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Digital Maps of Mars
R.M. Batson and E.M. El iason

Abstract
A cartographic digital model (nu) of Mars containing con-
trolled Image mosaics and topographic measurements has
been prepared for distfibution on CD-R)M optical disks' This
database is the product of an exhaustive Mars cartography
project based on data from the Viking Orbiter missions. It in-'c\u'des 

a radiometrically and geometrically controlled, photo-
metrically modeled global image mosaic at a re.sol.ution of 1/
25d/pixet (231 m), a digital topographic model of the entire
planet at a resolution of 1/6<' (about 1 km), a series of mul-
iispectral image mosaics. and selected high-tesdution (>z m/
pixel) image mosaics. This collection of zl disks is expected
io provide support not only for primary scientific investiga-
tions of Mars but olso fot the scientific and engineering oper-
ations of future expeditions to that planet'

lntroduction
Sketch maps of Mars began appearing as early as 1659, when

Christian Huygetts prepared a crude drawing of features he

could see through a primit ive telescope. In 1878, G.V. Schia-

parelli made a map that forms the basis of feature nomencla-

iure in use today. In this century, planetary cartography did
not become professionally respectable until the advent of

space flight, when mission planners and analysts discovered

that they needed accurate maps for preflight guidance and
planning and for arranging and categorizing data returned to

Earth. Cartography from pictures taken by spacecraft-
mounted cameras became a developing technology.

Although conventional paper maps will always be

needed, the deluge of a wide variety of spatial data for the
planets has made compilat ion of maps on digital media as

bssential for planetary cartography as it is for terrestrial car-

tography. The initial design and compilation of a digital

planetary cartographic database was discussed by Batson

Ogaz). The first set of co-Rolvl optical disks containing carto-

graphic data for Mars was compiled-by the U.S. Geological

Srirr"y (USGS, 1991a through 1991fl and released through
Nasa's Planetary Data System (pns). A description of the

Mars col lect ion is the subiect of this paper. These disks, or

volumes, contain controlled digital image mosaics made by
geometric proiection of radiometrically corrected and photo-

inetrically modeled Viking Orbiter images. We refer to this

type of dhtaset as a "digital image model," or DIM. Most of

the images in a 1:2,000,000-scale control led photomosaic
mup serles published by the usGS were reprocessed for use

in fhe medium-resolution DIM. Volume 7 of the set contains

a digital topographic model (nrv) of Mars in a format com-
patible with tha{ of the DIM (USGS, 1992a). Subsequent vol-

irmes contain multispectral orvs (USGS , 1'ss2b through

loozg) and high-resolution (>7 m/pixel) nrus (USGS, work in

progress). This paper presents details of the design and for-

mats of these f irst volumes. Detai ls of the mult ispectral proc-

essing are st i l l  in progress and are not included here'

fh" co-novr cbllection serves two purposes. First, the

DIM serves as a database for interactively examining the char-

acter and structure of the surface of Mars. Second, the cD-

RoMs provide a compact delivery medium for integrating-

databaies into geogriphic information systems (cts) and for

mak ing  cus tom map Produc ts '
Da*ta are p."s".t t"d in a set of volumes, directories, and

fi les. In addit ion to the DIMs, f i les contain index maps con-

sist ing of digit ized shaded rel ief maps and compressed-reso-

lution"utvls fprovided as navigation aids). Text files include

the gazetteer of currently approved feature names and their

cooidinates on Mars, and newly derived camera orientation

matrices for each of the frames. The matrices are by-products

of the photogrammetric processing required to co-mpile the

ul,l and the 
"oru. 

Also included in the files is software that

al lows access, viewing, and enhancement of the images on-

standard desktop computers and workstations (Martin ef o-1',

19Bg). More complex and comprehensive- software exists
(e.g., the USGS Planetary Image Cartography System, or PICS,-

anE the IPL Video Information Communication and Retrieval,

or VICAR, system), but is available at only a few universities

and government agencies because of its specialized nature

and lack  o f  por tab i l i tY .
The medium-resolution DIM has a resolution of 11256"1

pixel (zsr m/pixel on Mars). I f  presented as a single f i le, vol-

umes t through 6 would constitute an eight-bit image of ^
S2,106 sampl6s by a6,080 lines in cylindrical geometry, far

too cumberio-" fo. most users' They have therefore been

formatted in 1964 sub-areas, or "t i les," in the Sinusoidal

Equa l -Area pro iec t ion  (F igure  1)  w i th  nomina l  d imens ions  o f

5 '  la t i tude  by  S;  long i tude in  the  equator ia l  reg ion  o f  the  .
planet. Hieher- and lower-resolution DIMs and DTlr''ts are tiled

a c c o r d i n e  t o  s i m i l a r  s c h e m e s .
NAS,{/PDS have also produced many cD-RoMs containing

individual images return^ed by spacecraft {e.g., NASA/PDS,

1990). These are th" uncorrected images from which maps

can be made, but they are not cartographic products per se'

Although they are not included in thepresent discussion, i t

is wortf,. noting that the DIMs that are discussed here have

been proiected to a common format, a resampling process

that inevitably causes some degradation of resolution' The

individual images, on the other hand, have not been modi-

fied geometrically and they provide the highest resolution

possible for photointerpretation.
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Figure 1. The ti l ing layout for Mars DTMs. Vertical dimension of t i les is 15" of latitude; horizontaf dimensions are modified to
maintain approximately equal areas in the ti les in intermediate and polar latitudes. The scheme for orls is similar but has
nominal dimensions of 5' by 5o near the equator.

