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1. Purpose And Scope Of Document

1.1 Purpose

This Software Interface Specification (SIS) describes the organization and contents of
the MESSENGER MDIS Experimental Data Record (EDR) archive. There are two cameras
onboad the MESSENGER spacecraft tha will produce imagedata: aWide Angle Camera
(WAC) and Narrow Angle Camera (NAC) (Figure 1). The MDIS EDR Data produds are
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ddiverable to the Planegtary Data System (PDS) and the scientific community that it suppots.
All daaformats are based onthe PDS standad.

Narrow angle camera Radhator
Ny

Wide angle camera

Pivol motor
and harmonic Focal plane unit

Bearing mount

Composite pivot bracket

Titanium mounting fect

Figure 1: MDIS Instrument.

1.2 Scope

This specification is useful to those who wish to undestand theformat and content of
theMDIS EDR image data produds and andillary suppot data. TheSIS appliesto theMDIS
EDR daa produds produced during the course of MESSENGER mission opeations and
preflight calibration.

2. Applicable Documents

TheMDISEDR SISisresponsve to thefollowing Documents:

1. MESSENGER Mercury: Surface, Space Environment, Geochamistry, Ranging; A
mission to Orbit and Explore the Planet Mercury, Conaspt Study, March 1999

2. Plangary Data System Data Preparation Workbodk, February 17, 1995 Version
3.1,JPL D-7669,Part 1.

3. Plandary Data System Standads Reference, July 24,1995 Version 3.2. JPL D-7669,
Part-2.

4. MESSENGER Data Management and Science Analysis Plan. The JohnsHopkins
University, APL. 73849019,Revision A, 25 Sept 2006.

5. [PLR] Appendix 7 to thediscovery program Plan; Program Level Requirement for the
MESSENGER Discovery project; June20,2001

6. MESSENGER Ingrument DPU / MDIS Flight Software Specification, John Hayes.
7390-9041,Revision g, 26 Feb 2004. Describestheingrument flight software.

7. MDIS Compression Description, Pat Murphy. SRM-03-056,Aug. 25, 2003
Describes the MESSENGER Main Processor wavel et compression, sub-framing and
binning flight software.

8. Hawkins S. E., Ill, et a.: 1997,Multi-Spectral Imager onthe Near Earth Asteroid
Rendezvousmission, Space Sci. Rev., 82,31-100

9. Han=en, O. L.: 1974,Surface temperature and emissivity of Mercury, Astrophys J.
190,715717.
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3. Relationships with other Interfaces

The MDIS EDR data produds are stored on hard disk and indexed in SQL (Structured
Quey Languaye) relationd daabases for rapid mission access. For ddivery to PDS, thedaa
produds are placed into the directory structure specified in this doaument and are compressed
into a CGxip archive. O Thezip archive preserves the daa® directory structure. Thezip archive
istrangmitted to the Imaging PDS nodevia FTP. Thedaain the EDR files themselves will be
stored in a PDS TABLE object.

TheMDIS imagefiles coming fromthe MESSENGER Solid State Recorder (SSR)
can bein variousstates of data compression. Three of thecompression methodsare
implemented within theingrument. Theseare: a2X pixel binning, a12to 8 bit lookuptable,
which is alossy compressiontype, and GFASTOwhich is alossless compression type
Additiondly, pog processing, conssting of FAST decompression, wavelet compression and
data substting can be applied usng MESSENGER® Main Processor (MP). These are: an
Integer Wavelet Trandorm (IWT) compression algorithm (can belossy or lossless),
rectangular and jailbar frame subsetting, and 2X, 4X, or 8X pixel binning. (For more detail,
see Appendix B, MESSENGER Ingrument DPU / MDISFlight Sdtware Speification, and
MDI S Conpression Description).
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4. Data Product Characteristics and Environment

4.1 Instrument Overview

TheWide Angle Camera (WAC) suppotts 12 band pass filters while the Narrow Angle
Camera (NAC) ismonodromatic. An overview of the MDIS camerais provided in the
Appendix B DMDIS Indgrument Overview. Table 3 in Appendix B summarizes relevant
parameters for bath the WA and NA cameras. The EDR format for each cameraisidentical.

4.2 Data Product Overview

ThereisoneEDR produd per MDISimage TheEDR produd conssts of abinary
imagefile with an attached PDS labd. ThePDS labd describes theformat of thefiles, and
has al of theparameters describing the state of theingrument when theimage was exposd.
Thelabd also describes the pog-processing options selected to be performed by the
MESSENGER Main Processor (MP). In addition, thelabd has parameters derived fromthe
ingrument state such as viewing geometry, lighting, filter selections etc. An MDISEDR can
congst of upto five sub-frames, reassembled into afull frameimage An EDR can aso bea
regularly spaced set of indvidud columnsreassembled into afull frameimage (jailba mode.
Theimage daa have been uncompressed and reformatted with standard PDS labds, but are
otherwise "raw".

Ingtrument parameters and other andllary datawill bearchived in an INDEX file as
pat of the Archive Data Volume ddivered to PDS. A labd file will describethecontents and
structure of theindex file.

4.3 Data Processing

4.3.1 DataProcessing Level

For MESSENGER there is onearchive for the WAC and NAC image's. Thearchive
indudeslevel 2 (or above CODMAC (Committee on Data Management and Computation)
daa, SPICE files, standad daa produds, relevant software, and doaumentation describing the
generation of theproduds. Each produd will have auniquefile name acrossall MDIS daa
produds and follow thefile naming convention (see 5.1.4 File Naming Conventions).

4.3.2 DataProduct Generation

MESSENGER WA and NA image EDRs will beprodued by the MESSENGER
Science OperationsCenter (SOC) opeated jointly by APL and ACT. The ACT/PIPE -
MDIS2EDRGoftware ingestion engine converts the data to the proper PDS labded format.
The EDR daaproduds are made available to the MESSENGER Science Team for initia
evaluaion and validaion. Attheend of theevauaionandvaidaionperiod, thedaaare
organized and stored in the directory structure described in section 5.1.5, Directory Structure
and Contents for Sttic Volumes, dongwith fidudary checksums for tranamittal to the
Imaging PDS node Thetrangmittal processis described in the next section, Data Flow. These
produds will beused for engineering suppot, direct science andysis, and congruction of
othe science produds.
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TheMDIS EDR data produd containsimage daain decompressed format.
Decompression will result in araw imagetha is not corrected for ingrument signéure, effects
of spacecraft motion, or effects of imaging geometry.

4.3.3 Data Flow and Transmittal to PDS Imaging Node

The MESSENGER Science Operation Center (SOC) opeates unde the auspices of
the MESSENGER Project Scientist to plan data acquisition and generate and validae daa
archives. The SOC suppots and works with the Mission OperationsCenter (MOC, located at
and operated by JHU/APL), the Science Team, indrument scientists, and the PDS.

The SOC will belocated at JHU/APL. The SOC will produe early versionsof
produds tha can be used by the science and ingrument teams. |dedlly they should be of the
same type, content, and format as thefind science produds with default information for
unknown daa such as pointing and spacecraft houskeeping.

At theend of theevaluaion and validation period, thedaa are organized and stored in
thedirectory structure described in section 5.1.5, Directory Structure and Contents for Static
Volumes, dongwith fidudary checksums. This directory structure is compressed into asingle
Crip archiveOfile for transmittal to thelImaging PDS node Thezip archive preservesthe
directory structureinterndly so tha when it is decompressed the origind directory structureis
recreated at thelmaging PDS node Thezip archive is trangmitted to the Imaging PDS node
viaFTPto the URL specified by the nodefor receiving it.

434 Transmittal TimeLine

Severd archive releases, as detailed in section 6, Archive Release Schedule to PDS,
will be assembled and trangmitted to PDS. Table 2, Schedule of Data Releases by Mission
Phase, givesthedate of each trangmittal. At least two weeks before the deadlinefor
trangmittal, thezip archivefile will betrangmitted, via FTP, to thelmaging PDS node At the
same time, aletter of trangmittal will be sent which provides an indgoendent record of the
fidudary checksums provided in the archivefileitself. Within several days of trangmittal, the
nodewill acknowledgereceipt (but not verification) of the archive and letter of trangmittal. If
acknowledgement is notreceived, or if problems are reported, the MESSENGER SOC will
immediately take corrective action to effect successful tranamittal.

After tranamittal, the Imaging PDS nodewill uncompress the zip archive file and
indgpendently calculate thefidudary checksums for each file. Thecalculated checksums will
be compared to the checksums in the tranamittal letter to those recorded in thearchive itself.
Thenodewill then perform any additiond verification and validaion of the data provided and
will report any discrepandes or problems to the MESSENGER SOC. It is expected tha the
nodewill peform these checks and ingpectionsin abouttwo weeks. After ingoection has
been completed to the satisfaction of thelmaging PDS node thenodewill issueto the
MESSENGER SOC acknowledgement of successful receipt.

435 Labeling and Identification

Thelabd area of thedaafile conformsto PDS version 3.7 standards (PDS Standads
Reference JPL D-7669) Thepurmpos of the PDS labd (see bdow) isto describethe
measurement data and provide engineering and observation parameters. Theimages may
congst of partial Gub-framesOof data overlaid into thefull imageframe instead of the entire
1024x1024CCD. There are optiond group objects for each of the present sub-frames.
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EXAMPLE PDS LABEL FOR THE MDI S EDR

PDS_VERSI ON_I D = PDS3

[*** FILE FORMAT ***/
RECORD_TYPE
RECORD_BYTES
FI LE_RECORDS

FI XED_LENGTH
1024
519

/*** PO NTERS TO START BYTE OFFSET OF OBJECTS | N | MAGE FI LE ***/
N VAGE =38

/*** GENERAL DATA DESCRI PTI ON PARAMETERS ***/

M SSI ON_NAME " MESSENGER"

SPACECRAFT_NAME " MESSENGER'

I NSTRUVENT_HOST_NAME = " MERCURY SURFACE, SPACE ENVI RONMENT,
GECCHEM STRY AND RANG NG'

DATA_SET_I D = " MESSENGER- X/ CAL- MDI S- 2- EDR- CRUI SE1- V1. 0"
DATA_QUALITY_I D = "0000000000000000"
PRODUCT_I D = "EW001426431B"

SOURCE_PRODUCT_ID = ("0001426431_| MLW", OSPI CEKERNEL1. BSPO)
PRODUCER _| NSTI TUTI ON_NAME = "APPLI ED COHERENT TECHNOLOGY"

SOFTWARE_NAMVE = "ndi s2edr”
SOFTWARE_VERSION_ID = 0.1

M SSI ON_PHASE_NAME = "EARTH CRUI SE"
TARGET_NAME = MERCURY

SEQUENCE_TI TLE 20040819_Checkout

[*** TI ME PARAMETERS ***/

START_TI ME 2004- 08-19T18: 13: 19. 414043
STOP_TI ME 2004- 08-19T18: 13: 19. 415043
SPACECRAFT_CLOCK_START_COUNT = "1/0001426431: 989000"
SPACECRAFT_CLOCK_STOP_COUNT = "1/0001426431: 990000"
PRODUCT_CREATI ON_TI ME = 2005-06-29T07: 19: 31

[*** | NSTRUMENT ENG NEERI NG PARAMETERS ***/

| NSTRUMENT _NAME = "MERCURY DUAL- | MAG NG SYSTEM W DE- ANGLE
CAMERA"

I NSTRUMENT_I D = "M S-WAC'

FI LTER_NAME = "700 BW 600"

FI LTER_NUMBER =2

CENTER_FI LTER_ WAVELENGTH = 700 <NW>

BANDW DTH = 600 <Nw>

EXPOSURE_DURATI ON =1 <M5>

EXPOSURE_TYPE = MANUAL

DETECTOR_TEMPERATURE = 4.4 <C

FOCAL_PLANE_TEMPERATURE = 4.4 <C
FI LTER_ TEMPERATURE = 4.4 <C
OPTI CS_TEMPERATURE = "N A"

[ *** | NSTRUVENT RAW PARAMETERS ***/

MESS: MET_EXP = 1426431
MESS: ATT_CLOCK_COUNT = 1426429
MESS: ATT_QL = -0.146701
MESS: ATT_Q2 = 0. 439839
MESS: ATT_B = 0. 468664
MESS: ATT_Q4 = 0.751914

MESS: ATT_FLAG 7
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: Pl V_GOAL
: PI V_POS

