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Table 1 Point distribution of cone angle boundary

Serial number

Total points

Number of outliers

L, L, L, L,
1 72 68 3 3
2 54 63 7 6
3 60 61 0 0
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Fig. 5 Comparison of cone angle fitting methods
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Table 2 The comparison between the method in this paper and other methods

Countersinking parameters

Measurement Inner counterbore . Normal deviation Counterbore
' Cone angle/ (") .
diameter/mm angle/(°) depth/mm
Counterbore (a) 9.999 89.949° 0.000° 3.009
o Counterbore (b) 5.984 89.903° 3.066° 2.962
Method of this article i i
Counterbore (c¢) 5.967 89.901 5.025 3.006
Counterbore (d) 5.991 89.951° 2.039° ——
Counterbore (a) 9.956 89.931° 0.060° 3.033
) Counterbore (b) 5.976 89.639° 3.035° 3.019
Moving least squares i i
Counterbore (c¢) 5.744 89.418 4.592 2.839
Counterbore (d) 7.926 89.758° 2.451° ——
Counterbore (a) 9.921 89.841° 0.230° 3.023
Computer vision Counterbore (b) 5.960 89.567° 2.845° 2.853
detection Counterbore (¢) 5.867 89.501° 4.572° 2.830
Counterbore (d) 5.928 89.647° 1.607° ——
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Fig. 13 3D vision and 3D inspection process and the workpiece

1212006-9



P

e ARG S AP — 20 R = A bR S e RN T RUXS Y TR g I % R Lk R 22 A
BE UREE ANALAR UEAT I o 5 58 — A5 ) R 45 4 S A AL T4 =
36 30 AR ALRE R B ST S AR SO A I 4 SRS HE o A DU A A [ 25 R S i AR AL b AL AR R 25
KK —0.023 mm , R KR 2N —0.022 mm, 2 0] fw 25 M 3 B KR 258 —0.13°. Wb ds A8 300y i B il
15 5 K e i RO T A b AR A 285 v 1 A DO RS 3
*3 TEHILED

Table 3 Plain counterbore inspection

Plane countersinking parameters

Measurement Inner countersunk diameter/mm Normal deviation angle/ (") Countersunk depth/mm
Measurements Actual Frror Measurements Actual frror Measurements Actual Frror
value value value value value value
Al 6.001 6.010  —0.009 0.151 0.050 0.101 2.991 3.012 —0.021
A2 6.001 6.012 —0.011 0.129 0.031 0.098 2.988 3.009  —0.021
A3 5.983 5.995 —0.012 —0.009 0.062 —0.071 3.007 2.992 0.015
Ad 6.029 6.014 0.015 —0.084 0.036 —0.12 2.973 2.990 —0.017
B1 5.984 5.996  —0.012 3.039 2.922 0.117 2.962 2.983  —0.021
B2 5.975 5.991  —0.016 2.677 2.786  —0.109 2.998 2.985 0.013
B3 5.991 5.987 0.004 3.131 3.027 0.104 3.009 3.004 0.005
B4 6.003 5.990 0.013 3.111 3.209  —0.098 2.961 2.982 —0.021
C1 5.967 5.990 —0.023 5.025 4.904 0.121 2.998 2.986 0.012
C2 5.975 5.988 —0.013 4.887 4.986  —0.099 3.006 2.988 0.018
C3 6.032 6.012 0.02 5.219 5.099 0.120 2.973 2.990 —0.017
C4 5.992 6.010 —0.018 4.750 4.866 —0.116 3.091 3.088 0.003
D1 9.999 10.011  —0.012 0.000 0.003  —0.003 3.009 2.994 0.015
D2 9.980 9.990  —0.01 0.330 0.230 0.1 2.968 2.990 —0.022
D3 9.978 9.991 —0.013 0.194 0.090 0.104 2.997 2.983 0.014
D4 9.975 9.990 —0.015 0.110 0.240  —0.13 2.976 2.996  —0.02
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Fig. 14  Analysis of normal deviation angle of curved surface
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Table 4 Measurement of normal deviation angle of counterbore on complex curved surface

Surface countersunk parameters

Serial number Cone angle extreme difference Measured value Standard value

O X 107/(%) Orea/ () 0/ ()
1 2.546 2.038 2.150
2 2.546 1.819 1.943
3 2.383 1.700 1.820
4 1.584 1.834 1.932
5 2.587 2.023 2.023
6 1.891 1.685 1.820
7 0.000 1.772 1.897
8 1.617 0.314 0.413
9 2.383 0.288 0.408
10 1.683 0.346 0.447
11 1.617 0.367 0.503
12 2.111 0.485 0.598
13 2.225 0.460 0.576
14 1.963 0.434 0.543
15 1.551 0.120 0.023
16 1.683 0.189 0.290
17 1.999 0.141 0.031
18 1.133 0.204 0.287
19 1.246 0.185 0.272
20 0.671 0.121 0.185
21 1.751 0.107 0.210

