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The d ementi ne Basemap Mbsaic of Earth's Mon is a radionetrically
and geonetrically controlled, photonetrically nodel ed gl oba

Mosai cked Digital Inage Mdel [Batson, 1987; Batson, 1990] conpiled
usi ng nore than 43,000 i mages fromthe 750 nanoneter filter
observations fromthe Utraviolet/Visible camera onboard the

A enmentine Spacecraft. The basemap nosaic is mapped in the

Si nusoi dal Equal - Area Projection [Snyder, J.P, 1982] (see the
"dsmap.cat’' file in the 'catalog' directory for nmore informati on on
the Sinusoidal projection) at a resolution of 100 nmeters per pixel
requiring approxi mately 10 gi gabytes of digital storage.

The basemap is partitioned into 14 geographi c zones with each zone
contai ned on a single CD volune. Twel ve zones, each 30 degrees wi de
in longitude and ranging from70 degrees north to 70 degrees south,
make up the md-1latitude regions (CD volunes 2-13). The two pol ar
zones cover 360 degrees of longitude from 70 degrees latitude to
the pole (CD volumes 1 and 14). The pol ar regions additionally
contai n orthographic projection maps centered at the poles. A 15-th
vol ume contai ns reduced-resol uti on pl anetw de coverage at .5, 2.5,
and 12.5 km pi xel s. Backpl ane data files for em ssion, incidence,
and phase angl e values are al so present on vol une 15

The geographic zones are further divided into "tiles". Each tile
covers ~7 degrees of latitude and ~6 degrees of |ongitude at the
equatorial regions to larger |ongitude coverage at higher |atitudes
(longi tude convergence at the poles allows nore | ongitude coverage
of each tile at the higher latitudes with approxinately the sane
file size). Tiles are stored as image files of approximately 2000
pi xels on a side. Pixels are 16-bit signed integers. The table
shown bel ow summari zes the contents of each CD vol ure.

CD CGEOCGRAPH C COVERAGES



CD Vol une Latitude Range Longitude Range

cl_3001 70 Nto 90 N 0 to 360
cl 3002 70 Sto 70 N 0 to 30
cl 3003 70 Sto 70 N 30 to 60
cl_3004 70 Sto 70 N 60 to 90
cl 3005 70 Sto 70 N 90 to 120
cl 3006 70 Sto 70 N 120 to 150
cl 3007 70 Sto 70 N 150 to 180
cl 3008 70 Sto 70 N 180 to 210
cl 3009 70 Sto 70 N 210 to 240
cl 3010 70 Sto 70 N 240 to 270
cl 3011 70 Sto 70 N 270 to 300
cl 3012 70 Sto 70 N 300 to 330
cl 3013 70 Sto 70 N 330 to 360
cl 3014 90 Sto 70 S 0 to 360

cl _3015 (reduced resolution global coverage)

The CD volunme set contains ancillary data files that support the
basermap nosaic. These files include browse images stored in a
"JPEG format, 'HIM." docunents that support a web browser
interface to the Chs, index files ('ingindx.tab' and 'srcindx.tab")
that tabul ate the contents of the CD vol une set, and docunentation
files that describe the archive collection. For nore information on
the contents and organi zation of the CD volunme set refer to the
"Files, Directories, and D sk Contents" section of this docunent.
Additionally, the 15-th vol ume hol ds special inmage arrays
containing infornation about the illumnation and vi ew ng geonetry.
A file exists each for the solar illumnation angle, em ssion
angl e, and the phase angle at 2.5 kil oneters per pixel

Using a web browser, such as Netscape or MS Internet Explorer,
open the "index.htm file located in the 'root' directory of each
CD. The htm docunent will direct you to other informational
docunents and the inmage browser for rapidly view ng the image

col I ection.

Software tools for view ng and accessing of the inage collection
are available through the Planetary Data System s (PDS) internet
services. Refer to the 'aareadne.txt' located in the 'root' for
nore information on these tools. NASAVi ew provi des an i mage displ ay
capability for viewing images stored in a PDS format [JPL, 1992].
NASAVi ew i s soon to be operational on Maci nt osh, Wndows-95, and
UNl X pl atfornms. The MapMaker system enabl es users to generate

seam ess image maps for any latitude-longitude region at a variety
of scales and map projections. For nmore informati on on the MapMaker
system contact the PDS | nagi ng Node.

CLEMENTI NE M SSI ON

The dementine Mssion [ Nozette et al., 1994], officially

desi gnated as the Deep Space Program Sci ence Experinent (DSPSE), is
the first in a planned series of technol ogy denonstrations jointly
sponsored by the Ballistic Mssile Defense O ganization (BMDO and
the National Aeronautics and Space Adm nistrati on (NASA).

G enentine was | aunched on 1994-01-25 aboard a Titan |1G rocket
from Vandenburg Air Force Base in California. The m ssion included
two nonths of systematic |unar mappi ng (1994-02-26 t hrough 1994- 04-



21), which was to have been followed by a flyby of the near-Earth
asteroi d Geographos (1994-08-31). An onboard software error,

conbi ned with inprobabl e hardware conditions, on 1994-05-07 led to
accidental spin-up of the spacecraft and | oss of attitude control
gas. This precluded the flyby of Geographos. The spacecraft itself
was affectionately known as O enentine since, as in the song of the
sane name, it would be 'lost and gone forever' after conpleting its
short m ssion.

Cenmentine's prinary objective was qualification of light weight

i magi ng sensors and conponent technol ogi es (including a star
tracker, inertial measurenent unit, reaction wheel, nickel hydrogen
battery, and solar panel) for the next generation of Departnment of
Def ense spacecraft. DSPSE represented a new class of small, |ow
cost, and highly capabl e spacecraft that fully enbraced emnerging

i ghtwei ght technol ogies to enable a series of |ong-duration deep
space m ssions. A second objective was the return of data about the
Moon and Geographos to the international civilian scientific
community. For nore information on the dementine Mssion refer to
the "mssion.cat’ file located in the 'catal og' directory.

The Basemap nosaic was created using the denentine EDR | mage
Archive [Eiason, et al., 1995] produced by the O enentine m ssion.
The EDR (Engi neering Data Record) data are raw i mages and t hey
contain the inherent properties of unprocessed and uncorrected
data. The denentine EDR I nage Archive contains nore than 1.9
mllion inmages acquired during active m ssion operations. For
informati on on how to obtain this archive contact the PDS | magi ng
Node or visit their world wide web site at the URL:

htt p:// pdsi mage. j pl . nasa. gov/ PDS.

