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Introductory statements:

There is the need of establishing a 

strong and continuous link among the 

research, the industrial communities 

and the space agencies, even at a basic 

level (e.g. regular organization of 

workshops and schools).

The terminology “Space Manifold 

Dynamics” (SMD) is adopted for 

referring to the dynamical systems 

approach to spaceflight dynamics, thus 

encompassing more specific 

definitions (stable/unstable manifolds, 

Lagrange trajectories, weak stability 

boundary, etc.);

Topics deserving immediate attention:  

filling the gap between industry and research on specific issues used to investigate 

space manifold dynamics (e.g. apply new methods, translating mission requirements 

into theory);

focus on the effect of dissipative systems on SMD in terms of outcomes, methods and 

applications (e.g.  low-thrust engines, non-gravitational forces, tethered systems);

explore the “geography” of the solar system using novel dynamical approaches, such as 

mapping techniques and lagrangian trajectories;

build the “cartography” associated to the utilization of the near-Earth space (e.g. 

periodic orbits, lunar transfers);

define the concept of “mixed approach” to space mission design, i.e. dividing a complex 

trajectory into sections for which a given methods applies better (e.g.  traditional 

ballistic + gravity assist for transfer trajectories, SMD for orbit insertion and satellite tour 

design);

develop a simulation environment to investigate the new challenges posed by manned 

and unmanned exploration to numerical optimization methods (e.g. flight time vs. delta-

V, electric vs chemical propulsion or other alternatives);

study the impact of SMD trajectories on human spaceflight and in particular on the 

radiation issue (e.g. finding “sheltered” mission profiles);

evaluate the consequences of adopting a SMD approach on both, ground support and 

spacecraft subsystems requirements (e.g. TLC, GNC, propulsion);

Specific actions to be considered:  

Interplanetary trajectory orbit 

determination needs a new start: 

novel methods are required for 

developing new generation high-

precision orbit determination 

operational software.

The Workshop highlights the 

relevance of the generation of high-

quality planetary ephemeris as well of 

other celestial and artificial bodies for 

both, astronomical research and 

space applications.

During the final panel discussion, the participants to the workshop “Novel Spaceways for Scientific and 

Exploration Missions” have produced a commonly agreed list of strategic considerations and of specific 

actions to be undertaken for fully exploiting the potential benefits for the scientific, exploration and 

technological programs of the major space agencies. 

recommendations



filling the gap between industry and research on specific issues used to 

investigate space manifold dynamics (e.g. apply new methods, translating 

mission requirements into theory);

evaluate the consequences of adopting a SMD approach on both, ground 

support and spacecraft subsystems requirements (e.g. TLC, GNC, 

propulsion);

recommendation
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lunar ballistic capture SMD external transfer

ORBIT OF THE MOON

Magia mission tradeoff

ORBIT OF THE MOON

O

RBIT OF THE MOON

O

RBIT OF THE MOON

ORBIT OF THE MOON

O

RB
IT

OF TH
E MOON

ORBIT OF THE MOON

SMD external transfer



Magia mission tradeoff

TLI =Trans Lunar Injection; 

LOI = Lunar Orbit Insertion; 

NOI = Nominal Orbit Insertion

Hohmann SMD external

Transfer Time: 4 days Transfer Time: 90 days

Total delta-V = 3.9 km/s Total delta-V = 3.8 km/s

2 manoeuvres: TLI, LOI 2 manoeuvres: TLI, LOI

TLI=3.1; LOI=0.8, NOI=0.0 TLI=3.2; LOI=0.0; NOI=0.6

Elliptic trajectory (high LOI) WSB trajectory (no LOI)

LOI critical
Ballistic Capture 

(LOI non-critical)

consolidated guidance innovative guidance

Needs quick reaction time Allows slow reaction time

- Possible E-M-S cruise science

Apollo-like
Science & Exploration 

precursor

ORBIT OF THE MOON

O
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GRAIL mission profile
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GRAIL mission (2011-2012)



SMART-1 solar electric propulsion (2003-2005)

SEP + SMD = 

extremely low energy

transfer 



build the “cartography” associated to the utilization of the near-Earth space 

(e.g. periodic orbits, lunar transfers);

recommendation



LUNAR GATEWAY L1 near rectilinear orbit



study the impact of SMD trajectories on human spaceflight and in particular on

the radiation issue (e.g. finding “sheltered” mission profiles)

recommendation



21/04/2026

Moon Base long-term lunar exploration

Moon harbor: a LL1 halo orbiting infrastructure for manned / unmanned missions 

support (e.g refurbishing space relescopes, space elevator))