The Viking Mission
Two identical vehicles, carrying the experiments of 13 sci-
ence teams, were launched lrom Earth to Mars in 1925 (Snv-
der, 1977,1979). Each vehicle contained an orbiter and a
lander. After insertion into Mars orbit, the landers separated
from the orbiters and descended to the surface of the planet.
Because the major scientific objective of the mission was to
search for life on Mars, several experiments on the landers
were designed to address this objective.

For the orbiters, however, the first obiective was to
gather data that would characterize and qualify potential
landing sites. Additional objectives were to study the photo-
metric and colorimetric properties of the surface, to better
understand the geological history of Mars by studying vari-
ous geologic features discovered by Mariner g, to study the
dynamics of the atmosphere, and to monitor the surface for
changes. Systematic mapping of Mars was not part of the
original plan.

The two orbiter spacecraft operated at Mars from 1976
unti l  1980. Their misi ion was di i ided into several phases
with specific objectives for each. The "primary mission" be-
gan with orbit insertion in June and September of 19Z6 and
Iasted unti l  November 1976. I ts main objective was to col lect
data in support of landing-site selection and to relay commu-
nications between the Viking landers and Earth. When the
orbiters were not required for these purposes, their cameras
were used to collect black-and-white, color, and stereoscopic
images of selected terrains on Mars and on the martian
moons,  Phobos and De imos.

The "extended mission" took place between November
1976 and May 1978, and the "continuation mission" lasted

1500

from May 1978 through February 1979. During these phases,
the orbiters were used independently from the landeri. The
imaging operations included systematic medium- and high-
resolution global surveys, stereo and color surveys of the
equatorial regions, observations of the polar regions and dust
storm activity, and further observations of Phobos and Dei-
mos. A special picture-taking sequence was used during the
continuation mission to collect "medium-resolution" (tSO to
350 m/pixel) images with similar illumination geometry (i.e.,
with the sun 20o to 45o above the horizon). These images
were used to make the medium-resolution global nlv."

The final phase of the Viking Orbiter mission was the
"survey mission" from fuly 1979 until fuly 1980. Viking Or-
biter 2 had ceased to return data by the end of the continua-
tion mission, and it did not participate in the survey
mission. This mission was designed to obtain high-resolution
(10  to  100 m/p ixe l )  coverage o f l reas  o f  spec ia l  i c ien t i f i c  in -
terest as an aid in selecting landing sites for future missions.
These images were used to make high-resolution (118192" Io
L15t2'lpixd' or 7 to 115 m/pixel) nrrr,rs. Also conducted at
that time were several global color surveys, which provide
the source materials for a collection of color lwts of low-res-
olut ion (1/64" to 1. l1.2B"lper pixel,  or 462 to 924 m/pixel).

The Viking 06iter Visual lmaging Subsystem (VtS)
The vIS on each Vikine Orbiter consisted of two identical
vidicon cameras (Beneih and Thorpe. 1976; Wellman et al. ,
1976; Klaasen et al. ,  1.977). Each camera consisted of a tele-
scope, a slow-scan vidicon image tube on which a pattern of
reseau marks was etched, a filter wheel, and associated elec-
tronics. The angular field of view of the camera as defined
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by the margins of the reseau patterns was 1.51o by 1.69'. The
ground area covered by an image was determined by space-
craft altitude and emission angle.

Each vIs camera contained a filter wheel with five color
filters (blue, minus blue, violet, green, and red) and a clear
(i.e., no filter) position. The approximate bandwidths of these
filters are shown in Table 1.. Collections of overlapping im-
ages were taken through two or more of these filters to form
color image surveys, most of which have resolutions of 500
to 1000 m/pixel.

Cartography
The global cartography of Mars from Orbiter images was ac-
complished according to plans and methods described by
Batson (1987, 1990a, 1990b, 1990c) and Edwards (1987). Be-
cause uniform topographic portrayal was the goal of the me-
dium-resolution DIM, the photometric processing used does
not lend itself to ouantitative photometric and radiometric
analysis of the data. Subsequent volumes contain multispec-
tral ntMs prepared by methods devised by McEwen and Sod-
erblom (work in progress, 1993) and high-resolution DIMs.

