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Introduction:  Since June 2018, the Optical Navi-

gation Camera (ONC) onboard Hayabusa2 has ob-

served Ryugu at a distance below 20 km [1]. ONC con-

sists of three cameras: ONC-T, -W1 and -W2, [2–4]. 

ONC-T has 7 broadband filters ranging in wavelength 

from 0.40–0.95 μm [2]. We report on the derivation of 

the normal albedo map of Ryugu from the opposition 

observations by the ONC-T. 

Data: On 8 January 2019, Hayabusa2 moved to the 

sub-solar position, and ONC-T observed the asteroid at 

the opposition geometry from ~20 km distance, during 

one rotation period. A 7-band image set was obtained 

every 30° rotation phase. Local solar phase angle  

ranged from 0.0° to ~1.7°. Therefore, if we have a 

phase curve for this narrow phase angle range, we can 

convert each pixel’s observed I/F (radiance factor) to 

the ideal I/F at phase angle zero, which is the normal 

albedo [5]. 

Method: The data number of the image pixels are 

converted to I/F with the calibration parameters de-

scribed in [4]. Observation geometry of each pixel is 

calculated using the Ryugu shape model [6] produced 

by the Hayabusa2 shape model team.  

Fitting.  To average the data density bias in the ge-

ometry space, the data was binned every 1° in inci-

dence and emission angle, and every 0.1° in phase an-

gle. To avoid the effect of the solar disk size, data 

within the phase angle range 0.0–0.25° were omitted 

from the data set. Then, we fit a linear formula to the 

data set as 

  
𝑟 = 𝑎0 + 𝑎1𝛼 , 

                                (1) 

where r is I/F, and a0 and a1 are fitting parameters. Fig. 

1 shows the data set and the fitted line. The derived 

parameters are a0 =0.0404 and a1= -0.0019. Therefore, 

we estimate the average normal albedo of Ryugu is 

~0.0404. 

Mapping. We assume that this phase curve shape (a 

straight line for this case) is approximately the same for 

phase angles <1.7° for all Ryugu’s surface and all 

ONC-T bands. Then, the observed I/F at near opposi-

tion can be converted to the I/F at phase angle zero, by 

𝑟 0 = 𝑟obs . 𝛼 
𝑎0

𝑎0 + 𝑎1𝛼
 , 

                    (2) 

where r(0) is normal albedo, and robs.(α) is the ob-

served I/F at phase angle α. This equation does not 

contain corrections for incidence angle i and emission 

angle e. After the conversion to r(0), we checked the 

remaining dependency on i and e. Since we found that 

the remaining dependency is very small (< ~1% of the 

brightness) over this phase angle range, we did not add 

a correction for i and e. 

Finally, we projected the r(0) values over the com-

plete rotation set of images to create a mosaic map for 

each band. 

 

 

 
Fig. 1. Phase curve data set at near opposition. Grey 

line is a fitted line. 

 

 

Results and discussion: Fig. 2 shows the v-band 

normal albedo map in simple cylindrical projection. 

Since the observed brightness at the opposition condi-

tion is less affected by shadows or topographic undula-

tion than other geometry, the derived map successfully 

shows albedo distribution under minimal noise condi-

tions. 

The color study [e.g. 1, 7, 8] of Ryugu reported that 

the general spectral slope from b-band (0.48 μm) to x-

band (0.86 μm) exhibits the greatest regional variation 

on Ryugu. Currently, we found that the normal albedo 

is well correlated with the b-x spectral slope. Fig. 3 

shows a clear correlation between the b-band normal 

albedo and b/x ratio (simple substitution of the spectral 

slope), suggesting bluer is brighter. However, further 

study is necessary to interpret this relationship. 
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Fig. 2. Normal albedo (I/F at phase angle zero) map of 

Ryugu at v-band (0.55 μm). (a) Grey scale. (b) Color 

scale. 

 

 

 
Fig. 3. Normal albedo ratio of b-band (0.48 μm) / x-

band (0.86 μm) is shown as a function of b-band nor-

mal albedo. Global data of ~8x8 m (1 deg at equator) 

size bin is plotted. 
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