 dB (Luscombe CEOS08)

HV is the most affected polarization 

HV Key applications: Ship detection and Wind speed 
measurements

Simulated HV for antenna isolation of -20dB, -26 dB, -
30 dB, and -35 dB

Identification of the minimum requirement on antenna 
isolation
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Ship-Sea Contrast
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ASAR -35 dB antenna isolation
IS1 14.3˚ - 22.2˚– Dec. 30, 2004

G. Staples et al. ASAR 2007

IS1- HH

IS1- HV
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Radarsat 2 -32 dB antenna isolation
ScanSAR Narrow, Inc. Ang.  20-46°,  300x300km

HV

HH

RADARSAT-2 Data and Products © MacDonald, Dettwiler and Associates Ltd. (2008) - All Rights Reserved.
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SAR Model for Simulation 
of Cross-Pol Contamination

Assumption: Symmetric system 

Assumption 2:  

Radarsat2 Channel imbalance typical value f1=0.1 dB and 
f2=0.5 dB  (Merci Tony Luscombe)
Channel imbalance variations with incidence angle ignored 
(do not affect significantly the results) 
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Radarsat 2 HH and HV (no cross- talk)
Gibraltar  July 2008 FQ4 (22°-24°)

HV enhances ships
Ships can hardly be seen with HH

RADARSAT-2 Data and Products © MacDonald, Dettwiler and Associates Ltd. (2008) - All Rights Reserved.
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Radarsat 2 VV, and HV 
(no cross- talk)

HV enhances ships
Ships can hardly be seen with VV

RADARSAT-2 Data and Products © MacDonald, Dettwiler and Associates Ltd. (2008) - All Rights Reserved.
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HV versus Corrupted HV (-20 dB) 

-20dB cross-talk HV contaminated with HH and VV
Ships can hardly be discriminated with HV (-20dB)

HH&VV contamination cannot be removed from HV(-20dB)

RADARSAT-2 Data and Products © MacDonald, Dettwiler and Associates Ltd. (2008) - All Rights Reserved.
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Ship- Sea Contrast -20dB and -26dB
FQ4 (22°-24°)

Ship-Sea Contrast
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HV(-20dB): Contrast ship/sea 12 dB lower
HV(-26dB): Contrast ship/sea 7 dB lower
Contaminated HV is not efficient ship detection 
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Impact of C-band Antenna Low 
Isolation on

Cross-pol Wind Retrieval

New P. Vachon’s model (Oper. of SAR 
Winds Workshop 2009) :

HV accurate wind speed measurement 

Wind speed retrieval independent of 
wind direction and incidence angle



Canada Centre for Remote Sensing • Earth Sciences Sector19

Touzi et al, CEOS`09 Workshop, Pasadena, Nov.  2009

Cross-pol Wind Retrieval as a Function of 
Antenna Isolation and Incidence Angle

FQ2, FQ10 and FQ20

FQ2: 19.7°-20.7°

HV(-20dB):
Δσ°: 15 dB
Δv= 25m/s

HV(-28 dB):
Δσ°: 8 dB
Δv=12m/s

Contaminated HV 
not efficient for wind 
speed retrieval
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Minimum Requirement 
on C-band Antenna Isolation 

For Successful Dual-Polarization SAR 
Constellation Missions
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Ship- Sea Contrast
FQ4 (22°-24°)

Ship-Sea Contrast
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HV(-30dB): Contrast ship/sea 3 dB lower than pure HV

HV(-35dB): Contrast ship/sea 1 dB lower than pure HV
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Cross-pol Wind Retrieval
FQ2, FQ10 and FQ20

-30dB: Δσ°: 6 dB Δv= 7m/s
-35dB: Δσ°: 3 dB Δv= 5m/s
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Minimum Requirement on C-band 
Antenna Isolation

• Actual CEOS requirement (-25 dB) too low
Δσ°= 8 dB error on HV ocean due to VV and HH contamination 
(at 20°) 
Δv=15m/s error in wind speed measurement (at 20°) 
Contrast ship/sea:  7 dB lower than pure HV (at 23°) 

• Minimum Requirement on Future C-band SAR Constellations: -35 dB

Realistic: Envisat was designed in 1998 with -35 dB antenna isolation

Meeting the requirement in term of HV purity for operational use of 
SAR Constellations in maritime surveillance (ship and iceberg 
detection, wind-speed measurement), ice classification and others

Similar study is being conducted at L-band using polarimetric ALOS

Calibrated Polarimetric TerraSAR data are required to conduct the 
study at X-band.


