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RCM Initial Calibration - Overview

• RCM launch on June 12, 2019

• Initial Calibration period: July 3-Nov 14 (Constellation 
Commissioning Complete Review Meeting)

• Main initial calibration activities:
• Beam Mode Checks 
• Rx Gain and Noise Levels 
• Azimuth Beam Patterns
• Impulse Response
• Radiometric Calibration
• Pointing Calibration
• Interchannel Timing Offset
• Polarimetric and Compact-pol
• Geolocation
• CCD Interferometric phase
• Ground Coverage Monitoring
• Transponder
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Main Calibration Targets

• Amazon: most accesses to amazon 
rainforest calibration sites have been used 
during commissioning

• Point Targets:
• 3 primary sites with Corner Reflector pairs:

• St-Hubert (close to CSA)
• Alaska Satellite Facility in Fairbanks

• Kiruna satellite station in Sweden

• 2 transponders at St-Hubert site

• Ocean for receive-only images
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More than 5000 calibration images acquired 
during commissioning!
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Initial Beam Modes Checks - Stripmap
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• Montreal area

• Very High 
Resolution 3m 
Compact-pol

• 3mx3m, 20 
km swath

• 2-bit BAQ

RADARSAT Constellation Mission Data and Products ©Government of Canada (2019)–All Rights Reserved
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Initial Beam Modes Checks - ScanSAR

5

• First RCM 
image - Baffin 
Island

• Initially some 
issues with 
Stepped 
Receive delay 
– now fixed

RCM-1
Low Noise Mode (100m x 100m) 
SCLNB HH-HV
Acquisition date: Sept 13, 2019 

RCM-1
Low Noise Mode (100m x 100m) 
SCLNC HH-HV
Acquisition date: June 29, 2019
First RCM Image!

RADARSAT Constellation Mission Data and Products ©Government of Canada (2019)–All Rights Reserved
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• Cape Dyer, Nunavut, Canada

• RCM-2

• Spotlight (1m x 3m)

• FSL17 HH-HV

• Acquisition date: Sept 6, 2019

• Initial issue with azimuth 
focusing (3m vs. 1m): was 
caused by a range timing 
offset which is now fixed.
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Initial Beam Modes Checks - Spotlight
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Impulse Response (1/2)

• Alaska CR

• Ascending

• Spotlight 
FSL7
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Impulse Response (2/2)
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• Verified that:
• IRW broadening was 

within allocation to 
meet resolution 
requirement:
• Azimuth:  < 4%
• Range: < 8%

• 2D ISLR > 12 dB 
(requirement)

• Processing with 
Nominal Chirp 
showed slightly 
better performance 
than using the 
Replica.
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Geolocation Calibration

9

• Results using Downlink Orbit

• Range:

• Initially important ground 
range geolocation error 
(400-700m)

• Timing delay offset 
estimated and adjusted

• Results are now well within 
specifications (50m/100m)

• Azimuth:

• A processor error was 
initially causing an along-
track error close to 40m.  

• Results are now well within 
specifications (50m/100m)

• On-going work to improve 
Definitive Orbit data.
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Pointing Calibration
Yaw and Pitch

• Compared Yaw/Pitch from Doppler centroid 
estimates fromSAR data and Yaw/Pitch 
from spacecraft

• Correction of RCM-1, RCM-2 and RCM-3 
yaw and pitch offsets, resulting in better 
initial estimates of yaw/pitch for processing 
and Doppler centroid closer to zero.
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Pitch Offset Yaw Offset

Average Std Dev Average Std Dev

RCM-1 -0.031o 0.03o -0.20o 0.04o

RCM-2 -0.196o 0.02o 0.144o 0.03o

RCM-3 0.037o 0.02o 0.109o 0.04o
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Pointing Calibration
Roll

• Estimated roll offset by 
comparing the measured 
elevation patterns (from 
amazon images) and the 
reference patterns (from 
the antenna model) 

• Initial correction of RCM-2 
roll angle by 0.65 deg

• Recent adjustments of the 
roll offsets for the 3 
satellites in the payload 
characterization 
parameters used for 
processing.

