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Introduction:  JAXA’s Hayabusa2 is planned to 

bring back samples to Earth from one of the C-type 
asteroids, which are widely believed to contain water 
and organics, important ingredients for life. When the 
spacecraft arrives at the target asteroid Ryugu, it will 
start detailed observations on its surface for both un-
derstanding its geologic history and selecting sampling 
sites. The selection of candidate sites for the first sam-
pling has to be made soon (< 2 months) after its arrival 
[1]. Thus, accurate and prompt data analyses are cru-
cial for the success of the mission, making pre-arrival 
calibration of science instruments extremely important.  

In order to meet this need, the science team of opti-
cal navigation cameras (ONC) has conducted many 
calibrations observations. The results of preflight and 
initial inflight calibrations have been given by [2] and 
[3], respectively. Although the results of these studies 
suggest that the calibration precision of ONC-T is high 
enough to capture a subtle absorption band (~3% rela-
tive depth) of iron-rich serpentine around 0.7µm, there 
are still more calibrations necessary for prompt data 
reduction. This study reports the results of the last 
phase of inflight calibrations before Hayabusa2 arrives 
at Ryugu. Details of this study will be given by [4]. 

Observations and analysis results: We conducted 
a series of inflight calibrations after [3], from Mar. 
through Dec. 2017. We analyzed the new data along 
with preflight and initial inflight calibration data.  

Broad point spread function PSF: PSF is given as a 
function of the distance from the point source light in 
the field of view (FOV). Although the effect of PSF far 
(typically > 10 pix) from the light source is often con-
sidered negligible, its effect turned out to be large for 
Hayabusa/AMICA [5,6]. This far-field component of 
PSF depends on wavelength [6]. This is problematic 
because different bands exhibit different shapes of 
broad PSFs, resulting in inaccurate color ratios [5,6]. 

The broad PSF correction validity was assessed us-
ing the Moon and Earth images obtained during the 
Earth swing-by in Dec. 2015. Using the equation given 
by [6], we obtained the broad PSF for each band of 
ONC-T (Fig. 1), indicating the broad PSF of Haya-
busa2 ONC is weaker than that of AMICA, particu-
larly beyond 10 pix. This means less noise in our ONC. 
We further examined the effect of broad PSF by com-
paring the profile around the rim of Earth image before 
and after a broad PSF correction. An uncorrected im-
age exhibits up to 20 DN (~1% of Earth disk) in the 

“sky” part near the Earth rim, but a corrected image 
exhibit noise within about ±5 DN.  

 

         
Fig. 1. PSFs of Hayabusa2/ONC-T and Hayabusa/AMICA 
for short wavelength bands (top). Comparison of a horizontal 
profile of the sky part adjacent to Earth disk between before 
and after removing broad PSF contribution (bottom).  

Dark noise at higher temperatures: We also exam-
ined dark noise in CCD’s of ONC-T. In particular, its 
temperature dependence is particularly important be-
cause CCD temperature will rise greatly (>20°C) dur-
ing descents for sampling. We need to assess the effect 
of both emergence of hot pixels and rise in average 
dark current level over the FOV at high temperatures. 
Fig. 2 shows our analysis results. Although the number 
of “hot pixels”, which produce high dark currents (e.g., 
30 and 100 DN/s), increases steeply with CCD temper-
ature, their fraction in the FOV is still only few % at 
25°C. Also, 100 DN/s does not pose a serious problem 
because a typical exposure time is on the order of 0.1 
sec and asteroid disk is 1000 – 2000 DN.  

Analysis of average dark current level revealed that 
CCD used in ONC-T can be approximated well with 
an Arrhenius equation with activation energy about 
0.62 eV (Fig. 2). This empirical rule will help us pre-
dict adjust the exposure time of observations.  

Flat field calibration: Sensitivity uniformity in 
FOV is an important calibration parameter for obtain-
ing reliable brightness values. Because the hood was 
reassembled after integration sphere experiments, the  
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Fig. 2. The fraction of hot pixels in ONC-T (top). Arrhenius 
plot for the average dark noise level of ONC-T (bottom).   
flat field calibration for ONC-T has been shifted slight-
ly since the experiments [3]. This shift has been de-
tected with Moon images near one edge of FOV. How-
ever, the sensitivity uniformity in other positions in the 
FOV has not been confirmed yet, and relatively large 
discrepancy (~3 %) has still remained in ul-band. 

For evaluating validity of the flat correction of v- 
and ul-bands, four bright stars, Sagittarii Phi, Sigma, 
Tau, and Zeta, were observed with five different atti-
tudes of Hayabusa2. Star locations in this observation 
cover almost entire ONC-T FOV (Fig. 3). 

After performing dark signal subtraction and hot-
pixel removal, we performed flat correction with flat 
fields proposed by [3]. Then we measured total digital 
counts for each star by summarizing digital counts in a 
region around the brightness center of a star within 20-
pixel radius. Analysis results indicate that the standard 
deviations in radiometric sensitivity is <2% for v-band 
and <4.3% for ul-band over the entire FOV. When the 
study area is limited to the central part (600 x 600 pix), 
the flat field correction is significantly improved. The 
standard deviation is 1.1 % and 1.5 % for v-band and 
ul-band, respectively.   

Radiator stray light: ONC-T is susceptible to con-
siderably strong stray light when the orientation of the 
spacecraft was within a certain range of conditions [3]. 
However, stray light is negligible beyond this range 
(<1 DN/shot) for spectroscopic observations of Ryugu. 
We continued our examination of stray light and found 
that the trend observed by [3] extends over a wide 
range of conditions as shown in Fig. 4.  

 
Fig 3. Star positions obtained in a star observation campaign. 
Blue crosses, green pluses, red triangles, and orange dia-
monds indicate observed positions of Sagitarii Sigma, Phi, 
Tau, and Zeta, respectively.  

 
Fig. 4. The intensity distribution of radiator stray light as a 
function of spacecraft attitude,  angle φ around Y-axis and 
angle γ around Z-axis. Blue dots indicate very low stray light 
level, negligible for asteroid surface observations.   

Discussion and conclusion: Our previous calibra-
tion effort showed that Hayabusa2/ONC-T can capture 
subtle 0.7-µm absorption by treating the observation 
target as a point light source [3]. In rendezvous obser-
vations, however, Ryugu is an extended light source, 
which would require accurate broad PSF and good flat-
field calibration. Furthermore, low-altitude observa-
tions during sampling descent require calibrations at 
elevated temperatures, which would increase dark 
noise greatly. The results of our observations discussed 
above indicate that ONC-T can be calibrated accurate-
ly for extended light source, such as Ryugu, and for 
elevated temperatures expected for sampling descent.  
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