ULTRAVI CLET/ VI SI BLE CAMERA (UWI )

The Utraviolet/Visible Canera (UWIS) [Kordas, et al., 1995] has a
catadi optic tel escope using fused silica | enses focused onto a

nmet achr one- coat ed charge coupl e device (CCD) imager. Active

wavel ength response is limted on the short wavel ength end by the
transm ssion of fused silica and the optical blur of the |ens.

Vavel ength response on the long end is limted by the response of
the CCD. Six spectral bands can be selected froma filter wheel
assenbly all owi ng observations in the 415, 750, 900, 950, 1000nm
wavel engths. An additional broad band filter was avail able on the
filter wheel. For nore information on the UWIS canera refer to the
"uvviscat.cat' file in the 'catalog directory.

LUNAR CRBI T SUMVARY

The d ementine spacecraft naintained a polar orbit during the
systemati c mappi ng of the surface of the Mwon. Mpping of virtually
100% of the lunar surface was done in two |unar days (two Earth
months). In order to obtain full coverage during these two nonths,
the required i nage overlap for the UWMI'S and N R caneras was ~15%
in the down track and ~10%in the cross track directions. This
required that the inclination of the orbit at 90 degrees pl us-or-



mnus 1 degree with reference to the lunar equator and that the
perisel ene of the lunar orbit be maintained at an altitude of 425
plus-or-mnus 25 km To provide the necessary cross-track
separation for the alternating inmaging strips to cover the entire
surface of the noon, the orbital period was approxi mately 5 hours,
during which the noon rotated approximately 2.7 degrees beneath the
spacecraft. Inages were taken and recorded only in the region of
perisel ene, leaving sufficient tinme to replay the data to Earth.

The best data for lunar mneral mapping is obtained if the sol ar
phase angle is |less than 30 degrees. The sol ar phase angle is
defined as the angle between the vector to the Sun and the vector
to the spacecraft froma point on the Mon's surface. To naxi m ze
the time period in which the solar phase angle is | ess than 30
degrees the plane of the lunar orbit should contain the Mon-Sun
line half way through the two-nonth | unar napping peri od.
Therefore, insertion into the lunar orbit was selected so that, as
the Moon-Sun |ine changes with Earth's nmotion about the Sun, the
Moon-Sun line will initially close on the orbital plane, and then
liein the orbital plane half-way through the mappi ng m ssion. The
angl e between the Moon-Sun |line and the orbital plane was cl ose
(less than 5 degrees) for approximately five weeks before becom ng
zero. The tabl e shown below contains a list of Aenentine's orbita
paraneters. For nmore information on the Lunar orbit refer to the
"mssion.cat' file located in the 'catalog' directory.

denmentine Obital Paraneters

O bital Period: 4.970 hr < P < 5.003 hr

A titude of Periselene:401 km< radius < 451 km

Eccentricity: 0.35821 < e < 0.37567

Ri ght Ascensi on: -3 deg < Orega < +3deg(referred J2000)
I nclination: 89 deg < i < 91 deg

Argument of Periselene: -28.4 deg < w < -27.9 deg (1st nonth)
29.6 deg < w < 29.2 deg (2nd nont h)

GEQOVETRI C ACCURACY

The d enentine Basemap Mbsaic is the result of an exhaustive Lunar
cartography project based on data processing of the denentine EDR
i mge col lection. Systematic calibration and processi ng enabl e
global, full-resolution scientific analysis of the d enentine

Dat asets. The basenmap nosaic significantly inproves the geonetric
control of the nmoon from previous maps and ground control points.
Based on best effort neasurenents of the spacecraft orbit and

poi nting, WM S geonetric distortions, and time tags for each
observation, the SPICE [Acton, 1996] data al one provides positiona
accuracy better than 1 kil oneter over nost of the Moon. Wth
residuals primarily small random pointing errors, then the accuracy
approaching the UWMI' S scal e beconmes achi evabl e.

The goal of the basemap is for 95% of the Mwon (excluding the
obl i que observation gap fills) to be better than 0.5 kni pi xe

absol ute positional accuracy and to adjust the canera angles so
that all franmes match nei ghboring franes to within an accuracy of 2



pi xel s. To achi eve these goals we required camera alignment and
poi nting data accurate to a few hundredths of a degree. V&

determ ned the absolute alignnent of the UM S with respect to
spacecraft-fixed axes (A and B Star Tracker Canera quaternions) by
anal yzing a maj or subset of the over 17,000 inmages of Vega, over

6, 000 i mages of the Southern Oross and a few hundred i mages of the
Pl ei ades, taken during the approach to the Mon and throughout the
[ unar mappi ng m ssion phase. Miltiple star images within a single
picture were used to determne the UM S focal |ength and optica
di stortion paraneter val ues.

Approxi mat el y 265, 000 natch points were collected at the USGS from
~43, 000 UM S i nmages providing gl obal coverage. About 80% of these
poi nts were col |l ected via aut ononous procedures, whereas the 20%
required the nmore tine consum ng but highly accurate pattern-
recognition capability of the human eye-brain. W al so devel oped
stream i ned procedures for the supervised collection of natch

poi nts. The new procedures saved several person-years of effort and
represents new capabilities useful with other planetary datasets.
The aut omat ed success rate exceeded 90% al ong each spacecraft orbit
track, where the overlap regions of successive inmages are highly
correl ated, but failed when the overlap regions is narrow and/ or
nearly featureless. ('Failure is defined as less than 3 points per
image with correlation coefficients grater than 0.85; thus, many
good natch points were rejected because we could not be certain
that the matches were valid without verification.) Across-track

mat ching was nore difficult due to changes in scal e and
illumnation angle, but a fair success rate (~60% was neverthel ess
achi eved via the use of 'w ndow shaping' (local geonetric
reprojections). The oblique gap-fill images were the nost difficult
to match, and required substantial human intervention. Mtching the
pol ar regions was tine-consum ng because each frame overl aps nany
other frames. Mbst match points were found to a precision of 0.2

pi xel s.

The USGS match points were sent to RAND corporation for anal ytica
triangul ati ons. Using these match points, control points fromthe
Apollo region, and the |atest NAIF/ SPICE information, RAND
determ ned i nproved camera orientation angles for the global set of
UM S inmages. A constant lunar radius of 1737.4 kil oneters was
assuned, a significant source of error near the oblique gap fills.
The anal ytical triangulation is a | east-squares formul ati on
designed to adjust the latitude and | ongitude of the control points
and the camera orientation angles to best fit the match points. The
triangul ation was first conputed on 'packets' of match points (each
covering ~1/8-th of the Mon), then checked and rechecked at the
USGS via plots and test nmosaics to fix and add match points as
needed. The final (global) analytical triangulation required
sol ving ~660, 000 nornal equations. The mean error is less than 1
pixel. This is by far the largest analytical triangulation ever
applied to a planetary body other than Earth. The results fully
define the planinetric geonetry of the basemap, to which future
systematic products will be tied.

