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Abstract— Driving and manipulation activities on the Mars
Exploration Rovers often must be planned from scratch
each day, making this a fast-pacedactivity by typical space
missionstandards.Sucha schedulerequiresrapid tur naround
in understanding what happened during activities on the
previous Martian Solar Day (Sol). In addition to obvious
faults, subtle changesin expectedbehavior must be detected
and understood rapidly, to prevent the next day's plan from
exacerbating any imminent problem.

We developedan advancedsetof tools to help speedup the
understanding of previous Sols' activities. Plots of detailed en-
gineering data are generatedautomatically and incorporated
into HTML pages,allowing quick visual inspection of each
activity. Data from different sources are grouped together
and written into “Annotated CSV” (Column-SeparatedValue)
les, enabling detailed analysis even in the presence of
only partial data, enabling multi-Sol queries (including those
spanning the whole mission lifetime), and greatly reducing
the need for all operations team members to acquire a
deep understanding of the many constituent piecesof data.
Automated processingof newly receved data informs the
team of the current vehicle state via email and multimedia
cell phone updates.

Our system has enabled rapid understanding of complex
mobility and manipulation activities during the rst four
years of Mars Exploration Rover operations. This paper
describes the tools developed by the downlink team that
perform the bulk of this analysis.

Index Terms— MER, Mars rover, Ground software, Down-
link Assessment,Telemetry Analysis, Partial Data, Mobility
and Manipulation

|. BACKGROUND

The goal of the Mars ExplorationRover (MER) project
is to elucidate the history of water on the surface of
Mars. The scienti ¢ instrumentson the vehiclesmust be
deployed at multiple surface locationsto perform the in
situ analysisneededto supportthis goal. Such actiities
are only possiblethroughuse of mobility and Instrument
Deployment Device (IDD, or robotic arm) manipulation
subsystemsyhich mustbe monitoredas part of the daily
operationgprocesq11], [16], [17], [7].

Telemetrydatageneratedn a spacecraffollow a long
and circuitous route to Earth. Data are createdby the

various ight software (FSW) subsystemg13] (e.g., the
Mobility software module[2]), and aretypically storedin
Flashmemoryprior to transmissior{15]. Dataare usually
relayed through UHF frequenciesto an orbiter at Mars
(e.g., Mars Odyssg) or can be transmitteddirectly to
Earth at lower bandwidthusing X-band frequenciesThe
Deep SpaceNetwork recevesthe raw dataand forwards
it to the JetPropulsionLaboratory(JPL), whereprocesses
controlledby the Ground Data Systemg[19] and Mission
DataOperationsTeamsautomaticallyarchive the raw data,
generategreliminaryreports[18], andpopulateanarchived
lesystem with individual Data Product les. These les
are storedin a format similar to that usedin the onboard
ash memory but they are split into a directory structure
basednthe Martian SolarDay on which they werecreated
(eachSolis about24.6 hourslong). The tools describedn
this paperdealwith the dataonly afterit hasalreadybeen
populatedinto the UNIX lesystem.

Several issuescomplicatethe analysisof mobility and
manipulationoperationsSpacecraftelemetryis typically a
disjoint setof independenpiecesof information (text mes-
sagesscalar“‘channelized”valueswith only approximate
timestamps,and individual data products each adhering
to a particular x ed format), so discovering correlations
amongraw downlink dataand the commandshat created
themcanbedif cult. Theformatof the generatediatahas
evolved over time, sincethere have beenfour updatesto
the MER ight softwarebetweenaunchin June2003and
December2007 [9]. Most importantly only a fraction of
the engineeringdata generatedby the roversis typically
receved on the sameday it was created so we often have
to describethe actvities given only partial information.
In addition, the distributed nature of the operationsteam
malesit critical thatresultsbe viewablefrom sitesoutside
the primary physicaloperationsarea.

Although there are mary specializedinteractive tools
that performspeci ¢ usefuldownlink analysisduties(e.g.,
our nominal3D visualizationandplanningtool RSVP[20],
remote science planning tool SAP/Maestro[12], image



browser Marsviaver [6], and scienceteam visualizer Viz
[3]), they did not (or still do not) supportdetailedviews
into all the necessargataproductsandwerenot amenable
to automatedscriptingor remotedisplay Sowe developed
a systemcomprisedof tools written in C and C++ that
parsethe low-level information,andscriptswritten in Perl
that organize the results and orchestratethe automated
analysis. Our system producesplain text and HTML-
annotatedeportseitherautomaticallyor interactiely, and
provides interactive query tools that work effectively via
remoteaccess.

