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Advantages of RTC Images

RTC images can be collected day 
and night completely independent 
of the sunlight. This is possible 
because the illumination of the 
scene comes from the radar 
instrument. RTC images can also 
be acquired under any weather 
conditions. Dense clouds become 
almost transparent to SAR 
microwaves. 

Left: SAR image derived from Copernicus Sentinel-1 data frame over the 
Andes in Peru without radiometric terrain correction. Right: OPERA RTC 
Product from the same dataset with radiometric terrain correction. 

SAR image without 
radiometric terrain correction

OPERA RTC product

OPERA will provide a near-global land-surface Radiometrically Terrain Corrected (RTC) product 
derived from Copernicus Sentinel-1 synthetic aperture radar (SAR) data. Due to the advantages of 
RTC images, such as the availability of frequent all-weather day and night observations allied with 
accurate terrain-corrected radar measurements, RTC images are considered an essential remote 
sensing product, employed in numerous applications, including estimation of above-ground biomass 
(AGB), surface water extent, vegetation disturbances (e.g., deforestation and wildfires), soil moisture, 
agriculture parameters (e.g., crop area delineation); tracking of ice sheets; studying sea ice, glaciers, 
permafrost; and many others.
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Why Terrain Correction?

Acquired SAR images are affected by the topography. This is undesirable for most applications 
because areas with slopes facing the sensor become brighter and areas with back slopes turn 
darker in the images, biasing radar measurements (backscattering). The OPERA project will 
employ recently developed techniques to reduce terrain effects and create high-quality, 
terrain-normalized RTC products [1]. 
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Comprehensive Products for Expansive Needs
The JPL OPERA project will develop and 
provide three product suites: (1) a near-global 
Dynamic Surface Water Extent Product 
(DSWx) from optical and synthetic aperture 
radar (SAR) data, (2) a near-global Land 
Surface Change Disturbance Product (DIST) 
from optical data, and (3) a North America 
Land Surface Displacement Product (DISP) 
from SAR data. Each of these products will be 
frequently updated to reflect a growing 
archive of regularly acquired data, thus 
supporting and informing hazard monitoring 
and disaster response efforts.

Surface Water Extent: Firth River Yukon; Credit: 
USGS/John Jones. Surface Displacement: Lava boiling 
out of the Kilauea; Credit: ASI/NASA/JPL-Caltech. 
Surface Disturbance: Firefighting helicopter; Credit: 
UMD/Google/USGS/NASA/Matthew Hansen.

*Near-global: all land-masses excluding Antarctica; North America: the United States (USA) and US Territories, Canada within 200 
km of the US border, and all mainland countries from the southern US border up to and including Panama.

New Radiometric Terrain Correction

The effects of the terrain over SAR 
images are reduced through a process 
called radiometric terrain correction.

The OPERA project will employ a new 
area-based radiometric terrain correction 
that delivers high-quality terrain 
normalization with a significantly shorter 
run time (up to 26.3 times faster) than 
state-of-the-art algorithms. 

The shorter run time enables correction 
of radar images at full resolution 
resulting in RTC products with finer 
details and better terrain correction [1].

Left: SAR image (VV) from Copernicus Sentinel-1 acquired over 
Santa Monica Mountains (Los Angeles, US) without radiometric 
terrain correction. Right: RTC product generated from the same 
dataset processed through the new area-based radiometric 
terrain correction application (RTC-AP). 

SAR image without radiometric 
terrain correction OPERA RTC product
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New Map Projection 

Traditionally, map projection (geocoding) 
of SAR images is carried out by first 
averaging (multilooking) radar samples 
with a constant window to reduce SAR 
speckle before map projection performed 
by an interpolation algorithm. The 
averaging window is commonly optimized 
at the center of the scene, often resulting in 
too much filtering in areas closer to the 
sensor and insufficient filtering in places 
far from the sensor.

The new map projection algorithm for 
generating OPERA RTC products performs 
averaging using a window that varies with 
the topography and observation geometry. 
The averaging is computed at full 
resolution providing RTC products with 
finer resolution. The adaptive averaging 
replaces interpolation making the new 
projection free from interpolation errors 
such as overfitting caused by 
high-contrast targets or SAR speckle.

The OPERA RTC Product

The OPERA RTC product will provide RTC imagery at 
both Sentinel-1 VV and VH polarizations, along with 
other secondary layers and product metadata. The 
OPERA RTC product will be publicly and freely 
distributed through the NASA Alaska Satellite Facility 
Distributed Active Archive Centers. 
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(c) GEO-IN from SL (d) GEO-IN from ML (e) GEO-AP from SL

(a) GEO-IN from SL (b) GEO-AP from SL

RTC images (a)(b) from UAVSAR (HH) acquired over Lope (Gabon) 
and (c)(d)(e) from Sentinel-1B (VV) collected over Los Angeles 
(US). (a)(c) The map projection (geocoding) with interpolation 
(GEO-IN) from full-resolution (single-look, SL) is strongly affected 
by SAR speckle. (d) Therefore, the map projection is often 
performed over multilooked (i.e. averaged) data. (b)(e) RTC 
products are generated from the new geocoding application 
(GEO-AP) operating over full-resolution images without 
interpolation, preserving more features from the scene and free of 
interpolation errors.

Employing New Algorithms

The OPERA RTC product will be generated 
with the open-source InSAR Scientific 
Computing Environment (ISCE3) framework, 
using the same algorithms being developed 
for the upcoming NASA-ISRO Synthetic 
Aperture Radar (NISAR) mission. 
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