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Introduction:  Hayabusa2 is the second Japanese 

asteroid mission launched on 3rd Dec. 2018 by H-IIA 

Launch Vehicle No. 26 [1]. One of the main purposes 

of Hayabusa2 is to retrieve samples from its target 

body 1999JU3 (lately named as “Ryugu”). The first 

and second touchdown onto the surface of Ryugu to 

sample material were conducted successfully and 

Hayabusa2 is now ready to return to the Earth. 

The LIght Detection And Ranging (LIDAR) on 

board Hayabusa2 (hereafter we call this instrument 

“the LIDAR”) is a laser altimeter and one of the bus 

instruments of Hayabusa2 [2]. This means the main 

task of the LIDAR is to measure the altitude to navi-

gate Hayabusa2 safely. Usually Hayabusa2 keeps its 

position on the line between Ryugu and the Earth and 

the altitude of about 20 km (“Home position”), and 

sometimes leaves the Home position to get closer to 

Ryugu for precise observation, separation of rovers or 

lander, sampling, and rehearsal of sampling [1]. As a 

result, the LIDAR is required to measure the distance 

from 25 km to as low as 30 m, corresponding to 6 or-

ders of magnitude range in terms of energy. The 

LIDAR equips two optical systems, one is for short 

range and another is for long range, and two gains with 

one orders of magnitude separation of sensitivity for 

each optical systems to cover the required range. Table 

1 compiles the main specifications of the LIDAR [2]. 

Alignment of the LIDAR:  The LIDAR is de-

signed to detect a short pulse and thus cannot detect 

weak and continuous light like light from a star. This 

means the alignment of the LIDAR is not able to be 

confirmed during the cruising phase. Instead, we con-

ducted optical link experiment before and after the 

Earth swing-by [3]. In this experiment laser pulses are 

emitted at a constant frequency from the satellite laser 

ranging (SLR) ground stations at Koganei Japan (be-

fore swing-by) and the Mt. Stromlo Australia (after 

swing-by). On the other hand the LIDAR attempted to 

 

Table 1: Main specification of the LIDAR [2] 

Range 30 m -- 25 km albedo: 0.06 

Resolution 0.5 m 300 MHz 

Accuracy 1 m@30m 

5.5 m @ 25 km 

 

Repetition rate up to 1Hz external trig. 

FOV of Rx 1.5 mrad 

20.4 mrad 

FAR optics 

NEAR optics 

Laser  Passive Q-sw 

wavelength 1064 nm YAG 

energy 15 mJ  

pulse duration 7 nsec  

pulse width 2.4 mrad  

Size 241x228x229  

Weight 3.52 kg  

Power consump. 18 W w/o heater 

 

receive the signal from the ground station. During this 

experiment the satellite changes its attitude little by 

little, and finally, we came to know the best attitude to 

receive the signal from the Earth. The alignment of the 

optical system of the LIDAR is roughly estimated by 

this experiment [3].  

Based on the rough estimation, the alignment of the 

LIDAR is determined more precisely through in-situ 

observation. Even if the satellite remains a fixed posi-

tion in the inertial system, the footprint of the LIDAR 

constantly moves westward on the surface of Ryugu 

because of Ryugu’s spin. Thus the alignment of the 

LIDAR is determined from the matching of the distri-

bution of boulders obtained by camera images and the 

time series ranging data of the LIDAR [4]. 

Orbit reevaluation:  Once the alignment of the 

LIDAR is precisely determined, the orbit of the satel-

lite can be reevaluated from the matching of the foot-

print position and the shape model of Ryugu [5]. The 

precision of the initially predicted orbit can be as large 

as several-hundred-meters and in some cases the posi-

tion of LIDAR footprint is calculated to be inside or 

outside Ryugu. After reevaluation of the orbit of Haya-
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busa2, almost all of footprint is settled to the surface of 

Ryugu, resulting a new shape model based on the 

LIDAR data [5]. 

Local shape model of Ryugu:  The new shape 

model based on the LIDAR data (the LIDAR shape 

model) is, of course, almost the same with the original 

shape model used in the reevaluation procedure. How-

ever, the LIDAR should be more sensitive in terms of 

vertical position than camera images. So we can dis-

cuss the vertical morphology by using the LIDAR 

shape model. The vertical sections of big craters on the 

equatorial region from the LIDAR shape model show 

that these craters are conical shape and the slope of 

each walls is almost the same [6]. This might mean 

these craters are deformed and relaxed during or after 

their formation to achieve the angle of repose. These 

tendency is not confirmed for smaller craters because 

of the limitation of spatial resolution of the LIDAR 

shape model. 

Dust Detection by using the LIDAR:  Addition to 

the normal ranging mode, the LIDAR equips an opera-

tional mode called “Dust Counting mode” in which the 

LIDAR attempts to detect a faint signal from dust 

grains on the line of sight. In this operational mode the 

LIDAR does not measure the distance to a hard target, 

instead the LIDAR checks whether a signal is detected 

from a 1-km-wide observational range. The position of 

the observational range on the line of sight can be set 

by a command. The 1-km-wide observational range is 

divided into 50 small areas and the comparison of the 

received signal to a threshold is conducted for each 

small areas, resulting 50 sets of 1 (detected) and 0 (not 

detected). The threshold value can be changed by a 

command so that we can know the time-series shape of 

received light if signals are detected at the same posi-

tion with multiple threshold values [7]. 

Although the attempt to detect dust grains above 

the surface of Ryugu and around the satellite have been 

conducted after arrival to Ryugu, we have not  obtained 

obvious signal of dust grains yet. We will check the 

obtained data more carefully. 

Summary:  The LIght Detection And Ranging 

(LIDAR) on board Hayabusa2 is one of the bus instru-

ments to measure the altitude of the satellite. Its data 

are also used for science purposes. We have found its 

effectiveness to evaluate the orbit of Hayabusa2. The 

combination of accurate orbit and attitude with 

LIDAR’s ranging data gives a new shape model which 

unveil the vertical cross section of the surface mor-

phologies of Ryugu. LIDAR was also used to detect 

dust grains on the line of sight, however, we have not 

obtained concrete result yet. 
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