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The workpiece positioning is of

significance to monoscopic deflectometry

because the reliability of the measurement

is directly determined by it. However,

accurate positioning is difficult to achieve

without the geometrical constraints

provided by additional facilities when

there is uncertainty in the workpiece form.

This problem severely limits the

measuring capability of the monoscopic

deflectometry, and makes the operational

complexity and hardware costs increase

significantly. Thereby, the extra-facility-

free monoscopic deflectometry is

proposed, in which the combination of the

bundle adjustment and Gaussian process

regression (GPR) is used for the

workpiece positioning.

The core idea of the proposed method is

to establish the mapping relationship

between the six motional degrees of

freedom (DOFs) of the workpiece and the

parameterized coordinates of screen pixels

associated with the measured region.

Once the workpiece position is obtained,

the gradient calculation and form

reconstruction can be conducted

accordingly.

➢ Parameterization

Fig. 1. Schematic diagram of parameterization.

The Zernike polynomials, which are an

efficient set of basis functions for fitting

smooth surfaces, are used to fit the

difference between the two sets of screen

pixels, so that the influence of the

position-independent errors can be

suppressed.

➢ Positioning based on GPR

The relationship between the above

Zernike coefficients and the workpiece

positions is established based on the GPR.

Because each dimension of the input

should be weighted differently for the

positioning problem, the squared

exponential (SE) covariance function with

automatic relevance determination (ARD)

is adopted, which can be expressed as
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where D is the dimension of inputs, and σf

and ld are the hyperparameters. After

model training, the actual workpiece

positioning is realized by computing the

associated joint distribution.

➢ Generation of training set

Fig. 2. Generation of surface form.

Numerical simulations are implemented to

generate the training set, based on the

randomly generated workpiece positions

and form errors.
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Experimental results show that the

measurement accuracy of the proposed

aaa

method is less than 1 nm departed from

that associated with the traditional

monoscopic deflectometry, in which a

coordinate measuring machine (CMM)

Carl Zeiss Prismo is used for the

workpiece positioning.

Fig. 4. Monoscopic deflectometry system.

Fig. 5. Measured results.

Summary

• The same level of accuracy as the

monoscopic deflectometry based on

additional precision facilities can be

achieved by the proposed extra-facility-

free monoscopic deflectometry.

• The required training samples can be

conveniently obtained by numerical

simulations.

• The applicable range of the proposed

method is almost the same as that of the

traditional monoscopic deflectometry.
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