I1. RAW DATA

Therearethreecateyoriesof dataproducedby the MER
ight software:

1) “Event Reports” (or EVRS) are timestampednon-
periodictext messagewith a severity level andup to
six scalarparametersOneimportantuseof EVRsis
to trace progresshroughexecutingsequencesndi-
catedby commanddispatchand completionreports.
Generallya handfulof EVR messageare generated
per minute,thoughit dependn the actiities being
performed.

2) Engineering, Houseleeping, and Accountability
“Channelized Telemetry” (EH&A) comprise inde-
pendentscalar values (commonly sensormeasure-
mentsand ight software state variables)recorded
roughly once every ten minutesregardlessof what
activities arebeingperformed Thetimestampassoci-
atedwith EH&A datais only approximateijt re ects
the multi-minutepoll time, not the time the datawas
generated.

3) Timestampedinary les calledDataProductsEach
ight software subsystemgeneratesits own data
products,with unigue format and information con-
tent. Although mary of theseproductshave XML
descriptionsthereis little consisteng in how their
various componentsare labeled. All images, and
nearly all of the detailedtime sampledinformation
arereportedin dataproducts.

Each Data Productis taggedwith additional meta-data
including a numericlabel representingts type, the name
of the sequenceand numberof the commandthat created
it, and the time at which it was created.Certain critical
productsalso report the Rover Motion Counter (RMC),
a setof ve integer indicesthat uniquely identi es each
spacecraftcon guration. All timestampsare logged in
“SpacecraftClock” (or SCLK) units! The vast majority

1SCLK is the numberof secondssince1 January200011:58:55UTC.

of datathereforecomprisestime-taggedscalarquantities,
much of which is only available inside Data Products.

Thereis somenon-temporabataaswell. Scientistsand
Rover Drivers generatdists of 3D targetsand featuresof
interest(indexedby RMC andlocationratherthan SCLK),
eitherexplicitly or implicitly in thesequencesf commands
that executedrive and manipulationactiities. Also, the
Rover Driver sequencesf commandoften containuseful
predictions or annotationsin command arguments and
comments.Thesecanbe automaticallycorrelatedwith the
receved data by tracking their executiontime using the
“CommandDispatched”EVR text messages.

How do we know whetherall of the generatedlatahas
beenreceved?The DataProductSummaryreport(whichis
itself adataproduct)includesa catalogof the dataproducts
currentlystoredonboard,jncluding thosethatwerecreated
earlier during the current Sol. The combinationof this
report's contentsandthe original commandsequencewith
EVR annotationsnformstheanalysinotonly whatdatahas
yetto be downlinked, but alsowhenno furtherinformation
shouldbe expected.

Mobility Data Products The Mobility ight software
producesseveral typesof dataproductswhich are usedto
track the pathdriven by the rover, describecharacteristics
of theterrainthatwasdrivenover (suchasterrainslopeand
roughnessandwheeltraction),assesandmonitormobility
mechanismhealth,andtroubleshooimobility faults. These
dataproductsconsistof the following main types:

1) Parameterdumps,which containthe control param-
eterscurrentlyin useby the rover andare generated
by an explicit dump-parametersommand.

2) Rover kinematicstate,which is a snapshobf rover
pose estimate and all mechanismpositions (e.g.,
rocker/bogie suspension)Theseare very small in
size and are generatedby explicit dump-statecom-
mand

3) Mobility summarywhich containsinformation cap-
turedafter every drive sggmentregardlessof whether
the motion wasexplicitly commandear selectechy
autonomousnavigation [2]. This includesintended
segmentpath length and headingchange, nal pose
estimateafter maneuer, statisticsabout ary goal-
ward and anti-goalvard terrain assessmenimages
taken, deltaposecomputedby Visual Odometry[8],
and averagecurrentdrav and nal positionsof mo-
bility mechanismgsteeringwheelsandsuspension).
Thesesmall productstypically are assigneda high
priority for the telemetryscheduler Thereforethey
areoftenreceiredevenduringlow-volumecommuni-
cationsessionsandprovide anoverview of the Sol's
mobility actiities, including maneuers selectedby



the autonomousavigation system.

