
5. Scale Connection among different instruments 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ONC plays a vital role in connecting different scales (km to mm) and 
different observables measured by other instruments. Note also that 
MASCOT indicated with a red dashed ellipse is an important link 
between remote-sensing data and returned sample analyses. 

SCIENCE OBSERVATION STRATEGY FOR HAYABUSA-2 
OPTICAL NAVIGATION CAMERAS (ONC) �

	

	


1 S. Sugita, 2 T. Morota, 3 S. Kameda, 4 R. Honda, 5 C. Honda, and Hayabusa-2 ONC Science team, 	

1 Univ. of Tokyo, Kashiwa, Chiba, JAPAN (sugita@k.u-tokyo.ac.jp), 2 Nagoya Univ., 3 Rikkyo Univ., 4 Kochi Univ., 5 Univ. of Aizu. 

3.3. Close-up Imaging during Touchdown-phases 
Close-up images of 1999 JU3 surface will be obtained with ONC-W1 and ‒W2 
during the touchdown phases. The purposes of close-up imaging are (1) to 
determine the locations of touchdown points, (2) to evaluate the amount of 
sampled grains, and (3) to understand the small-scale morphology around the 
touchdown points. 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.1. Global Shape Model for 1999 JU3 
The global shape model of 1999 JU3 will be constructed with the HP global 
mapping images with various shape reconstruction techniques (e.g., limb 
profiles, stereogrammetric procedure, shape from shading, and/or photometric 
stereo). Global shape reconstruction allows us to estimate the asteroid volume, 
which is necessary for bulk density estimation. Bulk density is important for 
distinguishing between a rubble pile and a monolith. We are planning to 
estimate the volume with accuracy of ~5% to have ~7% of bulk density 
accuracy.  
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(left) Shape model of 1999 JU3 revealed by telescopic observation (Müller et al. 2011)． 
(right) Simulated images for global observation from the home position. 

3.2. Morphology and Size Distribution 
of Craters and Boulders 

The morphology and size distribution of craters and boulders on 1999 JU3 are 
necessary for understanding the collisional history of 1999 JU3. For example, the 
crater size-frequency measurement on 1999 JU3 will help us estimate the 
formation age of 1999 JU3 or the timing of the latest resurfacing event occurred 
on 1999 JU3. The size and shape distributions of the boulders will also help us 
finding out whether these boulders are original fragments from the disruption 
of the larger parent body of 1999 JU3 or are fragments from subsequent impact 
cratering on 1999 JU3. For these purposes, we will observe craters and boulders 
larger than 20 m in diameter with the global mapping data and larger than 1 m 
in diameter with close-up images obtained from 1 km altitude, respectively. 
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Craters on Itokawa (Hirata et al. 2009)． 

Comparison of boulders on Itokawa and fragments from 
laboratory impact disrution (Nakamura et al. 2008)． 

Size distribution of boulders on 
Itokawa (Michikami et al. 2008)． 
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3. Morphological Observations of 1999 JU3 
The shape and surface morphology of 1999 JU3 will be observed with the v-
band (0.55 µm) filter globally from HP and locally from lower altitudes with 
much higher resolutions. The morphology of 1999 JU3 will help us understand 
its geologic history and large-scale structure, such as whether it is a rubble pile 
or monolithic. Such information is essential for understanding the formation 
mechanism, the source region, and the parent body of 1999 JU3.  
  

R-plot of the size distribution of 
craters on Itokawa and Eros (Michel et 
al. 2009)． 

Itokawa’s cratering record as observed by Hayabusa 505

Fig. 1. R-plot of the size–frequency distributions of craters and boulders on Itokawa
overlain on the crater counts for Eros from Chapman et al. (2002). The top plot in-
cludes all 38 crater candidates identified by Hirata et al. (2009) and the bottom plot
excludes the 15 that those authors ranked Class 4, which have the smallest likeli-
hood of really being craters. The diameters are the mean diameters of the craters,
based on the major/minor axes given in Hirata et al. (2009).