RADI OVETRIC UNI TS

The d enentine basemap nosai ¢ was assenbl ed fromthe 750 nanonet er
(filter "B") imaging. The 900 nanometer (filter "C') imagi ng



(normalized to match the 750 band) was used to fill gaps where
there was m ssing 750 coverage. Photonetric processing nornalized
data to an em ssion angle of zero degrees and a solar illumnation
angl e of 30 degrees. Radionetric normalization coefficients for

A enentine imagi ng were devel oped by Dr. Carle Peters (Brown

Uni versity) based on | aboratory spectra fromApollo 16 landing site
soils returned to Earth. The O enentine EDR frane '| ub1845i. 295
was used to define the radionetric nornalization coefficients for
the 750nm data. The image sub-area: 51-61 (sanple) x 86-117 (line)
relative to the upper left pixel addressed at 0,0 was sel ected as
the control area assumng the soils were representative of the
returned Apollo 16 landing site soils. For the spectral range of
the 750 nanoneter filter, |aboratory observati ons gave . 1868
fractional reflectance (18.68%refl ectance at 30 degrees
illumnation, O degrees em ssion). To convert from
counts/mllisecond (Rraw colum in table below) normalized to 30
degrees incidence and O degrees em ssion (Rclenm) to fractional

refl ectance (R ab) the coefficient (AvgQr(l)) is applied. The table
shown below |lists the nornalization coefficients (AvgCr (1)) of each
UWI S filter . The AVAD (1) coefficients convert counts/mllisecond
camera output to fractional reflectance.

Phot onetri ¢ Angl es
Filter Frame EM IN PH Rraw phot Relem R ab O (1) AvgCr (1)
| ual850i . 295 2.34 26.79 28.62 5.60 0.960 5.378 .114 .0213
| ual851i.295 2.36 26.79 28.61 5.56 0.960 5.338 .114 .0214 .0214

| ub1845i . 295 2.28 26.79 28.67 15.84 0.961 15.230 . 187 .0122
| ub1846i .295 2.29 26.79 28.66 15.84 0.961 15.227 .187 .0122 .0122

l ucl843i.295 2.25 26.79 28.71 19.47 0.962 18. 733 .199 .0106 . 0106

A

A

B

B

C lucl842i.295 2.24 26.79 28.72 19.42 0.962 18.686 .199 .0106

C

D [ ud1838i.295 2.20 26.79 28.78 19.55 0.963 18.830 . 204 .0108

D [ud1839i .295 2.21 26.79 28.77 19.58 0.963 18.859 .204 .0108 . 0108
E uel835i.295 2.18 26.79 28.82 9.02 0.964 8.698 .210 .0242

E [ uel836i .295 2.19 26.79 28.81 9.00 0.964 8.681 .210 .0242 .0242

To convert the 16-bit integer values found in the image arrays of
the basemap nosaic to fractional reflectance an offset and scaling
factor need to be applied as shown:

FRACTI ONAL_REFLECTANCE = (SCALI NG FACTOR * DN) + COFFSET
where: DN = 16-bit pixel value of basemap image array.
SCALI NG FACTOR = 1. 2028247E-04
OFFSET = -9. 0128981E- 04

DATA PROCESSI NG

The Integrated Software for Imaging Spectronmeters (1Sl'S) processing
system devel oped by the U S. Ceol ogical Survey, was used to
generate the basenmap nosaic. Processing within I SIS includes



radi onetric and geonetric correction, spectral registration

phot oretri c nornalization, and i mage nosai cking. Radionetric
correction applies 'flat fielding', dark current subtraction, non-
linearity correction, and conversion to radiometric units.
Ceonetric transformations tie each rawinage with a ground contro
network and convert fromraw i nage coordi nates to the Sinusoida
Equal - Area projection. Photonetric normalization is applied to

bal ance brightness variations due to illumnation differences anong
the images in a nosaic. Inages are then nosai cked together to form
a gl obal map of continuous inage coverage for the entire planet.

The basemap nosai c was processed in five stages or "levels." A
corrections nmade during these stages have sonme degree of

uncertai nty; the processing sequence was designed to process from
corrections with highest probability of accuracy to those with the
lowest. The first |level of processing, level 0, prepares the data
for processing by 1SIS. The raw i mages are converted to I SIS format
and ancillary data such as view ng geonetry are added to the | abels
of the image file. Level 1 processing applies radionetric
corrections and renoves artifacts fromthe i mage. Level 2 perforns
geonetric processing to renove optical distortions and to convert
the image geonetry to a standard map projection. Level 3 perforns
phot oretri ¢ processing for nornalizing the sun-view ng geonetry of
an i mage scene. Level 4 perforns nosai cking of individual inmages to
create global or regional views for the planet surface.

Level O

The Level 0 processing step prepares the raw i nage data and

associ ated meta-data for processing by the 1SS system Level 0
processi ng consists of two programsteps. The first step reads the
format of the raw image and converts it to an SIS file.
Additionally this step will extract the neta-data fromthe input
image |l abels for inclusion into the 1SIS | abel. The neta-data nay
contain information such as the instrunent operating nodes,
tenperature of the canmera focal plane, UTC tine of observation, and
other informati on necessary to rectify an i mage. The second step
extracts navigation and pointing data ("SPICE' kernel data) for
inclusion into the ISIS file.

Level 1

The next |evel of processing, Level 1, perforns radionetric
correction and data clean-up on an image. Level 1 consists of a
series of prograns to correct or renove image artifacts such as 1)
canera shadi ng i nherent in inaging systens, 2) artifacts caused by
m nut e dust specks located in the optical path, 3) m crophonic

noi se i ntroduced by operation of other instruments on the
spacecraft during i mage observations, and 4) data drop-outs and

spi kes due to missing or bad data from mal functi oning detectors or
mssing telemetry data. Level 1 processing results in an "ideal"

i mage that woul d have been recorded by a canera systemwi th perfect
radi ometric properties (although in practice residual artifacts and
canera shadi ng renain). The density nunber (DN) val ues of a

radi onetrically corrected i mage are proportional to the brightness
of the scene.

Level 2

Produci ng the O enentine Basemap Misai ¢ required geonetric



processing to be performed on the individual images that make up

t he basemap. The individual images are geonetrically transformed
from spacecraft camera orientation to a common nap coordi nate
systemof a specific resolution. Before geonetric transformation

i mges nust first be geonetrically "matched" to each other to
establish relative geonetric control anong the inages and then the
i mge set nust be "tied" to a ground control net to establish

absol ute ground truth. The process of natching i mages and tying the
image set to ground truth mnimzes the spatial msregistration

al ong i mage boundari es.

