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CHANGE LOG

Version 1.1

DATE

SECTIONS CHANGED

REASON FOR
CHANGE

REVISION

1/9/07

Section 4
e Added SSI| Camera CCD Readout diagram as
Figure 4.

New

Version 1.03

2/10/07

Appendix A

e Removed label Groups
RA_COORDINATE_SYSTEM,
RAC_COORDINATE_SYSTEM,
SSI_COORDINATE_SYSTEM

e Removed “_ID” string from keywords
OPS_TOKEN_ID, OPS_TOKEN_PAYLOAD_ID,
OPS_TOKEN_COMMAND_ID,
OPS_TOKEN_ACTIVITY_ID

e Removed keywords MODEL_COMPONENT_7,
MODEL_COMPONENT_8,
MODEL_COMPONENT_9

¢ Removed keyword
INST_CMPRS_SEGMENT_QUALITY

Appendix B

e Removed “_ID” string from keywords
OPS_TOKEN_ID, OPS_TOKEN_PAYLOAD_ID,
OPS_TOKEN_COMMAND_ID,
OPS_TOKEN_ACTIVITY_ID

e Removed keywords MODEL_COMPONENT _7,
MODEL_COMPONENT_8,
MODEL_COMPONENT_9

e Removed keyword
INST_CMPRS_SEGMENT QUALITY

Corrections

Version 1.04

3/29/07

All Sections
o Corrected references (“[Ref n]”) mapping
throughout body of document.
¢ Changed “ROVER_COORDINATE_SYSTEM” to
PAYLOAD_COORDINATE_SYSTEM” globally.
Section 3.2.1.1
e Corrected Figure 3.2.1.1
Section 3.2.1.2
e Corrected text describing handling of 8-bit data
for EDR generation.
Section 4.2.1
e Swapped the “Eye” and “Filter” fields in the
Single-frame EDR/RDR filename convention.
Section 4.2.2
¢ Inserted entire Mosaic filename nomenclature
and field descriptions
Section 4.2.3
¢ Inserted entire Terrain Mesh filename
nomenclature and field descriptions
Section 5.2.3.1
o Added this section under Section 5.2.3

Corrections

Version 1.06
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Version 1.1

DATE

SECTIONS CHANGED

REASON FOR
CHANGE

REVISION

(Disparity RDR) to describe “Stereo Pair
Matching” method used by MIPL.
Section 6.1
o Corrected text referring to “Section 3.2.1” to
refer to “Section 4.2”.
Table 5.2
e Corrected number of bands value for
Reachability product
Appendix B
e Corrected Type and Units for
ARTICULATION_DEVICE_COUNT
¢ Added valid values for
INST_CMPRS_SEGMENTS
¢ Added valid values for MECA-OM instrument for
DATA_SET_ID and DATA_SET_NAME
e Changed 2" instance of phrase “Azimuth
position at time of ...” to “Elevation position at
time of ...” in Description for keyword
ARTICULATION DEVICE_ANGLE

4/23/07

Section 4.2.1
o Modified description for “pay” field to show all 16
permutations of Bit String

Corrections

Version 1.06

7/6/07

All
¢ Added diagrams, including Coordinate System,
and more text (MIPLRAD Rad-correction &
Coord System) in prep for 1* Signature cycle

Corrections

Version 1.0

9/4/07

Signature Page
¢ Added “Edwin Grayzeck”
Appendix B
e Corrected SSI Eng. Model valid values for
ARTICULATION_DEV_POSITION,
ARTICULATION_DEV_POSITION_ID, and
FILTER_NAME, changing “SSI_L4_700NM” to
“SSI_L4_OPEN¢*, “SSI_L8_700NM” to
“SSI_L8_D_OPEN?”, “SSI_R4_700NM” to
“SSI_R4_OPEN”, and “SSI_R8_700NM” to
“SSI_R8 D_OPEN".
¢ Modified definitions for
INSTRUMENT_AZIMUTH and
INSTRUMENT_ELEVATION

Corrections

Version 1.0

10/26/07

All
e Changed instances of string “rover” to “lander”
where applicable.
Sections 2.1,2.2 & 2.3
¢ Inserted edits received from Roger Tanner for
Tables 2.1.1, 2.1.2,2.2.1 and 2.3
Appendix B
o Corrected definitions and Valid Values and
Source values for
INSTRUMENT_TEMPERATURE_COUNT and
INSTRUMENT_TEMPERATURE_NAME
e Inserted new keyword LED_BITMASK

Corrections

Version 1.0
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Version 1.1

DATE

SECTIONS CHANGED

REASON FOR
CHANGE

REVISION

1/8/08

Sections 2.3, 5.2, 6.3
¢ Inserted edits received from Mike Hecht TBD’s
pertaining to MECA-OM in these Sections
Appendix B
e Updated Valid Values for MECA-OM (per Mike
Hecht) for
INSTRUMENT_TEMPERATURE_COUNT and
INSTRUMENT TEMPERATURE_NAME

Corrections

Version 1.0

3/10/08

Sections 2.3, 5.2, 6.3
¢ Inserted edits received from Mike Hecht TBD’s
pertaining to MECA-OM in these Sections.
Appendix B
e Updated Valid Values for MECA-OM (per Mike
Hecht) for
INSTRUMENT_TEMPERATURE_COUNT and
INSTRUMENT TEMPERATURE NAME.

Corrections

Version 1.0

3/19/08

Section 1
¢ Cleaned up terms for SSI, RAC and MECA-OM
team references in Table 1.3.1.
Section 4.4
e Added “XMS” and “XML” 3-char descriptions for
“Masked XYZ RDR” product types in Product
Type tables for RDR filenames (single and
Mosaics).
Section 5.2.1
¢ Inserted Bob Deen’s rewrite of Rad-correction
text, including new formulas for the MIPL
methods (MIPLRAD, MIPLRAD2, MIPLRAD3).
Section 5.2.1.2
e Cleaned up text, resolved TBD’s.
Section 5.2.8
¢ Added note that Terrain Meshes do not contain
PDS-compliant labels and will not be archived.
Section 6.3
e Removed MECA-OM coordinate frame from
Table 6.3.
Appendix A
¢ Reviewed and fixed keyword valid value
examples.
¢ Fixed keyword-to-Instrument mapping for EDR
keywords.
Appendix B
¢ Resolved all TBD’s with keywords (definitions,

valid values, sources) EXCEPT for the following:

PIXEL_DOWNSAMPLE_OPTION,
RADIANCE_OFFSET,
RADIANCE_SCALING_FACTOR (need Mark
Lemmon’s input for closure of these).
Appendix C
e Deleted this Appendix.

Corrections

Version 1.0

3/28/08

Section 5.2.1
¢ Inserted Mark Lemmon’s comments received

Corrections

Version 1.0
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DATE SECTIONS CHANGED REASON FOR REVISION
CHANGE
3/27 to resolve TBD's in Rad-correction test.
Appendix B
¢ Inserted Mark Lemmon’s comments received
3/27 to resolve issues with descriptions for
PIXEL_DOWNSAMPLE_OPTION,
RADIANCE_OFFSET and
RADIANCE_SCALING FACTOR.
4/10/08 | Section 4.4 Corrections Version 1.0
¢ Inserted “RSD/RSL” and “RUF/RUL” into list of
3-char Product Type identifiers for filenames.
Section 5.2.7
¢ Added this section for Surface Roughness RDR.
Appendix B
¢ Re-inserted keyword SEQUENCE_ID to
accommodate PSI software needs.
4/14/08 | Cover Page Corrections Version 1.0
¢ Replaced “Stubbe Hviid” with “Uwe Keller” as
RAC Instrument Lead.
Section 5.2.1.2
¢ Inserted text from Stubbe Hviid for description of
RAC radiometric correction.
12/08 Resolved all TBDs and updated all sections per Correction V111
discussions from PAWG and email feedback
4/20/09 | Appendix A Correction V112
Inserted DATASET_ID and DATASET_NAME for the
SSI I0F “Science” RDR dataset. Corrections were
made to all DATASET_SET_NAME valid values by
including the CODMAC level number component and
removing the “-RDR-“ component. [R. Alanis]




JPL D-33231

Camera EDR / RDR Data Products SIS

OPEN ACTION ITEMS

Version 1.1

ITEM

ASSIGNEE




JPL D-33231 Camera EDR / RDR Data Products SIS Version 1.1

TABLE OF CONTENTS

CHANGE LOG |

OPEN ACTION ITEMS FOR CLOSURE 1]
LIST OF FIGURES VI

LIST OF TABLES VI

ACRONYMS AND ABBREVIATIONS W1

GLOSSARY IX

R LN I (O 1 1 T 1 1 1 R 1
1.1 PURPOSE AND SCOPE ... ..uutiiiiiiiiiiiittiit e e e e s e sttt et e e e e e et et b e et e e e e e st e b b babeeseesssasbbbbesseeessasbbbbaeseesessaabbbbbeeeessssabbbaaeeeeesssasbbabeesss 1
1.2 (070 N 1= I E TSR 1
1.3 CONSTRAINTS AND APPLICABLE DOCUMENTS ..tvtiiiiiiiiiitttiiti e e s ssiat bttt s e s s s s sabbtsssseessssabbbsasssssssssbbbsssssesssssbbbssssessssasisse 1

