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Abstract: To realize full-field measurements of the deformation of slender and large specimens, a novel
stereo measurement method based on digital image correlation is proposed. By establishing a joint con-
straint relationship for the multi-camera network, any two CCD cameras can be bound as a whole to com-
plete partial measurements of the specimen for subsequent mapping onto a unified reference coordinate sys-

tem. Consequently, the influence of large nonlinear imaging distortions caused by rough full-field measure-
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ments is diminished, while the effective spatial resolution of the acquired images is maintained. In addi-
tion, an optimized joint constraint relationship accurately restricts the search for stereo matching points be-
tween image pairs to the epipolar line instead of the entire image, thereby reducing the search space and im-
proving the search speed. Moreover, by optimizing the position and altitude parameters between the speci-
men and the multi-camera network, the accuracy of the reconstructed three-dimensional coordinates of the
speckle space is further improved. Finally, the displacement and deformation measurement experiments il-
lustrate the effectiveness of the proposed strategy. Within the spatial range of [0.8 m, 0.5 m, 0.6 m],
the translation measurement error of the target is less than 0. 044 mm and the out-of-plane displacement
measurement accuracy is high ( £0. 06 mm), which meets the application requirements of aircraft ground
physical simulation tests.

Key words: machine vision; multi-camera network; joint constraint optimization; digital image correla-

tion; deformation measurement
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J=2237.1628 [ 0.9866 0.0273  —0.160 8]
vo=102L89711 p 00207 09989  0.0424
k==0.1504 | 0.1618 —0.0385 0.9861 |
R0L95 0 ocs 3193 —3.0889 9.6375 '
y=0.0000 U7 )
0,=0.0000 [ 09869 00239 —0.1594]
9,—0.0000 R,~=|—0.0216 0.9996  0.0162
[ 0.1597 —0.0125 0.9871 |

t=[ —381.5651 3.9365 6.7599 ]"
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A LUK T iZ 2 A LSRR R AT H AR 04 0L 8% I A 5
B o N B AT N T O P S 0 A R E A
A R AL (Hexagon Global SR) 3k =, 4
TR N o = AR AR AL Y Y 900 mm X 2000
mm X 800 mm , Ml & 4> BE R K 0. 2 pm , WK B
0. 84L/400 pm (L Ayl HE ) .
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Fig. 6 Multi-camera network space scene reconstruction
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