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Tool Path Generation from Measured Data by Direct Projection

HAN You'ang, ZHANG Yingjie, YU Mingrang
(School of Mechanical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: To improve the low accuracy and efficiency in reverse engineering, a new approach is
proposed to generate tool path from the measured data by direct projection. Following the princi-
ple of projection algorithm, an iterative process is defined to continuously update the neighboring
points, then an approximate plane fitted with least squares method is created for calculating the
intersection of the object and the projection ray. The procedure is repeated until the required ac-
curacy is met. The tool path generation technique based on the reference surfaces is discussed. A
reference surface is created for the input point cloud, the sampling points on tool paths are de-
fined and projected on the offset of the point cloud, and cubic B-spline is chosen to interpolate the
projecting points to generate a tool path. The experiments show that the proposed strategy avoids
the surface reconstruction and improves the effectiveness and accuracy with stable computation
and simple operation.

Keywords: tool path; reverse engineering; least squares; projection

BOR TR S80I 455 0877 ah Bk A L 54

Vol. 45 No. 9

AV E RO LT ) BB R T
117 LA AR I 22 Rl 22 RBUR i 29 SR T AR H
ARSI, D T i Gk A R 2 AR SR AP N AR T
FHE M s A TR T BBGE R T . Lin 55 N E %
KM Z-map B BRI THL  Park 55 N4y
T RS AR B 2 iy ik HOE A TR

Weks A BT: 2011-02-21.
A SRBl 2 4 W B B (50775174).
)25 H AT [E . 2011-06-16

Hd . Feng 6 N A8 T RE52 T 07 A% %, FF0F
il TN TR 2. RS AT MU 4y 2R T
FEIN T B4 I T8 Ao A4 2 = i 1 2B . Zhang 4§
AEI%E S T MLS(Moving Least Squares) i
[Py W S SEryA: Sk DARR 7 R1/N

MBS A R AIE R A WL OA KR
2558 R R ARy A T T L 2 R B B it

VEF TR AT B3 (1985 —) 5 A s KSR AR RO B 0 i A i, it . MK

W4 R AL http: / www. cnki. net/kems/detail/61. 1069. T. 20110616. 0905. 002. html



12 [T 7 . ]

PN

S 5545 &

#H

T]_ERARAFHERE 5 Levin R B TR 3l /) — 3¢
AR AR I 5 s Alexa 55 N 42t R I 22 0 20
3T S X3 A ) i B SR AT R R T ks O X 4
AT 5 AR HEAT A A SR 385 1 AN R i T
Azariadis™ & i T #5207 1000 15 B 04 5 EA T
BURAE PRI BGE s 7 vk, Lin A 3 T
/D ZRAALI H B s BOE R AT E 4
SEFREITI]. Zhang S8 AN B T KSR AL G SE
AEL 8 e £ TP AN W SRR A A (X A R
TG 1) A P 5 A B SRR AL .

M TR A B AR 22O T R R BT
ARSCPEH T — Bl A 10 B 7 ik FE B
AW AR s B L I HEORT R A AR A
SRARTFECR i DT vy 1 0 25 Ak P PO 2.
BRI T 70 B0 A A A R
IR IFE i T8AIE 1A Sk,

L — g A m B2 ik

B W S R RO TR BT 25 il T Y 52
L TESR At R v AN W BRI 4 00T 5B A g /N e
P TE 558 A TR RN ORI
s B BREE G T IF.
TBW1 EXHES P=(P,,P,, PR J5 W]
n,=On, n, .n )75 ¢, AR BIBGZ LR/
T r BT R L B A D
B2 UPREIRE o 15 15— AL R AL
a; » IHMER a,<<a, MR AFBIRPIT LR S) AR S, v
I RBUINT 3 A L.
FE!3 WS WG/ S IR TR E SR
AW R Ei'e J=l
S 4 HIYRTR R B S e SR YRR
d R d NTERE R ZEE « (B0 0.01), MK AR
2Nk A ) R 2 1A B 59 8552 mUVE R I 4 E AR
P, HE TR 2~ 4.

o)A x ’
/A Z
o mZ o B
x EIHEANE SIS

Pooy B B s PR AR s n, B TT )5 P 5 1 UCGIRAHIY
P A d B S BR BE RS s Pr B AT
K1 A E ks Bl