1.3.1 Relationships With Other INTEITACES .........viiiieiiie e ettt reene e et saenees 3

2. INSTRUMENT OVERWVIEW ...ttt ettt ettt e e ettt e sttt et e s sttt e e s etet e e s eateeessabeeessbeteesabaeeessabeeessbessesssresessbeeeesans 5
21 SURFACE STEREOSCOPIC CAMERA (SSI) ...ttt sttt sttt r e bt nr ettt nb et nn et sb e b nne e 7
2.2 ROBOTIC ARM CAMERA (RAC) ...ttt sttt ettt sttt et e et e e e s e s se e st e e s teesaeenteeneeanteaseesteestaesteesteaneenneas 8
2.3 MECA OPTICAL MICROSCOPE (MECA-OM) ....ooitiiiiieiiee sttt ettt ta e e te s ae e s e e steesteenseaneeansesneenreens 9

3. DATA PROCESSING OVERVIEW ...ttt ettt ettt e ettt e s s b e e e st e s s st et s s s bt e e s s sab b e e s sbeasessbbeeesesbaesesans 9
3.1 DATA PROCESSING LEVEL .1.eiiiiiiiiitttiiiiee it eiiititie e e e e s sitbat e e s e e st itbbabes s e e s s aa bbb ba s s e e e s ea b bbb aseeeeessaa bbb s beeeessssabbbaaaeseessssababeeess 9
3.2 [ Y €] = N =1 10 OO RRP 10

I N I B R B - v W = (o o [0 TR 10
3.21.1 DLz B [0V TSRO 10
3.2.1.2 (D 1 B 0111 | TR 11

A (D] BT v= W = (oo [ [ox A 11

3.3 DATA V ALIDATION. . .citttttttttt et i iiitttte ittt e et s aaabb et s e e s s aaabbresseessaatab b besesaesssisb b baseeesssssab b beseeseessaabbbbaeeseessabbbbbeeseeesaasabtbeness 12

4, DATA PRODUCT OVERVIEW ...ttt ettt ettt et ettt ettt e e ettt e e sttt e e s eat e e e e sttt e e sebateeseateeessataeeesetaeeessarens 13
4.1 DATA PRODUCT STRUCTURE ... uttttiitieetsisatttetteessseiatteetsesssasissteetsasssasissaatsaesssssasbrsssesessssssbaessseesssassbratsesesssassrrsensss 16
4.2 LABEL AND HEADER DESCRIPTIONS. ... .uvititittiteteeteteesettesssttsessesstsssessesssssesesssssteessssesssstssssasstssssssssessssesssassssessssees 17

N R = B IS I o 1= [T 17
4211 PDS IMAGE ODJECL. ...ttt bbbt bbbt b e e h e bt bt bt e bbb et e bt bt e bt eb e b e e et et neebe e 17
4212 KEYWOIrT LENGEN LIMITS ...ttt bbbttt bbb e bt b e bbb b e e st 18
4213 DA TYPE RESIFICTIONS. ...ttt ettt bbbt b bbb et h e e b e bt e bt s b e b et ea b eb e e bt et e et e b e e e b eseenenns 18
4214 Interpretation Of N/A, UNK; @N0 NULL .....co.ooiiiii bbbt b e ens 18
4215 PDS Label Constructs “Class”, “Object” and “GIOUP”..........ccoerrerueieieiinininrereeeeieses s sre s sreseesessesieas 19

VA [ @A = - o 1= R 20

4.2.3 Mapping Of PDS @and VICAR LADEIS ..........couiiiiiie ettt et e e st et et e staesbeeaeanaeannas 21

4.3 BINARY DATA STORAGE CONVENTIONS ...uuuttiiiiieiiiiititieteeeesiiitttetesessssissbsstsesssssissssssesssssisssbassessssssssissssesssesssnssssresees 22
4.3 1 Bit QNG BYIE OFUEIING. .....e ettt bbbt b e bbbt b e s b et eb e s b e st eb e sb e e ebesbe e ebenbe e 22
4.4 FFILE INAMING ..ettitiittietiteeeeeeeteeeeeeeseeseeseeseseeeseseseeaeesessesssseseseeessssseesesse s s e e e e s s s e s s s s s s s s e e s e s e s e e e e e e e e e eeeeeeseeseesnsesnsnsnsnsnsnsnsnnnns 23

4.4.1 EDR and SiNGIE-frame RDR .......c.oiiiiiiirieiite ettt sttt sttt e ettt bbb s et sb e e ebesreseebenee e 23

A.4.2 IMIOSAIC RDR ..ottt ettt oot e e e e e ettt e e ettt e e st e e e et et e e s eaaeeeesaeeeeaesteeeseasaeeesaaseeeeasseeesaseteessaaaeesateeeesareeeenrarees 28

A 4.3 TEITAIN IMESN RDR ..ottt ettt e et e e et e e e ettt e s eaeeeeseaseeeeaateeesasaeeeseaaeeesasseeesaaseeeesanaeeesasneeeesareeeesranees 34

5. DETAILED DATA PRODUCT SPECIFICATIONS ...ttt ettt et e sttt e e s et e e s st a s st e s sasreeessreeesserreees 37

5.1 EDR DATA PRODUCTS ...utttiiiiiiiiiiittiet e et etitb et s e e st e sabb it e s s e e st aaabb b e aaeseesesab b b et eeesesssabb b e seeeeesssab bbb aeeeesssabbbbaeeeesssaasabebeeess 37
I I = T T 5 ST 38
N A o = (LI = L ST 38
5.1.3 DOWNSAMPIEA EDR ...ttt ettt b bbbt e bt e s e b e eb e b e e b e e b e e b e en b e e e nbenbesbeeb e et e b et naennas 38
I B =Y (T e Lo I o ] IS 38

Vi



JPL D-33231 Camera EDR / RDR Data Products SIS Version 1.1

5.2 RDR DATA PRODUCTS ....ttuttittesttastteteestastsesbeesteeste e st aaseasseaseaabe e bt asbeasseaseesheeebeeabeem b e easeebseeb s e beesbeesbesbeesbeesbeenbeebeanns
5.2.1 Radiometrically COrreCted RDR........c..oiiiiiiiiiiee ettt ettt sttt b e bt e et e b b e bt bt et e e e e b et saeneas
5211 TAMCAL MEthOT (SST TEAM) ....viuviiieticiicie ettt ettt a ettt e et e s e e st e be s b e s b e sa et et e st esaeseebesbe st e saensersenears
52.1.1.1 Radiance-calibrated RDRS ("RAD", “RAL”) ...ccooiiiiiiriiiiiiiniiriiiiiti sttt
5.2.1.1.2  Radiance factor-calibrated RDRs ("IOF", “IOL”)
52.1.2 RACCAL Method (RAC Team) ......ccccvveviveieieiericieeceeies
5213 MIPLRAD, MIPLRAD2, MIPLRAD3 Methods (OPGS) ......cocvuiuiuiieiiiinisisieiee sttt 42
5.2.2 Geometrically COrreCtel RDR ........c.ciiiiiieiiieciieie st e st e st te sttt e teese e e e e st et e s teete e s e ent e ee st e saesseetaeseenseneeneenns 46
5221 MECA-OM GEOMELIIC COMTECLION ......eiuieiieiieteite ettt ettt sttt et be st et et e st ebe e b e e besbesbe e enseseeseebeabeebeseeneaseeneanas 46
5222 MIPL GEOMELIIC COITECTION ...ttt ettt sttt ettt sttt st e et e et e b e ebe st et et emeeb e e beeeesbeebe e ensareeseebesbenbeseenseneaneanis 46
oI B L1 o= L 0T PSP 47
5231 Stereo Pair MatChing METNOM .........c.oiiiieei ettt ettt st e et et et eseebeabesbesbeneenseneanea 48
ST ) (A (TSRS PSP PRORRORN 48
5241 XYZ Lander VOoIUME EXCIUSION IMASK.........c.ciuiiuirieieiei ettt sttt sttt sttt st be et e et ebeebesbesbesbeseeneaneaneas 48
5242 Y T o I A 144 Vo OSSPSR
5. 2.5 RANGE RDR ...t E R R et
5.2.6 Surface NOrmMal (UVW) RDR.......ccioiiiiiiie sttt sttt taesa e s et e st e besbeate e s e e st e ee st e stesneeseeseenseneennenes
5.2.7 SUIface ROUGNNESS RDR .......ocuiiiiieie it e sttt sttt ettt teeseess e e e st et e s teeteeseensesee st e aeseeeteereenseneeneenns
5.2.8 RAREACNANDIITY RDR .......oiiiiiiieiie ittt e e st te et e et e et eeat e s ts e te e teesbeeseesseesseesaeeseeenaeaneeeneenneenraens
5.2.9 TErrain M RDR ... ..ottt ettt ettt e e e st e s te e s ae e s teeateeaeeea s e st s e te et e e s beaseesseesaeesaeeneeenseansenneenneenreens
5291 PEB TEITAIN IMESN ... .ottt sttt sttt et e st e e bt be st e ke e e st e s e bt e be et e e be e ens e s e e bt ebeebeebentebeseensenene
5292 Terrain MESh HEIGNT MBI ..ottt b bbbt ne e ene s
5.2.10 IMOSBIC RDR.....c.uiitieiieitiite sttt et b bbbt s bbbt E e b £ e b £ e s b e b e eb e b e ARt e bt e b e e n b e e e ne ekt e bt e b b e e et et b e
5.2.10.1  OVerview 0f IMOSAICS 1N GENEIAL........cc.oiiieiiiiiieeeite ettt ettt sttt s e te et e be st et e e e st e b e ebeebesbesbeseeneeneaneas
52.10.2  How MIPL CreatesS MOSAICS .......covveirreirriininieriiieinienens
5.2.10.3  Cylindrical Projection MOSAIC............c.ceovrivrneriiiinnenens
5.2.10.4  Camera Point Perspective Mosaic
5.2.10.5  Cylindrical- Perspective ProjECtion IMOSAIC ...........ciueeriiueirieirieisieiesestest ettt st ettt sbesesease s eteseste s sbeseseenennas 55
5.2.10.6  POIAr PrOJECHION IMOSAIC ... ..veuiveieieetiieteietetete ettt ettt sttt et be et e st b et st b e et et et en e et et e st e b et ebe e abeneebeneneene e
5.2.10.7  Vertical Projection Mosaic
5.2.10.8  XYZ MOSAIC ...ccuveveieiiiiiiiieieiiee st
5.2.10.9  Surface NOrMal (UVW) IMOSEIC ......cveuiiiiieiitesiiieiiiteiesest ettt ettt b bbbt bt e bt en e nn e 59
oI N 0 1o LY o T L S SSSSSPR 59

