
FOUNDATIONAL DATA PRODUCTS NEEDED TO SUPPORT PLANETARY SPATIAL DATA INFRA-

STRUCTURE.  B. A. Archinal, J. Laura, R. L. Kirk, T. M. Hare, L. R. Gaddis and J. Hagerty. Astrogeology Sci-

ence Center, U. S. Geological Survey (2255 N. Gemini Drive, Flagstaff, AZ 86001; barchinal@usgs.gov) 

 

Introduction: Planetary Spatial Data Infrastructure 

(PSDI) is a framework to support spatial-temporal data 

discovery, access, and utilization throughout the Solar 

System [1]. It is based on the success of such a concept 

for terrestrial use [2, 3] including the U. S. National 

Spatial Data Infrastructure [4] that identifies spatial 

data, spatial data practitioners, and spatial data interop-

erability as issues of national importance. Laura et al. 

[1] have outlined a vision of PSDI and how it can be 

used to improve the usability of planetary data. 

Spatial Data Infrastructures comprise people, regu-

latory mechanisms and policies, access technologies, 

standards, and spatial data themselves [3,4]. Herein we 

identify three foundational or framework data products 

[5] that are critical to a Planetary Spatial Data Infra-

structure: stand-alone data products, specialized prod-

ucts required for the derivation of other data products 

(e.g., orthoimages requiring an elevation model), and 

highly usable products providing high science return 

across the broadest possible user base. To explore each 

class of data product, we present two case studies fo-

cusing on the Moon and Mars. Together, these exam-

ples show the process required for all Solar System 

bodies to enable effective determination of what exist-

ing data need to be processed and to prepare for cur-

rent and future community needs. This results in a  

continuing assessment of what types of new algorithms, 

tools, software, and processing procedures are needed 

to most efficiently create required planetary data prod-

ucts ([6], http://tinyurl.com/cartoplanning). To estab-

lish an effective PSDI, similar steps must be carried out 

by the planetary exploration community e.g., as part of 

long-range planning efforts to support NASA by the 

Mapping and Planetary Spatial Infrastructure Team 

(MAPSIT) [6, 7]. 

Framing Foundational Data Products within a 

PSDI: It is all too easy to take a data-centric view of 

PSDI’s role in improving broad usability of spatially 

enabled data. We emphasize that data products exist as 

a means to fulfill research and exploration needs and 

not as a justification unto themselves. Therefore, suc-

cess in identifying and creating foundational data prod-

ucts should be measured by their impact on the plane-

tary science community. The generation of a high-

quality data product in one of the three data themes is 

insufficient to be considered a PSDI foundational data 

product. As described by [1,3] a SDI should take a 

holistic approach towards users discovering, aggregat-

ing, and using disparate data sets. This capability is 

maximized by appropriate standards, policies, and ac-

cess mechanisms. The planetary community has fo-

cused extensively on the technical requirements for 

data access, largely without policy guidelines on ad-

herence to a set of community standards to support 

interoperability (e.g., [8,9,10]). The goal of a PSDI is 

orthogonal to the archival goals of the PDS [1]. The 

former seeks to leverage standards and policies to max-

imize usability of derived foundational data products 

while the latter seeks to fulfill necessary long-term ar-

chiving goals. Each is necessary but not sufficient.  

Foundational Data Products: OMB [5] identified 

34 terrestrial data themes, 9 foundational and 25 ancil-

lary, critical to the NSDI. These foundational data 

themes have been identified as having broad applica-

bility across research, governmental management, and 

commercial domains. Of the 7 foundational data prod-

ucts, geodetic coordinate reference systems, elevation, 

and orthoimages are directly relevant to planetary data.  

Geodetic Coordinate Reference Frame: A geodetic 

coordinate reference frame is the evolving cornerstone 

of all geospatial measurements and supports spatially 

accurate scientific measurement, navigation and timing, 

and traditional mapping techniques. Terrestrially, ref-

erence frames are derived from surveys of known 

markers. In the planetary case, these markers are usual-

ly morphologic features and an iterative definition pro-

cess is required. The accuracy of the geodetic control 

has a direct impact on the accuracy of all tied spatial 

data products and provides a critical, single, reference 

frame that can significantly improve data usability for 

the non-spatial data expert. 

Elevation: Elevation data can take a wide variety of 

forms and are necessary for the derivation of a vast 

number of data products. We see traditional digital 

elevation models (DEMs), triangulated irregular net-

works, and increasingly point clouds being widely used 

for a number of photogrammetric control, planetary 

process modelling, and geologic mapping purposes. 