Low altitude lunar orbiters / landers

High altitude lunar constellations for satellite navigation

High eccentricity orbits / halo orbiters for telecommunications

Operations safety (avoiding critical events – lunar rescue trajectories)

Flexibility of mission profile (e.g. different launch scenario)

Long transfers: cruise science (e.g. gravitational redshift, solar/magnetosphere interactions)

Manned vs unmanned missions (radiation issue, non–critical cargo delivery)



APOLLO L2 lunar data relay satellite
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QUEQUIAO L2 lunar far side telecom satellite



define the concept of “mixed approach” to space mission design, i.e. dividing a complex 

trajectory into sections for which a given methods applies better (e.g.  traditional ballistic + 

gravity assist for transfer trajectories, SMD for orbit insertion and satellite tour design);

recommendation



developing a procedure to compute intersections of the 
computed stable and unstable manifolds. We develop and 
implement algorithms that accomplish these three goals, and
demonstrate their application to the problem 
of transferring between resonances in the Jupiter-Europa system.

High-order resonant orbit manifold expansions for mission 
design in the planar circular restricted 3-body problem
, Rodney L. Anderson b, Rafael de la Llave a

Europa Lander proposal

https://www.sciencedirect.com/topics/physics-and-astronomy/transferring
https://www.sciencedirect.com/author/8857099900/rodney-l-anderson
https://www.sciencedirect.com/author/8857099900/rodney-l-anderson
https://www.sciencedirect.com/author/8857099900/rodney-l-anderson
https://www.sciencedirect.com/author/8857099900/rodney-l-anderson
https://www.sciencedirect.com/author/6603692534/rafael-de-la-llave
https://www.sciencedirect.com/author/6603692534/rafael-de-la-llave
https://www.sciencedirect.com/author/6603692534/rafael-de-la-llave
https://www.sciencedirect.com/author/6603692534/rafael-de-la-llave


focus on the effect of dissipative systems on SMD in terms of 

outcomes, methods and applications (e.g.  low-thrust engines, non-

gravitational forces, tethered systems);

recommendation



The terminology “Space Manifold Dynamics” (SMD) is adopted for 

referring to the dynamical systems approach to spaceflight dynamics, 

thus encompassing more specific definitions (stable/unstable manifolds, 

Lagrange trajectories, weak stability boundary, etc.);

recommendation



Celestial Mechanics & dynamical astronomy



ISEE-3/ICE trajectory (1978-1982-1986)
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SOHO Solar Heliospheric Observatory (1985)

Gomez G., Llibre J., Martinez R. and Simo C.

Station Keeping of Libration Point Orbits

ESOC Contract 5648/83/D/JS(SC) 

Final Report, 1985.



references librations vs manifolds

1973 1968



references librations vs manifolds

1968

1966

1961

1965



references librations vs manifolds

19641961



<<According to Martin Lo, the “discoverer” of the Interplanetary Superhighway, the

ISEE-3/ICE Trajectory Team was able to find a Superhighway trajectory using

conventional methods because “when you search around the halo orbits for a transfer

trajectory from Earth, your path will invariably be controlled by the halo orbit’s stable
manifold”>>.

<<Who would have guessed that the ISEE-3/ICE Team stumbled on such

a momentous discovery without realizing what they had done? >>

thirty years later…

2011



Mirt C. Davidson 1964-65 Robert Farquhar 1966-72

Charles C. Conley 1965-68

Giuseppe Colombo 1960-61

1969

2011

2010

the big picture



The birth of the journal Celestial Mechanics and of the space manifold dynamics 
happened almost simultaneously in space and time.

Communication  problems: for at least 20 years the libration point and the dynamical 

systems approach did not interact

Future work: the quest for the “cross-reference paper” (e.g.                                                                )

NOTE ADDED IN PROOF: also scientific editors have communication problems!

lessons learned



One cannot predict when knowledge will be applied, only that it often is

Charles Conley

Le grandi scoperte sono qualitative, la matematica seve «solo» a dimostrare
Giorgio Parisi

Le seul véritable voyage, le seul bain de Jouvence, ce ne serait pas d'aller vers de 

nouveaux paysages, mais d'avoir d'autres yeux
Marcel Proust

conclusions



Thank you Sylvio !
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