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As the only natural satellite of the Earth, the lunar has 

always been one of the objects of human research and 

exploration. The atmosphere on the lunar surface is 

very thin, and the internal heat source is slightly hot. 

The main energy source is solar radiation, which is the 

main heat source driving the change of the lunar 

brightness temperature（BT）. Its BT data carries rich 

geological, geochemical and topographic information, 

which is of great significance for revealing the lunar 

internal structure, geological evolution process and 

potential resources.
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In 2004, China officially launched the lunar exploration project and 

named it the "Chang'e Project". In October 2007, the "Chang’e-1" 

was successfully launched into space. The realization of lunar 

exploration will be a breakthrough in China's deep space exploration. 

On May 29, 2023, the lunar landing phase of China's manned lunar 

exploration project has been launched, and it is planned to realize 

the first landing of Chinese people on the moon before 2030.
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The Diviner probe onboard LRO, is currently the most advanced 

means of detection, the highest spatial resolution, the best data 

integrity, and the most complete detection area for lunar infrared 

research, and has systematically measured the lunar surface, 

obtaining solar reflection and infrared radiation measurements on 

a lunar-wide scale .

As one of the main payloads, the MRM carried on Chang'e satellite realized the first 

passive microwave detection around the lunar in the world and obtained the full lunar 

temperature distribution under four microwave bands [5]. Microwave BT data is very 

sensitive to the temperature and composition of the shallow lunar surface. The four 

frequency channels used reflect the temperature and composition information of lunar 

regolith within different penetration depth ranges.

Acquisition of Multi-source Lunar TB Data

Diviner instrument with major components labeled
CE-1 Microwave Radiometer
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 Acquisition of Multi-source Lunar TB Data

The hour angle correction method

238.301

170.987

Based on the Chang'e MRM 

data, time angle conversion, and 

simulation of diurnal changes in 

BT can generate a full lunar TB 

distribution image.

CE-2 37 GHz Microwave BT Data
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 Acquisition of Multi-source Lunar TB Data

Diviner Channel 7 Infrared BT Data

389.301

108.987

Infrared BT 
&

microwave BT
relationship?

The changes of BT data from different sources in 
the latitudinal direction at different times.9



惟真求新

 

03
Lunar Brightness Temperature Model based on Multi-source Remote 

Sensing Data Considering Spatio-Temporal Characteristics

10



惟真求新

 Lunar Brightness Temperature Model 

Numerical 
Modeling 
Methods  Scatter fitting of multi-source BT data

Model effects considering only numerical relationship

Distribution of microwave and infrared brightness 
temperature at the same time
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 Lunar Brightness Temperature Model 

Elevation Slope Aspect Latitude
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 Lunar Brightness Temperature Model 

Residual distribution of the multi-source TB relationship model before and after adding 
spatio-temporal characteristic variables. 
(a）0:00 am.（b）4:00 am.（c）8:00 am.（d）12:00 am.（e）4:00 pm.（f）8:00 pm.
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 Lunar Brightness Temperature Model 

Statistics of residuals generated by the multi-source BT relation model before and after adding 
spatio-temporal characteristic variables
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In the fusion model, we chose the spatio-temporal 

adaptive reflectivity fusion model (STARFM) algorithm 

proposed by Gao ,et al to fuse microwave BT and 

simulated microwave BT. Using this method, we can 

mix the high-frequency temporal information from 

Chang'e microwave BT and the high-resolution spatial 

information from Diviner infrared BT.

Spatio-temporal Fusion Model
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[1] Gao F , Masek J G , Schwaller M R ,et al.On the Blending of the Landsat and MODIS Surface Reflectance: Predicting Daily Lands
at Surface Reflectance[J].IEEE Transactions on Geoscience and Remote Sensing, 2006
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 Spatio-temporal Fusion Model

Based on the time-space 

fusion  (STARFM) algorithm, 

we simulate the complete 

time series information of 

microwave TB.

17



惟真求新

 Spatio-temporal Fusion Model

Simulate microwave BT time series information Chang'e microwave BT measured data

12：00 
fusion 
microwave 
BT
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 Spatio-temporal Fusion Model

Area Lat Lot
Mare 

Serenitatis 31.5°W 44.1°N

Apollo 12 23.2°W 3.0°S
Apollo 15 3.4°E 26.1°N
Apollo 16 15.3°E 9.0°S
Lunar 20 56.4°E 3.5°N

CE 5 51.5°W 43.0°N Mare Serenitatis Apollo 12 Apollo 15

Apollo 16 Lunar 20 CE 5

Chang'e microwave BT
Diurnal variation of BT
Predicting microwave BT
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 Spatio-temporal Fusion Model
The obtained 12:00 fused microwave BT dataset was verified with the measured microwave BT data (11.875-

12.125) and the simulated microwave BT data (12.12) to prove the accuracy and reliability of the fused microwave 

BT dataset.

Predicting microwave BT & Chang'e microwave BT Predicting microwave BT & Simulate microwave BT
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Conclusions and Discussions
1.We conduct a comprehensive analysis of the effects of time, latitude, and geomorphic 
factors on solar radiation received at the lunar surface.  The angle and distance of solar 
radiation incident on the lunar surface, governed by spatio-temporal characteristics, are 
found to collectively determine the complex pattern of BT distribution. 
2.Based on the Diviner infrared BT data, we applied the multi-source BT relation model 
considering spatio-temporal characteristics to establish high-quality simulated 
microwave BT data, thereby improving the coverage and spatio-temporal resolution of 
microwave BT data. 
3.Based on the method concept of spatio-temporal fusion model, combined with the 
high spatial resolution of simulated microwave BT  and the high temporal resolution of 
Chang'e microwave BT, the seamless BT distribution of the moon throughout the day at 
0.5° spatial resolution was obtained.
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