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Introduction
In the late 1980s, the USGS, Flagstaff, produced the first in

what would become a series of very large, global digital image
mosaics of solar system bodies [1]. This Mars mosaicked digital
image model (MDIM) incorporated roughly 4600 Viking Orbiter
images.  The global mosaic, at a scale of 1/256 degree or ~231
m/pixel, was widely distributed on a set of six CD-ROMs pro-
duced in 1991.  As the highest resolution global map of Mars, the
MDIM is vital for both scientific studies and planning of current
and future missions.  Unfortunately, it has significant shortcom-
ings, particularly in the accuracy of geodetic control (i.e., the acc u-
racy of positioning of features).  Geodetic accuracy is a particular
concern for mission planning, which involves targeting of observa-
tions and navigation of landers to specific ground points.

The process by which the existing MDIM was controlled is too
complex to explain in detail, but two key problem areas can be
summarized.  First, the MDIM inherited from an early version of
the RAND 2D control net [2] a definition of the prime meridian
that has been superseded, resulting in a systematic longitudinal
offset of 10-15 km between the mosaic and newer control nets [3].
This longitude error propagated into a USGS 3D geodetic calcul a-
tion [4] in which low-resolution but oblique Viking Orbiter images
were used in an attempt to derive three-dimensional control (i.e.,
heights as well as horizontal coordinates of points).  This net, and
hence the MDIM, has significant errors [5] both because of the low
resolution of the images and because of unreliability of supplemen-
tary information used [6].  Since the MDIM was produced, consi d-
erable progress has been made in refining the two-dimensional
RAND control net [3], in refining elevations [6,7], and in reanalyz-
ing the three-dimensional net [5].  Further useful inputs can be
expected from the Mars Global Surveyor mission.  We are there -
fore undertaking the production of  revised and improved global
mosaics of Mars.

Revision of the MDIM by the USGS is part of a significant
team effort by members of the Mars Surveyor Program Geodesy
and Cartography Working Group (MSGCWG) with expertise in
geodesy, cartography, photogrammetry, spacecraft ephemerides
and navigation, and analysis of datasets for Mars gravity, altimetry,
and image data. Principal products of this joint effort will include a
new unified control net for Mars, revised SPICE data for existing
and new datasets, global digital image models ( DIMs), digital
topographic models (DTMs), and derived maps, and higher resolu-
tion special mosaics and maps of MED program landing sites.  Our
current and planned activities in this project are de scribed below.
Mars Geodetic Control Networks

Revision of the geodetic control network is the foundation for
future cartography and will be carried out in a series of steps,
building to a final, optimal solution but with significantly im-
proved versions delivered for cartographic use in the interim.  As a
first step, adopting the latest generation of the RAND network
(which is widely used by the Mars missions) for future mosaics
will constitute a significant advance; for the first time in over two
decades the community will be working with a single, unified
control net.

We are collaborating intensively with M. Davies to further r e-
fine the RAND net.  The 4581 MDIM images, plus 644 images in
the RAND net but not the MDIM, have been recovered from a r-
chive in radiometrically calibrated form and translated to ISIS
format.  A subset of image point measurements that were lost have
been remeasured, and the point coord inates have been transmitted
to RAND, allowing these images to be incorporated into the co n-
trol network.  The existing RAND net consists of intersecting
strips of images along meridians and parallels; inclusion of the
MDIM images, which are of comparable resolution, will fill in the
gaps between these strips and solidify the net [8]. Along with the

point measurements, USGS is supplying reseau measurements (for
camera distortion corrections) and a consistent set of ephemeris
times, spacecraft vectors, etc.

