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2. Acquisition of Multi-source Lunar Brightness Temperature Data

3. Lunar Brightness Temperature Model based on Multi-source Remote
Sensing Data Considering Spatio-Temporal Characteristics |
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(0 .



& LA SAT

SHANDONG UNIVERSITY OF SCIENCE AND TECHNOLOGY

g Research Background
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: [ " lunar soil
1 b f the objects of h h and unar sol :
' always been one of the objects of human research an " thickness
' exploration. The atmosphere on the lunar surface is P
| -
! very thin, and the internal heat source is slightly hot. Fe & T
! : : oy o - content
i The main energy source is solar radiation, which is the Bni ghtHCSS
|
! main heat source driving the change of the lunar Temperature

: brightness temperature (BT) . Its BT data carries rich (BT)
|

| geological, geochemical and topographic information, Rock :
water 1ce

|
o . . abundance :
1 which is of great significance for revealing the lunar detection

| internal structure, geological evolution process and

| roughness

:_potential resources.

lunar surface
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J Research Background

' In 2004, China officially launched the lunar exploration project and
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named it the "Chang'e Project". In October 2007, the "Chang’e-1"

BEGSIEHEEREAR .

was successfully launched into space. The realization of lunar . S RARA
On May 29, 2023, the lunar landing phase of China's manned lunar
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L the first landing of Chinese people on the moon before 2030.
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Acquisition of Multi-source Lunar Brightness Temperature Data
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J Acquisition of Multi-source Lunar TB Data

The Diviner probe onboard LRO, is currently the most advanced

Azimuth
Actuator

Solar
Calibration

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

Blackbody
DREB Targets

integrity, and the most complete detection area for lunar infrared

Telescopes

Moon
(nadir) l Elevation
Actuator
a lunar-wide scale .

' Blankets

Diviner instrument with major components labeled

research, and has systematically measured the lunar surface,

obtaining solar reflection and infrared radiation measurements on

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

1
| passive microwave detection around the lunar in the world and obtained the full lunar
|

temperature distribution under four microwave bands [5]. Microwave BT data 1s very
I
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. !
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J Acquisition of Multi-source Lunar TB Data
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*  Diviner infrared TB data
Chang'e microwave TB data
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Lunar Brightness Temperature Model based on Multi-source Remote
Sensing Data Considering Spatio-Temporal Characteristics
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g Lunar Brightness Temperature Model
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rightness Temperature Model
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g Lunar Brightness Temperature Model
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Bl B2sed on spatio-temporal characterization variables
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J Lunar Brightness Temperature Model

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

|
Parameters numerical statistics spatio-temporal characteristic variables :
Time mean  standard deviation £ within 5k mean  standard deviation =+ within Ski

0: 00 0.0532 6.2353 65.49% 0.0233 6.0288 68.74%
4: 00 -0.9981 5.9062 64.87% -0.9931 5.6823 67.68% i
8: 00 -0.1121 5.8106 68.57% -0.0280 4.5924 81.08% i
12: 00 0.0116 3.0879 91.35% 0.0215 2.8692 92.76% |
16: 00 0.0816 10.0781 41.17% 0.0066 8.5257 57.96% i
20: 00 -0.5217 5.6239 69.82% -0.5438 5.4041 245300
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Spatio-temporal Fusion Model to Reconstruct
Brightness Temperature data
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J Spatio-temporal Fusion Model
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In the fusion model, we chose the spatio-temporal

Resampling

adaptive reflectivity fusion model (STARFM) algorithm

Reprojection

proposed by Gao ,et al to fuse microwave BT and

simulated microwave BT. Using this method, we can

He i ‘

~ Predicted

i mix the high-frequency temporal information from

Chang'e microwave BT and the high-resolution spatial

Resampling

Predicted

TB(x,y,t,)=TB

[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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information from Diviner infrared BT.

TBsimulate (xﬂy’tp) i a(xﬂy’At)xTBsimulate (’x9 Vs tO )+b(‘x’y’At)

acquisition acquisition

Predicted
date time date

(x,y,to)—STB (x,y,tp )+STB (x,y,to)

time
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J Spatio-temporal Fusion Model

il |

Based on the time-space

fusion (STARFM) algorithm,

we simulate the complete

time series information of

microwave TB.
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J Spatio-temporal Fusion Model
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Chang'e microwave BT
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J 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.
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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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THE END

Thanks for your attention!
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