SWS LU — AR B S50 R
B P
L1 EREAE

o FRABIL A P AR
Wi, >4 Py 23T P o, R, JOZ 0N, 25 TR IR B R
BTG 4

1

1+ [P =P P, —Pom, [

HHAAFA Y o, ARTEAEAL R B E R, E
SUR BB IR o, » o, B R YL & 10725 1T 725
k. 4

(D

a;

a?l _ an’)
_Pm*wk’k<9

a() B aﬂ _ am
a0 A

K a, va, 730 A R B 20 T 1 B K AE RT3
(B TEBCZ AL RE b, AR A AAS ok (BN T A R 4
W (L DD 32 M B3, by T 4 30 i 4 50 1 A W D
B R8> TR TR], HL3R & T RS .
1.2 #MER/M UG TEE

HFTARRIE SN Sy, Hohut 500 O, BI

S {P; = (xisyisz) | i =1,2,++,N} (3)

RN
= N,Z;P’

AP N RAEP S BB H. B S TR R
IIVA:i00 24 Ne 5 1 T T Py & s DR O K P ey
ST R RN L S 2 R 5 I A R BB IE R AL

2,2
—d. /d_
1 m

(2)

O 4

w; = (5
Arr.d, A P 8O Z[EWEEES ;d,, A S W E]
O By K.
LA w5 on A GE IR IR 22 E /)
Ay 5 21

N
E= > [(P,—0) +n| o (6)
i=1
F3E 7 2256 R
N
C=D>,(P,—O)(P,—D)'w, (7
i=1

SR FH IR AR SRkt 2 ¥ PR AR A e de /N AIE
(ELRT IO PR AR A 1) 8 300 e /I — S 400 T ) 325 1)
. SCIRER NI 2 FR o 4 B B S 15
BRI RIB AL

2 HFT S Y ] EL Al A Ak
B ER Sk T LI ORI T B A 4R 01 T —

http: / www. jdxb. cn



55 9 39

BB GF A T B0 I R T U A AR 13

B9 3K 1 110 A1
B2 BRSO [ R S

eI B 25 AR BT RO 0977 k. 8 S AR A
Bz R PP RIE s Bk m i g S s
(O BEA SRIE A 7] f Rk Sk T A 2047 O B I X
JRyER Y BEAT AR B X6 T A S AR SR 2
R kAT GO R=30)  FF A /N T
T, T2 2 i T Y R R A RN TR R R
RWNZ R AT W B2 a5 A B P R 5.
L5E SN B o B RN TR T B
i HAE RN

S| RIS G m P R — Sk 1
7 I S E O T TR R AR R S
T IR AL 38t B AT ) SRR AR A 225 il i, 4 2
YT 2. 5 2 (0] Ay vy g s . HG e, 2 e
FTFAEES AT B4 d 2 g 1AT 0 [2] 2 o R 3k o ) 35 1)
B e N E TR TE

SB|2 W T HE D7 AE S il LA
A% 1475 2BHHE TT B0 - 9048 10 E I BE L B RAE
S RIS 5 ). RS A5 4 18] e 8 25 1] B A T B B
ST B /AN T LURR s T ph R £ 28 P A T B 1
R RE HEA T 1 1 e .

SR|3 K B E TR AT 5 & 0 R
AbBR R — )R LR S BN R RN T4
{ELAY R ARAFATIR L 2 I U7 1) HO B AR i
HATA [ B L B A3 2B AL

S| M ITHAE ] 7750 R R — 2 WA £
SR A BOR A i a5 =R B RS AR {EL TH W 1A

EILEPARS 7 PuYiiiES R
SI|S  LIRAE R TR, DU

FUVF i 25 M AL A AR S5 A S 3 55 0 A 3l 5
HEE-M SO PAE DAY VA Y NTE = E2I DA VA RIS

3 ZHIHR

KH VC+ -+ OpenGL ¥ % B 1 25 504 b 2
BAE R I AR AT T B A0 EL 3 B

(DB HL (DB TT I

QOF S=PARR 7RI
B3 MRS AR I S s

(CODIE=X: 373

KGR I RO 7 364, 73 JERRCH O 18, 5
— 2 B 30 S A
SLIAH R ELAR N 90 mm, KR 220 mm
() JE Tt Bkl A 30 mm (/0 e e = TR 4%
N 2 i TR B BE O 145 mm. 5256 J) HoR
4220 10 mm IRk T GREEAN) » SEER LA 2 1ok
HRBIHILAR I T FH VT EI . 36 3 R I DIHI L
JIATHE N2 mm . SEH A5 RN 4 75 AP A AT LA

(il T 12

(b)finT.4%
B 4 RESESAR A SEEG N T

http: / www. jdxb. cn



14 [T 7 . ]

5545 &

E ¢

A TIHEA N TR o3 A 34 ) 45 B 0 T R
U NTTRAIE 1 AR SOV Y IE A

44 ik

RS A R B RE R — i & T RAL AR
Y A R R JEE B W T i i AN BB BB A B
R EOR R IZ RS A e (S il
T R B ) BT AR R AR TR S
SRR A2 A BB A ot o7 o o R o T Ll A 1 %
75 SRR AT $2 o 1 Al A PR EORE JRE L SE B T
(SRS

S 30k

[1] LINAC, LIUH T. Automatic generation of NC cut-
ter path from massive data points [ J]. Compute-Aided
Design, 1998, 30(1). 77-90.

