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Abstract In order to realize the accurate registration of cross-source point clouds with different measurement
scales, resolutions, and accuracy, a measurement point cloud data registration method based on multi-scale
sampling is proposed. The scale slip algorithm is used to filter out the high-frequency details, retain the contour
data, and combine the voxel grid neighborhood method to realize the downsampling of point cloud data. For the low-
resolution point cloud data measured by macro-structured light vision, through the progressive three-dimensional
point cloud upsampling algorithm based on depth learning, the contour details of structured light point clouds can be
accurately restored, and the unity of scale and resolution of cross-source point clouds can be realized. Finally, the
iterative nearest point method is used to register the data with scale approximate after processing, and the
registration relationship is inversely applied to the registration of the original cross-source point cloud. The
experimental results show that the multi-scale sampling method can improve the registration accuracy of cross-
source point clouds and can be effectively used for high-performance detection of engine blades and other parts.
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microscopic measurement of different hole position data
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Fig. 5 Aeroengine turbine blade and its measurement results. (a) Aeroengine turbine blade; (b) structured light

measurement data; (c)—(f) microscopic measurement data of holes 3, 4, 6, and 8 in Fig. 5(a)
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Fig. 6 Registration process diagrams of hole 6. (a) Raw microscopic point cloud; (b) scale slip microscopic point cloud;

(¢) downsampling microscopic point cloud; (d) original structured light point cloud; (e) upsampling structured

light point cloud; (f) point cloud after ICP registration; (g) original point cloud registration chromatic aberration map
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Fig. 7 Comparison of two-dimensional profile cross-sections. (a) Original two-dimensional contour of microscopic data;

(b) two-dimensional contour of microscopic data scale space; (c¢) two-dimensional contour of microscopic data scale

slip; (d) original two-dimensional contour of structured light; (e) structured light up-sampling for 4 times two-

dimensional contour; (f) two-dimensional contour after original data registration
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Fig. 8 Scale slip results of film holes at positions 3, 4, 6 and 8

5.2 AR LEREMERLSH

KT YR LR RE T e B RS R A R L R
S5 A8 I HE AR 43 500 X b o B Bk L A eh il T R B
BUM R 7 500 ) 2 UOCR B, T iE AT 2 £ 4 £ R0 8
i B R

T SEXT &9 Ca) b 1 B B R AT ELAR AR U B
PRAE B AR 22,2275 mm, X 45 44 6 R 4 1Y B A
H Geomagic Studio KR #E 1T H A& LA 45 F
WE 9(b) Pron . X8R HAT 2 % 4 f5 0 8 f5 Yy Lok

FEHH#HAT HRPE . LA 45 R 5 5 an &l 10 (a) ~
10Co) frzn . X BB ERIEAT 4 R4, 15 2] 4014 2Kk i
BEARRT .2 £ 4 F5F0 8 A5 LoRFEES SRR 1 i,
Hor, LA WF ¥ E 2 0 k22, 2316, 22, 2318,
22.2316,22. 2316 mm .5 FR A 1) Y40 22 5501k
0.0047, 0.0050,0.0047, 0.0048 mm,

SRIG XTI 11 Ca) 19 & B AL v i A7 0080 R 4
I RS TR S Ao R RS B Y = Ak bR T B ML R R A
W11 (b) 5, Horfr ST A 36 7R i B % 52 s =

1015002-6



F£ 425 F£10H/2022 F£5 B/RFZEH

9 brif Bk B A A BRI A 78 B IR . (o) b v P 3 K 5 () 455 4 16 10 1 B3 01 4 Bk 1
Fig. 9 Schematic of standard ceramic ball and its fitting sphere. (a) Standard ceramic ball; (b) fitting sphere with

structured light measurement data
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Fig. 10 Schematics of ceramic ball fitted under different upsampling ratios. (a) 2 times upsampling;

(b) 4 times upsampling; (c¢) 8 times upsampling
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Table 1 Fitting results of ball diameter under different upper }
sampling rates and their deviation from standard values ;
Serial Upsampling Ball diameter Deviation from
number Lt fitting standard
value /mm value /mm
1 22.2356 0.0081
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3 29,2345 0. 0070 Fig. 11 Aecroengine blade and its STL model. (a) Aeroengine
1 29,2360 0. 0085 blade; (b) STL model of blade
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Fig. 12 Turbine blades and 4 times upsampled data. (a) Structured light measurements of turbine blades;

(b) 4 times upsampling data of turbine blades
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Table 2 Comparison of registration results of different

methods unit: mm

Serial Error of Error of  Error of proposed
number Ref. [7] Ref. [9] method
3 0.0531 0.0413 0.0192
4 0.0382 0.0912 0.0186
6 0.0612 0.0610 0.0179
8 0.0789 0.0951 0.0198

Height /mm

0.2000
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0.1110
0.0667
0.0222
-0.0222

-0.2000
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Fig. 13 Registration results of Ref. [7]. (a) Overall color difference diagram of gas film hole registration; (b) hole

registration color difference diagrams of 3, (c¢) 4, (d) 6, and (e) 8 single gas film holes; (f) two-dimensional

contour cut diagram after registration
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Fig. 14 Registration results of Ref. [9]. (a) Overall color difference diagram of gas film hole registration; (b) registration

color difference diagrams of 3, (c¢) 4, (d) 6, and (e) 8 single gas film holes; (f) two-dimensional contour cut

diagram after registration
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Fig. 15 Registration results of proposed method. (a) Overall color difference diagram of gas film hole registration; (b) hole

registration color difference diagrams of 3, (c¢) 4, (d) 6, and (e) 8 single gas film holes; (f) two-dimensional

contour cut diagram after registration
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