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Electrical substitution absolute radiometer and application prospect of
earth radiation detection

Yi Xiaolong',Ye Xin',Fang Wei' .Zhu Ping'*
1 Changchun Institute of optics, precision mechanics and physics. Chinese Academy of
Sciences, Changchun, 130033, China
2 Royal Observatory of Belgium,Bruxelles, Belgium

Abstract: Solar radiation is endowed with abundant optical information by surface reflection, at-
mospheric scattering and other physical processes. The spatially analytical observation of solar
incident radiation, earth reflection and emission radiation in time series can provide scientific basis for
the study of climate and meteorology. earth radiation budget. resource exploration, land
environment, ocean color and so on. The principle of electrical substitution measurement has been

born for more than 100 years, which is the main way to realize the absolute measurement of optical
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radiation. The core of absolute radiation measurement with electrical substitution is a wide spectral
band and high absorption ratio cavity thermoelectric detector. The incident light is converted into tem-
perature rise after multiple reflection and absorption. When the temperature rise is reproduced by elec-
tric heating, the incident light power can be calibrated by accurately measuring the electric power, and
the measurement results can be directly traced to the current in the international system of basic units
(SI). With the technical advantages of traceability and high stability, electrical substitution absolute
radiometer is widely used in solar radiation measurement, radiometry, optical remote sensing and oth-
er fields. With the development of remote sensing satellite technology, the electrical substitution ab-
solute radiometer has been successfully applied to the measurement of solar incident radiation in
space, and the measurement uncertainty has reached 0.2% after correction by a number of correction
factors. Since 2008, the FY — 3 series solar irradiance monitors have obtained and shared continuous
and accurate total solar irradiance monitoring data. Using vacuum, refrigeration, superconductor and
other technologies, the electrical substitution absolute radiometer operating at low temperature of 4~
20k will increase the measurement uncertainty to 0.03%, which has become the world recognized
standard for optical radiation measurement, Facing to the problem of high — precision radiation meas-
urement and traceability on satellite, it is an internationally recognized solution to establish the radia-
tion benchmark based on space cryogenic absolute radiometer. The cross calibration is used for reali-
zing on orbit traceability of optical remote sensing satellite radiation scale. Then the accuracy and long-
term stability of visible and near-infrared earth reflection spectrum radiation measurement will be
greatly improved. In order to meet the needs of the earth’s reflection and emission radiation measure-
ment, the electrical substitution absolute radiometer needs to overcome the key technologies such as
planar detector, high absorptivity blackening process and so on, to make up for the shortcomings of
long response time. The fast response planar electrical substitution absolute radiometer can realize
short wave, long wave and full wave radiation measurement, which can play an important role in the
research of accurately monitoring the earth’s radiation energy imbalance in space.

Keywords: Electrical substitution; Tadiometry; Optical remote sensing; Total solar irradiance;

Radiation budget



