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Introduction:  Hayabusa2 is equipped with a laser 

altimeter (LIght Detection And Ranging, LIDAR) as 

one of the bus instruments. The LIDAR data are also 

used for scientific purposes. This paper summarizes 

some instrumental and scientific results from Haya-

busa2 LIDAR obtained during proximity phase. The 

heritage of Hayabusa2 LIDAR will be used for future 

Martian moons exploration mission. 

LIDAR Operation:  Proximity observation of 

Hayabusa2 at the asteroid (162173) Ryugu started on 

June 30, 2018, after arriving at the home position of 20 

km altitude from the asteroid on June 27, 2018. Prior to 

the arrival, LIDAR test operation started on June 24, 

2018, then the first laser return was made on June 26, 

2018 at the distance of 22.4 km. Laser repetition rate 

was normally set to 1/32 Hz, while 1 Hz ranging was 

carried out for 8-hour scientific surface mapping 

roughly twice a week. During descending operations 

such as touchdown, 1 Hz ranging with automatic gain 

control was carried out for the whole sequence. LIDAR 

laser ranging continued until Nov. 14, 2019, resulting 

in ca. 707 million laser shots with ca. 95 % success 

ratio at the home position. The longest range of 32.6 

km was achieved on Nov. 14, 2019 when the spacecraft 

was in the leaving geometry from the asteroid. 

Alignment Determination:  The field of view di-

rection of the instrument is almost aligned to -Z in the 

spacecraft frame with a small offset. The boresight 

direction of the receiving telescope with respect to the 

spacecraft has been determined with several methods. 

First, laser link experiment between ground satellite 

laser ranging stations during Earth gravity assist opera-

tion in 2015 enabled us to determine the alignment 

within 1 mrad uncertainty [1]. Second, fitting time-

series LIDAR topography data to a shape model of the 

asteroid gave another estimation of the receiving tele-

scope boresight [2]. These two estimates are consistent 

with each other within the uncertainty. The third meth-

od is identification of distinctive topographic features 

such as boulders in both telescopic visible camera and 

LIDAR topography. Relative alignment to the camera 

is determined, then it is translated to the spacecraft 

frame with the aid of alignment information of the 

camera. Details will be shown in [3]. 

Trajectory Reconstruction: Precise information 

of Hayabusa2 position with respect to Ryugu is of im-

portance in terms of scientific interpretation of remote 

sensing data. We compared topographic features con-

tained in the LIDAR data with those expressed by the 

reference shape model, and estimated long-period tra-

jectory correction with polynomial function so that 

discrepancy between the two topographic profiles was 

minimized. The improved spacecraft positions are con-

sistent with those determined by image-based stereo-

photoclinometry method within a few tens of meters 

[2]. Besides the simple polynomial fit approach, we 

further established fully dynamical trajectory recon-

struction method [4] by incorporating LIDAR and au-

tomated image tracking (AIT) data into c5++ software 

[5]. With such improved trajectory, the altimeter rang-

es can be converted to Ryugu’s topographic profiles 

that are appropriate for geophysical interpretation. 

Crater Topography: Depth-to-diameter ratios 

(d/D) of Urashima, Kolobok, and Brabo craters are 0.2, 

0.14, and 0.155, respectively, and are consistent with 

previous in situ observations of asteroid topography [6, 

7, 8, 9], while there seems marked difference from cra-

ters on (25143) Itokawa [10], (101955) Bennu, and 

small craters in mid- to high latitude area of Ryugu. 

Both Itokawa and Bennu are comparable in size and 

surface gravity to Ryugu, and these 3 asteroids are re-

garded as rubble pile bodies. On the contrary, the d/D 

of Itokawa craters, 0.08 ± 0.03 [10], is significantly 

shallower than that of Ryugu and other asteroids. The 

d/D of Bennu is apparently shallower, too. In addition, 

the above three craters have topographically distinctive 

raised rim while those on Itokawa do not [10]. 

The shapes of the three craters are neither bowl-

shaped like (951) Gaspra and (433) Eros [8, 11, 12] 

nor flat like Itokawa [10]. It is notable that slopes of 

inner wall of Ryugu craters are linear rather than pa-

raboloidal, and that Kolobok and Brabo craters are flat-

bottom.  We reconstruct three-dimensional topography 

model of Urashima crater which is derived from 

LIDAR topography data taken on October, 2018, April 

and October, 2019. Such conical shape is in an agree-

ment with impact cratering experiments into porous 

targets [13], while the d/D of Ryugu crates is lower 
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than experimental results which is between 0.2 and 0.5 

[14]. It is interesting that slopes of the three craters are 

almost identical. Such nearly identical conical shape 

indicates that either the crater shape is well relaxed, or 

on the contrary, is holding initial shape. 

Dust Detection:  LIDAR is equipped with an oper-

ational mode called “Dust Counting mode” in which 

the LIDAR attempts to detect a faint signal from dust 

grains on the line of sight [15]. In this operational 

mode the LIDAR does not measure the accurate dis-

tance to the first scatter but searches locations in a 1-

km-wide observational range where enough power of 

light is scattered. 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 area, resulting in 50 sets of 1 (detected) or 0 (not 

detected). The distance of the 1-km-wide observational 

range from the spacecraft and the threshold value can 

be changed by commands so that we can know the 

time-series shape of received light if signals are detect-

ed at the same position with multiple threshold values. 

