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Summary

This dissertation investigates the application of advanced control strategies to the field of chop-
per mechanisms for scanning in astronomical observations. To deal with noise sources and en-
vironmental influences during an astronomical observation and for the purpose of mapping an
extended source, it is beneficial to use a chopper mechanism in the optical path of the scientific
instrument which collects the light from the telescope. This mechanism can change the orien-
tation of the beam on the sky (referred to as scanning) without the need to rotate the complete
telescope or secondary mirror. The constant development towards bigger and better telescopes
is reflected on the instrumentation and demands for ever increasing performance requirements
of these chopper mechanisms. The requirements on positional stability, reproducibility and
settling time are extremely high and, from a control perspective, belong to the field of high
performance motion control of nanopositioning mechanisms.

To limit thermal radiation, these mechanisms are often cooled to cryogenic temperatures
(  100 K). This has a huge impact on the design, testing and operation of the hardware. The
use of materials, actuation and sensing principles, lubricants and hinges for instance is limited.
We describe the cryogenic design of the HIFI Focal Plane Chopper and we formulate rules
applicable to the development of cryogenic mechanisms.

The extreme demands on reliability of the hardware hampers the introduction of new mate-
rials and principles in this field of engineering. Application of advanced control strategies does
not require specific hardware development and can form a fast and cost efficient way to further
improve the performance of cryogenic chopper mechanisms.

The motivation for this work comes from the Focal Plane Chopper (FPC) for the Hetero-
dyne Instrument for the Far Infrared (HIFI), which during its development phase confronted
us with a number of challenges to be able to meet its performance requirements. The Mid-
Infrared E-ELT Imager and Spectrograph (METIS) Cold Chopper (MCC) mechanism has pro-
vided a unique opportunity to develop and test advanced control strategies capable of meeting
the demands defined by the METIS instrument and the European-Extremely Large Telescope
(E-ELT). We developed our control strategy in close collaboration with the other members of
the MCCD project team in an integrated design approach. This is an absolute necessity for the
development of such advanced instrumentation.

Typical astronomical scanning profiles combine very fast stepping maneuvers with stable or
slow scan profiles during periods of integration on the source (or background). We developed
a hybrid control method which guarantees output regulation during the integration periods
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of these scan profiles. By performing the step applying feedforward only, we avoid possible
negative influences of the feedback controller on the accuracy of the point-to-point motion. We
provide necessary and sufficient conditions to satisfy the chopper scanning control problem
and we prove that inaccuracy in the feedforward signal can never destabilize the hybrid system
(practical stability).

We tested the performance of our hybrid control strategy on both the HIFI-FPC and the
MCCD mechanism. The HIFI-FPC results show an improvement of 37% in settling time when
applying the hybrid controller instead of the original controller. The applicability of the hy-
brid controller on the MCCD mechanism is limited because of the presence of hysteresis in the
mechanism. The hysteresis is a side effect of the optimization of the VCA design, which was
intended to reduce the inertia of the mirror body. Modelling of the hysteresis provided valu-
able insight about the characteristics of the mechanism, but did not result in a model which was
accurate enough to be used for feedforward design. Inaccuracy in the plant model limits the
performance of any model based feedforward technique and motivated us to test the applica-
bility of repetitive control.

The repetitive controller is insensitive to the non linearities in the system and shows perfor-
mance results which are very close to the stringent requirements set on the MCCD hardware.
We have provided recommendations for final adjustments to the system which we believe will
result in a MCC mechanism which will perform within specification on the final E-ELT METIS
platform.

The herein developed hybrid control strategy forms an addition to the field of high perfor-
mance motion control and can be applied as an alternative to existing methods whenever fast
reference profiles (w.r.t. the closed loop system bandwidth) have to be tracked.