4 i
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L hb B o A SCOT 4R A5 1Y AN [a) 258 2 80 L2 ) i 22 £ 0% 22 /N T 0.142° T AR FLAR R 25/ 72 0.025 mm AL
BAR 22/ T 0.022 mme S5 45 5 8 WA SCO7 ¥R A I A9 5 LAY b 3 DU AN 98 A5 2 000 T4 Ge L a8 2L e F A% 3
Fe /)N 3 il T AUL 5 SR, — O T REAR A b BR B 0 R s SRR BT BUAE BT, 53— T RE A RO AR e
ik oty TE b L v 1) g 2 A DO ) 45 R ARG IORG BE v O MR MR RE 4T .
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Quality Inspection of Hole Parameters of Aircraft Surface Based on
Incomplete Point Cloud Data

WANG Hongping, LIU Xin, ZHAO Shichen, WANG Yu, WANG Lei
(School of Mechanical and Electrical Engineering, Changchun University of Science and Technology ,
Changchun 130022, China)

Abstract: To realize the quality measurement of the spot facing of the aircraft skin, a structured light 3D
vision inspection system is employed in this paper. Due to the high reflection of the workpiece and the
influence of the noise, the system mainly solves the problem in the actual project. The acquisition of 3D
point cloud data is partially missing. At the same time, due to the complexity of the surface parameter
equation on the surface of the countersunk hole, the measurement of the normal deviation angle is difficult
and accurate. Aiming at the above problems, the establishment of a spatial cone parameter model based on
the orthogonal projection method for quality inspection of countersunk workpieces, and a mathematical
model for optimizing the normal deviation angle parameters is proposed to improve the inspection accuracy.
First, most points of the workpiece scanned by a point cloud camera are disordered and discrete. In the
process of devising, normal estimation, and surface fitting of the original point cloud, it is necessary to
operate based on the neighborhood. If there is no efficient auxiliary data structure, and if it is convenient to
all points in space to have the £ closest distances to a given data point index point, this time complexity will
be very large for a large number of data points. KD tree, or A-dimensional tree, is a data structure
employed in computer science. It mainly divides data through dimensions and efficiently manages high—
dimensional data. In this paper, KD-tree is used to determine a spatial index structure index of scattered
points. The first crucial link in the quality inspection process of 3D point cloud spot facing is to denoise the
original point cloud. The fundamental purpose of this operation is to remove the influences of point cloud
noise and provide high—precision and high—quality 3D data for subsequent workpiece quality inspection. In
this experiment, when a surface structured light camera is used to obtain the three—dimensional point cloud
data of the workpiece, due to the complexity of the actual working environment, there are various errors in
the equipment obtained by the point cloud, which can generate a large number of noisy point clouds. These
noisy point clouds are 3D data irrelevant to the detection target. And these noisy data are scattered and
disordered spatial point clouds. Noise may also be generated due to external interference, line of sight

1212006-12



FLLT, 45 B TR F 1 LR T AL B A6

occlusion, reflection and diffraction characteristics of some metal workpiece surfaces, obstacles, and other
factors. To ensure that the quality parameters of the countersink can be accurately detected, this paper
adopts a bilateral filtering noise reduction method to reduce the influence of outliers and noise. Secondly,
the RANSAC algorithm is used to segment the upper surface, extract the upper and lower boundaries
according to the characteristics of the centralized distribution of the boundary point cloud on one side, and
the plane parameters are fitted. According to the orthogonal projection, the cone angle satisfies the Fourier
transform function relationship on the plane XOY or the plane XOZ, the cone angle and cone point of the
spot—facing hole are calculated, and an accurate spatial cone mathematical model is established. Finally,
through data fusion between the upper and lower boundary planes of the spot facing and the spatial cone
mathematical model, the parameters of the spot facing to be detected are obtained. When the spatial conical
axis and Z axis have ceviation angle, the optimal mathematical model of normal deviation angle is
proposed. For the surface parameter equation of surface countersink is too complicated, the problem of low
normal precision fordetection countersink is avoided. Furthermore, to verify the algorithm performance,
comparisons are made with machine vision and mobile least squares surface fitting methods. The
experimental results show that the algorithm has higher accuracy and better anti—noise performance.

Key words: Missing point cloud; Surface fitting; Fourier curve; Counterbore; Surface fitting normal
deviation angle
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