AMICA at the Home-Position could cover most of the asteroid sur-
face without polar night.

High-resolution images from Hayabusa showed that there are
many unfamiliar features on Itokawa, relative to those found on
previously explored asteroids (Saito et al., 2006). The morphology
of craters indicates a unique cratering process and subsequent geo-
logical modifications on this asteroid. Hirata et al. (2009) described
the wide range of possible crater morphologies in the Hayabusa
data and measured their diameters and depths. They summarized
a list of crater candidates with a classification from Class 1 to
Class 4 based on the reliability of their identification as real craters.
The Class 1 craters have the highest probability of being actual
craters, while a candidate in Class 4 is the least reliable, but still
has some possibility of being a crater. The total number of identi-
fied crater candidates of all classes is 38, and 23 crater candidates
are in Classes 1–3.

In order to analyze Itokawa’s crater size–frequency statistics
and compare them with those in the same range on Eros (the
only other asteroid imaged at comparable resolution), densities of
craters on Itokawa and Eros (Chapman et al., 2002) are shown
together in an R-plot in Fig. 1. The R-plot, in which the differ-
ential size–frequency distribution is divided by D!3, where D is
the crater’s diameter, provides a more sensitive and discriminat-
ing comparison tool than incremental or cumulative distribution
plots (Crater Analysis Techniques Working Group, 1979). Error bars

in Fig. 1 reflect N1/2 counting statistics. The line labeled “Empir-
ical Saturation” is the level at which crater production and crater
erasure by superposition are roughly in balance (although erasure
by seismic shaking may lead to an equilibrium lying significantly
below this level).

The density of craters larger than 100 m in diameter on Itokawa
resembles the empirically-saturated population of craters on Eros.
Craters between 10 and 100 m in diameter also have a similar dis-
tribution on both asteroids, and are significantly under-saturated.
Compared with craters smaller than 10 m in diameter on Eros, and
the general slope of the distribution of 10–100 m craters on both
asteroids, however, there appears to be a significant depletion of
craters smaller than "10 m in diameter on Itokawa. It should be
noted that most of the smallest craters are found on smooth ter-
rains of Itokawa (Hirata et al., 2009). Even if the least likely crater
candidates are excluded (Fig. 1, bottom panel), these trends do not
change. In the following sections, we will discuss possible expla-
nations for the apparent depletion in the numbers of the smallest
craters on Itokawa.

3. Model of crater accumulation on Itokawa’s surface

The high-resolution images obtained from the Galileo and NEAR
spacecraft of the Asteroids Gaspra, Ida, Mathilde, and Eros allowed
the determination of the crater distributions on the surfaces of
those objects. O’Brien et al. (2006), building on earlier work by
Greenberg et al. (1994, 1996), used these cratering data to estimate
the crater history on those asteroids, using an impacting popu-
lation derived from a self-consistent model of the collisional and
dynamical evolution of the main belt and NEA populations (O’Brien
and Greenberg, 2005). Assuming that most craters on an asteroid
are produced by main-belt projectiles, using scaling laws to relate
a projectile’s size to the diameter of a crater that it can form, and
taking into account various processes that can erase craters, one
can model the evolution of the crater population over time on a
given asteroid. This can be compared to the actual cratering record
on a given asteroid, and the time needed to accumulate the craters
and obtain a good match provides an estimate of the age of the ob-
ject (or at least of its surface). Here we summarize the model of
O’Brien et al. (2006) and discuss how we can adapt it to study
Itokawa’s cratering record.

3.1. Scaling laws for crater formation

The method described above is confronted with several di!-
culties. In particular, the production of craters as a function of
their size on a surface relies on our knowledge of crater forma-
tion, which is unfortunately very poor. This is even more true
concerning the process of crater forming in very low-gravity con-
ditions and on surfaces that may hide—under regolith—a gravel or
rubble-like structure, as could happen in the case of Eros or—in
particular—Itokawa.

