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Abstract. We shall in this contribution consider optimal control problems concerning
the steering of motion of a mechanical system from an initial state to a target state (target
or trajectory control). The motion of the system depends on forces acting as controls and
is represented by a set of ordinary differential equations with load terms. By considering
the equations of motion and the relevant kinematic and kinetic limitations, a constrained
optimization problem can be formulated where the control forces are sought to minimize
a chosen objective function, such as the energy consumption.

A discretization of finite element type in time is introduced, whereby approximations
for the state (coordinates and velocities) and the control (external forces) variables are
introduced. The optimality conditions are expressed in weak form, in particular, the in-
equality constraints are enforced weakly, whereby to what extent the inequality constraints
are satisfied depend on the chosen discretization. The subject of the present work is to
determine the error in the approximate solution compared to the exact solution, in par-
ticular with respect to how well the discrete solution satisfies inequality constraints and
target conditions.

To this end, we employ a posteriori error estimates based on the pertinent dual problem
(from linearization of the weak form) with some modification, whereby discretization er-
rors in both state and control variables can be estimated in terms of chosen goal quantities.
The sources of errors can be traced to specific regions of the state and control time-meshes,
which can be used in an adaptive mesh-refinement procedure since the control and state
variables are discretized separately.

Earlier work on a posteriori error estimation for optimal control problems have been
based on the ”Heidelberg” approach[l’ 3], whereas the present contribution will use our
previous work in error control for parameter identification problems based on a tangent
form of the dual problem 21, Numerical examples indicate that a discretization error in
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the control variable arises in order to ”compensate” for discretization errors in the solution
of the equations of motion.

REFERENCES

[1] R. Becker. Adaptive finite elements for optimal control problems, Habil. thesis, Uni-
versity of Heidelberg, (2004).

[2] H. Johansson, K. Runesson and F. Larsson. Parameter identification with sensitivity
assessment and error computation. GAMM-Mitt., 37, 430-457, (2007).

[3] K. Kraft. Adaptive finite element methods for optimal control problems. Phd. thesis,
Chalmers University of Technology, (2011).



