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Introduction: Future human missions to the Moon 

offer many new opportunities for exploration. But, 
astronaut time will always be limited and some work 
will not be feasible for humans to do manually. Ro-
bots, however, can complement human explorers, per-
forming work autonomously and under remote super-
vision from Earth. A central challenge, therefore, is to 
understand how human and robot activities can be co-
ordinated, in both space and time, to increase mission 
success and scientific return.  

As advanced as robots have become, however, they 
are still slow compared to humans. Thus, when robots 
are used as “field assistants”, humans often have to 
wait for the robot, i.e., while it is performing a task or 
“catching up”. Robots that cause astronauts to wait 
waste precious resources, such as time or life support 
consumables, which risks making human missions less 
productive rather than more. To avoid this problem, we 
argue that it is better to separate human and robotic 
activities in space and/or time, but design and coordi-
nate their activities to be complementary [1]. 

Robotic Recon: Robotic recon is a remote robotic 
operation to scout planned sorties before human EVA 
[2]. Scouting is well understood to be an essential 
phase of fieldwork, particularly for geology, and can 
be: (1) traverse-based (observations along a route); (2) 
site-based (observations within an area); (3) survey-
based (systematically collecting data on transects) or 
(4) pure reconnaissance. With robotic recon, science 
instruments mounted on a planetary rover provide 
mapping measurements of the surface and subsurface 
at resolutions and from viewpoints not achievable from 
orbit. This surface-level data can then be used to in-
form the planning process and to improve situation 
awareness for operations [3, 4]. 

 Robotic recon can be done far in advance to help 
develop overall traverse plans. We call this “advance 
recon”. Recon also can be done to refine an existing 
traverse plan, i.e., used to adjust priorities and modify 
timelines. We call this “lead scouting”. Advance recon 
offers more freedom in traverse planning, but generally 
requires significantly more time (for both execution 
and analysis) and greater spatial coverage. Lead scout-
ing is more constrained and may take less time to per-
form, but may also need to provide near real-time op-
erational information.  

Robotic support: Robotic support means having 
robots support, without encumbering, astronauts during 
human missions. In contrast to “robotic assistants”, 
which closely couples robots to human explorers (e.g., 
as “pack mules”), robotic support places emphasis on 

scenarios where robots can work in parallel, but de-
coupled from astronauts.  

Robotic support could involve remotely operating a 
planetary rover equipped with science instruments 
(cameras, 3D scanning lidar, etc) in parallel to humans 
[5]. This is similar to how mission control remotely 
operated a color television camera on the Lunar Rov-
ing Vehicle during Apollo. The primary motivation for 
doing this is to enable a “science backroom” to more 
directly and effectively support astronauts during 
EVA. In particular, instrument data can be used to as-
sist site analysis, sample targeting, and documentation.  

Robotic follow-up: Robotic follow-up is a remote 
robotic operation subsequent to human EVA or mis-
sions, which augments the work accomplished by hu-
mans. The primary purpose of robotic follow-up is to 
acquire additional data that is complementary and sup-
plementary to what was previously collected [1, 6]. 
Robotic follow-up can help fill in gaps in knowledge 
derived from short duration human missions. We can 
imagine robotic follow-up being performed with 
equipment (e.g., crew rovers) left behind by human 
missions, or using dedicated planetary rovers. 

Robotic follow-up might involve performing a va-
riety of fieldwork: completing geology observations 
(documenting areas of secondary priority); making 
tedious or long-duration measurements of a target site 
or feature (e.g., transect survey); curating samples in-
situ; and performing unskilled, labor-intensive work 
(digging, moving materials and instruments, etc). Ro-
botic follow-up might be carried out immediately after 
humans leave a site. This might require robots to com-
plete measurements started by humans. Robotic fol-
low-up might also be carried out far after a human 
mission ends. This would allow greater planning to be 
performed prior to robot activity, but might not allow 
synchronized measurements to be acquired.  
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