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Defining NEO Accessibility Factors

I Astrodynamical
I Earth departure dates; mission ∆v; mission duration; stay time; etc

I Physical
I NEO size(?); rotation rate; dust/satellites environment; chemistry; etc

I Architectural
I Launch vehicle(s); crew vehicle(s); habitat module(s); budget; etc

I Operational
I Operations experience; abort options/profiles; etc

Astrodynamical Accessibility is the starting point for understanding the
options and opportunities available to us.

Here we shall focus on Astrodynamical Accessibility.
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Astrodynamical Accessibility (NHATS)

I Earth departure date between 2015-01-01 and 2040-12-31
I Earth departure C3 ≤60 km2/s2

I Total mission ∆v ≤12 km/s
I The total ∆v includes (1) the Earth departure maneuver from a 400 km

altitude circular parking orbit, (2) the maneuver to match the NEA’s
velocity at arrival, (3) the maneuver to depart the NEA and, (4) if
necessary, a maneuver to control the atmospheric re-entry speed during
Earth return.

I Total round trip mission duration ≤450 days
I Stay time at the NEA ≥8 days
I Earth atmospheric entry speed ≤12 km/s at an altitude of 125 km

A near-Earth asteroid (NEA) that offers at least one trajectory solution
meeting those criteria is classified as NHATS-compliant.

http://neo.jpl.nasa.gov/nhats/
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Putting Accessibility Into Context

I What does “accessible NEO” mean? “Accessible” compared to what?
I Other solar system destinations:

Destination Total ∆v (km/s) Round-Trip Mission Duration (days)

Lunar orbit ∼5 ∼One to several weeks
Lunar surface ∼9 ∼One to several weeks
Mars Surface 12.53 923 (500 day stay)
Elliptical Mars Orbit 6.29 923 (500 day stay)
Elliptical Mars Orbit 12.14 422 ( 7 day stay)
Elliptical Mars Orbit (w/ Venus flyby) 12.81 485 ( 45 day stay)
Elliptical Mars Orbit (w/ Venus flyby) 8.12 588 ( 45 day stay)
Mars flyby 9.01 501 ( 0 day stay)
Mars flyby (w/ Venus flyby) 6.07 582 ( 0 day stay)
Phobos/Deimos Similar requirements to Mars

I Many Mars/Phobos/Deimos mission trajectories pass within Venus
distance (∼0.7 AU) of the Sun, or closer (thermal/radiation issues)

No round-trip mission to Mars (orbit, surface, or flyby) or
Phobos/Deimos is possible with both ∆v ≤12 km/s AND mission

duration ≤450 days.
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Putting Accessibility Into Context

I As of 2015-03-31, 1382 NHATS-compliant NEAs have been discovered
I Of those,

I 49 can be visited and returned from for less ∆v than low lunar orbit
I 580 can be visited and returned from for less ∆v than the lunar surface
I All 1382 are more accessible than Mars, Phobos, or Deimos

I More and more NHATS-compliant NEAs are being discovered and
identified

I The NHATS data processing is automated, observers are automatically
notified, web-site is updated daily
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(Available Online at: http://www.lpi.usra.edu/sbag/science/)



NAC Findings/Recommendations
Excerpt from page 4 of the 4 August 2014 letter to the NASA Administrator from the
NASA Advisory Council (NAC);

(http://www.nasa.gov/offices/nac/meetings/JULY-30-31-2014_presentations.html)
(http://www.nasa.gov/sites/default/files/files/SquyresLetterToBolden_tagged.pdf)

(http://www.nasa.gov/sites/default/files/files/SquyresLetterToBolden.pdf)
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Comparisons to ARM
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ARM Crewed (5d stay)
2000 SG344 (8d stay), 2029 launch
2006 RH120 (8d stay), 2028 launch
2010 UE51 (8d stay), 2023 launch
2009 BD (8d stay), 2021/22 launch
2011 MD (8d stay), 2023 launch
2008 HU4 (8d stay), 2025 launch
Itokawa (8d stay), 2035 launch
Bennu (8d stay), 2036 launch
2008 EV5 (64d stay), 2024 launch
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Comparisons to ARM
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NHATS-Compliant NEA Discovery Rate

I http://neo.jpl.nasa.gov/news/news189.html
I The number of known NHATS-compliant NEAs has doubled since 2010
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Conclusions and Findings

I Many accessible NEOs have been discovered and identified.
I We have an automated system to monitor the accessibility of the NEA

population (NHATS).
I It is likely that many more accessible NEOs are waiting to be

found.
I Further study is required to learn what modern NEO population models

have to say on this point.
I Current survey capabilities tend to discover NEOs very close to

the times of their optimal mission opportunities.
I A space-based NEO survey telescope is needed to discover NEOs with

implementable mission opportunities (far enough in advance of their
mission opportunities).

I Such an asset would simultaneously benefit human exploration, planetary
defense, and science.
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NHATS web-site:
http://neo.jpl.nasa.gov/nhats/

NHATS data table:
http://neo.jpl.nasa.gov/cgi-bin/nhats

NHATS mailing list:
https://lists.nasa.gov/mailman/listinfo/nhats
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https://lists.nasa.gov/mailman/listinfo/nhats

