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ADAPTIVE MESH REFINEMENT SCHEME FOR EFFICIENT
PARAMETRIC ANALYSIS AND TRAJECTORY DESIGN

Andrea Pasquale* and Michèle Lavagna†

The exploration of dynamical structures in multibody environments is a complex
and computationally demanding task. Millions of propagations are usually re-
quired to characterize small regions of the state space around either a point, an
orbit, or a trajectory of interest. Even though a PC can handle such simulations,
limitations associated to the computational times exist. The paper presents a flex-
ible algorithm to cleverly explore the state space for parametric analysis, finer
resolving it only in specific regions of interest. The scheme is based on a single-
parameter method which refines an initial coarse mesh in case some conditions are
meet. Some applicative cases are presented too.

INTRODUCTION

Orbit design in multibody environments usually leans on prior explorations of the dynamical
structures of such environments. For the nature of the problem, in fact, it is possible to rely only on
numerical scanning, supported by simplified models or approximations, to extract initial guesses of
the desired orbit or trajectory. The initial guess is then passed to an optimization scheme which, at
the end of an iterative process, retrieves the optimized orbit with the desired constraint. Within this
two-steps approach, the most complex and time-consuming part stays the initial guesses generation,
more than in the optimization itself. Poincarè maps,1 parametric analysis and other dynamics-
informed parameters maps2–4 are used to accomplish this task. Since the global behavior of the
dynamical systems under investigation is usually not unknown a-priori when dealing with complex
astrodynamical problems, with an evenly distributed mesh, there is no guarantee that the system
features can be efficiently resolved during a given analysis. Therefore this work proposes the devel-
opment of an adaptive mesh refinement algorithm aimed to reduce the computational cost associated
to maps generation, capturing the desired features in a faster and efficient way.

Mesh refinement algorithms have been already developed for different fields, including aerody-
namics,5 structural analysis,6, 7 astrophysics8 and others.9 Specialized mesh refinement algorithms
have been proposed also in the computation of dynamical informed quantities, such as LCS,10 where
problem-specific tracking algorithms are needed. However, most of the available algorithms are usu-
ally based on the dynamics and then cannot be transferred to the astrodynamics field easily. In this
paper the exploitation of a novel approach, aimed to generalize the way the mesh generation, han-
dling and update for different astrodynamical problems is presented. The proposed algorithm results
to be simple, flexible, scalable and easily parallelizable. The computational cost associated to two
applications is evaluated and compared with a brute-force simulation time, showing the capabilities
of the method and the algorithm.
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BACKGROUND

Dynamical Models

In this paper the exploitation of different kind of maps generated within two models of increasing
complexity, namely the Circular Restricted Three-Body Problem (CR3BP) and the Bicircular Re-
stricted Four-Body Problem (BCR4BP), is presented. Those models are considered to capture the
main features of the dynamics within the Earth-Moon-Sun system, which is the dynamical labora-
tory considered here for the application of the presented mesh refinement algorithm.

CR3BP The Circular Restricted Three-Body Problem (CR3BP) describes the dynamics of a
small, massless, third body that moves under the gravitational attraction of two massive bodies,
called primaries, without influencing their motion, in the hypothesis that the primaries moves in
a circular orbit about their center of mass. The equation of motions are expressed in the synodic
reference frame which is widely used for trajectory design purposes in the context of the CR3BP.11

In this frame, the position of the primaries is fixed in time on the x (synodic) axis. Thus, the frame
rotates with angular velocity equal to that of the primaries (two-body motion). Eq 1 shows the
equations of motion in the non dimensional form:

ẍ− 2ẏ = Ux
ÿ + 2ẋ = Uy
z̈ = Uz

(1)

Here ˙(·) and (̈·) denotes the first and the second derivatives with respect to the (non-dimensional)
time, while U(·) indicates the partial derivative of the pseudopotential function with respect to the
variable (·). The pseudopotential is, in this case, defined as:

U (cr3bp) =
1

2
(x2 + y2) +

1− µ
r1

+
µ

r2
(2)

where r1 and r2 represent the distance of the particle from the primaries and µ is the mass ratio
between the moonlet and the whole system, which is defined as:

µ =
m2

m1 +m2
(3)

