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Introduction

• Accurate calibration is critical to science-readiness of NISAR 
products, including Range-Doppler and Geocoded Single-
Look Complex (RSLC & GSLC) products

• Quality Assurance (QA) tools ensure the fidelity of the L-band 
SAR (LSAR) instrument data and processing

• Use corner reflectors (CRs) for external calibration and image 
quality assessment

• Many more tools beyond those discussed here!
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Introduction

• The Absolute Radiometric Calibration (AbsCal) tool estimates 
a scaling factor for radiometric calibration of RSLC data

• The Point Target Analysis (PTA) tool measures impulse 
response characteristics of RSLC and GSLC images and is used 
in geometric calibration

• Used to populate an external calibration file used by the LSAR 
RSLC processor

• Integrated into automated QA workflows for NISAR LSAR 
products over calibration sites

• Implemented in the open-source library ISCE3

https://github.com/isce-framework/isce3
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Absolute Radiometric Calibration (AbsCal) Tool

• Geophysical applications expect image data in area-normalized backscatter units (𝛽0, 𝜎0, 𝛾0)

• The AbsCal tool estimates a scaling factor to apply to RSLC data to convert from Digital Numbers (DN) 
to normalized backscatter

• Compares predicted Radar Cross-Section (RCS) of known targets to their apparent RCS in partially-
calibrated RSLC data
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Triangular Trihedral Targets
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The scattering matrix for a triangular trihedral-shaped target is

where

is the monostatic RCS of the target
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https://uavsar.jpl.nasa.gov/cgi-bin/calibration.pl

𝑃𝑥, 𝑃𝑦 , 𝑃𝑧 are components of the target-to-

platform unit look vector in the CR coordinate 
system, chosen such that 𝑃𝑥 ≤ 𝑃𝑦 ≤ 𝑃𝑧
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Obtaining the Absolute Radiometric Calibration Factor
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Obtaining the Absolute Radiometric Calibration Factor

• Estimate AbsCal factor using partially-calibrated RSLC data that have been corrected for 
crosstalk, channel imbalance, and Faraday rotation

• Compute the predicted RCS, 𝜎𝑡𝑟𝑖, of a set of corner reflectors from calibration sites and 
compare with the measured RCS, 𝜎𝑅𝑆𝐿𝐶 = 𝑍′𝑍′∗, in RLSC data

• Model AbsCal factor as a linear function of elevation angle 𝜃𝐸𝐿

𝑎 𝜃𝐸𝐿 = 𝑎0 + 𝑎1𝜃𝐸𝐿
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Algorithm Overview: AbsCal Factor Estimation

Inputs
• Set of partially-calibrated RSLCs over calibration sites
• CSV file containing corner reflector survey records

Procedure
• For each RSLC:

• Down-select corner reflectors
• For each corner reflector:

• Estimate 𝜎𝑡𝑟𝑖
• Compute 𝜎𝑅𝑆𝐿𝐶
• Compute 𝜃𝐸𝐿

• Fit a line to Τ𝜎𝑅𝑆𝐿𝐶 𝜎𝑡𝑟𝑖 vs 𝜃𝐸𝐿 using Ordinary Least Squares (OLS)

Outputs
• AbsCal polynomial coefficients (bias 𝑎0 and slope 𝑎1)

Corner reflector record:
• Unique ID
• Latitude/Longitude/Height
• Azimuth/Elevation
• Side length
• Survey Date
• Validity Flags
• Velocity East/North/Up

Filter corner reflectors by:
• Validity – Is the target suitable for 

radiometric calibration?
• Survey date – When was the target 

last surveyed prior to the radar 
observation?

• Location – Is the target within the 
image bounds?

• Heading – Is the target oriented 
towards the sensor?
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Algorithm Overview: Measure Corner Reflector RCS

Inputs
• RSLC product
• Corner reflector record

Procedure
• Get expected target position in image grid from geographic coords
• Upsample a small block of SLC data around the target
• Estimate peak power by fitting a 2-D quadratic
• Estimate 3dB width in range (cross-track) & azimuth (along-track)
• Measure RCS using the “box” method

Outputs
• Measured RCS 𝜎𝑅𝑆𝐿𝐶
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Absolute Radiometric Calibration Factor Estimation
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Point Target Analysis (PTA) Tool

• Evaluates fidelity of radar images by measuring the impulse response of point-like targets

• Used for geometric calibration of NISAR products by estimating common azimuth & range delays and 
channel-specific range delays

• Computes characteristics of the azimuth & range Impulse Response Function (IRF)

• Amplitude & phase

• Integrated Sidelobe Ratio (ISLR)

• Peak-to-Sidelobe Ratio (PSLR)

• 3dB response width

• Plots magnitude & phase cuts of the IRF in azimuth & range

• Measures peak position offsets in azimuth & range (RSLC) or X & Y (GSLC) w.r.t. the expected target 
location
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Algorithm Overview: RSLC PTA for Geometric Calibration

