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Introduction: Starting from late June 2018 the 

JAXA asteroid sample return Hayabusa2 mission ac-
quired a huge quantity of resolved images and spectra 
of the surface of the asteroid (162173) Ryugu. Two 
instruments (ONC and NIRS3) are particularly devoted 
to investigate the surface composition variations map-
ping the complete surface of Ryugu [1-3]. The optical 
navigation camera ONC-T obtained spectrophotomet-
ric data by imaging Ryugu with seven broad band fil-
ters spanning from 0.40 to 0.95 µm  at different surface 
resolutions. The near-infrared spectrometer NIRS3 
acquired reflectance spectra in the wavelength from 
1.8 to 3.2 µm range operating in scanning mode. The 
asteroid shows a surface with very dark albedo, rich in 
heterogeneous geological structures [4] and a clear 
narrow absorption band at 2.72 µm  which indicates 
the presence of OH-bearing minerals present on all the 
surface, associated to Mg-rich phyllosilicates [5]. In 
the present work we used a multivariate statistical 
method to analyze the ONC-T broad band and the 
NIRS3 data to characterize possible heterogeneities of 
the asteroid surface composition. 

 
Data: We used the ONC data obtained on July 12, 

2018, i.e. the normalized reflectance measured in the 
seven band filters. The data have been co-registered 
and photometrically corrected. The ONC data were 
already analyzed by Honda et al. [6] with different 
clustering methods. Concerning the NIRS3 data, we 
analyzed the complete spectra collected on July 11, 
July 19 and October 30, 2018 (which cover the equato-
rial ridge of the asteroid Ryugu). The NIRS3 data were 
thermally and photometrically corrected [5].  

 
Method: In order to investigate the compositional 

surface variation of the asteroid Ryugu, we applied the 
G-mode multivariate statistical analysis [7] to the data 
described above. The G-mode method has been widely 
used in planetary field to classify asteroids [8], trans-
neptunian objects [9]  and analyzing the images taken 

with different filters by the Rosetta’s OSIRIS camera, 
to detect variations in the surface composition of the 
comet 67P [10]. This statistical method allows the user 
to obtain an automatic clustering of a sample contain-
ing N objects described by M variables in terms of 
homogeneous groups without a priori criteria and tak-
ing into account the instrumental errors in measuring 
each variable. The method gives also indications on the 
relative importance of the variables in separating the 
groups. The original multivariate sample is collapsed 
into an univariate sample through successive transfor-
mations. The membership of an element in a given 
group (the selection criteria), is based on the statistical 
inference rules. The confidence level defined as the 
probability of accepting the tested hypothesis is the 
only a priori choice in the decision process. The user 
selects the confidence level that corresponds to a given 
critical value.  

	
Results: The obtained results at different confi-

dence levels show that the surface of Ryugu is substan-
tially homogeneous with small variations in localized 
area. 

For the ONC data set, we obtain always 2 groups at 
3σ confidence level which is stable up to 
1.85σ confidence level. The first group contains most 
of the sample while the second one concerns about 
10% of the covered surface and corresponds to the 
major morphological features as equatorial ridge, big 
boulders (Ejima and Otohime Saxa) and the West/East 
dichotomy in the V band albedo [4].  At 1.85σ three 
more small groups are separated from the larger one 
mainly by the reflectance values at 0.86 and 0.95 µm 
and contribute in characterizing different areas.  Then 
the number of groups  increases with the decrease of 
the confidence level.  

The analysis of NIRS3 data confirms the general 
spectral homogeneity on the Ryugu’s surface. At 1.85σ 
confidence level three groups are separated essentially 
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by the spectral slope between 2 and 2.5 µm  and the 
2.72 µm band shape.  

The analysis of both ONC and NIRS3 data allows 
us to characterize spectral properties of the major mor-
phological surface features. 

 
References:  
[1] Kameda S. et al. (2016) Space Sci. Rev. 208, 

17-31. [2] Suzuki H., et al. (2018) Icarus 300, 341-
359. [3] Iwata T. et al. (2017) Space Sci. Rev. 208, 
317-337. [4] Sugita S. et al. (2018) Science submitted. 
[5] Kitazato K., et al. (2018) Science submitted. [6] 
Honda R. et al. (2018) AAS-DPS#50, id.411.09. [7] 
Coradini A. et al. (1977) Computers and Geosciences 
3, 85. [8] Barucci M.A. et al. (1987) Icarus 72, 304 [9] 
Barucci M.A. et al, 2005, Astron. J. 130, 1291 [10] 
Perna et al. 2017, A&A 600, A115 

 
Acknowledgments: We thanks the Haybusa2 

JAXA teams for their efforts in making the mission 
successful.  Hayabusa2 was developed and built under 
the leadership of JAXA, with contributions from the 
DLR and the CNES, and in collaboration with NASA, 
Nagoya University, University of Tokyo, National 
Astronomical Observatory of Japan, Aizu University, 
Kobe University, and other universities, institutes, and 
companies in Japan. We also thank all engineers who 
have contributed to the success of Hayabusa2 mission, 
especially T. Masuda, S. Yasuda, K. Matsushima, and 
T. Ohshima. MAB, PH, DJPD and MF acknowledge 
funding support from CNES. This study was supported 
by JSPS International Planetary Network. 

 

 

1308.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)


