
COMPARISON OF RYUGU AND BENNU BASED ON CROSS CALIBRATION BETWEEN ONC-T AND 
MAPCAM.  E. Tatsumi1,2,3, T. Kouyama4, D. R. Golish5, S. Kameda6, H. Sato7, B. Rizk5, D. N. DellaGiustina5, 
Y. Yokota7,8, H. Suzuki9, J. de León1,2, H. Campins10, J. Licandro1,2, M. Popescu1,2, J. L. Rizos1,2, R. Honda8, M. 
Yamada11, T. Morota3, N. Sakatani7, Y. Cho3, C. Honda12, M. Matsuoka7, M. Hayakawa7, H. Sawada7, K. Oga-
wa13, Y. Yamamoto7, S. Sugita3, D. S. Lauretta5, 1Instituto de Astrofisica de Canarias, Tenerife, Spain (etatsu-
mi@iac.es), 2Dept. of Astrophisics, Univ. La Laguna, Tenerife, Spain, 3Univ. of Tokyo, Tokyo, Japan, 4National 
Inst. of Adv. Ind. Sci. and Tech., Ibaragi, Japan, 5Lunar and Planetary Laboratory, Univ. of Arizona, AZ, USA, 
6Rikkyo Univ., Tokyo, Japan, 7Inst. of Space and Astron. Sci., Japan Aerospace Exploration Agency, Kanagawa, 
Japan, 8Kochi Univ., Kochi, Japan, 9Meiji Univ., Kanagawa Japan, 10Univ. of Central Florida, FL, USA, 
11Planetary Exploration Research Center, Chiba Inst. of Tech., Chiba, Japan, 12Univ. of Aizu, Fukushima, Japan, 
13Kobe Univ., Hyogo, Japan. 

 
 
Introduction: The Hayabusa2 spacecraft by 

JAXA and the OSIRIS-REx spacecraft by NASA both 
aim to sample from the primitive asteroids, Ryugu and 
Bennu, respectively. They have both similarities and 
differences. For example, both asteroids are top-
shaped, have similar density, and are considered to be 
rubble-pile asteroids [1,2]. Moreover, they are sug-
gested to come from the inner main belt region [3,4]. 
However, the near infrared spectrometers, NIRS3 and 
OVIRS, showed great difference in 2.7-µm band ab-
sorption [5,6]. It is very important to compare directly 
both objects and discuss compositional and evolution-
al similarity and difference between two objects. 

In this study, we conduct cross calibration be-
tween multi-band cameras for both spacecraft, the 
telescopic Optical Navigation Camera (ONC-T) 
onboard Hayabusa2 and MapCam onboard OSIRIS-
REx. Although independent calibrations have been 
done by [7,8], they used different light sources for 
absolute calibrations; the stellar observations for 
ONC-T and the lunar observations for MapCam. 
Spectra are sensitive to the reference light source. 
Especially since the two asteroids do not have much 
variation over the surface, we need careful calibration 
when we compare directly. We conducted cross cali-
bration based on the lunar models, SP/SELENE [9,10] 
and WAC/LROC [11], as the common reference. 

Instruments: Both ONC-T and MapCam are 
equipped the multiple bandpass filters based on the 
Eight-Color Asteroid Survey (ECAS, [12]). ONC-T 
has 7 bandpass filters centered at 398, 480, 549, 590, 
700, 857, and 945 nm, while MapCam has 4 bandpass 
filters centered at 473, 550, 698, and 847 nm. 

Datasets: The lunar images were taken during the 
flyby near the Earth by both cameras. Table 1 shows a 
summary for the lunar observations. As references, we 
simulated the moon images for all filters based on the 
observational geometry with the WAC/LROC model 
for shorter wavelengths (<700 nm) range and the 
SP/SELENE model for longer wavelengths (>500 nm) 

range (Fig. 1). It should be noted that the 
WAC/LROC model does not cover pole regions due 
to lack of data and that the SP/SELENE model is less 
accurate at high emission and incidence angles [10]. 

 
Table 1 The observation of the Moon. 

 ONC-T MapCam 
Date 2015-12-05 

11:49:08 
2017-09-25 
02:50:06 

Distance from the 
S/C (km) 

763,969 1,226,706 

iFOV (˚) 0.00615 0.00388 
Phase angle (˚) 59.3 42.8 

 

 

 
Figure 1 Observed radiance images based on the cur-
rent calibrations and simulated radiance [W/sr/m2] 
images based on the SP/SELENE model. (top left) 
ONC-T observed image. (top right) ONC-T simulated 
image. (bottom left) MapCam observed image. 
(bottom right) MapCam simulated image. 
 

Boost factors:  Comparison between observed and 
simulated images gives us a factor to boost the simu-
lated image to fit the observed image. After we 
aligned the observed and simulated images, the radi-
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ance images are compared pixel-by-pixel where the 
incidence angle >60˚ and the emission angle >45˚. 
The boost factor is acquired as the slope of the least 
square linear regression of pixels. Figure 2 shows the 
example of fitting. The boost factors are summarized 
in Table 2 and Fig. 3. Although the absolute values 
for the simulated Moon image has up to 10% error , 
the relative brightness between wavelength is as accu-
rate as 3%. Assuming that the calibration of ONC-T 
based on stellar observations are more reliable than 
the lunar model in terms of absolute brightness, it can 
be seen that the generally the current calibration of 
MapCam underestimates the brightness by ~18% at 
550 nm. 

 

 
Figure 2 Comparison between the observed and simu-
lated images pixel-by-pixel for ONC-T. The boost 
factors are derived as the slope of linear fitting. 
 

 
Figure 3 Boost factors for both instruments. (right) 
The absolute boost factors based on the Lunar models, 
showing the MapCam underestimates the brightness 
for all wavelengths compared with ONC-T. (left) The 
normalized boost factors shows the deviation between 
two instruments. This can cause the spectral shape 
difference even when both observe the same object. 
 

Comparison between Ryugu and Bennu: Utiliz-
ing these boost factors, albedos and spectra can be 
compared directly. Previously the geometric albedos 
of Ryugu and Bennu were reported as 4.5 ± 0.2%[13] 
and 4.4 ± 0.2%[14], respectively. However after ap-

plying the boost factors, Bennu could be 5.1% – 
5.2%, suggesting ~15 - 18% brighter than Ryugu.  

It is interesting to note that the Otohime boulder 
on the south pole of Ryugu has normal albedo ~5% 
significantly higher than the Ryugu average and simi-
lar to the cross-calibrated average albedo of Bennu. 
This boulder is also known as one of the bluest parts 
on Ryugu [13], and the blue color (i.e., spectral slope) 
is comparable to the Bennu average. This suggests 
similarity between Otohime and Bennu spectra. How-
ever, the near infrared observation of Otohime sug-
gests no strong 2.7-µm band absorption, unlike Ben-
nu. The surface of Otohime was possibly dehydrated 
by solar heat in the past. These findings suggest that 
the Otohime boulder can be a key for understanding 
the relationship between two bodies. 
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