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Introduction: Line-of-sight(LoS) data acquisition
and transmission techniques remains the most potent
form of communication between assets on the lunar sur-
face and is of vital importance for robotic and human
extra-vehicular activity (EVA)[1, 2, 3]. Operational re-
quirements of maintaining LoS throughout communica-
tion phases can be achieved by a-priori visibility infor-
mation computed from elevation models. Digital el-
evation models (DEMs) have been used for visibility
analysis[4] and high resolution DEMs available from
Lunar Reconnaissance Orbiter Narrow Angle Camera
(LRO-NAC) stereo images can be utilized for lunar ex-
ploration planning[5].

The existence of LoS between two points is a logical
decision predicted using an available DEM. Hence, an
inherent probability dependent on the accuracy of the
DEM is associated with the LoS information. Varia-
tions from the true elevation can be caused either non-
intentionally e.g. the random error introduced during
the creation of the DEM, affecting the accuracy at the
source or intentionally, e.g. stringent transmission re-
quirements during real-time EVA can impose the usage
of high compression ratios (lower bit-rate) to improve
transmission efficiency at the cost of including a prob-
able error in the LoS decision making process. In this
work the uncertainty introduced into lunar LoS maps us-
ing LRO image and topographic data is explored for the
above mentioned errors and the effect of surface topol-
ogy on these errors is studied.

LoS and Viewsheds: LoS indicates the mutual vis-
ibility between two points on an elevation map. Fig.1
illustrates the mathematical computation of LoS : For
the existence of LoS between Pi and Pf the inequality
in Fig.1 must be true for all points P on the sightline ray.
A viewshed is a location (geographic/cell/pixel) specific
visible area (traced out by scanning the LOS). The con-
cept of viewshed is shown in Fig.2. using a smooth ter-
rain model with the observer at the highest point. Ob-
server elevation of 5 feet from the ground has been used
throughout this work.

Uncertainty due to elevation errors: The in-
equality shown in Fig.1 gives an insight into the proba-
bilistic nature of the viewshed computation in the pres-
ence of errors. The elevation terms (Z) are now random
variables and whether the inequality is satisfied depends
on the variance associated with the elevation. A Monte-
Carlo analysis was performed in which spatial eleva-
tion error was randomly generated with a fixed standard
deviation (σ meters) and added to the true DEM. The
true viewshed (ground truth) is obtained when σ = 0m.

Figure 1: Computing line-of-sight on a DEM grid

Figure 2: Line-of-sight and viewshed for a locally smooth
terrain with peaks and depressions

The viewshed is then recomputed at each iteration of the
simulation and the percentage probability that the LoS
decision matches the ground truth at each point is fi-
nally obtained giving a probability map associated with
the viewshed. Fig. 3 shows the effect of adding an error
with σ = 10m to the DEM in Fig.1b. It can be seen that
the error relaxes the viewshed boundaries, making ar-
eas near viewshed perimeters the least trustworthy when
DEM inaccuracy is expected. In comparison, central
viewshed regions were the least effected.

A similar analysis was performed for the DEM
obtained at the Marius Hills (NAC stereo images
M111958993,M111965782) and the results are shown
in Fig.3. Lunar surface roughness is found to strongly
affect the viewshed form, making the spatial boundaries
jagged and rough. While extensive simulation in
variable lunar terrains is required, it appears that terrain
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Figure 3: Viewshed uncertainty for a DEM error of 10m

roughness aggravates the effect of elevation error and
hence viewshed for smoother lunar regions would get
less affected compared to rougher lunar regions due to
DEM error. Viewshed boundaries appear to be strongly
affected with percentage probabilities decreasing below
30 in some regions.

Uncertainty due to low data resolution: Low
resolution data will increase viewshed uncertainties.
The intrinsic smoothness associated with low resolution
DEMs often cause the viewsheds to be larger in extent
although this does not guarantee that the true viewshed
is a subset of the resulting viewshed. This concept is
illustrated in Fig.5 where we use NAC DEM from the
Apollo 17 landing site and the viewshed is computed
for an observer with the same coordinates as the lunar
module. It is shown that while from the NAC DEM
(2m/pixel) based viewshed (ground truth) the location
marked with a circle is not visible, the viewshed based
on a 100m/pixel DEM ( WAC GLD-100 or LOLA)
shows that the location is visible. It appears that the
smoothing affect intrinsic in low-resolution data causes
’nearest neighbor smoothing’ of the viewshed informa-
tion -i.e. the LoS logic (visible/obscured) for a point
in a high-resolution DEM reverses in the corresponding
viewshed computed from a low resolution DEM, if the
point is surrounded by a points with opposing LoS logic.

Conclusion: High resolution NAC DEMs allow
for high accuracy assessment of viewsheds. The de-
gree to which DEM uncertainties and DEM resolution
alter the viewshed is affected by the local terrain rough-
ness and proximity to viewshed boundaries. Noisy of
low resolution DEMs cause ’misses (wrong decision
when LoS exists) as well as false positives (wrong deci-
sion when LoS does not exist) during viewshed analy-
sis. Further analysis of the relationship be-tween DEM
errors and viewshed probabilities will aid future lunar
exploration planning, both human and robotic.

References: [1] B. Cooper, et al. (2005) Journal of
earth system science 114(6):815. [2] H. Kraus, et al. (1970) .
[3] T. Hanson, et al. (1993) in GLOBECOM’93., IEEE

Figure 4: Viewshed uncertainity for a NAC DEM at different
elevation errors

Figure 5: Viewsheds computed with DEMs at different spa-
tial resolutions
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