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Introduction: The Lunar Reconnaissance Orbiter 

Camera (LROC) was launched as part of the Lunar 
Reconnaissance Orbiter (LRO) payload in June 2009 
[1]. LROC acquires stereo images with the Narrow 
Angle Cameras (NACs) by slewing off-nadir for at 
least one of two sequential orbits [2]. Since the Moon 
rotates relatively slowly, the subsequent overlapping 
images have nearly identical lighting conditions and an 
appropriate parallax angle (20°- 45°) for extracting 
high resolution (2 - 5 m) Digital Terrain Models 
(DTMs) [1]. To date, LROC has acquired > 3,500 ste-
reo observations of the lunar surface, 349 sets of which 
have been reduced to DTMs and released to the NASA 
Planetary Data System (PDS). Additionally, where 
multiple sets of stereo images overlap, 34 large area 
DTM mosaics have been created. 

DTM Generation: We generate DTMs using a 
combination of the Integrated Software for Imagers 
and Spectrometers (ISIS) from the USGS and SOCET 
SET by BAE Systems [3,4]. Images are pre-processed 
and camera parameters are retrieved in ISIS, and then 
the images are imported into SOCET SET for bundle-
adjustment, DTM extraction, and orthophoto genera-
tion [2]. Ground control is found by registering prelim-
inary DTMs to LOLA profiles that were converged 
with the GRAIL gravity model to improve absolute 
uncertainties to 10 m horizontally and 1 m vertically 
[5]. LROC NAC DTMs produced at ASU have offsets 
from LOLA less than those uncertainties (Fig. 1). 
Completed DTMs, orthophotos, and associated derived 
products, such as slope maps and color shaded reliefs, 
are archived to the PDS accessible through the LROC 
web portal [6]. For detailed information on LROC 
NAC DTM production, refer to [2]. Many older DTMs 
that did not meet our current standards have been re-
generated and re-released to the PDS. A complete list 
of remade DTMs, their PDS version numbers, and cre-
ation dates will be hosted on the LROC website [6].  

Stereo images targeted for  DTM creation cover a 
variety of sites of high scientific value, including Co-
pernican craters, recent impacts, small-scale tectonic 
features (i.e. lobate scarps and graben), and various 

types of volcanic features, swirls, and anorthositic 
sites. Some of these features cover areas larger than 
one set of NAC stereo images. In this case, multiple 
sets of stereo images are targeted for that region. Alt-
hough the lighting conditions may vary widely from 
set to set, it is possible to tie these images together into 
almost seamless large area mosaics. Some examples of 
these are Highland Ponds (27 stereo pairs), Lichten-
berg Crater (13 pairs), and the Taurus Littrow area 
(Apollo 17 Landing Site, 9 pairs; Fig. 2). 

 
Figure 2: Colorshaded Relief of Taurus-Littrow area 
(NAC_DTM_APOLLO17) centered at 20.35°N, 
30.78°E. 

Locating Stereo Products: There are several ways 
for users to browse and retrieve DTM products and 
sets of stereo images via the LROC website and PDS 
node. To identify whether NAC DTMs have been 
made for a region of interest, users have four options: 
(1) the PDS node, (2) Lunaserv and the Lunar Global 
Explorer (LGE), (3) ACT-REACT Quickmap, and (4) 
the LROC NAC DTM shapefile (available by June 15, 
2017). These and  additional resources are available in 
the Archive section of the LROC website [6].  

The LROC PDS data node 
(http://wms.lroc.asu.edu/lroc/rdr_product_select) pro-
vides the capability to search for individual images and 
RDR products. Under the RDR tab, the user can search 

Figure 1: Box-
plots representing 
RMS offsets be-
tween NAC DTMs 
and LOLA profiles 
for the years 
2010-2016. 
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by geographic bounding box, type of product, and 
name. All DTMs can be located by selecting 
‘NAC_DTM’ under the RDR Prefix list. All derived 
products, such as shaded reliefs, slope maps, and or-
thophotos, are found by selecting the DTM name. Ad-
ditional information, including metrics for precision 
and accuracy, can be found in the associated 
README. DTM mosaics provide links to all the sin-
gle pair DTMs used in their creation.  

A shapefile of DTM footprints (updated quarterly 
as part of the regular LROC PDS release) is located 
under shapefiles, or can be downloaded here: 
http://wms.lroc.asu.edu/lroc/view_rdr/SHAPEFILE_L
ROC_NAC_DTM (after June 15, 2017) (Fig. 3). The 
associated attribute table gives additional information, 
such as images used and error analysis. This shapefile 
will also be available through Quickmap and Lunaserv. 

Lunaserv is a Web Map Service (WMS) implemen-
tation developed by the LROC team at Arizona State 
University (ASU) to work with planetary datasets and 
non-linear projections [7]. LROC hosts an instance of 
Lunaserv with layers for many planetary bodies, in-
cluding all of the LROC PDS data. Users can access 
Lunaserv with any WMS-capable GIS software, such 
as ArcGIS and QGIS. These map layers can also be 
accessed  online with Lunaserv Global Explorer (LGE) 
(http://webmap.lroc.asu.edu/lunaserv.html#). LROC 
RDR NAC DTM Footprints can be turned on by se-
lecting the relevant checkbox under Layers: Regional 
Products. Once the desired layers are selected, clicking 
the ‘eye’ icon in the upper right corner turns the mouse 
into a ‘?’. Using this tool to select a DTM footprint 
will open a list of DTMs contained within that foot-
print, as well as subproducts and product names that 
link back to the LROC PDS node.  

ACT-REACT Quickmap can be accessed via the 
LROC website’s Archive page [6] or at 
http://target.lroc.asu.edu/q3/.  Quickmap offers several 
layers with DTM data, including two NAC layers for 
shaded reliefs and color-shaded reliefs. Additionally, it 
links to Lunaserv, which contains layers for DTM 
footprints and NAC Reduced Data Record (RDR) 

products, visible when closer than 200 m. These layers 
can help users identify if a NAC DTM exists for their 
area of interest, what the data looks like, and the ex-
tents of the products. These extents can be used to lo-
cate the DTMs on the LROC PDS data node.  

Not all available sets of stereo images have been 
reduced to DTMs. An annually-updated catalog of 
acquired sets is available as a PDF in the 
DOCUMENTS directory of the RDR Volume of the 
PDS [8]. Additionally, a shapefile containing all the 
available stereo observations will be released as part of 
regular LROC PDS releases starting June 15, 2017 and 
will be available on the PDS node, Quickmap, and 
Lunaserv (Fig. 3). Sets with known issues, such as 
images with jitter or taken mid-slew, have been re-
moved from these sources. Both the catalog and the 
table contain additional information about the lighting 
conditions, such as incidence and emission angles. 

Future Work: Ongoing efforts involve creating 
more single and mosaicked DTMs and targeting more 
stereo observations, especially of high-interest regions 
such as new impacts, unusual volcanic materials, ir-
regular mare patches, lunar swirls, pure anorthositic 
regions, and more. Most DTMs are generated to sup-
port studies related to on-going mission objectives; 
however, it may be possible to fulfill outside requests. 
We are also working to improve our processing meth-
ods, which will include a transition to a significantly 
newer version of  SOCET SET called SOCET GXP by 
BAE Systems. This version includes improved support 
for planetary images and faster processing.  
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Figure 3: Map show-
ing DTM (orange 
footprints) and stereo 
observations (green 
footprints); locations 
available as shapefiles 
from the LROC ar-
chive web page. 
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