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Abstract
Measurements of surface temperature from satellite observations make an essential contribution 
to long term climate data records. To ensure the quality of these satellite data, post-launch 
validation against traceable in situ Fiducial Reference Measurements (FRMs) is a fundamental 
part of the measurement system. FRM data must be globally sampled across a range of surface 
types, including ocean, inland waters, land and ice, to maximise utility of the satellite data. 
Relevant current and future surface temperature missions include (A)SLSTR, CIMR and LSTM (ESA 
/ Copernicus), TRISHNA (CNES) and SBG (NASA). In addition, CEOS is exploring a network of 
radiometers to validate and calibrate satellite surface temperature missions.

 A new generation of autonomous, in situ infrared FRM radiometers is required to enhance and 
maintain this capability into the next decade. The new Advanced Surface Temperature Radiometer 
Network (ASTeRN) instrument will generate high quality FRM datasets of level 1 brightness 
temperatures and level 2 surface temperatures. The instrument is an evolution of existing designs 
such as SISTeR, ISAR and M-AERI, and will use the same proven measurement approach, but 
draws on lessons learned and will incorporate improved components and methods. The design 
includes additional spectral channels for land characterisation and an extended capability for 
measuring surface and air temperatures. It also addresses obsolescence issues, as well as 
manufacturability and maintainability.
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Figure 3: Two views of the instrument centre section. The left-hand view shows the calibration compartment, 
containing two black bodies and the scan mirror mechanism. The right-hand view shows the optics compartment 
(with cover removed), containing the chopper, filter wheel, ellipsoid mirror and detector. The instrument has a clear 
external view from nadir to zenith through a deep slot in the front face and an integrated mounting point in the rear 
face.

Key performance requirements
The instrument shall be capable of measuring radiances / brightness temperatures suitable for 
the calculation of:

• Sea Surface Temperature for all combinations of sea and atmospheric temperatures

• Land Surface Temperature for most (T) / all (G) combinations of land and atmospheric 
temperatures

• Ice Surface Temperature for a limited range of ice and atmospheric temperatures

SST in the range −2 °C to 35 °C

LST −30 °C to 50 °C.

NEΔT 50 mK (T) / 25 mK (G)  at 10.85 µm

BT systematic uncertainty (1σ) of 70 mK (T) / 40 mK (G) near to ambient temperature

Skin SST measurements with a systematic uncertainty (1σ) of 100 mK (T) / 50 mK (G)

Figure 2: The initial ASTeRN filter selection, including three bands for land surface characterization at 8.6 µm, 8.9 µm 
and 9.2 µm, surface temperature bands at 10.85 µm and 12 µm and an air temperature band at 14.6 µm.

Figure 4: Instrument electronics. Each of the major subsystems has its own embedded supervisory electronics that 
store calibration and traceability  information, digitise measurements (detector and black bodies), control 
mechanism movements (chopper, filter wheel, scan mirror, weather door) and manage communications with the 
scheduler over an I2C interface

Figure 5: Sample views of instrument subsystems (clockwise from top left): the filter wheel mechanism, ellipsoid 
mirror, prototype supervisor electronics and scan mirror mechanism.

Figure 1: Simplified schematic of the instrument optical 
chain 

Instrument concept
The ASTeRN instrument is a  chopped, self-
calibrating filter radiometer. Measurements 
are referred to two instrumented black body 
cavities with SI traceable thermometer 
calibrations (Figure 1). One black body is 
operated at ambient temperature and one at 
a fixed increment (typically 10 K – 20 K) above 
ambient temperature. Band selection filters 
are mounted on an eight-position filter 
wheel. The instrument is fully autonomous, 
that is, it can manage its own measurement 
sequence, log all measurement data 
including the complete instrument state, 
forward the data from remote locations and 
protect itself in bad weather, all without 
operator intervention. 

The instrument has a modular design, with distributed control for each subsystem, a common 
power and data interface and embedded calibration and traceability information.
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