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DRO DISTANT RETROGRADE ORBITS

DRO are a family of perlodlc orblts in the restrlcted three body probiem When applled to the Earth Sun-case these
pecullar orbital conflguratlons result from the combination of the Earth’s motion around the Sun and that of a body’ of'
negllglble QERS ‘having the same orbltal perlod ofthe Earth but a sllghtiy hlgher vaIue of the eccentr|C|ty

- As seen fr-om.the Earth (r_otat'ing -fra_me) th'el'body'appe_ar_’-s then .t'o _m,g_\(e‘ o_n‘.__ a-_.re_tr'Ograde,orbit_around our pIanet. -
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DRO AND PLANETARY DEFENCE

PIanetary Defence couId beneflt of - spacecraft consteIIatlon in DRO because of the favourable phase angle when
' | obseerg NEOs approachlng the Earth

| minimum geocentric altitude is reached at inferior and superior
conjunctions and it is approximately equal to the value (in au) of
the orbital eccentricity.

| favurable observing geometry occurs when the spacecraft
transits the inner branch of the DRO, pointing in the antisolar
direction

i Valsecchl G B., Per022| E R055| A A space m/ssmn to detect /mmment Earth lmpactors in nghllghts of Astronomy, Vol. .
10, |ssue No. H16 2015 ' : !
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DISTANT RETROGRADE ORBITS AND IMMINENT II\/!‘PACTIO RS

L8/C Conatellaion of 0.08 u s g Yt DRO exhlblt cIear advantages for space m|55|ons
S de5|gn as they’ aIIow a spacecraft toaccess -
e mterplanetary space yet remaining always in the

'f__'-_,'than the Lagranglan pomts L1 -and (2 =

The'refore DROS prowde an aiternatlve scenario for
the. detectlon from space of the “imminent
____,il,mpactors i.cs smaII aster0|ds (<50m yet causmg
'{i_Slgmflcant ground damage) 2

S hzas'"been Shown that 3 0' O6au altitude DRO
i constellatlon ensures 5 days warnlng time,
icompatlble with some typlcal CIVI| protectlon

v alerg tlmespan s

Martlnez Mata A Pero.22| E Cecca ronl M Addressmg Imm/nent Impactors Threat From D/stant Retrograde Orb/ts (DRO)
: Paper IAC-22- D9 2 8 / ID 71048 2022

L PO

| "-.'-__'v|cm|ty of our planet and at distances much larger -

s



THELI’CIACubé,AND‘A,RGOMQQN.QP.P-ORTUN'T'ESf_’-""-" E

LICIAcube and Argol\/loon are 6U cubesats realized

by Argotec under ASI contracts and represented
“an |mportant m—fllght test for cubesats to be

employed for Iunar and mterplanetary m|55|ons

P 3

. Fh former has successfully lmaged the pIume

‘-‘“” enerated. by the impact of the US DART

pacecraft on aster0|d Dlmorphos the latter has

b'een raleased durlng the. Artemis-1 fllght and -
performed severa1 Iunar fbeys before gettlng into
mterplanetary space '

In both cases extended m|55|ons were enwsaged
and Planetary Defence appllcatlons were therefore
taken |nto con5|deratlon o e

: | CredItSASI/NASA' I_‘ : ,I ,. ﬁ‘ ‘ H," .;’.-‘: ORI ISR :'




DISTANT RETROGRADE ORBITS AND LICIACUbe

~ At DART impact epoch the LICIAcube Earth phasmg turned out to be. compatlble wnth a DRO conflguratlon

Numerical mtergratlons have shown that |ndeed LICIAcube followed an’ orbltal path cIosely resembllng that of a

C 27 ’s'_e‘pter_.nber 2_022 oo':o.o' B . | EARTH ROTATING FRAME
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LICIACUbe AS AN IMMMINENT IMI?‘-ACT_OR?SENTI N

M. Ceccanonl and E P.er022| The L/craCUbe Extended Mlssmn asan Immment /mpactor Sentme/ XVl Congresso d| 7
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e «Wlthout performlng any manoeuvre LICIAcube
© :,_.;I-_'_Iwould be travelllng for 6- months (the planned _
Al extended mission duratlon) along the inner DRO .
trajectory branch thus satlsfylng the pIanetary =
G el ce Scena rlo for detectlng |mm|nent

‘ICIAcube could then represent a precursor DRO
'?oBservatory devoted to detecting lmmlnent Sk
l'mpactors from space ; . ‘

U nfortunately about one month after the
,“_-_'Dlmorphos fbey, the radlo contact w:th
'_ ;".-}'_’_L1CIAcube Waslosk o - o0 >



THE argoI\/IOON MISSION D Ay e

After separatlng from the SLS Iaunch system in order to monrtor the secondary propuIS|on stage _
~argoMOON has been travelllng inan h|ghly eccentrlc orblt WIth apogee beyond the l\/loon performmg |
several Iunar fbeys |mag|ng the Iunar surface and belng eventually ejected mto a hehocentnc traJectory

PM: Proximity flight maneuvers
M1: Lunar Fly by Maneuver
M2: Final Maneuver forreentry trajectory

Deployment

CREDITS: ASI/NASA

S Plrrotta E $tdrzafava ArgoMoon Itallan CubeSat techno/ogy ta-record the' X
' "34th Annual SmaIlSateIIrte Conference SSCZO WKVII 01, 2020 :



'DISTANT RETROGRADE ORBITS AND argoI\/IOON e

Numerlcal expenments have demonstrated that Lunar fbeys are Very eff|C|ent in |mprovmg the
acce55|b|I|ty of DRO havrng aItltudes satlsfylng planetary defence appllcatlons :
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-The LICIAcube and argoMOON exte{'?’:"’ﬂf

. coNCLUS|oNs.'_('|).-_ i

The cho|ce of Dlstant Retrograde Orblts for cubesats elther for nomlnal or extended '

‘mission proflles offer clear. advantages from the englneerlng pomt of view: (e g,
'teIecommunlcatlon tracking: and operatlona1 requlrements) since’ the spacecraft
never Ieaves the surroundmg of the Earth beyond a certaln dlstance

ey .' * o AR . = e .
W e O -

d,mtssron studles have demonstrated that

low- velouty escape into mterplanetary Space couId eaS|Iy Iead to DRO I|ke :
conflguratlons useful for planetary defence '

14 Future cubesat m|55|ons should take th|s possrblllty |nto con5|derat|on already [ TR
the de5|gn phase |n order to turn extended m|SS|on or end of life dlsposal strategles

|nto |mm|nent |mpactors sentlnels




~ CONCLUSIONS'(Il):

. g

_ AIthough both LICIACube and argoMOON were fost shortly after completlng the|r
nominal mission, the near future mcreased utlllzatlon of cubesats within the’
:framework of planetary and Iunar exploratlon mrssrons and their |mproved relrablllty
could lead to the deployment of a Io_w—cost__ rapld response network for tlmely

o5 | _detectlng |mm|nent |mpaCtors based{f eX|st|ng assets ' 4
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