4) Detailed motion history, which contains mobility
mechanismnstaterecordedup to eighttimes per sec-
ond during commandedmotion. This stateincludes
mechanismpositions, motor currents and applied
voltages,as well as Inertial Measurementnit data
androver poseestimateTheseproductsallow higher
delity monitoring of mechanismhealth and vehi-
cle/terraininteractionsBecauseahey cangrow fairly
large, they are given a lower priority for telemetry
schedulingcanbe dowvnsampledo twice persecond
for long drives, and may be losslesslycompressed
prior to transmission.However, should a mobility
fault occur during motion (suchas excessve tilt or
currentdraw; see[2] for a completelist) or should
the ight computeresetduringmotion,thelastthirty
secondsof non-davnsampledmotion data will be
telemeteredat high priority.

5) TerrainassessmerandVisual OdometryimagesAll
imagesprocessedy the navigation systemare kept
on-boardand available for transmissionif thereis
a problem. Should a mobility fault be triggered,
the most recentautonomouslyacquiredimagesare
given a high priority for telemetryscheduling.This
increasesthe likelihood of being able to see the
terrainnow underthe rover, which would otherwise
not be currently visible to any camera.

6) Navigationdiagnosticinformationsuchasindividual
path evaluations, single-stepVisual Odometry and
D* path planning statistics,and stereo correlation
statisticsfor up to tenimagepairs processedt each
step.

7) Navigation mapscan include the Visual Odometry
list of 2D trackedfeaturesanddozensf productsre-
lated to the autonomouhazarddetectionand avoid-
ance system.Theseinclude elevation map, terrain
goodnessmap, slope map, stereodisparity results,
and memorymap of the buffer areadedicatedo the
autonomousavigation system.

Instrument Deployment Device Data Products The
IDD ight softwareproduces similar setof dataproducts
- compactsummaryproductsand larger detailed motion
history productswith armjoint anglesmotor currentsand
software state. Similarly, the Rock Abrasion Tool ight
software also produceshoth summaryanddetailedmotion
history productsusedto characterizenechanisnhealthand
propertiesof the rock being ground. In fact all motors
will producesimilar detailedhistory reportswhenoperated
directly usinglow-level motor commands.

I1l. DATABASES

The Ground Data Systemteam provides the complete
missiondataarchive, and provides query tools for EVRs
(text messagesand EH&A (channelizedtelemetry). But
gueriescan be slow, EH&A dataare only small samples
of vehiclestate(beingloggedno more oftenthanonceper
minute), and their databasedoesnot permit any searches
into the contentsof individual Data Products(apparently
a recentinnovation in spacecrafengineeringoperations).
JPLs Planetary Data System Navigation and Ancillary
Information Facility [5] provides some detailed mobility
dataas SPICE kernels(e.g., rover and site position SPK
les), but doesnotincludeall mobility-relatedinformation
andis not availablein real-time.So we createdadditional
databasewhich arestoredin AnnotatedColumn-Sepated
Value (ACSV) les. A plain CSV le is a spreadsheédn
text format; our les include not only the spreadsheebut
also the meta-informatiommeededo describeits contents.
A sampleACSV headeris shown in Figure 1.

# MERNAV Datasets corrected_poses 3 (% Id %)

# 1 SCLK sclk %13s seconds
# 2 CommandStart f start_sclk %13s seconds
# 3 Command Name f_command %s

# 4 Duration  f_step_duration %6.2f seconds
# 5 Hazavoid f_hazavoid %s

# 6 Tolerance  f_goal_tol %2.2f meters
# 7 Step Size f_step_size %4.2f meters
# 8 Site  Frame f_rmc_site %3d

# 9 Drive Index f_rmc_drive %3d

# 10 Corr - NORTH(_corr_north %9f meters
# 11 Corr  EAST f_corr_east %9f meters
# 12 Corr DOWNE_corr_down %9f meters
# 13 Roll  f_roll %09f radians
# 14 Pitch  f_pitch %09f radians
# 15 Yaw f_yaw %09f radians
# 16 Tilt  f_tilt %09f radians
# 39 Mission  f_mission %s