Existing nearest-pixel point and reseau measure ments will soon
be refined to subpixel accuracy.  This will be achieved quickly and
efficiently by automatic image matching based on a correlation
technique. The ISIS automatic image-matching algorithm has been
improved to greatly increase the speed and precision of subpixel
image matches, and programs to use this algorithm to refine meas-
urements are partially complete. ÒGenericÓ square reseau templates
used in the old software will be replaced by individual templates
for each reseau (some of which are irregularly shaped because of
detritus on the vidicon face) generated by aligning and averaging
data from multiple images, a simple form of ÒsuperresolutionÓ [9].
The images needed to create new reseau templates have been iden-
tified and used successfully to produce an improved template for
one reseau as a test. The nearest-pixel measurements have been
incorporated into the control-net analysis as they were delivered,
allowing RAND to identify any gross errors or mismeasurements
for us to rectify.  Incorporation of the more precise measurements
into the net should therefore be straightforward and rapid.  We
anticipate that a satisfactory control solution will be obtained
roughly by early spring, 1999.

We are also assisting RAND by supplying higher resolution im-
ages, point measurements, and ties to lander images for the VL-1,
VL-2, and Pathfinder landing sites.  At present, it appears that the
long-accepted VL-1 identification [10] is incorrect [5], but based
on a reanalysis of the lander images with ÒsuperresolutionÓ tech-
niques as reported in a companion abstract [11] we have high con-
fidence in a new candidate site.  The same technique may help us
identify the VL-2 site from several proposed alternatives [12].

Further improvements of the martian control net will involve
MGS data.  Control points will be assigned elevations based on
MOLA data as the latter become available.  In addition, T. Du x-
bury  (JPL) has demonstrated that he can identify points (e.g.,
bottom centers of craters) in the MDIM whose three-dimensional
inertial coordinates are known from MOLA, and he will expand
this activity.  USGS will then transfer these points from the old
MDIM to individual VO images and supply the image coordinates
of the points to RAND.  This will truly open a new era in martian
geodesy/cartography because these will be the first genuine ground
control points known in inertial space (apart from the three landing
sites).  As MOC wide angle images from the global geodesy cam-
paign become available, M. Malin (MSSS) and S. Synnott (JPL)
will measure points on these and plan to construct a purely MOC-
derived geodetic net.  We will assist in comparing the RAND/VO
and MOC nets for consist ency and in merging them into a final,
joint control.  Comparison of mosaics of VO data tied to the var i-
ous nets will be an important part of this process.

The output of each of these control net calcu lations will consist
of estimated ground coordinates of a globally distributed set of
points, plus revised camera pointing parameters (SPICE) for the
images used (including all MDIM images), any pixel in any one of
which can potentially be used as a geodetic tie for other, regional
datasets.
Global Image Mosaics

In parallel with the refined geodetic networks, at least three suc-
cessively improved global mosaics will be produced and made
available online and in limited distribution on CD-R disks as they
are produced.  Referring to the existing mosaic [1] as ÒMDIM 1.0,Ó
we plan to produce MDIM 2.0 in mid calendar-year 1999. This
mosaic will use the same VO images as version 1.0, but will be
based on the updated RAND control network.  Although the con-
trol calculation will be completed in the spring of 1999 and m o-
saicking will take only a few weeks, the MSGCWG has recom-
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mended that production of the new mosaic should be delayed until
May or June, when the dimensions for a new reference figure of
Mars based on MOLA data from the global mapping phase should
be available. This brief delay will avoid production of a mosaic
that would almost immediately be obsolete and will not greatly
inconvenience most users.  We plan, however, to make and release
a mosaic of the MS 98 landing zone from the MDIM dataset as
soon as updated control including this limited area becomes avail-
able (i.e., even before all  our image measurements have been
incorporated into the RAND net).  Al though it will be superseded
by MDIM 2.0 (with very slight coordinate shifts due to the new
reference figure) in a few months, this mosaic will be significantly
more accurate than MDIM 1.0 and will be valuable to the Mars
Polar Lander team in their time-critical selection of a landing
point.

The PICS software used to produce MDIM 1.0 has largely been
ported to our newer ISIS system, with significant improvements in
several areas.  Further improvements are currently being made.
The software used for MDIM 2.0 will incorporate the following
advances.
¥  Subpixel measurement of both image points and reseau centers.
¥  Redesigned software for handling image points to allow meas-

urement of each point on an arbitrary number of images (³2) in
order to maximize the amount and redundancy of information
fed into the geodetic solution.