BCR4BP If the motion of the massless particle is assumed to be influenced by the gravitational
pull of three bodies instead of two, the Four-Body problem context is considered.12 In this study
it is assumed that: the two primaries P1 and P2 revolve in circular orbits about their barycenter, B
andB and the third body P3 moves in circular orbits around the center of mass of the whole system,
B0. In this case, within the primaries synodic frame, the equation of motion have the same form of
Eq. 1, except for the fact that the pseudo-potential function is time dependant and has an additional
term. In particular, the BCR4BP pseudo-potential can be written as:

U (bcr4bp) = U (cr3bp) +
µs

rs
−
µs(x cosα+ y sinα)

a2s
(4)

with
α = ωst+ α0, ωs = ns − 1, a3sn

2
s = µs + 1 (5)

where ωs is the mean angular velocity of the Sun in the synodic frame, ns the mean angular velocity
of the Sun in inertial frame, as the Sun to Earth-Moon Barycentre distance, µs the Sun mass and rs
the Sun position. All the previous quantities are normalized, as for the CR3BP.

2



Maps

Dynamical-informed maps are intended to be any kind of map generated as a product of a numer-
ical propagation of a certain dynamics. More specifically, two kind of maps are exploited within
this study: apse maps and Trajectory Class Index (TCI) maps.

Apse maps Poincarè maps are commonly used to explore the state space and extract general and
local behaviours of the flow associated to a dynamical system. They are also used to reduce the
dimensionality of the flow and thus to ease its visualization. The exploitation of Poincarè maps
has been already proven to be successful when dealing with multibody trajectory design.13 A
parametrization which can be used to ease the exploration of the state space is and the visualization
of certain peculiar characteristics is the Poincarè apse map,14 which represents the locus of points
where the position of a test particle relative to a primary Pi is orthogonal to its velocity, or:

ri · ṙi = 0 (6)

where ri and ṙi are respectively the position of a test particle relative to the Pi primary and its
velocity. Periapsis and apoapsis then can be then distinguished by means of the sign of the radial
acceleration, i.e. if r̈ ≥ 0 the point is a periapsis and if r̈ ≤ 0 the point is an apoapsis.

TCI maps When dealing with some kind of astrodynamics problems, can be useful to classify
sets of trajectories on the base of some categorical indexes. To clarify this concept, consider that a
trajectory is built once a set of free parameters η are assigned, such that:

Z(η) = {η1, η2, . . . , ηi, . . . , ηq} (7)

More than the free parameters, a certain trajectory may have to respond to some constrains: here
they are generally represented by the set ζ(λ). Then, a trajectory Γ can be expressed as

Γ
def
= Z(η) subject to ζ(λ) (8)

Then, trajectories belonging to a given dynamical group of propagations may be, for example,
classified in one of the following categories:

1. Impact group, Ii: Γ do impact a body i.

2. Escape group, E : Γ is considered to permanently escape from the gravitational influence of a
body or a system if it intersect only once its SOI

3. Re-entry group,R: Γ exit and re-enter the SOI.

4. Confinement group, C: Γ does belong to any of the other classes.

MESH REFINEMENT ALGORITHM

Overview

In this section an overview of the mesh refinement algorithm developed in this paper is presented.
The idea is to have a general, problem independent approach to the mesh generation, its topological
structure ”handing” and refinement method, to cover a large area of applications (e.g. Poincarè
sections, apse maps, FTLE maps, ...). Clearly, problem-specific refinement algorithms have better
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performances for the specific application but cannot be applied or extended in a simple way to a
different scenario.15, 16 However, the presented approach is thought to be flexible enough to have
the intrinsic possibility to be tailored on each specific applications while keeping the same backend
structure.

The mesh refinement approach is similar to the one presented in literature by different authors,9

but has some differences in the mesh handling and the possibility to define problem-specific refine-
ment methods and termination criteria. The general features of the algorithm are described hereafter
and then detailed in the following paragraphs.

1. An un-structured mesh is considered, as composed by a list of m, n-dimensional vertexes,
χi. This is preferred since the nature of the mesh allows to initialize the algorithm with any
kind of structured and un-structured dataset. This allow the initial grid to be generated as
simply as possible, with no emphasis to any part of the domain of interest as well as to have
the possibility to implement ridges tracking algorithms.