# 40 Source f_source %s

Fig. 1. Partial exampleof anauto-generateAnnotatedCSV File Header
Eachline givesthe columnnumber an Englishdescriptionof the column,
the formal databasenameusedto representhe column, the printf-style
format string usedto generatethe valuesthemseles, and optional units
associateavith thosevalues? Only the headeris shavn here,the actual
spreadsheetlata would follow belov. Each datarow correspondgo a
single SCLK time (given in column 1), and eachspace-separateehtry
on the row hasthe currentvalue for each eld written using the named
printf-styleformat (or the x edstring“UNDEF” if no valuewasde ned).
Multiple valuesat the sametimestampare separatedy commas.

Our databasesupportsover 600 different engineering
variablesholding scalarvalues® The ACSV les compris-
ing the databasere createdby automaticallyparsingthe
text views of the raw datafound in the shared lesystem
as describedin Sectionll. Theseraw les have wildly
disparateformats; EVRs differ from EH&A, andvery few

2Other databaseeld attributesinclude absolutemin/max bounds,and
whetherto ignore zero-resets&ind usenominal min/maxvaluesin plots.

SMER provides thousandsof scalar variablesin telemetry but our
attention was focusedon those relatedto mobility, manipulation,and
low-level motor actvities.



of the dataproductssharea commonnamingschemeand
data format. So each data type is typically parsedby a
specializedPerl function.

Certaincompromisesiadto be madeto dealwith times
when only part of the generateddata has beenreceved.
If only EH&A is available, then it will be plotted. But
wheneer more detaileddataproductshave beenreceved
nearthe sametime, the EH&A datawill be Itered out
of ary plots. This is necessarybecausethe timestamp
associatedvith EH&A datais only approximateand has
often resultedin unnecessargoncernover strangejumps
in the datawhenplotted at high temporalresolution;most
low-level motor datais reportedat 2-8 samplegpersecond,
but EH&A times may be arti cially delayedby as mary
as tens of seconds.The EH&A systemand some data
productsalso inappropriatelyreport out of boundsvalues
during timeswhenmotorsareactually switchedoff. These
are prunedout automaticallythroughthe use of optional
absoluteboundschecksbeforethe ACSV le is written.

ACSV les have multiple benets. Being stored in
plain text, they are immediately human-readablethey
display easily in ary text editor, browser or spreadsheet
program,simplifying humaninspectionand veri cation of
the databasecontents.Individual ACSV les are easily
processedby column-orientedcommand-linetools (e.g.,
UNIX commandsawk, grep, perl), and we developed
annotation-parsingpols that allow usto searchthousands
of ACSV les quickly andeffectively. They containenough
informationto uniquely identify the numberswithin (e.g.,
the unitsassociateavith eachcolumn). They minimize the
negative impactof makingchangedgo the le formatover
time becausedhey are self-documentingwe can add new
columns (or reorder existing ones) and yet still process
older les just as easily Finally, these les provide the
only searchablalatabaseof the detailedmotor, drive and
arm history thatis reportedonly in Data Products.

Our ACSV le databasealso enablesfast multi-Sol
queries.Theseare neededtactically (e.g., human Rover
Drivers often set limits on expectedvehicle tilt or sus-
pensionanglesby inspectingthe pastseveral drives) and
stratgically (e.g., studying the a wheel's drive motor
currentsover the entire mission). They completequickly
becauseeach query is corverted into an auto-generated
C++ programthat is auto-compiledand parseshe ACSV
les looking only at the valuesof interest. Thuswe getthe
bene ts of both fastsearchesnd databasdranspareng

IV. AUTOMATED REPORT GENERATION

A. Low-level Data Product Visualization

The lowest-level insight into rover operationscomes
from a directinterpretationof eachindividual dataproduct
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Fig. 2. Part of the Mobility/IDD HTML pagesummarizingSpirit's Sol

1323 Drive data.All datacan be viewed at once,or a greenpull-dovn

menu can be usedto limit attentionto a particular classof downlink

data.The courseplot in the middle includesan auto-generategnagemap
that provides hyperlinksto pagesdescribingeachindividual plot point

shawing all datacollectedat that position.
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Fig. 3. Someof the A-1323 thumbnailsincludedon the auto-generated
HTML pages.Color annotationsare elevation plots, computedon the
groundby running stereovision software on the 128x128low-resolution
images.

le. Each of theserepresentseither a detailed view of
a short activity or a compressediiew of a set of mary
similar actwities (e.g., multiple motionsof the instrument
arm). The valuesencodedn thesedataproductsare often
mosteffectively viewedin graphicalform. As it happened,
the rst dataproductsthat hadto be exploredin a visual
way during ight softwaredevelopmentwerethoserelated
to the operationof individual motors. Once several inde-
pendenttools had beenwritten, thesewere meiged into
onetool that would createreportsfor ary available motor



Fig. 4.