Control Procedures
A topographic contour map of Mars was made by methods of
stereoscopic photogrammetry at a scale of 1:2,000,000 (Wu ef
al. ,  tg\2; Wu and Doyle, 1990). The contour l ines were man-
ually adlusted to fit the DIM. The orv was compiled by man-
ually digitizing the adjusted contour lines. TheJesulting
vector files were then gridded and interpolated to form the
DTM raster.

The contour map was tied to a refined topographic con-
trol net for Mars (Wu and Schafer, 1984) that was based on a
control net derived by Davies and Katayama (1983). This net
has a standard error of about 5 km horizontally and 1000 to
1500 m vertically. The error can be attributed to a lack of
precise knowledge of camera locations at the time each im-
age was taken and to topographic parallax in oblique images
of rugged terrain. Photogrammetric computation of camera
locations was precluded, because the narrow fields of view
of Viking Orbiter frames cannot provide triangulations with
useful precision. Camera positions can therefore be derived
only by tracking the spacecraft continuously during its active
lifetime. Given assumed camera positions. camera orienta-
tions were derived by minimization of the discrepancies be-
tween images in overlapping frames and the control net.

Images used in the refined topographic control net were
also used to make a low-resolution (t/0+'/pixel) ntu to pro-
vide a control base for the medium-resolution nrM. This was
necessary because control-point images from the refined con-
trol net do not have adeouate densitv and distribution, and
many are not identifiable on higher iesolution images. Any
image point visible on both the low-resolution base and an
image to be placed in the medium-resolution DIM was, there-
fore, considered a valid horizontal control point. There are,
however, significant positional discrepancies between frames
in the low-resolution mosaic that reflect the standard error of
the control net. These discrepancies commonly translate to
20 pixels at 1.1256"lpixel digital scale. In order to avoid such
large discontinuities in the medium-resolution DIM, a network
of "nodes" was defined on the base mosaic. The nodes were
distributed at intervals of 15'to 25" of latitude and longitude
over the base mosaic. The medium-resolution mosaic images
were forced to coincide with the base mosaic at the nodes,
with adjustment allowed between them. Thus, the discrepan-
cies in the DIM are far Iess than 20 pixels over most, but not
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TneLE 1. Tornu BnnopnssEs oF THE VIS Colon Ftrrens.

Nominal color

Bandwidth
(micrometres)

blue
minus blue
broad band
red

0.35  -  0 .53
o.48 - 0.47
0.35  -  0 .70
0.55  -  0 .70

all, of the planet. In general, the error was smoothly distrib-
uted so that it was not obtrusive in the mosaics.

Geometric Considerations
Whereas properties of conformality or equal area are impor-
tant in the selection of projection geometry for printed maps'
rapid computer access to specific areas is the primary con-
siderationln formatting digital maps. The simplest form of a
digital model (nrvl) is one in which each image element's
value is stored in a "bin" (pixel) labeled in terms of latitude
and longitude. An array in which each image line, or row of
bins, is a parallel of latitude and each column of samples, or
bins, is a meridian has an appealing simplicity, even though
the higher latitudes are oversampled. For example, the pole
of a planet, in reality a point, is represented in this "Simple
Cylindrical" format by an image line with as many samples
as was required for the equator. Thus, a single vrs image
frame containing the pole is unmanageable during DIM com-
pilation. The Sinusoidal Equal-Area proiection (Snyder,
isaz), in which each parallel of latitude is shortened by the
cosine of its latitude, was therefore selected. The conversions
between completed Simple Cylindrical and Sinusoidal Equal-
Area anays are computationally trivial, and the two are vir-
tually interchangeable.

ihe Sinusoidal proiection has the simplicity of the Sim-
ple Cylindrical projection insofar as indexing is concerned
(rows and columns are parallels and meridians), but compi-
lation is much more efficient in the Sinusoidal Equal-Area
because the projection does not have a singularity at the
poles. However, viewing distortion becomes severe with dis-
iance from the central meridian in the sinusoidal presenta-
tion. Although this can make visual examination of the nna
difficult, it is not relevant to the integrity of the database.
The central meridian can be shifted easily by simply sliding
image lines parallel to one another, allowing an undistorted
view of a selected region without geometric resampling (Fig-
ures 2a and 2b). Segments of the DIM are, therefore, com-
monly displayed with a local central meridian except for the
poles, which are more easily viewed in a polar proiection
(Figures 3a and 3b).