2. Delaunay triangulation is used to create the create the initial mesh and handle the new points
generated by the mesh refinement algorithm.17, 18

3. The refinement method is specified by:

• a scalar function, called refinement-step function, J (χ, ·) which depends on the spe-
cific problem. Here χ can include states (e.g. positions, velocities) or other parameters
(e.g. TOF, maneuvers magnitudes, ...), while J can be any non-linear function such
that:

J : Rn → R (9)

• a binary relation, B(J , t, ·), which is applied to the refinement-step function value,
and is the heuristic which decide when the refinement step has to be performed or not.
Here t is a set of parameters or threshold values used in the definition of the binary
relation.

B : R× Rq → B, withB = {0, 1} (10)

The following basic binary relations are here considered:
(a) equality relation:

B(J , t) def
= J = t0 (11)

(b) inequality relations:

B(J , t) def
= J > t0 (12)

J ≥ t0 (13)

J < t0 (14)

J ≤ t0 (15)

(c) range relations:

B(J , t) def
= J ∈ [t0, t1] (16)

J ∈ (t0, t1) (17)

• a refinement heuristic, H(B, ·) which define how the refinement step is performed. In
this work the refinement heuristic is based on the centroid of the Delaunay n-simplexes
defined hereafter.
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The n-simplex

In general, the elements of the Delaunay triangulation are (topologically) n-simplexes, geometric
objects that generalizes triangles and tetrahedra to any dimension. For example, a 0-simplex is a
point, a 1-simplex is a line segment, a 2-simplex is a triangle, and a 3-simplex is a tetrahedron.
Specifically, a n-simplex is a n-dimensional polytope determined by convex combination of n + 1
vertices. In particular, consider the n+1 points χ0, . . . ,χn ∈ Rn affinely independent, the simplex
is determined by:19

Sn =

{
θ0χ0 + · · ·+ θnχn

∣∣∣∣ ∑
i

θi = 1 and θi ≥ 0 ∀i

}
(18)

This geometrical object has some peculiar properties and characteristics, as well as different ho-
mological derived objects can be shown to exist depending on the value of n. In this paper, the
2D (n=2, 2-simplex or triangle) and 3D cases (n=3, 3-simplex or tetrahedron) are explored, but the
algorithm can be extended to any arbitrary dimension.

For the sake of clarity, some properties associated to a generic n-simplex are here recalled. In
particular, given the vertexes of the simplex, (χ0, . . . ,χn), it can be shown that:

• the centroid of the simplex can be computed as:

Cn =
1

n+ 1

n∑
i

χi (19)

• the volume of the a n-simplex can be found via Stein rule20 as :

Σn =

∣∣∣∣ 1

n!
det

([
χ0 χ1 . . . χn

1 1 . . . 1

])∣∣∣∣ (20)

• the number of k-dimensional faces the n-simplex has can be recovered via:

nk =
(n+ 1)!

(k + 1)!(n− k)!
(21)

Mesh Refinement Algorithm Structure and Specification

In this section the proposed general mesh refinement algorithm is described step-by-step. For
the sake of clarity, the notation is firstly introduced. In particular, with Ai

k, it is denoted a set A,
composed by k elements, at the i-th iteration of the mesh refinement algorithm. Then, the mesh
refinement algorithm is described hereafter:

1. The algorithm is initialized with :

• an initial discrete set of points, P0
m = {χ0, . . . ,χn}, where P0

m represent a set com-
posed by m, n-dimensional points, χi;

• a refinement-step function, J (χ, ·);

• a binary relation, B(J , ·);
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• a refinement heuristics,H(B, ·);

• a termination criteria, T (·), which can be tailored for the specific problem; in this study,
the refinement termination criteria is based on the i-th step mean simplexes volume to
the initial mean simplexes volume. This ratio is recalled rT and the refinement steps are
stopped whenever rT is smaller than a given threshold.

2. Delaunay triangulation is performed over P0
m, DT (P0

m), resulting in a l-dimensional set of
n-simplexes, i.e.

Q0
l = DT (P0

m) (22)

3. If the termination criteria, T , is not meet, then a refinement step is initialized, otherwise the
mesh refinement steps are stopped.

4. The binary relation B is evaluated for each n-simplex inQ0
l and the refinement heuristicH is

applied whether the binary relation is satisfied. The refinement heuristics, together with the
initial discrete set form the new set of points, P1

m.

5. The Delaunay triangulation is performed over P1
m, obtaining Q1

l . Step 3 to 5 are repeated
until the termination criteria is meet.

