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The Magellan mission to Venus, in conjunction with Ven-
era, Vega, Pioneer-Venus, and Earth-based observations,
provides a nearly global overview of the large-scale topogra-
phy and microwave scattering and emission properties of the
surface of Venus [1].  Many questions remain, however,
about the surface geology, local structural and tectonic set-
tings, and the interaction between surface rocks and the at-
mosphere.  These questions can be addressed in part through
direct visible and infrared-wavelength observations of the
surface.  One method for acquiring such images is from drop-
probes which traverse horizontally a few kilometers as they
descend from just below the cloud base to the surface.  As part
of the feasibility study for a Venus upper-atmosphere balloon
and drop-sonde mission, we present analyses of the surface
lighting conditions and the potential for carrying out geologic
studies from low-altitude images.

For this work, we consider the case of a planetary surface
observed from directly overhead, consistent with the geometry
of a descending camera system.  We model the surface as a
collection of tilted “facets”, defined on the basis of their local
elevation, with an intrinsic small-scale surface roughness
given by the Hapke roughness parameter, θ [2].  Since no
such complete dataset on elevation and roughness exists for a
planetary surface, we synthesized a test case using co-
registered TOPSAR topography and L-band HV backscatter
data for the Pu’u O’o volcanic field in Hawaii (provided by S.
Rowland, Univ. of Hawaii).  The Hapke roughness parameter
was scaled to the HV backscatter cross section, and allowed to
vary over a 0o-60o range from the smoothest to the roughest
lava textures.  This approach is based on previous radar scat-
tering studies [3], and the range in θ is consistent with earlier
estimates of the photometric roughness of Kilauea flows [4].
We further assumed that the lava exhibits no opposition effect
and a Lommel-Seeliger scattering behavior.  The single-
scattering albedo was taken to be 0.1 across the entire area.

To create a simulated photograph, we ray-trace the surface
model for the desired illumination conditions.  In the “direc-
tional illumination” case, the Sun is assumed to be a point-
source at a specific location.  Portions of the surface which tilt
away from the source, or which are blocked from the source
or observer by neighboring topography, return no light to the
camera system.  Each facet further exhibits self-shadowing
due to the local microscale topography, such that rougher areas
are darker than smoother surfaces.  Figure 1 presents a simu-
lated photo of the Pu’u O’o flow field under 60o directional
illumination.  The volcanic cone is evident near the top of the
scene, as are the long cliffs (palis) near the lower left corner.
Rough lava flows appear dark in this image, while smoother
pahoehoe flows are bright.  Within each flow unit, there is a
spread in DN values about the mean, producing a textured or

speckled pattern.  This texture is a useful indicator of large-
scale surface tilts.

For Venus, the light source is azimuthally isotropic, and
the sky brightness decreases somewhat from zenith to horizon
due to atmospheric absorption.  As a first-order test, we have
assumed isotropic illumination (i.e., no difference in bright-
ness with zenith angle).  These tests also neglect absorption of
light by the atmosphere between the surface and camera sys-
tem; in essence our current results simulate photographs from
very close to the ground.  To properly model the observed
reflectance from each facet, we divide the sky into 300 small
segments, ray-trace each one to every facet, and determine the
scattered light from Hapke’s model given θ and the local inci-
dence, emission, phase, and azimuth angles.

Fig. 2 shows a simulated isotropic-illumination photo of
the Pu’u O’o area.  Note that the cone is still distinguishable as
an annular feature, but that the sense of slope so obvious in
Figure 1 is absent.  The range of brightness for this image is
scaled to the same bright, smooth flow used to normalize the
data in Fig. 1.  Table 1 compares the reflectance and brightness
standard deviation for three areas near Pu’u O’o, normalized
to that of Site 1 under the respective illumination scenario.
When the Sun is 60o from zenith, surface shadows due to
large-scale tilts and small-scale self-shadowing create a wide
range of mean brightness with surface texture.  The standard
deviation of brightness across each unit also increases with
roughness, giving rough flows a speckled image texture.  For
zero-phase illumination, the large-scale facet tilt has little ef-
fect, and self-shadowing is negligible.  The result is a very
narrow range of brightness with roughness and little spread in
the DN values across a given rough area.  Only variations in
the single scattering albedo would be evident in this case.

The simulated Venus photos are more geologically inter-
pretable.  While the range of mean brightness is only about
one-half that seen for the 60o directional case, the variations
with roughness are still significant and useful for identifying
different surface units.  The standard deviation of brightness is
much lower for smooth surfaces, so these areas appear nearly
homogeneous (Fig. 2).  Rough surfaces still exhibit intra-unit
speckling due to local tilts and elevation differences.  The con-
trast between zero-phase directional illumination and isotropic
lighting can be explained by considering the effect of local
elevation differences.  The bottom of a crater sees just as much
incident light when the Sun is directly overhead as does the
terrain outside the rim.  In contrast, lower elevation areas on
Venus intercept light from a progressively narrower cone of
the sky.  Blockage of portions of the sky by obstacles (e.g.,
hills) will also lead to variations in surface reflectance [5].

In conclusion, the surface of Venus is a reasonable target
for low-altitude photography.  Future work will include the
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use of realistic sky-brightness functions for Venus, and the
assessment of extinction effects with altitude.  We also plan to
generate synthetic stereo-pairs to assess the difficulties associ-
ated with deriving high-resolution stereogrammetric products
from these images.
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Figs 1 and 2.  Simulated views of Pu’u O’o, Hawaii, normalized to identical smooth flow area.  (Top) Directional illumi-
nation; zenith angle 60o; Sun from top.  (Bottom) The same area under isotropic lighting conditions.  Note the minimal
variance in pixel brightness values across the smooth lava flows.

Table 1.  Mean Hapke roughness and normalized model reflectance values for three sites near Pu’u O’o, Hawaii.  Esti-
mate for θ derived from L-band HV radar data.  Reflectance normalized to Site 1 for each illumination condition.

Site θ 60o Directional Isotropic 0o Directional

1 9o 1.00±0.095 1.00±0.009 1.0±0.00005
2 17o 0.99±0.063 0.98±0.016 0.99±0.0014
3 48o 0.53±0.145 0.77±0.064 0.98±0.0049
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