The relationship between a crater’s diameter and the diame-
ter of the projectile that formed it is given by scaling laws, which
are still uncertain. A number of studies on the physics of im-
pact cratering on solid bodies have derived projectile-crater scaling
laws. The interested reader may consult the book by Melosh (1989)
for a discussion of some of the approaches for developing scaling
laws, as well as for discussions concerning the mechanics of shock
processes and cratering. What we exactly mean by the scaling of
impact events, and by scaling laws is to apply some relation, the
scaling law, to predict the outcome of one event from the results
of another, or to predict how the outcome depends on the problem
parameters. The parameters that are different between the two
events are the variables that are “scaled.” Most often those are the

(left) Close-up imaging during the touchdown (Courtesy of Akihiro Ikeshita)． 
(right) Example for close-up image of Itokawa. 
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ONC-W2 

The Small Carry-on Impactor (SCI) 
experiment (Courtesy of Akihiro Ikegami)． 

1. Instrument Overview 
Optical Navigator Camera (ONC) will be used for 
scientific imaging observations as well as for 
spacecraft navigation in the proximity of asteroid 
1999 JU3. ONC consists of the three subsystems, a 
telescopic camera (ONC-T) and two wide-angle 
cameras (ONC-W1 and -W2). Each subsystem has a 
two-dimensional (1024×1024) charge-coupled 
device (CCD) sensitive to wavelengths between 350 
and 1060 nm.  

 Both ONC-T and W1 are located on the 
bottom of spacecraft (i.e., ‒Z plane) for nadir view, 
and ONC-W2 is on the side of spacecraft (‒X plane) 
for slant view. The effective field of view (FOV) of 
ONC-T is 5.7 × 5.7 deg, and that of ONC-W1 and W2 
are 60 × 60 deg. The spatial resolution at 1 km 
altitude is 0.1 m/pixel for ONC-T and 1.0 m/pixel for 
ONC-W1 and W2, respectively. ONC-T has a broad 
band-pass filter (0.35 ‒ 1.2 µm), six medium-breadth 
filters (0.39, 0.48, 0.55, 0.70, 0.86, and 0.95), and a 
narrow band Na filter at 0.59 µm with 10 nm of 
FWHM. 

Abstract 
We present current development status of our 
Optical Navigation Cameras (ONC)  for an asteroid 
sample return mission Hayabusa-2. The launch of the 
spacecraft is planned in 2014, and the mission period 
to complete sample retrieval on Earth will be 
approximately six years. The target asteroid is the 
1999 JU3, one of the few C-type asteroids in a near-
Earth orbit. This poster provide the basic ONC 
specifications and the general remote-sensing 
observation plan for the ONC system at the asteroid. 

Schematic diagram of the mounting location 

 2. Operations 
The scientific observations of ONC are planned to be 
conducted in the following five different phases 
depending on the distances to the asteroid. 
Approaching phase :  before Home Position（HP） 
 Approaching phase is between the deployment of 
Hayabusa-2 to its orbit to 1999 JU3 and arrival at the 
home position (HP) 20 km from the asteroid. Bright 
stars, Earth, and perhaps Moon will be observed for 
calibrations. Measurements of the light curves and 
disk-averaged spectra of 1999 JU3 will also be 
conducted as well as search for a satellite of 1999 
JU3. 
HP phase 1, 2 : 40 and 20 km and altitudes �
In this phase, a global imaging and spectroscopic 
imaging will done for the scientific obvservation.  
During the HP phase, both single-band (0.55µm) 
observations for shape modeling and six-band 
observations for spectroscopic characterization will 
be conducted globally with 2 m/pixel resolution. 
Low altitude phase : 5 ‒ 0.1 km of altitudes�
Low-altitude-phase observations will be conducted 
at 5, 1, and/or 0.1 km of altitudes for local areas for 
detailed mapping in order to characterize sampling 
site candidates and to look for a SCI-generated 
impact crater.�
Lander deployment phase : 0.1 ‒ 1 km of altitudes�
Lander-deployment-phase observations will be 
conducted with W2 immediately after lander 
deployment, with W1 during the subsequent ascent 
of Hayabusa-2, and with ONC-T at 1 km altitude for 
locating both MASCOT and MINERVA’s.�
Touchdown phase   �
Touchdown-phase observations will be conducted 
before, during, and after each sampling touchdown 
(TD). Although ONC will be used exclusively for 
navigations at altitudes between 50 to 5 m during 
TD descent, science observations will be conducted 
at the other altitudes during descent ant all the 
altitudes during ascent. 
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4. 1. Principal-Component Analysis (PCA) of      6-
band spectra�

