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Abstract

Artificial neural network ( ANN) and fuzzy math were introduced to the design filed of CNC software
for realizing the fault tolerance of CNC interpolation and improving the reliability of software. In addition,
function aspects ( velocity, acceleration, chord error, prediction accuracy, fault tolerance, real time )
from the experiment on non-uniform rational B-spline ( NURBS) interpolator based on ANN were
evaluated in detail. The experimental results show that the NURBS interpolation based on ANN can not
only meet the requirements of the function aspects, but also realize the fault tolerance of CNC

interpolation, which may provide a new strategy in the improvement of the reliability of CNC software.
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Fig.1 Schematic representation of interpolator based on ANN
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2.4 1ERRFIET

L FHBORI A2 FIWTRE R B2 P (v, 4,
z,) o YEH Euclid FEES, & & WMH A K5 &R
2%, AR H BE S S5 3 B4 D DU ) T R 1 42 57 4 4B AT
Pl(xu Yis z,:)o ﬁﬂ%P'(xi, Yis z/>l—ﬁpu(xi’ Yis 2)
AORE B /N T B A, WEZSZ A0 #b s P (x,, vy 20) o
WERP (x,,y,,2)5 P (x,, y,, z,) [ EEE B KT
B8N IR Z AR P (x,, v,y 2,) o TAIRSEiE 5%
IR i B RD AU P (v, 2) AT S SRS
AN HOR
2.5 IhEEEH;

R T RGN L T e 2 I 4% A A ML ER A PR BE L AR
SCRLTE AR 2 2 B AU LR kit 4,
e A B R0 b DZ IS AME R, i BE R
ok I E NI R IR R . AP PC AL, B
M2 TMS320F2812 AU {55 Ab#EES, b N AL
AR 5 R IR RAM SRSzl -0 R AL &=
FUA S AL AR AR IR Sl A S A W s S T AR B X
SETRERLHUETE CSS RS N CIBEH 'S . Ik,
ARCAE CSS B8 TR C i 4 5 3 T 1 245 1 2%
(AR 7, B A SRR L DL IR 1 2 S A B R I
B\ TMS320F2812 FUALFRZS 1, RBF # £5 [W 4% 3
K BFEEREL, T8 BO T AIHFE R B AR R, A
SCRAZRE SRRSO, FE R T
N 1Qmath Library 77 5 80355 3k 22 05 4K
TIERL, DA o o BoR E A JE
3 MRS

¥5— 2% NURBS g 7e iZim A X5 240 it
748 b 52 %, = ¥k NURBS Hfi £k 0 & 3 Fr 7w,

NURBS M08 LA d, BUR T, A5 2460
SN S B R

(HFER WA 2 | (0,0,0); (-100, -100,
0); (=100, 100, 0); (0, 0, 0); (100, —100, 0);
(100, 100, 0); (0,0, 0) |,

(2)BHF w;: | 1,30,10,1,10,30,1 |,

(3) W S K w. {0,0,0,0,0.25, 0.5,
0.75,1,1,1, 1},

(4) 1A AW T, = 2 ms,

(5) AP v =66. 7 mm/s,

(6) ARV RIEAIMEE o, =5000 mm/s’,

()RS EIRE €, = 2 pm,

(8) KA S B , N a =500 mm/s*, I
TR J =10 000 mm/s’

100 [
By

60 [

20 + X

[ 1 1 1 1 I
-10] -60 -20 20 60 00
=201

-60

~100L

K13 NURBS HiZk
Fig.3 NURBS curves

3.1 EEMMEESHT

FEFT AN A b, R/ R i R 45
No EE 4S5 ] LUE H FEAf AR AR v 3 EE
PR ROR S, RE T TR, 72/ S
TRl LA N B AR /NI Bl (ER A
PURBIRZR S B FPR ] (a,, = 5000 mm/s”) . Jilik
R0 IN e B 2t NURBS 46 ith #8558 Kk S 80my
DR TCTE G, A, i T A v i R/
T AT RE T A2 R AR LA N T 2K

70

5

(=)}

4

15

28

JL453 )Y /mm. s~

14

0 3000 8000 12000
[ [A] /ms

K4 HEHIZL
Fig.4 Feedrate profile

3.2 MIRENH

TEARRAA A JE 9T 4 kb s BB 7E NURBS i £&
b A TR R R DA 2 e AR
M5 miRzE . MWSEPRIAS M 5 miRzE e (E 6)
A, S RRE A 4 DR ST NG



218 £ Bl % R 2011 4

600 [ 08

o 400 | =061

1 i=4

» x

g 200 =

. = 04

B 0 | . , . L. . ig ]