Pixel Sizes
The resolution of digital images is often specified in terms of
oixel dimensions in metres or kilometres on the surface of a
iarget. nMs, however, are encoded so that the number of lines
(i.e., parallels of latitude) in a global DM is an integer. It is'
therefore, more convenient to specify DM resolution in terms
of planetocentric degrees rather than in linear units. The size
of pixels in a oM is thus specified as some negative power of
2" (1./4", 1/8", L/16", ..., 1/256', etc.) per pixel, Resolutions in-
termediate between these values are not used' Thus, DMs can
be registered in scale simply by successively doubling or halv-
ing the pixel sizes by subsampling or averaging, but without
reJampling. Selected segments of Dltr,ls may be r.ttitten as pho-
tographic prints or published as paper maps.
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Figure 2. (a) DtM image centered on longitude L22"Wi the central meridian of the
Sinusoidal Equal-Area projection is 0' long, resulting in a "skew" distortion of the
image. (b) The image of (a), in which the center longitude of the image coincides
with the central meridian of the projection. The same pixels are used in each im-
age without resampling, so that resolution is not degraded. The vertical dimension
of the image is about 300 km (Volume 6, MG45s1-22.tMG).

DM Tiling Scheme
Most DMs are far too large to be managed conveniently as
single files, and they must be segmented to produce tiles of
manageable size for convenient access on CD-ROM disks. The
scheme used for Ihe L1256"lpixel lltu results in unnecessarily
small tiles for the 1/64"/oixel DTM. A revised scheme utiliz-
ing 15'by 15'ti les in thb equatorial regions and modified for
convergence of meridians in the higher and lower latitudes
was therefore implemented (Figure 1).

Just as published planetary maps are indexed by the lati-
tude/longitude of their center points (truncated to the nearest
integer degree to simplify the indexing), the labels of files in
any DM refer to the latitude/longitude of the center of the tile.
For example, the uu file labeled MIlssooz.IMG contains the
orM tile centered on 15oS latitude, 007'W longitude (all longi-

L502

tudes are west on Mars). The "vI" and the extension ".IMG"
identify the type of ov in the file; these codes are explained
in the documentation on each CD-ROM and will not be re-
peated here. The central meridian of the sinusoidal projection
of each tile coincides with the central meridian of the tile so
that the tile can be conveniently displayed without geometric
modification. Thus, craters remain round rather than skewed.

The central meridian of a Sinusoidal Equal-Area projec-
tion can be changed by sliding image lines parallel to one
another. For a computer to convert a DM tile to a new central
meridian, a simple algorithm can be used to calculate a start-
ing offset (the placement of the first sample of the input line)
and to simply move the pixels from the input buffer to the
output buffer starting at the calculated offset. For example, if
a feature of interest exists on a boundary between two tiles, a
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Figure 3.  (a)  DtM image of  par t  of  the south polar
region of Mars, in Sinusoidal Equal-Area projection
(Volume 6,  Ml88so45. lMG).  (b)  otv  image inc ludang
area of  (a)  in  Polar  Stereographic pro ject ion.  The
image is  about  600 km in d iameter  (Volume 6,
Ml90S000.rMG).
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simple program can be written that reads the two tiles into
memory, creates an output memory array with a new central
meridian equal to the boundary longitude between the two
tiles, and then copies the input tile lines to output tile lines
with calculated offsets.

Prccessing
The Mars DIMs were compiled in four stages or "levels," be-
ginning with raw images. AII of the corrections made during
these stages have some level of uncertainty, so the process-
ing sequence was designed to progress from corrections with
the highest probability of accuracy to those with the lowest.
Intermediate stages were preserved for future analytical use.

The first level of processing (Level f ) was radiometric. It
included removal of electronic shading inherent in the imag-
ing system, artifacts such as minute dust specks on the vidi-
corr tube, microphonic noise introduced by operation of
other instruments on the spacecraft during imaging se-
quences, and data drop-outs and spikes (Benesh and Thorpe,
L976; Soderblom et aL.,1978). Reseau marks were also lo-
cated; before they were removed, their precise locations were
recorded for use during later geometric processing. It was not
feasible to remove all possible artifacts from the images in
the DIM. Those that remain are generally caused by inade-
quate removal of reseau marks, of random noise, and of vidi-
con blemishes. Although geometric image processing was not
done during Level 1, the control points and image tie points
were identified on the images (still in their raw geomelry),
and their projected locations and camera orientation mairices
were computed. Image-distortion corrections were included
in these computations. This information, along with reseau-
mark locations, was written to a digital image label for each
Level 1 frame, and can be used to project the raw frame to
any map projection while simultaneously removing image
distortions.

Level 2 processing included removal of camera distor-
tions and projection from image to map coordinates in DM
format according to parameters derived during Level 1. proc-
essing. Distortion corrections were based on preflight calibra-
tion of the reseau. The resolution of each frame was
preserved to some extent by oversampling in the output ar-
ray, that is, by selecting a resolution step that results in an
image with more lines and samples than the original image.

At Level 3, photometric models of the surface and at-
mosphere were applied to reduce the images to a uniform
representation so that images taken under different illumina-
tion (solar incidence angle, emission angle, season) and at-
mospheric conditions (level of dust and condensates that
scatter and absorb) could be mosaicked into a useful com-
posite. Usually, the goal in this step is to convert the cali-
brated images from radiance to model images of surface
albedo (and as a function of color for multispectral images
sets). These are in turn mosaicked to generate black and
white or color mosaics that portrav the albedo and color of
the surface materials. This ii the approach used by McEwen
and Soderblom (work in progress, 1993) to generale the re-
gional and color mosaics contained in Volumes B through 13
(USGS, 1992a through 19929) of the cD-RoM series.

