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Abstract 
 
 The latest developments and the application achievements of space-borne microwave radiometer pre-launch 
calibration technologies in China are introduced briefly. Then the general project plan for the pre-launch calibration, 
the latest research achievements on the optimization and development of the microwave wide band calibration 
targets, emissivity measurement technologies and the system level uncertainty analysis of the laboratory and 
thermal/vacuum microwave radiometer calibration system for “FY-3” meteorological satellite are reported 
respectively. Finally, the key technological problems of the calibration technologies under researching are analyzed 
in advance. 
 

1. Introduction 
 
 The accurate earth observation technology is one of the fundamental research directions oriented to China’s 
national strategic demands in “the Development Planning Outline of China Medium-term and Long term Science 
and Technology”. The China Meteorological Administration and the State Oceanic Administration expressed the 
importance and urgency to research and develop the key observation devices. As an efficient all weather earth 
observation space-borne sensors - the microwave radiometers have been adopted in the “FY” series (e.g. under 
launching “FY-3”, “FY-4”) and “HY” series (e.g. under launching “HY-2”) etc. The accuracy of calibration for 
microwave radiometers and efficiency of validity check for microwave remote sensing inversion products are the 
key issues under solving in the research area of remote sensing. 
 

The pre-launch calibration includes the laboratory calibration and thermal/vacuum calibration. The 
laboratory calibration is a low cost method to test the radiometer’s sensitivity, stability and linearity during 
designing and developing procedure. And for a higher precision to evaluate the performance of the equipments, the 
thermal/vacuum calibration is needed essentially. By now, the international famous research divisions with high 
precision pre-launch calibration equipments for microwave radiometers include the Rutherford Laboratory of British 
and the Laboratory of All-Russian Microwave Remote Sensing and Microwave Antenna Calibration underling the 
All-Russian Scientific Research Institute for Physical-technical and Radio-technical Measurements [1,2]. The NIST 
of America is also engaged in researching the microwave brightness transmission standard. Now the standard of 
microwave brightness transmission is still under construction and some key technologies such as the measurement 
methods of blackbody emissivity, the systematic uncertainty analysis of microwave brightness transmission and the 
error introduced by reflection from calibration source are still difficult problems requiring further research urgently 
[3,4].  

 
China have launched many meteorological and resource observation remote sensing satellites. Most of the 

remote sensors are the optical devices. Through the enormous investigation, the remote sensing application 
technology developed very rapidly and great attention has been paid to the calibration problem. The microwave 
radiometer calibration technology became one of the eleven key technologies under solving for the “FY-3” 
meteorological satellite. Besides this, in the near future under launched “Shenzhou” series space boats, the “HY” 
series resource satellites, the “Change” space boat for moon exploration and under planning “FY-4” meteorological 
satellite will all carry the microwave radiometers which create a wide application environment for furthering the 
research of microwave radiometer calibration technologies.  
 



2. The Development Progress of Microwave Radiometer’s Pre-launch Calibration 
Technologies in China 

 
2.1 The General Plan of Pre-launch Thermal/vacuum Calibration Experiments for 

“FY-3” 
The “FY-3” meteorology satellite will carry the microwave imager/radiometer, the temperature radiometer 

and the humidity radiometer three atmosphere vertical detection radiometers. It is China’s first meteorology satellite 
carrying microwave full power radiometers, which need two point periodic calibrations on orbit. In 2005, BIRMM 
began to be in charge of the pre-launch calibration of satellite microwave radiometers. This calibration system 
consists of cold calibration target, hot calibration target, variable temperature calibration target (including 
temperature monitor system and temperature control system), shielding tube of calibration target, calibration 
antenna/feed, microwave radiometer under calibrating and testing environment (vacuum chamber) etc. The main 
calibration parameter includes sensitivity, linearity and stability etc. The “FY-3” pre-launch calibration parameters 
are shown in table 1. The microwave imager/radiometer and the temperature radiometer are installed on the rotary 
table which simulating the two-point periodic calibration as on orbit (the microwave humidity radiometer rotates the 
antenna reflector) and are calibrated inside the vacuum chamber as shown in Fig.1. By now, the pre-launch 
thermal/vacuum calibrations of “FY-3” ’s microwave imager/radiometer, temperature radiometer and humidity 
radiometer have been finished by this system.  
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50.30 V 180 0.5 3～340 2.5 1.2 
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183.31±3 H 1000 1.1 3～340 2.5 1.5 
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183.31±7 H 2000 1.2 3～340 2.5 1.5 

 
2.2 The Research and Development of Calibration Targets by BIRMM 

 
In 1990s BIRMM was one of the first divisions to start the research of microwave calibration technology and 

firstly finished the 6mm, 8mm and 13mm band microwave radiometer calibration system in China. Compared with 
the same frequency band calibration targets from British (20-190GHz) at that time, the temperature changing range 
and temperature precision were also 85-330K and 0.1K, which reaching the best level of 1990s. In 2002, BIRMM 
published the “6mm, 8mm and 13mm band radiometer calibration standards” of People Republic of China, which 
solving the radiometer’s sensitivity, linearity and stability calibration problems and for the first time adopted the 
variable temperature target to the radiometer calibration.  

