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High precision structural light scanning viewpoint planning for aircraft

blade morphology
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Abstract: The machining quality and detection accuracy of aero-engine blades have a very important influ-
ence on their service life of blades. To improve the accuracy of blade detection, a high-precision scanning
viewpoint planning method based on structured light is proposed in this paper. Firstly, coarse model data was
obtained by coarse scanning under the overall size of the blade, and the field of view was determined accord-
ing to the camera resolution and acquisition accuracy. Secondly, an improved Angle Criterion algorithm was
used to extract the boundary, and the boundary segmentation points were determined according to the bound-
ary coordinates and the range of the visual field. The coarse model was sliced by the section line method for a
surface, and the internal segmentation points were determined according to the slice results to complete the

uniform segmentation of point clouds. Then, a directed bounding box was established for the segmented
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point cloud data to obtain the coordinates of the center point, and the normal vector was statistically analyzed
to determine the orientation of the main normal to generate the viewpoint coordinates for high-precision scan-
ning. Finally, the surface morphology of the blade was tested and verified. The experimental results show
that the average standard deviation of the proposed method is reduced by 0.0054 mm and the collected view-
point is reduced by 1/3 compared with the viewpoint acquisition result of the supervoxel segmentation, which

has good application prospects in the machining inspection of thin-walled blades.
Key words: viewpoint planning; boundary extraction; point cloud segmentation; normal vector statistics;

thin-walled blade
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Fig. 13 Calculation and statistical graphs of normal vector
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(b) Acquisition of results
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Fig. 14 Acquisition diagrams of blade in 160 mmx=128 mm
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(b) Supervoxel segmentation results
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Fig. 15 Block diagram of blade point cloud
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Tab.2 Coordinate values of bounding box

center point (Unit: mm)
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(a) Acquisition results from viewpoint 1 (b) Acquisition results from viewpoint 2 (c) Acquisition results from viewpoint 3

(d) 4 (® 5 () 6

(d) Acquisition results from viewpoint 4 (e) Acquisition results from viewpoint 5 (f) Acquisition results from viewpoint 6
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Fig. 16 Viewpoint acquisition results of the proposed method
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(2) Acquisition results from viewpoint 1 (b) Acquisition results from viewpoint 2 (c) Acquisition results from viewpoint 3
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(d) Acquisition results from viewpoint 4 (e) Acquisition results from viewpoint 5 (f) Acquisition results from viewpoint 6

S

@ 7 (h) 8 0] 9
(g) Acquisition results from viewpoint 7 (h) Acquisition results from viewpoint 8 (i) Acquisition results from viewpoint 9
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Fig. 17 Viewpoint acquisition results of supervoxel segmentation method
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Tab.3 Deviation analysis table of experimental data acquisition results
I 2253 (mm) {25 544 (mm)
-
LEZIN +/~: 0.873 4/~0.603 7 mm
pulLisg +/-:0.086 8/-0.099 4 mm
R~f :0.0839 mm
R :0.086 3mm
ARG EN T TR RS Rl 22 73 Bt A AT E I R LSS A 22 53 H
p==vi /I . S X .
FLTEIA a0 i nm) tiem  EEEER i) AR (o)
3D 3D
i) +/-: 0,553 4/-0.132 0 mm E +/-: 0.530 6/-0.722 2 mm
+/-:0.057 5/-0.055 4 mm = +/-:0.038 3/-0.044 3 mm
1 :0.0554 mm 1 :0.068 0 mm
RMS :0.055 5 mm RMS :0.068 0 mm
3D
i) +/-:0.233 1/-0.316 4 mm £ :0.709 1/-0.697 1 mm
+/—:0.058 2/-0.056 2 mm :0.029 1/-0.057 9 mm
2 :0.058 1 mm 2 :0.062 0 mm
RMS :0.058 5 mm :0.062 1 mm
W 0.745 2/-0.690 9 mm
I 0.032 3/-0.052 8 mm
N 3D 3 :0.0654 mm
F +/-:0.097 6/-0.112 5 mm - 0,065 6 mm
P +/~ 0.052 4/~0.053 6 mm
3 :0.057 6 mm
RMS - 0.057 6 mm i 0.809 1/-0.801 9 mm
A 0.015 7/-0.055 0 mm
4 :0.0594 mm
:0.0594 mm
3D
i) +/-:0.255 4/-0.329 1 mm s :0.356 9/-0.731 0 mm
=3 +/-:0.055 1/-0.057 8 mm = :0.037 1/-0.057 4 mm
4 :0.0554 mm 5 :0.061 4 mm
RMS :0.055 1 mm :0.062 3 mm
£ - 0.793 0/-0.864 7 mm
0.020 3/-0.064 2 mm
3D 6 :0.062 5 mm
i) +/-:0.130 9/-0.157 9 mm - 0.065 7 mm
+/-:0.059 5/-0.057 8 mm
5 1 0.058 6 mm N
RMS ©0.0590 mm ﬁrl.l. : 0.666 2/-0.860 8 mm
0.019 6/-0.057 4 mm
7 :0.062 8 mm
:0.062 9 mm
. :0.836 2/-1.302 2 mm
W :0.019 0/-0.073 9 mm
; :0.062 6 mm
3D 8 ; :0.062 7 mm
0 +/-:0.191 5/-0.201 2 mm
+/-:0.059 0/-0.055 7 mm
6‘ :0.058 1 mm
RMS :0.058 8 mm
3D
£ +/-: 0.954 0/-0.536 3 mm
+/-:0.022 6/-0.040 8 mm
9 :0.063 3 mm

RMS :0.0635 mm
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