When such photometric normalizations are applied to
portray the albedo uniformly, they have an adverse effect on
the appearance and interpretability of the topography in the
mosaic. For example, at high solar-incidence angles (e.g.,
closer to the terminator), topography is highest in contiast
and albedo variations lowest. At lower incidence (closer to
the subsolar point), the albedo contrast is highest and that of
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topography lowest. Consequently, a process that corrects for
the illumination effects to present the albedo differences uni-
forlnly makes the apparent variation in topographic ampli-
tude even worse! The contrast of a crater near the terminator.
which is already very high (relative to the contrast of the
same crater viewed at low incidence) is made much higher.

Because a goal in producing the monochromatic (n/w)
digital MDItr4 (compiled at 1/256'scale) was to portray the
topographic relief as uniformly as possible over the planet, a
totally different form of photometric normalization had to be
devised. The process effectively involved simply normalizing
the image with a high-pass divide filter in whlch each point
in the image was divided by the average of the local average
of the 60- by 60-km region around it, leaving the image his--
tograms centered around midrange. Next, a simple model
was used to derive a local contrast enhancemenl within each
image that, when applied, would render the topographic con-
trast uniform across the images. In this way, the contrast of a
crater near the terminator was reduced and that of one
nearer^the subsolar point increased. A more detailed descrip-
tion of the algorithm is contained in the "VoLrNFo.TxT" filt
on the first six volumes that contain this product.

Finally, a seam-removal technique was used in the mo-
saicking procedure (Soderblom et al., tgza). First, the filtered
and stretched images were mosaicked. This mosaic was then
filtered with a 51 by b1 low-pass filter (convolved with a 51
by 51 boxcar of unit weight). A 51 by 51 high-pass filter was
next applied to each individual image that makes up the mo-
saic. Finally, this mosaic of high-pass filtered imagei was
added to the low-pass filtered mosaic.

Compilation of the oru of the entire surface of a planet
was the final processing stage, which resulted in a digital
global image of uniform resolution. The resolution oflevel 2
images ysed in the compilation was compressed or expandedilrrages useo ln rne comprratlon was compressecl or expand€
to match that specified for the Dru. The Viking imageJwere
mapped to the Sinusoidal proiection using "nearest-neish-projection using "nearest-neigh-

arison of resampling interpolationbor" interpolation (a comparison of resampling interpo
schemes was described in Bernstein et al. (tslr)).

The- dynamic range of the global DIM was designed to ac-
commodate the range of image brightnesses found bn Mars.
The highest contrast is in the polai region, where the image-
density histoqrams fill the full dvnamic ranee from 0 to zss.density histograms fill the full dynamic range from 0 to zsS.
Other image files cover low-conirast areas on the olanetOther image files cover low-contrast areas o; the planet
where density histograms fill only a small part oflhe range.
Thus, most images in the DIM appear very bland when
viewed on a display device unleis a conirast stretch is ap-
plied to.the image values. For convenience of image-display
applications, the DrM files include a digital version of th; ii1-
age histogram to facilitate display of an image with optimum
contrast.

The primary purpose of the frames used in the multis-
pectral DIMs (Volumes B through 13), which have lower reso-
Iution and more consistent illumination than those used for
the medium-resolution DIM, is to display the distribution of
surface coloration pattems. The Level 3 (photometric) proc-
essing used for these data is, therefore, significantly more
complex than that for the medium-resolution DIM.

Data Products
Volume Contents
The present CD-ROM set consists of Z2 volumes containing
the following:

Volumes 1 through 6. Medium-resolution (t/z56"lpixel, or 2zt
m/pixel) Dtlts of all of Mars. These six volumes contain the
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highest resolution contiguous coverage of the planet (although

higher resolution image maps of scattered areas do exist). Each
volume also contains low-resoiution (1'/4' Io f /f 6'/pixel) shaded
relief index maps, compressed-resolution olvts, and a gazetteer
of feature names. Special polar stereographic proiections of otv
images are included on Volumes 1 and 6.
Volume 7. GIobaI DTM at 1/64"/pixel (943 m/pixel) resolution.
This model was made by digitizing a series of photogrammetri-
cally compiled contour maps of Mars and then interpolating
values on the orv grid. Although the interpolation scheme did

