CONG NGHE

NGHIEN CUU XAY DUNG THUAT TOAN
VA PHAN MEM VE DUONG CONG BEZIER

RESEARCH ON DEVELOPING AN ALGORITHM AND A SOFTWARE TO DRAW BEZIER CURVES

TOM TAT

Bai bao nay trinh bay mt nghién ciru vé phueng phéap xay dung dudng cong
Bezier trong mdi trvong CAD/CAM. Phan mém “Cong cu xay dung duong cong
Bezier” viét bang Matlab 2012 cho phép xy dung, hiéu chinh céc dirong cong
Bezier cling duoc gidi thigu & day. Cong cu xdy dwng dudng cong Bezier nay ¢
thé si dung nhu mot phan mém déc 14p dé thiét ké céc duong cong tu do (free
form curve). Vi cong cu ndy nguoi ding cd thé thay doi duoc cac diém digu
khién dé diéu khién linh hoat, truc quan hinh dang dwdng cong thiét ké. Pay la
tién d8 co ban cho viéc thiét ké cac bé mét 3D phiic tap trong ché tao méy hién
dai. Noi dung bai béo va cong cu xay dung duong cong Bezier cd thé dugc dling
lam tai liéu tham khao trong cac nghién ctu va dao tao vé si hinh thanh céc
duong cong tw do, cac bé mat ty do trong cac phan mém CAD/CAM, cho phép
khai thac hiéu qua cac phan mém nay trong thiét ké va gia cong co khi.

Tir khda: Budng cong Bezier, Thudt toan De Casteljau, CAD/CAM.

ABSTRACT

This paper presents a research on method ofdesigning Bezier curves in
CAD/CAM environment. A software called “Cong cu xay dung duong cong Bezier”
written by Matlab 2012 for designing and editting Bezier curves is introduced
here. This tool for designing Bezier curves can be used as a stand-alone program
to design free- form curves. By this tool, the user can changes control points to
flexibly and visually control the shape of the curve for designing. This is the base
to design complex 3D surfaces in modern manufacturing. This paper and the tool
for designing Bezier curves can be used for reference in research and training
about the formation of free form curves, free form surfaces in CAD/CAM
softwares. This permits us to understand better and effectively use the softwares
for designing and manufacturing
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1.DAT VAN BE

Ngay nay viéc thiét ké va gia cong cac bé mat, cac chi
tiét may trong cong nghiép rat da dang va phic tap. Dé
thiét ké nhi*ng dwong cong tv do (free form curves) hay cac
bé mat ty do (free form surfaces) cAu thanh nén céc chi tiét
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may, cac san pham co khi mot cach thuan lgi ching ta can
st dung cac phan mém CAD/CAM. Cac phan mém
CAD/CAM dodng vai tro cuc ky quan trong trong viéc xay
duwng, thiét k€, quan ly di¥ liéu va gia cdng cac chi tiét may
trong ché tao may hién dai.

Nghién ctru phuong phéap biéu dién toan hoc cac dudng
cong tu do la tién dé dé nghién cru xay dung cac bé mat tw
do trong CAD/CAM (hinh 1), qua dé cé thé nhan dang duoc
c&c ving bé mat cuc bo clia cac mat tw do dé téi vu hoa
trong gia cong cac chi ti€t may chita mat ty do sau nay.
Hi€u ré qué trinh hinh thanh 1én cac mat tv do (thuwong
dugc goi vdi thudt nglr NURBS hodc Sculpture Surfaces) cho
phép lva chon mét cach hgp ly chién lvgc gia cdng tao
hinh céac chi tiét may. Trong mot bé mét cla chi tiét ¢ thé
xudt hién nhiéu ving cuc bd cac manh mat tv do [1-4].
Nhirng viing bé mat nay dwoc hinh thanh trén co sé nhitng
duong cong tw do, ma tién dé la cac duong Bezier [2]. Dé
lva chon duoc phwong an gia cong hop ly doi véi tirng
viing bé mat, can phai nam duoc nguyén Iy hinh thanh va
ban chat, dac tinh cla cac viing bé mét cuc bé cau thanh
nén chi tiét gia céng. Trén co s& ndm viing qua trinh hinh
thanh 1én cac duong cong ty do sé ¢ cai nhin chinh xac
hon vé qua trinh thiét ké va gia cong tao hinh cac bé mat
phrc tap trong cac hé thong CAD/CAM throng mai...