6. STANDARDS USED IN GENERATING PRODUCTS ..ot 60

6.1 PDS STANDARDS .....ooiiittttittt e et ittt et s e e st asb b et e e e e s aa bbb e et e eeeseaia bbb aseeaesessa b b baseaeesessabbbeseeeeessaabbaaaeeseeesabbbbbeeeeeesaasabebeness
6.2 TIME STANDARDS. .. .ttttiitieeiiettttteeteessatbtbaeteeeesaaiabbaeeseeesssaab b bateeseesssasbesseeseessaasbaabesseessaassbbbasseeeseasabbbaseeesesssaabbaseeeeeanan
6.3 COORDINATE FRAME STANDARDS
6.3.1.1 Payload Frame (RA FIAIME) ...ttt ettt sttt b bbbt a e e b e bt bt e b e b e e st e b e e bt ebesb e b e e et e s e eneebe e
6.3.1.2 Lander Frame.......coeivveiiiieeeie et
6.3.1.3 SSEFFAME oottt
6.3.1.4 Local Level and Site Frames
6.3.15 IMIECAOIM FFAME ...ttt ettt ettt e e ettt e e st e e e e bt e e e sabe e e s ebbeeeeabbeeesabeeesbeseeesbbeeeaabeeesabeaeeassbeeesabeeesnbeeeeasses

7. APPLICABLE SOFTWARE ... oottt st h bttt et bbbt b et e e et b bbbt et e e nn e ne e 65

7.1 UTILITY PROGRAMS ....outttttiiiiee i iiitttti et e e et s ettt et e e e s s s tbbb e et s e e e s e aab b b aaeeeesesab b b et e aeeesssab b b e seeeeessaab bbb aeeeeeesaabbbbaeeseeesaasabebeeess 65
7.2 APPLICABLE PDS SOFTWARE TOOLS ...ciiiiuttiiiiee e e i ittt e e e e s s eitbttie e s e e s s e aababaee s e e s s asbbbaeaeeaesessabbbbaeeeesssabbbabeeseessaasbbabeeess 66
7.3 SOFTWARE DISTRIBUTION AND UPDATE PROCEDURES ...vvviiiiiiiiitiiiieee e s s iiibteieseeessssbtasessessssssassssssessssssssssssssssssssnes 67

APPENDICES

A CAMERA EDR & RDR LABEL KEYWORD DEFINITIONS 79

vii



JPL D-33231 Camera EDR / RDR Data Products SIS Version 1.1

LIST OF FIGURES

Figure 2 - PHX Camera Payload CONfIQUIALION ............ueiiiiiiiiieiiieee e 6
Figure 3.2.1.1 — EDR GENEIALION .....cccciiiiiiiiiiee e e ettt e e e e s s et e e e e e e e e st e e e e e e e s s saanatbaeeeeeeesseannnnnnees 11
Figure 4.1 - Acquisition and Readout of SSI Image Data...........cccuveeeeieeiiiiiiiiiecee e 13
Figure 4.2 - Acquisition and Readout of RAC IMage Data ............cccveriiiiiieiiiiiie e 14
Figure 4.3 - Acquisition and Readout of MECA-OM Image Data ...........cccceeviiiriieiiiieiee e 15
FIQUIE 4.1.1 - EDR SITUCIUIE ......uiiiiiiie ettt ettt e e e e e ettt e e e e e e e s e et e e e e e e e e s s snnnatbaeeeeeaeesennnnrnnnees 16
FIQure 4.1.2 - RDR SHIUCIUIES ......coiiiiiiie ettt e e st e s et e e e e anb e e e e s nne e e e e s nnneeeeennnns 16
Figure 5.2.1.2 — RACSOft DA FIOW ......ccoiiiiiiiiiiiiii et 42
Figure 5.2.11.1 — Cylindrical Projection MOSAIC............c.uueiiieeiiiiciiiieiiee et e e e e 54
Figure 5.2.11.2 — Camera Point Perspective MOSAIC. .......ciieeeiiiiiiiiiiiee e e eeccitree e e e e ssirvee e e e e e e e snnneeees 55
Figure 5.2.11.3 — Cylindrical-Perspective Projection MOSAIC............cueiiiimiieiiiiiiiee e 57
Figure 5.2.11.4 — Polar ProjECtION IMOSAIC ......uuviiiieeeiiiciiiiieie e e e e ceitite e e e e e e e s s satrae e e e e e e e s s sanrraaeeeeeeessannenes 57
Figure 5.2.11.5 — Vertical ProjeCtion MOSGIC............ccciuuriiiiiee et e e es st ee e e e e et ae e e e e e s e e snnnanees 58
Figure 6.3.1 - L, P, L., Sy, and Sss; Coordinate Frames..........cccuuviirieeiiiiciiiiiiiee e ssiiieeee e e e e 62
Figure 6.3.2 - MECA-OM Sample Stage STEPS ....ccciiiiiiieiiiiiieeiiiee et e e 64
LIST OF TABLES
Table 1.3.1 - Product and Software Interfaces to thisS SIS.........ccuiii i 3
Table 2 - Tabulation Of PHX CAMEIAS .......cuiiiiiiiiiiciiiiiie e ettt e e s e e e e e e e s esntb e e e e e e e e e s snsbaneeeeaeeens 5
Table 2.1.1 - SSI OPLICS ChArACIEIISTICS .....cceiiiirieeiiiiiee et e st s e e e s s e e e s s e e e e s anreeeessnrneeenanes 7
Table 2.1.2 - SSI Spectral Filters (Flight MOGEI) .......uuvieiiiieii e 7
Table 2.1.3 - SSI Spectral Filters (Engineering Model) ... 8
Table 2.2.1 - RAC OPtiCS CharaCteriSTICS ........cuuriieiiiiiieeiiiiie e et e st et e s e e e s b e e e s sbeeeeeaanes 8
Table 2.2.2 - RAC BANUPASSES ......ccoii ittt e ettt e e s e e e e e e e et e et e e e e e s s sttt b e e e e e aeeessanatbrraeeeaaeens 8
Table 2.3 — MECA-OM OptiCS CharaCteriStiCS.......cc.uuiiiiiieiiiiiiiieiiee et a e 9
Table 2.4 — MECA-OM BaNUPASSES .......uveeieiiiiiieeiiieieaaiieteesstteteeaassse e e e aassse e e s asae e e e s ansseeesaanbaeaesasbneeeaanes 9
Table 3.1 - Processing Levels for Science Data SetS.........ccccvveviiiie i 10
Table 4.2.3 - PDS Class to VICAR Property Set MappingsS........cceiieeciiiiiiiieeieee e eciiiieeee e e e e e s esnnvnneeeeaa e 21
Table 4.3.1 - PHX Camera EDR and RDR Bit Ordering .........ccocuuiieiiiiieeiiiiiiee e 23
Table 5.1 - PHX Camera EDR Data PrOGUCLS ...........eeiiiieiiiiiiiiiiis et e e e e s ssavaeee e e e e e s s snnsnnaeeeeaee s 37
Table 5.2 - PHX Camera RDR Data PrOOUCES .........ccuuiiiiiiiiiie e ee e e anaeee s 39
Table 6.3 - Coordinate Frames Used for PHX Surface Operations.............cccveeiiiirieeniiieeeeiniieee e 60
Table 7.1 - Key Software Tools for PHX Camera Payload Downlink Processing ..........cccccovvvvveeiiiinnnen. 65

viii



JPL D-33231

ASCII
CCD
EDR
FEI
FSW
GDS
GSE
ID
JPL
LS
MECA

OMIPLOM
ultimission
Instrument
Processin

g
Laborator

y
MIPL

NASA
ODL
OM
OPGS
PDS
PSI
RA
RAC
RDR
RSVP
SCLK
SFDU
SIS
SOC
SPICE
SSI
SWTS
TBD
TDS

Camera EDR / RDR Data Products SIS

ACRONYMS AND ABBREVIATIONS

American Standard Code for Information Interchange
Charged Coupled Device

Experiment Data Record

File Exchange Interface

Flight Software

Ground Data System

Ground Support Equipment

Identification

Jet Propulsion Laboratory

Limit Switch (MECA-OM)

Microscopy, Electrochemistry, and Conductivity Analyzer
Multimission Instrument Processing Laboratory

