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Abstract

this study, we recognize points on 3D edge contour lines (ECLs) from MPs of a surface. First, the position features of the

Three-dimensional (3D) imaging technology obtains massive points (MPs) of a surface in a very short time. In

points on the ECLs, which are called edge contour points (ECPs), are analyzed, and it is proposed to detect ECPs from
the vertical section lines (VSLs) of the ECLs. Then, the position of an ECP needs to be calculated based on the middle
point of the chamfered arc (MPCA) on a VSL. Considering the distribution character of points on the CA (PsCA), three
methods are proposed here to recognize the MPCA: parabola fitting for its vertex method, calculating the accumulated
normal angle (AcNA) of each PsCA for the point whose AcNA is closest to the half central angle of the CA, and
calculating the approximate arc length (AAL) of each PsCA for the point whose AAL is closest to the half arc length of the

CA. Finally, the effectiveness and accuracy of the three methods are verified on several ECLs.
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ECL : edge contour line ;
VSL : vertical section line ;

VP : vertical plane ;
ECP: edge contour point
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Fig. 1 Edge contour point on a vertical section line (VSL.)
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Fig. 2 Small chamfered arc (CA) in the point cloud data of

sharp intersection areas of surfaces
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CA: chamfered arc;
ECL: edge contour line;
MPCA : middle point of the CA
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Fig. 3 Relative position of the point on the middle line of the CA with the point on an edge contour line (ECL). (a) Positions of the
middle line of the CA and the ECL; (b) position offset of the middle point on the CA relative to the point on the ECL
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section line
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Fig.4 Three kinds of distribution character of the practical points on the CA. (a) The large chamfered arc; (b) small and smooth

chamfered arc; (c) small and jumping chamfered arc
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Fig. 5 Flowchart of the parabola fitting for its vertex (PFV) method
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Algorithm: Recognizing the point whose accumulated normal angle is closest to the half central angle of the chamfered arc

Input: Points on a vertical section line, labelled as G', who contains points on a chamfered arc (CA), and the normal of
each point is known;
The central angle of the CA, labelled as 6;
The initial value of a normal angle threshold is equal to z, labelled as TAN;
Start:
1 Identifying the two endpoints of the CA from G’, which are labelled as PS, PE respectively;
2 The points between endpoint PS and endpoint PE on group G'are the points on the CA, which is labelled as GA".
Supposing that the group GA' contains s points, and s>2;
3 FOR il FROM I TO s-1
Calculating the normal angle of the i1th point and (i1+1)th point on the group GA', which is labelled as NA(i1);
END
4FOR 2 FROM 1 TO s-1 o
Calculating the accumulated normal angle of the i2th point, which is equal to 2 NA (i),, labelled as FA(i2);
END a
5FOR i3 FROM I TO s-1
DEV(i3)=|FA(i3) - 0/2|;
IF DEV(i3)<TAN THEN
TAN =DEV(i3); TL=i3;
END
END
6 The (7L -1)th point of group GA'is the edge contour point;
Finish and Output: The edge contour point on the vertical section line G".

P63k i) SRR e £ 2 58 A 0 53l 1k 1 P A1
Fig. 6 Pseudocode of recognizing the point whose accumulated normal angle is closest to the half central angle of the
CA (CHCA) method
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Fig. 7 Flowchart of recognizing the point whose approximate arc length is closest to the half arc length (HAL) of the CA method
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Fig. 8 Tested templates and to-be-recognized ECLs. (a) Template 1; (b) template 2
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Fig. 9 Meshed point cloud data of tested templates.
(a) Template 1; (b) template 2
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Table 1 Distance deviation of the recognized points of the

CHCA method unit: mm
ECL Minimal Maximal Standard
deviation deviation deviation
Circle 1 —0.11 0.09 0.06
Circle 2 —0.12 0.07 0.06
Circle 3 —0.10 0.08 0.06
Rectangle —0.13 0.07 0.07
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Fig. 10 Recognized points of the CHCA method
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Fig. 11 Recognized points of the HAL method
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Table 2 Dimension error of the recognized points of the

HAL method unit: mm
Parameter  CMM result Recognized Error afte‘r
result compensation
R(4) 3.12 3.14 —0.01
R(5) 3.12 3.12 —0.03
R(6) 3.09 3.13 0.01
R(7) 3.12 3.14 —0.01
D(4,5) 324.21 324.25 0.04
D(5,6) 324.58 324.58 0.01
D(6,7) 324.62 324.69 0.07
D(7,4) 323.96 323.95 —0.01
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