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Introduction:  Hayabusa-2 is the second asteroid 

mission of Japan to be launched between 2014 and 

2015.  LIDAR is one of five instruments onboard 

Hayabusa-2, and measures altitudes of the spacecraft 

from a surface of the asteroid, 1999 JU3, by taking a 

time of flight of laser  pulse.  LIDAR is a part of atti-

tude and orbit control subsystem and is designed for 

navigation of the spacecraft, in particular, during 

touch-down phase.  Also the LIDAR data are scientifi-

cally important for analysis of the shape, mass, and 

surface properties of the asteroid. 

Design of Hayabusa-2 LIDAR is based on Hayabu-

sa-1 [1, 2] (Table 1).  We adopt Nd:YAG laser of 

which wavelength is 1.064 m, and passive Q-switch.  

The size is 240 x 240 x 230 mm (Fig. 1), and weighs 

3.7 kg.  Gray part is a telescope for transmitting and 

receiving laser.  Smaller and larger optics are for short 

and long range measurements, respectively.  Detector 

and electronics are implemented in a green component.  

LIDAR has large radiator shown in light blue, because 

thermal environment is very severe commonly for all 

instruments of Hayabusa-2.  Overall, Hayabusa-2 

LIDAR is sufficient for spacecraft navigation, but is 

out of date compared with the most recent instrument 

of OSIRIS-Rex.  Thus we need to take most advantage 

of experiences of Hayabusa-1. 

Shape Model:  To elucidate the nature and history 

of accretion and destruction of rubble pile body, we 

determine shape and mass of the asteroid 1999 JU3.  

The model is developed basically from ONC images 

and LIDAR range data.  Non dimensional shape is es-

timated using images taken from various configurations, 

and LIDAR range data determines its length scale. 

Although neither internal structure nor formation 

process can be inferred uniquely from the shape only, 

shape and topography are unarguably fundamental data 

set of geologic study of asteroid.  For example, bould-

ers at the surface of Itokawa strongly support rubble 

pile formation of the asteroid (Fig. 2).  Also, so-called 

head and body of Itokawa imply a coagulation of two 

independent rubble pile bodies.  Furthermore, mass 

transport at the surface [3], formation of grabens and 

ridges, and crater distribution of Itokawa [4] have been 

discussed based on the detailed shape model [5]. 

 
Fig. 2.  Image of Itokawa taken by Hayabusa-1 (ST-

2420855658). 

Gravity Measurement:  Mass is also essential for 

geodetic study of C-type asteroid.  Previous studies 

show low bulk density of C-type asteroids which di-

ameter is larger than 10 km.  On the other hand, Cheng 

[6] calculates life time of asteroids taking into account 

collisional fragmentation, and proposes that asteroids 

larger than 10 km in diameter are survivors of large 

impacts and therefore are likely monolithic.  Because 

carbonaceous chondrites show wide variation of micro-

Table 1.  Specification of Hayabusa-2 LIDAR 

Range 30 m ~ 25 km or longer 

Resolution 0.5 m 

Precision (1σ) ±1 m or less (at 30 m) 

±5.5 m or less (at 25 km) 

Repetition rate 1 Hz 

Receiver telescope Φ127 mm (Cassegrain) 

Transmitter laser Power：10 mJ or more 

Pulse width：10 nsec or less 

Field of view 1 mrad 

Receiver detector Si-APD 

Power consumption 18.5 W (w/o survival heater) 

 
Fig. 1.  Engineering drawing of Hayabusa-2 LIDAR. 
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scopic porosity, it is difficult to distinguish rubble pile 

and monolithic structures from either observation or 

theoretical analysis.  Thus direct observation of mass 

and shape of C-type asteroid together with average 

density measurement of returned sample is necessary. 

