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[ABSTRACT] Aiming at the requirement of high precision and fast fitting of surface features of parts in high-fidelity
virtual assembly of head-up display (HUD) devices of automobiles and aircraft, a blue-ray random point cloud processing
and fitting method is proposed. Firstly, the K-nearest neighbor point cloud combination filtering method is used to remove
noise points and redundant points. Secondly, the internal surface of the filtered point cloud is quickly fitted based on
the fast base surface construction and iterative optimization fitting method of non-uniform rational B-splines (NURBS).
Finally, the point cloud boundary extraction and surface cutting are carried out based on the rolling ball algorithm to obtain
high-precision surface features which could accurately reflect the point cloud boundary information. A complete set of
HUD system standard parts was designed and processed, and the blue-ray point cloud of the main mirror was obtained to
carry out fitting accuracy and efficiency evaluation experiments. By comparing the fitting surfaces of the proposed method,
commercial software method and literature method with the surface data obtained by three coordinates accordingly, it can

be concluded that the proposed method can achieve micron fitting accuracy on the premise of significantly improved fitting
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efficiency, and can meet the technical requirements of high-fidelity virtual assembly.

Keywords: Scattered point cloud; Point cloud denoising; Free-form surface; High-precision fitting; Point cloud boundary

identification
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Fig.2 Fitting method flow chart of free-form surface

84 izt HEEA - 20254F 556845 55 1210



PN
RESEARCH Hltﬂtex

1o TR P YR 0 A HLAL 35 R T UAR A, AR GE A PR I
PFREICHE— Rk B PR 2 MR T S AT . A&
SCHR T KA sl = A 08 W5k, U ke 4t
T B IO R K IR RCR AN IR

(1) EBR Az A0 W B L 1 32 R B B R R P R
ke 3 i, o T HOSL R A A A A LR, >R
FH ke HER Ch—d A8 ) i E AT 3R NS TS T h—d A4
TRECPAERIEDOT L LM 1 WAL R FAE 7, KA
7o AR R AU, GETTAS KT AB A ) SRR 2 1
N, PR AU O S NIRRT U, AL A A

W7 A Bl WP A

N=3 o N
[ ] [ )
®
..
— ° ) e
N=0<N e N=6>N N=1<N

3 FRIEREEE

Fig.3 Schematic diagram of radius filtering

Hh R B A DU T
IS ON

()

TN B s B 2 Ry B e s AT AR . ARE LT
K3 s Py ps BEHIE I A

(2) EBR S = REARBK ol W&l 4 firs,
P P8 B o S = AT, R T 45 S 4RI P 41 S
S AR A (A RS SRR M 5 D R BR3R
AT P R =

(3) i\ LBR A = IUA . WL S Fros, (%
T\ SR I IR R AR TR AT i A . i P s A
KT\ U ZE R, X 4 AR Z e AT
B, RO B g O IR Y A, BIBR R4, LA
P a5 BATE S

ZE bR KIEABR e =~ B A ki oy B Bk
wmr.

(1) B A C S =, B AR B A2 r, 5\ R
F/MAR LK d.

(2) HA7 MR 45

(3) T k-d W RITZ L P e STEr, LMK
AR N, (i), B

Ny(p) =03, 2) [ (x=x) +(y=y) +(z=z) <r; (1)

0k A TTRER No
(4) TR ITA S KR4 ST 2 A EN  H
N .
--S'N 2
N k;N’ (2)

AR e e

i

Hh (L N ThT
5L ON

L LR TR T—"

/ O UL R At

SPIE AT e I
P :g%g*m

B4 fPEEKEEE

Fig.4 Schematic diagram of median filtering

20254E 5568 5 1210] - Bt hE AR 85



,—‘? N »
m%lﬁx RESEARCH

5 fRERABEEER

Fig.5 Schematic diagram of voxelized reduction
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Table 4 Comparison of simulation results of different algorithms
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Fig.12 Fitting error comparison of different algorithms
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Fig.14 Fitted time and error line plots of different algorithms
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