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Mathematical model controls a
micromanipulation system more accurately

January 14 2015

A capacitance gauge (top left) measures the accuracy of a micromanipulator
system (bottom right), which is controlled by an enhanced analytic forward
model. Credit: A*STAR Institute for Infocomm Research

A mathematical model can improve the accuracy and repeatability of a
positioning system by learning to anticipate tiny errors in its movements,
show A*STAR researchers.

Micromanipulation systems are used to control objects' positions with
exquisite precision and play a vital role in applications such as telescopes
and laser communication. Most rely on feedback sensors to reach the
desired position, but these sensors introduce a time lag that can reduce
the accuracy in applications requiring rapid responses. Although analytic
forward models (AFMs) can be used to predict when positioning errors
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might occur and compensate for them in advance, they must be
extremely accurate and uniquely tailored to a particular
micromanipulation system.

Now, Yan Wu of the A*STAR Institute for Infocomm Research in
Singapore, in collaboration with colleagues from the Harbin Institute of
Technology in China, has developed a system that combines both
approaches. The team created a machine learning algorithm that can

improve the accuracy of its analytic control model based on sensor
feedback.

Their enhanced analytic forward model (EAFM) combines a simple
AFM with a 'heteroscedastic Gaussian process (HGP) algorithm, which
compensates for any residual difference between the AFM's output and
the desired position.

The team built a tip—tilt micromanipulation system that uses four
piezoelectric drivers to change the position of its platform. These drivers
can move the platform up to 32 micrometers, and position it with an
accuracy of 10 nanometers. A capacitance gauge located next to the
platform can measure its position to within one nanometer (see image).
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Yan Wu from the A*STAR Institute of Infocomm Research in Singapore.
Credit: A*STAR Institute for Infocomm Research

The researchers trained the HGP algorithm by running 125 random
control signals through their micromanipulation system. It learned to
make probabilistic predications that could compensate for errors in the
AFM's output.

The team then tested the system with 30 different control signals, which
were intended to move the platform by up to 28 micrometers. In every
case, the EAFM system achieved smaller positioning errors than the
AFM alone. And in trials of continuous movement, where the platform
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had to hit a series of four different points over a brief time, the EAFM
outperformed the AFM in all but one of ten tests.

"All the experiments demonstrated that the AFM has errors with a very
large variance (between 1 and 8 micrometers), whereas the EAFM keeps
the errors at around 1 micrometer or less," says Wu. "We are now
putting this micromanipulator platform into a laser communication
system, while investigating methods to further reduce the steady-state
errors."

More information: Su, Y., Dong, W., Wu, Y., Du, Z. & Demiris, Y.
Increasing the accuracy and the repeatability of position control for
micromanipulations using heteroscedastic Gaussian processes. 2014
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