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Abstract�The Science Activity Planner (SAP), currently un-
der development by our group at the Jet Propulsion Labora-
tory, will be the primary tool used for science data assess-
ment and science activity planning during the Mars Explo-
ration Rover (MER) mission. As part of its data visualiza-
tion capability, SAP interactively displays 3D terrain sur-
face data corresponding to the MER image data products.
These datasets can be very large, e.g. on the order of tens
of millions of vertices for a panorama, so it is a challenge
to load and display them at interactive speeds on a worksta-
tion. We describe the software techniques we are implement-
ing to address this challenge and present recent test results.
A fundamental development is the new Visible Scalable Ter-
rain (ViSTa) format, a �exible and precise interchange format
for terrain data. Other developments include multi-threaded
asynchronous event-driven data loading, practical heuristics
for geometry LOD and texture resolution selection, multi-
level garbage-collector friendly data caching, and an opti-
mized ray intersection system.
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1. INTRODUCTION

The Mars Exploration Rover mission (MER), [7], is sched-
uled to land two rovers on the surface of Mars in early 2004,
extending the technology demonstrated in the 1997 Mars
Path�nder mission into a full �robotic �eld geology� sys-
tem. The MER vehicles, while based on a similar 6-wheel
rocker-bogey mobility platform, are larger and much more
capable than the 1997 Sojourner rover. They will carry a
compliment of scienti�c instruments called the Athena Sci-
ence Payload ([6]) which includes three spectrometers, a
multi-wavelength mast-mounted imager called the Pancam, a
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manipulator-mounted microscopic imager, plus several other
instruments [8]. Additional high-resolution cameras will also
be included for use in activity planning and engineering anal-
ysis.

With the exception of the microscopic imager, all MER cam-
eras are actually stereo pairs from which both 2D and 3D
datasets are acquired. This paper is focused on the software
techniques we are developing to interactively visualize the 3D
data, which is especially challenging because the datasets can
be quite large.

The MER mission will be operated from JPL for its duration
by a team of scientists selected from a number of institutions
and by JPL engineers. Each Martian day, or �sol�, that the
rovers are active on the Martian surface, the scientists will
analyze newly acquired downlink data from the MER instru-
ments and collaborate to produce science activity plans for
the subsequent sol. These science plans will then be used as
input to develop the sequences of commands which are ulti-
mately uplinked to the rovers for execution.

We are developing a software system called the Science Ac-
tivity Planner (SAP), shown in Figure 1, which the mission
scientists will use to analyze the 2D and 3D data from the
rovers’ instruments and to develop science activity plans.
SAP is an adaptation for MER of the Web Interface for Tele-
Science (WITS), which our group has been developing since
1995 [2].

The data visualization components of SAP have been en-
tirely revamped relative to the corresponding functionality
in WITS. Many new features have been added, but the bulk
of the work has been to support high-speed loading, naviga-
tion, and manipulation of the especially large datasets that
the MER instruments are expected to produce. Most MER
cameras have roughly 4 times the resolution of the highest-
resolution cameras that have been used in the past with WITS,
which were 640 � 480. Also, larger collections of images
(typically �panoramas� taken by rotating mast-mounted cam-
eras while the rover remains stationary) are expected to be
used during MER than have been used in the past.

The increased quantity of data is especially dif�cult to deal
with in the 3D visualization component of SAP, since here



Figure 1. TheScienceActivity Planner(SAP) is thesoftwaresystemtheMER missionscientistswill useto analyzethe2D
and3D datafrom therovers' instrumentsandto developscienceactivity plans.This �gure showsatypicaldual-monitorscreen
layoutfor operatingSAP. Theactivity planninginterfaceis on theleft . Thedatavisualizationinterfaceis on theright, wherea
2D view of adatasetis shown abovea3D view of thesamedataset.Datashown is from recent�eld testof theMER-likeFIDO
rover [5].

wemustmanipulatenotonly all of the2D data(for texturing)
but alsothevoluminous3D spatialdatawhich describesthe
structureof theimagedsurfaces.

3D DataAcquisitionandProcessing

To illustratetherole SAPplaysin 3D sciencedatavisualiza-
tion we review thestagesof the3D dataprocessingpipeline
from acquisitionto display in SAP. We presentthis review
hereto provide context for thebulk of our discussionin this
paper, which will be focusedon the softwaretechniqueswe
usefor interactive3D visualization.Thebasicstepsare:

1. acquirea stereopair of images,called a wedge because
the camerafrustatypically intersectthe terrainsurfacenear
therover in a truncatedwedgeshape
2. pre-processthe imagesto compensatefor optical distor-
tion andothereffects
3. performstereocorrelationto recover disparityvaluesfor
asmany pixelsaspossible
4. usethe disparityvaluesandcameracalibrationinforma-
tion to produceanarrayof pointsin 3D spacecalledanXYZ
map
5. triangulatethe XYZ mapto producea surfacemesh,po-
tentially droppingsome3D pointsandrepeatingto produce
multiple LevelsOf Detail (LOD)
6. transformthemeshvertex coordinatesto thedesiredout-
put frame
7. write themeshgeometryandtopologyto �le
8. assemblethe mesh�les for all wedgesassociatedwith a
singlecameraactivity (usuallya panorama)into an indexed
collection
9. for eachwedgein the collection, load the mesh�le and
oneof thecorrespondingimage�les (typically theleft camera
imageis used)
10. interactively renderall meshesin thecollectionsimulta-

neouslyastriangulatedsurfacestexturedby thecorrespond-
ing images

Theendresultof this process,shown in Figure2, is a visual-
izationsystemin SAPwhichallows theMER missionscien-
tiststo virtually navigatetheterraintheroverhasimaged.

2. REL ATED WORK

Although it is the primary tool to be usedby the mission
scientistsfor scienti�c datavisualizationandscienceactiv-
ity planning,SAPis not theonly tool thatwill beusedduring
MER operationsfor visualizationof 3D instrumentdata:

� Viz ([4]) is a softwarepackagefor 3D datavisualization
underdevelopmentat NASA Ames ResearchCenter. Viz
providessometypesof detaileddataanalysis,for example
shadow simulation,thatSAPdoesnot currentlysupport.Viz
is currently limited to 3D datasetsonly, whereasSAP pro-
videsfull capabilitiesto visualizeboth 2D (Figure1, upper
right) and3D (Figure1, lowerright) datasets,andalsoallows
scienceactivity planning(Figure1, left).

� An additionalJPL-internaltool is alsounderdevelopment
which will beusedfor engineeringactivity planningandup-
link sequencevalidation.This tool will have its own 3D data
visualizationindependentof SAPandViz.

Anothersigni�cant areaof relatedwork is therelatively large
body of researchin multiresolutiondatavisualization,espe-
cially that which is speci�c to terrain datarendering. One
well-known andrepresentativesystemfor terrainrenderingis
ROAM ([9]), which standsfor “Real-timeOptimally Adapt-
ing Meshes.” ROAM is anadvancedandrelatively complex
systemwhichmanipulatesa triangulatedterrainmeshin real
time on a per-trianglebasisto maximizeframeratewhile at-
temptingto optimizecertainquality-motivatederrormetrics.
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