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Design and application of 3D target for stitching in shape vision measurement
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(1. School of Mechatronic Engineering and Automation, Shanghai University, Shanghai 200072, China;
2. School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China)

Abstract: A three-dimensional (3D) target for point clouds stitching with regular hexagonal prism shape is designed, and the 6
chessboard corners on the six sides of the target are used as the global control points. Based on close-range photogrammetry, six element
models of the 3D target are built. Through calculating the relative positions among camera stations in every model, the local coordinates
of the chessboard corners in related model are derived. Taking common chessboard as the medium, the transformation relationship of
coordinate systems for the neighboring element models is determined. The global coordinate system is built on chessboard number 1, and
the homography matrix between the chessboard plane and its image plane is derived, so that the transformation relationship between
global coordinate system and the local coordinate system of the element model, in which the chessboard number 1 is located, is
determined. Then, the transformation relationship between the global coordinate system and the local coordinate system of each element
model is derived one by one; and the global coordinates of all target corners are calculated. Afterwards, the SBA ('sparse bundle
adjustment ) algorithm is used to obtain the accurate values. Taking the distances between the chessboard corners on glass surface as the
evaluation index, the stitching precision is better than 0. 15 mm/m. The stitching experiment based on the 3D target for stitching shows
that the local point clouds of the four sub-area on the solid model surfaces can be precisely stitched into a whole point cloud. Compared
with the stitching methods based on global control points and plane target, the proposed method has higher stitching precision.
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Fig.1 3D target for stitching
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Fig.2 Six element models of the target
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Table 1 Chessboard distribution in six element models
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Fig. 8 The stitching experiment scene of the solid model
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of the four sub-areas of the solid model
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The stitching model based on the

global control points and plane target

PRI IR AR U 3 2 7359 49 B S A B 1 A
HER D EHRIATR L, L I 22 A 0 A Re sl B 12 fms,
Ik B Rz 28 A e FE T R T 05 Ao HAR R
W3 R, Ik A XL 2 i 22 1) 73 A S L 4E - 0. 535 ~
+0.663 mm,fif B 8> —0.837 ~ +1.216 mm,A F1 B [1§
MR ZELERHE P FI{E 23 50 2 0. 212 F10. 612 mm, X
FEIFFWA SR M BHE T A BA S I BRI . 7
P, EEAAE P 1) Tk AR BR R RHZ,
X ) — 5 XA B R B T N Z A AR 2 5k A,
M7k B AXREAR IO 5K 8 A 52) J7 ik A 1 B ad i
B — BRI ADRE AT ORI B S S — Bl 2 R AR R
7595 B W 28 = Y AR AR 8, e 7 HE R ) SRR

o

K12 PRPDT B L 280 HE

Fig. 12 Comparison of the point cloud deviations
for methods A and B
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Table 3 Point cloud deviation data for methods A and B
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