: Pl V_READ
. PI V_CAL

: FW GOAL

. FW PCS

: FW READ

: CCD_TEMP
: CAM T1

: CAM T2

: EXPOSURE
:DPU_I D

. | MAGER

: SOURCE
:FPU_BI N

. COWP12_8
: COWP_ALG
: COMP_FST
: TI ME_PLS
: LATCH_UP
: EXP_MODE
: PI V_STAT
: Pl V_MPEN
. PI V_PV

: PI V_RV

: FW PV

: FW RV

: AEX_STAT
. AEX_STHR
: AEX_TGTB
: AEX_BACB
: AEX_MAXE
: AEX_M NE
: DLNKPRI O
: WLRATI O
: PI XELBI N
. SUBFRANE
: SUBF_X1

. SUBF_Y1

: SUBF_DX1
: SUBF_DY1
: SUBF_X2

: SUBF_Y2

: SUBF_DX2
: SUBF_DY2
: SUBF_X3

: SUBF_Y3

: SUBF_DX3
: SUBF_DY3
: SUBF_X4

: SUBF_Y4

: SUBF_DX4
: SUBF_DY4
: SUBF_X5

: SUBF_Y5

: SUBF_DX5
: SUBF_DY5
: CRI TOPNV
: JAI LBARS

20652
- 26758
11976
11980
11980
1089

MDISEDR SISV2G
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NESS: JB_X0
MESS: JB_X1
NESS: JB_SPACE

[ *** GEOVETRY | NFORMATI

RI GHT_ASCENSI ON
DECLI NATI ON
TW ST_ANGLE
RETI CLE_POl NT_RA =

RETI CLE_POI NT_DECLI NATI ON = (44.4, 44.4, 44.4, 44.4)

[ *** TARGET PARAMETERS

SC_TARGET_POSI TI ON_VECTOR = (44.4, 44.4, 44.4)

TARGET_CENTER_DI STANCE

[eNeNe]

G\l ***/

44. 4 <DEG>

44. 4 <DEG>

44. 4 <DEG>
(44.4,44.4,44. 4, 44.4)

* kK [

= 44444 44 <KW

[*** TARGET W THI N SENSOR FOV ***/

SLANT_DI STANCE =
CENTER_LATI TUDE

CENTER_LONG TUDE
HORI ZONTAL_PI XEL_SCALE
VERTI CAL_PI XEL_SCALE =
SMEAR_MAGNI TUDE =
SMEAR_AZI MUTH =
NORTH_AZI MJTH =

RETI CLE_POI NT_LATI TUDE = ("N A", "N A", "N A", "N A")
RETI CLE_POI NT_LONGI TUDE = ("N A", "N A", "N A", "N A")

TN AT
YN A
YN A
= "N A
TN AT
YN A
YN A
YN A

MDISEDR SISV2G

[ *** SPACECRAFT POSI TI ON W TH RESPECT TO CENTRAL BODY ***/
SUB_SPACECRAFT_LATI TUDE = "N A"
SUB_SPACECRAFT_LONG TUDE = "N A"

SPACECRAFT_ALTI TUDE =
SUB_SPACECRAFT_AZI MUTH

"N A
= "NA

[ *** SPACECRAFT LOCATI ON ***/
SPACECRAFT_SCOLAR DI STANCE = 4444444, 4

SC_SUN_POSI TI ON_VECTOR
SC_SUN_VELOCI TY_VECTOR

[*** VI EWNG AND LI GHTI NG GEOVETRY ( SUN ON TARGET)

SOLAR_DI STANCE
SUB_SOLAR_AZI MUTH
SUB_SOLAR_LATI TUDE
SUB_SOLAR_LONGI TUDE
| NCI DENCE_ANGLE
PHASE_ANGLE

EM SSI ON_ANGLE
LOCAL_HOUR_ANGLE

[ *** GEOMETRY FOR EACH

= (44.4,44.4,44. 4)
= (44.4,44.4,44. 4)

"N A
"N A
"N A
"N A
"N A
"N A
"N A
"N A

SUBFRAME ***/

GROUP = SUBFRAME1_PARAMETERS

RETI CLE_POI NT_LATI TUDE = ("N A","NA","N A", "N A")

* kK [

RETI CLE_POI NT_LONG TUDE = ("N A", "N A", "N A", "N A")
END_GROUP = SUBFRAMEL_PARANETERS

GROUP = SUBFRAME2_PARAMETERS

RETI CLE_POI NT_LATI TUDE = ("N A","N A","N A","N A")

RETI CLE_POI NT_LONGI TUDE = ("N A", "N A", "N A", "N A")
END_GROUP = SUBFRAME2_PARAMETERS

11/09/2007
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GROUP = SUBFRAME3_PARAMVETERS
RETI CLE_POI NT_LATI TUDE = ("N A", "N A", "N A", "N A")
RETI CLE_POI NT_LONGI TUDE = ("N A", "N A", "N A", "N A")

END_GROUP = SUBFRAME3_PARAMETERS

GROUP = SUBFRAME4_PARANETERS
RETI CLE_POI NT_LATI TUDE = ("N A", "N A", "N A", "N A")
RETI CLE_POI NT_LONG TUDE = ("N A", "N A", "N A", "N A")

END_GROUP = SUBFRAME4_PARANETERS

GROUP = SUBFRAME5_PARAMVETERS
RETI CLE_POI NT_LATI TUDE = ("N A", "N A", "N A", "N A")
RETI CLE_POI NT_LONGI TUDE = ("N A", "N A", "N A", "N A")

END_GROUP = SUBFRAMES_PARAMETERS

OBJECT = | MAGE

LI NES = 512
LI NE_SAWPLES = 512
SAMPLE_TYPE = MSB_UNSI GNED_| NTEGER

SAMPLE_BITS = 16
END_OBJECT = | MAGE
END

A recongructed image (at any level of binning) can contain up to five sub-frames, plus
thespecia dark strip sub-frame. Figure 2 shows 6 sub-frames (dark strip plus5 image area
sub-frames). SeetheMDIS Compression Description doaument [Murphy, Document 7 in the
Applicable Documents list] for a detailed discussion of thetreatment of thedark strip sub-
frame. Also, Appendix B discusses thedark column layout and behavior.

Subframe 1

Subframe 3

Subframe 2

SUbfriI"e 4 Subframe 5

Subframe 0 (Dark Strip)

Figure 2 Reconstructed image with 5 subframes plusthe dark strip subframe
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4.4 Standards Used in Generating Data Products

441 PDS Standards

TheMDIS EDR data produds are congructed according to the daa object conoepts
developal by the PDS. By adopingthe PDS format, theMDIS EDRs are consstent in
content and organization with other planetary image collections InthePDS standad, the
EDR imagefileis groupel into objects with PDS labds describing the objects. The
MESSENGER MDIS EDR daa produds contains

1. ThePDSLabd describing the EDR produd

2. Thelmagedata containing a recongructed imagewhere all thesub-
imageframes hawe been deconpressed and embedded into ther original
corresponding location in thefocal planearray.

44.2 Coordinate Systems

Thefollowingbullet list outlines the computationd assumptionsfor the geometric and
viewing data provided in the PDS labd. There aretwo coordinae systemsin use: 1) the
celestial reference system used for target and spacecraft postion and velodty vectors, and
camera pointing; and 2) the planetary coordinae system for geometry vectors and target
location. Thecelestial coordinate system is J2000(Mean of Earth equaor and equinox of
J2000) Theplandgary coordinae system is planetographic with respect to areference
dlipsid (spheae with 2440km radius).

COVPUTATI ONAL  ASSUMPTI ONS
¥ Themid-point time of observationis used for the geometric element computations
¥ Labd parameters reflect observed, nottrug geometry. Therefore, light-time and
stellar aberration correctionsare used as appropriate.
¥ Theinetia reference frame is J2000(also called EME2000)
¥ Target latitudes and longitudes are planetographic. Theinitial agreed uponMercury
dlipsoid isa sphae with a2440km radius
¥ The"sub-point" of abodyonatarget is defined by the surface intercept of the body-
to-target-center vector. Thisisnottheclosest point onthetarget to thebody. This
ddfinition gives sub-point latitudeand longitudethat are indegpendent of thetarget@
reference ellipsoid.
Distances are in km, speedsin km/sec, anglesin degrees.
Angular rates in degrees/sec, unless otherwise noted.
Angle ranges are 0 to 360degrees for azimuthsand local hourangle. Longitudes range
from 0 to 360degrees (postive to theEast). Latitudes rangefrom-90to 90 degrees.
¥ SPICE kernd files used in the geometric paameters are outlined in Appendix A.

K K K

4.4.3 Data StorageConventions

Thedaaare organized following PDS standads and transferred to the PDS for
distribution to the science community. Datawill be stored unde unique file names as defined
in Section5.1.4.
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4.5 Data Validation

Datavalidaion fallsinto two types, validaion of the science data and validation of the
compliance of the archive with PDS archiving and distribution requirements. Thefirst type of
validaionwill becarried out by the Science Team, and the secondwill be overseen by the
PDS, in coordinaionwith the Science Team.

Theformal validation of data content, adequacy of doaumentation, and adherence to
PDS archiving and distribution standardsis subject to an externd peer review. The peer
review will bescheduled and coordinaed by the PDS. The peer review process may result in
"liens" actionsrecommended by thereviewers or by PDS personné to correct thearchive.
All liensmug beresolved by thedaaset provider: the SOC for Level 1 daa, and the Science
Team for highea-level daaproduds, calibration daa, and calibration algorithms. Once the
liensare cleared, PDS will do afind validation prior to packaging and ddivery.

The SOC will periodically report results of validation to the Science Steering
Commiittee. If thevolumes are approved for release by the Project, then the SOC will trangfer
thearchivesto thePDS. [MESSENGER Data Management and Science Andysis Plan].

5. Detailed Data Product Specifications

5.1 Data Product Structure And Organization

Data tha comprise the MESSENGER Image Archive are formatted according to the
standadsof the Plandary Data System standad, version 3.7 as doaumented in the PDS
Standards Reference manud [JPL Document D-7669]. Archive-qudity datasetsindude
everything needed to undastand and utilize thedaa. Theraw images by themselves are
inaufficient for the science community to realize the full scientific potential of thedaa. Thus
the MESSENGER project is providing as part of thearchive theandllary daato peform
radiometric, phobmetric, and cartographic processing. Additiondly, adoamentationset is
provided to describethe daa produds, imaging insruments, and mission opeations

5.1.1 Static and Dynamic Data volumes

The MESSENGER daa sets are placed into static and dynamic categories. Static daa
sets, once produced and validaed, are not subject to updae or modification, except through
errata upddes. Dynamic daa sets have theinheent propety tha they continueto evolve and
improve as theknowledgeof themission parameters improve These data sets are peiodcally
updaed or replaced with new versions and are likely to be updaed by pog-mission daa
andysis programs. Exanples of static data sets indudetheraw images; theandllary datathat
describethe camera modes, and errata files that describe problems encountred during
produdion of thedaa volumes. Once theraw images have been received, validated, and
propely stored in an archive they will never change. Required changesto static data sets
would have to beareddivered version, or an errataupdde. Likewise, the camera modes,
once propely recorded, will notchange Exanples of dynarric data sets are calibrationfiles
for radiometric correction. As knowledgeof thecamera propetiesimprovethe calibration
fileswill beupdaed and evolve to reflect the new knowledge In thearchive, the static and
dynamic data sets are physcally separated into different volumes. The static data set makes up
virtudly theentire archive volume set. The dynamic data sets (calibrationfiles, and SPICE
kernds) have modest storage requirements. Once the static volumes are created and validaed,
they would rarely need to berecreated or updaed N a desirable qudity for thevolumes that
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make up mog of thearchive. Asthedynanic daa sets are improved and updded, only the
limited number of volumes dedicated to thedynamic data need to beredistributed.

5.1.2 Handling Errors

If errorsin an archive volume are discovered, they are reported to the MESSENGER
data processing facility. An ERRATA report fileis maintained to track and doaument all
discovered errors. At the conduson of the produdion of the MESSENGER volume sgt, a
find DVD is prepared tha contains corrected versionsof all problem files.

5.1.3 Geometric Elements

Geometric elements fully describetheviewing geometry of each observation. The
geometric elements are organized according to the SPICE kernd conaepts adoped by the
Navigationd Andllary Information Facility (NAIF) at the Jet Propulsion Laboratory. SPICE
isan acronymfor Spacecraft, Plangt, Indrument, C-matrix, and Event kernds. (See
http://naf.jpl.nasa.gov)

The SPICE kernd daa set are archived on thedynamic data volumes tha accompany
the EDR daa produds. SPICE kernds evolve andimprove as further andysisisdone The
PDS daalabds attached to theimage daa produds are based on the mos up-to-dae SPICE
information available at thetime of produd creation.

