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Surface Registration Algorithm of Aircraft Parts Assembly

Based on Multiple Constraints

HAN Wangtao', GE Xiaodong', ZHU Taifu', ZHANG Yuan®, ZOU Chunxi', FANG Lei'
(1. AVIC Xi’an Aircraft Industry (Group) Company Ltd. , Xi’an 710089, China; 2. College of Mechanical and
Electrical Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: As for the thin-walled parts of the aircraft in the assembly stage, high-precision finishing is required
to meet the assembly accuracy requirements. In order to ensure accurate machining paths and allowance, it is
necessary to register the parts with mutual assembly relationships. This paper proposes an algorithm for
surface registration of aircraft parts assembly based on multiple constraints. First, according to the actual
assembly situation of the parts, three constraint criteria are proposed and converted into the corresponding
objective function. Then the parameters to be sought in the objective function are differentiated and the
feasible solution of the parameters to be sought is obtained through the alternate gradient descent algorithm.
Experimental verification shows that the proposed method can accurately register the point clouds of different
poses of the mating surface of the part. Based on the registration result, accurate machining path and
allowance can be obtained, which lead to better part assembly quality.
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Fig.1 Process flowchart of the generation of machining

paths using a multiconstraint mating face registra-

tion algorithm
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(b) Skin panel parts real assembly model
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Fig.2 Schematic assembly diagram of the polygonal bound-

ary panel component

FE45 AR Y B4 238

DM #EW « (T 2244 i T2 R Be, 24~ T)%
TR AR R 25 5 B S A RN T
A THE RAS 52 4 A0 [FEZ T AR AR AL, PRtk mT D oR
ICP WY PEM Jr . 76 ICP 5 sk b, % JH Y 5 2 05 i
BBV T BE 2 R R 3 AR I Y 24 TR, R N 7Y

N N
Fpy = argmin ZH d; H2 or argmin EH s, Hz (1)
i=1 i=1

K edi=pi—q,5,=(p/—q.) *n,,pi=Rp, + t,
PINSEEAE A L p, 20 B UE R 15 2 1 %t
JO7 1L q R plAE TR N T LA I L BT A
FFEI T Z RS A 1 LA g KR R A HERE 4
W e R A% i B T R R 0 A T R
JE AT B (07 P A 380 S 1 ok R 1 3 of ) 2 7
ZASAAT R . WE 3 TR, QJ&: 7 i T2 4 il 4 Tl
Mo, PP, A3 B R AN ] 0 E v 45 2 Ak TN TR A7
B EMEGEE SN ks b, aT DIVE A <4
Jr AT A sl P S B O . I, R T
DM W) H A — A of 47, 4l A5 20 0 8

i

3 B B A A

Fig.3 Schematic diagram for the measurement of point-to-

plane distance

DU N - i 2 (1) AT, B 2 5/ ofis U il 153 2
5 AN N TR e TR T RERE AT L (H il T
N o i v A2 B PR PR B i R 3 T
Wi, R HRA S I 5 2 5 oy B JEE 0 A A 2 2 g ]
R TR] I, TROALRE A 28 1 1 2 TC A A A 5 T 7] it
PISIIESR . L, O TR TR B R 5 2
5 T 2 T [ B 34 ) o0 A, LN B 5T U
3o 7 22 fie /N M R A R O 14 24 TR e R

2
N
Foo= argmin(‘ gi’—(z‘ g,-‘)/N
i=1

SN 5 T TS A PR R
g= pi— .| — g g T 0 T D B R A oA
B, ph S [R5 1 A R 48 T SR s TR Sk Oy 2%

(2)




% 3

FRVEVE 55 - — i ) L AE A2 1 RHLBE AR S 1048 150 2 249 TR 90 39 75 435

IR TR REAES PR ) 22 AR . I
iy 3 (2) Al DU 9 A 5 2 R B A Al ok 1
S

LHC N QML BE Mg 26 52 5 i — e = A
—SE AL A E AL, TCHLEE M Al A AR
PFoEM R R . I, 2 RIE B 2 )5, E
FLAN 22 BB Al 22 , LA S CHILBE B 55 A % 1 T8
R . AR R R R

M )
ZH GG
i=1

o o 1 A7 AL RO SEI AR B o) S
IR A bR, Ml PR L BE Az i 4 35 5 67 FL A~ 8K
O S0 Ak A AT LA 2o e /N A LA T A o
1.1 BEBHREHEX

AR A 7 2 AR A v X FC 5 T P o A R 3 AR
AUEN B H5 A 4 B bR R BUE SR

ZMH+
(4)

