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TOM TAT 

Bdi bdo trinh bdy mpt phuong phdp noi suy CNC theo thai gian thuc cdc bien dangphiec 
tap bieu dien bdng phuong trinh tham so NURBS. Trong phuong phdp ndy, thuat todn npi suy dua 
tren dit lieu bieu dien duong NURBS (diem dieu khien, trpng so, tham so nut) vd tdc dp yeu cdu 
(feedrate) de tinh online toa dp diem nam tren quy dao trong timg cku ky trick mdu, do do khdc phuc 
duac cdc nhuac diem cua phucmg phdp tinh quy dao offline dua tren cac phdn mem CAM. 

Tir kh6a: Not suy CNC. NURBS, CAD/CAM, LinuxCNC 

ABSRACT 

This paper presents a method of real-time CNC interpolation for complex curyed profiles 
described by NURBS parametric equations. In this method, the interpolation algorithm uses 
geometric parameters of the NURBS curve (control points, weights, knot values) to calculate 
positions on the curve for each sampling period, so it will overcome drawbacks of the conventional 
method that calculates offline the trajectory in CAM softwares. 

Keywords: CNC interpolation, NURBS, CAD/CAM, LinuxCNC. 

1. GIOI THIEU 

Hidn nay, cac dgng be mat tham sd dugc 
sii dimg rong rai trong cac phin mdm CAD khi 
thidt ke eac chi tiet eo khi phuc vu cho nhidu 
nganh san xuat khae nhau, nhu cdng nghidp 
dtd, edng nghidp hdng khdng, tdu thuy, gia 
cdng khudn man,...Trudc khi gia cdng CNC, 
cac be mat nay thudng dugc rdi rac hda thanh 
mgt tap hgp cac dudng cong tham sd, sau do 
cac dudng cong tham sd lai duac xur ly tidp 

dd tao thanh chuong trinh NC. Do phin Idn 
cac bd didu khidn CNC chi hd trg chiic nang 
npi suy tuydn tmh (GOI) va ngi suy cung 
trdn (G02,G03), ndn cac dudng cong tham sd 
thudng dugc xip xi bang chudi doan thing 
hoac cung trdn. Dd dat dugc dd chinh xac cin 
thidt thi sd lugng doan thang hoac cung tron 
phai du Idn va chieu dai mdi doan thudng rit 
ngin, din ddn nhidu nhugc didm [1], [2], 
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toan ca ban de ndi suy dudng NURBS (Non-
Uniform Rational B-Spline) theo thdi gian 
thuc. Dudng NURBS la dang dudng eong 
tham sd tdng quat, duge ho trg trong nhieu 
he CAD/CAM va eo nhidu uu didm, nhu kha 
nang bieu dien manh, cd the bidu didn chinh 
xac cac dudng cong phan tich (analytic curves) 
va dudng cong tu do (free-form curves)... 
Gidi han ap dung ciia phuong phap trinh bay 
Irong bai bao la eho eac he tiidng CNC 3 true, 
d do, dung cu cat khdng thay ddi hudng khi di 
chuyen trdn quy dao. 

2. PHirONG PHAP NQI SUY NURBS 

2.1. Du-emg cong tham so NURBS 

Dudng NURBS bac p vdi tham sd u 
duge dinh nghia nhu sau [3]: 

C(u)--
x(u) 

y(u) 
i,N-^(u)w,P, 

• 1=0 

'EN,JU)W, 
(1) 

Trong d6,P, =[X„Y„Z,fli di8m di6u 
khiSn, w, la trpng s6.iV,^(«) la ham ca sd 
B-Spline bac p dugc dinh nghia biing cong 
thiic truy hoi sau day: 

n.ue[u„u,„) 

jo.«[",.",.,) (2) 

-*„,,,-,(") 

