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Prediction of Numerical Control Machine’ s Motion Precision
Based on Chaotic Phase Space Reconstruction

Du Liuging"®  Yin Guofu' Yu Yongwei’
(1. College of Manufacturing Science and Engineering, Sichuan University, Chengdu 610065, China
2. College of Mechanical Engineering, Chongqing University of Technology, Chongging 400054, China)

Abstract; Aiming at the difficulty to analysis the regularity of CNC machine tools’ motion precision
through mathematical model, the nonlinear prediction method based on chaotic phase space reconstruction
theory was proposed. The optimum delay time was evaluated by the average mutual information method
and the minimum embedding dimension calculated by false nearest neighbor method. The phase space
reconstruction for one-dimensional time series of the motion accuracy was implemented. The topology
isomorphic state space of the original system was obtained. According to the chaotic system’ s inner
orderliness and regularity, the phase points’ trajectory was employed to describe motion precision’ s
evolution regularity in phase space. The input vector was constituted by phase points’ multi-dimensional
component, and the predictive value of the motion accuracy was used as output vector. The nonlinear
prediction model of CNC machine tools’ motion precision was constructed based on RBF. In order to
improve the prediction accuracy and generalization ability, the algorithm of quantum-behaved particle
swarm optimization was proposed to select the parameters of RBF. Global optimum value of RBF
network’ s center, width and connection weights were obtained. Through the prediction model, the
evolution trend of CNC machine tools’ motion precision was predicted. The experiments verified that the
prediction model based on chaotic phase space reconstruction can trace the evolutionary trends and
regularity of the precision properly. The maximum relative error of the precision was less than 6. 67% .
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based on reconstructed phase space

PUME o RBE R4 3 )2, Horb a5 J2= A
HJZE 28 0 1 A% 3 R R0 i) B 0 R BOR 2K R
o BA /MR ALER A 2S E R B TR
PENLR RGOS =S (8] B4 DA 1 DR I K 3 Sl s
H R AH 2 8] 1) e/ i A HE R m A0 RBF R 26 Jgg A
JERMZITCAN R eefe(t),e(t—7), et~
(m = 1)7) | iz ik B 5 A AR 25 (8] i A i, A 2

YERA =S (B9 m A2, A 9 RBE 2% ) B A7) 3
12 B R TN A Y A T i A

fe) =+ TABCle=cl) (D)

St @(feme ) =exp
g

N e L1

RBE 1 1) 5 J2 1 04

r—— 0 Y 9 5

N, ——RBE [ 45 J2 514 112 9 e e B
Ao 4 28 {5

W 210 25 0 O PR KT 7

3 ETEFHFREEN RBF FUNERMR
®

3.1 EFHTFEMRLTE
KAk SME RIS /D TRE A AR T L E
RBE 4% rfts s 98 B2 M 3% Fe AUME 55 2 80, ) ik
SRR BEDLVE 0] R, FXE AR5 2 B I , AT 52 1
YU A5 BE 5 ki 1 B ( Particle swarm optimizer, PSO) J5
LR 5L TREE BEROBT L AL S0 N B MR 2 52
AR S SRR e AR Bk WSO R (BATS SR A7 AE IR R
23 () A B, AT RE A AR B 10 Y ok o B TR
% 1 ( Quantum-behaved particle swarm optimization ,
QPSO) 3t F PSO J5 ik, Mt F J1 24 19 M )&, LA
DELTA #Bif Jy S ail , 7 B A al 17 fi# =5[] v k17 48
K, MR EREE LT PSO Bk, HA S5
D GRS A AR SC3I A QPSO J5 ik %) RBF
PO R AT 0 AL , 2 i 4 ) BE Ty, il 2 Ak 2R 22
o
1 QPSO Fyk v, B — BT B8 T 4% A 1Y
BEALA PRI
P=rP, , +(1-r)P,. (re(0,1)) (8)
K{rpoor BEHLEL
s A R DR E NI B 53 W VA
PRI E
R R R DL L B A 2

1 M
Pmbm :M 2 P =
i=1

STDINTISD W YWOR B
K M——Fh AR
P i DRI B A
LSRR OSSR VA MR 87 (iR u IR AR (R YA
BTN
x(t+1)=PxBIP,,., —-x(t)IIn(1/u)(ue (0,1))
(10)

