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Figure 1. The Clementine s atellite wa s de signed to demon strate performance of lightweight
imaging s en s ors and component technologie s developed for the Ballis tic Mis sile Defen s e
Organization. This s pacecraft mea s ured 1.88 m in diameter and wa s 1.14 m long.
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Figure 2. Path of Clementine on it s  way to the Moon. The s pacecraft completed two and one-half pha sing loop s about Earth’s  pole s  before
entering lunar orbit.
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Figure 3. Typical lunar orbit s  during the fir s t (a) and s econd (b) month s of mapping. The orbit wa s adju s ted to maintain a near con s tant
s olar illumination of the s urface during imaging. The Clementine s atellite orbited the Moon from the South Pole to the North Pole, obtaining
optimal range mea s urements  between –80 deg and +80 deg latitude (light s hading) and image s between –90 deg and +90 deg latitude (white).
Als o s hown are the apo s elene (farthe s t approach) and peris elene (clo s e s t approach) of the s atellite to the Moon.
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Z

Figure 4. The graph s hows the diffu s e reflectance of s ample s of extraterre s trial materials  a s  a function of wavelength. The s e s ample s,
returned to Earth from variou s s pace mis sion s, provided u s with the wavelength s of intere s t in de signing the camera s and s en s ors  for
Clementine. The vertical line s in the graph indicate the center wavelength s of the filter s  for the camera s, three of which are s hown here. The
filter s  u s ed for each camera can be identified by matching the color of the filter line to that of the box s urrounding the camera. Als o s hown is
the relevant portion of the electromagnetic s pectrum.
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Figure 5. (a) Two Star Tracker Stellar Compa s s e s were u s ed to
provide inertial reference for the Clementine s atellite. Each Star
Tracker weighed only 0.29 kg. (b) This  image wa s taken by the Star
Tracker on February 15, 1994, from the Clementine s pacecraft
during it s  s econd loop around Earth prior to lunar orbit. Triangle s
illu s trate how a s tar match is  achieved by comparing the po sition
of detected objects  with an on-board databa s e of triangle s  prebuilt
from s tar po sition s lis ted in a whole-sky s tar catalog. In this  ca s e, a
match with the Southern Cro s s con s tellation, s hown in yellow, wa s
achieved.

(a) (b)



Ñ.+ô)fiBƒáÊB˙ÁÊ›Ê)ƒô)ÊB›ômmôÔ)"BƒáÊ
m$Ê…ƒ+?ÁB7?)˝mB…Ô<Ê+Ê˝B7†BƒáÊB)Ê?+•
ô)`+?+Ê˝B…?›Ê+?B?ÁÁÔ∑Ê˝Bm…ôÊ)ƒômƒmBƒÔ
Ô7ƒ?ô)B›ô)Ê+?ÁBƒ†$ô)fiB˝?ƒ?B`Ô+B¸MMΩ
›?$$ô)fiBÔ`BƒáÊBëÔÔ)·B\ôfi.+ÊB¸¸
máÔ∑mB?B<ôÊ∑BÔ`BmÊ<Ê+?ÁBÁ.)?+B…+?ƒÊ+m
…?$ƒ.+Ê˝B7†BƒáÊB)Ê?+•ô)`+?+Ê˝B…?›Ê+?˘
\ôfi.+ÊB¸- máÔ∑mB?B<ôÊ∑BÔ`BƒáÊB9Z•2›•
˝ô?›ÊƒÊ+B4†˝7Ê+fiB…+?ƒÊ+·

