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Introduction:  In the recent years, numerous con-

cepts studies have been conducted to help accommo-

date astronauts on the hostile Lunar surface. Indeed, 

this interest has been fueled by NASA's Artemis mis-

sion. The astronauts will face many challenges, the 

most prominent ones being the harsh temperature vari-

ations and radiation exposure. A potential solution to 

mitigate this problem would be to establish a settle-

ment in a cave on the lunar surface, as the temperatures 

are much more accommodating and devoid of cosmic 

and solar radiation.  

Lunar Skylights:  Investigation of the Lunar Re-

connaissance Orbiter (LRO) images of the Lunar sur-

face has allowed scientists to confirm the presence of 

lava tubes, an underground network of inter-connected 

caves. Meteorite impacts have occasionally dented 

these tubes, hereby giving entry points into them that 

are known as “Skylights”. Potential Skylight candi-

dates reside in the Philolaus crater. The latter being 

relatively close to the northern lunar pole, this could 

prove to be interesting as they could host a larger 

abundance of water-bearing volatiles [1], prospecting a 

self-sustained environment. Furthermore, the geologi-

cally young Philolaus crater could provide deeper un-

derstanding of the lunar mantle characteristics.  

Technological Context: There has been a noticea-

ble trend to a market for Commercial Landers to deliv-

er scientific payloads to the Lunar Surface. Indeed, in 

2018, NASA launched their new "Commercial Lunar 

Payload Services" program which aims to, in time, 

facilitate access to the Lunar surface by transporting 

privatised, user-customised payloads through these 

commercial lander.  

Astrobotics Technology are the current leaders of 

this new market, with their highly-performant Pere-

grine lander set to launch on-board a Falcon 9 and de-

liver payloads as early as 2021. They have also devel-

oped a new class of rovers, called "micro-rovers", for 

which NASA awarded them 5.6 million USD to devel-

op. These rovers aim to acquire 3D images lunar sur-

face terrain as well as prospecting eventual water-

bearing minerals. Astrobotics was futher awarded a 

199 million USD contract to deliver the VIPER rover 

to the Moon by 2023. 

The LEAPS mission aims to make use of this new 

technology and associated maturation levels to deliver 

its own set of so-called micro-rovers to the precise 

Philolaus Crater location, with launch set in the last 

quarter of 2024. To this effect, it fits into the Lunar 

Landing missions category, with an estimated budget 

of approximately 200 million USD. 

LEAPS mission: Much research has gone into the 

development of un-manned exploration tools to dis-

cover these lava tubes in greater depth. Combined with 

the current trend of commercial landers, this could 

further accelerate their development. LEAPS is a case 

study of such an exploration method. It aims to use 

state of the art technology to deploy a network of “mi-

cro-rovers” on the Lunar surface to confirm the 

Philolaus skylight prospects as well as fulfill various 

different scientific objectives with their on-board in-

struments.  

Mission Design and Concept of Operations : The 

spacecraft will be delivered to a GTO elliptical 

170x45’475km orbit by a Falcon 9 Launch Vehicle. It 

shall then perform a series of apogee-raising maneu-

vers and subsystem commissioning before a final 

Trans-Lunar Injection Hohmann transfer to set its 

course toward the Moon. It will then progressively 

enter a 100km circular orbit around the Moon until the 

landing sequence is initiated. It is required that the 

lander flies over the prospected skylights prior to 

touchdown so as to collect LIDAR and camera image-

ry of the skylights’ interiors and surroundings. The 

lander shall then await commands from the Ground 

Station to deploy the rovers onto the lunar surface and 

proceed with nominal mission operations. 

Scientific Objectives : The LEAPS rover network is 

categorised into three groups of rovers, each group 

composed of two rovers, to achieve redundancy. The 

science objectives of the mission mainly rely on two 

different scientific instruments: LIDAR and Camera 

imagery; and a Ground Penetrating Radar (GPR). Each 

one of these two payloads is assigned to one group of 

rovers, while the third group hosts all payloads. Con-

sequently, the rovers of the first two groups are lighter 

and consume less power. As can be seen in the figure 

below, they can thus cover greater distances. Con-

versely, the rovers of the third group use all the scien-

tific instruments, and therefore provide a more com-

plete description of the surrounding area, in the near 

vicinity of the lander. This diverse configuration ena-

bles to assign each group a specific set of tasks de-

pending on their instrumentation configuration so as to 

collect data on both the Philolaus crater’s geology and 

its prospective skylights. 

As can be seen in the figure below, the total trav-

erse distance is proportional to the rovers’ power con-

sumption. The two first groups benefit from a reduced 

payload and as such cover greater distances, whereas 

the third rover configuration remains in the lander’s 

proximity.  
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Figure 1: Potential trajectories for different rover 

groups (image courtesy of [1]) 
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