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Introduction:  In terms of Δv and mission length,
piloted human missions to near-Earth objects (NEOs)
prior to human exploration of Phobos and Deimos can
provide unique opportunities to acquire deep space
operational experience (i.e., the manned CEV Orion
spacecraft will be several light-seconds from the Earth
but, not light-minutes); risk reduction for space hard-
ware; confidence building for future mission scenarios
(e.g., lunar poles and farside, other NEOs, and eventu-
ally, Phobos, Deimos and Mars); early in situ resource
utilization (ISRU) evaluation; as well as a rich scien-
tific return. Sending a human expedition to a NEO will
help NASA regain crucial operational experience con-
ducting human exploration missions – which has not
been attempted since Apollo 17.

History: The notion of a piloted mission to a NEO
was first discussed in 1966 as an alternate follow-on
utilization of the Apollo spacecraft and Saturn 5 hard-
ware. The mission would have been a flyby for the
1975 opposition of 433 Eros [1].  During the 1975 op-
position, Eros came within 0.15 AU of the Earth and
Smith (1966) examined the necessary capabilities to
upgrade the Apollo/Saturn 5 hardware for a 500+ day
round trip mission [1]. More than 20 years later,
NASA re-examined the ideas of visiting NEOs in
greater depth as part of the Space Exploration Initiative
in 1989 [2].  Since then, four other studies have ex-
amined the details of sending humans to NEOs
[3,4,5,6].  The most recent assessment has been un-
dertaken by the Advanced Programs Office (APO)
within NASA’s Constellation Program.  This particular
study team includes representatives across NASA and
is examining the feasibility of sending a Crew Explo-
ration Vehicle (CEV), the Orion spacecraft, to a NEO.
Depending on the suite of spacecraft and integrated
components, a mission profile would include two or
three astronauts on a 90 to 120 day spaceflight; in-
cluding a 7 to 14-day stay at the NEO itself, which
would be an ideal Apollo 8-style of mission prior to
visiting Phobos and Deimos.

Comparative Δv’s: The orbits of NEOs are often
quite similar to the Earth’s orbit, and therefore require
a fairly small Δv for rendezvous provided launch oc-
curs near a close approach. In addition, due to their
small size and consequent shallow gravity wells, only a

very small Δv is required to brake into the vicinity of,
and to depart from, a typical NEO.  For comparison,
the Δv required to brake into or depart from lunar orbit
is of order 0.8 km/s, which when combined with the
3.2 km/s lunar transfer Δv means that a lunar orbital
mission requires a total Δv ~4.8 km/s.  To visit a NEO
in an Earth-like orbit, such as 2000 SG344, depending
on the mission scenario, the total Δv is between 5 – 6.5
km/s; for Phobos ~7.9 km/s; Deimos ~ 7.5 km/s (de-
pending on the method of capture into Mars orbit); for
a lunar surface mission ~9.1 km/s; and, for a Mars sur-
face mission the total Δv tally tops out at ~15.6 km/s
[7].

CEV (Orion) Science Capabilities: A CEV-type
mission will have a much greater capability for science
and exploration of NEOs, as well as Phobos and Dei-
mos, than robotic spacecraft.  The primary advantage
of piloted missions to NEOs is the flexibility of the
crew to perform tasks and to adapt to situations in real
time.  Factoring NEOs (as well as the flight and explo-
ration techniques of these small bodies) into the Mars-
forward fabric has obvious implications for human
exploration of Phobos and Deimos.
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