Trong cong thiic (2), «_. la tham s6 nut vk 
la phin tii cua tap tham s6 tmtlu„,u^,...,u^], 
Up < H, <... < M .̂ Khi tat ca cac trgng s6 w 
deu bang 1 thi duong NURBS tro thanh duong 
B-spline voi phuong trinh tham s6 nhu sau [3]: 

'^'•") = t.ff,.,(u)^, (3) 

2.2. Nguyin ly cff ban 091 suy du&ng NURBS 
theo thoi gian thuc 

Ky hieu V(u) la toe dp tien dao khi thirc 
hiSn chuySn dpng tao hinh dgc theo ducmg 
NURBS C(«). Tir hinh hgc vi phSn ta co quan 
he sau: 

r = 
\dC(u)j_jdC(u) du\ 

du dt I 

V 

dt 
= C'(«; (4) 

Suy ra: 
du 

dt ||C'(M)|| 
(5) 

Ggi T la chu k^ n6i suy va ky hieu 

Mj = u(kT). Vod chu ky T rit nho (khoang 1 
ms), ta CO cong thiic xip xi sau day: 

= H,_,+r 
du^ 

dt' 
VT 

||c'K-,)|| 
(6) 

Tii (6) CO the de xuat eac buac tinh 
toan ca ban trong mgt ehu ky ngi suy duong 
NURBS nhu sau: (1) Tinh t3c dp K (feedrate 
scheduhng); (2) Tinh gia tri tham s6 a; (3) 
Tmh tga dp diSm ngi suy tir tham sd u. (3 budc 
thii nhit, Fdugc tmh dua tren dii lieu trong ma 
G-code va bieu do tang tde/giam t6c, ciing nhu 
cac tin hieu van hanh may (feed override, feed 
hold,...). (5 budc thil hai, Kdugc thay vao (6) 
de tinh gia tri mdi cho tham s6 u la u^. Trong 
budc cudi cung, toa dO di6m npi suy Cfu^ 
dugc tinh dua vao phuong trinh tham sd cua 
dudng NURBS. 

3. MQT SO VAN BE TINH TOAN 

3.1. Tinh toa do va dao ham dirdng NURBS 

Tit dudng NXJRBS C(M) ta dmh nghia 2 
dudng B-spline sau ddy: 
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1=0 

B{u) = f^N,Ju)w, 
1=0 

Tii: (1) ed quan he sau: 

_A(«) C(H) = 
B(u) 

(7) 

(8) 

(9) 

Vdi mdi gia tri Me[MpH.̂ j) ed diing 
[p +1) ham CO sd B-spline nhSn gia trj khdc 0, 
do la JV;_^,..., AT p. Thuat toan tirtii eac ham 
eo sd nay dugc trioh bay ehi tidt trong [3]. Tu 
dd tinh dugc A(M) , 5 (H) theo (7), (8), va tinh 
C(M) tiieo (9). 

C'(«)-

Ngoai ra, tu (9) ta cd: 

A(M)Y A'(U)B(U)-A{U)B'(U) 

B{u)j 

A:(U)-C(U)B\U) 

B(u) 

Tu (7) va (8) suy ra: 

(=0 

£'(«)=I;A^,,(«)W, 

B\u) 

(10) 

(11) 

(12) 

Trong (11) va (12),iV;j,(M)tinh dugc tii 
mdi lien he sau [3]: 

A''. 
N,, N,. 

- « , w,^.*i-w,. 
(13) 

' l+p+1 " ,+1 J 

3.2. Tinh t6c d$ 

Thuat toan trinh bay dudi day thuc hidn 

tinh toe do theo bidu dd hinh thang. Ggi V^,V,, 
Vf lin lugt la tdc dd hidn tai, tdc dp ydu chi 
vi tdc dp cudi cua doan dudng NURBS C(M); 
L la tdng chieu dai cua C(M)va Lg l a p h ^ 
chidu dai con lai (ij , = ikhi bh diu ndi suy); 
Ajj^ la gia t6c khi tang tdc/giam tdc. Ta can 
tinh tdc dg V^ cho chu ky tiep theo. 

