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Abstract: Space exploration with both humans and robotic spacecraft is 
approaching a 56th year anniversary. The first launch represented a revolution in 
technological capability and achievement.  The launch of the Sputnik satellite in 1957 
by the Soviet Union was closely followed in 1958 by the launch of a satellite from the 
United States.  At the present time, more than 3000 satellites are in earth orbit; 
monitoring our weather, carrying millions of communication messages, and sensing our 
climatic state. Five nations have designed rockets and robotic spacecraft which have 
escaped earth gravity to explore the Moon, Asteroids, and Mars. Equally important was 
the launch of the first human into earth orbit in 1961 by Russia followed quickly by the 
US. The US reached the Moon in 1968, and beginning in 1969, 12 Americans 
eventually walked on its surface. Altogether, more than 532 people from 36 countries 
have been launched into earth orbit from 3 nations: the USA, Russia (Kazakstan), and 
China. Four space stations have been built and operated, and two human rated 
vehicles have dominated Earth to Orbit transit: The US Space Shuttle and the Russian 
Soyuz.  In the 21st century, we are on the threshold of venturing beyond Earth orbit 
again, possibly to the Moon, Mars, or even asteroids.  But have we solved all the major 
engineering problems and is the decision just about destinations? What are the 
technological challenges which must be overcome to successfully operate in these 
extreme environments for extended periods of time?  Over the last several years, the 
National Academies have evaluated, for NASA, exploration technologies from 
propulsion to life support.  As chair of the human systems roadmaps review, the author 
was involved in the final published study in 2012. The results of this study and well as 
the opportunities for future research will be discussed. 
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