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I Interpolation based on the velocity planning curve
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Figure 1 Flow chart for curve fitting and interpolation
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Figure 2 Adaptive quadratic B-spline fitting (a) A section of GO1 codes between two breaking points; (b) curvature
extreme points; (c) adaptively adding new feature points; (d) quadratic B-spline fitting
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B Je 73 ) P W DA AT 21 1 S EUE AT LUK Y SR 28 AR i S NN IE B 0
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H e A B SRR 26 th A 2K (6) P13 02 = (%)% (np + 2ApP), SEIF TR SKAR R HIf) 0% &
Jike: R + % (oR" — o'R') = £ A, ARG NHAH S SHO) — AN =05 FRIOH, IF HZ iR
SR A

~~—

9

~
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BT RIS IR, FATTHRE H — b e r s B R R B, e A AT A= Tk .

Bk 3 ALt Bang-bang B IR Hﬂéﬁﬁ'ﬂjtiﬁiﬁﬂmﬁ&
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v 2y Bos LRI I 2 vsa (w) (0 < uw < 1).

1) SKf#H VLC gk )2k 0 LU A 5 RURIANIE S RO 15 B

2) M ou =0, FIELE v(0) = vo JFUG, THEINCIEIHD B, A4 245 Atk o 2wy 5 in 1 ih £k
B w (RN, AT RN T4 g B2k I AGh S s B (), Bt W H 4 S (oH” —
o'H') = axAx, ' K 400N T4 H ZAMO AT SRAFEA IS5 o SO N IR B (A
L5 AE B3R 1% 2 JOHT 2 5 70 V) A7 A0 A SN T8 B2 () R, AR, w0 SO a2 R S 1 1) i
NI AR S HUE. 0BT v SN Ak SR AR B R th e — H BB v = 1, 3 B
PRIAL vp;

Mow =1, FIEE v(1) = ve FPUR, EEINTEEIR B, AR 300k 2wy B n Tt k. b
How PIERI, AT R TR 0 od Bk B 2 O ), SRAS A I 28 o SO R IR BEAE, SR
SN TR IRAT B R FE R 26— H RIS 4 w = 0, 19 2 LRI R 2L vp;

3) VHETIE ) A ) BRI 2R vp A v BIAS BN (Ui, v(win)), o v(um) = vr(uin) = ve (uin),
I ARAT 1R AR it 22

vr, 0 < u < Ujp,
vsq(u) =
UB, Uin < u < 1.

4) WS 2R PITA R VLC #HEe A 5 RN SE fi i 3 2 i s R 2 v IO_ET7, AR
7, MATMTHIRAT T e A W LI L vea, FFHAS Ll SRR, RS2 R i 120 3.

5) MR A LRI B2k vea TU5, ZEUERDFIVIAL (usp, Viim (usp) ); VRN LA, R4
A, 73R (usp, viim (usp)) TFUR, TR (w 3B9580) MUIE IR (u 350 BRAT 1 418 R R h £k
Vsp— A vy 4, FEIT 20T AR BEAR IR SR 1 2 vsa AHAZ T (usp—, vep— (usp—)) AT (sp, vsp (Usp+))-
I 16 TE AR 1 15 k) i 2k, 73 30 5T 1A R0 P R iih 2 v,

Vsd, 0 < u < Usp—,

Vsp—, Usp— < U < Uin,

vsa(u) =
Uspts Uin < U < Ugpy,

Vsd, Usp+ S u < 1.

SEARIEEIPZ R

o2 [FISCHER [17]) MR R SIEAT R, RATEAREE e 1R AR - 4] VLC #Zisdan, (2
SR R M 2tk VLC 2 (0 SRR i 2k, DA e AT i BAR SR we v v, 2 AR
I VLC I )m, BATH MR8 B it 2R HOACREIEF 73, T PR A d3 2 F 3 58 LR it £
R VLC #hE R J7 ), 1 VLC i o fE LUR 5 sp g, SRR AR N T4
3| e B Y R b 2k, AT TRIAE T B S 2 ARSI oo In Tk ph £ b3 o e SR e /N 21 ).

4.2 TREESFHZIRRN T

TR H 2R (R4 D s, K25 58 SHUE wy, AR R I veq A1 VLC HHZE v 192008 LA,
B4 v(w;) = min(vea (us), viim (us)), WHAEK AL = v(u;) - T (T ZHUKEIHENSI), FRYE AL Wit
— AL R AN 5, T Newton 35404 6] @AM S S B wiys.
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Figure 4 A fitting curve Figure 5 VLC, velocity planning curve, and velocities at

the interpolation points. The unit for the velocities are mm/s
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Figure 6 Computed acceleration chart of y-axis. Figure 7 Computed acceleration chart of z-axis.
The unit for the acceleration is mm/s? The unit for the acceleration is mm/s?

