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1. INTRODUCTION

The Japanese space mission, LUNAR-A, is designed to stugdy the inlemnal structures and evolution of the Moon by
means of (he "penclyators®, which observe moonquakes and heat flux at the lunar surface, and by Lunar Imaging
Camera (LIC) onboard the osbiter. The LUNAR-A spacecrafl is spin-stabilized and orbils the Moon at altitudes of 200-
300 km to relay data from the penetralors afier they are separated from the spacecrafl and deployed beneath the lunar
surface for about a year. From this Datarelay orbii, LIC takes images of sclected areas in the low- to midlatitude
regions of the Mooa.

LIC is a monochromatic visible camera. The spacecraft spins about the axis pointing approximately toward the
Sun. The camera has 2 Enear CCD placed parallel to the axis, and obtains an image using the spin motion. Therefore,
the camera takes images in {he ofientations nearly perpendicular from the Sun. This geomelrical coastraint allows us
to recognize subtle selenomorphological undulations in the images with oblique solar illumination acar the
terminator. When the spaoecraft aflitude is 250 km, the spatial resolution of an LIC image is about 25 m/pixe} al the
surfzce of the Moon.

The LIC images are comparable with or better thas the images in resolulion obtained by the Lunar Orbiter,
Apollo and Clementine missions. The cameras onboard the Clementine spacecraft globally mapped the Moon in 11
colors al an average surface resolulfon of about 200 m/pixel (Nozelte et al. 1094). Photographs with much belter
resolutions were taken by the onboard cameras of the Apollo serics. However, the photographed areas were Emited
by the short misston time. The highest resolved images for the remalning regions wese taken by the Lunar Orbiter
missions (Trask and Rowan 1967). The spatial resolution was from &) to 100 m for most of the nearside of the Moon
and from 150 to 300 m for most of the farside.

LIC is not aimed at global mapping, but is designed to oblain thousands of high resolution images of specific
areas in low- to mid-latitude regions, where the spatial resolution of the previous images were not sufficient to
investigate the topography and optical properties of the lunar surface. This article outlines the scientific objectives in
section 2 and specification of LIC in section 3. The results of the prefright fests are reporied in section 4 and an
operation plan of LIC is presented in section 5.

2. SCIENTIFIC OBJECTIVES

The scientific objectives of the LIC observation cover impact craters, tectonic features, volcanic features, and
photometric properties of the surface material and texture, In this chapter we give a brief outline and focus on some of
topics for each of the above targets.

2. 1. IMPACT CRATERS

High-resolution images of LIC enable us to study the statistics and morphology of small craters. Detailed
geologic and geomorphologic studics of large basins and complex craters by LIC will provide constraints on the
cratering mechanisms, ejecta material distribition, pre-impact target structure, and post impact evolutional processes.

(2) Regional crater chronolegy by small impact crasers

Agcofﬂnclunnrmrfz:cisrﬁnsﬂyes&nalcd from a population density of craters on the area. Using low-resolution
images, on relatively younger surface, lack of large craters makes it difficult to determine precise age. Moreover, a
crater counting on Imagns taken at high sun lighting conditions (e.g. Clementine UV-VIS) has difficully in recogmiziag
small craters. With oblique flumination, small bowlshaped craters can be recognized by 34 pixels on surface images.
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Totle 5-2 Summary of eoftware and the function of LIC ground system

Software Funrtion Detail of function
LIcLop Longterm imaging plan Interactively preview imaging area on the lunar map for
imaging planaing for scienfists.
LICOP Imaging area visualization Preview the plausible imaging area on the lunar image.

A short-range imaging planning Generate weekly imaging plan by specifying the time or by
the area to observe. List all the possible imaging period
within the designated period.

ORL file generation Geaerate ORL files from the shortdesm imaging planning.

BC generation support Create the MODE_SET BC command from imaging
parameters specified on the screen to assist planning of
target imaging.

