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Aeronautical C-Beam Registration Based on Local Invariance
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Abstract: In the digital contrast measurement technology, how to ensure the accurate and reliable matching of
the measured point cloud data of C-beam and the standard digital model is still a technical problem in the field
of aerospace manufacturing. After a preliminary analysis of the deformation state of the C-beam after forming,
it 1s found that the deformation is mainly the inward-facing contraction deformation of both sides, and the
deformation of the bottom surface is almost negligible. In order to better compare the measured data and
digital-to-analog, combined with the preliminary analysis results, this paper adopts the combination of point
pair feature (PPF) coarse registration and iterative closest point (ICP) fine registration, and carries out the
research on the registration technology of C-beam measured data and theoretical digital model. After rough
registration, in order to improve the accuracy of fine registration, the three-dimensional point cloud structure
of C-beam 1is divided into planes, and the bottom with small deformation is selected as the fine registration
local constraint for registration. The research shows that the method can effectively improve the accuracy of C-
beam digital model and measured data registration. Finally, in the subsequent measurement, the C-beam
processing quality can be analyzed according to the difference between the measured data and the standard
digital model. Our method has high application value for engineering practice.
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Fig.1 Schematic diagram of C-beam model
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(b) Statistics of signed distances between
correspondent points after registration
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Fig.5 Coarse registration based on PPF feature matching

2.2 CEBRATHIIERN

Hy T C Y B2 P 0 A7 AF — 58 i IS 4 5 B gk AR
B, B LABCRE RN 53 = B AF e — € I AME 22 5% .
BE 2 MOICP B0k 30 47 WP G o T o R0OR
25 HEE MBI RIS . A T C R
N 78 12 A Ay DX A TR 9 o R e R B 52 ), AR S
e BRI A B o WIS C B BE 5 Ry 39
A3 40 IR BN 5 e ) DX [ B e AR A T
AR ERAE o 78 = 4R 80 R AR B b R R AR B 50
AR E] AT LR AS A [ 2 i Bdls o & X A
2B DR OR35S
AL A 2 B 40 81 B T R 4 05 = 1 40 H R R T
P o R

T 5 SR FH 2 T T RE 0 4 Rk X BICRL A
= HEAT T4y F L B TR Oy ok B T b — AR
S A R AL A 2 A T Y A LA
T, S 3 2 iy D b 0 48 3 0 de /D e AT
T, T — Y- T R T AT T =2 TR] )k s e A Y
777 26 AEO ke S I it T 5 8 A AR 3 S it AR
JE o BIADE l 50 S As T] RE B e 4 B
oty e ] % ek 9y v ke B b T Y. b B A AR
T J3E 30 2 B R = B S /N R P S H
A a5 IR /N e LG O Tk ) AR S X
25,0

1 m
a:;;”m—nj” (13)

A n . ny R BORL AR 2 TP R EE s 0 D
ok e e i DR VAN LIPS TS §

A ARSON T I ET R USRI
VERTE O o AL — B 58 N B 35 SR ] LA 0T
ROPNTILTAE o ST BT RO A AR B AR
Nbhd (N, ) B P28 50 [, 12 DA R R 2 — 4> 3 X 3 HY
4 1E 8 A

Cv= >, (y—o)X(y—o) (14)

yENBhA(N,)
XN RSN 0, AR S 45 Nbhd (N,)
T B Cy B 3AFEE 7] £ Ky
0,0, ,0]
V) X6F 17 F) 3 AR AR AR 53 531
P
Frpl = pl = ] WAL R
EARP (15)
G55 Rk g% g 0 TH L O ik T T RE 43
TR R AT R S AR R 3 EUS s B8
P an & 6 Bros o A EI AL TR
(1) $ditm A .
(2) T3S = B A S0 R AE ] a5 I o As il
R A4y E (false)
(3) B4 — A SR R F 4R X3 Bl o, 115
FLAR K
(4) TEPEAR 73 FI A8, T3P A5 2 L AT 45k
1) 2 () A BLEE o
(5) n SR AR AL 78 15 a2 B Y BBl DY, DK 2% A
T B0 X SIE AR T4 A B HobRid o 2 4 F
(true), 75 W3R (8125 B (4) .
(6) FIWTFPFEEH B R A NESH/E—A
G BRI, A5 R 5B (3) .
(7) JIWrE TS B A S B A 52 253 M true,
SE AT E], AR F D ER(2) o

(a) Measured data
&6 4y R

Fig.6 Segmentation result

(b) Divided data

S R AR A B i, A 2 RO I R 2 A
FIFE 34 10 A WA 1 g JE i, [N Dy C BB AR IR A7
T8 — 7 Y [, A SCE5 5 SEBR AR 75 LR JH AN T I vk
FIWE oSSR I3 AN T B e/ 3 4L - T A PR



434 [ =S S NI S

o552 %

Pk R B R my my, my, X 34N ] R A
& B AL T 35 K5 05 1 8 O C B2 TF 11 5 T
[0 SR 1) ek S f O AR e R om, TN

mi*m, ) (16)

Q, = arccos
|m || m.