Level 2 perforns geonetric processing which includes correcting
carmera distortions as well as transfornmation frominmage coordinates
to map coordinates. Al geonetric transformati ons are nade

simul taneously so that an inmage is resanpl ed only once and
resolution loss is mnimal. The inmage transformation i s based on
the original view ng geonetry of the observation (including the
optical distortion nodel of the canmera), relative position of the
target, and the mathematical definition of the map projection

Level 3

Phot oretric normalization is applied to i nages that nake up the
basermap in order to bal ance the brightness | evel s anmong the inmages
that were acquired under different lighting conditions. To
illustrate, consider two i mages of the sane area on the pl anet
where one inage was acquired with the sun directly overhead and the
second with the sun lower to the horizon. The inage with the higher
sun angle would be significantly brighter than the image with the

| ow sun angle. Photonetric nornalization of the two i nages woul d
cause themto be adjusted to the sanme brightness | evel

Radi onetrical ly calibrated spacecraft inmages measure the brightness
of a scene under specific angles of illumnation, em ssion, and
phase. For an object without an optically significant atnosphere,
this brightness is controlled by two basic classes of infornmation
1) the intrinsic properties of the surface materials, including
conposition, grain size, roughness, and porosity; and 2) variations
in brightness due to the |ocal topography of the surface.

Phot oretric normalization is effective only to the extent that all
geonetric paraneters can be nodel ed. The | ocal topography is not
included in the nodel (i.e. the planetary surface is thought of as
a snmoot h sphere). However, illum nation geometry at each pixe
certai nly depends on | ocal topography; unless the topographic slope
within a pixel is accurately known and conpensated, the photonetric
correction cannot be perfect.

Level 4

Conpi |l ati on of an accurate digital nosaic of the individual inages
is the final stage in the construction of the basemap. The basenap
is created by first generating a blank (or null) image that
represents the regional or global image map of the Mbon. The

i ndi vi dual inmages are then nosaicked into the initially blank inmage
map. The order in which individual inmages are placed into the
nmosaic is an inportant consideration. Because inmages are nosai cked
one on top of the other, inmages that get laid down first are
overwitten in the area of overlap with subsequent images that are
added to the nosaic. It is preferable to first lay down inmages that
have the | owest data quality or resolution followed by inmages with



hi ghest quality. In this way the areas of inage overlap contain the
hi ghest quality images.

FI LES, DI RECTOR ES, AND DI SK GONTENTS

The files on CD vol une set are organized starting at the root or
"parent' directory. Below the parent directory is a directory tree
contai ning data, documentation, and index files. In the table bel ow
directory nanes are indicated by brackets (<...>), upper-case
letters indicate an actual directory or file nane, and | ower-case
letters indicate the general formof a set of directory or file
narres.

DI RECTCRY/ FI LE CONTENTS

<r oot >
- AAREADME. TXT The file you are reading (ASC | Text).
- | NDEX. HTM Hypertext Markup Language(HTM.) file

as a user interface to files on this CD

- ERRATA. TXT Description of known anomalies and errors
present on the volune set(optional file).

- VOLDESC. CAT A description of the contents of this
CD volune in a fornat readabl e by
bot h hunmans and conput ers.

- <CATALCG> Catalog Drectory
I - CATI NFO TXT Describes Contents of the Catal og directory
I - DATASET. CAT A enenti ne Basemap Msai ¢ description
I - DSVAP. CAT Map Projection description
I - | NSTHOST. CAT A enenti ne Spacecraft description
I-MSSI ON. CAT A enenti ne M ssion description
I - PERSON. CAT Contributors to O enentine Basenap
I - REFS. CAT Ref erences for O enentine Basenap
I-U\/ISCAT.OAT UWI S Canera description
- <DOCUMENT> Documentation Directory. The files in this

| directory provide detailed information
regardi ng the d enentine Basenap Msai c.

|

| - DO NFO. TXT Description of files in the DOCUMENT
| directory.
I
I

- VALI NFO TXT Docurrent ati on regardi ng the



contents of this CD Vol une Set.

I

I - VQALI NFO DOC M crosoft Wrd V6. OA version of VOLI NFQ TXT
I - VQALI NFO. PDF Adobe- Acr obat Portabl e Format (PDF)

| version of VOLI NFQ TXT

I -VQOLI NFO HTM HTM. docunent for VOLI NFQ TXT

I - VALI NFO LBL PDS Label file describing the VOLI NFO

| docunent s.

- <| NDEX> Directory for the inmage index files.
I-II\DXII\FQTXT Description of files in <INDEX> directory.
I-II\/GI\DX. TAB I mage | ndex tabl e.

I-II\/GI\DX. LBL PDS | abel for | M3 NDX TAB.
I - SRC NDX. TAB Tabl e of source images used in the
| production of the d enentine Basemap.
I - SR NDX. LBL PDS Label for SRC NDX LBL
-<tssl _nly> Dat a directory nanme where;

I
(For this Basemap CD Vol unme Set)

B (d enentine Basemap Msai c)
E (Em ssi on angl e backpl ane)

I (Incidence angl e backpl ane)
P (Phase angl e backpl ane)

s = (Resolution - kni pixel)
= A (.004 kni pi xel -future nmappi ng)
= B-D (For future mappi ng as needed)
=E (.02 km pi xel - future napping)
= F-H (For future nmappi ng as needed)
=1 (.1 kn pi xel)
=J (.15 km pixel)
= K-L (For future nmappi ng as needed)
=M (.5 knl pixel)
= NP (For future nmappi ng as needed)
= Q (2.5 km pixel)
= R T (For future mappi ng as needed)
= U (12.5 kn pi xel)
= V-Z (For future nmappi ng as needed)
sl = Sout hernnost Latitude
nl = Northernnost Latitude
y = N (Positive latitude)

S (Negative | atitude)



- <t sppymm xxx>

- <PCLAR>

- <t sppymm xxx>

- <BRONBE>

- BRON NFQ TXT

- BRWBGRP. HTM

- BRWSTXT. HTM

= <none> (Not used for full latitude
coverage. i.e. -90 to 90)

The followi ng data directories exist on
Vol ure 1
<Bl 70_90N> <POLAR>

The followi ng data directories exist on
Vol unes 2-13
<Bl 70_35S> <BI 35 00S> <Bl 00 35N> <BI 35 70N>

The followi ng data directories exist on
Vol ure 14
<BI 90_70S> <POLAR>

The followi ng data directories exist on
Vol ure 15

<BMBO_90> <BQ@0_90> <BWI0_90> <EQ@O_90>
<l P0_90> <PQ@0_90> <POLAR>

Data fil enanes where;

(Same as directory description above)

S (Same as directory description above)
pp = (00-90) Center l|latitude of Inage File.
(Two digit truncated integer)
y = N (North Latitude)
S (Sout h Latitude)
mmm = (000-360) Center |ongitude of | nmage.
(Three digit truncated integer)
xxx = | M5 (PDS Label ed I mage File)
= LAB (I1SIS Detached Label File)
= JPG (JPEG "snal | ", "mediuni, and "I arge"
Browse | mages) <BROMSE> Directory
Tree only)

HTM (<BROMSE> Directory Tree only)

Data directory for polar region
Ot hogr aphi ¢ products.

