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Heliocentric view of the positions of all 
NEAs (blue) and PHAs (red) on 13 April 2015 

• AA A treeee e searchch h algorithmm m hasas s beenen n developeded d innin nn orderer r toot  oo findnd d asasa  ss manyny y sequenceses s ofofo  ff NEAsAs s asasa  ss possiblele AA ert
within

eee
inin 

esesee s
nnn the

earce
heheh  

chh gorialaccearc
ee mission

gori
onon 

thmmm ahahass bebitgori
nn requirements

eebe
ttt  

evelopedednneeen
ss underlined

pe
eded 
peed
dd in

ed
inin 

nnnininddd
nnnnnnn the

nn
heheh  

deerr totrdroro
ee DLR/ESA

ooo
SASAA 

nndd aasass mmnno finf
AA Gossamer

m
ee  

yy equencsesnymanm n
rr roadmap

uenc
apap 

enc
pp [
enc
pp [[1

cnc
[[1111]
cec
1111 .

oseessce
11]]]]. 

•
with
An
with
AnAn 

nn hhthhee mmiinith
nn automatic

missim
icici  

ooniossi
cc tool

nn
ooo  

quireqen ere
ll has

quir
asas 

emenreuir
ss been

men
enen 

s nderlineunuttsen
nn developed

rline
eded 

ine
dd in

eede
nnnii  

nn hthinnnd iidd
nnnnn order

hhhe
ereer 

ee D
rrr to

DDD
ooott  

/ESSAA GR/LRD
ooooo optimize

ossGoG
zezezez  

amesaoss
ee the

ame
hehe 

r oadmaoroeeme
ee sequences

ma
eses 

[11111]].[[aappp
ss chosenenenene  nn fromm m thehe e previousus AAnn aua

output
utomu
uuu .

mmutom
tt. 

• A
out
AA 

puutpout
AA solar

ut
aa  

t.
rr sailaia  il withth h aa a lowere  r areaea-a-tooto-oo-masss  s ratio,o  o, withth h respectc  ct tooto oo Refee .ef  ff.fff [[[1[111],1]]  ], hasa  s beenen n takenen n intoto o consideration,n  n, soooso AA so

that
oso

aaa  
r saarolao a

ttt more
aa
rerer  

witww thh aawaaaiil w
eeeee payload

a
adad 

wewoolo
dddd can

we
anan 
weer

nn bebebebb  
aa totoooeereraa

eeee carried
o
eded 

mamm
dd on

aa
ononoo  
asssa
nnnnn or

s
oooo  

rar
rrrr a
aa
aa 

, witww thoo,iootiata
aaa smaller

thh
eee  

espeeeh ere
rr sail

espe
aiai  

ccespe
ilil can

c
anan 
cct tto
nnn be

oooo
bebebbb  

eefff.ffeeeoo ReRo
eeeee usededed,

[
dd  

ahahas,],[[1111]]]
ddd, raising

s
ngng 

eeeebeb
gg the

e
hehe 

aataeenn t
eeee TRL

akea
RRR .

nnnkeen
LL. 

Sequence search 
Starting from a database made of NHATS† asteroids and PHAs only 
and pruning the temporary database by means of astrodynamical 
considerations, a systematic search of sequences has been carried out 
with launch dates from 28 Nov 2019 for 10 years with 3 months 
intervals. 
†Near-Earth Object Human Space Flight Accessible Targets Study 
(http://neo.jpl.nasa.gov/nhats/) 
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Heliocentric view of the positions of all objects in 
the database taken into account (NHATS asteroids 

in blue and PHAs in red) on 13 April 2015 

2014 EK24 2013 PA7 2012 MD7 2000 EA14 2008 DB 

Orbital type Apollo Amor Aten Apollo Apollo 
Estimated size [m] 65 – 150 85 – 190 40 – 95 170 – 370 20 – 50 
EMOID [AU] 0.034 0.091 0.018 0.043 0.002 
PHA NO NO NO YES NO 

Optimized sequence test case 
Mission properties and an overview of the overall mission 
profile are shown for one of the sequences found by the 
sequence finder algorithm and optimized through the 
automatic algorithm developed. Note that all the objects are 
NHATS asteroids except 2000 EA14, which is classified as PHA. 

Unique sequences with 5 encounters and at least one 
PHA found by the sequence finder algorithm 
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Interplanetary injection at Earth 
on 07 Dec 2021 

Arrival at final target 
on 26 Apr 2031 

Total mission duration: 9.4 years 

Complete database (NHATS + PHAs) 

Local pruning on Keplerian elements 
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Semi-analytical approximated trajectory (shape-based 
method) from Earth to all available NEAs 

Add stay time at the object 

Sequence complete 

Mission time > 10 years? 
NO 

Local pruning on Keplerian elements 

YES 

Semi-analytical approximated trajectory (shape-based 
method) to all available NEAs 

Image credit: NASA/JHUAPL 

Image credit: NASA 

Add a new object 


