
Exploiting Retrograde Mean-Motion 
Resonances for Spacecraft Trajectory De-
sign in the Bicircular Restricted Four-Body 

Problem

Universidade Estadual Paulista Post-doc Researcher

Dr. Gabriel Antonio Caritá

UNESP / IGCE 

FAPESP - Grant : 
2025/07596-3



Introduction

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

● In complex scenarios, additional considerations are required;

● Optimization Problem / Optimization methods;

● Several missions have utilized orbital resonances for space exploration (JUICE);

● Retrograde mean motion resonances for space exploration (periodicity and close 

encounters);

● Refueling hubs, space stations, Lunar logistics 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;

● Previous studies mainly on coorbital retrograde resonances:

Oshima ( (2021,a,b), (2022a), (2025b) ); Caritá ( 2025a ,2026a, 2026b ); 

● This study focuses on 2/-1 and 1/-2 MMR resonances;
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BCR4BP
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Retrograde Mean Motion Resonance
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● Mean Motion Resonances (MMR);

● Orbital periods forms simple integer ratio

● Retrograde orbit (inc > 90 deg);

Morais & Namouni, CMDA 2013
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2/-1 and 1/-2 MMR 
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Transfers to 1/-2 and 2/-1

Bi-impulsive Maneuvers and Transfers
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Bi-impulsive Maneuvers and Transfers

● Circular orbit Initial guess;

(Topputo CMDA 2013)
Circular orbit and 
escape velocity
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Problem / Solution

● Minimize ΔV;

● Non-linear problem;

● Departure from a 200 km LEO to retrograde mean motion resonant orbits;

● Transfers up to ~110 days
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Metaheuristics methods: Nature-inspired methods
SOURCE: AI 
GENERATED

This study we use Differential Evolution Variants 
(Caritá et al, 2026b) related with Evolution



Universidade Estadual Paulista Post-doc Researcher

Optimization Strategy

● Optimization variables and constraints;

● Convergence parameter (1e-5);

● Collision constraints;



Universidade Estadual Paulista Post-doc Researcher

Targets and Optimization

1/-22/-1

● DE-Adaptative (60,000 individuals);
● 105,000,000 function calls;
● Two stages.

● Optimization Scheme:
Solar Sensitivity



Universidade Estadual Paulista Post-doc Researcher

Transfers to 2/-1 and 1/-2
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Energy Integral Index

2/-11/-2

● Work Contribution
● Moon Swing-by Contribution
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Conclusions and Further steps

● 1/-2 and 2/-1 could be relevant for logistical gateways, refueling hubs or resupply stations 
(periodicity/close encounters);

● 2/-1 is promising due transfer stability and efficient transfers (ranging from 3.25 km/s to 3.37 
km/s) ;

● Lunar close flybys are the main mechanism for reducing the propellant;

● Further steps : Higher resonant orders, 3D dynamics, low-thrust propulsion and escape 
trajectories.

● Optimization Methods - Social Elastic Centroid Collision (SECC) (under review in springer 
journal Computing)



Universidade Estadual Paulista Post-doc Researcher

Few References
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Thank you!
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