5.14 File Naming Conventions

Thefile names developed for this PDS archive are restricted to a maximum 27-
character base name and 3 character extenson name with a period separating thefile and
extenson names. Also known as the @7 3Gformat, thisis compliant with the 1SO 9660L evel
2 specification (maximum of 31 characters), which isrequired by PDS. TheMDIS EDR
produds will have a330format and thusremain within the specification parameters.
Below isthe detailed naming convention for this dataset.

MDIS File Naming Convention

Format: "XcH##H#HHHHHHHIMG"

X

E for EDR, or C for CDR
¢ = Wor N for Wde or Narrow Angle canera

#p##H#### = M ssion El apsed Time (MET) counter taken
fromthe i nage header (and sane as original conpressed
filename from SSR) NOTE: this a spacecraft clock seconds
counter, and the value in the filename corresponds to the
LAST second of the exposure.

f = Filter wheel position (A B,C D EFGHI,J, KL,U for
the WAC. (See Table 4, Appendix B) It is Mfor the NAC
which has no filter wheel. It will be Uif the position
i s unknown.

Thefollowingis an example file name with a description of theindividud
components:

11/09/2007 Page 13 of 59



MDISEDR SISV2G

EWO0014032676HMG

Thisimage

Isan EDR (E)

Isfromthe WAC camera (W)

Contained 001403267 s the Mission Elapsed Time (MET) in its header.
Used WAC filter wheel postion 6 (F)

K K K K

5.15 Directory Structure And Contents For Static Volumes

An MDIS archive volume will contain thefollowing directories bd ow theroot
¥ CATALOG
¥ DATA
¥ DOCUMENT
¥ INDEX
In addition, a volume may contain thefollowing optiond directories:
LABEL
BROWSE
CALIB
ERRATA
GEOMETRY

KK K K K

5.1.6 Directory Contents

<ROOT>DIRECTORY

This is the top-level directory of a volune. The following are files
contained in the root directory.

AAREADME. TXT - General infornation file. Provides users with an
overvi ew of the contents and organization of the associated vol une,
general instructions for its use, and contact information. This file
contains the fiduciary checksunms cal culated for the files in the

ar chi ve.

VOLDESC. CAT - PDS file containing the VOLUVE object. This gives a
hi gh-1 evel description of the contents of the volume. |nfornation

i ncludes: production date, producer nane and institution, volume ID,
etc.

ERRATA. TXT - Text file for identifying and describing errors and/or
anonelies found in the current volume, and possibly previous vol unes

of a set. Any known errors for the associated volume will be
docunented in this file.

BROWSE DIRECTORY (OPTIONAL)
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The BROWSE directory contains synoptic versions of data products to
hel p identify products of interest. The directory structure mrrors
the DATA directory. The browse product for each EDR is a scaled (0O-
255) inmage stored in the Portable Network G aphics (PNG fornat. The
PNG i mages are resized fromthe original EDR image to 128x128 pi xels.
In addition there is single daily HTM. file that contains each image
and its key paranmeters for that day. There are detached |abels for
the PNG and the HTML fil es which describe the source EDRs and the
scal i ng between raw data val ues and the PNG files.

BROW NFO. TXT: Describes the contents of this directory.

CATALOG DIRECTORY

This subdirectory contains the catal og object files for the entire
volume. The following files are included in the catal og subdirectory.

CATI NFO. TXT: ldentifies and describes the function of each file in
the catal og directory.

M SSI ON. CAT: Description of the MESSENGER mi ssion for the PDS
cat al og.

| NSTHOST. CAT: Description of the MESSENGER spacecraft for the PDS
cat al og.

MDI S_WAC_I NST: Description of the MDJIS WAC canera for the PDS
cat al og.

MDI S_NAC_I NST: Description of the MDJ'S NAC canera for the PDS
cat al og.

MDI S_EDR_DS. CAT: Description of MDI'S EDR dataset for the PDS catal og.

PERSON. CAT: List of personnel associated with the MESSENGER PDS
delivery for the PDS catal og.

REF. CAT: Catal og objectsO citation list for the PDS catal og.

DATA DIRECTORY
This is the top level directories for the EDR i mage data products.
YYYY_DOY: These directories contain the EDRs for one day of the
m ssion. YYYY is the year, and DOY is the day of year. An EDRGCs
inclusion in a folder is determned by the UTC tinme of the start of
the exposure. See section 5.1.4 for the file nanming convention of
the contai ned EDR i mages.

DOCUMENT Directory

The DOCUMENT directory contains docunentation to help the user
under stand and use the archive data.

DOCI NFO. TXT - Description of the DOCUMENT directory
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VOLI NFO. PDF (OPTIONAL) - The files contain detailed descriptions
of the MESSENGER mi ssion, and the MDI'S instrunent.

MDI S_EDRSI S. PDF - Contains the Software Interface Specification for
the EDR data products.

LDD directory - Contains the |local data dictionary catalog files.

INDEX DIRECTORY

This subdirectory contains the indices for all data products on the
volume. The following files are contained in the index subdirectory.

I NDXI NFO. TXT B I dentifies and describes the function of each file in
the index subdirectory. This includes a description of the structure
and contents of each index table in the subdirectory AND usage notes.

MDI SI NDEX. TAB - The inmge index file is organized as a table: there
is arowfor each inmage on the volune; the columms contain

paraneters that describe the observation and canmera states of the

i mges. Information includes view ng geonetry (such as latitude and

| ongi tude of the inmage center, sun and observation angles) and canera
state information such as filter wheel position, spacecraft clock
count, time of observation, inmmge integration tinme, and canera nodes.

MDI SI NDEX. LBL - Detached PDS | abel for MDI SINDEX. TAB. The inmage index
file is acconpanied by a detached PDS | abel that describes its
organi zati on and contents.

MDI SI NDEX. HDR ( OPTI ONAL) - Header file, used for spread sheet
applications. This file contains a single line that gives colum
nanes to each columm in the MDI SI NDEX TAB file.

M SSEDI NDEX. TAB (OPTI ONAL) - Table of missing inages. Image file
nanmes in this directory were |ost during the active fight projects
due to a variety of problens including: inconplete or inproper
transm ssion to earth, or loss of inage files |ost between ground
receiving station and m ssion operations center. Inmages listed in
this directory cannot be recovered.

M SSEDI NDEX. HDR ( OPTI ONAL) - Header file used for spread sheet
applications for the image index file. This file contains a single
l'ine that gives heading names to each row in the index file.

M SSEDI NDEX. LBL (OPTI ONAL) - Detached PDS | abel that describes the
M SSEDI NDEX. TAB fil e.

REDO NDEX. TAB (OPTIONAL) - If an image could not be recovered from
the telemetry archive before a volume was created, then this table
contains a list of the inage files that will be reprocessed for
inclusion on the last volune. This file is identical in format to the
MDI SI NDEX. TAB fil e.

REDO NDEX. LBL ( OPTI ONAL) - Detached | abel for REDO NDEX. TAB
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REDO NDEX. HDR ( OPTI ONAL) - Header file used for spread sheet
applications for the image index file. This file contains a single
l'ine that gives heading names to each row in the index file.

LABEL Directory (OPTIONAL)

This subdirectory contains additional PDS | abels and |abel structure
files that were not packaged with the data products or in the data
subdirectories. The following file is included in the subdirectory.

LABI NFO. TXT: Identifies and describes the function of each file in
the label directory.

CALIB Directory (OPTIONAL)

This subdirectory contains files needed to reduce raw MDI S i mages
(EDRs) to units of radiance or |/F. Files for needed for nmjor
corrections are arranged into subdirectories by correction type.

CALI NFO. TXT: Contains descriptions of calibration files and
directions for their application to MD S EDRs.

/ LUT_I NVERT: Contains the inverse |ookup table required for inverting
8-bit images into their original 12-bit format. There are two files:

MDI SLUTI NV_O0. TAB - This file contains 8-bit values, and the 12-
bit values to which they correspond. There is one set of 12-bit
val ues for each of the eight available | ookup tables in the

i nstrument .

MDI SLUTI NV_0. TAB - The | abel that describes the preceding file.

/ DARK_MODEL: Contains tables of coefficients needed to nodel the dark
level in the NAC or WAC, with on-chip pixel binning turned on or not.
There are tables of coefficients with the nomenclature:

MDI Scam _bi ni ng_DARKMODEL_v. TAB wher e:
cam = canera, NAC or WAC
bi ni ng = binning, NOTBIN or BI NNED
v = version nunber, 0-9,a-z

Det ached | abel s describing the tables have the nonencl ature:
MDI Scam _bi ni ng_DARKMODEL _v. LBL
| FLAT: Contains flat-field i mages which correct for response
variations frompixel to pixel and across the CCD. There separate
files for each of the 12 WAC filters and for the NAC, with on-chip
pi xel binning turned on or not.
Flat-field files for the WAC have the nontl ature:
MDI SWAC_bi ni ng_FLAT_FI LT_nn_v. FI T where:
bi ni ng = binning, NOTBIN or BI NNED
nn = filter nunber, 1-12
v = version nunber, 0-9,a-z

Det ached | abel s describing the i mages have the nonencl ature:
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MDI SWAC_bi ni ng_FLAT_FI LT_nn_v. LBL.
Flat-field files for the NAC have the nomencl ature:

MDI SNAC_bi ni ng_FLAT_v. FI T where:
bi ni ng = binning, NOTBIN or BI NNED
v = version nunber, 0-9, a-z

and detached | abel s describing them have the nonencl ature:
MDI SNAC_bi ni ng_FLAT_v. LBL.

/ RESPONSI VI TY: Contains tables of coefficients used to convert
corrected DN to units of radiance. There are separate tables for the
WAC and NAC, with on-chip pixel binning turned on or not. The tables
have the nomencl ature:

MDI Scam bi ni ng_RESP_v. TAB wher e:
cam = canera, NAC or WAC
bi ni ng = binning, NOTBIN or BI NNED
v = version nunber, 0-9, a-z

Each of the WAC tables has records for all of the filters. Detached
| abel s describing the tables have the nonencl ature:

MDI Scam bi ni ng_RESP_v. LBL.
/ SOLAR: Contains tables of solar irradiance used to convert radiance
to units of I/F. There are separate tables for the WAC and NAC. The
tabl es have the nonencl ature:
MDI Scam SOLAR_v. TAB wher e:
cam = canera, NAC or WAC
v = version nunber, 0-9,a-z

The WAC table has records for all of the filters. Detached |abels
describing the tables have the nomencl ature:

MDI Scam SOLAR_v. LBL.
/ SUPPORT: Contains characterizations of the instrunent that are not
part of the calibration process per se, but were used to derive the
calibration files that are used.

MDI SLUTFWD_0. TAB cont ai ns the onboard forward | ookup tables
used optionally to convert 12-bit to 8-bit inmges.

MDI SLUTFWD_0. LBL describes that file.

Bandpasses for each WAC filter and for the NAC are given in tables
havi ng the nomencl ature

MDI SBPWA. TAB wher e:
a = Athrough Mfor different filters:

DETECTOR, FILTER #, NAME, LETTER | N FI LENAMVE
WAC, 1, 700 BP 5 A
WAC, 2, 700 BP 600, B
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WAC, 3, 480 BP 10 , c
WAC, 4, 560 BP 5 D
WAC, 5 630 BP5 , E
WAC, 6, 430 BP 40 , F
WAC, 7, 750 BP 5 , G
WAC, 8, 950 BP 7 , H
WAC, 9, 1000 BP 15 , |
WAC, 10, 900 BP 5 , J
WAC, 11, 1020 BP 40 , K
WAC, 12, 830 BP S5 , L
NAC, NA NA , M

ERRATA Directory

The ERRATA directory tree is reserved for the last volume in the
static volunme set of the archive. The tree stores data files that
correct files of previous volunmes that had errors. The directory tree
nmei ntains the same structure as on other vol unes.

GEOMETRY DIRECTORY (OPTIONAL)

This subdirectory contains the files (e.g. SPICE kernels, etc) needed
to describe the observation geonetry for the data.

GEOM NFO. TXT: ldentifies and describes the function of each file in
the geonetry subdirectory.

5.2 Data Format Description

Datais stored in abinary fileformat. A PDS IMAGE obiject is contained within each
binary filein additionto a PDS labd which describesthedaa. See section 5.3 for detailed
labd description, and section 4.3.4 for asample labd.

5.3 Label and Header Descriptions

Thekeywordsare listed in theorder in which they appear in the example
labd shown abovein section 4.3.5 Labding and I dentification.