Imagescomprisingthe Cell PhoneSummaryof Spirit's Sol 1323 Drive data: overheadCoursePlot, someprevious Sol's bestview of the

drive (ohbviously without tracks), the currentSol's bestview of the drive (often shawing tracks), distortion-correctedront Hazard-detectiorCamera
(HAZCAM) view, and distortion-correctedear HAZCAM view. The secondand third imagesinclude auto-annotatedleatures:actualdrive telemetry
shaving wherethe centerof the vehicle was (in yellow), Rover Driverspeci ed waypoint discs (in green)and keepoutzones(in red), and labelled

terrainfeatures(in blue).

dataproductsithis wascalledmot-all-report andwhile the
nameremainsits scopehasincreaseddramatically More
thanjust motors,it now encompasseisnages,autonomous
navigationproducts sequencesf commandsutomatically
annotatedwith their correspondingEVR messagesand
more. Figure 2 shaws the top of a web pagegeneratedy
the currentversionof mot-all-report,and Figure 3 showvs
a thumbnailimage summarypage.

B. High-level Visualizationand Reports

Thecreationof ACSV databasethatspanawhole Sol of
activities makesit possibleto automaticallygeneratanary
typesof summaryreports.A plot of the coursedriven by
theroveris generatecutomaticallyeachSol. Thisincludes
annotation®f not only thosefeaturesncludedin the plan,
but alsothosefoundby therover (e.g.,during Visual Target
Tracking). Imagesare automaticallyannotatedwith plots
of the rover's trajectory and interestingfeatures.Textual
reportssummarizethe total odometrydriven, the amount
of slip measurediuring a drive, the numberand precision
of individual arm placementsthe EVR-basedexplanation
for the rst mobility fault of the Sol (if ary), and both
text and XML les summarizethe rover's nal stateat
the end of the Sol. All the actiities performedthat Sol
arealsosummarizedoth in separateplots andalso XML

les which canbeinteractvely replayedusingRSVP Short
summariesof eachSol's actiity (including courseplots,
annotatedmages,and fault summaries)re automatically
forwardedto team members'email accountsand/or cell

phones(seeFigure 4 for sampleimagery).

Dozensof reportsare available,but dueto limited space
we will only describethreein detail.

IDD/RAT Reports The MER vehicleshave exceeded
their designedifetime of 90 Sols (threemonths)by more
than 15 times as of December2007. As a result of their
extendedexposure several componentare exhibiting new
failure modes,so all motorsmustbe monitoredclosely

For example,eachlDD hasbegunto experiencerandom
current spikes that persistlong enoughto causea fault
condition and the immediate precluding of of the rest
of the Sol's IDD and drive actvity. This precautionis
necessarpecauséf a shortwereto occurit could damage
the motor controller Becauseeach motor controller is
usedto control several motors on the rover, damageto
the controller would resultin the loss of several motors.
A pagewas developedto display all critical information
collectedin the idd-report data product, data like motor
currentplots with the currentlimit displayedon the graph,
joint positionsand joint speedsA similar pagewas built
for the Rock Abrasion Tool (RAT) as it usesthe same
typesof motorsandrequirescomparablanonitoring. With
thesepagesdownlink personnelcan quickly look at the
data collected during the last IDD or RAT actiity and
recommendary necessarprecautions.