Gidm tdc v6i gia t6c ^ 

Hinh 1. Minh hpa thugt todn tinh toe do 

Dat gia thidt tdc do trong ehu ky tidp 
theo la V^ va nim tireu sudn giam tdc ciia bidu 
do hinh thang. Vdi gia thidt nay, bieu dd tdc dp 
tii hidn tai tdi khi kdt thiic doan dudng NURBS 
(thdi diem t.), nhu hinh 1. Phin didn tich phia 
dudi bidu do tdc dd chinh la i ^ . 

Tacd: 

K^-^f+A^itf-T) (15) 

Til (14) va (15) nit ra phuong trinh bjc 
hai vdi an i'nhu sau: 

A„t} + (ir^^A^)t, + iV^-r,)T-2L,=0 (16) 

Til nghiSm tj. ciia (16) tmh dugc K, 
theo (15), va tinh V^ nhu sau: 

• Dieu chinh V^=V, nSu V^>V^. 
•Tinh gia tdc A = (V^-VJ/T. NSu 

^>4nK thi li^u climh A = A,^; nSu 
^ < - A,„ 'U *^u chinh A = -A^ . 

• Cudi cung, tinh F„ = K ^ + ^ r . ^ 
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3.3. Tinh d? dM dudng NURBS 

Dd dai L cila C(M) cin phai tfah dS sil 
dung khi tinh tdc dp (muc 3.2). Ta cd biSu thiic 
sau: 

du) ydu 
dy 

\\p(u)\du = \f(u)du 

iu 

(17) 

Hinh 2. Bien dgng hinh cdnh buam duac ve bai 
thudt todn npi suy NURBS 

5. KET L U A N 

Tich phSn (17) ttong trudng hgp tdng 
quat la rit khd giai theo phuong phap giai tich. 
Trong nghien cuu nay, phuong phap Simpson 
thich nghi (Sunpson adaptive formula) duge 
lira chpn de tinhi theo phuong phap sd [4]. 

4. CAI DAT VA THU" NGHIEM 

PhSn mdm ngudn md LinuxCNC [5] 
dugc lua chpn lam ndn tang de cai dat va tiiu 
nghidm thuat todn npi suy NURBS. Do cd kidn 
tnic module hda, LinuxCNC cho phep ngudi 
diing CO thd nghien cuu va chinh sua tCmg phan 
ma ngudn, trong khi kd thua eae phin khac. 
Trong Nghidn cuu nay, chiing tdi cai dat eac 
thuat toan ciia mmh ttong module EMCMOT 
ciia LinuxCNC. Day la module thdi gian thuc, 
CO chu ky trich man la 1 ms, va dugc lap trinh 
bing ngdn ngu C. 

Thuat toan ndi suy NURBS dugc thu 
nghiem tten may phay CNC 3 tiTic NO VAMILL 
phuc vii dao tao. Dudng NURBS thu nghidm 
la bidn dang hinh canh budm. Sau khi nhap 
vao cae dii lieu bidu didn dudng NURBS, thuat 
toan npi suy didu khidn chuydn dpng cua cac 
tinac X, Y va ve dugc bien dang nay nhu hinh 2. 

Bai bao da trinh bay nguyen ly co ban 
va m^t sd vin dc tinh toan cu thd ciia thuat 
toan ndi suy dudng NURBS theo thdi gian 
thyc cho he thdng CNC 3 true. Dua ttdn phan 
mdm ngudn md LinuxCNC, thuat toan ndi suy 
NURBS da duge cai dat va thu: nghidm vdi cac 
kdt qua budc dSu tiianh cdng. Cac kdt qua nay 
md ra tridn vpng ttong vide iing dung hd dieu 
khidn sd kieu PC-based va phan mem ngudn 
md de nghien cdu, phdt tridn cac thuat todn ndi 
suy NURBS, eung nhu cac thuat toan tidn tien 
khac ttong hd thdng CNC.*> 
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