4.3 HZMHE

LA LRI T AR AE R K BUREAC 2k, Wi 4 i, i1 6 250 B IR B A 4% fZRIE 45 1k
(), FEELALILS) CF H 8z, ZERMNTEEIE 0 < w < 1 TN R BCFI i 572, BIARS T 5
(y BRI 2 Bl P00 T, 0 R ) B R LR Ay = 3000 mm/s? A1 A, = 1000 mm/s?, £87F
B, VLC 2 i B2 th 2 an il 5 s, 08l y S5 A 2 s e 0 SE bR vk S nsd 2 e an I 6
A7 Przs. ATEVE 2, SERRIN TAE G FEASGL ) T “Bang-bang” Lz .

5 KRBIAE

AT, FATEEXS 3 AT SEBR N LB ARLEEAT 07 BN, 3X 3 ASSE 402 “Aeif . “dbai )iz
bRa& F g (gl 8). e “bat Bishiik” KIS R R R K %, Il A EZ B AR
PRI T SR P 22 <ot & = bl b Ak A7 AP I S B i LA 7, I LARBAEL 2, Bk
K%, AT RIA#R 2 Windows XP IIERAE G T VC++6.0 FFARFIEGHBEAT i, b i £
&/ Intel Core 2 [1) CPU(FHE 2.13 GHz), 1.98 GB HIN A7

EOEIZ A 3 R I A I B 2, RBIRAEI . SIS L SR KR IIFE SR LE (P
FEAFESU N /NGBS 200000 27.3,156.3, 74, 2T RS b (CPI8REAS 22 300 200) I 1) /N 2k BES
H) 4392 3.6,15.5,8.1. SRJa, TATRAE 4 9 E2HH M BRI 3, UG 1 — Ik i kAT B
TR I HEAT MG B R 25 2 5 Al s A S 11 g LR & T 65%-130%, 5154t
(R IR Fe A 1 R BCR B = T 30%-110%.

B0 b Tt 711 2 o= A w7 RN <i9 7 2 SR 2 D e B T B 5/ KSR ATl LN
s/ i = AP R IUBY Y-FS/ B Sy = Ec SR N = 922 NG R R (E vk N 1 710 2 o] TIPS e
FRATT R S0 AT AR [ S IR 2
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Figure 8 Workpieces

(a) “Vase” workpiece; (b) “Beijing Olympic Games” workpiece; (c) “Head-sculpture” workpiece

(b)

9 “IEHR BOSERREUTIN TE
Figure 9 Machine picture
a ase machining picture; achine picture
“Vase” NC hini i b) Machi i

MEIR 3 A5 I RS R, TR0 AR Z 2 5 (e A kB 1l
) MR BT (“Abat BIshRE K58) AT B4R
9 gl TS A BN , IX A n TSI B, JAT T S0 S M 0 HLSEHT Y.

6 it

AL RS R N 05 S Uk B AR A% il 2k L A i 1] S I S R #h. X Go1 4055
I [ IE R VAR GO AR P HiA RN B SANRAE R, TR AT R RO K B FE
F AU SR I Tt AR, AT A SEIRA, BATER I R s M 4 )5 925 BAT oS BE R L n Z0ORS B v
TAEPEREREE, Had F v F 2 4 A

AR TR I B FE A IR (P OB LR 1 TR RE, SR T L& SR 1K Bang-bang
Py ARSI B in T 5 2k, AR SR RE 78 0 A =0k 2 iR, BATT B R (0 5 9 6 Bl ok
T EUR LA )

1) 3SR AR N T fh2k R VLC AR A mifi B, B SesRAg O R, i8> 1 KR 5

2) KM ZIRFE A 2k, AESR I RE shimk D> T V500 BN O RR I DL, JEA B AR RT DL E RS
LA, JE G T SR AR A R DRI R P B 5 3 Ty R AR 3 R 22 A0 S5 A 2% 1 )
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Curve fitting and optimal interpolation on CNC
machines based on quadratic B-splines
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Abstract

In this paper, curve fitting of 3-D points generated by G01 codes and interpolation based on quadratic

B-splines are studied. Feature points of GO1 codes are selected using an adaptive method. Next, quadratic

B-splines are obtained as the fitting curve by interpolating these feature points.

Computations required in

implementing the velocity planning algorithm mentioned by Timer et al. are very complicated because of the
appearance of high-order curves. An improved time-optimal method for the quadratic B-spline curves is presented

to circumvent this issue. The algorithms are verified with simulations as well as on real CNC machines.

Keywords quadratic B-spline, velocity planning, GO1 codes, interpolation
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