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CEOS-ARD for SAR
Current status

CEOS ARD specifications for Synthetic Aperture Radar (SAR) products:
Endorsed and available at http://ceos.org/ard

CEOS-ARD for Synthetic Aperture Radar 
• Normalised Radar Backscatter (NRB)
• Polarimetric Radar (POL)
• Ocean Radar Backscatter (ORB)
• Geocoded SLC (GSLC)

    In the pipeline:
• Interferometric Radar (INSAR)
• Multi-source NRB
• NRB for VHR data (?)
• Lidar Terrain & Canopy Height
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CEOS-ARD specs 
(a.k.a. Product Family Specifications – PFS)

• “Guidance document” for data providers:
• Geometric corrections
• Radiometric corrections

• General meta (ancillary) data
• Per-pixel (image) meta data

• Two levels of requirements
• Threshold (mandatory) requirement

• Goal (optional) requirement

CEOS-ARD for SAR
Specifications for Data Providers

Extract from CEOS-ARD NRB specification document 3



Metadata Specifications

• Metadata specification developed to accompany 
each Radar PSF

• Consistent mapping of parameter names 
between PFS and metadata

• Specs for XML format but data provider may 
select other metadata formats (yaml, json, etc.)

• Currently non-mandatory (Goal req.), yet broad 
uptake by SAR agencies

Extract from XML metadata file for a  POL CARD4L product

CEOS-ARD for SAR
Metadata
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2. Per-Pixel Metadata (image data)

Local Inc Angle (Target) Scattering Area (Goal)

Sigma-to-Gamma ratio (Goal)Data Mask (Target)

Ellipsoid  Inc Angle (Goal)Noise Power (Goal)

3. General Metadata

1. Radar Measurements 
Radiometric and Geometric specs

CEOS-ARD for SAR
General PFS structure
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Sentinel-1 (Copernicus)

Processing: 

Z-S Zhou, CSIRO



CEOS-ARD for SAR
Normalised Radar Backscatter [NRB]

Local Inc. Angle Acquisition ID

γ0 Backscatter (HV)γ0 Backscatter (HH)

Data Mask 6

ALOS-2 PALSAR-2 

(Global mosaic) 

Processing: JAXA EORC

• Radar Measurement data:
– Geometric Terrain Correction (ortho)
– Radiometric Slope Correction
– Backscatter expressed as gamma-nought, γ0

• Per-pixel metadata:
– Threshold (required):

• Local Incidence Angle image
• Mask image
• Acquisition ID image (for composite products)

– Goal (optional):
• Scattering Area image
• Gamma-to-Sigma ratio image
• Ellipsoid Inc. Angle image
• Noise power image (if applied)
• Per-pixel DEM

• General metadata:
– Detailed specs about source data and (CEOS-ARD) 

product (44 entries).
– Metadata XML format spec provided (Target)

CEOS-ARD Normalised Radar Backscatter [NRB]



CEOS-ARD for SAR
Polarimetric Radar [POL] 

RADARSAT-2 (MDA)                      
Processing:                                
F. Charbonneau (NRCan)

7

CEOS-ARD Polarimetric Radar [POL]
General Metadata, Per-pixel Metadata, Geometric & Radiometric 
corrections near-identical to NRB

POL Measurement Data covers two product types:

• Polarimetric Decomposition
– Data Providers to decide what decompositions to offer to users 

(e.g. Eigen value; Pauli, Freeman-D; Yamaguchi, etc.)

– Polarimetric Covariance Matrix 
• Polarimetric phase and amplitude preserved
• For polarimetric time-series and Pol-InSAR applications



CEOS-ARD for SAR
Ocean Radar Backscatter [ORB] 

CEOS-ARD Ocean Radar Backscatter [ORB]                                
– Simplified version of the NRB product for ocean applications
• Radar Measurement data:

– Geoid-corrected backscatter
– Expressed as s0

• Per-pixel metadata:
– Threshold (required):

• Geoid Incidence Angle image
• Mask image (including land mask)
• Acquisition ID image (for composite products)

– Goal (optional):
• Noise power image (if applied)
• Per-pixel Geoid
• Look Direction image

Geoid Inc. Angle imageData Mask image

s0 Backscatter (VH)s0 Backscatter (VV)

Sentinel-1 IWS                                      
CEOS-ARD ORB (mock-up)   

(Processing: soloEO)
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CEOS-ARD for SAR
Geocoded SLC [GSLC] 

9RCM1  ©CSA Proc. F. Charbonneau, NRCan

CEOS-ARD Geocoded Single-Look Complex [GSLC] 
• Radar Measurement data:

• Backscatter in complex format (I+Q) from which both amplitude 
and phase can be derived

• Radiometry: Radiometric slope correction, expressed as g0 
• Geometry: 

- Ground-based map projection (i.e. not slant range)
- Corrected relative to a common reference orbit à                 

Co-registered GSLC images in a stack have same geometry à 
interferometric applications feasible by simple image math 

• Per-pixel metadata (Threshold):
• Local Incidence Angle image
• Mask image
• Acquisition ID image (for composite products)

Complex 
backscatter (γ0 )

InSAR phase

Gamma-to-Sigma 
ratio image

Radar Unit Look 
Vector Grid 
image



CEOS-ARD for SAR
One PFS to Rule Them All

CEOS-ARD for Synthetic Aperture Radar PFS
 Single specification document for all CEOS-ARD SAR products: 

– NRB, POL, ORB, GLSC

• Goals: 
– Ensuring consistent parameter names and specifications across all SAR 

PFSs
– Simplifying revisions and change tracking
– Maintains PFS clarity and readability while describing multiple products 
– No changes to (Threshold) specifications for endorsed PFSs

• The CEOS-ARD for SAR PFS was endorsed and released in October 2023.
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STAC CEOS-ARD SAR Extension
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STAC extensions

• Developed in 2021 for optical and SAR 
(NRB & POL) PFSs

• Name change: CARD4L à CEOS-ARD

• Major revision in 2025



Under peer review:
❖ ISRO (RISAR-1B/EOS-04 

mosaics)

❖ NRCan (RCM NRB & POL)

In preparation:

❖ CONAE (SAOCOM-1A/B)

❖ ESA (S-1, ENVISAT, ERS, 
ROSE-L, BIOMASS)

❖ DLR (S-1)

❖ KARI (KOMPSAT-5)

CEOS-ARD for SAR
Community Uptake



❖ Interferometric Radar (INSAR) PFS
 * Completion foreseen by Q1/2025

        * Input/comments from SAR community still possible and welcome

❖ Multi-source NRB PFS
 * Averaged composite products

  - Pixel values no longer unique to one source data take
  - Certain per-pixel metadata no longer defined (e.g. data mask; local inc angle, scattering area) 

❖ Special considerations for VHR (metre/sub-metre) SAR products:
 * Is Radiometric Terrain Correction meaningful?

 * Mismatch between publicly available DEMs and VHR pixel spacing
 * Even with VHR DEMs, RTC designed for distributed target backscatter. May for   
 certain targets introduce backscatter artefacts
 à Special NRB PFS required for VHR SAR?

CEOS-ARD SAR Team work topics



CEOS-ARD 
Synthetic Aperture Radar

http://ceos.org/ard
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ध"यवाद   Thank you.

http://ceos.org/ard