National Aeronautics and Space Administration
Object Description Language

Optical Microscope

Operations Product Generation Subsystem
Planetary Data System

Phoenix Science Interface

Robotic Arm

Robotic Arm Camera

Reduced Data Record

Rover Sequencing and Visualization Program
Spacecraft Clock

Standard Format Data Unit

Software Interface Specification

Science Operations Center

Spacecraft, Planet, Instrument, C-matrix, Events kernels
Surface Stereoscopic Imager

Sample Wheel and Translation Stage

To Be Determined/Defined

Telemetry Delivery Subsystem

Version 1.1



JPL D-33231 Camera EDR / RDR Data Products SIS Version 1.1

VICAR Video Image Communication and Retrieval



JPL D-33231

Camera EDR / RDR Data Products SIS

GLOSSARY

Version 1.1

TERM

DEFINITION

Xi



JPL D-33231 Camera EDR / RDR Data Products SIS Version 1.0

1. INTRODUCTION

1.1 Purpose and Scope

The purpose of this Data Product Software Interface Specification (SIS) is to provide consumers of
PHX Camera Payload Experiment Data Record (EDR) and Reduced Data Record (RDR) operations
data products with a detailed description of the products and how they are generated, including data
sources and destinations. Customers of this SIS include developers and users of the Operations
Product Generation Subsystem (OPGS), the Activity Planning and Sequencing Subsystem (APSS) that
includes the Rover Sequence and Visualization Program (RSVP) and Phoenix Science Interface (PSI)
tools, science instrument team tools, and project-associated scientists and others in the general
planetary science community who will analyze the data.

There are three PHX imaging instruments discussed in this document: 1) Surface Stereoscopic Imager
(SSI), 2), Robotic Arm Camera (RAC) and 3) MECA Optical Microscope (MECA-OM). Though all three
instruments share the similar electronics design and spacecraft interfaces, they differ in the optics,
mounted positions, and articulation methods. MECA-OM is characterized by optical and radiometric
properties that substantially differ from those of SSI and RAC.

The EDR data product is the raw, uncalibrated, uncorrected image data acquired by the PHX camera
instrument. For the three PHX camera instruments, the EDR is identical in format, except for some
product label differences. As such, subsequent references to the term EDR in the remainder of this
document imply the general raw data product for all three of the aforementioned PHX camera
instruments, unless otherwise specified.

Generation of the EDR data product includes methods of decompression to restore data that were
lossy or losslessly compressed onboard. Data that were subjected to onboard “12 to 8-bit” scaling are
inversely re-scaled as part of the EDR ground data processing.

The RDR data product is derived directly from one or more EDR or RDR data products, and is
comprised of radiometrically decalibrated and/or camera model corrected and/or geometrically altered
versions of the raw camera data.

1.2 Contents

This Data Product SIS describes how the EDR data product is acquired by the camera and how it is
processed, formatted, labeled, and uniquely identified, and how the RDR data product is derived from
EDR or RDR data products. The document discusses standards used in generating the product and
software that may be used to access the product. The EDR and RDR data product structure and
organization is described in sufficient detail to enable a user to read the product. Finally, examples of
composite EDR/RDR labels are provided, along with the definitions of the keywords in the label.

1.3 Constraints and Applicable Documents

This SIS is meant to be consistent with the contract negotiated between the PHX Project and the three
PHX camera instrument Principal Investigators (PI) in which reduced data records and documentation
are explicitly defined as deliverable products. Because this SIS governs the specification of camera-
related products used during operations, any proposed changes to this SIS must be impacted by all
affected software subsystems observing this SIS in support of operations (e.g., APSS, OPGS).
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Secondly, keywords may be added to future revisions of this SIS. Therefore, it is recommended that
software designed to process EDRs and RDRs specified by this SIS should be robust to (new)
unrecognized keywords.

Additionally, this Data Product SIS is responsive to the following PHX documents:

1. Phoenix Project Archive Generation, Validation and Transfer Plan, JPL D-29392, Rev. 1.0,
December 20, 2004.

2. Mars Exploration Program Data Management Plan, R. E. Arvidson and S. Slavney, Rev. 3.0, March
20, 2002.

Additionally, this SIS is also consistent with the following Planetary Data System documents:

3. Planetary Data System Data Standards Reference, JPL D-7669, Version 3.7, Part 2, March 20,
2006.

4. Planetary Data System Archive Preparation Guide, Version 0.050503, May 3, 2005.

5. Planetary Data System Data Standards Reference, JPL D-7669, Version 3.3, Part 2, June 1, 1999.

6. Planetary Data System Data Preparation Workbook, JPL D-7669, Version 3.1, Part 1, February 1,
1995.

Finally, this SIS makes reference to the following documents for technical background information:

7. Pointing, Positioning, Phasing & Coordinate Systems Master (PPPCS), S.R. Doudrick, JPL D-
19720, June 28, 2001.

8. A System for Extracting Three-Dimensional Measurements from a Stereo Pair of TV Cameras, Y.
Yakimovsky and R. Cunningham, January 7, 1977.

9. Camera Calibration, D. Gennery, JPL IOM 347/86/10, February 5, 1986.

10. Sensing and Perception Research for Space Telerobotics at JPL, D. Gennery et al., Proceedings of
the IEEE Intern. Conf. on Robotics and Automation, March 31 - April 3, 1987.

11. Camera Calibration Including Lens Distortion, D. Gennery, JPL D-8580, May 31, 1991.

12. Algorithm for Using CAHV to Determine SGI Graphics Viewpoint and Perspective, B. Bon, JPL IOM
3472-91-057, August 6, 1991.

13. Inclusion of OId Internal Camera Model in New Calibration, D. Gennery, JPL IOM 386.3-94-001,
February 22, 1994.

14. “Least-Squares Camera Calibration Including Lens Distortion and Automatic Editing of Calibration
Points”, Calibration and Orientation of Cameras in Computer Vision, D. Gennery, ISBN 3-540-
65283-3, 2001.

15. Computations for Generalized Camera Model Including Entrance, Part 1 and Part 2, D. Gennery,
unpublished, May 23, 2001.

16. Generalized Camera Calibration Including Fish-Eye Lenses, D. Gennery, JPL D- 03-0869, 2002.

17. Issues with Linearization, R. Deen, JPL Docushare Collection 2700, File 75670, 2003.

18. Planetary Science Data Dictionary Document, Rev E, JPL D-7116, August 28, 2002.

19. MER IMG Flat Field Scaling, J. Maki, JPL Docushare, File 26302, March 15, 2002.
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1.3.1 Relationships with Other Interfaces
Changes to this EDR/RDR data product SIS document affect the following products, software, and/or

documents.

Table 1.3.1 - Product and Software Interfaces to this SIS

Version 1.0

Name

Type
P = product
S = software
D = document

Owner

¢ MARSCAHV

e MARSRAD

e MARSJPLSTEREO
e MARSCOR3

e MARSXYZ

¢ MARSUVW

¢ MARSRANGE

e MARSREACH

¢ MARSROUGH

o MARSMAP

¢ MARSMOS

¢ MARSMCAULEY
o MARSNAV

MIPL database schema P MIPL (JPL)
PHX Camera Payload EDRs P MIPL (JPL)
e SSI
e RAC
¢ MECA-OM
SSI RDRs P MIPL (JPL), SSI Science Team
RAC RDRs P MIPL (JPL), RAC Science Team
MECA-OM RDRs P MECA-OM Science Team
PHXTELEMPROC S MIPL (JPL)
RSVP S RSVP Dev Team (JPL)
PSI S PSI Dev Team (JPL)
SSI Software S Texas A&M University
e TAMCAL
e SSITOOLS (SSISPEC, PHXMAP2,
MERSTAMPS, MERVIEW)
RAC Software S MPS
¢ RACCAL
MECA-OM Software S e Texas A&M University
e RACCAL ¢ MECA-OM Science Team (S. Huviid)
e Fairwood PDS Image Viewer
Mars Program Suite S MIPL (JPL)
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Type
Name P = product Owner
S = software
D = document
¢ MARSTIE
o MICA

¢ SUMMITT/CRUMBS
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2. INSTRUMENT OVERVIEW

The PHX camera instrument payload is comprised of three camera systems operating four individual
cameras that each differ in the optics, mounted position, and articulation methods. The SSI is the only
stereo camera system.

Of the four cameras, there is one set of stereo pairs and two single cameras, as listed in Table 2.
Camera mounting locations are shown in Figure 2.

Table 2 - Tabulation of PHX Cameras

PHX Camera Payload Instrument Location Number of
Cameras
Surface Stereoscopic Imager (SSI) Stereo pair on Mast Assembly 2
Robotic Arm Camera (RAC) Robotic Arm (RA) 1
Microscopy, Electrochemistry, and Conductivity inside MECA instrument 1
Analyzer Optical Microscope (MECA-OM)
TOTAL 4
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A - Surface Stereoscopic Imager (SSI)

B - MECA housing containing Optical
Microscope (MECA-OM)

C - Robotic Arm Camera (RAC)

Figure 2 - PHX Camera Payload Configuration

Because of the electronics commonality, image data from all cameras are functionally equivalent and
are treated identically in Flight Software (FSW) and the Ground Data System (GDS).

The three PHX camera instruments are discussed in general terms in the following subsections.
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2.1 Surface Stereoscopic Camera (SSI)

The SSl is a stereo pair of science cameras at 15.09 cm baseline separation (23.96 mrad average toe-
in for right and left) mounted at the top of the mast with a range of motion between 89.8 deg and —92.1
deg elevation and 355.4 degrees of azimuth (with 4.6 deg dead zone). Narrow-angle optics provide an
angular resolution of 0.24 mrad/pixel. The SSI will be used to image the surface and sky of Mars
around the landing site. The images will be used primarily for Science analysis. SSI images will also
support targeting of trench digs by instruments on the RA, providing larger scale perspectives of the
work areas than the RA-mounted RAC imaging instrument.

