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Introduction: Modeling of asteroid shapes is one of 

the most critical parts in asteroid explorations. The 
global shape is a fundamental physical property of the 
target asteroid to know its origin and evolutions. Also, 
the shape model is valuable for the engineering side 
during the operation of the spacecraft. The Hayabusa2 
spacecraft arrived at the asteroid Ryugu in June 2018 
and started its proximity observation to select candidates 
of landing sites for touch-down operations. The shape 
model of Ryugu was constructed and used in landing site 
selection to evaluate scientific values of recovered 
samples and accessibility to the sites. Therefore, we 
reconstruct the shape model of Ryugu from images and 
other observation data acquired by the Hayabusa2 
spacecraft. Two different methods are applied to model 
the shape One is stereo photoclinometry (SPC) [1]. SPC 
combines traditional stereo techniques with 
photoclinometry to derive the tilt of an asteroid's surface. 
The capability of SPC is proved in many small body 
missions including Hayabusa, NEAR-Shoemaker, and 
Rosetta. Another one is Structure from Motion (SfM) [2], 
which is a popular shape modeling method in computer 
vision, and there are many open source and commercial 
implementations with the assistance of Multi-view 
Stereo (MVS) technique. In this paper, we will introduce 
shape products by SfM and discuss the accuracy of the 
model. 

Reconstruction Method:  In this research, 
PhotoScan, one of the commercial implementations of 
SfM tool developed by Agisoft [3], is used. Images 
taken by Optical navigation camera (ONC-T) [4] 
onboard Hayabusa2 are imported into the tool. Although 
PhotoScan is able to make image feature extraction, 
paring, and stereo reconstruction without any ancillary 
information, the camera calibration parameter of ONC-
T is inputted in our efforts to obtain better results. When 
automatic processing meets difficulties, we also 
manually provide control points on the images and 
reorganization of the image set by removing bad images 
from the set. 

Because the initial SfM models are non-scaled and 
in an arbitrary reference frame, they are scaled and 
adjusted to the SPC-based shape model with the 
mission-defined body-fixed frame of Ryugu. Meshlab 
[5] is used for these post-processing. 

Obtained Shape Models: Observations of Ryugu 
by Hayabusa2 consisted several separated small 
campaigns from various distances and at different 

viewing geometries. We produced shape models of 
Ryugu at every observation campaigns. Details of input 
images and obtained shape models are summarized in 
Table 1. 3D-rendered images of these shape models are 
shown in Fig. 1. Better shape models with finer surface 
features are obtained from later images with finer 
resolutions taken at positions closer to the asteroid.  

 

 
Figure 1: Obtained shape models 
 

Evaluation: Because the true shape of Ryugu is 
unknown, the obtained shape models are evaluated by 
comparing real images of Ryugu taken by ONC-T with 
simulated images rendered from the shape models of 
Ryugu. If the shape model well represents the true shape 
of the asteroid, those images will match.  We use two 
different criteria for the image comparison; Comparison 
of rim profiles and Computation of image correlation 
maps. 

The difference of the rim profiles shows a difference 
of topography between the truth and the model on the 
rim. Both a real image and a simulated image are 
binarized and make a differential ternary-valued image. 
Fig. 2 shows an example of a differential image. 
Mismatched rim profiles and shadows of boulders are 
represented by blue or red pixels. 
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Table 1: Details of input images and obtained shape models are summarized 

Image correlation shows a similarity of two images in 
a small window. The correlation of a true image and a 
simulated image represents the difference of shading 
from the difference of topography. Two approaches to 
the model evaluation will make clear the accuracy of our 
shape models. 
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image details Approach Box-A Box-C Mid-alt Box-B 
Rotation interval (degrees) 10 3 8 15 6 
Resolution (m/pixel) 4  2 0.5 0.5 2.2 
Distance (km) 40 20 7~5 5  22 
 
Model/Obs. 
name 

Number of images 
Approach Box-A Box-C Mid-alt total 

Approach 37    37 
Pre Box-A 37 172   209 
Box-A  246   246 
Pre Box-C   123  123 
Box-C  127 95  222 
Mid-alt  127 95 90 312 

Figure 2: Example of comparison of the rim profile. Observed real images (Left) and simulated images 
(Middle) are processed to obtain differential images (Right). 
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