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Introduction:  The Clementine mission was the 

last Lunar mission to provide nearly global coverage of 
the Moon with framing cameras.  The data set suffers 
from two serious problems for use in stereophotocli-
nometry (SPC) [1] processing.  First, because the 
Clementine images were collected for multispectral 
analysis the Sun was at a high elevation to minimize 
shadows, which provides little information about small 
scale topography and second, the ancillary informa-
tion, particularly the camera pointing, was unreliable.   
These problems are ameliorated to some degree near 
the poles, since the Sun is lower in the sky and cover-
age by multiple images reduces the impact of camera 
pointing errors.   

For the last few years we have been constructing 
the topography near the poles using SPC with 
Clementine images, with a few Lunar Orbiter images 
added to increase image coverage at lower latitudes.  
The resulting topography is being compared with the 
Lunar Orbiter Laser Altimeter (LOLA) data [2, 3].  
The LOLA data has not been processed for cross over 
analysis so there are still errors in the LOLA data.  
These errors are within the 500 m resolution of the 
Clementine topography data.  This should not greatly 
affect the comparisons. 

Processing: SPC creates small digital “maplets” by 
minimizing the brightness residuals between many 
images and the reilluminated maplet to estimate the 
slope and albedo at each pixel.  The slopes are then 
integrated to produce the topography.  The central 
pixel of each maplet is used as a control point in a 
global solution for camera pointing and body-fixed 
maplet location. The maplet topography is then 
stitched together to produce the final map.   

Error sources: Errors in nominal camera pointing 
feed directly into errors in maplet location and the 
camera pointing solution.  LOLA maps have become 
available recently, and these have been used to reduce 
the camera pointing uncertainty by correlating illumi-
nated LOLA topography with Clementine images.   
This was done for all Clementine orbits and within 50° 
of the poles.  The differences between these pointings 
and those from the Clementine catalog were signifi-
cant, but in may cases systematic.  The lower concen-
tration in figure 1 comes primarily from revs 1-50, and 
the upper one from revs 51-300.  Some orbits showed 
significant variation between the northern and southern 

portions, and there are clearly many images with sig-
nificant pointing errors.   For the well-behaved orbits, 
the nominals were corrected by subtracting a constant 
offset from the catalog values.  The LOLA pointing 
solutions were used only to produce reasonable nomi-
nal ranges and not for each separate image in order not 
to prejudice the results of the study. 

One of the strengths of SPC is that it can handle 
multiple images with wide ranges of resolution, view-
ing geometry and illumination.    At lower latitudes the 
number of Clementine images covering any particular 
point is reduced and the Sun is higher in the sky, in-
creasing errors in both the topography and maplet loca-
tion solutions.  A final source of errors comes from the 
occasional mis-identification of a maplet in an image.  
This is more likely to occur in images with large point-
ing errors.  A procedure for rapidly identifying prob-
able errors of this nature has been developed.    

 
Figure 1.  Pointing residuals between Clementine cata-
log and LOLA maps.  Axis length is 25 mrad (1.4°). 

 
Topography: Over 65000 99x99 pixel maplets 

have been constructed at resolutions of 500 and 220 
m/pixel from more than 36000 Clementine and LO 
images.  The formal vector uncertainty in maplet loca-
tion was 230 m, with a RMS postfit residual for these 
locations of 290 m.  These maplets have been com-
bined to make stereographic projections of the poles at 
500 m resolution, in the North down to latitude 58° N 
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and in the South up to 53° S.  There is data in the 
North down to 53° N as well, but we are trying to deal 
with several outliers with poor coverage and illumina-
tion conditions.  The South also has outliers in these 
low latitudes for the same reasons.   
 

 
Figure 2.   Lunar topography north of 58° at 500 m 
resolution. 
 
 

 
Figure 3.   Lunar topography south of -53° at 500 m 
resolution. 
 
Current Status:  The North polar topography was 
compared to the LOLA 100 m map.  The mean resid-
ual was -107 m with a standard deviation of 247 m and 

the South had a mean residual of 1.25 m with a stan-
dard deviation of 258 m.  Both are consistent with the 
formal uncertainties in the SPC solution.  There were 
some significant outliers in the fit, and many of these 
are flagged for separate processing.   The current study 
was restricted in its choice of data.  The SPC software 
is capable of using both framing camera and line scan 
data, and is currently being used to produce meter level 
maps with LRO NAC images.  In the future, we hope 
to use SPC to produce global topography maps by 
combining imaging data from LRO WAC, Clementine, 
Apollo, Kaguya, and other missions.  
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