SSiI optics characteristics useful in the analysis of EDR and RDR products are described in Table 2.1.1
below:

Table 2.1.1 - SSI Optics Characteristics

Characteristic Value
Field of View (FOV) Left: 13.88 deg x 13.88 deg Right: 13.74 deg x 13.74 deg
Baseline Stereo Separation 15.09 cm, 50 mrad toe-in (25 + 0.5 mrad per eye)
Angular Resolution Left: 0.2375 mrad/pixel Right: 0.2353 mrad/pixel
Spectral Bandpass 445 nm — 1001 nm
Number of Spectral Filters 12 per camera

SSI has a dual 12-position filter wheel. For the Flight Model, 15 of the 24 filters provide color imaging
capability in 13 unique wavelengths from 445 to 1001 nm, two provide color at deck focus, one provides
polarization at 750 nm, and the remaining six have neutral density coatings to provide direct solar
imaging capability. The spectral bandwidths are described for the Flight Model in Table 2.1.2 and for
the Engineering Model in Table 2.1.3 below:

Table 2.1.2 - SSI Spectral Filters (Flight Model)

Filter Left Eye Center Right Eye Center Application

Number Wavelength, nm Wavelength, nm
1 672+ 2 672 +2 Surface Stereo pair (RED)
2 445 + 2 445 + 2 Surface Stereo pair (BLUE)
3 451+ 6 671+6 Neutral Density Atmosphere
4 990 + 0.6 935.9+0.6 Neutral Density Water Vapor
5 886 + 0.6 935.9+0.6 Neutral Density Water Vapor
6 830+2 445 + 3 Surface Imaging, Diopter
7 802+ 2 753+ 2 Surface Imaging, Diopter
8 861+ 2 753+ 2 Surface Imaging
9 901 £ 2 753+ 2 Left: Surface Imaging Right: Polarization
10 932+ 2 604 + 2 Surface Imaging
11 1001 +2 533 +2 Surface Imaging
12 967 + 2 485+ 2 Surface Imaging
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Table 2.1.3 - SSI Spectral Filters (Engineering Model)

Filter Left Eye Center Right Eye Center Application

Number Wavelength, nm Wavelength, nm
1 6729+ 2 6729+2 Surface Stereo pair (RED)
2 446.6 + 2 446.7 +2 Surface Stereo pair (BLUE)
3 450.8 +2 671.1+0.5 Neutral Density Atmosphere
4 990.7 + 0.6 935.5 + 0.6 Neutral Density Water Vapor
5 870.0+ 0.5 935.7+2 Neutral Density Water Vapor
6 833.3+2 449.6 +2 Surface Imaging, Diopter
7 801.5+2 753.1+2 Surface Imaging, Diopter
8 864.3+2 754.2 +2 Surface Imaging
9 899.5+2 7535+ 2 Left: Surface Imaging Right: Polarization
10 930.7+2 603.8 + 2 Surface Imaging
11 1002.0 +2 532.0+2 Surface Imaging
12 968.5 + 2 485.3+2 Surface Imaging

2.2 Robotic Arm Camera (RAC)

The RAC is a RA-mounted camera with a spectral bandpass from approximately 450 nm (CCD cutoff)
to 700 nm (short pass filter). It will primarily be used to plan trench digs performed by RA-mounted
instruments and acquire image data of targets of interest for science analysis.

RAC optics characteristics useful in the analysis of EDR and RDR products are described in Table
2.2.1 below:

Table 2.2.1 - RAC Optics Characteristics

Characteristic Value
Field of View (FOV) 26.5 deg x 13.3 deg, or 22 micron/pixel (close)
53.1 deg x 26.5 deg (far)
Angular Resolution 0.90 mrad/pixel at close focus (11 mm)

1.81 mrad/pixel at hyperfocus (28 cm to infinity)

Number of Spectral Filters 450 nm (CCD cutoff) — 700 nm (short pass filter)

The spectral bandwidths for the LEDs in the RAC are described in Table 2.2.2 below:
Table 2.2.2 - RAC Bandpasses

LED Wavelength (Bandpass), nm Application

Red 631 (21) at—-35deg C Illumination, Color (when grouped with G, B)
Green 530 (40) at —-35 deg C Color (when grouped with R, B)

Blue 472 (30) at—35deg C Color (when grouped with R, G)
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2.3 MECA Optical Microscope (MECA-OM)

The MECA-OM is a single fixed-focus 6:1 magnification (4 micrometer/pixel) camera in a dark
enclosure that provides imaging primarily at a working distance of 13.9 microns. It will be used to
analyze small grains of regolith (< 100 micrometers) from either RA excavations or airfall. It also
provides context images for the Atomic Force Microscope (AFM). The CCD spectral bandpass cuts off
at approximately 450 nm on the short wavelength end and above 1000 nm at the long end.

MECA-OM optics characteristics useful in the analysis of EDR and RDR products are described in
Table 2.3 below:

Table 2.3 — MECA-OM Optics Characteristics

Characteristic Value
Field of View (FOV) 2.04 mm (tall) x 1.02 mm (wide)
Image Size 512 (tall) x 256 (wide) in 12 bits
Depth of Field > 50 pm (25 pm)
Working Distance at Focus 13.9 um
Pixel Scale 4 pum/pixel
Spectral Bandpass 450 nm — 1000 nm (limited by CCD response)

Except for fluorescence experiments, the practical spectral wavelength is determined by the LED
illumination system, four LED’s centered at 637 nm (red), 524 nm (green), 467 nm (blue) and 375 nm
(UV). The UV LED is filtered such that the central wavelength does not drift appreciably with
temperature. LED bandpasses are shown in Table 2.4 below:

Table 2.4 - MECA-OM Bandpasses

LED Center of Bandpass, nm
Red 637
Green 524
Blue 467
uv 375

3. DATA PROCESSING OVERVIEW

3.1 Data Processing Level

This documentation uses the “Committee on Data Management and Computation” (CODMAC) data
level numbering system. The PHX camera instrument EDRs referred to in this document are
considered “Level 2” or “Edited Data” (equivalent to NASA Level 0). The EDRs are to be reconstructed
from “Level 1” or “Raw Data”, which are the telemetry packets within the project specific Standard
Formatted Data Unit (SFDU) record. They are to be assembled into complete images, but will not be
radiometrically or geometrically corrected.
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PHX camera instrument RDRs are considered “Level 3” (“Calibrated Data” equivalent to NASA Level 1-
A), “Level 4” (“Resampled Data” equivalent to NASA Level 1-B), or “Level 5” (“Derived Data” equivalent
to NASA Level 1-C, 2 or 3). The RDRs are to be reconstructed from “Level 2” edited data, and are to
be assembled into complete images that may include radiometric and/or geometric correction.

Refer to Table 3.1 for a breakdown of the CODMAC and NASA data processing levels.

Table 3.1 - Processing Levels for Science Data Sets

NASA CODMAC Description

Packet data Raw - Level 1 Telemetry data stream as received at the ground station, with
science and engineering data embedded.

Level O Edited - Level 2 Instrument science data (e.g., raw voltages, counts) at full
resolution, time ordered, with duplicates and transmission errors
removed.

Level 1-A Calibrated - Level 3 Level 0 data that have been located in space and may have been

transformed (e.g., calibrated, rearranged) in a reversible manner
and packaged with needed ancillary and auxiliary data (e.g.,
radiances with the calibration equations applied).

Level 1-B Resampled - Level 4 Irreversibly transformed (e.g., resampled, remapped, calibrated)
values of the instrument measurements (e.g., radiances, magnetic
field strength).

Level 1-C Derived - Level 5 Level 1A or 1B data that have been resampled and mapped onto
uniform space-time grids. The data are calibrated (i.e.,
radiometrically corrected) and may have additional corrections
applied (e.g., terrain correction).

Level 2 Derived - Level 5 Geophysical parameters, generally derived from Level 1 data, and
located in space and time commensurate with instrument location,
pointing, and sampling.

Level 3 Derived - Level 5 Geophysical parameters mapped onto uniform space-time grids.

3.2 Data Generation

PHX camera instrument EDRs and RDRs will be generated by JPL’s Multimission Instrument
Processing Laboratory (MIPL) as part of the OPGS subsystem of the PHX GDS. RDRs will also be
generated by the SSI, RAC and MECA-OM science instrument teams at the SOC facility at the
University of Arizona, as well as at their home institutions (Texas A&M for SSI and RAC, JPL for
MECA-OM).

3.2.1 EDR Data Product

As the fundamental image data archive product, the EDR will be generated as “raw” uncalibrated data
within an automated pipeline process managed by MIPL under OPGS at JPL as part of the critical path
in RA operations. The size of an EDR data product is approximately 2 MB.

