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Abstract: Aiming at the application requirements of brightness temperature calibration of the heat calibration source of
spaceborne microwave radiometer, based on the temperature gradient characteristics of the absorbing coating of the cali-
bration target and the mechanism of brightness temperature deviation, combined with practical temperature measure-
ment methods and experimental means, a brightness temperature metrological calibration technology solution applicable
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for in-orbit use is studied. Given the current background of high emissivity design and determination technology of the
calibration target being basically perfected, this work focuses on summarizing the methods for determining the tempera-
ture gradient characteristics of the calibration target coating. The goal is to construct an in-orbit available brightness tem-
perature calibration method that uses multiple parameters, such as the temperature measurements of the metal inner cone
of the calibration target and the temperature measurements near the radiation aperture of the calibration target. Based on
feasible electromagnetic simulation technology, thermal simulation technology, platinum resistance and infrared temper-
ature measurement techniques, the paper preliminarily summarizes the implementation path of the brightness tempera-
ture calibration technology system for space-borne calibration targets. This involves first constructing a basic brightness
temperature calibration model considering uniform background brightness temperature and improving the mapping rela-
tionship from the inner cone temperature of the calibration target and the equivalent background brightness temperature
to the longitudinal temperature gradient of the coating. Subsequently, an application model for brightness temperature
calibration considering the installation environment is constructed, improving the mapping relationship from the temper-
ature measurements of the inner cone and the radiation aperture area of the calibration target to the brightness tempera-
ture deviation of the calibration target. Finally, the validation and application of the brightness temperature calibration
model are discussed. The research on brightness temperature calibration of space-borne calibration source is an impor-
tant technical basis and reference for further improving the accuracy of brightness temperature of calibration source and
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even developing space microwave radiation measurement standards.

Key words: Spatial Metrology, Microwave radiometer,

temperature, In-orbit calibration, Calibration test
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Figure 1

Configuration of the iso-temperature surfaces in the coating layer of microwave calibration target (MCT for short). (For

demonstrating the temperature gradient in the height direction) (Parameters: period of the unit: 6mm; uniformly coated pyramid,;

height to period ratio: 4:1; bottom temperature: 300K, background brightness temperature: 3K.)
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malized temperature distribution in the coating layer
along the height direction, in cases of (a) : different
surface emissivity of the coating layer; (b) : different
temperature difference between the bottom temperature
of MCT and the background brightness temperature;
(¢): different thermal conductivity.
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ature difference. (6mm period uniformly coated pyramids,

Imm MF117 coating, height to period ration of 4:1)
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Figure 8 Surface temperature measurement of the MCT coating layer by the infrared temperature measuring method, in laboratory

environment.
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(By infrared thermometer, focusing on the tip position of the
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EE0.2%X | AIMMER SR E

P10 AR PR 235 T B B4 A H BEL S 58

POA R FIE L 3 R S O 2%, R TR
SR IGHF S R, T AR B AR 4 1A AL
SEH, LK LAy AR Bt — 20 I A B it
AT TAE, A REfe 20 A2 € b iU B A U TR

i PL B S, AU 8B XF BGE AR IR A B H]
o, AR T A S BRI R 1 R s,
A7 A 3 T S0 A A A S g R 3 e TR AR
WERETY o TSR IR, B 2 ) T D0 iy Ay
R S 0 T A0 A A 05 L R R A N S I N
AT T AR B 0, P T o R A A 2 A 31 5
PRI B AR S SR AT

*1 REREBWANSE

Table I Input Parameters for the Brightness Temperature Cali-

bration
75 Bl 44 7 BERo R R
1 TR A(2) HL 0 L /
2 WRIE N SMELEEARXS 5370 T, (2) 5 /
3 TR A 28 e W s RN
4 ZLAMEFE i v 2 2 T R R i B R
5 AT BERG IV DN v B R AR R s B R
6 RS 1 TR B A A I Hb AT AR S B R
7 E A DA P ) o Hb AT AR ST B R

3 WMEEREBEREFZRITERERAREKE
5FRMR
3.1 BEEAREL

ZEA LRTTIE , 3 T R AR BURO: 3R e A TR 4R
SPSE R S T s S A AT AT R B R T
B, IV 1AL 380N S s VR S e TR T i AR R R

AINHRERR (B
B OEE SRR

L —&RARE;
L—RERBE RS
BAERRRZ RN

L HEE;
1 REEE,

Figure 10 Thin PRT measurement upon the surface of coating layers of MCT.
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Figure 12 Scheme design for the fundamental model of brightness temperature calibration
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Figure 13 The applied model of brightness temperature calibration: (a) : Scheme design for model construction; (b) : Thermal experimental

configuration considering installing structures.
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Figure 14 Scheme design for the Error analysis for the brightness temperature calibration
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