Since the spectral type assignment of 1999 JU3 as C in a broad 
definition is rather established, multi-band observations with ONC-T 
will be focused on which sub-types (e.g., Cg, Ggh, Ch, and B) of C-
type spectra cover which areas on the asteroid surface. The great 
variety in reflectance spectra observed in the past suggest the 
variegated nature of this asteroid (e.g., Vilas 2008; Sugita et al., 2013).   

 Because all the C-type asteroids exhibit flat visible spectra by 
definition, the first principal component (PC1’), which is the general 
slope, of the spectra is not a good index for distinguishing different 
sub-types among C-type asteroids. Rather, the second and third 
principal components (PC2’ and PC3’) serve as good indexes (Bus 
and Binzel, 2002). These components effectively reflect the strengths 
of UV and 0.7 µm absorption bands.  

 For example, the reflectance in the UV range varies more than 
a factor of two between Cg and B. If the signal-to-noise ratio (SNR) of 
10 is achieved, ten different levels of spectra between Cg and B can 
be distinguished. In contrast, because the 0.7 µm absorption band is 
usually only up to 3 to 5%, this many levels of strength cannot be 
distinguished. We are planning to observe the presence and or 
absence of this band with 3σ of confidence as discussed below.  

4. Multi-band Observations of 1999 JU3 
Multi-band observations will reveal material properies of this 
asteroid. Alghouh both Itokawa (S type) and 1999 JU3 (C type) are 
asteroids, their petrologic and spectroscopic properites are greatly 
different as Moon differs from Mars. C-type asteroids exhibit very flat 
spectra sometimes with weak UV and 0.7µm absorption bands, 
which may result from hydrous minerals. Based on these absorption 
features, we could estimate the distribution of hydrous minerals.  	
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Above: A PCA result of asteroid visible spectra. 
Different 1999 JU3 spectra taken different times are 
shown over the Main-Belt asteroids results. The 
symbols in the Figure is the spectral types, and the 
symbol “•” indicate a C-type asteroid in a narrow 
definition (Sugita et al., 2013). 	 Right:  Different spectra observed for 1999 JU3. The 
great variation in spectrum can be reproduced by heated 
CM2 chondrite spectra at different temperatures (Sugita
+ 2013).	 

The Small Carry-on Impactor (SCI) 
experiment provides information about 
a relationship between impact energy 
and crater size on asteroid. The SCI 
crater size depends heavily on the 
physical propert ies and surface 
structure of 1999 JU3. According to the 
scaling laws derived from numerical 
simulations and laboratory experiments 
of impact cratering, the SCI crater 
diameter is estimated to be 1-10 m for 
fine-particle targets, or 10’s cm for 
highly porous targets or rock targets. 
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4. 2.  A 0.7 µm absorption band and 0.55 µm 
albedo	


We are also planning to map the abundance of serpentine-group 
The 0.7µm band strength for 1999 JU3 has been estimated to be 3 
-10% based on ground-based observations (Vilas 2008), and its 
strength of MBA’s is generally 3 ‒ 5% (Vilas and Gaffey, 1989). Thus, 
1% of relative accuracy is necessary to detect this band with 3σ of 
confidence.  

 We are also planning to map the 0.55 µm albedo distribution 
because there is a very strong anti-correlation between albedo and 
insoluble organic matter (IOM) for many carbonaceous chondrites. 
However, because there is about 20% of scatter around the 
correlation curve, 20% of accuracy in albedo measurements will be 
sufficient for estimating IOM amount. 