For the sake of clarity, an in-depth description of the mesh refinement algorithm is presented for
the 2D case, for its conceptual and visual simplicity. With reference to Fig. 1, once assigned the
refinement-step function and the binary relation for the specific problem, a refinement heuristics
based on the simplexes centroids is considered. In particular given any 2-simplex which has to be
refined:

• its centroid is computed by means of Eq. 19 as:

C2 =
1

3
(χ0 + χ1 + χ2) (23)

the refinement step function is evaluated at C2 and the new point is added to the triangulation.

• k = n − 1 = 1 dimensional faces (edges) of the 2-simplex are recovered. Note that thanks
to Eq. 21 it is possible to know a-priori that the 2-simplex has n1 = 3. The centroid of each
edge is then computed by means of Eq. 19 as:

C1 =
1

2
(χ0 + χ1) (24)

Then either the refinement step function is evaluated at each new point C1 or its value is
computed by linear interpolation. The new points are finally inserted in the triangulation.

Note that procedure here described can be extended to arbitrary dimension simplexes, having as
a degree of freedom the number of k < n dimensions the refinement algorithm has to perform.
Finally, two kind of termination criteria T (·) are considered: the first is based on the mean area of
the elements and is specialized such that given:

Amean = meaniAi = meani

∣∣∣∣12 det

([
χi
0 χi

1 χi
2

1 1 1

])∣∣∣∣ ∀i = 1, . . . , l (25)
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Figure 1: Mesh initialization and refinement step scheme for the 2D case. In this case the domain
is represented by a 2-simplex. The refinement heuristics can be composed by a face refinement step
(2-simplex), an edge refinement step (1-simplex) or both of them.

and given the initial elements mean area A0, then:

T (Amean) = rT ≤ rt (26)

where here rT = Amean/A0 and rt is the desired area ratio threshold. The second, depends on the
min area of the elements:

T (Amin) = rT ≤ rt (27)

where rT = Amin/A0.

CASE STUDIES

In this section, a group of case studies where the proposed mesh refinement method is used as a
basic tool for multibody orbit design is presented and discussed. In order to show the capabilities
of the method as well as the possibility to easily extend the presented procedure to different kind of
problems, the following applicative scenarios are considered:

• Characterization of Earth-Moon L2 Halo orbit disposal trajectories by means of a single ma-
noeuvre.

• Design of LEO to Earth-Moon L2 Halo orbit transfers by means of Lunar flyby.
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Figure 2: EML2 Halo family in the synodic frame, centred at the Moon. In red, the Halo considered
in the Mission Scenario 1, while in green the one considered for the Mission Scenario 2.

Mission Scenario 1: Queqiao Disposal

In this mission scenario, the disposal manoeuvre design of a spacecraft on a EML2 Halo orbit
is presented. With reference to Fig. 2, a EML2 Southern Halo orbit with Az = 14 800 km, Ay =
35 800 km and a period of 14.8 days is considered. The selection is driven by the fact that the
orbit provide (nearly) continuous visibility of both the lunar Far Side and Earth ground stations, get
continuous illumination from the Sun, and requires a little station keeping to be maintained in the
long term. Moreover, a similar orbit will be flown by Cheng’e 4 relay satellite (Queqiao).21 The
disposal trajectories of interest are the ones which impact the Moon or the Earth.

Moon Impact Disposal Strategy The effect of a single impulse manoeuvre, applied in the direc-
tion of the inertial Moon-centric velocity is considered in this study.22 The trajectory is modelled
within the CR3BP considering two parameters:

• The epoch of the manoeuvre, represented by means of the normalized time on the orbit, ε,
varying between (0, 1), such that ε = t/P , where t is the time on the orbit and P its period.

• The signed magnitude of the manoeuvre, ∆V . The direction of the manoeuvre is the inertial
velocity direction.

Thus, the j-th disposal trajectories can be defined as:

Zj(η) = (ε, ∆V ) subject to t ∈ (0, Tf ) (28)

The trajectories are propagated for a maximum time of 60 days and refinement-step function is
structured in such a way the propagation is stopped whenever the trajectory impact the Moon, the
Earth or escape the Earth-Moon system, by assigning an integer value to each event: 0 for Moon
impacts, 1 for Earth impacts, -1 for confined trajectories and -2 for escape trajectories. Regarding
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the binary relation, a range relation condition is chosen as B(J )
def
= J is in (0,1). A termi-

nation condition on the mean area threshold is considered and imposed as rT = 1e-6. The free
variables are restricted to the ranges ε ∈ [0, 1] and ∆V ∈ [−25 m/s, 25 m/s].