Data fil enanes as descri bed above.

Directory tree containing "Browse" (reduced
resol ution) JPEG i nages for each inmage data
product on the CD. The directory structure
bel ow <BROABE> is identical to

the Data directory structure at the <root>
level with <SVALL>, <MEDI UV, and <LARGE>
directories added.

Description of <BROAMBE> content.

QG aphi cs (map)-based HTM. interface to CD
data (Accessed by INDEX HTMfile).

Text (ASCI)-based HTM. interface to CD
data (Accessed by INDEX HTMfile).



| |-<SMALL>

| | -<LARGE> Directories containing "small", "nmediun',
and "l arge" sized JPEG images for each
product. These images are prinarily used by
the HTM. docunents on the CD. The directory
structure bel ow the <SVALL>, <MEDI UMk, and
<LARGE> directories are identical to the
directory structure at the <root> |evel.
"smal | " i mages are ~60x60 pixels
"medi unt i mages are ~400x400 pi xel s
"large" images are ~1000x1000 pi xel s

| MAGE FI LE ORGAN ZATI ON

The image files are stored in a PDS conpliant format. An Inage file
contains an | abel area (header) at the beginning of the file

foll owed by the i mage data. The nunber of bytes of the | abel area
is amltiple of the nunber of bytes that nmake up an image |line
(nunmber of sanples * 2 bytes/pixel). The inage | abel area contains
ASCI1 text data that contains information about the inage file (see
| mage Label s section below). The | abel area can be viewed with a
sinple ASCIl editor on nost conputer systens.

Pi xel Storage O der

The d enentine basemap nosaic is stored as image files with 16-bit
signed integer pixels. The storage order of the pixels is "nost
significant byte order first". This is the storage order for
UNl X/ Sun and Maci nt osh systens. For ot her systenms such as | BM
conpati bl e PC and VAX systens, the high and | ow order bytes of the
pi xels will need to be swapped before the data can be used.

| mage Label s

The | abel area of a inmage file contains descriptive information
about the image. The | abel consists of keyword statenents that
conformto version 3 of the (bject Description Language (CDL)
devel oped by NASA's PDS project. There are three types of CDL
statenments within a label: structural statenents, keyword

assi gnnent statenents, and pointer statenents.

Structural statenents provide a shell around keyword assi gnnent
statenments to delineate which data object the assignment statenents
are describing. The structural statenents are:

1) OBJECT = obj ect_nane

2) END OBJECT

3) END

The OBJECT statenent begins the description of a particular data
obj ect and the END OBJECT statement signals the end of the object's
description. Al keyword assignment statenents between an CBJECT
and its correspondi ng END OBJECT st atenent describe the particul ar
obj ect named in the OBJECT statement. The END statenent term nates
a |label. A keyword assi gnnent statenment contains the nanme of an
attribute and the value of that attribute. Keyword assi gnment
statenents are described in nmore detail in Appendix B of this
docunent. These statements have the follow ng fornat:



nane = val ue

Val ues of keyword assi gnnent statenents can be numeric val ues,
literals, and text strings.

Poi nter statements are a special class of keyword assignment
statenents. These pointers are expressed in the CDL using the
fol |l owi ng notati on:

"obj ect _nane = | ocation

If the object is in the same file as the |label, the |location of the
object is given as an integer representing the starting record
nunber of the object, nmeasured fromthe beginning of the file. The
first label record in a fileis record 1. Pointers are useful for
descri bing the | ocation of individual conponents of a data object.
Poi nter statements are also used for pointing to data or |abel
information stored in separate files. An exanple of a detached

| abel (i.e., label information stored in a separate file) is shown
bel ow By convention, detached |abels are found in the LABEL
directory.

ASTRUCTURE = 'l ogical _file_nane

The value of 'logical _file_name' is the nanme of the detached | abel
file containing the description

The keyword statements in the |abel are packed into the fixed-
length records that nake up the keyword | abel area. Each keyword
statenent is termnated by a carriage-return and |ine-feed
character sequence. An exanple of a O enentine Basenap i mage | abel
i s shown bel ow. Descriptions of the keywords used in the basenmap

| abel are found in Appendi x A

Exanpl e PDS Label for dementine Basermap I nage files

PDS_VERSI ON | D = PDS3
| * FI LE FORVAT AND LENGTH */

RECCRD_TYPE = FI XED_LENGTH

RECORD BYTES = 4140

FI LE_RECORDS = 2128

LABEL_RECORDS =1

| NTERCHANGE._FORVAT = Bl NARY

| * PO NTERS TO START RECORDS CF CBJECTS IN FILE */

Al MAGE =2

| * | MAGE DESCR PTI ON */

DATA _SET I D = "CLEML- L- U-5- DI M BASEMAP- V1. 0"
PRODUCT 1 D = "Bl 66N337"

PRODUCER | NSTI TUTI ON_NAVE = "UN TED STATES GEOLOG CAL SURVEY"
PRODUCT_TYPE = MD M

M SSI ON_NAME "DEEP SPACE PROGRAM SC ENCE



EXPER MENT"

PRCDUCT_CREATI ON_TI ME 1997- 06- 09T12: 56: 11

SPACECRAFT_NAME = "CLEMENTI NE 1"
I NSTRUMENT_NAME = "ULTRAVI CLET/ VI SI BLE CAMVERA!
| NSTRUMENT_I D ="uwl &
TARCGET_NAME = " MOON'

FI LTER_NAME ="B'

CENTER_FI LTER_ WAVELENGTH = 750. 0000
BANDW DTH = 10. 0000
START_TI ME = "NA

STCP_TI ME = "NA
SPACECRAFT_CLOCK_START_COUNT = "N A"
SPACECRAFT_CLOCK_STGP_COUNT = "NA

NOTE "LUNAR BASEMAP MOSAI C'
| * DESCR PTI ON OF OBJECTS CONTAI NED | N FI LE */
OBJECT | MAGE

BANDS 1

BAND STCRAGE TYPE BAND_SEQUENTI AL

BAND_NAVE "N AT

LI NES 2127

LI NE_SAVPLES 2070

SAVPLE_TYPE MBB_| NTEGER

SAVPLE BI TS 16

SAVPLE BI T_MASK 2#1111111111111111#

OFFSET -9. 0128981E- 04

SCALI NG_FACTCR
VALI D_ M Nl MM
NULL
LOW REPR_SATURATI ON
LOW | NSTR_SATURATI ON
H GH_| NSTR_SATURATI CN
H GH_REPR_SATURATI ON
M NI MUM
MAXI MUM
CHECKSUM

