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ABSTRACT

The MILO Space Science Institute is a non-profit research collaborative led by Arizona State University, in collaboration with Lockheed Martin and GEOshare, a subsidiary of Lockheed Martin. MILO was founded to enable more scientists, engineers, and students, including those with little current experience, to design, develop, and conduct deep space smallsat robotic missions with high science return. MILO’s primary goals for members are (1) to build up their local space ecosystems through access to operational missions and hands-on development, (2) to support their local space science activities, and (3) to strengthen their culture of innovation, workforce development, and entrepreneurship to yield new discoveries, products, jobs, and companies. By self-funding our missions, MILO has a higher risk tolerance for proving out deep space rated technologies and instrumentation. 
Two smallsat missions have been identified for initial MILO member involvement. Both missions explore Near-Earth Objects (NEOs) to support both scientific and planetary defense objectives. The first, Apophis Pathfinder, focuses on performing a close flyby of the 370-meter diameter Potentially Hazardous NEO (99942) Apophis, which occasionally comes extremely close to Earth. For example, on April 13, 2029 it will pass Earth approximately five Earth radii above the surface, well within Earth’s geosynchronous satellite ring. MILO's Apophis Pathfinder mission will conduct a flyby precursor investigation of that asteroid several years before its 2029 Earth flyby, using a pair of smallsats to provide initial science reconnaissance data which will influence planetary defense strategies and rendezvous planning for other encounter missions to Apophis in 2029 and beyond. The Apophis Pathfinder mission will assess physical and regolith properties, both for science and for threat assessment and mitigation. Furthermore, since traditional spacecraft Doppler tracking methods for mass determination are not feasible for objects smaller than a few km in size, Apophis Pathfinder will deploy a novel optical and radio tracking multi-spacecraft approach for mass determination. 
The second MILO smallsat mission, NEOshare, will launch a cluster of six smallsats that will each perform a close flyby of a different NEO close to Earth. Each smallsat will be equipped with propulsion, communications, and cameras, spectrometers, and other high heritage instrumentation. Because some of the smallsats could fly past multiple objects, we will plan to characterize at least eight new NEOs during this mission – significantly increasing the number of NEOs that have been encountered by spacecraft from all the world's space agencies so far (just five).  NEOshare will assess the same physical and regolith properties of these NEOs as Apophis Pathfinder, for science as well as threat assessment and mitigation across a wide sample set of diverse (size, color, composition, orbit) objects. 
The MILO Space Science Institute is building a global consortium for our Apophis Pathfinder and NEOshare missions. Please see http://miloinstitute.org and contact us for more details about how to get your university, institute, company, and/or space agency involved in an exciting new model of deep space exploration.
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