íôÏœ•4ÎmÔÁfi¢ôÔ¸Bˆ?cÎ+?
«áômB¸·¸•2fiB…?›Ê+?BÔ$Ê+?ƒÊmB?ƒ

<ômô7ÁÊB∑?<ÊÁÊ)fiƒámB*M·ù¸ZBƒÔBM·{ZB¨›1
∑ôƒáBmôÁô…Ô)B˙˙ÑBƒÊ…á)ÔÁÔfi†B…Ô›7ô)Ê˝
∑ôƒáB?B…Ô›$?…ƒ"BÁôfiáƒ∑Êôfiáƒ ô›?fiÊ
ô)ƒÊ)mô`ôÊ+·BxBmôr•$ÔmôƒôÔ)"Bm$Ê…ƒ+?Á
`ôÁƒÊ+B∑áÊÊÁB$+Ô<ô˝Ê˝Bô›?fiÊ+†Bô)
˝ôm…+ÊƒÊBm$Ê…ƒ+?ÁB7?)˝m·

xmB?)BÊr?›$ÁÊBÔ`BƒáÊB…?›Ê+?cm
…?$?7ôÁôƒ†"B\ôfi.+ÊB¸9 máÔ∑mB?)Bô›?fiÊ
Ô`B[?+ƒáBƒ?2Ê)B7†BƒáÊBáôfiá•+ÊmÔÁ.ƒôÔ)
…?›Ê+?B`+Ô›BÁ.)?+BÔ+7ôƒB?ƒB¸-ZMB2›
?7Ô<ÊBƒáÊBm.+`?…ÊBÔ`BƒáÊBëÔÔ)B?)˝B?ƒ
?B˝ômƒ?)…ÊBÔ`B9,ù"MMMB2›B`+Ô›B[?+ƒá·
Ñ.+ô)fiBƒáÊBÁ.)?+•›?$$ô)fiB$Ô+ƒôÔ)BÔ`
˙ÁÊ›Ê)ƒô)Ê"BƒáÊB…?›Ê+?B$+Ô˝.…Ê˝
áôfiá•+ÊmÔÁ.ƒôÔ)Bô›?fiÊmB`Ô+B›ô)Ê+?Á
ƒ†$ô)fiBÔ`BƒáÊBÁ.)?+Bm.+`?…Ê·

>§Ñx4B;†m¢Îc
«áÊBÔ$ƒô…mBÔ`BƒáÊBáôfiá•+ÊmÔÁ.ƒôÔ)

…?›Ê+?B?ÁmÔBmÊ+<Ê˝B?)ÔƒáÊ+B$.+$ÔmÊ
Ô)BƒáÊB˙ÁÊ›Ê)ƒô)ÊB›ômmôÔ)"B)?›ÊÁ†
+?)fiô)fi·B*4?)fiÊB›Ê?m.+Ê›Ê)ƒmBô)BƒáÊ
…Ô)ƒÊrƒBÔ`BÔ+7ôƒô)fiBƒáÊBëÔÔ)B?+Ê
›Ê?m.+Ê›Ê)ƒmBÔ`BƒáÊB˝ômƒ?)…ÊB`+Ô›

ƒáÊBm$?…Ê…+?`ƒBƒÔBƒáÊBÁ.)?+Bm.+`?…Ê·1
«áÊBÁ?mÊ+•+?)fiô)fiB?Áƒô›ÊƒÊ+Bmá?+Ê˝
ƒáÊBÔ$ƒô…mBÔ`BƒáÊBáôfiá•+ÊmÔÁ.ƒôÔ)
…?›Ê+?B?)˝B∑?mB.mÊ˝BƒÔBÔ7ƒ?ô)
?Áƒôƒ.˝ÊB›Ê?m.+Ê›Ê)ƒmB˝.+ô)fi
›?$$ô)fiBÔ+7ôƒmB?+Ô.)˝BƒáÊBëÔÔ)·
«áÊB>§Ñx4B∑?mB.mÊ˝BƒÔB˝ÊƒÊ+›ô)Ê
ƒáÊB+ÊÁ?ƒô<ÊBáÊôfiáƒmBÔ`B`Ê?ƒ.+ÊmBÔ)
ƒáÊBëÔÔ)cmBm.+`?…Ê·

