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Introduction:  Asteroid Ryugu is a very small 

spinning top-shaped rubble pile [1]. Many other small 
asteroids have spinning-top-like shapes (e.g. Bennu, 
Steins, 2008EV5, 1999KW4, 1994CC, 1999RQ36). 
However, little is known about the state or mass motion 
of the surface of such asteroids because no spacecraft 
approached near enough to observe their detailed 
geomorphologies until Hayabusa2. Mass motion of the 
surface is very important because it reflects the 
geological evolution of asteroids and it controls the 
degrees of space weathering. Initial analysis of Ryugu 
images have revealed that many boulders exhibit 
imbrication consistent with landslide toward current 
low geopotential region [2]. There are also regolith run-
ups on large boulders with the same directions. 
However, because the number of such boulders with 
evidence for mass motion is limited, the global 
distribution of mass motion on Ryugu is difficult to 
reconstruct. Thus, more widespread surface features for 
surface mass motion are needed. One possibility is that 
the size distribution of smaller boulders may be 
influenced by mass motion on Ryugu.  

The purpose of this study is to obtain comprehensive 
global distribution of sub-meter boulder in order to 
obtain information on geological evolution and 
resurfacing process of Ryugu. To achieve this goal, we 
developed a new method to estimate the abundance of 
small boulders from image textures. 

More specifically, first we developed a method that 
automatically estimate the abundance of small boulders 
(sub-pixel to a few pixels in diameter), which cannot be 
visually distinguished in images. Second, we applied 
this technique to Ryugu’s images and investigated both 
global and regional distribution in boulder size.  

Development of estimation method: We estimated 
boulder abundance based on the variation 𝜎"#  in 
luminosity due to change in viewing geometry of each 
location on spinning asteroid. Local viewing angle 
parameters are influenced by topographic slope and 
shape of surface grains on each point. An image of small 
surface grains contains many grains within one pixel. 
Because variation in emission light from many grains 
are averaged out within one pixel, pixel-by-pixel 
deviation of luminosity on smooth region covered by 
small particles is small. In contrast, if the surface is 
covered with coarse (i.e., comparable to pixel size) 
grains, then variation in emission light due to viewing 
geometry is not smoothed. Thus, the pixel-by-pixel 
deviation of luminosity on coarse grains becomes large. 
We investigated the correlation between such deviation 

and surface grain size. This method can estimate 
abundance of boulders sub-pixel to a few pixels in 
diameter, which cannot be visually detected. 
Furthermore, this method can calculate global 
distribution automatically. 

Laboratory validation: We conducted a series of 
laboratory experiments to validate this method. We used 
three types of samples: (a) single-size grain targets, (b) 
boulders on regolith beds, and (c) mixture with power-
law size distribution. Experimental result indicates that 
(1) our method can estimate the abundance ~ 0.1 pixel 
when their size is uniform, (2) can detect ~ 0.8 pixel 
boulders on a regolith bed, and (c) can estimate 
coverage of boulders larger than 0.6 pixel. 

Validation with Ryugu data: We applied this method 
to Hayabusa2’s candidate landing sites for the first 
touchdown, of which we have both high resolution 
(10cm/pix) and lower resolution (50cm/pix) images. We 
compared the estimation results of our method based on 
lower resolution images with results of visual counting 
[2] based on high resolution images. Results of our 
method are consistent with the visual counting. 

Application to asteroids: We applied our method 
to global images of Ryugu and found intriguing patterns 
in boulder distribution (Fig. 1). General spatial patterns 
we found were consistent with the visual boulder 
counting [2,3]. However, close examination revealed a 
number of new features. In order to assess these features 
more objectively, also conducted the same analysis by 
using images of Itokawa for comparison. 

Comparison between Ryugu & Itokawa: Analysis 
results indicate that boulders on the Ryugu have a 
spatially uniform distribution. Also, the power-law 
exponent has a very small standard deviation (Fig. 2): -
2.53 ± 0.06 (2s) consistent with visual counting result 
(-2.66 ± 0.05) [3]. Furthermore, the global average and 
scatter of the power-law exponent is much greater (-3.60 
± 1.66), which is also consistent with visual counting [4-
6]. This result clearly indicates that boulders size 
distribution on Ryugu is much more uniform than 
Itokawa, which may have experienced size sorting due 
to granular convection [7], suggesting that granular 
convection may not be prominent on Ryugu. 

Longitudinal direction; Furthermore, further 
detailed examination reveals that there is a trend in both 
longitudinal and latitudinal directions (Fig. 3). In 
longitudinal direction, dichotomy in boulder abundance 
is seen. The boulder density of the eastern hemisphere 
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is ~1.4 times that of the western bulge surrounded by 
large troughs. A similar dichotomic distribution is also 
seen in v-band albedo [2] and crater distribution [8, 9]. 
This result suggests that there may be some different of 
the origin or mobility between western bulge and 
eastern hemisphere.  

Latitudinal direction; In latitudinal direction, a 
larger number of boulders are found in higher latitudes. 
However, in the equatorial region, a narrow of on the 
very top of equatorial ridge has boulder abundance 
higher than surrounding slopes of the ridge. The 
boulders abundance distribution has anticorrelation with 
the current geopotential slope (R ~ -0.73). This suggests 
that the observed boulder distribution is controlled by 
the current geopotential [2], not by the geopotential in a 
possible high-spin-rate era in the past [1].  When the 
rotation speed of Ryugu was high, boulders might have 
migrated to the equatorial region and Ryugu became top 
shape. After the rotation speed of Ryugu became slow 
possibly due to the YORP effect, boulders on equatorial 
region might slide down along the slope.  

  
  

Figure 1: Visible images and Boulder distribution of 
Ryugu. Raw images (A). Boulder abundance for each 
size range [0.75-3 (B), 1.5-6 (C), 3-12 m (D)] 

 

 
Figure 2: Power-law exponent map of Ryugu (A) and 
Itokawa (B). 

 

 
Figure 3: Coverage of boulder for longitudinal 
direction (top) and latitudinal direction (bottom). 
 

Acknowledgments: This study was supported by 
JSPS Core-to-Core pro-gram “International Network of 
Planetary Sciences”.  

References: [1] Watanabe et al. (2019) Science 364, 
268-272. [2] Sugita et al. (2019) Science 364, eaaw0422. 
[3] Michikami et al. (2019) Icarus, 331, 179-191. 
[4] Michikami et al. (2008) Earth Planet. Sci., 60, 13-
20. [5] Mazrouei et al. (2014) Icarus, 229, 181-189. 
[6] Tancredi et al. (2015) Icarus, 247, 279-290. 
[7] Miyamoto et al. (2007) Science, 316, 1011-1014. 
[8] Cho et al. (2019) LPSC #1751. [9] Hirata et al. 
(2020) Icarus, 338, 113527.  

C D

BA

B

BA

B

BB

1800.pdf51st Lunar and Planetary Science Conference (2020)