 
Based on the above research results, BIRMM established the research position of microwave radiometer 

calibration technology in China and began to be in charge of the “FY-3” pre-launch satellite microwave radiometer’s 
calibration task. According to the requirements of this project, BIRMM developed the temperature control system 
for the 6-13 mm band calibration target. The key technology parameters of different type calibration targets made by 
BIRMM were promoted to a higher precision level. Now the emissivity of the 10–90GHz, 300mm diameter cold and 
hot calibration targets for thermal/vacuum calibration can reach above 0.998, the maximum difference of the surface 

Table 1 “FY-3” pre-launch calibration parameters



temperature is less than 0.15K and the uncertainty of brightness temperature is less than 0.6K. The emissivity of the 
140-200GHz, 500mm diameter cold and hot calibration targets for laboratory calibration can also reach above 0.995, 
the maximum difference of the surface temperature is less than 0.15K and the uncertainty of brightness temperature 
is less than 1.0K as shown in Fig.2. The temperature resolution of the corresponding calibration targets’ temperature 
control system is less than 0.05K and the stability is less than ±0.15K/10min. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.3 The Research of Blackbody Calibration Target Emissivity Measurement 
System 

 
The key parameter to define the characteristic of blackbody calibration targets is the emissivity e . The 

emissivity space measurement method is a common used method to evaluate the emissivity of the calibration targets 
internationally now. BIRMM began the research of this method since 1995. By now, BIRMM already have finished 
the construction of a 10-200GHz blackbody calibration target emissivity measurement system through the project of 
“FY-3” as shown in Fig.3 and became the only division in China which can measure the emissivity of microwave 
band blackbody calibration targets. This measurement system is based on the emissivity space measurement method. 
BIRMM designed an arch shape sliding rail automatically to measure the backward radar cross section coefficient 
and evaluated the calibration target’s emissivity. This system consists of a vector network analyzer with frequency 
expansion module, pulse generator, corrugate horn antenna, standard horn antenna, lens antenna and accurate arch 
shape sliding rail. Now the cold and temperature changing calibration targets’ emissivity measurements of the 
frequency band below 89GHz and 150GHz have been finished inside the anechoic chamber [5]. 
 

2.4 The Research of Calibration Methods and Uncertainty of the Calibration 
System 

 
After finishing the 6mm, 8mm and 13mm band radiometer’s calibration system, BIRMM increase the 

investigation of researching the calibration methods and the uncertainty analysis of the calibration system in the 
“FY-3” project. At present, BIRMM have identified most of the uncertainty factors and have already finished the 
basic uncertainty analysis of the laboratory condition, the thermal/vacuum condition and the satellite condition’s 
calibration method and calibration uncertainty factors. The uncertainty factors of the above three conditions have 
been decomposed in details. The effects of calibration target’s shielding tube to antenna’s aperture brightness 
temperature distribution has been analyzed based on the beam trace theory, the evaluation of the scattering 
correction coefficient in the emissivity space measurement method is researched, the phase center for the corrugate 
horn antenna is calculated, the synthesis method for calibration system is studied and the temperature gradient model 
of the blackbody’s wedge is constructed. Besides the above research results, BIRMM conform the requirements of 
“FY-3” project and try to carry out the international comparison of blackbody’s brightness temperature standard and 
at present, the comparison with the All-Russian Scientific Research Institute for Physical-Technical and 
Radiotechnical Measurements has been finished and the comparison with European divisions is being proceeded. 
 

Fig.2  140GHz-200GHz blackbody  
calibration target developed by BIRMM 

Fig.1 Pre-launched thermal/vacuum   
calibration of FY-3 

Fig.3 Blackbody’s emissivity measurement 
system developed by BIRMM 



3. The Research Plans of Microwave Radiometer’s Calibration Technologies 
 

3.1 The Research to Increase the Precision of Calibration 
To increase the precision of the present laboratory and thermal/vacuum calibration system is still the key 

research point for BIRMM. At present, the evaluation of the radiation calibration target’s surface physical 
temperature, the method of calibration target’s emissivity, the output brightness value of calibration target, the 
effects of calibration target’s shielding tube to the value of brightness, the effects of calibration antenna to the value 
of brightness, the effects to the output brightness value by the backward radiation from the sounder’s receiver and 
the effects of difference from the calibration antenna with near field calibration and far field observation, all the 
above problems still need to be analyzed thoroughly through theories analysis and experiments certification. The 
system level uncertainty evaluations for laboratory condition, thermal/vacuum condition and satellite condition’s 
calibration should be solved urgently. 
 
3.2 The Research of Microwave Lower Frequency Band and Sub-millimeter Band 

Calibration Methods 
 

The “Shenzhou” series and “Change” series space boats will all carry the microwave radiometer below 
10GHz. In this lower microwave band, the scale of the calibration antenna is relatively larger and the corresponding 
calibration target is also larger then present, which means that in thermal/vacuum calibration experiment the 
thermal/vacuum chamber should also be enlarged greatly. If the period calibration method by using of the rotary 
table is still adopted, the cost of thermal/vacuum calibration experiment will increase greatly. So an alternative 
method should be explored to substitute the present thermal/vacuum calibration experiment’s requirements for a 
large scale thermal/vacuum chamber. 

 
The under planning “FY-4” stationary orbit meteorological satellite will add the 380GHz and 424GHz sub-

millimeter channels. In sub-millimeter band, the blackbody’s brightness temperature should be expressed in Plank 
law. The determination of the calibration target’s surface physical temperature is even more important and the 
resolution requirements of the calibration targets are also increased. “FY-4” is a very large investigation project in 
China and to guarantee the performance all the sub-millimeter radiometer must carry out pre-launch calibration 
experiments. However, the radiometer’s antenna is also very large due to the long orbit radius. According to the 
present planning design, the diameter of the antenna will be at least 3m. In the thermal/vacuum experiments, it is 
very hard to carry out a periodic calibration as in the case of microwave lower frequency range. Further research 
should be started for the corresponding calibration method. 
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