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The Metric Camera on board the Apollo 15, 16 and
17 missions captured high resolution images that have
been scanned and made available by a joint effort at JSC
and Arizona State University. Using advanced and fully
automated mapping and image processing techniques the
Intelligent Robotics Group (IRG) at NASA Ames has
recently released a complete terrain map of the Apollo
Metric zone that covers approximately 18% of the Lunar
surface at a resolution of 30 m/pixel. The average verti-
cal error compared to LOLA altimetry data is around 40
m.

Apollo Metric Camera Data

The Apollo Metric camera (AMC) images are scanned at
an approximate resolution of 20,000× 20000 pixels and
10 m/pixel [1]. These images have an average overlap
of 75% between adjacent images within the same orbit.
Figure 1 shows an example of a scanned stereo image
pair captured by the AMC. The main challenge in build-
ing the high resolution terrain maps from the Apollo im-
agery consist in dealing with the imprecise recordings in
the camera location and with image artifacts due to noise
in the camera path and the scanning process.

Figure 1: Apollo metric camera stereo pair.

The Processing Pipeline

The terrain maps were developed using Vision Work-
bench (VW) and the Ames Stereo Pipeline (ASP) which
are open source software libraries developed within IRG
and contain functionality able to deal with the above
mentioned data noise [2]. The camera positions and ori-
entations are jointly adjusted using a robust bundle ad-
justment technique. This technique [3] automatically

and efficiently detects and matches a set of image fea-
ture points and refines the camera locations by reducing
the reprojection error of the 3D points corresponding to
these image feature points. This bundle adjustment tech-
nique uses a robust statistical solution based on the stu-
dent T distribution and is able to automatically detect and
reduce the effects of outliers and incorrect image feature
matches. The final control solution uses a set of ground
control points from LRO WAC imagery. This technique
is able to correct incorrect camera positions up to 2-5km.

The dense disparity maps are obtained by using
stereo correlation between adjacent images within the
same orbit. The stereo correlations are computed using
a statistical robust stereo matching method [4] included
in VW and ASP libraries. This method uses a Bayesian
formulation to simultaneously determine the best affine
match between image blocks in the stereo pair and to re-
duce the effect of image noise and artifacts.

The 3D terrain models are computed from the above
disparity maps using ISIS camera models and the cor-
rected 3D position and orientation determined by the
bundle adjustment method. Finally the overlapping ter-
rain models are combined together into a large scale re-
gional mosaic illustrated in hillshade and colorized hill-
shade in Figures 2 and 3 respectively. Figure 4 displays

Figure 2: Hillshade of the Apollo Metric terrain recon-
struction.

.

the colorized hillshaded DTM over the Clementine im-
age baseline and displayed in Goolgle Earth - Moon.

Error Analysis

Figure 5 displays the terrain confidence measured from
the DTM variance among the overlapping terrain mod-
els and computed from multiple stereo pairs. The results
are quantified in four levels and displayed in four gray
level tones that represent standard deviations in the range
0-25m, 25-50m, 50-75m and 75-100m. Light regions
represent areas with high confidence while black regions
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Figure 3: Colorized hillshade of the Apollo Metric ter-
rain reconstruction.

Figure 4: Colorized hillshade of the Apollo Metric ter-
rain reconstruction displayed in Google Earth/Moon.

represent invalid data or elevation values with standard
deviation over 100m. The accuracy of the reconstructed

Figure 5: Confidence map of the Apollo Metric terrain
reconstruction.

terrain is measured using LOLA tracks. The average ver-
tical error is 40.9m and the standard deviation is 37.8m
The average horizontal error is 91.3m and the standard
deviation is 53.0m.

Conclusions and Future Work

This paper introduces the 3D terrain map of the Apollo
Metric zone and describes the processing methods used

in generating this product. The Apollo zone 3D ter-
rain model represents the highest resolution (30m/pixel)
map for 18% of the Lunar surface coverage available yet.
The open source software libraries developed for gener-
ating these mapping products have been released in open
source and will be adapted and used in the future for
mapping other planetary bodies including small irregu-
larly shaped bodies and NEOs.
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