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Physical interaction with small solar system bodies (SSSB) is key for in-situ resource utilization 
(ISRU). The design of mining missions requires good understanding of SSSB properties, including 
composition, surface and interior structure, and thermal environment. But as the saying goes ”If 
you’ve seen one asteroid, you’ve seen one asteroid”: Although some patterns may begin to appear, a 
stable and reliable scheme of SSSB classification still has to be evolved. Identified commonalities 
would enable generic ISRU technology and spacecraft design approaches with a high degree of re-use. 
Strategic approaches require much broader in-depth characterization of the SSSB populations of 
interest to the ISRU community. The DLR-ESTEC GOSSAMER Roadmap Science Working Groups 
identified target-flexible Multiple Near-Earth asteroid (NEA) Rendezvous (MNR) as one of the 
missions only feasible with solar sail propulsion, showed the ability to access any inclination and a 
wide range of heliocentric distances as well as continuous operation close to Earth’s orbit where low 
delta-v objects reside. Also, separated payloads were considered. However, it appears difficult for 
sailcraft to interact physically with SSSBs. We therefore expand and extend the philosophy of the 
recently qualified DLR GOSSAMER solar sail deployment technology using multiple sub-spacecraft for 
deployment. In the same manner, landers are added for one-way investigations or shuttling sample-
return. An ideal counterpart for this purpose is the MASCOT nano-lander designed for the JAXA 
HAYABUSA2 mission to carbonaceous NEA (162173) Ryugu.  Shoebox-sized and weighing 11 kg with 
deployment mechanism, it is compatible with small interplanetary missions designed for piggy-back 
launch accommodation which enables low-cost massively parallel access to the NEA population. Its 
unique mobility hopping mechanism was already adapted to the specific needs of long-lived missions 
with the MASCOT2 design for ESA‘s AIM spacecraft in the NASA-ESA mission AIDA to binary 
NEA (65803) Didymos. A shuttling sample-return lander similar in size to PHILAE is being studied for 
the JAXA Solar Power Sail mission, OKEANOS. The methods enabing the realization of MASCOT 
such as Concurrent Engineering, Constraints-Driven Engineering and Concurrent Assembly 
Integration and Verification enable responsive missions based on re-used, re-purposed or now 
available as well as near-term technologies. Integrating these by Model-Based System Engineering 
(MBSE) will lead to further streamling of hardware and mission implementation. With the thus raised 
efficiency of mission implementation and a piggy-back launched small spacecraft approach, 
institutional as well as commercial asteroid users are enabled to move on from single-trail traverses to 
broad area surveys of the asteroid population. The ability to visit multiple targets per spacecraft and to 
change, even select targets only after launch also decouples the mission from the pre-launch state of 
ground-based target observations. The mission can grow in flight with the growth of knowledge on 
asteroids on the ground. While actual mining and even preparatory missions will require larger 
payloads, the performance of present sail technology is sufficient to undertake initial surveys, on the 
basis of well-established and trusted transparently peer-reviewed planetary science methods, to open 
up this new frontier to new enterprises. 