xB…Ô›$?…ƒ"BÁôfiáƒ∑Êôfiáƒ"B˝ôÔ˝Ê•
$.›$Ê˝"B)ÊÔ˝†›ô.›"Bô)`+?+Ê˝B
*¸·MÇB¨›1BÁ?mÊ+B›?).`?…ƒ.+Ê˝B7†
ë…ÑÔ))ÊÁÁBÑÔ.fiÁ?mB˙Ô+$Ô+?ƒôÔ)
$+Ô<ô˝Ê˝BƒáÊBáôfiá•Ê)Ê+fi†B$.ÁmÊm
*¸,MBëR1B)ÊÊ˝Ê˝B`Ô+B+?)fiô)fiB?ƒBÁ.)?+
˝ômƒ?)…Êm·B§)BÊmmÊ)…Ê"BƒáÊBÁ?mÊ+
ƒ+?)m›ôƒƒÊ+B$ô)fiÊ˝BƒáÊBëÔÔ)cmBm.+`?…Ê
`+Ô›B?)B?Áƒôƒ.˝ÊB?mB`?+B?mBÇùMB2›·

î'«4Bùfi¸ÎBnéé– ;?¢ÎÁÁô¢ÎB«Î…œ¸ÔÁÔÏ†

{

Figure 6. A Star Tracker view of Earth’s limb (i.e., outer edge). 
The airglow caused by Earth’s  atmo s phere and the light from major
urban area s are visible.

Figure 7. A compo site of the Moon made from six s eparate Star
Tracker image s.
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Figure 8. (a) to (e)
The African continent
on Earth imaged by
the ultraviolet/visible
camera at five different
wavelength s on a
clear day, March 13,
1994, from a dis tance
of 384,000 km while
Clementine orbited the
Moon. (f) A broadband,
compo site view of the
African continent.

Figure 9. The crater Tycho on the Moon,
viewed by Clementine’s  ultraviolet/visible
camera on February 28, 1994, from an
altitude of 425 km. This  image s hows
reflected s unlight at 1000 nm. The Tycho
crater is  about 80 km in diameter.

(a) (b)

(c) (d)

(e) (f)



Figure 10. A mo s aic of 1500 image s taken by the ultraviolet/
visible camera of the lunar South Pole. The image s reveal for the
fir s t time a 300-km-wide depre s sion near the pole, probably an
ancient impact ba sin, that may never receive s unlight. (Courte sy of
NASA, Naval Re s earch Laboratory.)
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Figure 11. This  partial view of the Moon’s  Ca s atu s and Klap’roth
craters  wa s captured by the near-infrared camera on April 25, 1994.
The image s hows reflected light at 1.25 mm from an altitude of
about 1300 km. The image is  of an area 125 km ¥ 125 km.

Figure 12. A view
of the 35-km-
diameter Rydberg
crater taken by the
near-infrared
camera on March 6,
1994, from an
altitude of 460 km.

Ca s atu s

Klap’roth
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Figure 13. An image of Earth taken by
the high-re s olution camera on March 13,
1994, from lunar orbit at 1250 km above the
s urface of the Moon and 384,000 km from
Earth.

Figure 14. Operating in the thermal infrared region of the s pectrum (8 to 9.5 µm), the long-
wave infrared camera wa s u s ed to mea s ure thermal emis sion from the Moon’s  s urface.

Figure 15. Detailed
image s of the Moon
made po s sible by four
of the LLNL-developed
cameras that Clementine
carried. A map of the
lunar North Pole
(latitude = 82° N;
longitude = 104.6° E)
provided by the U.S.
Geological Survey can
be u s ed for comparis on.
This  map (upper left),
dating from 1985, wa s
the state-of-the-art before
the Clementine mis sion.
Far greater detail is  s een
in image s from the
ultraviolet/visible, high-
re solution, near-infrared,
and long-wave infrared
camera s. The latter four
image s were taken
during Clementine’s fir s t
lunar-mapping orbit on
February 19, 1994.

U.S. Geological 
Survey map

Ultraviolet/visible image

High-re s olution image

Lunar North Pole

Near-infrared image

Long-wave infrared image
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