not incorporate maximum and minimum elevation measure-
ments, th-e selected scale easily captures the resolution and ac-
curacy of the Viking Orbiter topographic data set.
Volumes I through 13. Low-resolution (r/64'lpixel) multispec-
tral DIMs, taken in two or more spectral bands. These include
individual mosaics made at different seasons, weather condi-
tions, resolutions, and illuminations. Systematic, contiguous
coverage of the planet was not collected, complicating the com-
pilation of a photometrically precise planetwide olvr. The work
by McEwen and Soderblom wiil allow production of such a
DIM, however, and Volume 14 has been resetved for that prod-
uct.
Volumes 15 through 21. High-resolution (1/1024"/pixel to 1/
8192"/pixel, or 58 m/pixel to 7 m/pixel) DIMs of selected areas
of special scientific interest. High-resolution imaging could not

be targeted accurately during the Survey Mission. Coverage by
these DIMs is, therefore, inconsistent and non-contiguous. Fur-

thermore, the S-km standard error in map control becomes
much more obtrusive in the high-resolution DIMs than in those
of lower resolution. Thus, the high-resolution DlMs were made
internally consistent, but they show large discrepancies with
the medium-resolution base.

Directory Structure
The volume and directory structure of the cp-nolra volumes
conform to the Level-1 standard specified by the Interna-
tional Standards Organization [so). This standard is also
known as the ISo-s660 standard, and it was used so that the
disks can be accessed on a wide variety of computer sys-
tems.

The image fiIes are subdivided into directories on the
basis of image file type (nrv, nrv, shaded relief), resolution
of the image file, and, fot 1.1256' and 1/64'lpixel image files,
the center latitude of the image. For L14' and 1/16"/pixel im-
ages, the first two characters of a file name followed by six
'X' characters make up the directory name. Volumes 1 and 6
contain a special directory, called PoLAR, that contains Polar
Stereographic proiection images from B0o to 90'latitude.

The DIM images, shaded relief index maps, DTM files
(Volume z only), supplemental files, documentation, and
software are located in separate directories,

lmage Label tuea
The label area of a image file contains descriptive informa-
tion about the image. The label consists of keyword state-
ments that conform to Version 2 of the Object Description
Language (ool) developed by NASA's PDS proiect (Davis,
1990; Cribbs and Wagner, 1991).

lmage Index
Each cn-Rorra contains an image index file (IMGINDEx.TAB)
with catalog information about aII DIM image files in the col-
lection. The image index fi.le and its associated pns label file
(nacwnnx.lan) are located in the INDEX directory. The cata-
log information in the index table includes the file names,
CD-ROM volumes containing the DIM image files, and data on
the mapping parameters. The image index file has fixed-
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Iength records of 512 bytes in ASCII character representation.
Each record (row in the table) contains the information for a

single DIM image file.

Gazetteer
Planetarv nomenclature, Iike terrestrial nomenclature'
uniquely identifies a feature on the surface of a planet or sat-

ellit-e sothat the feature can be easily located, described, and

discussed. The gazetteer on Volumes 1 through 21 oI the CD'

RoM volume sef contains detailed information about all

named features on Mars that the International Astronomical
Union (tnu) has named and approved from its founding in

1919 through i ts tr iennial meeting in 1991. Anci l lary f i les in

the GAZETTER (sic) directory are for users of the Word-

Perfect@ word processor. (The name of the directory is inten-
tionally misspelled to accommodate PCiDos B-character
directory-naming limitations.) The diacritical marks on some

feature names in the gazetteer can be converted with the
macros included in this directory. Work on a comprehensive
gazetteer is in progress by Batson and Russell. A recent ver-

iion of the Mais Gazetteer is contained in Batson and InBe
(1e94) .

Software
Software is provided on each DIM cD-RoM to facilitate access
to the image files. The included routines provide display'
contrast enhancement, and zoom and pan capability; histo-

Brams; and a movable cursor with pixel-parameter display'

The software is located in subdirectories within the soFT-
WARE directory, which contains the subdirectories MRC (Mac-

intosh software), PC (PC/Dos software), suN (suN

Sparcstation), and vax (vAX/vMS workstation). Within each
subdirectory is a file called sOFTINFo.TXT that tells how to
use the software.

Summary
We have comoleted the disital svnthesis of available carto-
graphic data for the planet"Mars-collected by the Viking Or-
6iter missions between 1976 and 1980. The database is
designed for use not only with mainframe and minicomput-,
ers, 6ut also with small desktop work stations. It is expected
to provide a foundation for the continuing exploration of
Mars.

