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Introduction: The return of inhabited missions with 

the Artemis program during the current decade aims at 

the exploration of the South Pole, as well as the 

establishment of a permanent lunar base [1,2]. The lunar 

south pole was chosen because of the illumination 

conditions found there. The axis of inclination of 1.5° of 

the Moon [3–5], as well as the depth of the craters, 

which can reach up to five kilometers in depth, 

considerably influence the amount of energy that the 

surface receives [5,6]. These characteristics mean that 

sunlight never reaches the depths of some craters 

directly, thus plunging them constantly into darkness. 

These regions are called permanently shadowed regions 

or PSRs. This absence of direct solar energy in the PSRs 

provides favorable conditions for temperatures below 

120 K [3,7,8]. These temperatures would be favorable 

to host some volatiles, including the H2O [5,7,9,10]. The 

canadian micro rover is expected to travel to a region of 

the south pole to learn more about the volatiles, along 

with the PSRs [11]. 

The landing site of the micro rover has not yet been 

identified, but the development of a method, as well as 

preliminary analyses have been carried out during an 

internship with the canadian company Canadensys 

Aerospace Corporation. The region of interest is located 

on the connecting ridge between Shackleton and 

De Gerlache, which is one of the regions identified by 

NASA for the return of manned missions, since it is one 

of the most illuminated regions of the south pole [12], 

see Figure 1. This study focuses on identifying potential 

routes for the canadian micro-rover from a lunar landing 

area identified by [13] . 

 
Figure 1: Map showing the region of interest (89.5°S; 

154°W) 

Method: To identify the different routes that the 

rover could take, multi-criteria analyses were 

performed. The main tool used is Least Cost Path in 

ArcGIS Pro software. This tool identifies a route of a 

desired distance based on the weight of the geospatial 

layers used. Each of the geospatial layers is classified 

according to a weight and is then counted as a cost 

raster. Pixels with a low value are preferred, while 

pixels with a high value are to be avoided. Then, the 

Least Cost Path tool is used to plot a route from point A 

to point B. The analyses consider one lunar landing site, 

three PSRs, and three hibernation sites. These analyses 

plot a total of six routes. The geospatial layers used are 

slope, solar illumination, Earth visibility, and lunar 

lander visibility data. 

 

Preliminary results: The cost raster allows to 

identify the pixels with the best navigability for the 

rover. This map allows to identify the most favourable 

areas for navigation, as well as the different entities like 

the lunar landing site, the PSRs to visit and the possible 

hibernation sites, see Figure 2A. There are two features 

on this map. The first is the absence of data on some 

pixels represented by the black pixels. This is due to a 

lack of visibility from the lunar lander or from Earth. 

Without this visibility, the rover cannot navigate there. 

The second is the increase in cost when moving away 

from the lunar landing site. This is also due to visibility. 

The further away from the landing site, the less the lunar 

lander antenna can see the terrain, and communications 

will be relayed directly to Earth, which will affect the 

speed of the rover.  

The map showing the routes based on Earth 

visibility and solar illumination (EVSI) has three 

important elements. The first two are the periods used, 

September 24th to October 7th, 2026 (EVSI A), as well 

as October 21st to November 3rd, 2026 (EVSI B). The 

third element is the overlay of these periods (EVSI AB). 

The overlaid pixels are the locations suitable for the 

rover to hibernate. The destination of each of the 

possible routes ends on an overlay period, which will 

allow 14 days later, at sunrise, to restart activities, see 

Figure 2B.  

The map showing the routes according to the 

visibility from the Earth or from the lunar lander allows 

to evaluate the speed at which the rover will be able to 

move. We notice that most of the time, the routes are on 

pixels with direct communications with the lunar lander, 

which favors a high speed. However, when we approach 

the hibernation sites, communications with the lunar 

lander are no longer possible. The communications are 
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then ensured by a direct communication with the Earth, 

the speed is then reduced, see Figure 2C. 

The map showing the roads by degree of slope 

indicates that the roads used are never on pixels with a 

slope value greater than 15° and rarely on slopes greater 

than 10°. The roads are mostly on slopes less than 10°, 

see Figure 2D. 

 
Figure 2: Route that the rover could take according to 

different criteria. (A) Route according to the cost 

raster. (B) Route according to the solar illumination. 

(C) Route according to the visibility from the Earth or 

from the lunar lander. (D) Route according to the 

slope of the terrain. 

According to the studied scenario, the rover will 

land on the Moon on September 24th, 2026, to carry out 

engineering and scientific activities until the end of its 

life. The case here focuses on the first 28 days of the 

mission, i.e., from the moment of the lunar landing to 

the moment of the rover's awakening after the first lunar 

night. The three scenarios present different arrival times 

at their hibernation site. The hibernation site #1 could 

welcome the rover about 294 hours after the lunar 

landing, the hibernation site #2 could welcome the rover 

about 278 hours after the lunar landing, then about 290 

hours after the lunar landing for the site #3. For each 

scenario, the rover will awaken on October 28th, 2026, 

648 hours after the lunar landing. 

Discussion et conclusion: Each of the traverses 

identified in Figure 2 allows us to reach different 

hibernation sites, each with a particular interest for the 

mission. Each of the proposed scenarios aims to explore 

three PSRs. The scenario targeting hibernation site #1 is 

the most promising for the mission follow-up since it is 

connected to the second period of solar illumination and 

Earth visibility. Hibernation site #2 does not offer this 

connection, while hibernation site #3 could have a 

connection if solar illumination and terrestrial visibility 

are observed daily. Other scenarios will be produced on 

other lunar regions, as well as for other periods between 

October 1st and December 1st, 2026. The next traverse 

scenarios will consider solar illumination and Earth 

visibility daily. In addition, geospatial data regarding 

the presence of water ice, water ice stability, and 

different geological features will be added to the 

analyses. 
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