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CLEMENTINE: AN INEXPENSIVE MISSION TO THE MOON AND 
GEOGRAPHOS; Eugene M. Shoemaker, U.S. Geological Survey, Flagstaff, AZ 86001, 
and Stewart Nozette, SDIOITNI, The Pentagon, R 1E167, Washington, D.C. 20301-7100. 

The Clementine Mission, a joint project of the Strategic Defense Initiative Org-anization 
(SDIO) and NASA, has been planned primarily to test and demonstrate a suite oi Iightweight 
sensors and other lightweight spacecraft components under extended exposure to the space 
environment. Although the primary objective of the mission is to space-qualify sensors for 
Department of Defense applications, it was recognized in 1990 that such a mission might also 
be designed to acquire scientific observations of the Moon and of Apollo asteroid (1620) 
Geographos. This possibility was explored jointly by SDIO and NASA, including 
representatives from NASA's Discovery Program Science Working Group, in early 1991. 
Besides the direct return of scientific information, one of the benefits envisioned from a joint 
venture was the development of lightweight components for possible future use in NASA's 
Discovery-class spacecraft. In January 1992, SDIO informed NASA of its intent to fly a 
"Deep Space Program Science Experiment," now popularly called Clementine; NASA then 
formed an advisory science working group to assist in the early development of the mission. 

The Clementine spacecraft is being assembled at the Naval Research Laboratory, which is 
also in charge of the overall mission design and mission operations. Support for mission 
design is being provided by the Goddard Space Flight Center and by the Jet Propulsion 
Laboratory. NASA's Deep Space Network will be utilized in tracking and con~n~unicating 
with the spacecraft. Following a recommendation of the COMPLEX committee of the Space 
Science Board, NASA will issue an NRA and appoint a formal science team in early 1993. 

Clementine is a 3-axis stabilized, 200 kg (dry weight) spacecraft that will be launched on a 
refurbished Titan-LIG. One of the goals has been to build two spacecraft, including the 
sensors, for $100M. Total time elapsed from the decision to proceed to the launch will be 
two years. Main features of the mission timeline are (1) launch on January 24, 1994; (2) 
insertion into an eccentric 5-hour lunar polar orbit on February 21, after 2- 112 phasing loops, 
(3) escape from lunar orbit on May 3; and (4) injection into a transfer trajectory to 
Geographos on May 27, following two Earth flybys and one lunar flyby. Clementine will 
encounter Geographos on August 31, 1994, in a fast flyby at a nominal miss distance of 
100 km. Clementine's complement of instruments of principal interest to the scientific 
community includes an ultraviolet/visible (UVNis) CCD camera, near-infrared and long- 
wavelength infrared imaging systems, and a combined high-resolution CCD camera-laser 
ranging system (LIDAR) [I]. The Lawrence Livermore National Laboratory is in charge of 
development and calibration of these instruments. 

The mission is designed to obtain complete coverage of the Moon with the UVIVis and 
near infrared cameras in 11 wavelength bands with centers distributed from 0.30 to 2.78 
microns. Ten of these bands were selected by the advisory science working group to obtain 
optimum lithologic discrimination using the available number of filter wheel positions. Phase 
angles will range from 0' to 28' near the lunar equator and up to 90' near the lunar poles. 
Periselene has been set at 400 krn; it will be shifted from 30' N latitude to 30' S latitude 
during the comprehensive imaging phase of the mission. Resolution (pixel size) at periselene 
will be -100 m in the UVIVis images and -150 m in the near-infrared images. The LIDAR 
camera will take long strings of images with 5-m pixel size and also range measurements with 
about 40-m range resolution at intervals of about 1 krn along the sub-spacecraft track. 

Clementine will approach Geographos from the dark side, at a phase angle of 140'. The 
spacecraft will be programmed to lock on the asteroid while passing from the dark to the 
sunlit side at high speed and close range. Maximum pixel size will be about 30 m with the 
UVNis camera, 40 m with the near- infrared camera, and roughly 1 m with the LIDAR 
camera. The long-wavelength infrared camera will obtain images of both the dark and sunlit 
sides with a maximum pixel resolution of about 8 m. 
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The plan for management of the scientific data acquired by Clementine is to prepare the 
data in usable form and to distribute them as quickly as feasible to the scientific co~llmunity 
on CDs through NASA's Planetary Data System [2]. The total data set from a fully 
successful Clementine mission, when uncompressed, will be comparable in volun~e to the 
data from the first cycle of the Magellan mission to Venus. These data should provide the 
basis for the next giant step in our understanding of the geology of the Moon [3] and of one 
member of the family of Earth-crossing asteroids. 
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