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EOS-04 Synthetic Aperture Radar (SAR) Specifications

[beams at 0.10 interval ]
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Analysis Ready Data Products

EOS-04 Data Products and Performance Specifications



EOS-04 Data Products Calibration Summary
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EOS-04 Radiometric Calibration Model

𝜎0 =
𝑃𝑟 − 𝑃𝑛

𝐾
𝐾 =

𝑃𝑡𝐺𝑟𝐺
2 ∅ 𝜆3𝑐𝜏𝑝

2 4𝜋𝑅 3 𝐿𝑎 sin 𝜂
𝑷𝒓 : Received Power

𝑷𝒕 : Transmit Power

𝑷𝒏 : Noise Power

𝑮𝟐 ∅ : Transmit x Receive Gain

R : Range

𝝀 : Wavelength

c : Velocity of light

𝑮𝒓 : Receiver Gain

𝑳𝒂 : Azimuth Antenna Length

𝝉𝒑 : Pulse Width

𝜼 : Incidence Angle

K : Calibration Constant

Other System Parameters Considered

MGC

Number of TR Modules for a Beam

Count To Power Conversion Factor

 Extensive Lab Characterization of EOS-04 SAR Sensor

 Sensor Periodic Stability monitored through dedicated Calibration modes

 Based on the observed uniformity of Gamma0 for Amazon Rain Forests at different
Incidence Angles

Inc. Ang. 20.02 º Inc. Ang. 25.50 º Inc. Ang. 36.77 º Inc. Ang. 42.30 º Inc. Ang. 50.96 º

StripMap Amazon Acquisitions

Inc. Ang. 22.69 º Inc. Ang. 48.68 º Inc. Ang. 48.20 ºInc. Ang. 23.52 º

ScanSAR Amazon Acquisitions
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EOS-04 Radiometric Calibration Product Meta Information

Kcal_Beta0_dB : Calibration Constant provided in Product Meta

DNp : Per Pixel Product Digital Number 

Ip : Per Pixel Incidence Angle ; Available as Map for Level-2 products
and in ASCII Grid File for Level-1 data products
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EOS-04 Radiometric Calibration Validation over Homogeneous Cal Sites

EOS-04 Amazon Rain Forests Gamma0 Profiles v/s Incidence Angles

EOS-04 Amazon Cal Site

 EOS-04 acquisitions over Amazon Cal
Site are being periodically evaluated
to monitor stability of Radiometric
Calibration within  1 dB over full
span of incidence angles

 Plot shows Gamma0 profiles for
sample Amazon acquisitions from
initial Phase (March-June 2022) and
recent (April-October 2024) to depict
the stability of EOS-04 Radiometric
Calibration Model for linear Co, Cross
and Circular polarizations
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EOS-04 Radiometric Calibration Validation over Corner Reflectors

Image Courtesy : CVD/EPSA/SAC
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EOS-04 Radiometric Calibration : Noise Equivalent Sigma0

Reg-# Reg. Type VV Polrzn. VH Polrzn.

0 (dB) σ0 (dB) 0 (dB) σ0 (dB)

Reg-1 Forest -6.14 -7.06 -12.14 -13.06

Reg-2 Forest -6.38 -7.30 -12.21 -13.13

Reg-3 River -18.15 -19.07 -21.25 -22.17

Reg-4 River -18.42 -19.34 -21.14 -22.06

Reg-5 River -18.22 -19.14 -21.30 -22.22

NEσ0

EOS-04  Amazon Acquisitions Results
Date Of Pass : 10 March 2022 Strip Id: 131 Pol. VV-VH
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EOS-04 Polarimetric Calibration Model

