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Background
• A lunar geological map is  important for understanding the Moon.   
• The VIS-NIR reflectance spectra can be used to classify

distributed minerals on the Moon.  
• The global lunar classification map of absorption spectra by K-means 

was proposed by Hareyama et al. (2019) [1]

Purpose and Goal
• Apply the latest classification algorithms to lunar reflectance spectral data.  
• Compare and evaluate the classification results with existing geological maps.   
• Contribute to the update of the geological map of the Moon in future. 
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Application of the Latest Classification Algorithms 
to Lunar Reflectance Spectral Data and its Evaluation

Result: Fuzzy K-means

Result: DBSCAN

Fig. 2: Screen shot of RasterMiner [3]. 
GUI-based application developed in Python

Fig. 3: Explanation of DBSCAN(MinPts=3). 
A cluster is considered to be one when there are 
at least three DATA within ε from the core point.

Data and method
SP data
• Collected by the Spectral Profiler (SP) 

onboard the lunar orbiter KAGUYA[2] .  
• The reflectance spectra with 296 bands

in VNIR wavelengths (513-2588 nm).  
• This study uses the same 160-band SP data 

as Hareyama et al (2019), averaged every 0.5 grid of lat/lon.
RasterMiner[3]
• Implements the latest classification algorithms. 

Elbow K-means
Fuzzy K-means  
DBSCAN

QGIS[4]
• OSS for geographic information systems. 
• Visualize classified data. 

Unsupervised Learning Clustering
Hierarchical clustering

DBSCAN
The number of classifications is not determined. 

Parameter
ε: Radius
MinPts : Minimum number of data in ε.

Euclidean distance 𝑑 𝑝, 𝑞 = ∑!"#
$ 𝑝! − 𝑞! %

Non-hierarchical clustering
Fuzzy K-Means

Determine the number of classifications in advance.  
Use Elbow K-means to identify the optimal K value.  
Soft clustering

K-Means is Hard-clustering.
Flexible enough and can allow an object to belong to more than one cluster. 
In this study, the clusters are assigned to the cluster 
with the highest percentage of affiliation. 

Fig. 4:Applying elbow K-means to lunar 
reflectance spectra by using RasterMiner[3]. 
The SSE values decrease significantly with 
the increase of k (up to around k=6). 

*the Sum of the Squared Error

K=5,6,7,8

Fig. 5:Example of applying fuzzy K-means  to lunar reflectance spectra. 

Different geology, K = 5 is not appropriate in SPA
Fig. 6: Close-up of SPA (South Pole Aitken)
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Fig. 8: 
Close up of the FHT (Farside Highlands Terrane) region 
in comparison with plagioclase abundance (wt%) [6]. 

Fig. 9: 
Centroid spectra of the 7 clusters 
in Fig. 7(a). 

Fig. 10: 
Number of elements in each cluster 
(sorted by the number) for the 
clustering case of Fig. 7(a). 

The reflectance of cluster D is 1 in all wavelengths.
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Fig. 7:Example of applying DBSCAN (ε = 0.9) to lunar reflectance spectra.

Discussion
• Fuzzy K-means (with Elbow K-means)

K > 5, possibly K = 6 seems good. 
A smaller K value results in insufficient division, and a larger K values 
may lead to over classification.
We need more detailed and quantitative evaluation.

• DBSCAN
The resultant classification was mostly seen in Highlands. The 
classification results highly depends on hyperparameters. 
Automatic optimization of them could lead to the objective 
and completely data-oriented classification. 

Conclusion
• The latest classification algorithms of Fuzzy K-means and DBSCAN were 

applied to the lunar VIS-NIR reflectance spectra on the whole globe.
• The classification results were compared with 

existing geological maps of the Moon for qualitative evaluation. We 
identified some similarities and discrepancies in the focused 
South Pole Aitken and Farside Highlands Terrane.

• The automatic classification of the lunar spectra is still on the way. After 
quantitative evaluation of the results of the future work, we aim to 
contribute to updating of the geological map of the Moon.

Future Work
• Produce a lunar global geologic classification map from screened original 

SP datasets and data fusion datasets.
• Apply DBSCAN and Fuzzy K-means to new lunar reflectance spectral 

datasets.
• Compare and evaluate the classification results with existing geological 

maps.

Classification was performed by fixing ε = 0.9 and changing MinPts 1〜20. 
Increasing MinPts increases noise and concentrates the distribution in Highland.

Fig. 1:Global lunar classification map of absorption spectra by K-means (K=7) by Hareyama et al. (2019)[1] 

(a) (b)