Ao 3L AT 43 51 T 3 T C EAE I @8 A
J R %R AL R A SEUE BN B — et
FUAE , JRO T 3037 52 it 1) X6 G R A i 9 I oK
1.2 BHREEKRE
H b oR B8 1 SR e 2 AR M DL AR IR R, o H FR e
B 1 SR Z BUONE i 4 P R FT- A% ) it 2 7 e LB
ek w=[0,,0, 6. M ¥FBv=[o,0,0.]
SR 5 18 3k i e S R AR 48 2 R v L B A i = 4
WP 25 48 6 B, B p AT DA SRR i an R B 2K
pi=p+wXp+v (5)
S ARG T L AL pl G it W AR 4 s )
e T2 A X8 g IS TR R
d=p—q=p—qtwxXp+v (6)
Z 2% FAF I G b 8 pl 48 ik W PR AR 4 s )
FEIN T2 A X N A5 g, A ) B R B R o
di=(p—q)n,=(p,—q;TwXp,+v)en=
(p—q) n,+(w X p)n,+v'n, (7)
Hﬁ(ﬂﬁ/\ﬁﬁ Boh, R 328 A A 12 B
AR AR BN e i w RO P v, AR5 w
Al w8 o 5 K G SR AT i B B R ROE- S ] it 2,
B AR 8 R
0 —s. o
Rexp( 0. 0 8‘,) (8)
—6, 6, 0
t=-exp(o,,0,0.) (9)

(3)

F'= argmin
R,

Sl (Sal ] o310

2 ZXWESH

AT TEA TR TP Y 2 29 OBC A T G E
SRV 38 Bk SR N 2 4, Tk B B A AR .
2.1 HEIIEIEE A REXT L L8

115 7 o VT o5 e R G RS 1 T s =0 R N
) I Sk Al R 2R, PR] I SR TRC 9 B30 VR X T 14 0 4
HERA BN N T R uEA SCHC SR E X AN
A ) 4 2235 T 19 A5 2= 5080 2 A7 TRC 9 1o 0 R 4% A AL
WS, AR T X 3 A AR BB AL = R AT I o S
5., BB RME 4R, F4la~c)H, 4
S S AE R TR RS N =, A BER
ZHEFZMEA T M =, 8 SR 2 790 45,
H bl A W = & A 58 B 0.5% 1Y i e s
Bl 4(d~1) A [a] 2 80 s T B s A

4149 a

(a) Initial point cloud (b) Initial point cloud (c) Initial point cloud
of g=0.1 of g=0.03 of g=0.01

0.1 0.03 mm 0.01 mm!

(d) Final point cloud  (e) Final point cloud (f) Final point cloud
of g=0.1 of g=0.03 of g=0.01

0.09 0.08 0.12

g of g uor] gonf

<010
5 0.06 < 0.06 B
£ 005 Eoask 2000}
0,04 | o 20,08}
£003F £ o004 £ o007k
go0r Z 003t 2 0.06
= B = > il B

000500 200 300 400 500 %0100 200 300 40 0.05

Tteration numbers

100 200 300 400 500
Tteration numbers

100 200 300 400 500
Tteration numbers

(g) Iteration process  (h) Iteration process (i) Iteration process
of g=0.1 of g=0.03 of g=0.01

P4 37 s ARG e 22 5 A ARG &R 1A
Fig.4 Relationship between the registration error and the

number of iterations for three different poses

R TR E bR R EOR S AT R AT L A T
S H BN A B BRI TR s R
Py e 5 e AR e Rl i 4(g~1) iR .
AW B o SR B, Bt () A 13 . A
AT LLE Bl 2 AR B 38 i, RS = 1
S 4 RE S W I N L IF B AW B, R, BT DA A
H b bR B S 5] 0 35 25 R a5 2 508 40 e 6 0 8K .
o B R R L AR R S 56 v O R B 2 ALY
FOHEHAENO, ST 1, a.f o HIx I (4)
R RCE R B Ay 30 3 (2) b A 28 i
[] B R g Y U

ic 74 158 25 X EE A3 BT < 4 52 50 2o i hofg AR SO o ik
55 0 B 2 BT o B R AT X EE A i . LR



436 o

2O =

PPN % 56 &

F1 WHESWTEEPEANBREEEZSHILE
Table 1 Parameter settings of the registration algorithm
in the convergence analysis process conducted

in this study
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Table 2 Quantitative analysis of registration results
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Fig.5 Registration results of the measured data for the mating surfaces of the assembled component with polygonal boundaries
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