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Performance Analysis of Landing Point Designation Technique

Based on Relative Distance to Hazard for Lunar Lander

Choong-Min Lee, Young-Bum Park and Chan-Gook Park*

Department of Mechanical and Aerospace Engineering/ASRI
Seoul National University

ABSTRACT

Lidar-based hazard avoidance landing system for lunar lander calculates hazard cost
with respect to the desired local landing area in order to identify hazard and designate
safe landing point where the cost is minimum basically using slope and roughness of
the landing area. In this case, if the parameters are only considered, chosen landing
target can be designated near hazard threatening the lander. In order to solve this
problem and select optimal safe landing point, hazard cost based on relative distance to
hazard should not be considered as well as cost based on terrain parameters. In this
paper, the effect of hazard cost based on relative distance to hazard on safe landing
performance was analyzed and it was confirmed that landing site designation with two
relative distances to hazard results in the best safe landing performance by an
experiment using three-dimensional depth camera.
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Table 1. Simulation conditon

Parameter Value
Reference DEM: size 87.5m
Reference DEM: resolution 0.1m
Altitude 500m
Lidar: FOV 10°
Lidar: resolution 100
Lidar: range error 0.02m(1-¢4)
Lidar: mirror angle error None

Lander footprint 5m
Probability at least a plane

without outlier(P 099
Rock distribution(o) 0.10
Tolerance: slope 5°
Tolerance: roughness 0.3m
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Table 2. Mean of slope and roughness

Terrain
parameter
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condition
Lunar 36.1 0.05
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Lunar
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Lunar
(smooth) 85 002
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Fig. 12. Lunar surface mock-up

Table 5. Experiment conditon

Parameter Value
Reference DEM: size 2.75x2.13m
Rock size: big 20cm
Rock size: medium 14cm
Rock size: small 11cm
Slant slope 13°
Altitude 2m
TOF cam: FOV 69°x56°
TOF cam: resolution 176(h)x144(v)
TOF cam: range error= 0.005m(1-¢)
Lander footprint 0.1m
Tolerance: slope 10°
Tolerance: roughness 0.05m

*Gaussian filter : kernal 50x50. standard deviation 5

FHo) thall SR4kE o] &3k Fig. 129 A<
oo sigste 3xd A FAHAAE Y53,
o]& o] &3l Table 59 A@=x7A3lol] 27 ol
e AP AEEaHES FIYSHATH
Fig. 132 13] @I FFS st HA
A Axk®l ZAE W DEM(@), 4AHb) 2 FEE
(c)) DTNR(d), DINS(e) 91@ =<} &8 AF=4
(Holtt. A Faetv el A4HAF, Fig. 13614 H
WA G T A B FEET HE D
ool el FiHow #2 e el A
FAL 5 o, o= npsh o] =¥
1739 sidste HEs AT FAE Zhe AR
o3l DTNR A8 5E @& #& DINS
EE B2 @S etk

Figure 14 SR4k o] 33 AgZAHAE ]
g3kl F 103 A3 AF dueEs FHS
Aot 3% Algdold Aot mriA=Z
ZAF5AHe] AYaerEtS 12 45 34

O

do ok ok
2 oo

o



9044 195, 2016, 1. ZEAY 9

o>,

Jri7ie 7k 52 A7 A 4 21

Grid index along © ]

‘Smeuth Rock-Free Elevstion [m] [m]

o
=
2
<
7
i
-
£
2
a

40 8 & 190
Gridindes aong 1 ]

(a)

Rouginess I DITNR Cost Map

40 80 &0
Gridindsy alorar fn]
{b)

Grid index alang ¢ [n]
3

1wt

40 60 [T
Gid index alang 1 ]
(c}

[N
Grdindex alorg ¥ jn)
(d)

DTNS Cest Map Hagard Goet

i Tl 0.4

| L = s
)

= |

1

Grid index slong ¢ [n]

rid

ZJE‘_A

W G0 B 10 120 4 8 @
Grid index alang r ] Grid indsx alarg ¥ [n]
@ )

Fig. 13. Safe landing experiment result;
smooth rock-free elevation(a),
slope(b), roughness(c), DTNR cost

map(d), DTNS cost map(e), hazard
cost map(f)
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Fig. 14. Landing site designation resulting
from hazard avoidance algorithm
using TOF camera’s
three—dimensional point cloud
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