
Abstract:

A novel methodology for small satellites’ validation procedure is introduced. This methodology will be deployed and validated in the framework of Greek National Satellite Space Project’s Thermal Space 

Segment, tailored to the specific needs of the Greek territory. It includes the acquisition, delivery and exploitation of thermal images over Greece, followed by the deployment of multiple of small satellites. 

The primary objective of the methodology is to provide a cost-effective validation solution that aligns with the growing demand for small satellite missions. This methodology requires independent ground-

based measurements for the validation of space-based observations. By integrating low-cost sensors alongside high-precision instruments, the methodology can balance affordability with accuracy. 

Furthermore, the process of calibration, which is demanding in terms of hardware for high sensitivity measurements will then be addressed indirectly, through the proposed validation procedure. Through 

optimal site selection strategy, the methodology enables a region-specific Cal/Val to enhance the validity of the regional satellite products.

Optimal Cal/Val Site Selection
Multi-Criteria Analysis (MCA):

Next steps:

• Installation of appropriate sensors and the supporting infrastructure.

• Match-up in-situ measurements and space-based observations, including 
OroraTech’s constellation and other Thermal missions.

• Implementation of Radiative Transfer Models for Cal/Val purposes. 

Objectives: 
• Validation & Calibration of Thermal Products for small satellites. A methodology 

inherently generic, allowing for broad applicability across different regions.
• Integration of high precision instruments with low-cost solutions.
• Match-up in-situ measurements and space sensor observations.
• Reduce overall thermal product uncertainties.

Methodology:
The methodology is based on the Temperature-based (T-based) method, one of the 
four different methods established by CEOS Satellites Working Group on 
Calibration and Validation (WGCV) and approved by the GCOS [1]. It provides the 
highest quality validation method of thermal data requiring accurate gauge 
measurements over homogeneous areas [2]. A few networks, such as NOAA’s 
Surface Radiation (SURFRAD) network [3,6], KIT network[3-5], NASA JPL sites [4] 
has been used for the validation of thermal space-based products.  

While the developed methodology is generic, it is being specifically implemented 
as a use case for OroraTech’s thermal product as part of the Greek National 
Satellite Space Project.

The optimal site selection for the sensor’s placement is based on the analysis of 
several parameters, to ensure topographical and emissivity homogeneity and 
reduce high-frequency temporal variations on the signal. Over a decade long-time 
series of different parameters were analyzed over the Greek territory. The features 
list includes land surface temperature, surface reflectance, evapotranspiration, 
land cover, surface topography, cloud cover, vegetation indices such as NDVI, total 
column water vapor, solar radiation, albedo, and wind speed and direction.

The process of calibration, which is demanding in terms of hardware for high 
sensitivity measurements will then be addressed indirectly, through the proposed 
validation procedure.

In-situ Equipment:

• Use of high precision multiband infrared radiometer CE312. Infrared radiometer 
in the wavelength range between 8 and 14 μm. Three different central 
wavelengths. 

• Integration with other radiometers (APOGEE SL-100, SL-400, CAMBEL IR-120) 

and Low-cost sensors (thermo-couples)

References:

1. P. Guillevic et al., “Land surface temperature product validation best practice protocol. Version 1.1,” in Best Practice for Satellite Derived Land Product Validation (Land Product Validation Subgroup 
(WGCV/CEOS)), P. Guillevic, F. Göttsche, J. Nickeson, and M. Román, Eds. Greenbelt, MD, USA: NASA Goddard Space Flight Center, 2018, p. 58, doi: 10.5067/doc/ceoswgcv/lpv/lst.001.

2. Schneider, P.; Ghent, D.; Corlett, G.; Prata, F.; Remedios, J. AATSR Validation: LST Validation Protocol. ESA Report, Contract No.: 9054/05/NL/FF, European Space Agency (ESA). 2012. UL-NILU-ESA-LST-LVP 
Issue 1 Revision 0.

3. Martin, M.A.; Ghent, D.; Pires, A.C.; Göttsche, F.-M.; Cermak, J.; Remedios, J.J. Comprehensive In Situ Validation of Five Satellite Land Surface Temperature Data Sets over Multiple Stations and Years. 
Remote Sens. 2019, 11, 479. https://doi.org/10.3390/rs11050479

4. G. C. Hulley et al., "Validation and Quality Assessment of the ECOSTRESS Level-2 Land Surface Temperature and Emissivity Product," in IEEE Transactions on Geoscience and Remote Sensing, vol. 60, pp. 
1-23, 2022, Art no. 5000523, doi: 10.1109/TGRS.2021.3079879.

5. Göttsche, F.-M.; Olesen, F.-S.; Trigo, I.F.; Bork-Unkelbach, A.; Martin, M.A. Long Term Validation of Land Surface Temperature Retrieved from MSG/SEVIRI with Continuous in-Situ Measurements in 
Africa. Remote Sens. 2016, 8, 410. https://doi.org/10.3390/rs8050410

6. Guillevic, P. et al (2014). Validation of Land Surface Temperature products derived from the Visible Infrared Imager Radiometer Suite (VIIRS) using ground-based and heritage satellite measurements. 
Remote Sensing of Environment, 154 (2014) 19–37, doi: 10.1016/j.rse.2014.08.013

A Methodology for Region-specific Cal/Val 

of Small Thermal Satellites
S. Kossieris1, E. Papachristos1, N. Kordalis1, D. Bliziotis2, C. Tsiakos1, G. Tsimiklis1, M. Vlachos1, I. Papoutsis3, A. Amditis1 

1 Institute of Communication and Computer Systems (ICCS), Athens, Greece 
2  Hellenic Space Center (HSC), Athens, Greece

3 National Technical University of Athens (NTUA), Athens, Greece

Dynamic analysis with uncertainty budget and traceability:

Sub-seasonal Seasonal Drift Spatial Homogeneity

Cloud free, terrain and land-cover masked
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