¢




400 & ol HLOM ¥ R

2015 4

Hrp B=0.5+0.5(w,,, —w)/w,,,
A w——FEPLEC w— R ARE

B— W4 K, F LA 9] 3% B30 1 Wi SRR
J& QPSO Bk i — 2 1l 2 8%

I RIEARIEL
3.2 QPSO - RBF W& TiNEE S E KK

QPSO J5¥E4i 4k RBF [od £ Fi ) £ 0 fry 3 A AR
JE 45 QPSO BL 1 4 Ry i R B J1 F1 RBF fil 22 1]
KR RE 1y L i@k 5 QPSO 4R & 4R J5 RBF
JadR AL AL, B QPSO 4 s 48 2, W B9 36, H & 1E
QPSO F ik v Al RBF JRy B4k, [A] iif 75 31 RBF ]
2 rpul T8 BE O R BUE % S8 A R i 1A
AT 3 5% RBE [ 26 T 9 A iff 4 32 /5038 B kG
JEE TN ) T A

QPSO J7 %t RBF [ £% Tl 45 75 5 47 )0 Ak 20 5%
W

(1) U805 2R 5305 1 g ik ok 50 b O > 5, o B
& RBF F50I0 190 2% B 215 s Bt

(2) % RBF Uil X 26 119 25 97 Jik R 450 o0 050 L 58
JE K B )22 5 i )2 B % A, DA SE B g i R TR
FFRR K QPSO kLA, BE g S T QPSO iy ki
T5 RBF P4 250 2 (] i e 5 06 3R o MR 4l kE 1
FURE M BENLF= A M AR F A R 4 B RR B, B A4
AR RBF U R 25 1 — 20 250 [ B, %) 1 Ak B
RALE Pyt P, o

(3) fERDRLF AR 15 303 X W S 80 M A
RBF FUASE AL . FH 45 52 (1) n A 2% 2 FEAR 4 B k15
SRy FRA AN, I 11530 AR 1 938 g 32 f, B

w max

f=100 2 ly(k) =y (k)|
Ky (k) 5 (k) ——T00 9 4% 119 52 B i ¢ 5 30 22
K ¢y

SAE S bR BB, VMR T BE TR BT AN R
SR ) i 2 5 7 R T R B R L P R P

(4) $i 8 QPSO K 71y {7 72 28 (10) B 4
AR B i 1 A 5 BT R TR S . KT
BT B 4k 2 e 5 RBF B0 90 4% 1 2 80, | H 4
BE(3) ~ (4) i B, BRI R Rk R0, 3RS
Bk B9 RBF T4 0

4 LBWRERSH

1 b 4 £ 114 [0 328 SR BB AN A 35 5 R e A 1Y
JUADHS BE LR 25 8 (0K BE 2 A MR R, T HL ik
A0 5 k4 R ] i ) 2R G A SR I B AR 22 0
BAE R AT R AR | 22 A SRR R 22 A AR 1 45

A WC T 5] i o 157 5 i 55, PRt [z 3l 15 5 BE % 4%
4 THI 3 52 e 3 545 HL IR 1 32 S0k B8 1k BB 28 A 15 L o
>R P 4 3 BOCPE MUK [ 5 SRS 2 9 T8 38 5 22 R S ik
A 35 VR T A 4 ) T A 1 B ML K B Bl T AL
ST, B R,

S2E L VS1030ABM B T v Sy % 4 A 12 3l
P2 S8, g NC g B2 TAE & 18 XOY 18 A LA
450 50 mm FlE 2 3 FE A 2 000 mm/min AF I A
Bt/ £ iz 3, A Renishaw QC20 BRA (U AEHL
IR LR A [0 328 3 o o AR VR SE IR i 5P AR AL T
BATRES T, BB KL T =20 h RHE 1R, 755
200 ZH LA IBITE B3k, 43 0] i JC 4% 4 5040 Y T8 R 43R
250 WAL =T B 2% I 8] B0 158 38 15 22 i S AH O, 75
B Av I E] A R B RE 1R 22 T AL B ) E S fa(e)
i=1,2,---,2701 , 401 2 s, Horb, Jif 200 4>k
FHT ISRt I A5 8L, IS 70 A s T 3 A7 10 56
ik