® 2000 4000 6000 8000 10000 12D00 Z o2

ZE: =200 | I} 1] Ams ’

ﬂ 400 } 1 1 1 1 1 )

0 2000 4000 6000 8000 10000 12000

-600 L HJ 8] /ms

K5 ini R pih 2k

Fig.5 Acceleration profile

24 M RERA T, K6 RS miRzEE
1.05 pm /NFHRERERKS FHiRE e, (2 pm ),
DAL G R T 2 ) 285 10 97 4 MR RE A i 2 UM B T
BLA N TR BE EK

12
1.07
0.8

X
Hoe

R
IE 041
lﬁ

/pm

021

0 2000 4000 6000 8000 10000 12000

TN TE]/ms
K6 BEinkihd
Fig.6  Chord error profile

3.3 #HEMETNEE DT

KA S P (x,, y,, z,) SIEBIEAN S P («,,
y;, z) ZIAIBEES D, SKITA RBF i 25 4 28 (1) il )
KGR POAS BE ph £k an &l 7 Bios . Fedfikbad b,
Fou, PR AR S 98 & A A5 Ak, RBF Ff 48 o 2%
FOMKG BE st 2> T, {H RBF 25 0 48 AR Bt 7T LA 2
18w, JP o 022 AR B T A R K S 3 Dok K
o QAT i 2 I 45 ) A MBS ERL R ST A8 R
AR T 2 X 245 1 TG 06 2 e, BRI A5 P (v,
v, z) FIEWE AN S P (x,, y,, 2,) ZEBEEE D,
WUNTFIEBE KRS iRz, s, D,
7E0.2 ~ 0.8 wm yWE N, & 7 FioR, D, &
KAEH 0.8 pm /DT H KRS EiRE €, (2 pm) o
I RBF A1 25 0 2465 (7% S0 T8 6 M 47 M ke 225 i 4
p NGRS
3.4 BHEHW

FEAR SR o AN P (,, yy, 2 ) FVH A5
P'(x;, i, z) B BEES I/ NF R IR RS &

P74 TS FE
Fig.7 Prediction accuracy profile of ANN

W2, GBMIHINT, B A P (v, y,, 2) 1A
IR SR, Jf AR I A R R, T DA T
25 45 B AN B A R I B, an SR AE A
AR AR B R AR AN AL P (e, v, 2) 5
T P (x,, y,, 2,) Z A0 E B 23 AR K OB ) W
SRR B, AR RS AL, AR P (%, s
z,) FIEBIE AN S B AR /N WS P (x,, y,, 2) 1R
BRIEHAIE AN S VR AR § A AN S, TS B T
TR ARSI SR A, PRI Ik, 5 il 4285 0O 46 (%) 47 A M
POl TR RO
3.5 ELEESHR

FE bl 25 ) 2% (1) 4 AN B T AF TMS320F2812
RUS R Fizafr, FIAH DSP i FH ik a5 1 ) A
JF 14 E 1 B E], DSP Y TAE S5 R 15 5 A 150 MHz,,
TEFE T M 22 W 45 1 NURBS #fi #b i 72 vp | iz 47 —
YA AN 14 #E AU B R FE 500 ~ 650 s 11 Fl Y A8
ko T I RE R B ) A 38 8, 33X F R 2 I 4% 1)
SRl BRI S A PR Y, S5 B 0 A D
W1 T 2 ms, TR T FE 09 BRI ) F A D
1, DRI, S5 i 22 0 26 ) A DB B BE A8 T R S
Bf 1 22k

4 LHRIE

R T AR R B R G A AT SR AR SR R
o 25 D) 285 FIASR) 502 7 FH B 50088 R e A R 1 340
B, RIS, A SOON 3 #2845 1) NURBS f #MSE
Yot AT T SCIGAGY , F AR B/ Ik B A B2 p
ZE L5 TIINRG B 28 A S i 45 5 TR AT T 40 #r
STy 47 R P T 25 IR 48 A M R A o T B
SKRATTTHE N SEB TR AN A R HR | R 3 e s
ARG TRV T B R AR

2 % x #

1 Anderson T, Barrett P A, Halliwell D N, et al. Software fault tolerance: an evaluation[ J].

Engineering, 1985, 11(12); 1502 ~1 510.

IEEE Transactions on Software

2 Kanoun K, Kaaniche M, Béounes C, et al. Reliability growth of fault-tolerant software[ J]. IEEE Transactions on Reliability,

1993, 42(2): 205 ~219.



SR AF T P2 B AN A R ROR 219

3 Rafig M Y, Bugmann G, Easterbrook D J. Neural network design for engineering applications [ J]. Computers and
Structures, 2001, 79(17) . 1541 ~1 552.