Scattering Matrix  [S] is as follows : 
S(tr) t-Transmit Polarization  

r – Receive Polarization𝑆 =
𝑆ℎℎ 𝑆ℎ𝑣
𝑆𝑣ℎ 𝑆𝑣𝑣

[𝑀] =
𝑅ℎℎ 𝑅ℎ𝑣
𝑅𝑣ℎ 𝑅𝑣𝑣

𝑆ℎℎ 𝑆ℎ𝑣
𝑆𝑣ℎ 𝑆𝑣𝑣

𝑇ℎℎ 𝑇ℎ𝑣
𝑇𝑣ℎ 𝑇𝑣𝑣

Polarimetric

Parameter

Description

K Absolute Calibration Constant

f Co-Polarization Channel Imbalance

g Cross-Polarization Channel Imbalance

φt = φt,v - φt,h φt,j is the phase error incurrent when 

transmitting polarization j

φr = φr,v - φr,h φr,j is the phase error incurrent for 

receiving  polarization j 

S’ Measured Scattering Matrix

 Absolute Calibration Constant ‘K’ estimated from Amazon and Corner Reflector’s RCS

 Parameters (f , ϕt + ϕr ) estimated from interpolated corner reflector response peaks

 Parameters (g , ϕt - ϕr ) estimated by coherent average of distributed targets 

Scr = Scattering matrix for a 
trihedral CR

[1] Alexander G. Fore et al. “UAVSAR Polarimetric Calibration,” IEEE Transactions on Geoscience and Remote Sensing, vol. 53, no. 6, June 2015

[2] Guangde Sun,Zhen Li, Lei Huang, “A Quad Polarimetric SAR Calibration Algorithm using Rotation Symmetry,” International Journal of Remote Sensing, 2019, vol.40,no. 10,3787-3807

[1][2]
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EOS-04 Polarimetric Calibration Model (Full-Polarization)

Relative Phase Histograms

Co (HH-VV)
Polarization

Cross (HV-VH)
Polarization

Van Zyl Signatures for a Triangular Trihedral CR acquired by EOS-04
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EOS-04 Polarimetric Calibration Model (Full-Polarization) Validation

Pol Cal Validation for Corner Reflectors Pol Cal Validation for Homogeneous Targets

Reference Specification



CEOS SAR Cal & Val Workshop 2024, Space Applications Centre, Ahmedabad, India

EOS-04 Polarimetric Calibration Model (Circular Polarization)

Relative Phase Histogram

RH-RV
Polarization

Degree of Polarization

Un-Calibrated Data Calibrated Data

1

2

S.No. Corner Reflector

1 Sqr. Trihedral

2 Sqr. Trihedral

1

2

Circular Polarimetry 
Child Parameters

Un-Calibrated Data Calibrated Data

CR# 1 CR #2 CR# 1 CR #2

Deg. Of Polarization (m) 0.9965 0.9997 0.9967 0.9996

Deg. Of Circular Pol. -0.3008 -0.2367 0.9928 0.9968

Circular Pol. Ratio 1.8607 1.6203 0.0036 0.0015

Axial Ratio -0.1545 -0.1201 0.9148 0.9277

Relative Phase () -17.6441 -13.735 92.515 87.616

Ellipticity Angle () -8.7555 -6.8469 41.563 42.727
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EOS-04 Polarimetric Calibration Model (Circular-Polarization) Validation

Pol Cal Validation for Corner Reflectors Pol Cal Validation for Homogeneous Targets

Reference Specification
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EOS-04 Wide Swath ScanSAR Polarimetric Data Product
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EOS-04 Geometric Calibration Model

Coordinate System for SAR viewing Geometry
Iso- Range and Iso- Doppler lines specifying location of target

SAR Range Equation :

SAR Doppler Equation :
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Signal Processed 
Image (Slant)

Geocoded Image 
(Map Projected)

Geographic Coordinates
(latitude, longitude)

Map Projection

Inverse Map Projection SAR Geolocation

Copernicus DEM
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EOS-04 Geometric Calibration Validation and Correction Framework

Long Term Geolocation-Error Statistics
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EOS-04 Geometric Calibration Validation for Corner Reflectors

Geolocation-Error Statistics for Amrapur Corner Reflectors

Geolocation-Error Statistics for Queensland Corner Reflectors
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Thank 
You

raghavmehra@sac.isro.gov.in