[, AT A% @ 5 ao LW 3N K/ . #7 B
KAN v, W m, BT XF R 0 TH R 6 T, B R C AL
241 T ) TR
2.3 L IEHRBEE

SEAIE DT C 58 B, P X S 0 504l R o A5 7
A7 RS BC o, AR SO T 3% AR B i A5 (Teerative clos-
est point, ICP) #4745 iy Bic #E .

B Q. (i=1,2,3,--) & C B 5 5
BB BUG s  , P(i=1,2,3, ) Fom C I3 15
BOVHE 2 25 o AN A5 B8 14 0 5% B0 o 5% 5 o0 1 %) H
s RS B /N

E= EHQf_(Pl‘RﬂL | =min A7)

2 rPOE e B R RV B 4 B T, 50 2 4 3 1Y) o IC 1
W RS B % 6 B AR BB S N
S, A TR A R e R b R e v DU R Y
AR PEBL

e v o A

(1) 75 P by B — > )U7E Q i v 19 X i
IR

(2) SRAS A 3 X RO A5 0o - 247 B 2 /0 £ W
PRAR G SRATF- B S BRI e 5% 2 50

(3) X P b — 255K A5 0097 B8 FiE 56 2 4L
BB AL e piE P

(4) Q2R WAL e 4R 5 2 % s AW 2 L
FI AR ek BCESK, RV 5 B (9 P S B g N T — 25
0B 9, T 45 1k 32 AT B, 7 0 A 7 4 i 4R PAE
R PARSEIEAR, FLEN A B H AR ek B EK

S5 G ARSI EAR YL C BRI AR 1 SE B R) L
H T DX R A N A A DX 1) oA A 4 A T Y
Mo T oMY CRIBER AL HE R v 18] 23 165G o
IS agi S VR S B i TEATI S D (O o R7 N LR O
TR ALCE N T 1R ICP % .

3 FHRSW

SR T B AE Ty vk A AT AR SO R [A) AR B R
() C BRI ZEHEAT AR S0, 5258 p 3 4 TR A 4%
) CARIGE A5 8 LS S = s . LR E R
Windows 10 #:1E & 4t , iz 47 IDE 24 Visual studio

2017, G H CF o S T Sk C 2 30 30 i 45 A
TE X TE 9 11 55 W) ) I 50 A AR SC TR vy 2k 1) o A 12k
RSP = 2 B A s s 9 0 1 P Wi 4 10° 0
] U 4 2070 C Y 92 BB I e o o5 = 8K
AR AR JE 1 C RY A S AR v RO e o . e ey
DAL - (1) B TC M T« S U0 ASE TR B3040 A0 2 1 Ay
14 748 B A R RO B3 T TCP S v L (2) 7S SCE v
P Sk CHRIGE ) SRS LU THAE b 2931, 54K
1 A ¥ 1 725 A B B PPF 4% 4iE DT B0 1 7 v KL IE
HE , $5cJ5 B ICP A B I .

Xof LA b 79 o T o 3 1 3 5 SR 3 T
Je 0 25 FEUR6E o7 50 ) PR S R i N B E 2%

P 7 Shy SR B 118 S A5, 25 A5 78 R H5OR B o 1 )
Z2 ML TCP J7 WL BC v 45 2 BV T DL R SO B 2%
w7 s AT AR 34T Fos , OF B SCH#E AT 2R
e fE 26 S5 A AME — o R A SCHR B
BRSO 43 B 3 M, R 5 X C 02 (1 i 1 F
PR e, 25 SR AN 7 B 25 15 24T MNAE 447 B
AN R R S N (S P iR R S P
ANBE AT CAE — &, A2 PR Ay B0 G T B A AE — E 1Y
ST H C BB Y 52 BR BT RS Fse RS A7 7E
—E 28R

HIEICPRL#ELE R

(P P 10°) \ \
ASCHCHESE R

(P 7 P LR 10°) \ \\

BLEICPRAC /S 3

(P 1] 3 I 4620°)

K7 FCHESS RN L

Fig.7 Registration result comparison
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