4 Duer S. Diagnostic system with an artificial neural network in diagnostics of an analogue technical object [ J]. Neural
Comput. & Applic. , 2010, 19(1) : 55 ~60.

5 Feng Jingchun, Li Yuhao, Wang Yuhan, et al. Design of a real-time adaptive NURBS interpolator with axis acceleration limit
[J]. The International Journal of Advanced Manufacturing Technology, 2010, 48(1 ~4) ; 227 ~241.

6 Tsai Miching, Cheng Chungwei. A real-time predictor-corrector interpolator for CNC Machining [ J]. ASME Journal of
Manufacturing Science and Engineering, 2003, 125(3) ; 449 ~460.

7 Liu Xianbing, Ahmad F, Yamazaki K, et al. Adaptive interpolation scheme for NURBS curves with the integration of
machining dynamics [J]. International Journal of Machine Tools and Manufacture, 2005, 45(4 ~5) ; 433 ~444.

8 Du Daoshan, Liu Yadong, Yan Cuiliang, et al. An accurate adaptive parametric curve interpolator for NURBS curve
interpolation [ J]. The International Journal of Advanced Manufacturing Technology, 2007, 32(9 ~10) ; 999 ~1 008.

9 Kalra R, Deo M C, Kumar R, et al. RBF network for spatial mapping of wave heights [ J]. Marine Structures, 2003,
18(3) : 289 ~300.

10 Montazer G A, Sabzevari R, Khatir H G. Improvement of learning algorithms for RBF neural networks in a helicopter sound

identification system [ J]. Neurocomputing, 2007, 71(1 ~3): 167 ~173.

11 Yu Miao, Zhao Ji, Zhang Lei, et al. Study on the dynamic characteristics of a virtual-axis hybrid polishing machine tool by
flexible multibody dynamics [ J]. Proceedings of the Institution of Mechanical Engineers, Part B, Journal of Engineering
Manufacture, 2004, 218(9) . 1 067 ~1 076.

12 FRar [, gk INEG A, 55, T ARG SUR S PE DR IAA LR B BRIE HLEFRI [ 1], AL -4R ,2007 ,38(4) 1167 ~171.
Xu Liguo, Zhao Ji, Sun Ruidong, et al. Iso-circuit algorithms for tool-path planning based on virtual-axis elastic polishing
machine tool with five degrees of freedom [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2007,
38(4): 167 ~171. (in Chinese)

13 sk, B IFRBEDHUHLRIE ShERIaS AT D], K& MR ,2007.

Zhang Peixiao. Study on motion controller of hybrid polishing machine tool [ D]. Changchun: Jilin University, 2007. (in
Chinese)

14 XUENI. T AR bR UL FLAR T BGREBEE R GEIAFFR [ D], KA MR ,2007.

Liu Xiaogang. Research on the open CNC system of five-coordinate virtual axis polishing machine [ D]. Changchun; Jilin
University, 2007. (in Chinese)
(E#5 214 TT)

2 Ge Leyi. Novel method of evaluating dynamic repeated measurement uncertainty[ J]. Journal Testing and Evaluation, 2008,
36(5) : 453 ~459.

3 Wang Zhongyu. Research development of the grey error theory and the applications in the dynamic measurement [ C] /2003
IEEE ISICT, Beijing, 2003 . 447 ~451.

4 M. RHBEEER M. iDL PRSI R, 2002:25 ~31.

Befron. Bootstrap methods [ J]. Annual Statistics, 1979, 7(1) :1 ~36.

6 EBTE RIGERH 5Kk AR , 2. WIS IRZER K A By ShaS Bk [ J]. PRS2 TARERA2RR,2007,39(3) 160 ~ 165.
Xia Xintao, Chen Xiaoyang, Zhang Yongzhen, et al. Dynamic prediction for manufacturing errors using grey hootstrap [ J].
Journal of Sichuan University; Engineering Science, 2007, 39(3): 160 ~ 165. (in Chinese)

7 Xia Xintao. Estimation of non-statistical uncertainty using fuzzy-set theory [ J]. Measurement Science and Technology, 2000,
11(4) . 430 ~435.

8  Wang Zhongyu. Novel uncertainty-evaluation method of virtual instrument small sample size [ J]. Journal Testing and
Evaluation, 2008, 36(3) . 101 454 ~ 101 461.

9 T, BB ORI AN E S ARG e [ M. dbst. ER7 T R, 2000 65 ~74.

10 Deng Julong. Introduction togreyness system theory [ J]. The Journal of Grey System, 1989, 1(1): 1 ~24 .

1 ErhE ARGt E s L TR I M. dest: Bl AL, 2005 31 ~64.



