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Abstract In this study, a line laser on-machine measurement experimental platform integrating aviation blade detection and
processing 1s designed and built to solve the problems of low efficiency and easy surface damage during the contact measurement
of aviation blades. In laser noncontact measurements, point cloud data are prone to errors. Herein, the main influencing factors
involved in the measurement process are discussed and analyzed to improve the accuracy of laser in machine measurement.
Furthermore, error prediction models based on radial basis function neural network and support vector regression are established
and the performances of these two prediction models are compared. The error compensation strategy of free-form surface
detection is used to complete the compensation and correction of point cloud data. Finally, taking a certain type of aviation blade
as an example, the experimental results show that the proposed method can improve the accuracy of point cloud data by
39.86% and verify the feasibility of the error compensation model and compensation strategy .

Key words sensors; line laser sensor; on-machine measurement; error prediction model; error compensation

2| - i B0 TR A EORS BE RO F5E AS o R
=]

Wit 5 ) 2 5 52 0 A W R, A9 S A R 4R R R
7 [ By A e v 473 A MK B B M @, i T IR
GBI g S2 T i as  TAE M RE O T
HoA B m T RE A A shHLM R 8o 2 R N 4
AL TR R L U R SR R AT AR R I Y
it 25 s BL e B dh , AR S e s Lz AT i el i
I B4 R A R e, DRI G T e 280K 8 I A s

X 3 Aol T A G A = Ak A 0 L M
DL 2 H i 9 BT 25 i R 2R 77 R . ARk, LA
DI B2 AR g AR SR A A 2 Ak i e Ty 3 3 B A A )
Sk, OGN A By B i I e R I fiph B D A
(ELHCI 5 45 5l 5 32 A IR R 2 e . it 1 A
5 OGN BORIEAT T A BL B BE S . Dong 45
$& T —Fh T 2R ] S AR 2 AR AR F (CPLD) B G o
i P B JRE I B DT 9k % 5 1 0 = 2 O B AR BIUE T

W EER: 2021-05-10; f&EI HHE: 2021-06-24; FRABH: 2021-07-20

BIEEE . "dsx654523115@126. com

1628006-1


https://dx.doi.org/10.3788/LOP202259.1628006
mailto:E-mail:dsx654523115@126.com

ST A e AR B AL S
B, Yang & MNEOE =M EFEBE A R T
— Fofr 0 A BRI R 2R GG, 1% AR G0 R P R 2 I L
RS R ) T 10 pm, {H I /N L R R A
FR4e T, SRMEFRAE 2 T — MR T O S A A
e LR = 0y R T R | D3 E 5 R ) s = 4 P L)
iR FEAE HM F R B |, I R AUE 2 B AR B
BAR(ICP) B RSB T MU 2s M A it = 508 0 A 3h Bz
Ao Rl K2 0 RE SRR R D TR T — AN ol
SEH V-5, SEEE T R E K 0 R g i T RN B[R] 2B R R
G, I A OGN A 1R 2 R IR AT T R T .
Tsai %I K T — A BOCTHE R HH 0 & R 40, R 045
PG 270 3k 2R G 1) AR A 5 e e 43 B 2R 45 Ak A 22 (] 1 X
Fr il 58 bk g AR P, 30 o R A X 5 O 2R sl A RS K I
MR R T R Ge kG B . I A5 A T — i
R 25 S50 5 R IE 5200 06 T 95 A0 I A i
AT O AL RS IR 22 LR R Y L HE R T —FhAT
oAb B0 A A5 25 A B AR i JER R A ORG B 4 T 7
10 um DA o P 2% 856 5 T 306 = f 0o RO R, T4
ST T MRS 1 2k SRR 2 ) R B O R HE
S HE I AR 5 25 B AR B Tl T RS .
2 I TR LB RIALR T & 2R RO s
T —ELENLIE RS % R G T A5 LA N
FRAEFFAE 2R A 5/ T 133 SR AR B RS Ao
G B R G bR P2 T IR B SR8 e 1

AR S H TR BOLTEHLI & LI &, X EO6 I
TR 22 MG AT TR AMFIT o R 52 i 5ok I 2%
) 32 2 IEAT T R T, 43 0 A A 3k T 4% 1) 3k pR 4L
(RBF) #f 28 % 2% 1 3 F 32 45 0] & [ A AL (SVR) [ 1=
ZERMEEREAY I 4R — b A 2 oty T2 R A A S A A R
25 MR | i 2438 3k S50 58 BT A2 I R T A
P AMEAL IE o
2 LR WO 1% 22 3 W D3R 4 BT R 2%

oI ALY g A3 ST
2.1 SEAWEREZEWERSH

i ad VMC600 37 20 H i T b 2 3E R 4 1LJ-
V7020 28 O AL AR 35 T — AN iU S i R R
5hn T LB & L8 &, E 1 iR,

laser sensor

measuring system

K1 LHEOCTEYLIN B S8 &

Fig.1 line laser on-machine measurement experimental platform
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Fig. 2 Schematic diagram of incidence angle detection device
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reference distance of line laser sensor
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Fig. 4  Measurement error fitting diagram under different

scanning positions and measurement results
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Fig.5 Error results of RBF neural network training process

S 1 A 2401, RBF #2828 s e 28 55 72 35 I 45
YT SE B F e B, R LR SHOE S
i o MR e ICE AT AR M 0 5 48 s E AT 0 #T
ELORTSN i 25 (B a0 11 6 &1 7 Bif 7R, 2 2 A X R 22 K/