Acknowledgments
The digitafmaps of Mars described herein were compiled by

the U.5. Geological Survey (uscs) under funding provided by

NASA through its Geology and Geophysics Program at its
headquarteri in Washington, D.C., and through the Mars Ob-

servei Project administered by the Jet Propulsion Laboratory
(pl), Pasadena, California. NASA's Planetary Data System
provided the guidance and standards required to manufac-
iure and distribute the optical disks containing the DIM and

DTM.
The Mars digital models were compliled at uscs/Flag-

staff under the direct ion of R.M. Batson, L.A. Soderblom,
and Sherman S.C. Wu, Principal Investigator and Co-Investi-
gators, respectively. Wu provided the technical management

and supervision of a team of photogrammetrists who com-
piled the topographic control and the topographic maps used

to make the-nfv. Kathleen Edwards developed the technical
procedures and standards for DIM compilation, and^she pro-
vided the technical management and supervision of a team
of technicians who compiled the medium-resolution ntv.
Her procedures are ,tsed for all litvl compilation. L.A. Soder-

1505



PEER'REVIEWED ARI ICTE

blom and A.E. McEwen developed the photometric and mul-
tispectral processing techniques. Our thanks go to R.L. Kirk
and L.A. Soderlom, who reviewd this paper and rewrote sev-
eral paragraphs. The design, layout, and production of the
CD-RoMs was performed by E.M. Eliason at the USGS and M.
Martin and J. Hyon at ipl-.

References
Batson, R.M., 1987. Digital cartography of the planets: New methods,

its status, and its future, Photogrammetric Engineering & Remote
Sensing,  53(9):1211-1218.

199Oa. Cartography, Planetary Mapping (Ronald Greeley and
R.M. Batson, editors), Cambridge University Press, New York,
pp.  60-95.

1990b. Appendix I: Map formats and projections used in
planetary cartography, Planetary Mapping (Ronald Greeley and
R.M. Batson, editors), Cambridge University Press, New York,
pp. 261.-276.

1990c. Appendix III: Digital planetary cartography, Planetary
Mapping (Ronald Greeley and R.M. Batson, editors), Cambridge
University Press, New York, pp. ZgS-287.

Batson, R.M., and J.L. Inge, "t994. Atlas of Mars: The Viking Global
Suwey, National Aeronautics and Space Admin., Special Publ.
506 [ in press).

Benesh, M., and T.E. Thorpe, 1,976. Viking Orbiter 1975 Visual Imag-
ing Subsystem Calibration Report, fPL Document 611-125, fet
Propulsion Laboratory, Pasadena, Calififornia.

Bernstein,  R. ,  H.  Branning,2nd,  and D.G. Ferneyhough, lgZl .  Geo-
metric and radiometric correction of high resolution images by
digital image processing techniques, IEEE Intl. Geosci. Electrdn-
ics Symp., Washington, D.C.

Cribbs, M., and D. Wagner, 1991. Planetary Data System Data Prepa-
rotion Workbook, Volumes 1 ond 2, JPL Document 7669, Jet pro-
pulsion Laboratory, Pasadena, California.

Davies,  M.E.,  and F.Y.  Katayama, 1983. The 1982 contro l  network of
Mars,  / .  Geophys,  f ies. ,  BB(B9):7+Og-74O4.

Davis, R.L., 1990. Specification t'or the Object Description Language,
Version 2.0, available from the Planetary Data System, Jet Pro-
pulsion Laboratory, Pasadena, California.

Edwards, Kathleen, 1987. Geometric processing of digital images of
the planets, Photogrammetric Engineering & Remote Sensing,
53(9):1219-1.222.

Klaasen, K.P., T.E. Thorpe, and L.A. Morabito, 1sZZ. Inflight per-
formance of the Viking visual imaging subsystem, Applied Op-
f i c s ,16 :3158 -3170 .

Martin, M., F. Evans, and D. Nakamura, 1989. IMDISP: PC Imape
Display Program, Jet Propulsion Laboratory, Pasadena, Califor-
n ia.

NASA/PDS (compilerj, 1990. Images 1,22501, to 166524 in com-
pressed and browse format, Mission to Mars: Vikins Orbiter Im-
ages of Mars, National Aeronautics and Space Administration
[cD-ROM].

Snyder, C.W., 1,577. The missions of the Viking Orbiters, / Geophys.
Res., 82:3971-3983.

1979. The extended mission of Viking, /.
7517-7933.

Geophys. Res., 84:

1991b. Xanthe Terra, Mission to Mars, Digital Image Map,
Volume 2, National Aeronautics and Space AdministrationiCD-
ROMJ.

1991c. Amazonis Planitia Region, Mission to Mars, Digital
Image Map, Volume 3, National Aeronautics and Space Admin-
istrat ion ICD-ROMl.

1991d. Elysium Planitia Region, Mission to Mars, Digita)
Image Map, Volume 4, National Aeronautics and Space Admin-
is t ra t ion  ICD-ROMI .

1991e. Arabia Terra, Mission to Mars, Digital Image Map,
Volume 5, National Aeronautics and Space Administration[CD-
ROMI.

1991f. Planum Australe Region, Mission to Mars, Digital Im-
age Map, Volume 6, National Aeronautics and Space Adminis-
trat ion [CD-ROMl.

1992a. Global Topography, Mission to Mars, Digital Topo-
graphic Mop, Volume 7, National Aeronautics and Space Ad-
ministration [CD-ROM].

1992b. Vastitas Borealis Region, Mission to Mars, Digital
Color Mosaics, Volume 8, National Aeronautics and Space Ad-
ministration ICD-ROM].

