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Coreless linear motors
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• Generate direct linear motion
• Two main parts

– Stator: 2 magnet arrays
– Translator: coil array

• Applications: pick and place machines, scanners, lithography 
machines…



• High accuracy control requires an accurate model
• Identify the model of a coreless linear motor based on measurement data

• Existing identification methods require current measurement, position
measurement and force measurement (known load force)

Research problem
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Research objective:
To identify the model of a coreless linear motor based on current and 
position measurement data.
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• Data generating system

System description
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• Linear dynamics

• Static nonlinearity

where

Model structure
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• Model structure

• Problem statement: 
Given N samples of input-output measurements ௧ୀଵ

ே , identify 
the unknown parameters

The internal signal is unavailable.

Problem statement
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• Closed-loop data correlation between input and output the simple 
least squares (LS) estimate is biased.

Solution: instrumental variable (IV) framework

• Nonlinear dependency on the unknown noise-free output 

biased IV estimate

Solution: bias-correction scheme

Challenges
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• Consider a linear-in-the-parameter predictor

• Find that minimizes the prediction error

• Least squares (LS) estimate

• Instrumental variable (IV) estimate

where

Instrumental variable framework
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• The IV estimate is said to be consistent if

• The IV estimate is consistent if the following conditions are satisfied

• C1 is satisfied if the system is sufficiently excited and is well 
correlated with 

• C2 is satisfied if is uncorrelated with the measurement noise and the 
predictor ଴ is selected appropriately

Consistency of IV estimate
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• Model structure

• Nonlinear autoregressive exogenous (NARX) predictor

where

NARX predictor
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• Assumption: ௬ is a zero-mean white noise with a symmetric 
probability density function.

• Condition C2 

where ௘೤ is the characteristic function of ௬

• When ௬ is small compared to the magnet pole pitch ௣, then the bias 
is negligible because ௘೤ ௡ is very close to 1

Consistency analysis
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• Bias-corrected predictor

where

Bias-corrected predictor
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• Condition C2

• The resulting IV estimate is consistent

Consistency analysis
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• Static nonlinearity

• Linear dynamics

• Magnet pole pitch 
௣ mm

• White Gaussian noise, 
zero mean, µm

Example
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Example
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Static nonlinearity Linear dynamics
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• Identification of linear motors has two main challenges
– Closed-loop data
– Nonlinear dependency on the unknown noise-free output

• The first challenge is addressed by using the IV framework
• The second challenge is addressed by selecting appropriate predictor

– NARX predictor
• small bias
• does not require knowledge of the statistical property of measurement 

noise

– Bias-corrected predictor
• consistent
• require knowledge of the statistical property of measurement noise

• The method can be applied to other electrical machines
• Future work: improve statistical efficiency of the method

Conclusions
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Thank you for your attention!
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