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Abstract
The Hayabusa 2 asteroid explorer was launched in December 2014 and has been exploring Ryugu (162173

1999 JU3) since the summer of 2018. The mission includes various critical operations under previously
unknown circumstances. Also, scientists need to be trained in advance for actual observations. To increase
the reliability of forthcoming operations, a hardware-in-the-loop simulator has been developed. One of the
components of the simulator is the asteroid image generator, which generates various simulated data of
optical instruments on board Hayabusa 2. In this paper, we describe the overview of the optical instruments
simulation and the performace of the ray-tracing software used therein.
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４．LSS訓練：ONC画像

22
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Seven M.Queen C.
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† Norm Rock南端を通る子午線を経度0°とした。
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2.2 OIS

OIS
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3

RIO
OIS
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2.2.1
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{
"proc_out_directory": "out",
"proc_image_name": "image.pgm",
"proc_render_image_width": 2048,
"proc_render_image_height": 2048,
"proc_out_image_width": 512,
"proc_out_image_height": 512,
"proc_sensor_id": 9,
"proc_fast_simulation": 1,
. . .

}

4: JSON

JSON
4 JSON

proc_out_directory “out”
proc_image_name “image.pgm”

proc_render_image_width 2048
proc_render_image_height 2048
proc_out_image_width 512

proc_out_image_height 512
4

proc_sensor_id
9

proc_fast_simulation

5

ID init_pid_file “run/pid.txt”
TCP

init_port_file “run/port.txt” CCD
init_ccd_db “data/ccd”

init_model_probe
“models/probe.stl”

init_model_asteroid “models/ast.stl”
init_geological_unit_id

“models/ast.dat”

2.3

OIS 2

1

{
"init_pid_file": "run/pid.txt",
"init_port_file": "run/port.txt",
"init_ccd_db": "data/ccd",
"init_model_probe": "models/probe.stl",
"init_model_asteroid": "models/ast.stl",
"init_geological_unit_id": "models/ast.dat",
. . .

}

5: JSON

1:

4 500
Hapke

LIDAR

LIDAR[13]

2

Hapke
Hapke
Hapke

Hapke r

1 [14] OIS

r(σ, e, α) = ω

4π

cos σ

cos σ + cos e
{[1 + B(α)] p(α)+

H(cos σ)H(cos e) − 1}
(1)

4
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σ e α B(α)
p(α) H(x) 2 3 4 .
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2
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(4)

ω B0 h ξ
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6: voxel
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2 4
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8 2
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2:

CPU Intel Core i9-7900X
3.30GHz

CPU 1
10

PassMark 21997[18]
128GB

OS CentOS 7.5
gcc 4.4.7

3.2.4 Voxel

voxel

Voxel
voxel

Voxel
voxel

4
voxel

4.1

2 HIL
3 PassMark

Average CPU Mark [18][19]
CPU

2

1 OIS
2

4.2

4

3: HIL

CPU Intel Xeon CPU E5-2640 v4
2.40GHz

CPU 2
20

PassMark 20765[19]
256GB

OS CentOS 6.8
gcc 4.4.7

4

M

S
L

N31ML N31MS 1
N31ML+S

N151ML N151MS N151ML+S

5 [m]

F-Theta F-θ

DCAM3
[21]

1024 1024
Hapke

12
369M

13
N31ML+S

7
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4:

[ ]
331K 331 4m 900m
1.3M 1,344 2m
5.5M 5,450 1m
22M 22,417 50cm
92M 92,238 25cm
369M 368,955 13cm

N31M 30,598
N31ML 22,728 50cm
N31MS 7,870 8mm
N151M 150,779
N151ML 22,728 50cm
N151MS 128,051 2mm

hayabusa2 213 4m×6m×3m

5:

ONC-W1 a,
ONC-W1[17]
0, 0, 458
0.36017, 0.47590, 0.78029, 0.18692

ONC-W1 b, ONC-W2
ONC-W1 b : ONC-W1
ONC-W2 : ONC-W2[17]

-194.69,-6.35,500.27
0.79954, 0.08406, 0.27253, 0.52858

ONC-T
ONC-T[12]
-194.69, -6.35, 9000.27
0.79954, 0.08406, 0.27253, 0.52858
DCAM3 F-Theta

DCAM3 : DCAM3[20]
F-Theta : F-θ

-971, 0, 528
0.57485, 0.35713, 0.65536, 0.33542

ONC-W1 a ( ) ONC-W1 a ( )

ONC-W1 b ( ) ONC-W1 b ( )

ONC-W2 ONC-T

DCAM3 F-Theta

12:

N31MS

4.3 Voxel

voxel

4.3.1 Voxel voxel

Voxel voxel 14
voxel voxel

1 voxel 15
voxel voxel

voxel voxel voxel
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13:
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17: Voxel
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6: Voxel
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