Inputs
• Set of RSLCs over calibration sites
• CSV file containing corner reflector survey records

Procedure
• For each RSLC:

• Down-select corner reflectors
• For each corner reflector:

• Estimate slant range offset Δ𝑟 and azimuth time offset Δ𝑡
between expected & measured peak location

• Correct for environmental effects at radar observation time 
(troposphere, ionosphere, solid earth tides, plate motion)*

• Compute average delay

Outputs
• Common azimuth & range delay
• Channel-specific differential range delays

* These corrections aren’t included in RSLC & GSLC QA products
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Algorithm Overview: RSLC PTA for Quality Assurance

Inputs
• RSLC product
• Corner reflector record

Procedure
• Get expected target position in image grid from geographic coords
• Upsample a small block of SLC data around the target
• Find peak index within block
• Take 1-D azimuth & range slices centered on peak index
• Estimate 3dB width in azimuth & range
• Estimate ISLR & PSLR in azimuth & range

Outputs
• Impulse response metrics (ISLR, PSLR, 3dB width)
• Magnitude & phase cuts
• Geometric offsets (Δ𝑟, Δ𝑡)
• Local phase slope
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Algorithm Overview: RSLC GSLC PTA for Quality Assurance

Inputs
• RSLC GSLC product
• Corner reflector record

Procedure
• Get expected target position in image grid from geographic coords
• Compute and remove flattening phase (if applicable)
• Upsample a small block of SLC data around the target
• Find peak index within block
• Take 1-D azimuth & range slices centered on peak index
• Resample the data rotated by the heading & look angles to form 1-D 

azimuth & range slices centered on peak index
• Estimate 3dB width in azimuth & range
• Estimate ISLR & PSLR in azimuth & range

Outputs
• Impulse response metrics (ISLR, PSLR, 3dB width)
• Magnitude & phase cuts
• Geometric offsets (Δ𝑟, Δ𝑡 Δ𝑥, Δ𝑦)
• Local phase slope
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RSLC Point Target Analysis
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RSLC Point Target Analysis
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GSLC Point Target Analysis
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GSLC Point Target Analysis
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Cal Tools in NISAR Quality Assurance

• AbsCal and PTA tools are automated as part of QA 
checks over calibration sites

• Results of each tool are included in the QA output 
HDF5 file

• PTA results are included in the QA output report PDF

• Provides convenient access for quick review and 
trending analysis

• QA outputs will be available from Alaska Satellite 
Facility Distributed Active Archive Center (ASF DAAC)
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Summary

• The Absolute Radiometric Calibration (AbsCal) tool estimates a scaling factor for radiometric 
calibration of RSLC data

• The Point Target Analysis (PTA) tool measures impulse response characteristics of RSLC and GSLC 
images and is used in geometric calibration

• Both have been extensively tested using simulated NISAR products and ALOS/UAVSAR data

• Integrated into regular automated QA checks of NISAR products over designated calibration sites

• Implemented in the open-source library ISCE3

https://github.com/isce-framework/isce3

$ conda install isce3 -c conda-forge

https://github.com/isce-framework/isce3
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Backups
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Triangular Trihedral RCS

The 3dB azimuth beamwidth of a triangular trihedral is 
~40°
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Algorithm Overview: Predict Corner Reflector RCS

Inputs
• RSLC product
• Corner reflector record

Procedure
• Get target-to-platform line-of-sight vector in ECEF coords
• Transform from ECEF to CR-intrinsic coords
• Evaluate triangular trihedral RCS equation

Outputs
• Predicted RCS 𝜎𝑡𝑟𝑖
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Absolute Radiometric Calibration Factor Estimation
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RSLC Point Target Analysis – ALOS over Rosamond



© 2024 California Institute of Technology. Government sponsorship 

acknowledged.

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

RSLC Point Target Analysis – ALOS over Rosamond
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GSLC Point Target Analysis – ALOS over Rosamond
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Line-of-Sight Unit Vector Using ISCE3

4 rslc = nisar.products.readers.RSLC(hdf5file="...")
5 freq = "A" if ("A" in rslc.frequencies) else "B"
6 orbit = rslc.getOrbit()
7 doppler = rslc.getDopplerCentroid(freq)
8 radar_grid = rslc.getRadarGrid(freq)

1 import isce3
2 import nisar
3 import numpy as np

9 lon, lat, height = ...
10 ellipsoid = isce3.core.WGS84_ELLIPSOID
11 target_pos_ecef = ellipsoid.lon_lat_to_xyz([lon, lat, height])

12 aztime, _ = isce3.geometry.geo2rdr_bracket(
13 xyz=target_pos_ecef,
14 orbit=orbit,
15 doppler=doppler,
16 wavelength=radar_grid.wavelength,
17 side=radar_grid.lookside,
18 )
19 platform_pos_ecef, _ = orbit.interpolate(aztime)

20 def normalize(vec):
21 return np.asarray(vec) / np.linalg.norm(vec)
22
23 los_unit_vec = normalize(platform_pos_ecef - target_pos_ecef)


