
ABSTRACT

SBG-TIR Instrumentation and Observation Mask overview

Conclusions & Future Works

The SBG-TIR Mission, developed jointly by NASA/JPL and ASI meets the needs of the TIR element of the NASA Surface Biology & Geology (SBG) 
designated observable and the greater NASA Earth System Observatory (ESO) and ASI Strategic Vision Document for Space 2020-2029. 

The SBG-TIR data will address critical questions related to ecosystems, natural resources, hydrology, solid Earth, and weather. 
Furthermore, thanks to international partnership together with TRISHNA and LSTM missions, a continuous record for climate studies and applications 

will be produced allowing for a continuous record and possibly some periods when all 3 satellites are available which would allow daily coverage.
The next major steps are preliminary and detailed/critical design, development and operations (B2-C-D-E1 Phases).

The Joint ASI - NASA/JPL Surface Biology and Geology Thermal Infrared (SBG-TIR) Mission will enhance our scientific understanding of climate, ecosystem and natural resources, 
hydrology, weather and solid earth, in response to recommendations from Italian and American national users and communities. The SBG-TIR mission will contribute to the development of 
innovative approaches and methodologies useful for both the scientific and user communities across a broad field of applications in agriculture, food security, surface water management, 
conservation, wildfire management, volcanic risk assessment and detecting heat wave events. The SBG-TIR mission will embark two instruments: Orbiting Terrestrial Thermal Emission 
Radiometer (OTTER) instrument and Visible InfraRed Earth Observation (VIREO) Camera provided by NASA and ASI respectively. High spatial resolution measurements will be acquired on 
a global scale, with a revisit time of 3 days, with standard and low latency products (available in less than 72 and 24 hours, respectively).
Multispectral radiometric measurements of surface emission and reflectance from the Earth’s land, including  polar regions, inland water, and coastal regions are expected from both 
instruments. The OTTER instrument will acquire data in  MIR (3-5 µm) and TIR (8-12 µm) spectral bands during day and night time, while VIREO will provide observations in 3 VNIR 
spectral bands (one PAN (750 nm central wavelength) and two VNIR channels (VNIR-0 (655 nm central wavelength) and VNIR-1 (835 nm central wavelength)) during daytime with a spatial 
resolution at nadir of 60m  over land and  1km over ocean water for OTTER and 30/60m over land for VIREO. All of these requirements shall allow for the retrieval of a valuable source of 
information about geophysical parameters fundamental in the monitoring of natural and anthropogenic changes to the ecosystems, such as emissivity and land surface temperature, 
evapotranspiration (ET), surface reflectance, Normalized Difference Vegetation Index (NDVI), surface mineralogy, elevated temperature features, volcanic activity data products, etc.
This work will give an overview of SBG-TIR data products, by focusing the attention on both OTTER and VIREO products and relative processing chains and on their possible applications.

*VIREO collects data over land and coastal only, day only
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Characteristic Design Requirement

Spectral Range MIR and TIR

Channels/Wavelengths 3.98, 4.80, 8.32, 8.63, 
9.07, 10.30, 11.35, 
and 12.05 microns

Absolute Accuracy < 1 K

Noise-equivalent Delta Temp 
(NeDT)

≤ 0.3 (@ 300 K)

Ground Sampling Distance (GSD) ≤ 60 m (@ nadir)

Modulation Transfer Function 
(MTF)

> 0.2

Blackbody temps 278 K and 328 K

VIREO
Characteristic Design Requirement

Spectral Range VNIR

Channels/Wavelengths 655, 750 (PAN), 835

Absolute Accuracy <10%

Signal to Noise > 63 @Lref 
>120 @Lmax

Ground Sampling Distance (GSD)
(staggered channels enable 30m)

≤ 60 m (@ nadir)

Modulation Transfer Function 
(MTF)

>0.15 ACT x 0.15 ALT @60m 
>0.30 ACT x 0.30 ALT @30m 
at Nyquist sampling frequency)

OTTER

Characteristic Design Requirement

Local Time Descending Node Crossing time 12:30 pm

Revisit at equator ≤3 days

Scan mirror speed 14.9 RPM

Cross-track scan angle 68.8 deg

Swath width 935 km

SBG-TIR OTTER & VIREO products and processing chains

ACRONYMS
BTAS – Brightness 
Temperature at Sensor
RAS – Radiance at Sensor
LSTE – Land Surface 
Temperature and Emissivity
NDVI – Normalized 
Difference Vegetation Index
ETF – Elevated Temperature 
Features
WUE – Water Use Efficiency
ESI – Evaporative Stress 
Index
VA – Volcanic Activity
SM – Surface Mineralogy

LL – Low Latency

SBG-TIR Science Data Product Organization OTTER Product Workflow

Data Format
NETCDF-4 – Swath Products
Cloud Optimized GeoTIFF – Tiled Products 
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SBG-TIR Science & Applications Examples

SBG-TIR will provide detailed temperature 
and emissivity images useful for many studies, 
especially applications. For example:

1. Food security and agriculture: 
maximizing food production and more 
efficient irrigation practices (crop per 
drop)

2. Mapping wildfires and volcanic 
hazards (lava, anthropogenic targets, 
SO2, ash concentrations, aerosol 
(SO4) plumes detection)

3. Urban resilience: Keeping cities cool
4. Discovering critical mineral and 

energy resources
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VIREO 
motivation and objectives:

• Surface reflectance & 
NDVI for ET

• Cloud Mask
• Pansharpening
• Geolocation
• Coregistration
• Revisit time (3 days) for 

rapid and transient events
• Stability and duration for 

long term changes
• Low data latency to 

support time-sensitive 
applications

VIREO E2E Performance Simulator

SO2 Retrieval obtained with LUTp procedure   
applied to simulated  SBG-TIR bands (8.7, 10.3, 
11.3 mm) using HyTES  data over Stromboli 
Volcano (Italy) 

SBG data will be able to 
detect small degassing 
plumes during non 
eruptive periods

ECOSTRESS demonstrates the 
importance of  high revisit time  for 
volcano unrest monitoring Time Series 
analysis for Campi Flegrei Volcano

ASI-THERESA PROJECT

HyTES airborne campaign 2023

HyTES spatial
resolution

SBG spatial resolution

ECOSTRESS > 500 
IMAGES SINCE 2018 

July 22/2023  and  September 21/2023 
thermal anomalies observed  before 
the seismic swarm (September 23) 

VIREO Product Workflow
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