Although multiple attempts to detect dust grains 

above the surface of Ryugu and around the spacecraft 

have been conducted, we have not obtained clear signal 

of dust grains yet.  

Normal albedo at 1064 nm:  The Haybusa2 

LIDAR is capable of measuring the intensities of both 

transmitted and received laser pulses, from which nor-

mal albedo of Ryugu at a laser wavelength of 1064 nm 

can be derived. In order to gain higher S/N ratio as 

well as higher spatial resolution, we have selected the 

data obtained with altitude lower than 7 km. Our cur-

rent research area is low-latitude region between 20°N 

and 40°S. We tested various reflectance models (the 

Lambert model, the Lommel-Seeliger model and the 

Oren-Nayar model) in order to derive normal albedo 

where a high-resolution shape model is incorporated. 

The results calculated with the Lommel-Seeliger model 

are consistent with the observations by ground tele-

scope and ONC. We found that the normal albedo of 

Ryugu measured at 1064 nm wavelength is spatially 

homogeneous, which is consistent with the results at 

other wavelengths [16]. The albedo value averaged 

over the area of interest is about 0.043±0.005 which is 

similar to that derived from  ONC 550 nm images [17]. 

Surface Roughness: The surface roughness which 

is defined as RMS deviation over different horizontal 

scales enables to give a new insight into an origin and 

geologic processes of a small body. We calculated the 

surface roughness and made global surface roughness 

maps for Ryugu using the LIDAR topography data. 

The roughness is also related to the self-affine nature of 

planetary surfaces through a value called the Hurst 

exponent, H (0<H<1), which is described by a power-

low index of RMS deviation and baselines. Previous 

studies of surface roughness of Itokawa [18, 19, 21] 

and Eros [20] reported that the Hurst exponent showed 

different values on both bodies and that the surface 

roughness is well correlated with the geologic features 

such as boulders [20, 21]. We investigated the correla-

tions between the surface roughness and the geological 

features on Ryugu, and compared them with those on 

Itokawa and Eros. By comparing Hurst exponent of 

Ryugu with other bodies, the surface evolution of rub-

ble-pile small bodies will be discussed [22]. 

Toward MMX:  We are developing a new LIDAR 

for the next JAXA-led Martian moons exploration mis-

sion (MMX) making use of the heritage of LIDAR 

onboard Hayabusa2. Table 1 compiles the require-

ments for the instrument. For the case of MMX, the 

distance to the target surface can be as far as 100 km or 

more. Thus we improve the transmission energy and 

the sensitivity of receiver to keep the size and weight of 

the instrument. The LIDAR data will be used for re-

searches of topography, gravity and rotation of Martian 

moons. 

Table 1. Requirements for MMX LIDAR 

Range 100 m – 100 km 

Resolution < 0.5 m 

Repetition rate 1 Hz at maximum 

FOV Tx Φ < 0.5 mrad, Rx Φ < 1.0 mrad 

Tx energy > 20 mJ  (wavelength 1064 nm) 

Pulse width < 10 ns (FWHM) 

 

References: [1] Noda et al. (2017) EPS, 69, 2. [2] 

Matsumoto et al. (2020) Icarus, 338, 113574. [3] Noda 

H. et al. (2020) LPSC 51
st
, this meeting. [4] Yamamoto 

K. et al., in preparation. [5] Otsubo T. et al. (2016) 

Earth Planets Sp., 68:65. [6] Vincent J.-B. et al. (2012) 

Planet. Space Sci., 66, 79-86. [7] Asphaug E. (2008) 

Meteor. Planet Sci., 43, 1075. [8] Robbins S. J. et al. 

(2017) Meteor. Planet Sci., 43, 1. [9] Chapman C. R. 

et al. (1996) Icarus, 120, 231. [10] Hirata N. et al. 

(2009) Icarus, 200, 486. [11] Thomas P. C. et al. 

(2002) Icarus, 155, 18. [12] Chapman C. R. et al. 

(2002) Icarus, 155, 104. [13] Housen K. R. et al. 

(2018) Icarus, 300, 72. [14] Nakamura A. (2017) 

Planet. Space Sci., 149, 5. [15] Senshu, H. et al. (2017) 

Space Sci. Rev., 208 (1-4) 65-79. [16] Sugita S. et al. 

(2019) Science, 364, 6437, eaaw04224. [17] Yokota Y. 

et al. (2019) LPSC 50
th

, Abstract #3195. [18] Abe S. et 

al. (2006) Science, 312, 1344-1347. [19] Barnouin-

Jha O. S. et al. (2008) Icarus, 198, 108-124. [20] 

Susorney H. C. M. (2018) Icarus, 314, 299-310. [21] 

Susorney H. C. M. et al. (2019) Icarus, 325, 141-152. 

[22] Masuda Y., Abe S. et al. (2020) LPSC 51
st
, this 

meeting. 

1829.pdf51st Lunar and Planetary Science Conference (2020)


