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1.1 Radiometric Calibration and stable temperature conditions

The Working Group on Calibration and 
Validation (WGCV) of the Committee on Earth 
Observation Satellites（CEOS) define “Calibration”:

 The process of quantitatively defining the 
system response to known, controlled signal inputs.

 ——Belward, A. S. International co-operation in 
satellite sensor calibration; the role of the CEOS 
Working Group on Calibration and Validation. Adv. 
Space Res. 23, 1443–1448 (1999).
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1.2 Unstable temperature of  Radiant Cooler of AGRI on FY-4A

Ø Analyse the unstable temperatures
——supported by National Natural 

Science Foundation of China 

The temperatures of Radiant Cooler 
of FY-2（Stable）

The slope of Channel 10.3 um 
of FY-4A/AGRI

The temperatures of Radiant Cooler 
of FY-4A/AGRI（Unstable）

Similar！
But Not

The Same

FY-4A:

FengYun-4 Geostationry Meteorological 

Satellite

AGRI: 

Advanced Geostationary Radiation Imager
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1.3 Radiometric Calibration-Net for the relation between 
RC coefficients and temperatures

Inputs:
Temperatures 
from all the 
components 
in the optical 
paht of the 
sensor

Outputs:
Radiometric 
Calibration 
Coefficients

More details:（Boyang Chen, et al）IEEE TGRS, vol. 63, pp. 1-16, 2025

Radiometric Calibration using Artificial Intelligence: Constituting Uniform Observing 

System for Infrared Satellites

Download : https://ieeexplore.ieee.org/document/10855605

sT
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1.4 Workflow of AIRC

1. Collecting the RC coefficients and the temperatures 
of optical path

2. Time matching ang get training dataset:

3. Train the RCNN

4. Operational RC using RCNN by inputting temperatures

ja
t
mT

RC coefficients

Time of calibrating

Temperatures of optical components 
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2.1 FY-4A AGRI ---- AIRC experiment in infrared band 

AGRI on FY-4A was launched on 
11 Dec., 2016

Ø With an on-orbit blackbody
• On-orbit Radiometric Calibration performance per 15 

minutes 
Ø The temperatures measurement to 8 components
• Total 18 temperatures, some of components are 

more than 1 temperature measurement 

Optical Path of AGRI
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Sun Protection North-South 
Reflectance Mirror

Primary Mirror

Second Mirror Third Mirror Optical Ralay Radiant Cooler

2.11 The temperatures of 8 components ---- Inputs of RCNN

9

East-West 
Reflectance Mirror
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2.12 Radiometric Coefficients: Gains ---- Labels of RCNN

5.8-6.7μm 6.9-7.3μm 8.0-9.0μm

10.3-11.3μm 11.5-12.5μm 13.2-13.8μm
10
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2.13 The results of AIRC----Comparisons of labels and outputs of RCNN

center wavelength: 6.25μm center wavelength: 7.1μm

center wavelength: 8.5μm center wavelength: 10.7μm

center wavelength: 12μm center wavelength: 13.5μm
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2.14 The results of AIRC----Comparisons between the outputs of RCNN and 
labels

Data sequence-training dataset Statistics Analysis-training dataset

12

Data sequence-testing dataset

Scatter-training dataset

Scatt-testing dataset Statistics Analysis-testing dataset
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2.15 The evaluation of AIRC ---- for all the channels: gains error and BT 
erros.

The maximum mean error of all the channels is less than 0.02K@260K
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2.2 FY-3D MWRI ---- AIRC experiment in microwave band

MWRI on FY-3D was launched 

on 15, Nov.11, 2017 MWRI

NO. Input
1 antenna temperature

3 feed horn temperature

4 receiver temperature

5 receiver-control voltage

6 number of days since 
launch

NO. Output
1 gains

2 offset

Problem：

The temperature 
measurement of hot 
mirror lost function 
{k,b}=f(T_hot mirror) 
T_hot mirror ×
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Temperatures of antenna and receiver Magnified view of left fig
Short-term: noticeable fluctuations

3.21 The AIRC results of FY-3D MWRI---- Microwave Band
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10GHz Labels and predictions of  RCNN 18GHz Labels and predictions of  RCNN

37GHz Labels and predictions of  RCNN 89GHz Labels and predictions of  RCNN

3.22 The results of MWRI----Comparisons of labels and outputs of RCNN

The maximum mean error of all the channels is less than 0.5K@300K
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3.1 Work Model 1—— Train RC-Net befor launch, application after 
launch  

外壳
温度
(℃)

太阳屏
温度
(℃)

辐射板
温度
(℃)

一级
温度
(K)

二级
温度
(K)

二级制
冷余量
(mW)

辐冷筒
温度
(℃)

-
107.0

4

-
109.93

-
112.55109.25 80.17

20
探测器
通电

-18.56

-
107.1

4

-
109.93

-
112.67108.98 78.22

0
探测器
通电

-18.93

-
100.8

9

-
104.11

-
108.45112.19 83.45

40
探测器
通电

-10.07

-99.60 -
102.84

-
107.53113.17 88.30

92
探测器
通电

-4.74

-99.68
-

102.9
2

-
107.5

3

113.2
2 88.29

100
探测器
未通电

-4.08

Typical work mode:
Using pre-launch Calibration Result 
To 
train the RCNN

RC-Net：The relation between RC coefficients and work station
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On-Board RC && AIRC

On-Orbit RC-15 mins

AIRC- 1 mins

Adjust the RC coefficients along with  the 
varations of temperatures of sensors

Red points：RC gains from blackbody every 15minutes

Blue points：RC gains from RCNN every 1 minutes

Magnified view of up fig

3.2 Work Model 2—— Together with on-board blackbody calibration  
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GSICS && AIRC

GSICS: Train RC-Net while SNO

AIRC: RCNN generates the 

operational RC coefficients

Especially:  large-aperture 

sensors and small satellite

without on-board blackbody  

3.3 Work Model 3—— Together with GSICS
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full-path RC

partial-path RC

The 

temperatures

RCNN

3.4 Work Model 4—— Train the RC-Net for partial-path RC while full-
path RC
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1. Improve the operational RC accuracy

      —— Any high accuracy calibration result could be used to train RCNN for 
generating high accuracy operational RC coefficients, and the RCNN accuracy 
could be less than 0.01K.

2. Make the operational calibration a greater timeliness

      —— RCNN runs not only on ground-segment, but also on the satellite.

3. Save the weight and space for accommodating the on-board blackbody

      —— Especially for the large-aperture sensors and small satellite.

4. Save the launch cost for reducing the weight of blackbody

4.1 Advantage of AIRC



国家卫星气象中心（国家空间天气监测预警中心）

4.2 Progress (Article and Patent —Chinese) and Next Plan: 

Infrare
d

• RC
• Navigati

on
• Digital 

Twin

microwav
e



Welcome anyone to 
discuss and apply 

AIRC

Boyang Chen   

18611627835

chenby@cma.gov.cn

WeChat


