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I. MOTIVATION

We aim to develop robotic arms that are purely feedfor-
ward controlled. In such systems, feedback does not come
from sensors, but only from the dynamics of the system.
This will lead to a new generation of robotic arms that
still performs their tasks when feedback is too slow, too
imprecise or even impossible. Since many tasks of robotic
arms consist of highly repetitive motions, we can use the
tools known from limit cycle analysis to find open loop
stable motions. The techniques we are developing are also
relevant for research on walking robots.

II. STATE OF THE ART

To find stabilizing open loop controllers, we want to
use an off the shelf optimal control software package, (i.e.
GPOPS [3]), which is difficult to combine with Floquet
multipliers. This simplest of stability measures, and there-
fore the first candidate for use in an optimization, gives a
condition on the eigenvalues of the numerically computed
linearized Poincaré map:

max |eig(J)| < 1 (1)

Where J is the monodromy matrix. Mombaur et al. [2]
have successfully used this approach to create open loop
stable controllers. However, this approach needs either
a specialized optimization package or a relatively large
amount of computational power. In our own studies, we
found that GPOPS does not find solutions, even for rel-
atively simple problems, such as a 2-DOF robot arm
with springs and dampers on both joints. The problem of
the above measure is the fact that the entries of J are
essentially states that have to be integrated in simulation,
turning an n-state simulation into a problem with (n+n2)
states.

III. OWN APPROACH

Instead of using a Poincaré section, we use the following
condition (related to a theorem from [1]), which guarantees
stability when satisfied:∫ t
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(2)
Where α(M) is the maximum real part of the eigenval-
ues of M , A∗ is the system matrix linearized along the
trajectory and Q can be any invertible time invariant nxn
matrix. This condition has the advantage that it only adds
one state to the optimization, turning an n-state simulation
into a problem with (n+ 1) states, compared to (n+ n2)
states when using a Poincaré map. The downside of the
condition in (2) is that it is conservative.
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Fig. 1. This figure shows the top view of the concept of open loop stable
manipulation for our robot setup. Since there is no feedback available, the
torque signal is a function of time only. Using numerical optimizations we
find torque signals that are result in open loop stable cycles and allow the
robot to perform repetitive tasks. Both the path displayed and the torque
signals are obtained in simulation.

IV. CURRENT RESULTS

Using GPOPS, we found open loop controllers for sim-
ulation models that vary from a single inverted pendulum
to a two DOF SCARA-type arm. The stability condition
(2) can be used as a cost function or as a constraint while
optimizing for e.g. execution time. Fig. 1 shows an example
of an open loop stable cycle we found. Currently, we
are implementing our method on a realistic model of our
robotic arm and we plan to use those results in physical
experiments in the near future.

V. BEST POSSIBLE OUTCOME

The approach discussed above is the first step in devel-
oping a framework for the design of open loop stable con-
trollers. This will result in a robot that performs repetitive
tasks without feedback. The framework should enable our
robot to robustly reach any position in space, in order to
maintain the versatility of current robotic arms, as required
in industrial applications such as palletizing.
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