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Remote-sensing data have been used in planetary topographic mapping. The
application of digital image processing techniques to such data make them
geometr1ca11y compatible with exxstTng photogrammetric equipment. Digital
image processang can also enhance 1magery for the improvement of measuring
precision and interpretability. Such digital image processing may include
georetrlc correction and rectification, and digital transformation for the
reconstruction of shaded-relief maps, OrthODhGaO, and perspective views
including stereograms. By using d?g1ta1 image processing, distortions can
be corrected to be less than one image element of a Viking Orbiter picture
consisting of 1056 x 1182 pixels. Digital rectification can make high-
oblique pictures workable on stnrecp1etfers that would otherwise not
accommodate such extreme tilt angles. By using off-line digital image
processing, panoramic images with Tine-scan geometry from facsimile cameras
can be converted for the use of map compilation. 8y merga,g digital
terrain data with image data, orthophoto and perspective views 1nc3uding
three-dimensional views of various spacecraft pictures of Mars have been
produced.

N I. INTRODUCTION
The application of digital image processing techniques to spacecraft
television pictures can make them geometrically compatible with existing
stereo plotting equipment. It can also enhance imagery for ﬁe improvement
of measuring precision and interpretability. Therefore, digital image
processing may include gquality enhancement, geometric transfcrmation,
rectification, correction, and geometric reconstruction of three-
dimensional views as well as shaded-relief maps. A pair of high obligque
Viking Orbiter images of Mars, for example, was d@g?ta§!j rectified in
order to use available photogrammetric stereo plotters for maj
compilation. In order to do systamatsc mapping of the planet Mars using

b

Viking Orbiter pictures, digital image-processing techniques have been
extensively used for decalibration. Geometric distortions can be. corrected
~ to be Tess than one image eiemen+ of a Viking Orbiter picture. By using
off-line digital image processing, panoramic images with Tine-scan geometry
from the pair of facsimile cameras on the Viking Landers were convert d to
the equivalent of frame images so that contour maps can be compiled. By
merging digitai terrain data with image data, perspective and three-
dimensional views of distinguished features of Mars can be reconstructed
from any oblique direction through digital image processing.
II. APPLICATION OF DIGITAL IMAGE PROCESSING TO VIKING ORBITAL PICTURES
Techniques of digital image processing have been extensively applied to
Viking orbital pictures. Described below are some of these techniques and

DTESEH’C&'?OHS of products.

Quality Enhancement and Geometric Decalibration--The iwaga data of some of
the Viking orbital pictures require ennancement to bring out enough detail
for map compilation (Fig. 1-a). Image element densauy-vaiues are adjusted
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By interpolating the digital data from a contour map (USGS, 1980) into a
raster form, Fig. 5 is a computer prugessgd shaded-relief picture of the
Tithonium Chasma of Mars, a small portion of the Mars aryaﬁiaﬁd covering
an area of about 2500 sqg. km. It has a depth of about 9 km. This picture
was processed with a 30° sun elevation aﬁu}e from due west.

’igure 6 is a contour map of Olympus Mons of Mars compiled from numerous
QWﬁoscapzc combinations of Viking Orbiter photographs (Wu et al.,
;981 -a). During stereoscopic compilation, digital elevation data were
collected and stored in the computer. By merging the digital elevation
data with digital image data of the Viking Orbiter picture 645A28, with a
certain number of control points in the processing, image pixels are
shifted as a function of their elevations and a picture which is a
perspective view of 61vmpus Mons is produced. As shown in Fig. 7, the
summit caldera and the terraced upper flanks of Oiyﬁaus Mons are view
oscopically from the east. Since the view can be from any direction,
h pﬂrspectéve oblique views from different azimuths will produce
copic views such as the pair shown in Fig. 8, which views the scarps
ower flanks stereo sc0u1cai ly from the n@r*h, A1l the viewing
re 25° from the horizon with a 5° separation in azimuth between the
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Fig. 5. Computer-processad shaded relief picture of Tithonium Chasma
of Mars using only digital alevation data collected at time of
map compilation.

Olympus Mons 1is perhaps th ar system. Tne base
spans 600 km with a heignt Mars topograpnic datum
(Wu, 1981; Wu, et al., 1981b] e processing, numerous
perspective stereoscopic vi various vertical
features such as landslides nt reversals greatly
aid geological interpretati igital terrain data, a
movie of this large shield the Jet Propulsion
Laboratory.
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_ sin A
x = f sin EO tan Ep}+ cos EO COS AX (1)

cos E0 tan Ep - sin Eo COS AX

sin E_ tan E_ + ¢ E S A)
o 0 0s R COS AX

where AXx = Az, - Az_, and Azp and Az_ are, respectively, the azimuth of
any image poing P referred to the zero azimuth of the Viking Lander
coordinate system (von Struve, 1975, Itek Corp. 1972, 1974) and of the
selected camera axis; E, and E, are, respectively, the elevation angle of
point P and of the se]egted camera axis; x and y are then, the converted
photo coordinates along the azimuth and elevation directions. In other
words, rectification is done to convert the original image format of the
Viking Lander image with components in terms of azimuth and elevation
angles into the equivalent of point-perspective frame pictures. By using
these rectified stereo pairs (Fig 8-b, -c, and -d), a contour map of the
surrounding area of the Viking Lander 1 (on Mars) was compiled at a scale
of 1:10 with a contour interval of 1 cm (Wu and Schafer, 1982). The
mapping precision varies depending on the range and side-angle of the point
in the map. For example, the uncertainties of horizontal measurements are
5.5 mm and 107.0 mm, respectively for the points 1 m and 5 m of range along
the camera axis (Wu et al., 1982). The fixed base between the two cameras
is 0.821 m.

CONCLUSION

-Digital image data have been the primary data source for planetary
topographic mapping. Future photogrammetry will also likely be digital.
Therefore, techniques of digital image processing will be required tools of
planetary topographic mapping
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