PDS VERSION_ID

The version nunber of the PDS standards docunments that is
valid when a data product |abel is created. PDS3 is used
for the MESSENGER Data products.

File format parameters

RECORD_TYPE
The record format of a file.

RECORD_BYTES
The nunber of bytes in a physical file record, including
record term nators and separators.

FILE_RECORDS

The nunber of physical file records, including both |abel
records and data records.
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"MAGE

The pointer to the full inmage object. This object
contains all the sub-franmes which correspond to a given
observation. The sub-frames are arrayed in their
respective positions corresponding to a full frane
observation. The value contains the starting record
position in the file.

General data description parameters

MISSION_NAME
Identifies the MESSENGER pl anetary m ssion.

SPACECRAFT_NAME
Abbrevi ated nane of the spacecraft.

INSTRUMENT_HOST_NAME
The full, unabbreviated name of the spacecraft.

DATA_SET_ID
Uniquely identifies the data sets available on the vol une.
The EDR collection is nade up of a single data set.

DATA_QUALITY_ID
Used to encode figures-of-nerit into one paraneter that is included
in the | abel of each EDR

A data quality index is used to encode figures-of-nerit into one
paraneter that is included in the |abel of each EDR. The 16-byte data
quality index is interpreted as follows:

Byte 0: Image source is CCD.
1 = Image source is test pattern as indicated by
MESS: SOURCE=1=Test pattern or
MESS: SOURCE=2=I nverted test pattern.
0 = Image source is CCD as indicated by MESS: SOURCE=0=CCD.

Byte 1: Non-zero exposure tinme.
1 = Exposure time in nms as indicated by MESS: EXPOSURE equal s 0
ms.
0 = Exposure time in nms as indicated by MESS: EXPOSURE is
greater than O ms.

Byte 2: Presence of an excessive nunber of pixels at or approaching
saturation.

As saturation is approached responsivity decreases, and signal
becomes nonlinear with brightness for small sources. Saturation can
be exceeded for very bright or |large sources once pixel antibloom ng
is overwhel med. The raw DN | evel indicative of the onset of
saturation varies between the two CCDs. |In the WAC ( MESS: | MAGER=0) it
i s approxi mately 3600; in the NAC (MESS:| MAGER=1) it is approximtely
3400. In autoexposure node, the typical threshold for the allowable
nunber of saturated pixels is 5 pixels. In manual exposure node the
nunber of saturated pixels is uncontrolled.
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1 = There are > 5 pixels exceeding the DN indicating onset of
saturation.
0 = There are < 5 pixels exceeding the DN indicating onset of
saturation.

Byte 3: Valid pivot position.
1 = Pivot position not valid, as indicated by either of two
condi tions:
(a) pivot position validity flag MESS: Pl V_PV=0=invalid,
or
(b) pivot reading validity flag MESS: Pl V_RV=0=i nval i d.
0 = Pivot position valid as indicated by both keywords having a
val ue of 1=valid.

Byte 4: Filter wheel in position (WAC only; requires MESS: | MAGER=0,
or else value of this byte = 0).
1 = Filter wheel not in position, as indicated by any of three
condi tions:
(a) filter wheel position validity flag
MESS: FW PV=0=i nval i d,
(b) filter wheel reading validity flag
MESS: FW RV=0=i nval i d, or
(c) an excessive difference between filter wheel resolver
goal and actual position as given in table bel ow
0 = Filter wheel in position as indicated by an allowable
di fference between goal and position, and by both MESS: FW Pv=1
and MESS: FW RvV=1 (See Table 1).

Table 1. Filter whedl encode postions

Allowable

FILTER_NUMBER MESS.FW_GOAL (abgMESS:FW_POS -
MESS:FW_GOAL))

1 17376 +/- 240

2 11976 +/- 240

3 6492 +/- 240

4 1108 +/- 240

5 61104 +/- 240

6 55684 +/- 240

7 50148 +/- 240

8 44760 +/- 240

9 39256 +/- 240

10 33796 +/- 240

11 28252 +/- 240

12 22852 +/- 240

Byte 5: Quality of spacecraft attitude know edge.
1 = Spacecraft attitude know edge is bad (MESS: ATT_FLAG is in
the range 0-3).
0 = Spacecraft attitude know edge is good (MESS: ATT_FLAGis in
the range 5-7).

Byte 6: CCD tenperature range.
1 = CCD out of tenperature range at which perfornmance is well
calibrated (MESS: CCD_TEMP is outside a range of between 1042
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and 1120, which for the WACis -35C to -14 C, and for the NAC
is -38Cto -16C).

0 = CCD within well calibrated tenperature range (MESS: CCD_TEMP
is within the stated range).

Byte 7: Conpl eteness of data within the commanded sel ection of
subfranes or full frame.
M ssing frames or portions of frames are indicated in an EDRwith a
value of 0 (this cannot be a valid data val ue).

1 There are missing data (sone pixels populated with 0).

0 There are no m ssing data.

Bytes 8-15: spare.

PRODUCT_ID

The permanent, unique identifier assigned to a data
product by its producer. In the PDS, the value assigned to
product _id nmust be unique within its data set. The format
is:

Ec##t#t#H#HH##HT
E = EDR

¢ = Wor N for Wde or Narrow Angl e canera

#p##H#### = M ssion El apsed Time (MET) counter taken
fromthe i nage header (and sane as original conpressed
filename from SSR) NOTE: this a spacecraft clock seconds
counter, and the value in the filename corresponds to the
LAST second of the exposure.

f = Filter wheel position (A/B,CDEFGHI,J KL) for
the WAC. (See Table 4 in Appendix B) It is Mfor the
NAC.

SOURCE_PRODUCT_ID

This is a set of input files used as input to create this
product. The first elenent is the original spacecraft
solid state recorder (SSR) filenane as downlinked.

Addi tional elements are the SPICE kernels used to produce
the ancillary data.

PRODUCER_INSTITUTION_NAME
The organi zation responsible for devel oping the
CODVAC/ | evel 2 data products.

SOFTWARE_NAME

The name of the software systemthat created the data products. The
version nunber of the software is identified by the

SOFTWARE_VERSI ON_I D keywor d.

SOFTWARE_VERSION_ID
Version of the software used to generate the EDR products.

MISSION_PHASE_NAME

Provides the commonly-used identifiers of the MESSENGER
M ssi on Phase. These are (From Menorandum SRP-03- 2006 rev
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14 April 2006, MESSENGER M ssion Phase Definitions, R L.
MeNutt, Jr):

EARTH CRUI SE
EARTH FLYBY
VENUS 1 CRUI SE
VENUS 1 FLYBY
VENUS 2 CRUI SE
VENUS 2 FLYBY
MERCURY 1 CRUI SE
MERCURY 1 FLYBY
2 CRUl SE
2 FLYBY
MERCURY 3 CRUI SE
3 FLYBY
4 CRU SE
MERCURY ORBI T

TARGET_NAME
Identifies the target. (Such as: MERCURY, VENUS, EARTH,
MOON, N A).

SEQUENCE_TITLE
Identifies the imagi ng sequence name. Fornmat:
YYYYMVDD_Sequence_Nane.

Time parameters

START_TIME
The UTC date and tinme for the start of the exposure.

STOP_TIME
The UTC date and tinme for the end of the exposure.

SPACECRAFT_CLOCK_START_COUNT
Cl ock count of the spacecraft conputer at the start of the expsoure.
For MESSENGER, this is also known as the M ssion Elapsed Tine (MET).
MESSENGER has a two stage clock. The clock partition is added to the
begi nning of the two stages. The three parts of this value are
formatted as follows:

¥ P/ SSSSSSSSSS: TTTTTT

o P = SPICE clock partition
o S =first stage, spacecraft clock seconds
o T = second stage, spacecraft clock m croseconds

SPACECRAFT_CLOCK_STOP_COUNT

Cl ock count of the spacecraft conputer at the end of the exposure.
For MESSENGER, this is also known as the M ssion El apsed Tine (MET).
See SPACECRAFT_CLOCK_START_COUNT for format.

PRODUCT_CREATION_TIME
The time in UTC when the EDR product was created.

| nstrument engineering parameters

INSTRUMENT_NAME
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The FULL nane of the instrument. Note that the associated
I NSTRUVENT_I D el enent provi des an abbrevi ated name or
acronym for the instrunment, which includes the canera that
was being used.

INSTRUMENT_ID

Abbrevi ated nane or acronym which identifies the
instrument. In this case it is either MD S-WAC or MDI S-NAC
(for the WDE ANGLE CAMERA or NARROW ANGLE CAMERA) .

FILTER_NAME

Filter nanes are descriptive names of the filter used for
the WAC canera. The NAC has no filter wheel so it is
ON AO for the NAC

FILTER_NUMBER

Provi des the nunmber of the WAC filter wheel through which
an i mage or neasurenment was acquired. The NAC has no
filter wheel so it is ONVAO for the NAC

CENTER_FILTER_WAVELENGTH

The md point wavel ength val ue between the m ni num and
maxi mum instrument filter wavel ength values. A table
showi ng the relationship between filter nunber, center
wavel ength, and bandw dth can be found in Appendix B B
MDI S I nstrument Overview. The NAC has no filter wheel so
it is OVAO for the NAC

BANDWIDTH

A nmeasure of the spectral width of a filter (nanoneters).
For a root-nean-square detector this is the effective
bandwi dth of the filter i.e., the full width of an ideal
square filter having a flat response over the bandwi dth
and zero response el sewhere. The NAC has no filter wheel
so it is OVAO for the NAC

EXPOSURE_DURATION
The exposure duration (integration tine) of the imge
observation expressed in nmlliseconds.

EXPOSURE_TYPE

The MDI S exposure setting. There are two settings D
OQAUTOMATI CO is the automatic exposure setting, and
OVANUALO i s a manual |y commanded exposure setting.

DETECTOR_TEMPERATURE

Tenperature of the CCD in degrees Celsius at the tine the
observation was made. The conversion fornula depends on
the canmera perform ng the observation:

For WAC:
Tenperature = -318.4553 + Raw * 0.2718

For NAC:
Tenperature = -323.3669 + Raw * 0.2737

Where Raw is the raw counts in telenetry (MESS: CCD_TEMP).

FOCAL_PLANE_TEMPERATURE
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The el ement indicates the tenperature of the focal plane
array in degrees Cel sius at observation tinme. The
conversion formul a depends on the canera perform ng the
observation:

For WAC:
Tenperature = -263.2584 + Raw * 0.5022

For NAC:
Tenperature = -268.8441 + Raw * 0.5130

Where Raw is the raw counts in telenetry (MESS: CAM T1).

FILTER_TEMPERATURE

The tenperature of the filter wheel. A single telenetry
point is used to return the Filter Weel or the Tel escope
tenperature, depending on which canera is in use. Thus,
this parameter is ONAO if the NAC was used for the
observation because the telenetry point will be a

neasur ement of the NAC tel escope tenperature. The
conversion from Raw counts to degrees Celsius is:

Tenperature = -292.7603 + Raw * 0. 5553

Where Raw is the raw counts in telenetry (MESS: CAM T2).

OPTICS TEMPERATURE

The tenperature of the NAC tel escope. A single telenetry
point is used to return the Filter Weel or the Tel escope
tenperature, depending on which canera is in use. Thus
this parameter is ONAO if the WAC was used for
observation because the telenetry point will be a
neasurement of the WAC filter wheel tenperature. The
conversion from Raw counts to degrees Celsius is:

Tenperature = -269.7180 + Raw * 0.4861

Where Raw is the raw counts in telenetry (MESS: CAM T2).

| nstrument raw parameters

NOTE: for all of the following OVESS: O items, nore
detailed information can be found in the MD S/ DPU Fli ght
Sof tware Specification docunent. These values are direct
copi es of the raw i mage headers created by the flight

sof tware.

MESS.MET_EXP

Exposure time-tag. M ssion Elapsed Tine (MET) counter
fromthe i mage header. This represents the last tick of
the spacecraft clock second counter before the end of the
exposure.

MESS.ATT_CLOCK_COUNT

Attitude tine-tag. Mssion Elapsed Tinme (MET) counter from
the i mage header representing the time of the quaternion
val ues MESS: ATT_QL through MESS: ATT_O4
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Note: Use of this single quaternion per inmge is not
recomrended. They are provided with each i mage and
descri bed here for conpl eteness, however a better source
of spacecraft attitude sanples is used to generate the
MESSENGER Spacecraft SPICE C-kernels used to support
science ops. These sources are described in the comments
of the C-kernel. (See Appendix A)

MESSATT_Q1
The roll value of the vector conponent of the attitude
qguat erni on.

