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Regularization can be understood as a collection of mathematical and dynamical theories that provide an 

improved description of orbital motion. This talk will introduce the basics of regularization, and it will 

discuss the advantages of using regularized formulations when tackling problems of practical interest. In 

particular, we will focus on relative motion, lowthrust mission design, and high-performance numerical 

propagation of orbits. The novel theory of asynchronous relative motion provides a better model of the 

relative motion between spacecraft compared to linear solutions. This new theory is a general concept not 

restricted to any particular formulation, meaning that arbitrary perturbations and nonlinearities can be 

accommodated naturally. To show the versatility of the method, the design of formations leveraging orbital 

perturbations in planetary systems will be discussed. In particular, a spacecraft swarm forming repetitive 

patterns while describing a periodic orbit around Europa will be presented. A new and fully analytic solution 

to the motion under a certain continuous acceleration has been found. This special nonconservative 

perturbation preserves the integrals of the energy and angular momentum. The surprising similarities with 

Kepler’s problem make the resulting solutions (called generalized logarithmic spirals) intuitive to use in 

low-thrust preliminary design scenarios. For instance, the spiral Lambert problem inherits most of the 

properties of the Keplerian case. This shape-based method has been successfully extended to the design of 

three-dimensional orbit transfers. Examples of application will be presented, like finding launch windows to 

Mars. A closer look into the dynamical symmetries reveals the existence of two other promising families of 

orbits. Additional advances transpired thanks to the unconventional modeling of the dynamics. The 

discovery of a new Lyapunov indicator yields a simple method for estimating the time-scale in which chaotic 

problems might be integrated. In addition, the geometry supporting Minkowski space-time is exploited in 

order to derive a new propagator for hyperbolic orbits, which reduces significantly the numerical error during 

the integration of flybys. 
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