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Abstract

On the moon as well as the earth, one of the easiest ways to understand geological formation history of
any region is to observe the stratigraphy if it is available, the order in which the strata build up. By analyzing
stratigraphy, it is possible to infer what geological events have occurred in the past. Mare Nubium also has
an unique normal fault called Rupes Recta that shows stratigraphy. However, a rover moving with whegls
is incompetent to explore the cliff since the Rupes Recta has an inclination of 10° — 30°. Therefore, a
quadruped walking robot must be employed for stable expedition. To exploration a fault with a four-legged
walking robot, it is necessary to design an expedition route by taking account of whether the stratigraphy
is well displayed, whether the slope of the terrain is moderate, and whether there are obstacles and rough

texture in the terrain based on the remote sensing data from the previous lunar missions. For the payloads


https://crossmark.crossref.org/dialog/?doi=10.52912/jsta.2021.1.1.64&domain=pdf&date_stamp=2021-5-31

J. Space Technol. Appl. 1(1), 64-75 (2021)

required for fault surface exploration we propose an optical camera to grasp the actual appearance, a
spectrometer to analyze the composition, and a drill to obtain samples that are not exposed outward.

sl : TR 4% R 23 24, JAEE, B, 780 v
Keywords : Lunar exploration, quadruped walking robot, stratigraphy, Rupes Recta,
fault, Mare Nubium
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Fig. 1. NeBula Spot modified by NASA JPL (left). NeBula Spot performing an operational test

in an earth lava tube for exploration of Mars caves (right). NASA, National Aeronautics and

Space Administration; JPL, Jet Propulsion Laboratory.
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Fig. 2. This is the Wide Angle Camera (WAC) image of the Lunar Reconnaissance Orbiter
Camera (LROC). (a) shows the position of Mare Nubium in white squares, and (b) shows the
location of Rupes Recta in Mare Nubium with white squares. (c) is the morphology of Rupes
Recta, which is the topography of the fault that extends in the north—northwest to south-

southeast direction.
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HA] A7 2 S8 35S AAdlof Sttt Fig. 3a: LRO9) Lunar Orbiter Laser Altimeter
(LOLA)®} Selenological and Engineering Explorer(SELENE)2] Terrain Camera(TC)S =g
3t 32k A= AH=(SLDEM)lAL[4], Fig. 3bi= 32HY 3% Abzol SELENE Multiband
Imager(MD2] 74 =& HAISE Zo|tH5]. Rupes Recta?] Z|go] EAE] o] =], EF

Elevation (m)
[ R
1732360 1736770

—

Olivine (w1%)

Fig. 3. The appearance of Rupes Recta as a three—dimensional image based on SLDEM
altitude data (double exaggeration applied). (a) It shows the SLDEM altitude, and the altitude
is higher as the color goes red. (b) As the data of SELENE Ml olivine content, the content of
olivine is higher as the color goes red. When viewed from the north—-south direction, it appears
that the content of olivine is high in the central, northern, and southern regions (red circles).
(c) SLDEM slope data shows that there is an intersection (red circle) between a place with a
high olivine content and a place with a high slope. Since the picture is displayed in three
dimensions, there is a sense of perspective, so the scale is not indicated. SELENE,

Selenological and Engineering Explorer.
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Fig. 4. It is an enlarged image of the place where the stratigraphy is well visible. It is the

middle of the red circle in 3(b). (a) SLDEM altitude data reveals the existence of craters
overlapping the fault plane. (b) It is data from SELENE Ml olivine, and the olivine content is
high in the upper part of the fault surface and relatively low in the lower part, so it can be said
that there is a stratigraphy. (c) SLDEM slope data show that the slope of the region with
relatively high olivine content is high. (d) With the LROC NAC image, show the actual shape
of the fault and identify texture and obstacles. SELENE, Selenological and Engineering

Explorer; LROC, Lunar Reconnaissance Orbiter Camera; NAC, Narrow Angle Camera.
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=

Fig. 5. The LROC NAC image is shown in Fig. 4(d) A partially enlarged view. The fault plane
appears dark due to a shadow caused by the solar incidence angle, which in contrast shows
that obstacles look bright (yellow arrows). At the bottom of the fault, a texture appears (red

circle). LROC, Lunar Reconnaissance Orbiter Camera; NAC, Narrow Angle Camera.
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Fig. 6. This is a 360° panoramic image of Mars taken with the Perseverance Mastcam~Z (Image

credit: NASA/JPL-Caltech/ASU/Malin Space Science System [MSSS]). NASA, National

Aeronautics and Space Administration; JPL, Jet Propulsion Laboratory.

SATel BEA, 3tet E4S 47] lsiA £87171 Z 85kt FEARIA 2 ARG
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A FEE T 4 k. 71E 2 YR E& A2+ MSLY Chemistry and
Camera complex(ChemCam; Fig. 7) Chemistry & Mineralogy(CheMin), Alpha Particle X-

ray Spectrometer(APXS)¥} Perseverance®] SuperCam, Planetary Instrument for X-Ray
Lithochemistry(PIXL)°] $1th.

Fig. 7. The appearance of MSL's ChemCam (Image credit: NASA/JPL-Caltech/MSSS). MSL,

Mars Science Laboratory; ChemCam, Chemistry and Camera complex; NASA, National

Aeronautics and Space Administration; JPL, Jet Propulsion Laboratory.
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Fig. 8. A drill mounted on the MSL (left) and a hole in the rock of Mars using a drill (right)
(Image credit: NASA/JPL-Caltech/MSSS). MSL, Mars Science Laboratory; NASA, National

Aeronautics and Space Administration; JPL, Jet Propulsion Laboratory.
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