END_CBJECT

GBJECT

"DATA_SET_NAP_PRQIECTI ON

COORDI NATE_SYSTEM TYPE
COORDI NATE_SYSTEM NAME
MAP_PRQJECTI ON_TYPE
MAP_RESCLUTI ON
MAP_SCALE

MAXT MUM_LATI TUDE

M NI MUM_LATI TUDE
EASTERNVOST _LCNG TUDE
VESTERNMOST_LONG TUDE
LI NE_PRQJECTI CN_OFFSET

SAWPLE_PRQIECTI ON_COFFSET

AXI'S_RADI US
AXI' S_RADI US
AXI' S_RADI US

A
B_
CAXIS_
FI RST_STANDARD PARALLEL

SECOND_STANDARD PARALLEL
PGSl TI VE_LONG TUDE_DI RECTI ON

CENTER_LATI TUDE
CENTER_LONG TUDE

1. 2028247E- 04
- 32752

- 32768

- 32767

- 32766

- 32765

- 32764
430

6137
593477699
I MAGE

| MAGE_MAP_PRQJECTI ON
" DSVAP, CAT"

" BODY- FI XED ROTATI NG'
" PLANETOGRAPH C'
"SI NUSOl DAL"
303. 2334900

0. 1000000

70. 0000000

62. 9868011

345. 0291138

330. 0000000
21227. 3452970
2066. 9105015
1737. 4000000
1737. 4000000
1737. 4000000

"N A

"N AT

EAST

0.0

345. 0000000



REFERENCE_LATI TUDE "N A

REFERENCE_LONG TUDE = "NA"

LI NE_FI RST_PI XEL =1

SAVPLE_FI RST_PI XEL =1

LI NE_LAST_PI XEL = 2127

SAVPLE_LAST_PI XEL = 2070

MAP_PRQJECTI ON_ROTATI ON = 0. 0000000

VERTI CAL_FRAVELET CFFSET = "NA"

HORI ZONTAL_FRAMELET COFFSET = "N A"
END_CBJECT = | MAGE_MAP_PRQIECTI ON
END
| NDEX FI LES

Each CD volume in the d enenti ne basemap nosai ¢ contains an i nage
index file ("ingindx.tab') with catal og i nformati on about the
entire basemap. The image index file and it's associ ated PDS | abel
file ("imgindx.Ibl') are located in the 'index' directory. The
catalog information in the index table includes the file nanes, CD
vol urmes, and mappi ng paraneter information. An additional source
file index table ('srcindx.tab' and correspondi ng PDS | abel
"srcindx.|Ibl")contains information about the EDR i nage coll ection
used to assenbl e the basemap. This file contains an entry for each
EDR i mage that was used in the basemap. Information in this file

i ncl udes the inproved camera pointing data (c-matrix) derived from
tying to the geonetric control network established by the Rand
Corporation. For nore information on the contents of the index
files refer to the |abel files.

ACKNON_EDCGEMENTS

The National Aeronautics and Space Administration is charged with
the responsibility for coordination of a programof systenatic
exploration of the planets by U S spacecraft. To this end, it

fi nances spaceflight m ssions and data anal ysis and research
prograns adm ni stered and perfornmed by nunerous institutions. The
Ceol ogi cal Survey of the U S. Departrment of the Interior is the
agency that perforns nmost of the mapping in support of NASA s
program of planetary exploration and scientific research

The d ementi ne Basemap Mbsai ¢ was conpiled for the Nationa
Aeronautics and Space Admnistration (NASA) by the United States
Ceol ogi cal Survey (USGS) under the direction of Dr. Alfred S.
McEwen, principal Investigator (now with the University of
Arizona). Tammy Becker, HIla Lee, Kay Edwards (retired), and Dr.
Mar k Robi hson (now with Northwestern University) conprised the USGS
techni cal group responsible for its conpilation. The Lunar
Ceonetric Control network was derived by Mert Davies and Tim Col vin
(both fromthe RAND Corporation). The design, |ayout, and
production of the CDs were perfornmed by Chris Isbell and Eric

El i ason. Thanks to Kris Becker for the devel opment of software
tool s for producing PDS conpatible data sets.

REFERENCES



Acton, CH, Ancillary Data Services of NASA's Navigati on and
Ancillary Information Facility: Planetary and Space Sci ences, Vol.
44, No. 1, pp. 65-70, 1996.

Batson, R M, Digital Cartography of the Planets: New Methods, its
status, and its Future: Photogrammetric Engi neering and Renote
Sensing, Vol. 53, No. 9, p.1211-1281.

Batson, R M, 1990, Cartography: in eeley, Ronald, and Batson,
eds. Planetary Mapping: New York, Canbridge University Press, pp.
60- 95.

Eliason, EM, ER Milaret, and G Wodward, Cenentine M ssion,
The Archive of Inmage Data Products and Data Processing Capabilities
(Abstract): Proceedings of the 26-th Lunar and Pl anetary

Conf erence, pp. 369-370, 1995.

JPL, PDS Standards Reference: JPL Docunent D 7669, JPL , Pasadena,
California, 1992.

Kordas, J.R, |I.T. Lewis, RE Priest, WT. Wite, DP. Nelsen, H
Park, B.A WIlson, MJ. Shannon, A G Ledebuhr, and L.D. Pl easance,
W/ visible Camera for the denentine Mssion: Proceedings of the
Soci ety of Photo-optical Instrumentation Engi neers (SPIE), 2478,
pp. 175-186, 1995.

Nozette, S., P. Rustan, L.P. Pleasance, DM Horan, P. Regeon, E M
Shoenaker, P.D. Spudis, CH Acton, DN Baker, J.E Blanont, B.J.
Buratti, MP. Corson, ME Davies, T.C Duxbury, EM Hiason, B. M
Jakosky, J.F. Kordas, |I.T. Lewis, C L. Lichtenberg, P.G Lucey, E
Mal aret, MA Massie, J.H Resnick, CJ. Rollins, HS. Park, AS.
MEwen, RE Priest, CM Pieters, RA Reisse, MS. Robinson, DE
Smth, T.C Sorenson, R W Vorder Breugge, and MT. Zuber; The

G enmentine Mssion to the Moon: Scientific Overview Science, 266,
1835-1839, 1994.