3.2.1.1 Data Flow

The EDR processing begins with the reconstruction of packetized telemetry data resident on the TDS
by MIPL’s telemetry processor “phxtelemproc”, which processes it with SPICE kernels provided by
NAIF. The EDR will be generated within 60 seconds after the telemetered science instrument packets

10
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have been staged on the TDS. This data flow is illustrated in Figure 3.3.1.1.1, and is elaborated in the
Data Format discussion:

Packetized
Data
(TDS)

“12-bit” EDR
(16-bit)

phxtelemproc
(MIPL)

SPICE kernel
(NAIF)

Figure 3.2.1.1 — EDR Generation

3.2.1.2 Data Format

The EDR will be formatted according to this SIS, such that each of the two radiometric formats of
telemetry data will be stored “unscaled” in a signed 16-bit integer. In the first case, 12-bit data scaled
onboard to 8-bit via a “12 to 8-bit” Lookup Table (LUT) or, via “shift-by-4” (SX4) bit shifting, will be
downlinked as 8-bit data. During ground processing of the 8-bit data, as part of decompression, an
Inverse Lookup Table (ILUT) will be applied to scale the lowest 8 bits to the lowest 12 bits in the signed
16-bit integer. In the second case, 12-bit data without onboard LUT scaling or bit shifting will be
downlinked as 12-bit data and stored “as is” in the 12 lowest bits of the signed 16-bit integer.

There will not be multiple versions of the EDR. Missing packets will be identified and reported for
retransmission to the ground as “partial datasets”. Prior to retransmission, the missing EDR data will
be filled with zeros. The EDR data will be reprocessed only after all “partial datasets” are retransmitted
and received on the ground. In these cases, the original EDR version will be overwritten, retaining only
a single version. The EDR data product will be placed into FEI for distribution to the Science Operations
Center (SOC) at the University of Arizona and to facilitate the archiving process.

3.2.2 RDR Data Product

RDR data products will be generated by, but not limited to, MIPL using the Mars Suite of VICAR image
processing software at JPL, the SSI and RAC science instrument teams using TAMCAL and RACCAL
software at the SOC facility at the University of Arizona and at the teams’ home institution at Texas
A&M Univerisity, and the MECA Science Team using same set of SSI/RAC software tools at JPL. The
RDRs produced will be “processed” data. The input will be one or more Camera EDR or RDR data
products and the output will be formatted according to this SIS. Additional meta-data may be added by
the software to the PDS label.

There may be multiple versions of a PHX Camera RDRs. The RDR data product will be placed into FEI
for distribution.

11
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3.3 Data Validation

Validation of the PHX EDRs will fall into two primary categories: automated and manual. Automated
validation will be performed on every EDR product produced for the mission. Manual validation will
only be performed on a subset.

Automated validation will be performed as a part of the archiving process and will be done
simultaneously with the archive volume validation. Validation operations performed will include such
things as verification that the checksum in the label matches a calculated checksum for the data
product (i.e., that the data product included in the archive is identical to that produced by the real-time
process), a validation of the PDS syntax of the label, a check of the label values against the database
and against the index tables included on the archive volume, and checks for internal consistency of the
label items. The latter include such things as verifying that the product creation date is later than the
earth received time, and comparing the geometry pointing information with the specified target. As
problems are discovered and/or new possibilities identified for automated verification, they will be
added to the validation procedure.

Manual validation of the images will be performed both as spot-checking of data through-out the life of
the mission, and comprehensive validation of a sub-set of the data (for example, a couple of days'
worth of data). These products will be viewed by a human being. Validation in this case will include
inspection of the image or other data object for errors (like missing lines) not specified in the label
parameters, verification that the target shown / apparent geometry matches that specified in the labels,
verification that the product is viewable using the specified software tools, and a general check for any
problems that might not have been anticipated in the automated validation procedure.

12
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4. DATA PRODUCT OVERVIEW

The data in the EDR data product is a copy of the scene that had been projected onto the camera
instrument’s charge-coupled device (CCD) and shifted into the CCD memory buffer. That is, the EDR
consists of unprocessed experiment data stored in binary format.

For SSiI, a total of 1024 x 1024 image pixels plus 32 reference pixels per line are each digitized to 12
bits resolution. The binary data may be returned as 12-bit or 8-bit scaled data. The returned
uncompressed 12—bit binary data is “packed” during transmission and stored in the EDR as a signed
16-bit integer. The returned uncompressed 8-bit binary data is also stored in the EDR as a signed 16-
bit integer. Compressed data is JPEG encoded. The SSI camera acquisition of the scene and
subsequent onboard storage and readout of image data is illustrated in Figure 4.1 below. Note that the
Reference Pixels are returned separately from the rest of the image:

(0,0) SS| Camera CCD

Looking down through the camera
boresight and onto the back side of the
CCD.

Image
g —+—— A._Image Capture

CCD is erased, and the imaging

region is exposed to capture digitized

pixels.

B. Image Transfer
Image is transferred to the storage
region.

C. 1024 x 1024 Image Readout
One image line read out at a time
STORAGE through Serial Register, with 32
Reference pixels bookending 1024
image pixels each digitized at 12 bits.

Vertical readout direction

P

Register readout direction

[ S -] Horizontal Serial Register (1 row)

N T L 1055: Camera Serial Number (occurs every row)
17 — 1040: Active image pixels 1041 — 1054: Post-reference pixels (14 total)

0 — 16: Pre-reference pixels (17 total)

Figure 4.1 - Acquisition and Readout of SSI Image Data
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For RAC, a total of 512 x 256 image pixels plus 8 null pixels and 8 dark pixels per line are each
digitized to 12 bits resolution. As with SSI, the binary data may be returned as 12-bit or 8-bit scaled
data. The returned uncompressed 12-bit binary data is “packed” during transmission and stored in the
EDR as a signed 16-bit integer. The returned uncompressed 8-bit binary data is also stored in the EDR
as a signed 16-bit integer. Compressed data is JPEG encoded. The camera acquisition of the scene
and subsequent onboard storage and readout of image data is illustrated in Figure 4.2 below:

(0,0)

Flight software can download a

I m ag e 512 x 256 image area.

RAC CCD

Looking down through the top of the camera and
onto the back side of the CCD.

SQBﬁﬂ A. Image Capture

CCD is erased, and the imaging region is exposed to
capture digitized pixels.

B. Image Transfer
Image is transferred to the storage region.

STORAGE — 1 C. 512 x 256 Image Readout

One image line read out at a time through Serial Register,
: - with 8 Null pixels bookending 256 image pixels and 8 Dark
Register readout direction pixels each digitized at 12 bits.

l@nsnnnunnnnnunnannnnannnnnnnnnnnnnnnnnn

5 s “l-1 Horizontal Serial Register (1 row)

N t 524 — 527: Null pixels (4 total)
12 — 523: Active image pixels (512 total)

4 —11: Dark pixels (8 total)
0 — 3: Null pixels (4 total)

Vertical readout direction

€

Figure 4.2 - Acquisition and Readout of RAC Image Data
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For MECA-OM, a total of 512 x 256 image pixels plus 8 null pixels and 8 dark pixels per line are each
digitized to 12 bits resolution. As with SSI and RAC, the binary data may be returned as 12-bit or 8-bit
scaled data. The returned uncompressed 12-bit binary data is “packed” during transmission and
stored in the EDR as a signed 16-bit integer. The returned uncompressed 8-bit binary data is also
stored in the EDR as a signed 16-bit integer. Compressed data is JPEG encoded. The camera
acquisition of the scene and subsequent onboard storage and readout of image data is illustrated in
Figure 4.3 below:

0.0

Flight software can download a
256 x 512 image area.

Image

MECA-OM CCD

Looking down through the top of the camera and
onto the back side of the CCD.

A. Image Capture
CCD is erased, and the imaging region is exposed to
capture digitized pixels.

ospsmil

B. Image Transfer
Image is transferred to the storage region.

STORAGE —+— C. 512 x 256 Image Readout

One image line read out at a time through Serial Register,
: - with 8 Null pixels bookending 256 image pixels and 8 Dark
Register readout direction pixels each digitized at 12 bits.

Vertical readout direction

@rrrussnsssssssassEsEEsEEEsEEEEnEnnEnn

o e 11 Horizontal Serial Register (1 row)

Y
N L 524 — 527: Null pixels (4 total)
12 — 523: Active image pixels (512 total)

4 — 11: Dark pixels (8 total)
0 — 3: Null pixels (4 total)

Figure 4.3 - Acquisition and Readout of MECA-OM Image Data
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4.1 Data Product Structure

The EDR structure consists of an ASCII PDS label, followed by an embedded ASCII VICAR label,
followed by a n x m block of binary image data with the origin at the upper left pixel in line (row) 1,
sample (column) 1. Note that some camera EDR products will be rotated so that the origin (1,1) is not
the same as the CCD origin.

PDS Label (ASCII)
VICAR Label (ASCII)

(11

Binary Data

(n,m)

Figure 4.1.1 - EDR Structure

RDR products will have three possible structures. RDRs generated by MIPL will have a VICAR label
wrapped by a PDS label, see Figure 4.1.2, Diagram A). RDR products not generated by MIPL may
contain only a PDS label (Figure 4.1.2, Diagram B). Or, RDR products conforming to a standard other
than PDS, such as JPEG compressed or certain Terrain products (Figure 4.1.2, Diagram C), are
acceptable with a detached PDS header during mission operations. For a description of the PDS
label, see Section 4.2.1, and for a description of the VICAR Label, see Section 4.2.2, and for a mapping
between the two, see Section 4.2.3.

