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Introduction:  The Canadian Space Agency (CSA) 

has launched the Lunar Exploration Accelerator Pro-

gram (LEAP), looking to support and develop missions 

that will send humanity back on the Moon [1]. One of 

the goals of the program is to send a Canadian micro-

rover at the lunar south pole, where one of its notable 

science objectives will be to visit a Permanently Shaded 

Region (PSR) [2], which are areas were temperatures 

are cold enough to retain water ice and volatiles [3]. Wa-

ter-ice and volatiles detections have been made inside 

PSRs and these resources could be exploited by a future 

permanent human base on the Moon [4,5].  

In this work, we aim to develop a method that will 

allow the identification of a landing site for the Cana-

dian rover with the following constraints: the landing 

site requires to be located on a slope that is less than 5° 

and needs to possess 300 hours of continuous solar illu-

mination and terrestrial visibility. The landing site must 

allow the rover to visit a PSR; this PSR must be located 

less than 1.5 km away from the landing site and must be 

accessible via routes where slope steepness is less than 

20°. The routes leading to the PSR must be sunlit and 

must ideally be visible from Earth. Finally, the visited 

PSR must be visible from Earth during a timeframe of 

48 continuous hours and this must occur between 75 and 

150 hours after landing. All these conditions must be 

valid between September 24th 2026 and December 2nd 

2026. The method must ultimately lead to the creation 

of a multi-criteria map that will lead to the selection of 

the ideal landing site within a defined region of interest.  

Method: We applied the method we developed in-

side a region of interest (ROI) located on the connecting 

ridge between De Gerlache and Shackleton craters (Fig-

ure 1). The connecting ridge is a candidate site for 

NASA’s Artemis III missions [5,6]. The central coordi-

nates of the ROI are (-89.5°, -154°). The ROI forms a 

square of 12.5 km by 12.5 km, for a total area of 

156.25 km2. To conduct landing site investigations, we 

gathered four types of raster data: solar illumination (25 

mpp) [7], terrestrial visibility (25 mpp) [7], Digital Ele-

vation Model (DEM) (25 mpp) [7] and a PSRs dataset 

(60 mpp) [8]. Solar illumination, terrestrial visibility 

and PSRs raster data were acquired under the form of 

binary rasters, where values range between [0,1]. From 

the DEM acquired, a slope raster was created using the 

function Slopes in ArcGIS Pro, which was later reclas-

sified using the Reclassify function. Slopes inferior to 5° 

were given a value of 1 (possible landing site), slopes 

inferior to 20° but greater or equal than 5° were given a 

value of 2 (rover mobility) and slopes greater or equal 

to 20° were given a value of 0 (inaccessible areas).  

Continuous solar illumination and terrestrial visibil-

ity were computed by generating 14 rasters for each type 

of data at a 24-hours step, covering a total timestamp of 

308 hours. As the data was under the form of binary ras-

ters with values between [0,1], we used the ArcGIS Pro 

function Raster Calculator to execute a map algebra ex-

pression to the rasters. We multiplied the 14 solar illu-

mination rasters together to acquire a raster where each 

pixel with a value of 1 has more than 300 hours of con-

tinuous solar illumination. The same method was ap-

plied to generate a terrestrial visibility raster. We then 

multiplied the raster of continuous solar illumination 

with the raster of continuous terrestrial visibility to cre-

ate a new and final raster for both continuous solar illu-

mination and terrestrial visibility (Figure 2).  

The PSRs raster layer was edited so that every inac-

cessible PSR would be removed. To do so, we created a 

raster of terrestrial visibility 75 to 150 hours after land-

ing using the same method to create rasters of continu-

ous terrestrial visibility described above. Using Raster 

calculator, we multiplied the PSR raster layer with the 

raster of terrestrial visibility 75 to 150 hours after land-

ing, successfully removing any PSR that do not match 

Figure 1: Map showing the selected region of interest. 

The central coordinates of the region of interest are 

(-89.5°, -154°).  
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the terrestrial visibility criterion. We applied the same 

method with the slope raster layer, removing any PSR 

located on a slope greater than 20°.We then exported 

every pixel corresponding to a PSR located within 

1.5 km of a potential landing site. We created a 1.5 km 

buffer on the slopes layer around every pixel where the 

slope is inferior to 5°. Using the function Extract by 

Mask in ArcGIS Pro, we could successfully export all 

the pixels corresponding to PSRs that matched the cri-

teria we needed [7]. 

Results: The method we developed lead us to create 

the multicriteria map shown in Figure 3. We could cre-

ate this map by overlapping the (1) reclassified slope 

layer, the (2) layer of 300 hours of continuous solar il-

lumination and Earth visibility and the (3) edited PSRs 

layer. The map shows in green the areas where the land-

ing can take place. In light blue are shown the areas 

where the rover can move. Both green and light blue ar-

eas respect the constraint of more than 300 hours of con-

tinuous solar illumination and terrestrial visibility. They 

also match their slope steepness criterion: the green pix-

els are located on areas where the slope is less than 5° 

and the light blue pixels are located on areas where the 

slope is less than 20°. The red pixels show the PSRs that 

are accessible to the rover: these PSRs are accessible via 

sunlit routes and the routes are also visible from Earth 

throughout the whole 300 hours timeframe. The PSRs 

are visible from Earth between 75 and 150 hours after 

landing. 

Discussion and conclusion: We were able to create 

a multicriteria map that helps in the selection of a land-

ing site. The temporal resolution should however be in-

creased in future work, allowing for a less restrictive 

map, thus giving more exploration possibilities to the 

rover. It should also be noted that the spatial resolution 

could be increased at 5 mpp. With the creation of the 

map allowing for a selection of a landing site, the next 

step would be to plan routes to one or more PSRs within 

the defined region of interest. This subsequent work is 

further explored in Bouffard et al. (2023) [9]. 
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Figure 2: Raster calculator allows to apply an algebra expression to 

overlapping rasters. It was here used to merge the terrestrial visibility 

constraint with the solar illumination constraint. The white pixels in 

the resulting raster show areas where the two constraints are re-

spected. 

Figure 3: The multicriteria map shows where landing can take place 

in green, the areas of rover mobility in light blue and in red the PSRs 

that match the given constraints. This map is valid for the timeframe 

ranging between September 24th to October 7th 2026. 
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