EPEC The geometric cameracalibration on Spirit's
FrontHazardAvoidanceCamerasvasfound to be slightly
outof alignmentsoonafterlanding.Thiswasnot enoughto
impactthe 20cmresolutionneededor terrainassessment,
but it causedhe rover to fail the 1cm placementaccuray
requirementfor the IDD. New cameramodels for IDD
operationsvereobtainedoy acquiringfull resolutionstereo
imagesof the IDD in differentpositionsAt eachposition,
the Mossbauercontactplate (MBCP) was locatedin the
images,and the kinematic model of the IDD was used
to determineits actual 3D position. This data was used
to generatenew ground-basedcameramodels that are
usedfor planningall IDD actvities [14]. Sincethen, full
resolutionsterecimagesare typically capturedevery time
theMicroscopiclmageronthelDD is used asthis presents
aclearview of the MBCP to thefront HAZCAMSs. Mot-all-
report nds ary suchfull resolutionstereofront HAZCAM
imageswith the MBCP in clear view and pointedtoward
the camerasand automaticallyruns the EPEC[1] tool to
nd the 3D coordinatesof the MBCP, then computesand



tracksthe discrepang betweenthe cameramodel derived
position and the known kinematic position of the MBCP.

Datais collectedin suchaway thatnew cameramodelscan
be quickly regeneratedshouldthe currentground models
slip out of alignmentagain.

Hyperplots Sometimest can be helpful to seeall the
dataassociateavith a particulardrive location.EachSol's
drive actvities are summarizedin several graphsrelated
to the drive: three attitude plots (time vs Roll, Pitch and
Yaw), and three plots projecting the 3D position history
into two dimensions(Eastvs North, North vs Down and,
Eastvs Down). Eachpoint on theseplots is automatically
associatedvith a hyperlinkto a web pagethatincludesall
ASCV spreadsheetlata available at that point, including
images;dots without associatedmagesare a darker color
than dots with images.On the Eastvs North graphin
particular a layeredmap of the waypoints,keepoutzones
and targetsis also included (e.g., seethe courseplot in
Figure2). While generallythis is usedto displaydatafrom
one Sol it canalsobe usedto display multi-Sol drives.

V. INTERACTIVE QUERY TOOLS

When the rovers rst landedin January2004, only a
small numberof fragile tools were available.For example,
our primary courseplotting tool dependedccompletelyon
ourreceising Mobility StepSummaryDataProductsWhen
thoseproductswerenotreceved,we hadto reconstructhe
rover courseby hand, manually extracting positionsfrom
EVRs, EH&A, image headers,and other data products.
But now all those sourcesare automatically parsedinto
ACSV les, and inspectionof mobility resultsis as easy
as selecting a given rover and Sol (by changing into
the correspondingight operationsdirectory) and running
shortcommandsrom the UNIX shell.

Dozensof tools are available, but due to limited space
we will only describethreein detail.

The primary interactve query tool is called showme
showmewas originally developedfor the tactical analysis
of a single Sol's worth of data.lIt readsdatafrom the cur-
rent directory and matches elds namedon the command
line againsthoseavailablein the ACSV les. For example,
to seethe bestview of the rover's pitch throughoutthe
entire Sol, simply type showme pitch . Note that the
sourceof the datais no longer relevant, sincethe ACSV
databasecombinesdata from mary sourcesand accepts
gueriesusing just the eld of interest. Field namesare
substring-matchedgainsthe availablenamesso showme
tilt  will displayall four availabletilt measurementilt,
Raw Tilt, Northerly Tilt, EasterlyTilt). Myriad optionsex-
ist, several of which areenumeratediere;seethe similarly-
labeledsub-plotsin Figure5 for anillustration of eachof

thesecommandsusing Spirit's Sol 1323 data:

5a Plot one or more elds vs. time (SCLK secondsor
fractionalSol number) By defaultthe horizontalaxis
representgime. showme roll
5b Plotoneor more elds vs.someother eld (e.g.,plot
East(Y) coordinatevs North (X) coordinateto see
a simpleoverheaccourseplot usingshowme east
v north ).

5c¢ Plot oneor more elds vs. SampleNumberinstead
of time (eliminatinggapsduring which valuesdo not
change)showme -samples drive _current

5d Label plots with the name of the commandthat

was executing at that time showme -commands
pitch

5e Ignore resetsto zero (e.g., on Encoder counters

betweenmotor commandspn rover positionsduring
Site Frameincrements,or an RMC-basedindex re-
settingbackto zero)showme +zero f _rmc_pma
5f Restrict the time range being plotted showme
-start 12:30 -end 13:15 tilt
Other versionsof this tool have evolved for more strate-
gic analyses.showmer provides the same functionality
using data spanningary number of Sols (even across
thewholemission),automaticallygeneratingjuery-speci ¢
C++ codeto quickly parseall the les. showme-scaleplots
the detailedrover courselabeledby drive mode.

