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Model Predictive Control (MPC) [1] is a model-based feedback control method
for both, linear and nonlinear control systems, with the goal of closed-loop sta-
bility. The feedback law of an MPC control system is based on the iterative
evaluation of finite-horizon optimal control problems (OCPs) for regularly up-
dated initial values x. In the scope of the current study, the OCP is of the
form

min
u∈UT

JT (u) = min
u∈UT

∫ T

0

r(x(s)) + u(s)⊤Ru(s) ds+ V (x(T )) (1)

subject to ẋ(s) = f(x(s)) + g(x(s))u(s) (2)

and x(0) = x ∈ RN . (3)

Using the first-order optimal conditions of this system, called the Pontryagin
Maximum Principle (PMP) [2], the optimal open-loop trajectory x∗

T ( · ) is guar-
anteed to be the solution of a Hamiltonian two-point boundary value problem
of the form

ż∗T (s) = J2N∇zH (z∗T ) with b(z∗T (0), z
∗
T (T );x) = 0. (4)

Here z∗T (s) :=
[
x∗
T (s)

⊤ p∗
T (s)

⊤ ]⊤ ∈ R2N with p∗
T ( · ) being the co-state.

Solving (1)–(3) via the PMP conditions leads to an MPC procedure where (4)
must be solved multiple times with x being the current initial state. The so-
lution generation of (4) should therefore be fast, especially for nonlinear high-
dimensional systems, which is one of the major challenges of real-time capable
MPC. This is where model order reduction can be used to find a quickly com-
putable approximate solution of (4). Since the latter is a Hamiltonian system,
symplectic model reduction [3, 4] can be applied, which preserves the Hamil-
tonian structure throughout the reduction, resulting in a reduced Hamiltonian
that guarantees again preservation of the energy within one iteration of the
MPC procedure. Moreover, this reduction techniques preserves stability prop-
erties under mild assumptions. We refer to this technique as symplectic reduced-
order MPC (SympRoMPC).

The SympRoMPC method is evaluated on two model problems: i) The first
model from [5] describes the optimal transport of a soft tissue, like e.g. a fruit



or piece of meat, with a gripper in a two-dimensional domain while it avoids an
obstacle (see Fig. 1). The state constraints for the obstacle are handled by a
penalty method that introduces some nonlinearities in the cost term in (1) of
the OCP. However, for this model problem the ODE is linear. (ii) The second
model is a nonlinear heat equation of the Zeldovich type describing a combus-
tion process, where the optimal control steers the system towards the constant
zero solution. A more detailed description can be found in [6].

Figure 1: A gripper that transports soft tissue to a target point while avoiding
an obstacle.
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