Snyder, J.P, NMap Projections Used by the U S Ceol ogi cal Survey:

Ceol ogi cal Survey Bulletin 1532, U S. Government Printing Ofice,
Washington D.C., 313 p.

APPENDI X A - KEYWZRD ASSI GNVENTS

This section defines the keywords used in the inage | abel area of
the d ementi ne basemap nosai c.

PDS VERSION I D = PDS3
Thi s dataset conforns to version 3 of the PDS standards.

RECCRD TYPE = FI XED_LENGTH
This keyword defines the record structure of the file as fixed-
length record files.



RECCRD BYTES = XXXX
Record length in bytes for fixed-length records (nunber of sanples
*2)

FI LE_ RECORDS = XXXX
Total number of fixed-length records contained in the file

LABEL_RECCRDS = X
Number of fixed-1ength | abel records in the file

| NTERCHANGE _FORVAT = BI NARY
Data are organi zed as BI NARY val ues

N MAGE = X
Pointer to the first record that contains inage data. (The first
record inthe file is designated as record 1.)

DATA SET_ID = "CLEML- L- U- 5- DI M BASEMAP- V1. 0"
The PDS defined data set identifier for the O enentine basemap
nosai c

PRCDUCT_I D = "Bl 66N337"

Uni que product identifier for this image file. This value is the
sane

as the file name. (Format described in the "FILES, D RECTCR ES, AND
DI SK CONTENTS" secti on above.)

PRCDUCER _| NSTI TUTI ON_NANMVE = "UN TED STATES GECLOGE CAL SURVEY"
Identifies the producer organization of this data product.

PRCDUCT_TYPE = MM
This keyword identifies the i mage product as a Msai cked D gital
| mage Model (MJM.

M SSI ON_NAVE = "DEEP SPACE PROGRAM SC ENCE
EXPER MENT"

The keyword identifies the product nane of the mission. (This is
t he

official name of the O enentine Mssion.)

SPACECRAFT_NAME = "CLEMENTI NE 1"

Name of the spacecraft that acquired the data.

| NSTRUVENT_NAMVE = "ULTRAVI CLET/ VI S| BLE CAMERA"
Name of the instrunent that acquired the i nage data.

| NSTRUMENT_I D ="Uw s

Abbrevi ated nane of the instrument that acquired the image data.
TARGET_NAME = " MOON'

Target of the data product.

FI LTER_NAVE ="B'

Virtually all images that make up the O enentine base nap npsaic

were acquired using the filter "B'. Filter "C' inmages were used
when filter "B' data were not avail abl e.

CENTER_FI LTER_WAVELENGTH = 750. 0000
The center filter wavel ength of filter "B' is 750 nanoneters.



BANDW DTH = 10. 0000
The bandwi dth of the filter "B" is 10 nanoneters.

START_TI ME = "NA
STCP_TI ME = "NA
SPACECRAFT_CLOCK_START_COUNT = "N A"
SPACECRAFT_CLOCK_STGP_COUNT = "NA

Start_Tinme, Stop_Tinme, and clock counts are not applicable (N A)
for this data product but are required keywords.

PRCDUCT_CREATI ON_TI ME = 1997- 06- 09T12: 56: 11
Time at which the i mage product was produced.

NOTE = "LUNAR BASEMAP MOBAI C'
Note field al ways says LUNAR BASEMAP MOSAI C

OBJECT = | MAGE

BANDS =1

There is only one spectral band in the basemap nosai c.

BAND STORAGE_TYPE = BAND_SEQUENTI AL
Storage order is band sequenti al

BAND NAME = "NA
Band nane keyword is not applicable.

LI NES = XXXX
Number of lines (rows) in image array

LI NE_SAMPLES = XXXX
Number of sanples (columms) in inage array.

SAMPLE _TYPE = MBB_| NTEGER

Data are stored in "Mdst Significant Byte" order first format. This
is the storage order of Sun workstations and Maci nt osh conputers.
QG her systens, such as | BM PC conpati bl e conputes and DEC/ VAX
systens will need to reverse the byte order of the 16-bit pixels
before the data can be used.

SAMPLE BI TS = 16
There are 16 bits per sanple (2 bytes)

SAMPLE Bl T_NMASK = 2#1111111111111111#
This keyword indicates all bits within a 16-bit word are used in
t he expression of the val ue.

OFFSET -9.0128981E- 04

SCALI NG _FACTCR 1. 2028247E- 04

The OFFSET and SCALI NG FACTOR keywords contain val ues used to
convert the 16-bit integer pixel value to radionetric units.

FRACTI ONAL_REFLECTANCE = (Pl XEL* SCALI NG_FACTCR) + OFFSET

VALID M N MM = -32752
Lowest valid value that can be stored in pixel (always -32752).

NULL = -32768
Val ue of enpty pixels or mssing data (always -32768).



LOWN REPR_SATURATI ON = -32767
Val ue of pixel if processing caused a | owend val ue pixel to go
outside dynamc range of a 16-bit signed integer (always -32767).

LON | NSTR_SATURATI ON = -32766

Value if pixel was | owend saturated (always -32766). For exanpl e,
if the bias of the canera was set so that | ow DN val ues coul d not
be stored in the pixel.

H GH_| NSTR_SATURATI ON = -32765
Val ue of pixel if processing caused a hi gh-end val ue pixel to go
out si de dynam c range of a 16-bit signed integer (always -32765).

H GH_REPR_SATURATI ON = -32764

Value if pixel was high-end saturated (always -32764). For exanpl e,
if the scene was too bright for the image to record at the pixel
val ue becane saturat ed.

M N MUM = XXXX

M ni rum val ue in inage array.

MAXI MUM = XXXX

Maxi mum val ue in inage array.

CHECKSUM = XXXXXXXX

Sumof all bytes in the image object. Used to validate that an
i mage

file was properly stored on the nedia.

END OBJECT = | MAGE

OBJECT = | MAGE_VAP_PRQJECTI ON
ADATA_SET_NMAP_PRQIECTI ON = " DSMAP. CAT"

Name of file containing additional information about the map
proj ecti on.

DSMAP. CAT is located in the 'catalog' directory.

NATE_SYSTEM TYPE " BODY- FI XED ROTATI NG'
NATE_SYSTEM NAME " PLANETOGRAPH C'
Coordi nate systemused in the map projection.

MAP_PRQJECTI ON_TYPE = "SI NUSO DAL"
Name of nap projection.

MAP_RESOLUTI ON = XXX. XXXXX
Map resol ution (pixels per degree) at the reference point of the
proj ecti on.

MAP_SCALE = X. XXXXXX
Map scal e (kilometers per pixel) at the reference point of the
proj ecti on.

