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ABSTRACT

ABSTRACT

Fringe Pattern Profilometry (FPP) based on Digital Fringe Projection (DFP) is a
promising optical noncontact three-dimension (3D) profile measurement technologies
due to its accuracy and flexibility. Popular FPP approaches retrieve the 3D profile
information using the detection of phase difference, called the Phase Difference
Estimation (PDE). Recently, a new kind of FPP approach, referred to as Spatial Shift
Estimation (SSE) is introduced, which retrieves the 3D profile information using the
detection of spatial shift instead of phase different. Compared with PDE approaches,
SSE approaches are advantageous in that the projected fringe patterns do not need to be
sinusoidal, and thus accurate reconstruction can be obtained even when nonlinear
distortions exist on the fringe patterns. However, efficient implementation of SSE

approaches is still an issue.

This thesis work aims to implement the SSE approach for 3D profile measurement
based on digital fringe projection. Firstly, a DFP system is designed and adopted in
our laboratory, which is utilized as an experiment platform for the work presented in
this thesis. SSE approaches are implemented on the system. Some problems
associated with the implementation are studied and solved, including elimination of
noise and distortion in the fringe patterns. Furthermore, an improved Inverse Function
based Shift Estimation (IFSE) method is proposed to improve the performance of SSE

approaches.

Secondly, shift unwrapping problem associated with SSE is investigated. Through
reviewing the phase unwrapping problem in PDE based FPP, we indicate that a similar
shift unwrapping problem also exists in SSE approaches. A method for solving the
problem has been proposed and the experiment results are presented to demonstrate the

effectiveness of the proposed method.



ABSTRACT

Finally, the research is carried out to improve the efficiency of SSE approaches. SSE
approaches have the advantages that the projected fringe patterns are no longer required
to be sinusoidal nor periodic. Therefore, we can choose a fringe pattern which has
strong counter-interference capability against the noise and nonlinear distortion with
simple implementation. Based on analysis of the limitations of traditional sinusoidal
fringe, we propose to use sawtooth fringe pattern. Theoretical analysis has been given
to evaluate the complexity of the proposed sawtooth fringe pattern based algorithms,
and practical experiment are performed at last to prove the efficiency of this proposed

fringe pattern.
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