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Abstract: Air refractive index fluctuations in high-temperature environments can introduce spurious dis-
placements into digital image correlation (DIC) measurements. Existing single-camera thermal distur-
bance compensation methods are largely restricted to two-dimensional DIC, whereas conventional dual-
camera three-dimensional (3D) DIC is constrained by camera placement and extrinsic parameter stability

when optical access is limited. To address these limitations, a single-camera method for 3D displacement
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reconstruction and thermal disturbance compensation is proposed. Left and right virtual views are generat-
ed using a single-camera, dual-prism pseudo-stereo DIC system to reconstruct 3D displacements. A dual-
channel coaxial projected-speckle compensation scheme is introduced: the blue projected-speckle channel
is used to characterize the thermal disturbance displacement field, while the green sprayed-speckle channel
captures the combined structural displacement and thermal disturbance. Compensation is achieved by sub-
tracting the displacement fields obtained from the two channels. Under pure thermal disturbance condi-
tions, strong agreement is observed between the measured displacement fields, with a Pearson correlation
coefficient of 0. 989 870. In a rigid-body displacement experiment subjected to thermal disturbance, the
root-mean-square error (RMSE) of the mean 3D deformation vector magnitude over the entire loading pro-
cess is reduced from 0. 074 356 to 0. 028 773 mm after compensation. In a high-temperature furnace exper-
iment, the RMSE of the x-direction displacement over the entire loading process is reduced from
0.085 303 to 0. 017 240 mm. These results demonstrate the effectiveness of the proposed method in miti-
gating thermal disturbance errors and establish a feasible approach to non-contact, full-field 3D deforma-
tion measurement in high-temperature environments with restricted optical access.

Key words: digital image correlation; single-camera 3D measurement; thermal disturbance compensa-

tion; projected speckle; dual-channel coaxial configuration
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DIC validation experimental system
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without thermal disturbance
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ence between green and blue channels
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ment with loading step under thermal disturbance
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nitude with loading step under thermal disturbance
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system
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Fig. 11

loading step in high-temperature furnace experiment
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