LICqQL Quick look of telemetry related | Receive either of in realtime telemetry or one reproduced
to LIC from the storage, browse HK of LIC and the instruments
related to LIC.

Depacketing of dala Creale an image file (PGM and/or JPEG and its picture
header by depacketing telemetry data.

AUTODECO Uncompress JPEG images Decode a JPEG image into 2 PGM image.
GE Header addition Add imaging geomelry and other informatioa as header.

Radiometric calibration Perform flatficlding.

Geomelric calibration Project the image onto cither of Mercator or sinysoidal map
coordinates. )

LICTIME Determination of time in UTC Coavert T1 counter{onboard time count) iato UTC, by
correcting hardware aad transmission delays and by
calibrating temperature dependence of X'tal oscillator.

Implementation of underiined iterns has not yet been completrd.

LIC is a small, compact and lightweight camera, which consequently constraints its hardware performance and
operation. First, the signal from odd and even pixels of the CCD is read separately and then compressed using an
irreversible algorithm. Accordingly, the compression error became the dominant error after the usual electrical noise
was reduced. The adjustment of the dark levels of the odd and even pixels within an appropriate range at the
operating temperature during the lunar orbiting phase was a significant issue during development of the camera
syslem. Second, since the camera uses the spin motion of the orbiter to capture two-dimensional images, we faced a
challenge of how to obtain two-dimeasional images in the ground tests in a simpler way. Third, LIC has no hood
owing to weight limit. The solar paddle will block (he direct sunlight to the camern, but the possibility of stray light
originating from the light reflected from the lunar surfzce was not considered in the optical design of the LIC.
Therefore, we conducted a test to make a rough estimate of the magnitude of the possible stray light from the lunar
surfaoe outside the FOV of LIC.

The nominal downlink bit-rate during the lunar orblting phase will be 8Kbil/s and the fotal storage capacity of the
LDP is 10 Mbytes, while LIC can use the part of it. An optimal allocation of the imaging plan I3 highly required and we
need to plan the imaging for the entire mission phase roughly and then in more detall one week ahead of the imaging.
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Software supporiing for the imaging planning was developed for this purpose.

LIC will provide thousands of monochromatic images of the lunar surface with a spalial resolution of about
25m/pixel. The unique observation condition resulting from the large phase angle of LIC will give valuable
information on the detailed topography of the lunar susface.
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This appendix presents the application of the data flow
diagram for time delayed teleoperation (DFT-TDT) to
sorne of the proposals deseribed in sections 3 and 4, For
details of the DFT-TDT, please refer 1o section 5,
Bilatera) control with time delay based In passivity
{Anderson-89)

Generalized matrixes of master and slave:

vo=[s]  w=lx 1] ™
Processing blocks:

A= x,=x,

o= L +nlag, ~x)

(8)

8= x,=x, "'%(f-r'f.)'af- 9)

Cs x=x, “‘“—lg(.ﬁr -1} (10)
D= f, = fy+n'(x, - xp) (n
Es V,=V¥, a2

Notes:
® The slave position is controlled with PD.
® o is a compliance factor
® n is a scale factor between forces and veloci-
ties ‘
¢ £ in the proposal is not the force sensed by the
force/lorque sensor on the slave, but the force/
torque command to the actuators.
Bilateral control for ideat kinesthetic coupling

[Yoshikawn-96)]
Generalized matrixes of master and slave:
V=[x, 2] V=[x /] (13)
Processing blocks:
A=V, =LPF(,) (14)
Bs x,=x,
L=k S+ L 13
C= V,=LPFV)} (16)
Pz X.ux,
Su=hp Lot fn an
E= V.=V, (18)

Notes:
® Inside the master and the slave blocks there is
an algorithm for the cancellation of their dy-
namics
¢ kyis o foree reflection factor.
® LPF: Low Pass Filtcr,
Bilateral control with telemonitoring [Lee-93)
Generalized matrixes of master and slave:
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