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Introduction: Identification and selection of po-
tential landing sites for planetary landers is often com-
plicated by a large number of engineering and scien-
tific considerations and constraints. Many important 
factors, such as scientific regions of interest, are also 
difficult to quantify due to their subjective nature. For 
most missions, lengthy discussions are required to 
down select the best potential landing sites from a 
large number of sites initially identified by experts 
familiar with the planetary surface. Small, rapid con-
cept formulation teams or mission designers may be ill 
equipped to efficiently identify and down select prom-
ising landing sites on planetary bodies where 
knowledge of surface features is poor or incomplete.  

We present a quantitative “sandwich” method of 
additively combining global maps of relevant data to 
highlight the most favorable regions for landing. This 
method can also be used to rank predefined landing 
sites based on any number of engineering or scientific 
factors. The capability and flexibility of this method 
make it ideally suited for rapid, first-order trade studies 
of potential landing sites for both human and robotic 
missions.   

Landing Site Favorability: For candidate landing 
sites, an intuitive notion of favorability exists based on 
how well each site ranks with regard to several figures 
of merit (FOM). Typically these will include the eleva-
tion and slope distribution of the site as well as the 
density of any obstacles, such as large rocks. All else 
equal, a relatively flat landing site with few obstacles 

is favorable for most missions. Relevant data such as 
elevation or terrain roughness can therefore be used to 
quantitatively score the favorability of potential sites 
based on how close their figures of merit are to a set of 
ideal values (eg. flat with no obstacles). Hard con-
straints such as maximum elevation may also be en-
forced for each figure to represent the limitations of the 
landing vehicle. If each FOM 𝑀!  is scaled to a unitless 
range, the favorability score 𝑓 for a site may be de-
fined though simple summation, 

 

𝑓 =    𝑤!𝑀!
!

 

 
where 𝑤! + 𝑤! +⋯+ 𝑤! = 1 are weighting factors 
that reflect the importance of each FOM to determin-
ing the overall favorability. The weights must be se-
lected by the designer based on the objectives of the 
mission and nature of the landing vehicle. In the case 
where each 𝑀!  is defined across the entire surface of a 
planetary body, the favorability score can be evaluated 
at each latitude and longitude to create a global favora-
bility map. In effect, the individual maps of each FOM 
are “sandwiched” together to create the favorability 
map. Figure 1 illustrates this concept. This concept can 
be extended beyond just the landing site to include 
surrounding exploration zones in order to identify loca-
tions that provide a high value for exploration. 
 

Figure 1. Method of additively combining global maps of relevant data into an overall favorability map for potential 
landing sites. 
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NASA Journey to Mars: NASA is currently in the 
process of down selecting landing sites proposed at the 
NASA Human Landing Sites Study for a future 
manned mission to Mars [1]. Our proposed method 
addresses the general problem of systematically evalu-
ating candidate landing sites based on engineering and 
scientific factors. Factors identified in the NASA Hu-
man Landing Sites Study such as water sources and 
building materials that greatly impact location selec-
tion [2] can be incorporated in a straightforward man-
ner using the sandwich method.  

Application to Mars Landing: Many aspects of 
Mars’ surface have been thoroughly mapped from dec-
ades of satellite observation. We demonstrate the 
method of “sandwiching” datasets to create a landing 
site favorability map for Mars that seeks: minimum 
elevation, minimum roughness, high thermal inertia, 
and moderate albedo. Elevation represents an im-
portant constraint for high-mass payloads and a con-
straint of <+2 km MOLA altitude is embedded in the 
favorability map. A 0.6 km baseline measure of terrain 
roughness is used [3]. Maps of thermal inertia and al-
bedo from the Mars Global Surveyor Thermal Emis-
sion Spectrometer are incorporated [4]. The combina-
tion of high thermal inertia and moderate albedo is 
believed to represent regions of exposed bedrock and 
relatively little dust, which is desirable when landing a 
high-mass payload [5].   

Figure 2 shows the example favorability map based 
on the above criteria. Regions violating the elevation 
constraint are omitted from the map. The weighting 
factors used were 0.1 (elevation), 0.4 (roughness), 0.25 
(thermal inertia), and 0.25 (albedo). The weighting 
factors were “calibrated” by maximizing the total favor 

score for 14 heritage and planned landing sites, subject 
to user-defined bounds reflecting the uncertainly in 
each weighting factor. Regions of blue highlight the 
most favorable areas for landing.  

A favorability map like Figure 2 could easily in-
corporate any number of further considerations, such 
as proximity to in-situ resources, radiation environ-
ment, or solar insolation. The method of additively 
combining global datasets to create an overall favora-
bility map can also be applied to other planetary bodies 
of scientific interest such as Europa or Enceladus. The 
favorability map is useful for rapid first order trade 
studies to down select candidate landing sites or identi-
fy new sites. 
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Figure 2. Example favorability map for Mars scoring elevation, roughness, and nature of the surface.  
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Figure 2. Example favorability map for Mars scoring elevation, roughness, and nature of the surface.  
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