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Introduction

® Orbital Transfers are a fundamental aspect of space mission design;

® 1In complex scenarlos additional considerations are required;

° I;,-_Optlmlzatlon_Problem / Opt|m|zat|on methods

ave utlllzed orbltal resonances for space exploration (JUICE);

'.‘Retrograde mean _o’ue escnan'ces for space exploration (periodicity and close

e encounters)

e Refueling hubs space statlons Lu_ i-i'leﬁiﬂ'sti_bs_and Lunar exploration;
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Introduction

® Oshima (2021,a,b, 2022a) proposed the use of retrograde resonances;

® Oshima presents a novel approach to link Earth and interplanetary space;
8. Previous studies mainly on coorbital retrogra‘de resonances:

Oshlma_( (2021 a b) (2022a) (2025b) ); Carita ( 2025a ,2026a, 2026b );

Available online at www.sciencedirect.com —_—
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Optimal transfers to retrograde mean motion 1/2 and 2/1 resonances
in the Earth-Moon system
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Retrograde Mean Motion Resonance

® Mean Motion Resonances (MMR);

¢ Orbital periods forms simple integer ratio

. * Relrograde orbit (inc > 90 deg):

A GANYMEDE 4.1}
EUROPA 2.1

~ - Morais & Namouni, CMDA 2013
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Bi-impulsive Maneuvers and Transfers

Transfers to 1/-2 and 2/-1

Transfer Trajectory

Transfer Trajectory P P N
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Bi-impulsive Maneuvers and Transfers

e Circular orbit Initial guess;

X =rocose — i
y =rosinx

¢ = —(vog — ro) Sin

y = (vo — ro) cos«

Circular orbit and
escape velocity

(Topputo 'CI\/ID'A201:3) e
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Problem / Solution

® Minimize AV;
* Non-linear problem;

e Departure from a 200 km LEO to retrograde mean motion resonant orbits;
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Metaheuristics methods: Nature-inspired methods

SOURCE: Al

PARTICLE SWARM OPTIMIZATION (PSO) - BEE ANALOGY

START/ ORIGIN -
AGENT / PARTICLE

GLOBAL OPTIMAL REGION
(ghest)
1

LOCAL OPTIMA —— -------

/ REGION LOCAL OPTIMA

REGION

PERSONAL
BEST MEMORY
(pbest) &

Laiy
| AN/

L This study we use Differential Evolution Variants
- (Carita et al, 2026b) related with Evolution
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Optimization Strategy

J(v) = AV + p(|d]) - |d

® Optimization variables and constraints;

¢ Convergence parameter (1e-5);

® (Collision constraints;

| otherwise

. 100 if|ld|| > 107
p(lld]l) = { |
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Targets and Optimization

Target Map (65, =0) Target Map (65, =0)
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Table 2 Configurations for Mg ¢ wp for Q; e : ‘
Configurations (Q;) Mgy : i ity o Opt|mlzat|on SCheme:

2 o - & _DE-Adaptative (60,000 individuals);
0 ~.®. 105,000,000 function calls;
x s ¢ - Two stages.
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Transfers to 2/-1 and 1/-2

>
AV [km/s]

AV [km/s]

Min AV: 3.33 8

40 60 40 &0

4 G0
Time FI' ht [days] : Time of Flight [days]

Case Il [, = 0) ToF = 99,72 days Case IV [, = 0) ToF = 28.99 days Case IV (4, = 1) ToF = 85.07 days

— T =\ 3.2755 kmfs
e~

== SN -
o 248 ¥\ " 4 /
hes |'_/\\"I - [

e, AV = 3.3324 km/s

N
e~~~
| — B\ “‘jr | \ 7 :.__')f/" Y
L
\.‘_\J/

Min AV: 3.33

40 G0
Time of Flight [days]

® Universidade Estadual Paulista m Post-doc Researcher




Energy Integral Index

To isolate the influence of each body, we define the
Energy Integral Index (/;) as the cumulative work per-
formed by a specific body 7 over the flight time ¢,

% Moon

7.07%
0.09%

»Work Contribution -
. Moon Swmg by Contrlbutlo“'
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Yo Moon

Gain (%)

39.80
43.93




Conclusions and Further steps

e 1/-2 and 2/-1 could be relevant for logistical gateways, refueling hubs or resupply stations
(periodicity/close encounters);
o 2/-1is promlsmg due transfer stability and efficient transfers (ranging from 3.25 km/s to 3.37
_ -,km/s)
Lunarclo bys are the maln mechanlsm for reducing the propellant:

res nant orders 3D dynamlcs low-thrust propulsion and escape

p ntr0|d Collision (SECC) (under review in springer

: f-'Optlmlzatlon Methods ‘Social Elastl"
‘Journal Computmg) G
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