¥  Revised photometric modeling/correction incorporating a first-
order atmospheric scattering model [13] and realistic surface
scattering [14], significantly improving the cosmetic appearance
of the mosaics by improving the equalization of feature co n-
trasts in images obtained under widely varying illumination
conditions.

¥  Use of 16-bit rather than 8-bit format throughout processing to
avoid loss of low-contrast details, and use of more sophisticated
spatial filters to remove noise while better preserving image d e-
tails will each improve the cosmetic quality of the final mosaic.
This is a significant issue because an important use of the
MDIM is for targeting MOC observations and many subtle but
interesting features are reportedly difficult to see in MDIM 1.0.
Further revision of the control network based on incorporation

of MOLA data and MOC data (and/or a MOC-derived geodetic
solution) will lead to the production of a MDIM 2.1 in 2000.  The
VO images will again be used, with the cosmetic processing im-
provements described above.

Finally, in 2001 we expect to produce MDIM 3.0, a global mo-
saic of MOC wide angle images with resolutions comparable to the
VO images used in MDIMs 1.0Ð2.1.  The resolution (1/256 degree
or ~231 m/pixel) and format of the mosaic will be the same as
earlier versions. The software needed for radiometric correction
and geometric projection of MOC images is currently under devel-
opment.  Geodetic control will be based on the final solution d e-
rived from MOC and MOLA data.
Other Cartographic Products

We plan to produce additional cartographic products in response
to the needs of the Mars missions and the community of research-
ers.  The following types of products can be identified as being of
interest. Under the first category, a mosaic of the MS98 landing
site is a known requisite and will be produced as soon as revised
control is available locally.  A topographic map of the landing site
will be made later in 1999.
¥  Regional mosaics of Viking Orbiter images (and possibly Mar i-

ner 9 images, for the south polar region) at higher resolution
than the MDIM.  VO image resolutions range from ~250
m/pixel globally to <10 m/pixel in limited areas [8].  The new
mosaics will be tied to the best geodetic control available at the
time of production, greatly improving their usefulness for target-
ing of orbital observations and landing points over existing m e-
dium-to-high resolution mosaics, which are tied to MDIM 1.0.

¥  High resolution regional DTMs derived by stereogrammetric
analysis of VO images.  The expected vertical precision (EP) of
VO stereo coverage varies widely [8], from 300-1000 m over
much of Mars to <10 m in limited areas (e.g., several candidate

Viking landing sites).  Accuracy of these regional DTMs will be
greatly increased over past maps by tying them to MOLA o b-
servations.  The stereo data, in turn, will significantly increase
the (horizontal) spatial resolution achievable in some areas,
compared to what MOLA alone provides.

¥  As MOC narrow angle observations become available, they can
be mosaicked into maps with context data derived from VO i m-
ages.  Photogrammetric analysis of MOC narrow angle images
paired with suitable VO images may also be possible in some
areas of interest.

¥  Global image coverage of Mars with MOC wide angle images at
resolutions <300 m/pixel with strong stereo sidelap is planned
as part of the MGS Ògeodesy campaign.Ó  Once accurate SPICE
data for these images are calculated as part of the MOC-derived
geodetic net, we will be able to perform systematic stereotopog-
raphic mapping of part or all of Mars with ~1 km horizontal
sampling and 50-100 m EP vertically.

Stereotopographic mapping will be performed with our LH Sys-
tems DPW790 digital photo grammetric workstation [15 ].  We have
augmented the SOCET Set software supplied with this system with
ISIS/SOCET interface routines for importing and exporting plan e-
tary data.  Mapping with planetary framing camera images (e.g.,
VO, Clementine, Mars Path finder IMP) has been demonstrated
extensively and is now routine.  An appropriate sensor model
(functional relation between 3D coordinates in object space and
image coordinates) is needed for mapping with the MOC scanners.
LH Systems offers a ÒgenericÓ scanner model that can be used
with any scanner provided a sufficient density of ground control is
available beforehand.  We will investigate the merits of using this
model or of writing our own sensor model for the MOC cameras
with the SOCET DeveloperÕs Toolkit.
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