MESSATT_Q2
The pitch value of the vector conponent of the attitude
guat erni on.

MESSATT_Q3
The yaw val ue of the vector conponent of the attitude
qguat erni on.

MESSATT_Q4
The scal ar conponent of the attitude quaternion.

The attitude quaternion gq forned by MESS: ATT_QL t hrough _Q4 should be
interpreted such that Vsc = M Q) Vi Where

&' 2 +q?) 2@ +a.a,) 2(@a,’ q4qz)f¢
M(q)=§2(qlq2' a,a) 120 +q) 2(0,9 +q,0,)
K@ +a5) 200" aq) 120+

MESSATT_FLAG

Attitude quality flag

7 = Attitude Know edge OK (At least 1 Star Tracker is
avail abl e and at |east 50% of gyro data is valid)

6 = Attitude Know edge OK (No Star Tracker is available
but at | east 50% of gyro data is valid)

5 = Attitude Know edge OK (No Star Tracker is and between
10% and 50% of gyro data is valid -OR- At least 1 Star
Tracker is valid and between 0% and 50% of gyro data

val i d)

4 = not a legal option

3 = Attitude Know edge BAD (At least 1 Star Tracker is
avail abl e and at |east 50% of gyro data is valid)

2 = Attitude Know edge BAD (No Star Tracker is avail able
but at | east 50% of gyro data is valid)

1 = Attitude Know edge BAD (No Star Tracker is available
and between 10% and 50% of gyro data is valid -OR- At
least 1 Star Tracker is valid and between 0% and 50% of
gyro data is valid)
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0 = Attitude Knowl edge BAD (No Star Tracker data fewer
than 10% of gyro data valid)

MESS.PIV_GOAL
Pi vot goal (180j/12%%)

MESS.PIV_POS

Pi vot position (180j/12%)

Note: these are the pivot position values being used to
generate the MDI'S pivot platform SPICE C-kernel. O0j is
nadir, -180;j is the stowed position.

MESS.PIV_READ

Raw pi vot reading fromresolver (resolver counts). The
pi vot platformresolver only covers 45; of notion; the
resol ver read-out values repeat eight tines over the
entire 360; that an unconstrained platformcould travel.
This value is used along with dead-reckoni ng know edge of
whi ch OGoctantO the platformis in to give the value in
MESS: PI V_PCS.

MESS:PIV_CAL
Pivot calibration offset (180j/12%)

MESS.:FW_GOAL
Filter wheel goal (resolver counts)

MESS.FW_POS -
Filter wheel pos. (resolver counts) This is the flight softwareGOs
conmput ed absol ute position of the filter wheel

MESS:FW_READ

Filter wheel reading (resolver counts). This is a raw value from
the filter wheel resolver. It is used by the flight software to
conmput e MESS: FW_PGCS.

MESS.CCD_TEMP
CCD tenperature in raw counts

MESS.CAM_T1
Canera tenperature #1 in raw counts

MESS:.CAM_T2
Canera tenperature #2 in raw counts

MESS.EXPOSURE
Exposure time (0-9990ns)

MESS:DPU_ID
DPU | dentifier
0 = DPU-A

1 = DPU-B

MESS. IMAGER

WAC or NAC i nager
0 = WAC

1 = NAC
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MESS:SOURCE

| mge Source

0 CCD

1 Test pattern

2 Inverted test pattern

MESS.FPU_BIN

Sel ect inmge binning in FPU
0 = 1x1

1 = 2x2

MESS.COMP12_8

Enabl e/ di sable 12 to 8 bit inmage conpression
0 di sabl e

1 enabl e

MESS.COMP_ALG
12 to 8 bit conpression algorithm (0-7). See Appendix B for a plot
of the 12-8 bit | ookup tables

MESS.COMP_FST

Enabl e/ di sabl e Fast i mage conpression
0 = Disable

1 = Enable

MESS. TIME_PLS

Hz time pul se source
Sof t war e

Mai n Processor A (MP-A)
Mai n Processor B (MP-B)
Sof t war e

WNFROPR

MESS.LATCH_UP
PU | at chup i ndi cator

bR

at ched

MESS.EXP_MODE
Exposure node
0 = Manua

1 Aut omati c

MESS.PIV_STAT

Pi vot Control State
Lost

Sear ch

Found

wWN PO
[ L

i vot controlled by MP
Di sabl e

MESS:PIV_PV

Pivot position validity flag
0 =invalid

1 =valid
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MESS:PIV_RV

Pivot reading validity flag
0 invalid

1 valid

MESS:FW_PV

Filter wheel position validity flag
0 =invalid

1 =valid

MESS:FW_RV

Filter wheel reading validity flag
0 invalid

1 valid

MESS:AEX_STAT
OWbdeO of histogram used for automatic exposure cal cul ation
(0-4095)

MESS.AEX_STHR
Aut omati c exposure saturation threshold
(0P65535) (nunber of pixels)

MESS AEX_TGTB
Aut omati c exposure target brightness
(0-4095)

MESS.AEX_BACB
Aut omati ¢ exposur e background/ noi se bright ness
(0-4095)

MESS.AEX_MAXE
Maxi mum aut omati c exposure tine
(0 B 989 ns)

MESS.AEX_MINE
M ni rum aut omati c exposure tine
(0 B 989 ns)

MESS.DLNKPRIO

Priority that conpressed file will be downlinked
0 B Priority #0 (highest)

1 Db Priority #1

9 b Priority #9 (lowest)

MESS:WVLRATIO

Wavel et Conpression Ratio

0 B No Wavel et

1 b 1x conpression (lossless)
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2 b 2x conpression
3 Db 3x conpression

32 B 32x conpression

MESS:PIXELBIN

MP Sof tware Pi xel Binning
0 B No Binning

2 b 2x2 Binning

4 B 4x4 Binning

8 B 8x8 Binning

MESS.SUBFRAME

Subf rane

0 B No subfrane
1 D One subfrane

5 D Five subfranes

MESS:SUBF_X1

Subfrane #1 Start Col (0-1023)

MESS:SUBF_Y1
Subfrane #1 Start Row(0-1023)

MESS:SUBF_DX1
Subfrane #1 Wdth(0-1024)

MESS:SUBF_DY1
Subfrane #1 Hei ght (0-1024)

MESS:SUBF_X2
Subfrane #2 Start Col (0-1023)

MESS:SUBF_Y2
Subfrane #2 Start Row(0-1023)

MESS: SUBF_DX2
Subfranme #2 Wdth(0-1024)

MESS:SUBF_DY2
Subfrane #2 Hei ght (0-1024)

MESS:SUBF_X3
Subfrane #3 Start Col (0-1023)

MESS:SUBF_Y3
Subfrane #3 Start Row(0-1023)

MESS: SUBF_DX3

Subfranme #3 Wdth(0-1024)
MESS:SUBF_DY3

Subfrane #3 Hei ght (0-1024)

MESS:SUBF_X4
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Subfrane #4 Start Col (0-1023)

MESS.SUBF_Y4
Subfrane #4 Start Row(0-1023)

MESS: SUBF_DX4
Subfrane #4 Wdth(0-1024)

MESS:SUBF_DY4
Subfrane #4 Hei ght (0-1024)

MESS: SUBF_X5
Subfrane #5 Start Col (0-1023)

MESS:SUBF_Y5
Subfrane #5 Start Row(0-1023)

MESS: SUBF_DX5
Subfrane #5 Wdth(0-1024)

MESS:SUBF_DY5
Subfrane #5 Hei ght (0-1024)

MESS:.CRITOPNV

When true, indicates that the image is a critical optical navigation
imge and will be conpressed by the MESSENGER Mai n Processor (M)
before other images. (Nornelly, the MP conpresses inmmges in the order
that they are received)

0 Fal se

1 True

MESS.JAILBARS
Jail bars (vertical only)

0 = No jailbar
1 = Enabl e Jail bars
MESS:JB_XO0

Start Jailbar Col umm(0-1023)

MESS:JB_X1
Stop Jail bar Col um(0- 1023)

MESS:JB_SPACE
Jai | bar | ntercolum Spacing

Geometry information

RIGHT_ASCENSION

The right ascension of the camera boresight. The val ues
are specified relative to the J2000 inertial reference
frame.

DECLINATION
The declination of the canmera boresight. The values are
specified relative to the J2000 inertial reference frane.
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TWIST_ANGLE

The angle of rotation about an optical axis relative to
celestial coordinates. It is defined as (180-

CELESTI AL_NORTH_CLOCK_ANGLE) nmod 360. \Where

CELESTI AL_NORTH_CLOCK_ANGLE is the direction of celestial
north at the center of an image. It is neasured fromthe
CGupwar dO direction, clockwise to the direction toward
celestial north (declination = +90 degrees), when the
image is displayed left to right and top to bottom The
epoch of the celestial coordinate systemis J2000.

RETICLE_POINT_RA

The right ascension of the principle points of the canera.
Note: For MESSENGER the principle points are defined as
the upper left pixel of the canera (line 1,sanple 1), the
upper right pixel(line 1, last sanple), lower left (last
line, sanple 1), and lower right (last Iline, last sanple).

RETICLE_POINT_DECLINATION

The declination of the principle points of the canmera. For
MESSENGER the principle points are defined as in

RETI CLE_PO NT_RA.

Targe parameters

SC_TARGET_POSITION_VECTOR

X, Y, Z conponents of the position vector from observer to
target center expressed in J2000 coordinates, and
corrected for light tine and stellar aberration, evaluated
at epoch at which the image was taken. Units are expressed
in Kkiloneters.

TARGET_CENTER_DISTANCE

Di stance between the spacecraft and the center of the
named target in kilometers.

Target within sensor field of view parameters

NOTE: Any val ue conputed bel ow which requires the shape of Mercury
(ellipsoid radii) as an input, will use values dictated by the
science team and updated during the course of the mission. A
MESSENGER SPI CE PCK kernel will be used to define any updated Mercury
constants.

SLANT_DISTANCE
Di stance from spacecraft to the camera boresight intercept
point on the surface in kiloneters.

CENTER_LATITUDE

CENTER_LONGITUDE

Latitude and longitude at the center of the full image
frame.

HORIZONTAL_PIXEL_SCALE
The horizontal picture scale.

11/09/2007 Page 32 of 59



MDISEDR SISV2G

VERTICAL_PIXEL_SCALE
The vertical picture scale.

SMEAR_MAGNITUDE

Norm of velocity vector of canera boresight intercept
point projected on the target, multiplied by the exposure
duration with the scale of the image factored to obtain
the smear in pixels. Spacecraft rotation is taken into
account. (Units are in pixels.)

SMEAR_AZIMUTH

Azimuth of snear velocity vector. The reference line for
the angle extends fromthe center of the image to the
right edge of the inmage. The angle increases in the clock-
wi se direction. The angle is neasured to the "inmage" of
the smear velocity vector in the canera's focal plane.
This image is conputed by orthogonal projection of the
smear vector onto the image plane and then applying
transformations to orient the result properly with respect
to the image. The specific transformations to be
performed are given by the canmera's |-kernel.

NORTH_AZIMUTH
Anal ogs to snear azinmuth, but applies to the target north
pol e direction vector.

RETICLE_POINT_LATITUDE

RETICLE_POINT_LONGITUDE

Latitudes and | ongitudes of the surface intercept points
of the principle points of the canera. (see

RETI CLE_POI NT_RA for definition of the reticule points for
MESSENGER. The units are expressed in degrees.

Spacecr aft podtion with respect to target

SUB_SPACECRAFT_LATITUDE

SUB_SPACECRAFT_LONGITUDE

Pl anetocentric latitude and | ongitude of spacecraft-to-body-center
surface intercept vector. These paraneters and the

SPACECRAFT_ALTI TUDE, SUB_SPACECRAFT_AZI MUTH par aneters descri bed
bel ow are relative to the central body for which the spacecraft is
orbiting and not the target of the observation.

SPACECRAFT_ALTITUDE
Al titude of the spacecraft above a reference ellipsoid.
Di stance is nmeasured to closest point on ellipsoid.

SUB_SPACECRAFT_AZIMUTH
Azi muth angl e of sub-spacecraft point in imge. Method of
neasurement is the sane as for SMEAR _AZI MJTH.

Spacecr aft L ocation

SPACECRAFT_SOLAR_DISTANCE
Anal ogous to TARCET_CENTER DI STANCE but Sun repl aces
target body in conputation.
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SC_SUN_POSITION_VECTOR

X ,Y ,Z conponents of the position vector from observer to
sun, center expressed in J2000 coordinates and corrected
for light tine and stellar aberration, evaluated at epoch
at which inage was taken. Units are kil onmeters.