H 2 2 40 A vl 0, R BCHE T RBF B 48 I 25 1 il
W 2= B KA A 0.0165 mm, A X % 2% % K H
0.14512,F 1% 25 5 0. 06133, & {4 T I 46 % 3 138 52
Sk WERS A3 F 2R ORI B 04 i R A I
P A 25 O v ARG B LR, T AT B R — 25 4 v T K

1628006-3



$£59% £ 16H1/2022 £ 8 A/ EBFFHE

* 1 RBF MM Grid 2 b 207 25 (HA L&
Table 1 Change of mean square error during RBF neural

network training

NEWRB, neurons MSE
0 0. 066938700
4 0. 002693020
8 0.000312165
12 0.000240473
16 0. 000238059
20 0.000201481
24 0.000160629
28 0.000141652
32 0.000123842
36 0.000119751
40 0.000116904
44 0.000115682
48 0.000114716
52 0.000113483
56 0.000112347
60 0. 000109987
64 0.000109732
68 0. 000109956
72 0. 000104075
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Fig. 6 Comparison between predicted value and real value of

data based on RBF neural network

0.018
0.016 |
0.014 f
<0.012 ¢
3
20010
§
£ 0008
E 0.006
0.004 -

0.002 -

0 L L L L 1 L L
1.0 15 20 25 30 35 40 45 50
Sample No.

B 7 T RBEF P2 [0 255 J0I0 10 F0 25052 0 10 i 22 4]
Fig. 7 Specific deviation diagram of predicted value and real

value based on RBF neural network
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Table 2 Relative error between predicted value and actual value

based on RBF neural network

NO. Actual value /mm Predictive value /mm Relative error

1 0.0720 0.0780 0.08410
2 0.0873 0.1045 0. 04482
3 0.1140 0.1306 0.14512
4 0. 0939 0.0923 0.01686
5 0.0895 0.0909 0.01577
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Table 3 Relative error between predicted value and actual value
based on SVR

No. Actual value /mm Predictive value /mm  Relative error
1 0.0720 0.0747 0.03846
2 0.0873 0. 0981 0.02837
3 0.1140 0.1126 0.01220
4 0.0939 0.0949 0.01028
5 0. 0895 0.0903 0.00873
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Table 4 Prediction effect comparison of two kinds of inclination error prediction models

Actual RBF neural network SVR
No. Predictive Maximum Relative Predictive Maximum Relative
value /mm
value /mm error /mm error value /mm error /mm error

1 0.0720 0.0780 0.08410 0.0747 0.03846

2 0.0873 0.1045 0.04482 0. 0981 0.02837

3 0.1140 0. 1306 0.0165 0.14512 0.1126 0. 0028 0.01220

4 0.0939 0.0923 0.01686 0.0949 0.01028

5 0. 0895 0. 0909 0.01577 0. 0903 0. 00873
5 TP AR 1 2 T AR R T A X 15 25 X% L F PG 45 80T LB AE & o Boe G i gs 4L 7] 7= 4R
Table 5 Comparison of prediction relative errors of two kinds of BN 05, 2 T LA ST R A 2 R e, A I s,

inclination error prediction models

Error /% RBF neural network SVR
Average error 6.1334 1. 9609
Maximum relative error 14.5115 3.8463
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Fig. 10 Schematic diagram of line laser complex surface measurement
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Table 6 Incidence angle compensation of line laser aviation blade

Serial Laser Measuring Coordinate Ad/ Az / Inclination / Compen-sation ~ Correction
No. reading /mm __ distance /mm__ converted value /mm _ mm mm ) value /mm value /mm

1 —0.5177 20.5177 25.4225 0.0016 0.01 8.8516 0. 0098 25.4127

2 —0.4661 20.4661 25.4741 0.0032 0.01 17.9327 0.0153 25.4588

3 0.0322 19.9678 25.4724 0.0038 0.01 21.0091 0.0163 25.4561

4 1.5194 18. 4806 25.4596 0. 0006 0.01 3.1628 0. 0081 25.4515

5 1.5044 18.4956 25. 4446 0.0010 0.01 5.7821 0.0116 25.4330
75 2.2143 17.7857 —15. 8455 0.0015  0.01 8. 4867 0.0183 —15. 8539
76 2.0085 17.9915 —16.0513 0. 0006 0.01 3.5124 0.0099 —16. 0588
77 1. 8285 18.1715 —16.2313 0.0015 0.01 8.6117 0.0167 —16. 2542
78 1.7883 18.2117 —16. 2715 0.0023 0.01 13.1416 0. 0584 —16. 2927
79 1.3734 18. 6266 —16. 6864 0.0027 0.01 15. 3326 0.0199 —16.6978
174 —0.2998 20. 2998 —18. 3596 0.0069  0.01 34.7126 0.0296 —18. 3892
175 —0.3118 20. 3118 —18.3716 0.0065 0.01 32.8651 0.0271 —18. 3987
176 —0.3311 20. 3311 —18. 3909 0.0038 0.01 20. 6513 0.0165 —18.4074
177 —0. 3359 20. 3359 —18. 3957 0.0027 0.01 15.0172 0.0133 —18. 4090
178 —0. 3269 20. 3269 — 18. 3867 0. 0020 0.01 11.4123 0.0023 —18. 3890
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Fig. 14 Registration results and iterative change chart after ICP algorithm profile data compensation. (a) Registration results after

profile data compensation; (b) change chart of RMS value with ICP iterations
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