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Abstract In order to reduce the influence of the joint error of three-dimensional (3D) laser scanner's multi-sensor
point cloud, a simple method to correct the joint error layer by layer is presented, which is based on a columnar
standard detected object. The standard detected object is scanned, and the scanning data are fitted to get each
section’s coordinate of the circle center. The section’s true value circular function is got by using the actual radius of
the cylinder. Translational rigid transformation between each layer's measured data and true value circular function is
done to get this layer's joint error and corrected value. In order to reduce the influence of random error, repeated
measurements are done., and the average corrected value is calculated. Then, some verification experiments are
conducted on the measured data of cylinder, cuboid and plaster mannequin, which are placed in different locations.
The comparison of stitching result between before and after the correction is made from two aspects of ocular
observation and quantified data analysis of sampling sections. The results show that the corrected point cloud can joint
together more smoothly, and the relative errors of measured data become lower prominently.
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Table 1 Corrected value and residual sum

of squares of different rigid transformation types

Rigid transformation type M /(O D, D, Ey:
i=1
Rotation and translation 1. 211 —0.003 0.002 1.237X10°°
Rotation 3.271 0. 000 0. 000 4.076X107°
Translation 0. 000 —0.003 0.003 1.237X107°¢
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Fig. 2 Corrected effect comparison chart of cylinder section data with different rigid transformation types.

(a) Before correction; (b) after translation and rotation correction; (c) after translation correction
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Fig. 3 Corrected effect comparison chart of cuboid section data with different rigid transformation types.

(a) Before correction; (b) after translation and rotation correction; (c) after translation correction
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List of circle fitting diameter comparison between before and after correction in three sites

Before correction After correction

Before correction

After correction Before correction After correction

Zw/mm at s; at s, at s, at s, at ss at s;
D/mm R./% D/mm R.,/% D/mm R.,/% D/mm R./% D/mm R/% D/mm R./%
—0.0 186.1 5.4 179.0 1.4 184.2 4.4 178. 6 1.2 184.8 4.7 178.7 1.2
—203.1 183.6 4.0 178. 8 1.3 183.9 4.2 179.0 1.4 183.4 3.9 178. 6 1.2
—403.0 182.9 3.6 178.6 1.2 182.1 3.2 178. 6 1.1 181.8 3.0 178. 3 1.0
—602.9 183.7 4.1 178.7 1.3 181.8 3.0 178.8 1.3 182.2 3.2 178.8 1.3
—802.8 182.1 3.2 178.9 1.4 180. 8 2.4 179.0 1.4 180. 8 2.4 178.3 1.0
—1002.7 181.1 2.6 178.9 1.4 180. 7 2.4 178.9 1.4 180. 3 2.1 178.5 1.1
—1202.6 181.3 2.7 178.8 1.3 181.1 2.6 178.7 1.2 180.9 2.5 178.2 1.0
—1402.5 181.4 2.8 178.9 1.4 179.7 1.8 178.7 1.2 180.1 2.1 178. 4 1.1
—1602. 4 180. 6 2.3 178.5 1.1 179.7 1.8 178.5 1.1 179. 6 1.8 178.3 1.0
Mean 182.5 3.4 178.8 1.3 181. 6 2.9 178.8 1.3 181.6 2.9 178.5 1.1
23 s BRI ER R S GEEELA H R P
Table 3 Circle fitting diameters of inner and external convex hulls and the mean value of them
after correction in site s
Inner convex hull External convex hull Mean value
Z./mm
D /mm R./% D /mm R./% D /mm R./%
—0.0 174. 8 —1.0 179.0 1.4 176.9 0.2
—203.1 174.9 —0.9 178.8 1.3 176.9 0.2
—403.0 175.0 —0.8 178. 6 1.2 176. 8 0.2
—602.9 175.1 —0.8 178.7 1.3 176.9 0.2
—802.8 174.9 —0.9 178.9 1.4 176.9 0.2
—1002.7 174.9 —0.9 178.9 1.4 176.9 0.2
—1202.6 175.1 —0.8 178. 8 1.3 177.0 0.3
—1402.5 174.9 —0.9 178.9 1.4 176.9 0.2
—1602. 4 175.1 —0.8 178.5 1.1 176. 8 0.2
Mean 175.0 —0.8 178. 8 1.3 176.9 0.2
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Fig. 7 Corrected effect comparison chart of different cylinder sections at s;.

(a) Section of Z, = — 203. 1 mm before

correction; (b) section of Z, = —203. 1 mm after correction; (c¢) section of Z, = —802. 8 mm before correction; (d)

section of Z, = —802. 8 mm after correction; (e) section of Z, = —1402. 5 mm before correction; (f) section of Z, =

—1402. 5 mm after correction
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Table 4

List of fitting perimeter comparison between before and after correction in three sites

Before correction After correction

Before correction

After correction Before correction After correction

Zw/mm at s, at s, at s, at s, at s3 at s;
P/mm R./% P /mm R./% P/mm R./% P/mm R./% P/mm R./% P/mm R./%
—203.1 454.5 4.3 442.6 1.5 450. 9 3.4 441.3 1.2 453.5 4.0 441.8 1.3
—802.8 449.0 3.0 442.8 1.5 447.6 2.7 441. 4 1.2 446. 2 2.3 444.7 2.0
—1402. 5 445.5 2.2 441.5 1.3 447.3 2.6 443.5 1.7 444.3 1.9 441.4 1.2
Mean 449.7 3.1 442.3 1.4 448. 6 2.9 442.1 1.4 448.0 2.8 442.6 1.5
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Table 5 Fitting perimeters of inner and external convex hulls and the mean values of them after correction in site s;

Inner convex hull External convex hull Mean value
Z./mm
P /mm R./% P /mm R./% P /mm R./%
—203.1 424.2 —2.7 442.6 1.5 433. 4 —0.6
—3802.8 421.8 —3.3 442. 8 1.5 432.3 —0.8
—1402. 5 422.7 —3.1 441.5 1.3 432.1 —0.9
Mean 422.9 —3.0 442. 3 1.4 432.6 —0.8
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Fig. 9 Corrected effect comparison chart of three sections at s;. (a) Section of Z, = —203. 1 mm before correction; (b)

section of Z, =—203. 1 mm after correction; (c) section of Z, =—802. 8 mm before correction; (d) section of Z, =

—802. 8 mm after correction; (e) section of Z,=—1402. 5 mm before correction; (f) section of Z, = —1402.5 mm
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Fig. 10 Corrected effect comparison chart of three sections at s,. (a) Section of Z, = —203. 1 mm before correction; (b)

section of Z, = —203. 1 mm after correction; (c) section of Z, = —802. 8 mm before correction; (d) section of

Z,=—802. 8 mm after correction; (e) section of Z, = — 1402. 5 mm before correction; (f) section of Z, =

—1402. 5 mm after correction
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Fig. 11 Corrected effect comparison chart of three sections at s;. (a) Section of Z, = —203. 1 mm before correction; (b)

section of Z, = —203. 1 mm after correction; (c) section of Z, = —802. 8 mm before correction; (d) section of

Z.=—802. 8 mm after correction; (e) section of Z, = — 1402. 5 mm before correction; (f) section of Z, =

—1402. 5 mm after correction
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