SC_SUN_VELOCITY_VECTOR

Xx-, y-, and z- conponents of velocity vector of sun
relative to the observer, expressed in J2000 coordi nates
and corrected for light tine, evaluated at epoch at which
i mge was taken. Units are kilonmeters per second

Viewing and lighting geometry

SOLAR_DISTANCE
Di stance fromtarget body center to Sun. The Sun position
used is that described above

SUB_SOLAR_AZIMUTH

Azi muth of the apparent sub-solar point, as seen by the
spacecraft. This point is the surface intercept of the
target-center-to-Sun vector, evaluated at the canera epoch
m nus one-way light tine fromtarget to spacecraft at that
epoch spacecraft at that epoch

Azimuth is neasured as descri bed above. Target body
position relative to the spacecraft is corrected for
light-tinme and stellar aberration. Target body
orientation is corrected for light-tine

SUB_SOLAR_LATITUDE

SUB_SOLAR_LONGITUDE

Pl anetocentric latitude and | ongitude of the apparent sub-solar
poi nt .

INCIDENCE_ANGLE

Provides a nmeasure of the lighting condition at the
intercept point. Incidence angle is the angle between the
| ocal vertical at the intercept point (surface) and a
vector fromthe intercept point to the sun. The

i nci dence_angl e varies fromO degrees when the intercept
point coincides with the sub_solar point to 90 degrees
when the intercept point is at the terminator (i.e., in
the shadowed or dark portion of the target body). Thus

hi gher val ues of incidence_angle indicate the existence of
a greater nunber of surface shadows.

PHASE_ANGLE

Provides a nmeasure of the relationship between the
instrument view ng position and incident illum nation
(such as solar light). Phase_angle is neasured at the
target; it is the angle between a vector to the

illum nation source and a vector to the instrunent. |[f
not specified, the target is assumed to be at the center
of the instrunent field of view If illumnation is from
behi nd the instrunment, phase_angle will be small

EMISSION_ANGLE
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Provi des the value of the angle between the surface nornal
vector at the intercept point and a vector fromthe
intercept point to the spacecraft. The emnission_angle
varies from O degrees when the spacecraft is viewing the
subspacecraft point (nadir viewing) to 90 degrees when the
intercept is tangent to the surface of the target body.
Thus, higher values of em ssion_angle indicate nore

obl i que viewi ng of the target.

LOCAL_HOUR_ANGLE

Angl e fromthe negative of the target-body-to-Sun vector
to the projection of the negative of the spacecraft-to-
target vector onto the target's instantaneous orbital

pl ane. Both vectors are

conputed as in the sub-spacecraft point conputation. The
angle is nmeasured in a counterclockw se direction when
viewed from North of the ecliptic plane.

Geometry for each sub-frame

GROUP = SUBFRAME# PARAMETERS

RETICLE_POINT_LATITUDE

RETICLE_POINT_LONGITUDE

These are the latitude and | ongitude points of the corners
of each subfrane. The corner points in order are upper
left pixel of the subframe (line 1,sanple 1), the upper
right pixel(line 1, last sanple), lower left (last line,
sanmple 1), and lower right (last line, last sanple).

IMAGE Object

LINES

Total number of data instances along the vertical axis of
an i mage.

Note: In PDS | abel convention; the nunmber of lines is

stored in a 32-bit integer field. The mninmmvalue of 0
indi cates no data received. For conpressed ineages this
val ue represents the total nunmber of data instances al ong
the vertical axis once the inmage has been unconpressed.

LINE_SAMPLES

Total number of data instances along the horizontal axis
of an image. For conpressed inmages the keyword value is
the for the total nunber of data instances along the
hori zontal axis once the inmage has been unconpressed.

SAMPLE_TYPE
Data storage representation of the sanple val ue.

SAMPLE_BITS

Stored nunber of bits, or units of binary infornation,
contained in a |line_sanple val ue.
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5.4 MDIS Browse Data Products

Browse produds are synopic versionsof daaprodudsto hdp identify produds of interest.
There may bebrowse produds for al levels of data redudion; in this doaument only the
browse product for theMDIS EDRsis defined. Browse daa produds for highe levels of daa
redudionwill bedefined inthe MDISRDR SIS.

MDISEDR SISV2G

The prindple browse produd for each EDR is ascaled (0-255), median DN valueimage,
stored in the Portable Network Graphics (PNG) format. The dimensonsof the PNG file are
scaled to 128X 128regardless of theorigind image® dimensons Thisimageisreferredto
asaQhurrbnal . OA detached labd to the PNG file describes the source EDR and the scaling
between its raw data vaues and the PNG file.

If subframing was specified, thefull EDijagecomainstheSberam&ewith fill valuesin
those areas tha are not within a subframe@ boundxry. Thisisreflected in thethunbnal for
the EDR image there is nota separate thurnbnail for each subframe.

In additionto thethumbndlsthereis an HTML file for each day (based on the source EDR
fileslocation: archiva year, doyin UTC), tha displays thethunbnals and gives the key
paameters for al the EDR® (images) collected during thet day. For each EDR linksare
provided to the thumbn&l & PNG file and to its detached labd. Figure 3 shows an example

browse page

7 ts - Microsoft Internet Explorer

Fle Edit View Favorites Tools Help

_ o x|

»
| &

D Back ~

D v [ &

| search

L E

Favorites & <

3

Address[&) c:\Documents and

kaal\My Doci

Documents\MDIS_EDR_B v B Go ‘Links E

MDIS Image Data for DOY 214, 2005 (08-02-2005): EARTH FLYBY

EW0031477633C

LBL PNG)

EARTH

DATA QUALITY ID: “0-0-0-0-

0-0-0-0"

START TIME: 2006-08-19T18:

13:19.414043

STOP_TIME: 2006-08-19T18:

13:15.415043

Dimensions: 1024 (Pixels?)

Image Attributes

Compression

MESS:FPU BIN: (1 X 1)

MESS:WVLRATIO: 4

MESS:PIXELBIN: (1 X 1)

MESS:COMP12 8: 0

INSTRUMENT ID: "MDIS-WAC"

MESS:COMP_ALG: 0

IMAGER: “WAC”

MESS:COMP FST: 0

FILTER NAME: "700 BW 600"

MESS:JAILBARS: 0

MESS:EXP_MODE: “AUTOMATIC”

MESS:EXPOSURE: 104 ms

EW0031477638D

EARTH

DATA QUALITY ID: “0-0-0-0-

0-0-0-0"

START TIME: 2006-08-19T18:

13:19.414043

STOP_TIME: 2006-08-19T18:

13:15.415043

Dimensions: 1024 (Pixels?)

Image Attributes

Compression

MESS:FPU BIN: (1 X 1)

MESS:WVLRATIO: 4

MESS:PIXELBIN: (1 X 1)

MESS:COMP12 8: 0

INSTRUMENT ID: "MDIS-WAC" MESS:COMP_ALG: 0
IMAGER: “WAC” MESS:COMP FST: 0
FILTER NAME: "700 BW 600" MESS:JAILBARS: 0

MESS:EXP_MODE: “AUTOMATIC”

MESS:EXPOSURE: 104 ms

N[

€] Done

[ [Z3my Computer

Figure 3: Example Browse Page
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6. Archive Release Schedule to PDS  _
TheMDIS EDR archive will betranserred fromthe SOC to the Planetary Data System (PDS) Formatted: Bullets and Numbering

imaging nodeudng the established data trander protocols. Thedetails of trander are
specified in section 4.3.3. Thetrander will take place according to the schedule in Table 2.
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Table 2. Schedule of Data Releases by Mission Phase

Mission Phase Dates Prodgcts Release Schedule | Latest Release Date
Acquired
On-ground
Launch July 30, 2004 calibration data Launch + 6 months | January 29, 2005
EDRs VF2 + 6 months December 4, 2007
Earth-Moon
July 29, 2005 . o
flyby n-fight calibration | 2 + 6 months | April 16, 2009
EDRs VF2 + 6 months December 4, 2007
Venus flyby 1 October 24,
(VF1) 2006 In-flight calibration |\ | 6 months April 16, 2009
data ’
v fvby 2 EDRs VF2 + 6 months December 4, 2007
enus tlyby June 5, 2007 , —
(VF2) ’ L”‘{"gh‘ calibration | \ie5 4 6 months | April 16, 2009
ata
EDRs MF2 + 6 months April 16, 2009
Mercury flyby 1 | January 14,
(MF1) 2008 In-flight calibration | \\co | 6 months April 16, 2009
data ’
EDRs MF2 + 6 months April 16, 2009
Mercury flyby 2 | October 6,
(MF2) 2008 :jn;gght calibration | \\es | 6 months April 16, 2009
EDRs MF3 + 6 months March 29, 2010
Mercury flyby 3 | September
(MF3) 29, 2009 Ln;ggh‘ calibration | £t 4 6 months | September, 18, 2012
Mercury orbit March 18,
insertion (MOI) | 2011
EDRs EOM + 6 months September, 18, 2012
March 18,
. 2011- CDRs, DDPs,
Mapping March 18, DAPS EOM + 12 months | March 18, 2013
2012
Final cal. algorithm | EOM + 12 months | March 18, 2013
End of mission March 18,
(EOM) 2012
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7. Appendices
Appendix A - SPICE Kernel Files Used In MESSENGER Data Products

Thefollowing SPICE kernd files are used as inpus to generate the geometric
quantities foundin the PDS image labds and theImage Index files(MDISINDX.TAB)
archived in this volume set. Improvements to some of these fundanental andllary datawill be
made as further andysis of MESSENGER data continues, so the geometric quantities foundin
thelabds should not be used for precision science data anayses.

General NAIF Kernels

nai f 0008. t1s:
NAI F | eapseconds kernel file, used for converting between
Uni versal Tinme
Coordi nated (UTC) and Barycentric Dynamical Tinme (TDB, also
called
Epheneris Time, or ET).

de405. bsp:
JPL planetary and Mercury epheneris file, in SPICE SPK fornat.

pck00008. t pc:
Pl anetary constants kernel file, in the SPICE PCK format.

MESSENGER Science Derived Kernels

TBD. bpc:
Mercury orientation nodel using nunerically integrated physical
l'i brations.

MESSENGER Spacecraft Kernels

messenger _XXX. t sc:
MESSENGER spacecraft clock coefficients file, in SPICE SCLK
format. Created by MESSENGER MOPS. XXX = Version counter.

nsgr_20040803_YYYYMVDD_odNNNsc. xsp:
MESSENGER spacecraft nerged reference & reconstructed
trajectory file.

nsgr YYYYMVDD. bc:
Hi gh rate MESSENGER spacecraft orientation C-kernel. Created
from 32-bit quaternion data. Created by MESSENGER M ssi on
operations (MOPS). If unavail able, see bel ow spacecraft C
kernel using quaternions (16-bit) bracketing MDI S exposures.

negr _VvXXX. tf:
MESSENGER spacecraft franme definitions kernel. This frame
kernel contains the MESSENGER spacecraft, science instrunents,
and conmuni cation antennae frame definitions. XXX = version
nunber .
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MDIS Specific Kernels

MVMVMMVMMWM ndi s_at t hi st . be:
Hi gh rate spacecraft orientation C-kernel Created from 16-bit
guat erni on data, synchronized to bracket MDI'S i mages. Created
by MESSENGER Sci ence Operations Center (SOC). MVMVWMVMMWM = MET
fromattitude history filename downlinked fromrecorder.

SMWMVMMVWM_ EMVMVMVMW_ndi s_pi vot . bc:
MDI S Pivot platform C-kernel. Created frompivot platform
position values (MESS: Pl V_POS) from headers of each MDI S i mage.
Created by MESSENGER SCC. SMVMMMVMWM EMVWMMVMWM = Start and
end of coverage (MET frominmage headers).

nmegr_nmdi s_vXXX. ti:
MDI' S instrument kernel. Contains the follow ng instrunment
geonetric paraneters: focal length, focal plane dinension,
pi xel size, and the coefficient of radially symetric optical
distortion. XXX = version nunber.
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Appendix B - MDIS Instrument Overview

Mog of the ingruments are fixed-mourted (Figure 4), so tha coverage of Mercury is
obtained by spacecraft motion over theplanet. Theimaging system uses a pivot platform to
accommodae flyby imaging and optical Navigation as well asimaging during the orbital
phese.