2

x/pum

1 1

0 30 60

1 1 1 1 1 1 1

90 120 150 180 210 240 270
i fil/d

P2 I B2 R 22 AR b bk A

Fig.2 Change value’s time series of roundness error

K HI/NECHE 1 (9 Lyapunav $5 800 3877 35 34 B
JBE U0 22 VA A I (1) R 81 R A7 TR DR R, A 3 I
K Lyapunav $§ %% LE = 0. 056, Ff53 3| A Lyapunav
FEROE IER, RV R G H AR

Xof [5] J3E  22 3 AL f I [A) 8 e (2,) i = 1,2, 0,
200}, I H EAF B e /D Al B I IR ) 7 o=
2,0 3 i s A R AR i T 4B TR A B BN ik A
AR (B m =5) &l 4 fros .

45

HEIR I (]
3 PHEAE EERIE R WA
Fig.3 Obtaining delay time through averaging

mutual information method

A (B 52 R 22 T A A N 1) P 81 £ R AR 25 8] E
H



£ 10 3]

FEMIT A TR MR 23 8] T B B AR 32 SR B T 401

o
oN

REABCAR T 43 KL
=3
=

o
o

0 I 1 . 2 . 3 4 5
N2
B4 R AR 3 408 A vk R 4 £
Fig.4 Obtaining dimension through false

nearest adjacent points

E, e, e, e e, e,
E e e e e e
2 2 4 6 8 10
E = = ( 11 )
E,, €02 €4 €96 €l9s €200

P2 07 B 58 RBE T 0 4% A B 2 5 45
Ko 8, RBF I A B 45 44 Bl A (BRUZ i i 2
T RB NS -6 — 10 Pk, B g 45 v i 240
i S B & W R R B 6 At 5 6 A EETE, LU
Je 6 A Bz S i = RUE A 1A R
19 LS K, RBF 5N 9 45 86 B2 K27 2] 58
LB ZRAS E B0 0. 001, 27 > 4 5 0. 05, 2l 4 [
T 0.15, QPSO ik o iy L 145 75 19 4 =3 1] 5
L, Wi 7 B B B R [0.85,0. 3 1, 2P I/DN 5 R
THEMAEE M O 50,

BN ZRAE Ak J5 f4 B0 A5% B4 A Sy T30 4% , %) 200
A5 LUR RS B R ds 2E A7 B0, X 210 5 ~ 270 g5z
Sl E 1 B BU A5 SR N S B, U (E S S PR
(5728 1 A A — 0, TR JEE 4 v

—— SLPRiE
===xes= T

0
210 220 230 240 250 260 270
fif i/d

5K B Ak o 020 B 25
Fig.5 Single prediction result of precision evolution value

KR Z 10 )5 2, G AP KN T 16 1) BE
A e, TR B AR A B K 8 ~ 15 I, T
RORIE VR 2 RA 8 W, | K4 X iR%E N
0. 12 pm , e KAHXF 5225y 3. 22% , S 50 i 4 2 W] i
N 235 SR BB A8 55 By b e Wl B2 Vi A i 728 A 1) s 34 R
TR B

& %8 RBF Jj % (PSO — RBF Jy k%t LA | 270
AR T L2, A6 8 B T i

ZXF e RN 2 s, B 2% B R A AR SO A T
RBF K5 5 100 ) 26 25 ¥4 i 47 0E A I, W0 S0 )i | 4
JURE T S TN oAE R R SE T T A A B AR LT
RBF 753 #1 PSO — RBF 71k,

x1 sHTNEE

Tab.1 Multi-step prediction precision
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8 0.12 0.07 3.22 2.98
9 0.26 0.09 3.51 3.06
10 0. 36 0.12 3.87 3.17
11 0.43 0.16 4.26 3.88
12 0.50 0.20 4.82 4.02
13 0.55 0.29 4.96 4. 65
14 0.61 0.32 5.13 4.96
15 0.76 0.38 5.56 5.01
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Tab.2 Comparison of prediction methods
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Tab.3 Maximum prediction error of each machine
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