We plan to let the spacecraft descent toward 

1999JU3 from 20-km to 1-km altitude without orbital 

maneuvers, and also let the spacecraft ascend freely as 

well.  Such experiments will be conducted 2 to 6 times 

depending on fuel left in the spacecraft.  An accuracy 

of gravity estimate is improved as a number of free 

fall/rise experiments increases.  Besides, even a varia-

tion of density, and thus of porosity, within 1999 JU3 

can be estimated.  By simply assuming a combination 

two spheres with different porosity, it is shown that 

center of mass can be determined with accuracy of 10 

m or less with respect to center of shape allowing to 

evaluate porosity difference of at least 10 % for two 

spheres of size ratio of 3 or less.  This requirement can 

be satisfied by 6 passes of free fall/rise. 

Roughness and Albedo:  As footprint of LIDAR 

moves laterally on the surface of the asteroid, time se-

quence of range data represent local variation of topo-

graphy.  By reducing regional slope and spacecraft 

motion from range data, roughness in scale of 1 to 100 

m is extracted.  The roughness is related with, thus 

provides, important information of size distribution of 

boulders, and diameter and depth of craters [7]. 

LIDAR is an active sensor unlike other instruments 

on Hayabusa-2.  Ratio of transmitting and receiving 

powers can be directly translated to geometric albedo 

at the surface of 1999 JU3.  In case of Hayabusa-1, the 

power meter could not measure both transmitting and 

receiving power at the same time.  Then a design of 

Hayabusa-2 LIDAR is modified so that both transmit-

ting and receiving powers can be measured simulta-

neously. 

Regional variation of albedo can occur due to ejec-

ta distribution and seismic shaking of impacts, and 

resurfacing and consecutive space weathering at steep 

slopes.  As a potentially hazardous asteroid, topogra-

phy of 1999 JU3 is likely influenced by tidal force of 

the Earth.  Also because the wavelength of laser covers 

the absorption line of olivine, local variation of olivine 

fraction and space weathering of olivine is possibly 

observed in case 1999 JU3 consists of olivine similarly 

to Allende meteorites. 

Albedo measurements of LIDAR, however, may 

not be very useful to distinguish local variations of 

space weathering or chemical composition.  Designed 

accuracy of energy measurement is about 30 % with 

respect to average of surface albedo of 0.07, while ex-

pected variation of albedo at the surface of C-type aste-

roid is about 10 % [8].  We need to examine tempera-

ture-dependency of detector of flight model in order to 

reduce the resolution of albedo measurements as low as 

possible. 

Detection of Levitation Dust:  Many of returned 

sample of Hayabusa-1 are a few m in diameter.  

Source of those dust particles is not clear, but a clue is 

suggested by observations on the Moon and other aste-

roid.  Horizontal glow on the Moon that has been 

known since Apollo era is generally regarded as scat-

tering of sunset light by dust whose diameter is be-

tween 0.1 and 3 m [9-12].  While a mechanism to 

levitate dust is not well understood, electric field at the 

surface and a charge of dust particle likely play an im-

portant role [13,14].  On the other hand, Eros explored 

by NEAR Shoemaker has revealed smooth surface at 

the base of crater whose diameter is between 20 and 

300 m [15,16].  A bluish color of this “pond” is consis-

tent with stagnant dusts of 50 m in diameter.  Colwell 

et al. [17] then propose that a photoelectric effect 

charges both dust and surface positively and levitates 

0.5-m dusts in balance of electric repulsion and gravi-

ty. 

Lateral transport of dust particles at the surface of 

small body is likely very important for formation of 

local topography [e. g., 18].  Also, vertical transport of 

dust is critical for interpretation of irradiation age of 

cosmic rays and implantation of solar wind elements 

which could constrain orbital evolution of the asteroid. 

We then take an advantage of a wide dynamic 

range of Hayabusa-2 LIDAR for the first detection of 

dust levitation.  A new function called dust detection 

mode is implemented to LIDAR by allowing to change 

threshold level in 8 steps and to divide time range into 

64 bins. 
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