[2] PARK S C, CHUNG Y C. Tool-path generation from
measured data [ J]. Computer-Aided Design, 2003, 35
(5): 467-475.

[3] FENGHY, TENG Z J. Iso-planar linear NC tool
path generation from discrete measured data points
[J]. Computer-Aided Design, 2005, 37(1): 55-64.

(4] StbiE, £30, BRFIR. DS 800 28 ) B AR 05T

UV AN B iR 1T 5 BB 2 224, 2005, 17(8):
1704-1709.
WU Shixiong, WANG Wen, CHEN Zichen. Study on
tool path generation from measured data [ J]. Journal
of Computer-Aided Design &. Computer Graphics,
2005, 17(8): 1704-1709.

[5] ZHANG Dongdong, YANG Pinghai, QIAN Xiaoping.
Adaptive NC path generation from massive point data
with bounded error [J]. Journal of Manufacturing Sci-
ence and Engineering, 2009, 131(1); 1-13.

[6] LEVIND. Mesh-independent
[C]// Geometric Modeling for Scientific Visualization.
Heidelberg, Germany: Springer-Verlag, 2003:37-49.

[7] ALEXA M, BEHR J, COHEN-OR D, et al. Compu-

ting and rendering point set surfaces [ J]. TEEE Trans-

surface interpolation

actions on Visualization and Computer Graphics,
2003, 9(1):3-15.

[8] AZARIADIS P. Parameterization of clouds of unor-
ganized points using dynamic base surfaces [ J]. Com-

puter-Aided Design, 2004, 36(7). 607-623.

[9] LIUY S, PAUL J C, YONG J H, et al. Automatic
least-squares projection of points onto point clouds
with applications in reverse engineering [ J]. Comput-
er-Aided Design, 2006, 38(12): 1251-1263.

[10] ZHANG Y J, GE L L. A robust and efficient method
for direct projection on point-sampled surfaces [J]. In-
ternational Journal of Precision Engineering and Manu-
facturing, 2010, 11(1). 145-155.

[11] BRIETF, koK, MhaAr. HORL AL = B it il R0l 3

KA [T Bt S MR K224k, 2005, 37(4):
515-519.
HE Meifang, ZHOU Laishui, SHEN Huicun. Curva-
ture estimation of scattered-point cloud data and appli-
cation [ J]. Journal of Nanjing University of Aeronau-
tics & Astronautics, 2005, 37(4); 515-519,

(A< F1) 48 < Tk s 43
BLR BOGIR B B AR LA A E A . TR A
235,2011,45(3) :85-90.
IUNEFZHFHEERSHATE T BLRAKRES
4%,2010,44(8) :122-126.
—FFE AR AN T S R A BER
K I ,2010,44(9) :69-73.
FIHBATRASERWHUR T BT T 7k WEKHE
K I, 2010,44(9) . 74-77.
EAEENRITE S E X B EANFAR TR BLRA
K I 2007,41(7) . 755-763.
AHMEAEAHTENERHR. WELRAKNFFLM,
2011,45(5) :84-89.
BRERGVAR EER Rt RORA E k. BLRAEKRF
245 ,2011,45(4) : 82-85.
Wr ARG FEHEN T2 EARN. BXR
2248 2010,44(8) :30-35.
FIR#FHFEEN S AR R AEEELSBIE. LR
A ¥ 4%,2010,44(3) :52-57.
WHHP R FEEN Web REBEABN. WLRARFF
,2009,43(4) :39-43.
FMRY THRE RS REHRIKE L E
2245 2009,43(2) :6-9.
CTHEGRZDHEN T HER AT REMRET LA, BE
2 K % ¥, 2008,42(6) ; 664-668.
T EHYHFZENA S Web iS5k 5HIE. B
2 A 4R, 2007,41(10) : 1155-1159.
€L

3

4

i

A

>

W % 23 A

& ok AE)

http: / www. jdxb. cn