PDS Label (ASCII) PDS Label (ASCII) (1.1)
VICAR Label (ASCII) (1.1)
(1,1)
Binary Data
Binary Data '
Binary Data '
(n,m)
(n,m) C. Detached PDS RDR
(n.m) B. PDS labeled RDR (JPEG & Terrain)
(Produced by SSI, RAC, MECA Teams)

A. PDS labeled RDR
(Produced by MIPL)

Figure 4.1.2 - RDR Structures
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4.2 Label and Header Descriptions

4.2.1 PDS Label

PHX Camera Payload EDRs and RDRs, with the exception of the OPGS Terrain RDR, have an
attached PDS label. The OPGS Terrain RDR has a detached PDS label. Each institution is
responsible for converting PDS-formatted image products to be compatible with their own software
systems (such as VICAR, IDL, ISIS, etc.).

A PDS label is object-oriented and describes the objects in the data file. The PDS label contains
keywords for product identification. The label also contains descriptive information needed to interpret
or process the data in the file.

PDS labels are written in Object Description Language (ODL) (see Reference 4). PDS label
statements have the form of "keyword = value". Each label statement is terminated with a carriage
return character (ASCII 13) and a line feed character (ASCII 10) sequence to allow the label to be read
by many operating systems. Pointer statements with the following format are used to indicate the
location of data objects in the file:

"object = location

where the carat character (®, also called a pointer) is followed by the name of the specific data object.
The location is the 1-based starting record number for the data object within the file.

4.2.1.1 PDS Image Object

An IMAGE object is a two-dimensional array of values, all of the same type, each of which is referred to
as a sample. IMAGE obijects are normally processed with special display tools to produce a visual
representation of the samples by assigning brightness levels or display colors to the values. An IMAGE
consists of a series of lines, each containing the same number of samples.

The required IMAGE keywords define the parameters for simple IMAGE obijects:

LINES is the number of lines in the image.

LINE_SAMPLES is the number of samples in each line.
SAMPLE_BITS is the number of bits in each individual sample.
SAMPLE_TYPE defines the sample data type.

The IMAGE object has a number of keywords relating to image statistics. These keywords will be
present in all EDRs. In RDRs, they are optional, and if they are present, they must be updated to
reflect the current statistics of the image (often they will be omitted for the sake of computational
efficiency). Note that the VICAR label never contains these keywords; see section 4.2.3. The statistics
keywords are:

MEAN

MEDIAN

MAXIMUM

MINIMUM
STANDARD_DEVIATION
CHECKSUM
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Many variations on the basic IMAGE object are possible with the addition of optional keywords and/or
objects. The “"IMAGE” keyword identifies the start of the image data and will skip over the VICAR
label. Recommended image formats are described and illustrated in Reference 4, Appendix A.19.

4.2.1.2 Keyword Length Limits

All PDS keywords are limited to 30 characters in length (Section 12.7.3 in PDS Standards Reference).
Therefore, software that reads PHX PDS labels must be able to ingest keywords up to 30 characters in
length.

For RDR producing institutions wishing to accommodate the VICAR mapping (see Section 4.2.3) of
PDS keywords that use a <unit> tag after the value, such keywords must be limited to 26 characters in
length. Otherwise, those keywords will not be transcoded from the PDS label into a VICAR label.

4.2.1.3 Data Type Restrictions

In order to accommodate VICAR dual-labeled files, 16-bit data must be stored as signed data.
Unsigned 16-bit data is not supported. 12-bit unsigned data from the cameras is stored in a 16-bit
signed value.

4.2.1.4 Interpretation of N/A, UNK, and NULL

During the completion of data product labels or catalog files, one or more values may not be available
for some set of required data elements. In this case PDS provides the symbolic literals “N/A”, “UNK”,
and “NULL”, each of which is appropriate under different circumstances.

As a note, if any one of these three symbolic literals are used in place of a keyword value that is
normally followed by a Unit Tag(s) (e.g., “<value>"), the Unit Tag(s) is removed from the label.

e “N/A” (“Not Applicable”) indicates that the values within the domain of this data element are not
applicable in this instance. For example, a data set catalog file describing NAIF SPK kernels
would contain the line:

INSTRUMENT _ID = "N/A"
because this data set is not associated with a particular instrument.
“N/A” may be used as needed for data elements of any type (e.g., text, date, numeric, etc.).

e “UNK” (“Unknown”) indicates that the value for the data element is not known and never will be.
For example, in a data set comprising a series of images, each taken with a different filter, one
of the labels might contain the line:

FILTER_NAME = "UNK"

if the observing log recording the filter name was lost or destroyed and the name of the filter is
not otherwise recoverable.

“‘UNK” may be used as needed for data elements of any type.
o “NULL" is used to flag values that are temporarily unknown. It indicates that the data preparer

recognizes that a specific value should be applied, but that the true value was not readily
available. “NULL” is a placeholder. For example, the line:
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DATA_SET_RELEASE_DATE = "NULL"

might be used in a data set catalog file during the development and review process to indicate
that the release date has not yet been determined.

“NULL” may be used as needed for data elements of any type.

Note that all “NULL” indicators should be replaced by their actual values prior to final archiving
of the associated data.

4.2.1.5 PDS Label Constructs “Class”, “Object” and “Group”

The PDS has designed a set of formal and informal constructs for labeling data products. In the PDS
realm, “formal” infers a standardized design or set of rules that provides a protocol across multiple data
products (e.g., multiple flight missions) for PDS validation tools, and involves a rigorous approval
process. “Informal” infers a less rigorous process by which the construct meets PDS approval. For
both formal and informal constructs, the member keywords must be defined in the Planetary Science
Data Dictionary (PSDD) [Ref 18]. In PHX Camera EDRs and RDRs, the PDS Label includes the
following “formal” and “informal” constructs:

Class - The Class construct is informal and resides in a PDS label as a grouping of keywords
that are thematically tied together. Classes are usually preceded by a label comment,
although it is not required. PDS label comments are character strings bounded by “/*
*/” characters.

In the PHX Camera PDS label a Class of keywords will be preceded by a comment
string as follows:

/* comment string */
keyword keyword value
keyword keyword value

Object - The Object construct is formal and is a set of standard keywords used for a particular
data product. In the PSDD, each Object definition lists the elements required to be
present each time the Object is used in a product label. The PSDD also provides a list
of additional, optional keywords that are frequently used in the Object. Any element
defined in the PSDD may be included as an optional element in any Object definition,
at the discretion of the data preparer.

In the PHX Camera PDS label an Object’s set of keywords is specified as follows:

OBJECT = Object identifier
keyword = keyword value
keyword = keyword value

END OBJECT = Objectidentifier

Group - The Group construct can be either a formal or informal grouping of keywords that are
not components of a larger Object. Group keywords may reside in more than one
Group within the label.
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The Group construct is further described in section 12.4.5 of the PDS Standards
Reference, "Object Description Language Specification and Usage: GROUP
Statement".

In the PHX Camera PDS label, a Group’s set of keywords is specified as follows:

GROUP = Group identifier
keyword = keyword value
keyword = keyword value

END GROUP = Group identifier

4.2.2 VICAR Label

For all EDR data products and MIPL produced RDR data products, an embedded VICAR label follows
the PDS label and is pointed to by the PDS pointer “IMAGE_HEADER”. The VICAR label is also
organized in an ASCII, “keyword = value” format, although there are only spaces between keywords
(no carriage return/line feeds as in PDS). The information in the VICAR label is an exact copy of the
information in the PDS label as defined in the next section. The reader is referred to the VICAR File
Format document for details of the format, which is available at the URL “http://www-
mipl.jpl.nasa.gov/vicar/vic_file_fmt.html”. The following text is an excerpt which describes the basic
structure:

A VICAR file consists of two major parts: the labels, which describe what the file is, and
the image area, which contains the actual image. The labels are potentially split into two
parts, one at the beginning of the file, and one at the end. Normally, only the labels at
the front of the file will be present. However, of the EOL keyword in the system label
(described below) is equal to 1, then the EOL labels (End Of file Labels) are present.
This happens if the labels expand beyond the space allocated for them. The VICAR file
is treated as a series of fixed-length records, of size RECSIZE (see below). The image
area always starts at a record boundary, so there may be unused space at the end of
the label, before the actual image data starts.

The label consists of a sequence of "keyword=value" pairs that describe the image, and
is made up entirely of ASCIlI characters. Each keyword-value pair is separated by
spaces. Keywords are strings, up to 32 characters in length, and consist of uppercase
characters, underscores (“_"), and numbers (but should start with a letter). Values may
be integer, real, or strings, and may be multiple (e.g. an array of 5 integers, but types
cannot be mixed in a single value). Spaces may appear on either side of the equals
character (=), but are not normally present. The first keyword is always LBLSIZE, which
specifies the size of the label area in bytes. LBLSIZE is always a multiple of RECSIZE,
even if the labels don't fill up the record. If the labels end before LBLSIZE is reached (the
normal case), then a 0 byte terminates the label string. If the labels are exactly LBLSIZE
bytes long, a null terminator is not necessarily present. The size of the label string is
determined by the occurrence of the first O byte, or LBLSIZE bytes, whichever is smaller.
If the system keyword EOL has the value 1, then End-Of-file Labels exist at the end of
the image area (see above). The EOL labels, if present, start with another LBLSIZE
keyword, which is treated exactly the same as the main LBLSIZE keyword. The length of
the EOL labels is the smaller of the length to the first O byte or the EOL's LBLSIZE. Note
that the main LBLSIZE does not include the size of the EOL labels. In order to read in
the full label string, simply read in the EOL labels, strip off the LBLSIZE keyword, and
append the rest to the end of the main label string.