Standards-compliant elevation products, tied to a 

common reference frame, offer improved integration 

capabilities that can help reduce challenging fusion 

operations (e.g., HRSC-derived DEM fusion with a 

CTX-derived DEM) [11]. 

Orthoimages: Orthoimages are geometrically cor-

rected data products with constant scale; they lack per-

spective distortion. Orthoimages require registration of 

captured images with elevation models so that the ef-

fects of topography can be removed. Orthoimages play, 

or at least should play, a key role as a primary basis for 

scientific investigation.  Once measurements from such 
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images and their accuracy have been derived, they 

serve as a critical input for the generation of derived 

products such as geologic maps. Geodetic control, ele-

vation, and orthoimages provide the foundation for 

research and/or further data derivation in a controlled 

environment with known accuracy and the capability 

for ever increasing use of multiple datasets together. 

Case Studies – Moon and Mars: Following the 

development of a fundamental coordinate system de-

scription for bodies such as the Moon and Mars (as in 

[8]), the development of specific reference frames is 

accomplished as part of a large least squares solution 

reconciling a set of surface features identified in one or 

more global, regional, or local data sets together. For 

the Moon and Mars, processing of altimetry data sets 

(Lunar Reconnaissance Orbiter (LRO) Lunar Orbiter 

Laser Altimeter (LOLA) [12] and Mars Reconnais-

sance Orbiter Mars Orbiter Laser Altimeter (MOLA) 

[13], respectively) through a crossover solution provide 

a fundamental global frame, while local registration of 

imaging and other data are done via photogrammetric 

or radargrammetric solutions. By contrast, terrestrial 

frames typically have been based on control surveys 

completely independent from the remotely sensed data. 

For the Moon, global lunar topography data are 

currently available from LOLA, LRO Camera (LROC) 

Wide Angle Camera (WAC) [14], and Kaguya Terrain 

Camera [15] solutions, although these data are not yet 

rigorously tied to each other. To develop a proper lunar 

foundational topographic model, a global merged 

topographic solution is still required. Such a product 

could also incorporate topographic information from 

Apollo Metric [16] and Panoramic camera stereo, 

Chandrayaan-1 Terrain Mapping Camera stereo, and 

LROC Narrow Angle Camera NAC) stereo. Currently, 

the best lunar global image mosaics have been made 

from uncontrolled TC data and LROC WAC data, but 

these products must be controlled and co-registered 

and supplemented by coverage from Panoramic and 

controlled NAC images [17] to provide the best possi-

ble fundamental orthomosaics (i.e., based on data with 

the highest available spatial resolution and mosaicked 

with high precision and accuracy). This need may also 

be satisfied by acquisition and processing of the 

planned global NAC data coverage at a uniform resolu-

tion (of ~2 m). 

For Mars, the current global foundational data set 

for topography is the global MOLA elevation model. 

However, the MOLA model suffers from sparseness 

between tracks when compared to many higher resolu-

tion imaging data sets. Fortunately, the Mars Express 

HRSC stereo data set is being used to densify the glob-

al model, and eventually might achieve near-complete 

coverage [18]. It is possible that this data set could be 

filled in with CTX, HiRISE, or Viking stereo image 

data, and (when available) CaSSIS stereo data as well. 

The current best global Mars image mosaics are the 

Viking MDIM 2.1 [19] and Mars Odyssey uncon-

trolled THEMIS mosaics [20], although a project to 

create near-global (non-polar) controlled THEMIS 

mosaics is well underway [21]. Further work will be 

required to register higher resolution, eventually global 

HRSC, CTX, and where available HiRISE data. 

Once a PSDI and fundamental data products have 

been established, it will allow for comparison between 

datasets at known levels of accuracy enhancing science 

investigations, accurate photometric correction for 

spectral/mineral studies, resource location and exploi-

tation, landing site and surface operations planning, 

change detection studies, and planning of all future 

human and robotic missions [6]. 

Next Steps: Implementing an effective PSDI re-

quires development of foundational data sets for each 

planetary body. Through the MAPSIT group, the plan-

etary science community is laying out a prioritized plan 

of the data needed for each body. Registration of all 

data sets deemed highly relevant with the foundational 

data products will be part of this process to ensure that 

the research and exploration goals of the planetary sci-

ence community are achieved. 
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