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Introduction：
Three-dimensional (3D) shape, deformation measurement and strain analysis
of objects for analysis of structural mechanics, material science and bionics
has become increasingly important. Optical measurement methods are
widely used due to its high-accuracy and non-contact characteristics.

The fringe projection profilometry (FPP) method has the ability to
reconstruct the 3D shape with high robustness and high precision, but it is
not enough for the accurate calculation of deformation. In contrast, digital
image correlation (DIC) can provide correspondence between points before
and after deformation.
Combination of FPP and DIC:
• Tay and Quan used Fourier transform profilometry (FTP) to reconstruct

the shape and out-of-plane displacement, and DIC to calculate the in-
plane displacement.

• Shi et al. used phase measurement profilometry (PMP) to reconstruct the
shape of the surface, and calculate the in-plane displacement using DIC.

If the test object undergoes considerable out-of-plane motion, the in-
plane displacement calculation at different height will deviate.
We proposed a DIC-assisted FPP method for 3D shape and deformation
reconstruction and strain calculation of complex objects. In this method, FPP
is used to reconstruct the 3D shape of dynamic objects, and DIC is only used
to find the point-by-point correspondence on the image at different times.

Principle：
 Shape and deformation measurement based on FPP system

FPP system with tripartite phase unwrapping (Tri-Pu) algorithm  is used to 
obtain the 3D shape of dynamic scenes. The principle and the pictures to 
be projected are shown in Fig. 2.

The principle of 3D deformation calculation is shown in Fig.3, in which the 
DIC algorithm is used for corresponding point matching.

 Strain calculation

Where ∂Δx/∂u refers to the derivative of the displacement with 
respect to pixel coordinates, such a calculation is easy to perform due 
to the uniform distribution of pixel u. The pixel coordinates are linearly 
related to the 3D coordinates point by point and are obtained by 
camera calibration.

Conclusion:
 Using FPP to calculate 3D shape, and obtain the precise 

displacement with the aid of DIC.
 Introducing the chain rule to differentiate the displacement data to 

obtain the normal and shear strain.
 From experiment, this method can perform shape recovery, 

deformation measurement, and strain analysis on dynamic and 
complex structures.
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Experiment：
 Shape, deformation and strain measurement using DIC-assisted 

FPP

• Throwing the elastic ball to the barbed wire, we took a series of
images, which are analyzed and calculated, and got the result as
shown in this figure.

• The result demonstrated that the proposed method can
simultaneously achieve 3D shape, deformation and strain
measurement on the complex dynamic scene.
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Fig. 2. Shape measurement based on a FPP system. 

Fig. 1. Application of 3D shape, deformation measurement and strain analysis 

Fig. 3. Schematic diagram of deformation calculation.

Fig. 4. Experimental results on complex scene of flying elastic ball towards to grids.
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