Figure 4: Instrument Deck

Thefull MDIS ingrument indudes the pivoting dual camera system as well as thetwo
redundant externa DPUs. Thedud camera assembly withoutthe DPUs is usudly smply
referred to as OMDIS.OTheoverall design and lodk of theMDI'S, shown in Figure 5, was
driven by mass limitations the severe themal environment, and therequirement for alarge
field-of-regard needed for optical navigation and off-nadir pointing. Thetotal mass of MDIS
is8.32kg, induding flight blankets, hanessto DPU + thermal gasket.

On the pivot platform are themultispectral WAC and themonodirome NAC. A passive
thermal design maintainsthe CCD detectors in the WAC and NAC within ther opeating
temperature rangeof -45iCto -10;C. Only oneDPU may beactive at atime, and dueto
thermal condraints only onecamerawill opeate at atime; however, observationswith the
two cameras can beinterleaved at 5-sintervals. A separate electronics assembly
accommodaes switching between the variousmodes of opeating with theredundant DPUs.
The pivot platform has alargerangeof motion (~240j) to allow the cameras to be Qucked
awayOto protect the optics from contamination.
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Pivot Mechanism

TheMDIS pivot platform iscontrolled by a stepping motor (Fig. 5). The motor phases are
controlled directly by the DPU software to movethe platform. The phase patern can be
adjusted by software to movethe platform forwards or backwards The pivot platform@range
of motionis mechanically condrained by hardOstops  Therangeof motion is further
condrained by GoftOstopsapplied by the software. Thenomind alowed rangeis shown in
Fig. 6. Thetotal rangeof motion of MDISis about240j, limited by hard mechanica stopsin
the pivot motor. The hard stopsare fixed at -185/and 55%The pivot motor drive-train
provides precision rotation over the90; opeationd rangeof motion (Figure 6) aboutthe
spacecraft +Z axis.

TheMDIS pivot actuator is capable of accurately steppingin intervals of 0.01 (~150! rad)
per step. Pointing knowledgeis determined by first homingQtheingtrument, which is
accomplished by driving theactuaor into oneof the mechanica hard stopsfor a period of
time sufficient to ensure the orientation of theinstrument if it had been previoudy stopped at
the opposte extreme of travel. Therotationd speed of the pivot platformis 1.1 /s. Oncethe
location of the pivot actuator is known, theflight software retainsthis knowledgeand
subsquent pointing commandsare achieved by counting pulses (steps) to the motor.

NA light baffle

WA light baffle

Thermal Radiator
Shaft Encoder __ P

Stepper Motor
~._Harmonic Drive

Figure5. MDIS Design.
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Figure 6: Range of motion of the MDI S pivot platform. Operational rangeis -40;j
Sunward to +50; antisunward (planetward). When stowed, the sensitivefirst optic of
each telescopeis protected.

MDI S Data Compression

The MESSENGER mission requires compression to meet its science objectives within the
available downlink. Figure 7 summarizes the compression optionsavailable to MDIS at the
ingrument level usng the spacecraft main processor (MP). At thefocal planeg 2" 2 binningis
available on-chip to reduae the 1024"1024images to 512"512format, 12-bit data number
(DN) levels can be converted to 8 bits, and data can be compressed losslessly. The strategy for
DPU image compression is to acquire all monodirome datain 8-bit mode and color daain
12-bit mode andto compress al datalosslesdy to conserve recorder space. After daaare
written to the recorder, they can be uncompressed and recompressed by the MP more
aggressively usng any of severa options additional pixel-binning, subframing, andlossy
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compression usng an integer wavelet trandorm. The strategy for MP compressionisthat all
data except flyby color imaging will bewavelet compressed, typically 8:1 for monocrome
dataandto alower ratio (# 4:1) for orbital color data. Color imaging but not monodrome
imaging may befurther pixel-binned. For the special case of optical navigationimages, there
isaQailbaOoption tha saves selected lines of an image at afixed interval for optical
navigaion images of Mercury during flyby approeches.

Compression performance was extendvely modded prior to launch. The 12-t0-8 bit look-up
tables have been designed to preferentially retain information at low, medium, or high 12-bit
DN values, foranomind detector bias or for onetha has decreased with time (Figure 8).
Compression ratiosto beused for flight have been based on a study of the magnitudeand
spatial coheence of compression artifacts usng NEAR images. For expected loading of the
main processor, simulationshave shown tha the MP can compress the equivalent of 82 full
1024"1024images per day (or 330512"512images per day). Theactud nunber of images
has also been simulated, based on orbital trajectory simulationsand theimaging plan
described bdow. The MP image compression capabilities are congstent with the mission-
average numbe of images pe day. However, on days when lighting isfavorable for globd
mapping, a pesk of ~260images per day may be expected, requiring on-chip binning of mog
of thedaaon pesk days. Thefull implicationsfor averageimaging resolution are still being
assessed.
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Hardware compression in MDIS DPU:

2x2
Hardware
Binning
(Focal plane)|

Lohg DPCM FAST

(DPU H\W) (DPU HW)

1024 X 1024 X 12 \ > @

I ]

1024 x 1024 x 12 compressed

1024 x 1024 x 8 1024 x 1024 x 12

512x512x 12 1024 x 1024 x 8

512x512x8 512x512x 12
512x512x8

Figure 7a M DI S/DPU Real-time Compression flowchart
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Software compression in spacecraft main processor (MP):

Note1:
Binning not
supported for
514x512xn

compressed

1028 x 1024 x 12 1028 x 1024 x 12

1028 x 1024 x 8 1028 x 1024 x 8
,—h 514x512x 12

514x512x 12
514x512x8

@ 514x512x8

Binning

1028 x 1024 x 12
1028 x 1024 x 8
514x512x 12
514x512x8
257 x 256 x 12
257 X 256 X8
12 X 12

Note2:

8x8 binning may require special processing
to accommodate non-integer multiple 1028/8

Jailbar

“start column

~end column

~spacing (4,8 or 16) Note3:
I Wavelet is supported for

a) Fullimage -OR-
Subframes (max: 5) b) Single Commanded Subframe
%[1.5)
(1.5
-th 5} Wavelet e
~dy[1.5]

Note4:
When more than one single subframe is commanded,
data is simply and no iti JJ ic

is performed on any subframes.

Figure 7b MESSENGER Main Processor (M P) image post-processing compression flowchart
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Figure8. Mapping of 12 bitsto 8 bitswill be accomplished using onboard look-up tables. Thetablesare
designed to preferentially preserveinformation at different DN ranges, and they can accommodate a
nominal detector dark level aswell asonethat has changed with time. (1) Low noise, hight bias SNR
proportional. Usage: Typical imaging with varied brightness. (2) Low noise, high bias DN-weighted SNR
proportional. Usage: Faint object imaging. (3) High noise, high bias DN-weighted SNR proportional.
Usage: B/W, low brightnesses. (4) Low noise, medium bias SNR proportional. (5) Low noise, medium bias
DN-weighted SNR proportional. Usage: Faint objects. (6) High noise, medium bias DN-weighted SNR
proportional. Usage: B/W mostly low brightness. (7) Zero-bias SNR proportional. Usage: Typical imaging,
varied brightness. (8) Linear. Usage: High brightness mapping, preserves high DN information.

Exposure Control

Theexpoaure time of images can be set manudly by command or automatically by the
software. In manud mode afull 10-srangeof exposuretimesis available. Inautomatic
mode the exposure time of the next imageis computed by the DPU software (Fig. 9). This
computation has two distinct steps Thefirst step computes a new exposure time based onthe
brightness of a previousimage The second step anticipates filter wheal motionsand adjusts
the computed exposure time accordingly.

During theread stage of theimage pipdine thehardware generates a histogram of theimage.
The histogram is andyzed by the software to determineif theimageis overexposd or
undeexposd. First, thehistogram is scaled by afactor of fourif it comesfroma?2" 2 binned
image If thebrightest histogram value exceedsa saturation threshold, theimageis
consdered overexposed and theexpoaure time is scaled back. Otherwise theimageis
conddered undeexposed. Histogram values are accumulated starting from the brightest bin
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down towardsthe dimmest bin, untl the saturation threshold is exceeded. Thebrightness
valuetha causes the sumto exceed thethreshold is the actud imagebrightness. The
exposuretimeis scaled by theratio of thecommanded target brightness to the actud
brightness, after abackgroundbrightnessisremoved. Thealgorithmis characterized by
uploadable parameters for the saturation threshold, overexposure fallback, and background
brightness.

Theagorithm described so far compensates for changes in scene brightness and filter wheel
changes. Thenext step adjugs the exposure time further if theimager, binning mode or filter
selected for the next expoaure does not match what was used in thetest exposure. The
exposuretimeis scaled by theratio of thetrangmissivity of theold setup to thetrangmissivity
of thenew setup. An uploadable table of tranamissivities for the WAC filters and for the
NAC imager in either binningmodeare used. Finaly, the computed exposure timeis forced
to fall within an uploadable rangebutis always less than 1 second.

%]

3 Image Current Exposure

_D_- Histogram Overexposed? e Exposure

Fallback
0
0 4095
Brightness (DN) . >s__Yes | Target—Background
nderexposed’ ACTUAL™ background
Anticipation:

Transmissivity{previous camera, bin mode, filter)

Exposure” = Exposure’ X Transmissivity{current camera, bin mode, filter)

Figure 9. Autoexposure algorithm decision tree. A 64-bin histogram is computed in hard ware
for eachimage. If an image isdetermined to be underexposed, the actual exposure is computed
as Actual = minimum bri ghtness such that the sum of the pixels above this bri ghtness <
saturation threshold.

Optical Design

TheNAC (Figure 10) is an off-axis reflective telescopewith a 550-mm focal length and a
collecting area of 462mm?. The NAC focal planeisidentical to the WACG, providing a 25
! rad IFOV. The NAC has asingle medium-band filter (L00nmwide), centered at 750nmto
match to the corresponding WAC filter for monodirome imaging.

TheWAC (Figure 11) condsts of a 4-element refractive telescopehaving afocal length of 78
mm and a collecting area of 48 mm? (Table5). The detector located at thefocal planeisan
Atmel (Thormson) TH7888Aframe-trandfer CCD with a1024"1024format and 14-! m pitch
detector elements tha providea 179! rad pixel (instantaneous field-of-view (IFOV). A 12-
postion filter wheal provides color imaging over the spectral rangeof the CCD detector.
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Eleven spectral filters spanning therangefrom 395to 1040nm are defined to cover
wavelengthsdiagnogic of different potential surface materials. Thetwelfth podtionisa
broadband filter for optical navigaion. Thefiltersare arranged onthefilter wheel in such a
way as to provide complementary passbands(e.g., for 3-color imaging, 4-color imaging) in

adjacent postions

Narrow-Angle Camera Optical Layout

Aperture

"\ Primary

Detector
— = |
Secondary e /

——
!

Figure 10. NAC optical layout

Wide-Angle Camera Optical Layout

Aperture
stop '\
i ) el
f .}“—’ if—',‘ \
1 ‘ At
" \ ll | ; Focal
L,";] I&J‘-_‘ l plane
e |
12 3 4 Filter

Figure11. WAC optical layout.
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Narrow Angle Wide Angle
Field of view 15;" 15j 105" 105§
Pivot range -40j to +50j
(observationd) (Sunward) (Planetward)
Expoauretime 1 msto~10s
Frame trander time <4 ms
Imagereadouttime 1ls
Spectrd filters 1 12 postions
Spectral range 700EB00NM 39591040nm
Focal length 550mm 78 mm
Collecting area 462mm$ 48 mm$
mﬁ%\g codignment 0.01 deg (179 urad)
Spacecraft pointing knowledge | 0.1 deg (1.75 mrad)
Spececraft knowedge 0.02dey (350 prad) ‘
Detector-TH7888A CCD 1024"1024,14-pm pixels
IFOV 26 urad 179urad
Pixel FOV 5.1 mat 200-km dtitude | 358mat 200-km dtitude
Quantization 12-bits per pixel
Compression L ossless, multi-resolution lossy, 12-to-n hits

Transfer to DPU; transfer from DPU to SSR limited to 3 Mbps (4 s to transfer 1024" 1024 image).
Table 3: MDIS specifications

Filters

The WAC camera utilizes a twelve postion filter wheal with band passes between 415and
1020nm, induding a broadband navigationfilter centered at 750nm. TheNAC isa
broadband BW imager with sendtivity across therange650D850nm. Other than theimage
dimensons thedaa produds of each camera areidentically formatted. Table 3 showsthe
focal length, collecting area, and field of view for each camera. Table 4, in section 5.2 above
shows thefilter wheel postionand bandwidth parameters.
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Filter Filter Wavelength Width Total Focal Scale
Number | Filename (Flight) (Flight) Thickness | length | change
letter (nm) (nm) (mm) (mm) (%)
1 A 698.8 53 6.00 78.218 | -0.104
> B 700 600.0 6.00 78.163 | -0.104
3 c 479.9 10.1 6.30 77.987 | -0.329
4 D 558.9 5.8 6.30 78.023 | -0.283
5 E 628.8 5.5 6.20 78.109 | -0.173
6 F 4332 18.1 6.00 78.075 | -0.216
7 G 748.7 5.1 5.90 78.218 | -0.033
3 H 947.0 6.2 5.20 78.449 | 0.262
9 ] 996.2 14.3 5.00 78.510 | 0.340
10 J 898.8 5.1 5.35 78.390 | 0.186
IR K 1012.6 3330 493 78.535 | 0.372
12 L 828.4 5.2 5.60 78.308 | 0.082

Table4. WAC Filters Specifications DWavelength and Width M easured at -26j C.