In Fig. 3 the results of the analysis in terms of Moon impact trajectories are presented as a function
of the two free variables. Note that the exploitation of the mesh refinement algorithm is extremely
beneficial in this case, since the impact trajectories are well organized in distinct groups, resulting in
a net reduction of the computational load. In fact, this implies that most of the data computed with a
brute-force approach would be useless for this specific application. Two tests have been performed,
varying the initial mesh resolution. A multiprocessing pool of 6, 2.80GHz Intel Core i7-7700HQ
CPU processors is used for all the analysis.

• An high-resolution case, where an initial (75x75) mesh is considered. In this case, the ter-
mination condition is achieved in 6 refinement step, performed in 44.53 min. To achieve
the same result in terms of mean elements area, without the adaptive mesh algorithm, an anal-
ysis of 276.78 min would be required. Thus the proposed algorithm is capable to speedup
the analysis of about 6 times which respect to the brute force approach.

• A low-resolution case, where an initial (20x20) mesh is considered. In this case, the ter-
mination condition is achieved in 7 refinement step, performed in 21.31 min. Note that
this case result in a speedup of 2 times in comparison to the previous case, and the patterns
obtained on the map are really similar to the one of the high-resolution case, as can be seen
comparing Fig. 3a with Fig. 3d.

Then the true advantage of the refinement algorithm is, associated to a coarse mesh initialization,
and its capability to identify the ”target regions” also in case the initial mesh is really wide, allowing
to have insights of the dynamics of the problem in a really fast way. This concept can be pushed
to the limit relaxing the termination condition. In fact, comparing Fig. 3b, where an intermediate
refinement step of the low-resolution case is presented, and the final refined map in Fig 3d, it is
evident that a relaxed value on the termination condition would not impact a lot the global patterns
present on the map. In this case, however, a total time of 107 seconds would be needed to
generate the map (it is approximately 1/25 of the high resolution map refinement time and 1/160
the computational time of high resolution map computed by the brute force approach).

Earth Re-entry Disposal Strategy In order to model Earth re-entry trajectories, the effect of a
single manoeuvre applied in the direction of the Moon-centric velocity is evaluated within the
BCR4BP instead of the CR3BP, to capture WSBs. To ε and ∆V , another parameter is added:
ϑSun, which represent the Sun angular position about the Earth-Moon barycenter. The j-th disposal
trajectories can be defined, in this case, as:

Zj(η) = (ε, ∆V, ϑSun) subject to t ∈ (0, Tf ) (29)

The trajectories are propagated for a maximum time of 180 days in order to account for reversed-
WSB. Refinement-step function, binary relation and termination conditions are considered to be
the same as before. The initial mesh is considered to be of 30x30x30 points with ε ∈ [0, 1],
∆V ∈ [−25 m/s, 25 m/s] and ϑSun ∈ [0 deg, 360 deg).

Fig. 4 present the results obtained by refining the initial mesh for 4 steps, with an overall com-
putational time of 3.2 hours. In this case both Earth & Moon impact trajectories are identified.
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(a) High resolution refined map. (b) Low resolution intermediate refinement step map.

(c) Low resolution refined map. (d) Low resolution refined mesh.

Figure 3: Moon impact disposal options for the selected EML2 Southern Halo orbit, starting the
refinement algorithm with two different initial grid resolution.
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Figure 4: Moon impact (blue) and Earth impact (red) disposal options for the selected EML2
Southern Halo orbit vs free variables.

For comparison, a brute force run with the aim to obtain the same element mean area takes approx-
imately 24 hours, making the analysis performed using the proposed mesh refinement algorithm
7.5 times faster. In this case, Earth re-entry trajectories are extracted. It can be shown that they
are due to the combined attraction of the Earth, the Moon and the Sun, being in the weak stability
region. Note that the R-WSB Earth re-entry trajectories have really tight departure windows associ-
ated, thus resulting in a much less robust solution than the previous one. However, the possibility to
perform a second manoeuvre at the apogee of the trajectory seen from the Sun-Earth synodic frame
can be exploited to finely tune the Earth re-entry.23

Figure 5: Example of Earth re-entry trajectories.
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Figure 6: Transfer cost: fly-by and HOI cost.