• Mean pointing offset = +0.099 
deg (pointing too far out)

• Standard deviation 0.028 deg
• Slight upward trend with 

incidence angle

RCM-1 Results:
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Radiometric Calibration

• Pulse Dependent 
Gain Factor 
measurements
• Absolute Calibration 

using Amazon

• Using a uniform 
beam over a variety 
of pulse durations 
and bandwidth
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• Elevation Patterns 
Measurements:
• Measured pattern: Gamma-0 

image over Amazon reference 
expected Gamma-0

• Comparison with reference pattern 
(from antenna model)

• Calibration updates were made 
considering parametric and 
systemic factors rather than 
individual beam shapes:
• Antenna model corrected to 

account for receive amplitude 
weighting issue

• Approximate correction to account 
for antenna patch modeling issue 
affecting large scan angles.
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Radiometric Calibration

Caused by an issue with receive amplitude coefficients 
modeling
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Polarimetric and Compact-Pol Calibration

• Quad-Pol:
• Tx and Rx channel imbalances and 

cross-talk have been measured for 
selected quad-pol beams images 
over amazon:
• Imbalance terms lower than approx. 

1 dB
• Cross-talk lower than -30dB
• Approximate correction of those 

terms have been applied
• Consistent with results over corner 

reflectors

• Compact-Pol:
• Tx and Rx imbalances estimated 

and approximately corrected using 
special calibration quad-pol modes 
images over amazon.
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Coherent Change Detection

2D Bandwidth Overlap well
within requirement of 75%
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Sat 1 Date 1st

acq

Sat 2 Date 2nd

acq

Days 

betw

een 

acqs 

Beam 

Mode 

Mnemon

ics

AOI Doppler 

BW 

Overlap

Ground 

Range 

BW 

Overlap

2D BW 

Overlap

RCM-2 2019-10-23 RCM-3 2019-10-27 4 3M27 Inuvik 0.985 0.992 0.977
RCM-2 2019-10-23 RCM-1 2019-10-31 8 3M27 Inuvik 0.985 0.992 0.977
RCM-2 2019-10-23 RCM-2 2019-11-04 12 3M27 Inuvik 0.999 0.999 0.998
RCM-3 2019-10-29 RCM-1 2019-11-02 4 3MCP32 Montreal 0.982 0.998 0.980
RCM-3 2019-10-24 RCM-1 2019-10-28 4 5M1 BC 0.000 0.971 0.018
RCM-3 2019-10-24 RCM-2 2019-11-01 8 5M1 BC 0.972 0.987 0.960
RCM-3 2019-10-24 RCM-3 2019-11-05 12 5M1 BC 0.995 0.984 0.979
RCM-3 2019-10-25 RCM-1 2019-10-29 4 5MCP18 Montreal 0.969 0.999 0.968
RCM-3 2019-10-24 RCM-1 2019-10-28 4 16M11 Montreal 0.978 0.972 0.951
RCM-3 2019-11-02 RCM-1 2019-11-06 4 16M7 Australia 0.998 0.979 0.977
RCM-1 2019-10-23 RCM-3 2019-10-31 8 SC30MD North Qc 0.968 0.9889 0.957
RCM-2 2019-10-26 RCM-3 2019-10-30 4 SC30MC North Qc 0.993 0.981 0.974
RCM-1 2019-10-26 RCM-2 2019-10-30 4 SC30MD Ontario 0.987 0.980 0.967
RCM-1 2019-11-02 RCM-2 2019-11-06 4 SC30MA Alberta 0.952 0.952 0.906

Low BW 
overlap 
caused 
by a GPS 
issue

RADARSAT Constellation Mission Data and Products ©Government of Canada 
(2019)– All Rights Reserved
RADARSAT is an official mark of the Canadian Space Agency
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Ground Coverage Monitoring
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• Impulse response:
• Resolution as expected
• Sidelobes as expected

• Geolocation:
• Adjustments of timing delay offset + processor fix: 

geolocation accuracy now within specs
• On-going assessment of Definitive orbit

• Yaw-Pitch-Roll pointing corrections have been 
made.

• Preliminary Radiometric calibration:
• Pulse Dependent Gain Factor measured
• Many elevation patterns measured
• Some corrective measures implemented to fix 

observed discrepancies

• Preliminary correction for channel imbalance and 
cross-talk just completed for quad-pol and 
compact-pol

• Routine calibration will continue throughout the 
mission!

RCM Image Quality Status Summary

RADARSAT Constellation Mission Data and Products ©Government of Canada 

(2019)– All Rights Reserved
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Thank you!


