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Research on Surface Normal Calculation Method of Workpiece With Large Curvature Based on
Point Cloud Data
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(Key Laboratory for Precision and Non-Traditional Machining Technology of Ministry of Education,
Dalian University of Technology, Dalian 116024, China)

[ABSTRACT] Verticality of hole is strictly required during the assembly of aerospace components. In order to ensure
verticality when using automatic equipment such as robots to make holes, it is necessary to measure the normal direction
of each machined hole in place. The existing normal measurement methods of the workpiece surface are difficult to meet
the measurement requirements of the workpiece surface with large curvature. Through line laser scanning, point cloud
data reflecting the detailed information of the local surface of the workpiece can be obtained. On this basis, a method for
calculating the surface normal of the workpiece with large curvature is proposed. First studied the method of plane fitting
to local point cloud data to obtain the surface normal through PCA (principal component analysis), then selected some
typical curvatures, generated point cloud data through simulation, and analyzed the change of normal fitting error law. The
effectiveness of the above method is verified by experiments. The results show that when the selection range of point cloud
is less than 12 mm, the normal fitting error of cylindrical test piece with diameter of 50 mm can be guaranteed to be less
than 0.219°.

Keywords: Assembly hole making; Normal measurement; Verticality; Line laser; Point cloud data

DOI: 10.16080/j.issn1671-833x.2024.01/02.124

AU MR AR I AT R AL T fL SOBRE IR T TSRS E , K B4 K 1 A1 3k
AR T T AR ) 3 FLRE XM B A PRI I SRR T 20 I, 255 A7 fiv 2 AR 2 47%; 1
JiAFAAIRKIE . SEEPEE A BN PO HEIY BT 5° I P A S lEIRYY 95%! . R RIIESE

124 A EBA - 20244 5567855 1/210]



PN
RESEARCH Hltﬂtex

e St 0702 00 R AR 4242 e L P, 38 R it FL A
2 ) 3 B 22 A 0.5°7

R T ARE R FLACR , 2 T R i 1 ol Al PIL
MmN A SR FLER . wrE A skl b, 2T
PHERIRZE T E AR 2 HLes Nz SR 2225 N K 1
), MELLA BRI LR B . O e T AR L1
B AR iy 4 2 T FH A I 1) 0 2 RS I T AL Tk
lia] HEATAE AL

] P MR X T A 2R AT 3 e DU R AT T O B
5%, Hasegawa 25 1] F i) B SURR g R A7 T2 36 1 ik 1)
SR AR, BEDUARSE WORI e e R LY 4 1k
LN R R ER R A ALk AT 1 I, A T B
SRR EORE EEIA R T 0.1°, AMES PRI 3 MO
WA T N o 1 LS ) L 3 ANRRAE A R A, ik
Iv) e SRR D B A A L s 1 o S S5 03k s
LR Y e A, R I s AR R R R Rk AR R
PRUEALFLAY R B . BEBBDIL R LA 005 A8 o =Xk
AT CHLSE J 3 AR A I, 6 F el itk 3 Wk B RER LA
AT R R . Gao 25 U HI—Fokt 4 A0k
FEALIREN AT 2T HEA T2 () 0 S (R B 1, R X%
DR T — R IR B A O i, iR B R 1
1 7 AOAS ] T AR B 00 B4 B 4 Ak 8 T+ 0.15° A0
+0.3°, B P 4 G O R AL R I 1Y
FERl b R S LR 0 B TN DAL T ik R
ARl E R S AR [EAG BLS iR 2, T R M
8 I W T2 1k R o L TR B s U 7 0.4°
DA o

FIFHBILAS AT fL R AB 2547 il Lo TR 3
W 122 o X7 A5 A5 TR B B s SO B8 1 SR A 1 38
JiEnep R S A B TR JS PR A T e g i b e A%
PRk =, TR T R R R 51
B TAFARTE | 335 FH - 5 e g B 555 1 5 58 Rz (%) il Lo T
e FE] A7 IE AR /N JC AL i 3 AT B AL
MRV, HARBUN S5 H S R4 s, AR K
AR T, W H 0 R R A B R
IS o bR SR FH 22 i A, B 1 TS T O A B it
AT N i, BRI /D AN REA R
TR TR AR, PRSI TR 6 TR R Ak 1)
W RIS B e 2 T = A AR TR AR N,
WA T2 R S P T

ORI HAT BN (IR R A2 IR
Wi/ 5 TR EAE LM . T RO S i B
Ziz SR XS T A3 v il FLAS, B e X kb A7 R
ZF R B B AT, AT ASRAS TR SR S 1 Y s R
o MBS T EEWNGER BB T Lt s T

(8RR THTRAAIE o DRI, R PH A 5 B A ok 1) R A
AT DA G- 365 17 A 23 A 3 T ) DO 5 5K

ARTCHR T — B0 JE T a5 2 Bt B R il R A SR
R e T AR ] LA AL Y SR i
BRIV AU R FHAEL S T ) i i £ QO
il PO B TR ] o PO LAR SR 5 i i 7 A A
T 23 3000  ARIE 1078 T i = B A e G R A
I 23 P8 T 35 1 D5 K B ) S MR R . e o S B
(A A A ) 0 3, BRIk 1207 ik A R

1 KEEFREZEMITERE

1.1 KHERESZEHERN

PO B B R IO = AR ) 2 L S e A T
YIBRBOCY BON L0 IS 8 5 E B s R P g
Bt Al R Sl AL B R A B 1, 7E CMOS Hiot |
JRCAGR 30 A G R 5 ) A7 A P I v A

I B Lz S Sh BB IL A I B AT
SEBLT XA TR A = AR, B AR A 1
FIiR o B9, FE RO C I A F B fL i Bk
L TAL s SR, FLAR IS SHLRA Y Bl A% I X T4 3R 1
AT SR EL AT, A AR ol iR B O AR IR
A £ A TN T 2k 58 B HLRG ()32 BhE 85, W LARAS T4
R —E XA R Z8dE . B TR0 E R 5%
WO ISR s A 5 AR OG0 (a] it o]
DI EARAR 0N, PR I 3R A5 (4 5 = 85080 7 5 4R L g
A RS R 238 T A 2R 1 S DX R AL .
1.2 R=¥ERFEMSHE

F T A 3R T i 28 B AAAE B AR OIG 4R 1Y R i 52
IN0 2 T A NN o S - o (A S N € 2B R E N
BT A 2 T J 8 DX 38 1) i s B 2 5 R BN
BRI TR, SR 5 A B R A T A A
WKL 2 Je , AR SCE BCLA R i 258 T4 il LA 22 s
(49 1B X 38PN 1 i 2= e A T A0 B, R = o3 0 B
( Principal component analysis, PCA ) 5935 55 2 B

Lo

XA =

1 ZHEEZPENETE

Fig.1 Line laser line scanning measurement process
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Fig.2 Using point cloud to fit workpiece surface normal
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Fig.4 Process of exploring the influence of point cloud selection

range on normal fitting error
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Fig.5 Influence of point cloud selection range on normal vector fitting error
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Fig.6 Effect of curvature on normal fitting error (¢=30 mm)
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