The sheermnumberof les and Solsmalkesit impossible
to use normal UNIX commandsto search les spanning
the whole mission;therearemore les thanshell lename
expansioncanhandlein our ervironment.But a command
calledsolswill executeary UNIX commandoverandover
in a givenrangeof Sol directories.This makesit possible
to searchthough ary of the text views (Event Reports,
EH&A, text views of dataproducts)spanningarny number
of Solsquickly andeasily

A list of three-dimensiondkatureqe.g.,roverlocations,
sciencefeatures,drive waypoints,keepoutzones)can be
annotatedin ary image that has an associatedcamera
model (describedin [10], [4]). The original image senes
as backgroundand the list of featureswill be plotted in
the imageand enumeratean the side,with eachfeatures
rangeandpositionexpressedn the Site Framein which the
imagewastaken.A 3D compassndicatingthe orientation
of the original imageis also addedat the upperright. See
thetwo exampledn Figure4 (thecompassndlist of points
have beencroppedin the gure).

VI. FUTURE WORK

The tools describedn this paperare containedin three
interdependensystems.The MER Telemetry Extraction
Reporting System (METERS) comprisesthe low-level



Figure5a. showme roll

Figure 5b. showme east v north

Figure5c. showme -samples drive _current

Figure 5d. showme -commands pitch

Figure 5e.showme +zero f_rmc_pma

Figure 5f. showme -start

12:30 -end 13:15 tilt

Fig. 5. Screencapturesof someinteractve, zoomableplots generatedy showme.

MER-speci ¢ dataproducttools. The Robotic Operations
Automation: Mechanisms,Imaging, and Navigation Re-
port GeneratioROAMING) systemincludesthe generic
ACSV databasereationmaintenancandquerytools.And
the ScriptsProviding A Cool Kit of teLemetryEnhancing
tools (SFACKLE) systemincludestools generally useful
to missionoperationsnot just mobility and manipulation
analysis.We expectto port thesetools for usein future
mission FSW development and/or operations(e.g., the
Mars Sciencelaboratoryand possibly Phoenixmissions).

Several importantlessonswere learnedin the develop-
ment of this software. We would have bene ted greatly

from an additional RMC index to keep track of au-
tonomously generatedposition and attitude updates.A
reportedposition (e.g., in an Event Report) is not useful
unlessit has been tagged with RMC. Parametersand
stateinformation shouldhave consisteniabels(or at least
consistentliases)acrossall typesof reportedinformation.
Data product viewers should be endian-independentpo
enable processingon the fastestavailable system.Data
displaysare most understandablevhen you can tell what
commandgeneratedthem; so it is most appropriateto
display data embeddedwithin the original commandse-
guence.This also implies there should be an automated



way to automaticallyretrieve a local copy of whatever
commandsequencexecutedonboard.

In the future we would like to enablequeriesgroup-
ing multiple databaseelds together(e.g.,“nd ve or
more contiguousstepsdrawing more than 0.25 Amps on
average”).We would like to incorporatethe resolutionof
timestampsndscalarvaluesmoredeeplyinto the database
to make it easierto memge valuesreportedat differentreso-
lutions. And we would like to improve the interpretatiorof
partial datausing constraint-basetkasoningFor example,
we know theRMC elds aremonotonicallynondecreasing,
soary non-unitjump or zeroresetin anRMC index means
datais missing;andwe canalsoinfer whenall information
hasbeenreceired wheneer the appropriateData Product
Summaryreporthasbeenreceved.

VIl. CONCLUSION

The MER Mohbility/IDD downlink tools have greatly
spedup the understandingf new mobility and manipula-
tion data,even whensuchdataare only partially receved.
They implement the only databaseof detailed motor
basedactuities available to the operationsteam, and the
primary meansof visualizing detailed mobility activities
and featuresin MER imagery They provide tools helpful
bothfor very detailedanalysisover a smalltime scale,and
generaltrend analysisover the whole missiontimeframe.
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