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In many engineering applications, numerical integrators for continuous-time
equations of motion of physical systems are usually derived by discretizing dif-
ferential equations. However, the inherent geometric structure of the governing
continuous-time equations and conserved quantities are not preserved in simu-
lations with the traditional integrators.

Variational integrators are numerical methods derived from the discretiza-
tion of variational principles. These integrators retain some of the main geomet-
ric properties of the continuous-time systems, such as symplecticity, momentum
conservation, and also exhibit easily checkable behavior of the energy associ-
ated to the system. This class of numerical methods have been applied to a
wide range of problems in optimal control, constrained systems, power systems,
nonholonomic systems, and systems on Lie groups.

The goal of the research stage is to learn and implement variational integra-
tors for some classes of mechanical systems useful in robotics applications. The
objectives to reach along the research stage are:

• Learn the basic results about Geometric Integration and variational inte-
grators.

• Simulation of dynamical (mechanical) systems using variational integra-
tors.

• Learn about optimal control of mechanical systems.

• Simulation of solutions for optimal control problems using appropriated
variational integrators.

It is recommendable some knowledge about ordinary differential equations
and numerical methods for ODE’s. The student should be familiarized (manda-
tory) with the use of Python or Matlab for ordinary differential equations with
practice at least in the homework assignments of courses of his/her correspond-
ing degree.
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