Mission Scenario 2: LEO to Halo Orbit Transfer Design

Earth to Halo orbit transfer design can be performed in different ways.24, 25 In this study an indi-
rect insertion strategy is considered: Moon flyby transfers are modelled. With reference to Fig. 2,
the selected Halo orbit has a lower out-of-plane component (Az = 6000 km) than the one consid-
ered for Mission Scenario 1. This simplifies the design of the transfer and enlarges the possible
windows to be exploited. Such an orbit can be used as a parking orbit to easily transfer toward the
other members of the Halo/NRHO family.

Earth-via-Moon Periapse Map The orbit insertion to the selected Halo orbit is performed via
a Moon flyby. To model that, a manoeuvre is placed on the orbit in the Moon-centric velocity
direction, defined by ε, with magnitude ∆Vrv. This manoeuvre is usually called Halo Orbit Insertion
(HOI) in literature and is necessary to enter the Halo orbit from the transfer trajectory. The j-th
trajectory belonging to the Moon periapse map can be then defined as:

Zj(η) = (ε, ∆Vrv) subject to ζ =


t ∈ (0,−Tf )

r̈|apse ≥ 0

hMoon|apse ≤ hthreshold
(30)

In this case the trajectories are propagated backward in time for a maximum TOF of 20 days
and refinement-step function is structured in such a way the propagation is stopped whenever the
trajectory arrives on a Moon periapse, impact the Moon, the Earth or escape the Earth-Moon system,
by assigning an integer value to each event: 1 for Moon periapses within a given maximum altitude,
-1 for Moon impacts, -2 for Earth impacts, 0 for confined trajectories and -3 for escape trajectories.
Regarding the binary relation, a equality ralation condition is chosen as B(J )

def
= J == 1. A

termination condition on the mean area threshold is considered and imposed as rT = 1e-4. An
initial mesh of 40x40 points with ε ∈ [0, 1] and ∆V ∈ [−100 m/s, 50 m/s] is considered. The
mesh refinement algorithm is run until the termination is achieved, in 5 refinement steps and 124
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(a) Periapse map in the synodic frame, with polar axis centred at the Moon.
Here φ taken positive counter-clockwise from the x axis.

(b) Flyby altitude map. (c) TOF map.

Figure 7: Moon periapse map results.
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Figure 8: Example of short-period 500 km-LEO to Halo transfer.

seconds.

In Fig. 7 the Moon periapse map are presented. Note that, again, the proposed adaptive mesh
algorithm is extremely beneficial, since to obtain the same ”accuracy” with a brute force approach, a
simulation of 32.56 min would be needed. From the Moon periapses, then, a second manoeuvre
is applied: it is perfomed in the Moon-centric velocity direction with a magnitude in the range
−100 m/s to 250 m/s. This allows the trajectory to reach the LEO region. In particular, in Fig. 6
the sum of the Moon flyby cost and the HOI cost is shown for the points that reaches an Earth perigee
lower than 1000 km altitude: those results are compatible with the one present in literature,24 which
are in the order of magnitude of 400 m/s. Therefore, the exploitation of a low-altitude lunar flyby,
instead of the manifold, which is usually used in the design of such kind of transfers, reduces the
insertion cost in the range 130 m/s to 300 m/s.

It can be shown that different families of transfers exists. For the sake of clarity an example of
short-period transfer from a 500 km LEO is numerically corrected by means of a multiple shooting
algorithm and presented in Fig. 8. The transfer presented is a ∆V optimal solution between the
short-period family, with an overall ∆V of 3.156 km/s. Lower ∆V solutions exists in the long-
period family,24 but are not presented in this study.

CONCLUSIONS & FUTURE WORKS

In this paper a novel mesh refinement algorithm based on Delaunay triangulation and a customiz-
able refinement heuristics is presented. Its capabilities are explored by means of two case studies:
a Libration Point Orbit disposal and an Earth to EML2 transfer design. In both cases the proposed

14



method is capable to reduce substantially the computational time, enabling the possibility to ex-
plore the state space in a much more efficient way. The algorithm is shown to be extendable to
any arbitrary problem dimension, although the computational time increases exponentially with the
number of dimensions. The proposed method, although being similar to other methods present in
the literature,9 introduces an innovative approach to the refinement heuristics handling as well as
proof to be largely advantageous for different astrodynamics applications.

Future works includes the deployment of the method on GPUs or distributed architectures, to
boost further the refinement algorithm performances as well as to give the possibility to explore
even more efficiently multibody astrodynamical problems.
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