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Introduction: JAXA’s Hayabusa2 spacecraft [1] 

successfully arrived at the target asteroid 162173 
Ryugu on 27 June 2018, and has conducted the aster-
oid observation with the onboard remote sensing in-
struments. The near-infrared point spectrometer of the 
Hayabusa2 (NIRS3) measures the wavelength range of 
1.8-3.2 µm, where OH stretching and H2O bending 
vibrational absorptions are found, with a 0.1˚ field of 
view [2]. Mapping of the asteroid surface by NIRS3 is 
achieved from scan observations combined with the 
rotational motion of the asteroid and slews of the 
spacecraft (Fig. 1). NIRS3 continuously acquires spec-
tral data without interval, so that the footprints will be 
elongated and overlapped along the scan direction (Fig. 
2). Thus, when we make an reflectance map of a spe-
cific wavelength by averaging the observed data at 
each surface point, the resolution of the estimated tex-
ture (reflectance pattern) will be degraded compared 
with true one (Fig. 3, 4). In order to improve this issue, 
we attempted to reconstruct an albedo map by inverse 
approach. 

 
Fig. 1: Schematics of scan observation of NIRS3. 
 

 
Fig. 2: Schematics of the previous method to make an 
albedo map. 

Method:  A reflectance value observed by NIRS3 
equals to the sum of the reflectance values of divided 
areas within the footprint. In this study, the divided 
area is defined as a polygon of the asteroid shape mod-
el. The observed reflectance, Ri (i = 1, …, N), can be 
expressed as the following equations: 
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where w is the area fraction of each polygon with re-
spect to the footprint, r is the reflectance of each poly-
gon, N is the data number of the NIRS3 observation, 
and M is the polygon number of the asteroid shape 
model. We solve this equation by the least square 
method with singular value decomposition [3]: 
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where the columns of U and V are orthonormal and S is 
a diagonal with positive real entries. The precision of 
the least square method with singular value decompo-
sition can be improved by setting the values from a 
certain value of the singular value matrix to 0. In this 
study, we set the elements of the singular value matrix 
less than the average of the observed reflectance to 0. 

Data set:  In order to test the new method, we used 
the simulated data of NIRS3 observations that was 
prepared for training of the Landing Site Selection 
(LSS). In this dataset, the scan speed and interval of 
data acquisition are assumed 0.058˚/sec and 1.28 sec, 
respectively. The number of NIRS3-measured reflec-
tance data is 22,501. Also we used the asteroid shape 
model and the spacecraft position and attitude data in 
the format of the SPICE kernel. The number of poly-
gons of the asteroid shape model is 20,528. 

Results: Fig. 5 shows the result that we applied the 
new method to the simulated NIRS3 data. The estimat-
ed reflectance values have been projected on the aster-
oid shape model. Our result shows that the overall re-
flectance pattern is consistent with true model, while 
some artifacts like random noise have occurred. 

Discussion and Conclusion: In our approach, the 
process to set the elements of the singular value matrix 
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treats the weight of reflectance assigned to each poly-
gon equally. However, the weight should be different 
depending on the frequency used for linear combina-
tion. That is why it would be necessary to consider the 
variance of projected area for each polygon.  
 

	
Fig. 3: True model that reflectance values are projected 
onto the shape model. 
 

	
Fig. 4: Reflectance pattern derived from the averaging 
method. 
 

	
Fig. 5: Reflectance pattern derived from the inverse 
method. 
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