For WAC spectral filters, bandpass widthswere selected to providerequired SNR in exposure
times sufficiently short to prevent linear smear by along-track motion, yet sufficiently long
(>7 ms) to avoid excessive artifacts from removd of frame trander smear during ground
processing. SNR is notan issue, as sufficient lightis available for SNRs >200, but saturation
isaconcern a low phase angles. At the same time, both cameras mug be sufficiently
sendtive to provide star images for optical navigation. When imaging Mercury agang a star
background, at least three stars mug bevisible per imageat %7" noise.

Flat field non-uniformity

Respon uniformity, or flat field, is a measure of pixel-to-pixel variationsin responsvity.
Onesignificant non-uniformity in thedata noted during groundcalibrationistha of dark
spots scattered across the FOV of both imagers. The darker spots scattered across WAC
images are fixed with respect to the CCD regardless of filter whed setting, thoughther
intengties do vary dightly with filter. Thesizes of the spots are congstent with shadows of
<<35-! m dug onthe CCD window, and their nunmber dendty is condstent with the standards
for aclass-10,000clean roomin which the camerawas assembled. Also congstent with this
hypotesis, following ingrument vibration during environmental testing, the locationsof
severa spots changed. With the exception of asingle paticle (arrow, Figure 12) thedud spots
do notsignificantly affect the DN levels. Given this result, it islikely tha the spots
themselves will moveas theingrument is subjected to thevibrationsof launch and flight
Images of the Venuscloudtopsacquired during the second Venusflyby will beused to
redeerminetheflat field pog-launch.
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Figure 12: Non-uniformity dueto dust particlesisvisiblein integrating sphereimages
acquired through the quartz window in the OCF chamber door of the calibration
fadility.

To reduce noise in the derived flat field to approximately 10, ~10images have to be
averaged togeher per filter, camera, and binning mode When theimages are dark-subtracted,
desmeared, averaged, and normalized to theimage mean, therelative DN levels are nearly
identical on a pixel-by-pixel basis. Since thedata are in goodquantitative agreement
regadless of physdca temperature, theflightflat-fieldsare derived from room-temperature,
door-open images. Full-frame and binned flat field values are nomalized to unity in the
central pat of theimages used for respongvity determinations so tha updaes to responsvity
from nonfield-filling sources and to flat field fromfield-filling sources can be decoupled.

Dark columns

Dark moddsfor MDIS images are created usng (8) dark images (usudly acquired with MDIS
stowed agans the spacecraft deck) or (b) columnslying outside of the CCD@ active area. In
thefull-frame modefor either the WAC or NAC, thefirst four columnsof each image are
taken fromaregion of the CCD that is never exposed to lightand, thus represents adark level
that is purely afundion of bias and dark current. Thedark columns are separated fromthe
image section by five isolation columnsto avoid diffuson of signd from the active area.
When theimageis read out, these four columnsare mapped into thefirst fourimaging
columns so theresultingimageis asquae 1024by 1024 pixels, with thefirst four columns
replaced with the sampled dark columns Thefour dark columnsbehave identically to the
sceneas afundion of row, expoaure time, and temperature to within 0.26 DN.

In thebinned modefor both cameras, true dark columnsare unavailable. However, the
second column of a binned image provides alower respons than a column in the active
imagearea. Thislower-respon® column does show a temperature- and exposure-time
respons that can bemodded, making it afundiona Qlark.OTherefore, thedark column
modd simply uses the second column of an image (binned or full-frame) to bea
representative of thedark strip propeties.

Given the naure of thebinned QlarkOcolumns it is tempting to rely onthedark current

modd exclusvely, rather than dark current calibrationimages. However, thedark strips even
for binned daa, serve as an indicator of thevariationsof the CCD(@ respon< to radiation, and,
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as such, ameansto calibrate thechanges in the behavior of the CCD with time. Thus both
dark modds will beperiodically re-evaluaed en route to Mercury and during the orbital phase
of themission.

Pixel shift due to pixel binning

In thenorma modewithoutbinning for either the WAC or NAC, thefirst four columnsof
each image are taken from aregion of the CCD tha is never exposed to lightand, thus
represents adark level tha is purely afundion of bias and dark current. The dark columnsare
separated from theimage section by five isolation columnsto avoid diffuson of signd from
theactive area (Fig. 13). When theimageis read-out, these four columnsare mapped into the
first four imaging columns so theresultingimageis a squae 1024by 1024 pixels, with four
dark columns Thefour dark columnsbehave identically to thesceneas a fundion of row,
exposaure time, and temperature to within 0.26 DN. However for the binned modes of both
cameras, an error in programming the Actel field-programmable gate arrays (FPGAS) that
execute the binning resulted in a different sampling of the CCDs.

In binned mode theoffset to theisolated dark columnswas miscalculated, and thefirst of the
two dark columnsis actudly derived from an inective portion of the CCD. Theseconddark
column is an average of an inactive column and the first dark column in thedark strip. This
sampled dark column is notoneof thefourread out for the unbinned images, butit does show
atemperature- and exposure-time respon® tha can bemodded, makingit afundiond "dak"
column abeit with lower respons. So, for thedark level from dark column modd, the second
column (binned or not-binned) was taken to berepresentative of the dark strip propeties and
used accordingly.
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Figure 13.Pixelsintended for dark columns, and actual pixels used in binned images for
WAC and NAC.
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Appendix C - Data Archive Terms

Definition of Terms:

Archive An archive consists of one or more data sets along with all the documentation and ancillary
information needed to understand and use the data. An archiveisalogical construct
independent of the medium on which it is stored.

Archivevolume, A volumeis aunit of medium on which data products are stored; for example, one DVD. An
archivevolume set archive volumeis avolume containing al or part of an archive; that is, data products plus
documentation and ancillary files. When an archive spans multiple volumes, they are called
an archive volume set. Usually the documentation and some ancillary files are repeated on
each volume of the set, so that a single volume can be used alone.

Data Product A labeled grouping of data resulting from a scientific observation, usualy stored in onefile.
A product label identifies, describes, and defines the structure of the data. An example of a
data product is a planetary image, a spectrum table, or atime seriestable.

Data Set An accumul ation of data products. A data set together with supporting documentation and
ancillary filesis an archive.

Experiment Data NASA Level 0 datafor agiven instrument; raw data. Same as CODMAC level2.
Records

Reduced datarecords | Science datathat have been processed from raw datato CODMAC level 3 and above. See
Table for definitions of processing levels.

Standard data A data product defined during the proposal and selection process and that is contractually
product promised by the Pl as part of the investigation. Standard data product§ ae genefated ina
predefined way, using well-understood procedures, and processed in (pipelineOfashion.

11/09/2007 Page56 of 59



MDISEDR SISV2G

Appendix D - CODMAC and NASA Data Levels

CODMAC/NASA Definition of processing levels for science data sets

CODMAC Proc. Type Data Processing L evel Description
Level
1 | Raw Daa Telemetry data stream as received at the ground station, with science and engineering
data embedded. Correspondsto NASA packet data.
2 | Edited Data Instrument science data (e.g. raw voltages, counts) at full resolution, time ordered,

with duplicates and transmission errors removed. Referred to in the MESSENGER
program as Experimental Data Records (EDRs). Correspondsto NASA Level 0 data

3 | Calibrated Edited datathat are still in units produced by instrument, but have transformed (e.g.
Data calibrated, rearranged) in areversible manner and packaged with needed ancillary and
auxiliary data (e.g. radiances with calibration equations applied). Referred to in the
MESSENGER Program as Cdibrated Data Records (CDRS). In some cases these also
qualify asderived data products (DDRs). Correspondsto NASA Level 1A.

4 | Resampled Irreversibly transformed (e.g. resampled, remapped, calibrated) values of the

data instrument measurements (e.g. radiances, magnetic field strength). Referred to in the
MESSENGER program as either derived data products (DDPs) or derived analysis
products (DAPS). Correspondsto NASA Level 1B.

5 | Derived Data Derived results such as maps, reports, graphics, etc. Correspondsto NASA Levels2
through 5

6 | Ancillary Data | Non-Science data needed to generate caibrated or resampled data sets. Consists of
instrument gains, offsets; pointing information for scan platforms, etc.

7 | Corrective Other science dataneeded to interpret space-borne data sets. May include ground
Data based data observations such as soil type or ocean buoy measurements of wind drift.
8 | User Description of why the data were required, any peculiarities associated with the data
Description sets, and enough documentation to allow secondary user to extract information from
the data

The above is based on the national research council committee on data management and computation
(CODMAC) data levels.
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Appendix E - Acronyms

ACT Applied Coherent technology Corporation

AGC Automatic Gain Control

AIAA American Institute of Aeronautics and Astronautics
AM Atmosphere and Magnetosphere Group

APL The Johns Hopkins University Applied Physics Laboratory
ASCII American Standard Code for Information Interchange
ATDF Archival Tracking Data File

B-frame Body Frame

C&DH Command and Data Handler

CA Closest Approach

CAS Canned Activity sequence

CcCD Charged-Coupled Device

CCSDSs Consultative Committee for Space Data Systems
CDF Common Data Format

CFDP CCSDS File Delivery Protocol

CK Camera Kernel (SPICE)

CLCW Command Link Control Word

CLTU Command Link Transfer Unit

CoDMAC Committee on Data Management and Computation
Co-l Co-Investigator

CcoP Command Operation Procedure

cucc CSDS Unsegmented Time Code

DPU Data Processing Unit

EDR Experimental Data Records

EK Event Kernel

EPPS Energetic Particle and Plasma Spectrometer

ET Ephemeris Time

FIPS Fast Imaging Plasma Spectrometer

FITS Flexible Image Transport System

FOP Frame Operation Procedure

FOV Field-of-View

FPA Focal Plane Assembly

FTP File Transfer protocol

GC Geochemistry Group

GP Geophysics Group

GRNS Gamma-ray and Neutron Spectrometer

GSFC Goddard Space Flight Center

1&T Integration and Test

12C Inter-Integrated Circuit

IEM Integrated Electronic Module

IK Instrument Measurement Kernel (SPICE)

IMU Inertial Measurement unit

ISI Integral Systems Incorporated (EPOCH)

LSK Leapseconds Kernel (SPICE)

MAG Magnetometer

MASCS Mercury Atmospheric and Surface Composition Spectrometer
MCP Monitor and Control Processor (DSN station)
MDIS Mercury Dual Imaging System

MESSENGER  MErcury, Surface, Space ENvironment, Geochemistry, and Ranging
MET Mission Elapsed Time

MIA Monitor Interface Assembly (DSN station)

NAIF Navigation and Ancillary Information Facility
NASA Navigation Aeronautics and Space Administration
NEAR The Near Earth Asteroid Rendezvous mission
NSSDC National Space Science Data Center

ODF Orbit Data File

oDL Object Description Language

OWLT One-Way Light Time

PCK Planetary Constant Kernel (SPICE)
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PDR Preliminary Design Review

PDR Packetized Data Records

PDS Planetary Data System

SCET Space Craft Event Time

SCLK Space Clock Kernel (SPICE)

SCPS Space Communication Protocol Standards

SFDU Standard Formatted Data Unit

SPICE Spacecraft, Planet, Instrument, C-matrix Events

SPK Spacecraft and Planets Kernel (SPICE)

TDB Barycentric Dynamical Time, the same as ET in the SPICE system
TDT Terrestrial Dynamical Time

TMOD Telecommunications and Mission Operations Directorate
USN Universal Space Net

uTC Coordinated Universal Time

vC Virtual Channel
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