MAXI MUM_LATI TUDE = XX, XXXXXXX
Maxi mum | atitude of the image file

M N MUM _LATI TUDE = XX, XXXXXXX
Mninmum |l atitude of the image file.

EASTERNMOST _LONG TUDE = XXX, XXXXXXX
East ernnost | ongitude of the inage file.



WESTERNMOST _LONG TUDE = XXX, XXXXXXX
Vst ernnost | ongitude of the image file

LI NE_PRQIECTI ON_COFFSET = XXXXX. XXXXXXX

SAMPLE PRQIECTI ON_OFFSET = XXXXX. XXXXXXX

Projection offsets are used to define the relationship between |ine
and sanple of the image array and the |atitude and | ongitude

coordi nate on the surface of the planet. See 'dsnap.cat’' file
located in the 'catalog' directory for informati on on these

keywor ds.

A AXI S_RADI US
B AXI'S RADI US 1737. 4000000

C AXI S RADI US 1737. 4000000

Three axi s radius of the Mbon used in the derivation of the map
products that nmake up the basenmap nosaic.

1737. 4000000

FI RST_STANDARD PARALLEL = "NA

SECOND STANDARD PARALLEL = "NA

Standard parallels of map, not used in this sinusoidal equal-area
proj ecti on.

PCSI TI VE_LONG TUDE_DI RECTI ON = EAST
The Moon coordi nate systemuses a positive |ongitude direction of
east. Longitude values increase in the eastern direction.

CENTER_LATI TUDE =0.0
Center latitude of the map projection.
CENTER_LONG TUDE = XXXX. XXXX
Center longitude of the map projection.
REFERENCE_LATI TUDE = "N/A"
REFERENCE_LONG TUDE = "NA

Ref erence | atitude and Iongltudes are not used in the sinusoidal
equal - area projection.

LI NE_FI RST_PI XEL =1
SAMPLE _FI RST_PI XEL =1
The first pixel (upper left) in the inage array is defined as line
1, sanple 1

LI NE_LAST_PI XEL = XXXX

SAMPLE_LAST_PI XEL = XXXX

The last pixel (lower right) in the inmage arrays is defined by
t hese keywords.

MVAP_PRQJECTI ON_ROTATI ON = 0. 0000000

Map projection rotation always O for the denenti ne Basemap Msai c.
VERTI CAL_FRAMELET_OFFSET = "NA

HORI ZONTAL_FRAMELET_OFFSET = "N A"

These keywords are not applicable for the sinusoidal equal-area
proj ecti on.

END_CBJECT = | MAGE_MAP_PRQIECTI ON
END



APPENDI X B - GEOVETRIC DEFI NI TI ON OF A Pl XEL

The purpose here is to describe the spatial or geonetric definition
of a pixel used in the generation and utilization of the digita

i mage products. A broad range of factors enters into this question
For exanple, is a pixel to be conceived of as a point or as an
area? The point definition would be nost convenient, for instance,
when dealing with coordinate grid overlays. This results in an odd
nunber of pixels across a map that has an even nunber of spatia

i ncrements. For changing scales (for instance by even powers of 2)
this definition becomes a problem In this case it makes nore sense
to treat a pixel as a finite area. Then an even nunber of pixels
covers an even nunber of spatial increnents and

decreasi ng/increasing scales by a power of 2 becones trivial
However, grids now fall between pixels, at least in a mathematica
sense. Their treatment in the generation of hardcopy therefore
becones an issue.

It was decided that the area concept of a pixel was the better

choi ce; we would have to live with the asymretries introduced in
things |ike cartographic grids. There are various solutions: (1)
use two pixels for the width of a grid line, (2) stagger grid

pi xel s back-and-forth across the mathemati cal position, (3) use a
convention whereby grid lines are systenatically drawn offset from
their mathematical position

The next issue is the conversion between integer coordinates and
real coordinates of the pixel nesh. W adopt the convention that

pi xel s are nunbered (or nanmed if you |ike) beginning in the upper
left corner with line 1, sanple 1 (pixel 1,1); lines increase
downwar d; sanples increase to the right. (Even this is not a

uni versal standard; some astronom cal systens begin, perhaps nore
logically, in the lower left corner.) There are three reasonabl e
possibilities for aligning a real, or floating point, coordinate
systemw th the pixel mesh: the coordinate 1.0, 1.0 could be the
upper left, the center, or the lower right of pixel 1,1. The
convention historically used for geonetric calibration files
(reseau positions) and al so used in the Miltimssion | mage
Processi ng Laboratory at the Jet Propul sion Laboratory, is that the
center of the pixel is defined as its location in real coordi nates.
In other words, the real coordinates of the center of pixel 1,1 are
1.0, 1.0. The top left corner of the pixel is .5 .5 and the bottom
right corner is 1.49999...,1.499999. The bottom and right edge of a
pi xel is the mathenatically open boundary. This is the standard
adopted in the inage products.

Cart ographi ¢ conventions nust al so be defined. The map projection
representation of a pixel is mathematically open at the increasing
(right and | ower) boundaries, and mathenatically closed at its left
and upper boundaries. An exception occurs at the physical limts of
the projection; the | ower boundary of the | owest pixel is closed to
include the Ilimt of the projection (e. g. the south pole). The
figure bel ow shows the coordinates of Pixel 1,1



Coordi nates of Pixel 1,1

| ongitude 180.0 179. 00001
I I
I atitude | | l'ine
90.0 -- ----m--oa--- -- .5
I I
I I
I I
I I
I + I
| (1.0,1.0) |
I I
| |
89.00001 -- ----------------- -- 1.49999
I I
| I
sanple .5 1. 49999

Finally, we must select a convention for drawing grid lines for
various cartographic coordinates on planetary i mages and maps. The
convention used for the image products is that a grid line is drawn
in the pixels that contain its floating point value until the open
boundary is reached and then an exception is nmade so that the outer
range of latitude and longitude will always appear on the inmage.
This neans, in the exanpl e given above, a 10 degree grid would
start on pixel 1 and be drawn on every tenth pixel (11,21,31,...)
until the open boundary is reached. Then the |ine would be drawn on
the pixel previous to the open boundary (line 180 instead of |ine
181, or sanple 360 instead of 361).

To summari ze, the conventions are:

1) Pixels are treated as areas, not as points.

2) The integer coordinates begin with 1,1 (read "line 1, sanple 1")
for the upper-left-nost pixel; lines increase downward; sanples

increase to the right.

3) Integer and floating point inmage coordinates are the sanme at the
center of a pixel

4) Qids will be drawn in the pixels that contain the floating
point |ocation of the grid |lines except for open boundaries, which
will be drawn to the left or above the open boundary.



