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Introduction: The Near-infrared Spectrometer 

(NIRS3) onboard the Hayabusa2 spacecraft obtained 

near-infrared (NIR) reflectance spectra of C-type aster-

oid 162173 Ryugu at an altitude of ~20 km from July 

10-12 2018 with a spatial resolution of ~40 m (Box-A). 

The NIRS3 data show a 2.72-μm OH stretching absorp-

tion and a low reflectance which are globally homoge-

neous and similar to moderately-heated or shocked 

carbonaceous chondrite spectra [1, 2].  

This study performs cluster analysis of Ryugu’s 

NIR spectral data using a new statistical method [3] 

based on combinations of k-means cluster analysis 

(KCA), principal component analysis (PCA), and inde-

pendent component analysis (ICA) for the original 

Box-A data. The results show spectral heterogeneities 

within homogeneous morphological terranes in 

Ryugu’s northern equatorial region, suggesting miner-

alogical and/or physical property differences within 

Ryugu’s surface material. 

 Instrument: NIRS3 has a 128-channel indium ar-

senide (InAs) photodiode sensor installed in the spec-

trometric unit and is cooled below 193 K (−80 °C) us-

ing a passive radiator. The detectable wavelength range 

is 1.8–3.2 μm with a spectral sampling resolution of 18 

nm [4]. 

Methods: Our cluster analysis is divided into three 

steps: (1) standardization and whitening of the original 

data using PCA, (2) dimension reduction of the data by 

selecting principal components (PCs) with significant 

eigenvalues and the corresponding scores of the indi-

vidual data, and (3) performing KCA (and ICA) [3]. 

Whitening is essential to extract the independent fea-

tures hidden in the data, which is not possible only by 

standardization. Here we report preliminary results of 

KCA and PCA using NIRS3 Box-A data obtained on 

July 11th 2018. Since a parameter study is required to 

determine the optimal number of clusters, we reduced 

the data volume and computational time by selecting 

seven channels ranging from 1.8 to 3.0 μm of NIRS3 

data with ~200 nm interval and one channel at 2.72 μm 

from the original 128 channels. 

Results and Discussion: The NIRS3 global spectral 

data, after photometric correction, show that the data 

variation can be characterized with three significant 

PCs. We performed KCA using the values of these 

three PCs as the whitened and dimension-reduced data. 

To find the optimal number of clusters (k),  k was var-

ied from five to eight. The case with k = 6 (Figs.1,2) 

best captures the spectral properties. Regional hetero-

geneity is observed, even in the northern equatorial 

region which displays homogeneous morphological 

features in the Optical Navigation Camera Telescope 

(ONC-T) images [2].  

All the clusters have a common OH-absorption at 

2.72 μm with similar depths, yet they have differences 

in albedo (Fig.3) and red slope (in 1.80-2.50 μm wave-

length range) (Fig.4). The brightest average spectra are 

distributed around the equatorial ridge and are also 

widely located in the Southern hemisphere around 150 

to 300 degrees in longitude. Interestingly, the spectra of 

the pole regions are grouped into the same clusters as 

those distributed in other areas. In addition to global  

Figure 1. A NIRS3 cluster map obtained on July 11th 2018. The distribution of six clusters are clearly sepa-

rated by morphological region, such as the equatorial ridge. 
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Figure 2. The relationship between PC1 and 2 (up-

per left), PC1 and 3 (upper right), and PC2 and 3 

(lower right) obtained by six-clustering results. 
 

 Figure 3. Average spectra of each cluster. 

 

thermal alteration, more plausible causes producing this 

NIR feature variation include variations in; (a) carbon 

content, (b) opaque material (e.g., magnetite) abun-

dance, (c) grain size and porosity, and (d)  space 

weathering maturation across the surface of Ryugu. A 

previous clustering study [5] suggest that NIR clusters 

reflect differences in hydrous mineral contents. Our 

study further proposes a possible grain size variation to 

explain the spectral reddening.  

In this study we found that the clustering results in-

dicate NIR spectra can be heterogeneous depending on 

location. For the next steps, we will perform KCA, 

PCA, and ICA analyses using photometric-corrected 

NIR data of lower altitude observations. 
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Figure 4. Average cluster spectra normalized at 2.60 

μm. 
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