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!ƴ ŀǎǘŜǊƻƛŘΩǎ ŎƭƻǎŜ ŜƴŎƻǳƴǘŜǊ ǿƛǘƘ 9ŀǊǘƘ όғ ϤлΦм !¦ύ 
enables both its ground-ōŀǎŜŘ ŘƛǎŎƻǾŜǊȅ όǿƘŜƴ ƛǘΩǎ ƛƴ ǘƘŜ 
dark night sky) and human mission viability.
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For 2000 SG344, this geometry was 

realized in 1999 ï2000.  The next 

time this geometry repeats is not 

until 2028 ï2029. 

Accessible: Yes

Observable: No

Accessible: Yes

Observable: Yes

This geometry permitted

2000 SG344ôs discovery.



And in the intervening ~28 years . . .
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Accessible: No

Observable: No

Daytime Sky

Sun



²Ƙŀǘ Ŏŀƴ ƪƴƻǿƴ b9!ǎΩ ŜƴŎƻǳƴǘŜǊǎwith Earth during the 
timeframe of their discoverytell us about the potential 
for affordable missions to unknownNEAs in 2025 ς2030?

NEAs with the most Earth-like orbits were studied for affordable missions during the time-frame of their 

discovery.  The ñdiscovery apparitionò is of interest because the NEA orbits in tandem with Earth at 

distances < 0.1 AU.  The favorable phasing that permits an NEAôs ground-based discovery also 

permits low æV, short duration round-trip human missions.
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Sun

Asteroid 

Designation

Size (m) 

25% 

albedo

Size (m) 

5% 

albedo

Start 

Date

End 

Date

       (1991 VG) 6 12 Aug-91 Jun-92

       (1999 CG9) 25 55 Aug-98 Apr-99

       (2000 SG344) 29 66 Feb-99 Nov-00

       (2001 FR85) 33 75 Nov-00 Nov-01

       (2003 YN107) 15 33 Jan-97 Jul-07

       (2006 DQ14) 10 23 May-05 May-06

       (2006 QQ56) 18 39 Feb-06 Dec-07

       (2006 RH120) 3 7 Feb-06 Feb-08

       (2007 UN12) 5 11 Sep-06 Jan-08

       (2007 XB23) 10 23 Sep-07 May-08

       (2008 EA9) 8 17 Oct-07 May-08

       (2008 HU4) 6 13 Dec-07 Aug-08

       (2009 BD) 6 13 Dec-07 Sep-11

       (2009 UY19) 55 123 Jul-09 Aug-10

       (2010 HW20) 16 36 Jul-08 May-11

       (2010 JW34) 6 14 Feb-10 Oct-11

       (2010 UC) 9 20 Jul-10 Feb-11

       (2010 UE51) 6 13 Jul-10 Apr-11

       (2010 UJ) 15 34 Jun-10 Mar-11

       (2010 VQ98) 7 15 Jun-10 Mar-11

Object Information
Discovery 

Apparition



5ŜŦƛƴƛǘƛƻƴ ƻŦ άŀŦŦƻǊŘŀōƭŜέ ŦƻǊ ǘƘƛǎ ǇǊŜǎŜƴǘŀǘƛƻƴΥ

Deep Space 

Habitat (DSH)

Crew Transfer 

Vehicle (CTV)

Cryogenic 

Propulsion 

Stage (CPS), 

Partially Loaded

Launch #1 Launch #2

Cryogenic 

Propulsion 

Stage (CPS), 

Fully Loaded
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Ò 180 day 

round trip

+

Re-entry speed 

Ò 11.8km/s

100t to LEO

HLLV

capacity



For each NEA, 2 trajectory 

solutions were plotted:

ÅMinimum æV

ÅBalanced (see figure below)

During their tandem period 

with Earth these 20 NEAs 

indeed permitted affordable 

missions:

Å18 with trajectory solutions 

under 5.5km/s

Å11 with trajectory solutions 

under the 2-launch line

Å3 with trajectory solutions 

under the 2-launch curve AND 

< 80 days mission duration

18of these 20 NEAs would have permitted lowҟ±Σ ǎƘƻǊǘ 
duration missions in the timeframe of their discovery.
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Balanced solution 

minimizes this vector 

for a given NEA
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These NEAs provide existence proofs for the rich 
opportunities hiding in the unknown population.
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Multiple mission 

opportunities spanning 

several years

~9 years

~3 years

More than a year of 

continuous  mission 

opportunities with short 

mission duration (< 150 

days) and very low æV (< 

5km/s).


