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Editorial on the Research Topic

Astrodynamics, guidance, navigation and control (GNC) in chaotic

multi-body environments

Modern space missions are frequently targeted towards new and unexplored regions

of space, such as the region between the Earth and the Moon, which is denoted as the

Cislunar space (NASA, 2020; International Space Exploration Coordination

Group – ISECG, 2018); binary asteroid systems (Rivkin et al., 2021); comets and

other irregularly shaped celestial objects; satellites of other Solar system planets. In all

of these mission scenarios, the spacecraft dynamics is governed by an intriguing, yet

complex and chaotic dynamical environment that is driven by the presence of multiple

and/or non-spherical massive bodies. The gravitational influence of these objects shall be

addressed with methods and techniques that are different from the standard Keplerian

tools available in the classic Two-Body Problem. In recent years, the space community has

shown a renovated scientific and technological interest in mastering the multi-body non-

Keplerian astrodynamics for practical applications. Immediately, new technological and

engineering challenges emerged in order to cope with this uninvestigated portion of outer

space. In particular, the Guidance, Navigation and Control (GNC) and the Propulsive

subsystems developments have been strongly supportive of this endeavor.

Future lunar and solar system exploration missions will be supported by a complex

infrastructure of space systems orbiting in multi-body regions and influenced by chaotic

dynamics (Whitley and Martinez, 2016). They will guarantee continuous human and robotic

presence well beyond Earth orbits, broadcast of communication relay networks, Solar system

exploration and advanced navigation systems. This new space race demands the upgrade of

consolidated space technologies to handle the unique features of multi-body environments, by
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exploiting the chaotic dynamics of the n-body problem and its

different flavors (Howell, 2001; Belbruno, 2018). For these reasons,

this Research Topic is dedicated to articles focused on

astrodynamics, guidance, navigation, and control specifically

leveraging multi-body dynamics, with the purpose to highlight

the most innovative methods, tools, technologies and solutions

about trajectory design and spacecraft control in chaotic multi-

body environments, such as the Earth-Moon system. Indeed, the

latter is one of the most relevant under an applicative point of view

for near-future missions, and most of the submitted research works

took this setting into account. The topic was open to works about

orbital and rotational dynamics, GNC of spacecraft, formations, and

constellations. Moreover, contributions discussing system-specific

aspects, such as instrumentation, GNC architectures and computing

requirements were also encouraged (or welcomed).

One of the most complex challenges in future spacecraft

missions is the autonomous navigation in deep space. In these

regards, the article of Turan et al. proposes a method for the

“Autonomous Crosslink Radionavigation for a Lunar CubeSat

Mission,”which is based on crosslink radiometric measurements,

and it is based on the Linked Autonomous Interplanetary

Satellite Orbit Navigation (LiAISON) method (Hill et al.,

2006). In this case, the non-Keplerian cislunar environment is

beneficial to achieve the ambitious goal owing to the asymmetric

gravity field. The analysis is settled on an Earth-Moon L2 Halo

orbit, with an inter-satellite link between a lunar elliptical frozen

orbiter. The authors prove that the true state can be estimated on

the Lagrangian point orbit with an error in the order of 500 m for

position, and 2 mm/s for velocity, respectively.

Formation flying in space is another interesting area of active

research, which is addressed by Bando et al. in their work on

“Formation Flying Along Libration Point Orbits Using

Chattering Attenuation Sliding Mode Control.” The research

presents a control law to achieve accurate formation flying in

cislunar space, which exploits the mathematical methods that are

closely related with the chaotic multi-body environment

analyses. Indeed, the authors use the eigenstructure of the

linearized flow around a libration point of the Earth-Moon

system to implement a fuel-efficient formation flying

controller based on a chattering attenuation sliding mode

control law. Their results show good performance and

robustness, even in the presence of unmodelled non-linearities

of a simplified Circular Restricted 3-body Problem (CR3BP).

Moreover, they are feasible with existing low-thrust propulsion

capabilities (Rayman et al., 2000; Russell and Raymond, 2012),

showing maximum accelerations in the order of 10−6–10−7 m/s2.

One of the most fascinating problems in chaotic multi-body

environments is the optimization of orbital transfers. Many

consolidated tools exist for Keplerian orbits, but the research

area is very prolific in the case of non-Keplerian settings. Martens

and Bucci proposes a method exploiting “Double Tisserand

Graphs for Low Energy Lunar Transfer Design.” Indeed,

despite Tisserand graphs are a widespread tool for

interplanetary trajectory design, they do not include the

perturbation of bodies other than the fly-by ones. The authors

propose a novel double Tisserand Graph, where the level lines of

both the Earth-Moon and the Sun-Earth systems are

superimposed, portraying the complex 4-body dynamics into

a single plot. The results discussed in this paper show how this

method can be applied to efficiently design Weak Stability

Boundary (WSB) transfers, lunar resonance transfers or lunar

fly-bys. The resulting Δv-s are in the order of few meters per

second, requiring an accurate thrust control (Parrish et al., 2020).

The cislunar space will be deeply exploited to host complex

systems and infrastructures. Thus, the on-board assembly of such

systems will require a sound improvement of proximity

operations capabilities. In these regards, the work of Innocenti

et al. presents a “Dynamics and Control Analysis during

Rendezvous in non-Keplerian Earth-Moon Orbits.” The

authors describe the development of a framework to deal with

rendezvous operations in cislunar space. Their results address

both the dynamics and the system related issues, such as the

influence of actuators and sensors on the GNC performance, and

the impact of failures on the safety of the mission. A close-range

closed-loop guidance method is shown and discussed with

respect to other existing literature works, which already

addressed the topic (Bucci and Colagrossi, 2018; Colagrossi

et al., 2021). The required control effort demands for a great

throttleability of the propulsion subsystem, and it shall be

addressed at system level during the design of future cislunar

space missions.

In summary, the articles in this Research Topic provide an

overview of significant methods that are relevant to the field of

modern astrodynamics and GNC in chaotic multi-body

environments, with particular focus on the cislunar space. The

propulsion systems used in this context will have to take

particular care to the small control actions and to the accuracy

of the thrust output. As evident from the results discussed in this

Research Topic, accurate low-thrust propulsion systems will be

necessary to successfully explore the Earth-Moon system, and

they will play a key role in the future robotic and human

expeditions in the solar system (Crusan et al., 2018).
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