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Introduction:  Hayabusa-2 is a second asteroid 

mission of Japan to be launched in 2014.  LIDAR is 

one of five instruments onboard Hayabusa-2, and is 

used to measure altitudes of the space craft from a sur-

face of the asteroid, 1999JU3, for not only navigation 

purpose but also scientific experiments. 

Design of Hayabusa-2 LIDAR is based on Hayabu-

sa-1 [1].  The wavelength of LASER pulse is 1.06 m.  

The shortest and longest distances to be measured are 

30 m and 25 km, respectively.  An accuracy of range 

measurement is dependent on both random and bias 

errors.  In short, ranging errors are 0.845 m at 30-m 

altitude, and 2 m at 20-km altitude.  Resolution of 

ranging is 0.5 m and the fastest rate of data acquisition 

is 1 Hz.   

Scientific Objectives of LIDAR Experiment:  In 

the view of scientific success criteria of Hayabusa-2 

mission, we define major objectives of LIDAR experi-

ment as follows: 

(1) To identify collisional family of 1999JU3 on the 

basis of albedo map observed by LIDAR, 

AMICA and NIRS3. 

(2) To elucidate the nature and history of accretion 

and destruction of rubble pile body. 

In addition, we have reviewed remote sensing experi-

ments of former Hayabusa-1 mission in the point of 

view of maximizing achievements of chemical analyses 

of returned samples from Itokawa.  Then we have add-

ed following two objectives: 

(3) To prove or disprove universal existence of rub-

ble pile bodies. 

(4) To explore dust environment around asteroid by 

detecting levitating dust and dust ejected from ar-

tificial impact. 

For the purpose of (1), we measure strength of both 

transmitted and received pulses, and calculate reflec-

tance from ratios.  An expected resolution of the reflec-

tance is not good, unfortunately.  This is partly because 

the average albedo of C-type asteroid is as low as 

0.007, and also because precision of detectors is not 

well known before detector will be manufactured.  

Thus we plan to examine the detectors of flight model 

in order to reduce the resolution in prior to the launch. 

For (2), we determine shape and mass of the astero-

id 1999JU3.  Unlike moons and planets, the orbit of 

gravity center of asteroid is not precisely estimated.  

An error of estimated position of the space craft with 

respect to the asteroid is so large that LIDAR data can-

not be translated into shape model directly.  Without 

orbit maneuvers, however, errors of orbit estimate in 

short arc is as low as the ranging resolution of LIDAR.  

Then we plan to conduct scan mapping of LIDAR sev-

eral tens of times so as to cover the entire surface of 

1999JU3 and to create cross-over points of scanned 

lines.  Those cross-over points are used as a basic 

frame of the shape model and are combined later with 

digital elevation model produced from stereo images 

taken by ONC-W/T. 

The mass of the asteroid can be estimated by free-

fall experiments.  We plan to let the space craft descent 

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

orbital maneuvers, and also let the space craft to ascent 

freely as well.  Such experiments will be conducted 2 

to 6 times depending on fuel left in the space craft. 

The objective (3) requires a comparison of Itokawa 

and 1999JU3.  We calculate an apparent average densi-

ty of 1999JU3 using the shape model and the mass.  On 

the other hand, average bulk density of C-type asteroid 

is measured using returned samples.  Then the porosity 

of 1999JU3 will be deduced from the ratio of the ap-

parent density to the true density.  The spatial variation 

of the porosity, if any, will be of special interest. 

All returned sample of Hayabusa-1 were between 1 

and 100 m in diameter, suggesting the existence of 

floating dusts near the surface of Itokawa.  Although 

dusts levitating around the asteroid have been theoreti-

cally proposed, no observation has been made yet.  We 

therefore apply wide dynamic range of LIDAR for de-

tecting asteroid dust for the first time.  Lateral transport 

of dust particles at the surface of asteroid is likely very 

important for formation of local topography.  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. 

Those observation plans need to be discussed fur-

ther in detail in the view of mission operations and 

space craft system.  The newest plan will be presented. 
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