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Introduction: Global topographic models of
planet or satellite surfaces can be derived from laser
altimeter measurements as well as from photogram-
metric processing of stereo-image data. In 1994 the
Clementine spacecraft collected a global digital image
dataset that allowed topographic measurements at
scales of 500 to 1000 meters [1,2]. The LIDAR in-
strument onboard Clementine provided semi-global
altimetry data for latitudes up to 60-70° (N and S) with
a spacing of up to several tens of kilometers at the
equator [3]. A global model representing the Unified
Lunar Control Network 2005 is described in [4]. The
LALT altimeter onboard the Japanese Kaguya mission
[5] provided a global lunar topography model with
longitudinal gaps of up to 10 km at low latitudes. To-
pography data from the Chinese Chang’e-1 mission
are expected from photogrammetric stereo and laser
altimetry [6], but products are not yet released.

We present our current investigations on the re-
trieval of almost global lunar topography at a scale of
few hundred meters from data of the Wide Angle
Camera (WAC) of the Lunar Reconnaissance Orbiter
Camera system (LROC, [7,8]). From polar orbit tracks,
LROC WAC provides image data with substantial
across-track stereo coverage. After the commissioning
phase (until September 15, 2009), which was charac-
terized by an elliptical orbit (45-190 km), LRO is now
in the primary mission phase circular orbit, with orbit
altitude varying about a mean of 50 km. LROC is
complemented by two narrow angle cameras (NAC-
L/R, [9,10,11,12]), that allow for local high-resolution
stereo mapping. We have adapted our DLR photo-
grammetric processing system for Mars Express
HRSC [13,14] to carry out the LROC WAC data
analysis we describe here.

WAC data: The LROC WAC consists of a 1k x
1k CCD frame which is split up into sub-frames for
seven different spectral bands, two ultraviolet bands
and five bands in the visible spectrum. While at near
polar regions (|latitude| > 80°) WAC is usually oper-
ated in monochrome mode, all color bands are used for
mapping at other latitudes. For the stereo processing
described subsequently we used these WAC data of
the visible bands, which comprise 704 pxl/line. Each
band consists of 14 lines/subframe, while subframes
form an image strip using the pushbroom principle
(“push-frame”). WAC’s IFQV is about 5.1 arcmin, its
ground scale from 65 km orbit altitude is about 100

m/pxl.. While camera distortion parameters have been
calibrated prior to launch, there were no prelaunch
camera/spacecraft alignment data for WAC. SPICE
kernels finally provide information about spacecraft
clock, nominal orbit position, and pointing data.

ern hemisphere, Stereographic projection (preliminary re-
sults using data until Nov 25, 2009. Heights from -9,000 m
(blue) to 10,750 m red/pink (gaps in white).
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WAC alignment: First analysis of NAC stereo
models indicated that the absolute accuracy of or-
bit/pointing data appears to be in the scale of the WAC
IFOV [12], thus we use the default orientation data
without further adjustment, as well as we also use the-
nominal camera distortion model (currently no evi-
dence of additional distortion). We could derive a sub-
stantial improvement of the WAC alignment by com-
paring DTMs from WAC data of different spectral
bands, since bandwise sub-frames are placed on differ-
ent positions within the focal plane and form models at
different height levels in case of inaccurate alignment.

WAC DTM generation: Within the overlap of
WAC images from adjacent orbits we carry out area-
based image matching. With the derived image coor-
dinates and the alignment corrections we then derive
ground points by 3D forward ray intersection [15].
From nominal 50 km orbit altitude we obtain approx.
50% overlap and 30° stereo angle at the equator. Sin-
gle WAC images within an orbit cover 10° of latitude
with small gaps between these images.

Current results: We selected the entire WAC ste-
reo data of the first 5 months, acquired during com-
missioning and nominal mission phase until November
25, 2009 to derive a preliminary DTM with a grid
spacing of 1 km (Fig. 1). This model consists of more
than 350 million points (~10 points/lkm?) from almost
7,000 single models. The image resolution varies from
60 to 100 m/pxl. The mean 3D forward ray intersec-
tion error is about 50 m, mainly caused by or-
bit/pointing uncertainty, but still within the WAC
ground resolution. In order to minimize blunders we
used only those points with 3D intersection accuracy
better than 150 m. Comparisons were made to LALT
data, indicating that the standard deviation is 80 m
between the data sets, but we do not see a systematic
bias. Apart from latitudes > 80°, which have currently
been excluded from processing because of low solar
elevation, the coverage is > 98% for the northern and >
94% for the southern hemisphere [Fig. 2].

Summary and outlook: The systematic acquisi-
tion of overlapping wide-angle images from polar or-
bits is a powerful strategy that enables us to carry out
global topographic mapping by photogrammetric ste-
reo processing. Using WAC image data of <100 m/pxI
a preliminary lateral resolution of 1 km could be de-
rived. This will be refined subsequently, up to a reso-
lution of about 200-500 m for all latitudes. Within the
first five months of the mission, we could already
achieve a coverage of about 96% for latitudes up to
80°. Remaining gaps will be filled with data of the
next months of the LRO mission. Polar regions, which
suffer from poor illumination conditions, have cur-
rently been excluded, but will also be subject to stereo
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processing. Nevertheless, these regions with crater
floors in eternal shadow can be covered properly using
laser altimetry data of the LRO LOLA instrument [16].
We will intensively use both datasets for detailed
comparison and will also investigate the possibil-
ity/necessity to merge both for the generation of a joint
topographic dataset of the entire lunar surface.

Fig. 2: Mare Orietale, 1,00 X 1,100 km?, local Lambert
Azimuthal projection, 1 km grid. Heights from -4,400 m
(blue) to 9,400 m red/pink (gaps in white).
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