20


http://www-mipl.jpl.nasa.gov/vicar/vic_file_fmt.html
http://www-mipl.jpl.nasa.gov/vicar/vic_file_fmt.html

JPL D-33231 Camera EDR / RDR Data Products SIS Version 1.0

4.2.3 Mapping of PDS and VICAR Labels

The information contained in the PDS and VICAR embedded labels are identical, by definition. Either
label may be used interchangeably, for any purpose in the mission. Any MIPL software that modifies
one label must also modify the other. This is often most easily accomplished by stripping off one of the
headers, processing the remaining label as desired locally, and then running a conversion tool to re-
create the missing header. Such tools will be provided by MIPL.

It is important to note that these files are simultaneously valid PDS images, and valid VICAR images,
and may be processed equally by tools of either system. It is critical for the integrity of the data that
both labels be maintained, as described above.

The mapping between PDS keywords is straightforward. Appendix A shows a label in PDS format. For
space reasons, the corresponding VICAR label is omitted from this document, but it is required. The
mapping rules are as follows:

e Keyword values are identical in both cases. The only changes to values are those mandated by
the file format itself, such as quoting rules. See the respective PDS and VICAR documents for
details, but in general, PDS uses double quotes (") while VICAR uses single quotes ().

e With the exception of keywords defining the file format itself (described below), keyword names
are identical in both cases.

e Any PDS group maps 1-to-1 to a VICAR property set with the same name (group name ==
property set name). All contained keywords are identical in both cases. The GROUP and END-
GROUP keywords are omitted from the VICAR label; PROPERTY keywords are used instead
(as per the VICAR file format definition).

e Any set of PDS keywords not in a group (in PDS terms, a class) is identified by an introductory
comment (e.g. /* IDENTIFICATION DATA ELEMENTS */). Such classes map 1-to-1to a
VICAR property set. The name of the VICAR property set and the name of the PDS
introductory comment map as follows:

Table 4.2.3 - PDS Class to VICAR Property Set Mappings

PDS Class Comment VICAR Property Set Name
/* FILE DATA ELEMENTS */ special case, see below
/* POINTERS TO DATA OBJECTS */ special case, see below
/* IDENTIFICATION DATA ELEMENTS */ IDENTIFICATION
/* TELEMETRY DATA ELEMENTS */ TELEMETRY
/* HISTORY DATA ELEMENTS */ PDS_HISTORY
/* COMPRESSION RESULTS */ COMPRESSION_PARMS

e PDS comments (i.e., /* string */) are stored in a VICAR keyword named "PDS_COMMENT".
This keyword appears in the VICAR property containing the elements immediately following the
comment. When converting from VICAR to PDS, the comment is placed immediately before the
group or class. Blank lines should surround the comment. Note that with OPGS-generated
EDR and RDR data products, multiple comment lines in a Group are not supported.
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4.3

The PDS objects IMAGE_HEADER and IMAGE, as well as the keywords in /* FILE DATA
ELEMENTS */ and /* POINTERS TO DATA OBJECTS */ in the table above, do not map directly
to VICAR. They all describe the layout of the file and the image data. The VICAR equivalent for
all of these items is the VICAR System label. Information maps between these in a
straightforward way. It should be trivial to construct a VICAR system label and the above-
referenced PDS entities after referring to the respective file-format-definition documents. Note
that the /* FILE DATA ELEMENTS */ and /* POINTERS TO DATA OBJECTS */ comments are
constant and so are not mapped to PDS_ COMMENT keywords in the VICAR label. They are
inserted automatically as part of the system label conversion process.

The statistics-related keywords in the PDS IMAGE object are MEAN, MEDIAN, MAXIMUM,
MINIMUM, STANDARD_DEVIATION, and CHECKSUM. These keywords are never transferred
to the VICAR label. For VICAR -> PDS conversion, they can be computed from the image, or
simply omitted from the PDS image (for RDRs only - EDRs require them).

A few remaining items in the PDS_IMAGE object are treated specially. The FIRST_LINE,
FIRST_LINE_SAMPLE, INVALID_CONSTANT, and MISSING_CONSTANT keywords are
tranferred to the VICAR IMAGE_DATA property set.

Any PDS keyword with a <unit> tag after the value is transferred to the VICAR label without the
unit tag. A VICAR keyword with the same name, but with *__UNIT" (two underscores)
appended to the end, is added with the value of the unit. So for example, the PDS keyword
"EXPOSURE_TIME = 1.5 <s>" would translate to two VICAR keywords: "EXPOSURE_TIME =
1.5" and “EXPOSURE_TIME__UNIT = SEC". Note that because of this, any PDS keyword that
can support a unit is limited to 26 characters. If there is more than one value (an array), a unit is
associated with each. In this case, the * _UNIT” VICAR keyword becomes multi-valued also,
with each unit copied in sequence. If one of the elements does not have a unit (but others do),
the corresponding entry is "N/A" (which is not copied to the PDS label). So for example, PDS
"CONTRIVED_ANGLE = (1.2 <rad>, 22.0, 54.1 <deg>)" would map to VICAR
"CONTRIVED_ANGLE = (1.2, 22.0, 54.1)" and "CONTRIVED_ANGLE__UNIT = (RAD, N/A,
DEG)".

The VICAR history label is omitted from the PDS header

Binary Data Storage Conventions

PHX camera instrument EDR data are stored as binary data. The data are 12-bit integers stored in
signed 16-bit integers, or rescaled 8-bit integers stored in signed 16-bit integers with only the lowest
ordered 8 bits being valid. The PDS and VICAR labels are stored as ASCII text.

4.3.1 Bitand Byte Ordering

The ordering of bits and bytes is only significant for pixel data; all other labeling information is in ASCII.

For non-byte data, which includes 16-bit signed shorts, 32-bit signed ints, and 32- and 64-bit IEEE
floating-point numbers, the data may be stored in either Most Significant Byte first ("big-endian”, as
used by e.g. Sun computers and Java), or Least Significant Byte first ("little-endian”, as used by e.g.
Linux and Windows computers). This follows both the PDS and VICAR file format conventions.
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For PDS, the SAMPLE_TYPE label in the IMAGE object defines which ordering is used in the file. For
VICAR, the INTFMT and REALFMT labels in the System label define the ordering. See the respective
PDS and VICAR file format definition documents.

Both file formats specify that bit O is the least significant bit of a byte. PHX EDR's may be constrained
to use MSB only, but RDR's still need to be flexible.

Table 4.3.1 - PHX Camera EDR and RDR Bit Ordering

Address MSB-first LSB-first

n most significant byte least significant byte
n+1 next next

n+2 next next

n+3 least significant byte most significant byte

4.4 File Naming

There are three file naming schemes adapted for the PHX image and non-image data products. The
first applies to the EDR data product and all Single-frame RDR data products. The second applies to
all Mosaic RDR data products. Both file naming schemes adhere to the Level Il 27.3 filename
convention to be compliant with PDS standards. The third applies to Terrain products, and does not
adhere to the PDS Level Il 27.3 filename standard.

4.4.1 EDR and Single-frame RDR

Each PHX EDR and Single-frame RDR data product can be uniquely identified by incorporating into
the product filename the Instrument identifier, the Mission source/epoch, the Mars solar day (Sol), the
data Product Type, the Starting Spacecraft Clock count (SCLK) of the camera event, the Activity ID as
extracted from the round-trip accountability Token, the Payload identifier from the Token, a flag
denoting Special processing, the camera “Eye”, the spectral Filter, the product Creator identifier and a
Version number. For all EDR products, the Creator field will display the character “M” (for MIPL). For
RDR products, the Creator field will display any single character from a variety of characters.

The Single-frame RDR data products that share the naming scheme with the EDR data product are
numerous. They are listed in the description of the Product Type field found in the filename convention
definition, which follows:

<
[$) T (&)
w | 9 X /o S /@ o
2 5/8/5 5/ 2/8/s/5/8 &
S/&/8/3/8/&/8/3//S/5/8/./F
[ 1 | 2 |3-5|6-8[(9-17| 18 [19-22] 23 | 24 | 25 | 26 | 27 | 28 [29-31|
where,
inst = (1 alpha character) PHX science instrument identifier.
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Valid values for PHX camera instruments:

“S” - SSi “‘O” - MECA-OM
HR” - RAC

Valid values for PHX instruments not described in this SIS:
“A” - RA “‘M” - MET-P&T
“D” - MARDI (“D” for Descent) “P” - MECA-TECP
“E” - ESE “T" - TEGA
“F’ - MECA-AFM “W” - MECA-WCE
“L” - MET-LIDAR “X” - MECA-Misc

epoch = (1 alpha character) PHX Mission source/epoch. Valid values:
“S” - Surface, flight model “C” - Cruise, flight model
“T” - Testbed
sol = (3integers) If Epoch is “S”, specifies number of Solar days since first full day on
Mars. Landing day is Sol one (“001”). However, if Epoch is “T” or “C”, specifies
day-of-year (ERT or SCET). Example value is “004”.
prod = (3 alpha characters) Product Type identifier of input data. Product types are

differentiated as having camera-induced distortion removed (“linearized”) or not
removed (nominal). Four special flag characters follow:

a) Beginning “E” — Type of EDR, which are raw with no camera model
“linearization”or radiometric correction. If no beginning “E”, then it is an
RDR.

b) Ending “L” - If no beginning “E”, denotes an RDR that is “Linearized”.

Valid values for PHX camera instrument input data products:

Data Product Non-linearized | Linearized
(NOMINAL)

Full frame EDR “EFF” n/a
Sub-frame EDR “ESF” n/a
Downsampled