1gg2c. Xanthe Tena,Mission to Mars, Digital Color Mosaics,
Volume g, National Aeronautics and Space Administration [CD-
ROMI.

1992d. Amazonis Planitia Region, Mission to Mars, Digital
Color Mosaics, Volume 10, National Aeronautics and Spaie Ad-
ministration [CD-ROM].

-, 
_'Lgg2e. Elysium Planitia Region, Mission to Mars, Digital

Color Mosaics, Volume 11, National Aeronautics and Snace Ad-
ministration [CD-ROM].

1992f. Arabia Terra Region, Mission to Mars, Digital Color
Mosaics, Volume 12, National Aeronautics and Space Adminis-
trat ion ICD-ROMl.

-,-79929. Planum Australe Region, Mission to Mars, Digital
Color Mosaics, Volume 13, National Aeronautics and Soace Ad-
ministration [CD-ROM].

Wellman, J.B., F.P. Landauer, D.D. Norris, and T.E. Thorpe, 1976.
The Viking Orbiter visual imaging subsystem, l. Spa'cecr. Rock-
e/s, 13:660-666.

Wu, S.S.C., and F.f. Schafer, 1984. Mars control network, Technical
Papers of the SOth Annual Meeting of the American Society of
Photogrammetry, Washington, D.C., 1 1-16 March, 21456463.

Wu, S.S.C., A.A. Elassal, Raymond Jordan, and F.f. Schafer, 1982.
Photogrammetric applications of Viking orbital photography,
Planetary and Space Science, 30(1):45-S5.

Wu, S.S.C., and F.f. Doyle, 1990. Topographic mapping, planetary

ltlapping [Ronald Greeley and R.M. Batson, editors), Cambridge
University Press, New York, pp. 1,69-20T.

(Received 28 June 1993; accepted 23 September 1993; revised 1B No-
vember 19931

Snyder, 1.P., 1,982. Map Projections IIsed by the tl.S. Geological Sur-
vey, U.S. Geol. Survey Bull. 1532, U.S. Government Printing Of-
f ice,  Washington,  D.C.,  313 p.

Soderblom, L.A., Kathleen Edwards, E.M. Eliason, E.M. Sanchez, and
M.P. Charette, 1978. Global color variations on the martian sur-
face. lcorus, 34:446464.

U.S. Geological Survey, compiler, 1991a. Vastitas Borealis region,
Volume 1, Mission to Mars, Digital Image Map, YoL 1, National
Aeronautics and Space Administration [CD-ROM].

1506

Raymond M. Batson
A graduate of the University of Colorado, Bat-
son went to work for the U. S. Geological Sur-
vey in 1.957. He organized the Planetary
Cartography Section of the USGS and served as
its chief until his retirement in 1992. This group

has published more than 800 maps of 23 planets and salel-
Iites. Batson authored, edited, or co-authoied four atlases,
one book, and more than 100 articles in technical iournals
and magazines. He remains active in NASA's Planeiary Car-
tography Working Group and in other working group; and
revlew panels.



PEER.REVIEWED ARI ICTE

Eric M. Eliason
Eliason is a graduate of the University of Cali-
fornia at Riverside, and has been employed by
the U.S. Geological Survey since 1972. He de-
signed image processing applications for many
of NasR's planetary missions including Viking,

Voyager, and Pioneer/Venus. Currently he is a member of
NASA's Clementine Science Team, which provides scientific
and technical support for its upcoming mission to the Moon
and asteroid Geographos. Eliason is also the technical man-
ager of NASA's Planetary Data System Imaging Node. This
group is the archive curator for all of NASA's planetary digi-
tal image collections.

THE GIS Applications Book
Examples in Natural Resources:

a compendium

edited by William J. Ripple

The GIS Applications Book: Examples in NaturalPesources compendium is a one-stop
reference guide to state-of-the-art applications of GIS in the natural resources.

The articles were selected from respected GlS, natural resource, and science journals.
This book can be used as a textbook supplement for university level courses in GlS. In
addition, it can also be used as a reference for geographers, foresters, hydrologists, soil
scientist, engineers, wildlife biologists, planners, and ecologists.

SECTIONS INCLUDE:

Section 1: Introduction Section 4: Water Resources
Provides an introduction with information on the
role of geographic information systems (GlS) in Section 5: Forestry
natu ral resources, technolo gical develop ments,
and definitions of commonly used GIS terms. Section 6: Landscape Ecology

Section 2: Environmental Modelling & Section 7: Wildlife
Assessment

Section 8: Land Use
Section 3: Soils

Section 9: Biological DiversitY

Ihe GIS Apptications Eook: Examples in Natural Resources. 1994. William J. Ripple. 372 pp. 22 color
plates. $7o (softcove\; ASPRS Members $5o.OO Stock # 4634.

For ordering information, see the ASPRS Store.

PE&RS