Hinh 1. M@ hinh bé mét tw do dang lu6i

Hinh 2. M hinh dudng Bezier bac 3
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Hién nay duong cong Bezier (hinh 2) d& dugc coi nhu la
mot tiéu chuan dé xay dwng dwdng cong trén cac hé théng
CAD/CAM thuong mai. Viéc (ing dung nay da lam mém mai
héa cac duong cong duoc thiét ké trong cac hé théng
CAD/CAM, qua d6 nang cao dugc hiéu qua rng dung va
tinh thadm my clia céc chi tiét may duoc thiét ké. Do vay viéc
nghién c*ru qua trinh hinh thanh va t6i wu héa viéc hinh
thanh cac duong cong ty do l1a mot diéu khdng méi nhung
lubn can thiét. Trén thé gi¢i da c6 nhiéu nghién ctu vé
duwdng cong Bezier cling nhu dudng cong NURBS, tuy
nhién & Viét Nam hau nhv chua thay cé cac cong trinh nao
cobng bd lién quan. Sau day la mét s6 nghién clru vé duong
cong Bezier:

Michael S. Floater [5] nghién ctu vé duong va mat
Bezier. Nghién ctru nay da dwa ra cong thirc tinh da thic
Bernsteins (5) d€ xay dwng Ién dwdng cong Bezier.

He-Jin Gu, Jun-Hai Yong, Jean-Claude Paul [6] nghién
clru vé viéc xay dung duwong cong Bezier bac 2 véi vector
phép tuyén cudi tly y.

M. Randrianarivony, G. Brunnett [7] nghién ctu vé
phuong phap dé xap xi duong cong Bezier. Nghién clru da
chi ra dugc phuong an xap xi duwong cong Bezier va gii
quyét van deé tdi ru vé xap xi duong cong Bezier.

Hién nay, viéc xay duwng duong cong Bezier hoac dwong
cong NURBS dé duoc st dung trong cac phan mém vi ly do
ban quyén nén khéng céng bé. Do d6 chwa khdng dinh
duwoc co s& hinh thanh cac dudng cong tv do trén cac phan
mém CAD/CAM dé.

Trong nghién clru nay, cac tac gia da di sau tim hiéu ban
chét toan hoc clia duong Bezier, xay dung thuat todn mo
hinh héa duong Bezier. Tr d6 xay dung dwoc phan mém
“Cong cu xay dung duong cong Bezier” bang Matlab 2012,
cho phép xay dung, hiéu chinh cac dwdng cong Bezier.

Cong cu nay sé la tién dé cho cac nghién cliu ti€p theo
v& md hinh hoéa cac dwong cong ty do tdng quat hon
(NURBS curves) cting nhiv md hinh héa bé mat ty do.
2.NOI DUNG

N6i dung bai bdo nay gdm mot s6 phan nhu sau: khao
sat dang téng quat ciia mot dudng cong bac 3, xay dung
mo hinh dwong cong Ferguson, duong cong Bezier, s
dung giai thuat De Casteljau dé xay dwng thuat toAn mo
hinh héa duong cong Bezier va thiét ké phan mém xay
dung dudng cong tw do Bezier tdng quat.

2.1. Dang tong quat duong cong Bezier

Trong cac phan mém CAD/CAM viéc xay dwng cac doan
cong phai thuc hién dya trén co s& cac diém diéu khién
(Control Points). Tuy nhién trong toan hoc co ban thi
nhi*ng duong cong déu dwoc xay dung trén co s& cac ham
da thirc chuén. Viéc xay dwng cac ham da thirc chuan cé wu
diém la dé hiéu, dé khao sat [2, 3].

Mot phuong trinh vecto md t4 mét duong cong bac 3
¢6 phuong trinh tong quat nhu sau [2]:

r(u) = [x(u),y(u),z(u)] 1)

Trong d6, méi thanh phan cla vecto dwoc biéu dién
duwéi dang da thirc bac 3, vi du nhu,

X(u) = a+bu+cu’ +du’

O day, ulathams6 a, b, ¢, d la cac hé s6.

Phuong phap biéu dién dudi dang céc da thic bac 3
nhu trén rat twong minh va dé khao sét trong toan hoc. Tuy
nhién trong CAD/CAM dé thiét ké cac chi tiét néu chiing ta
sl dung dang phuong trinh dé nhap vao phan mém thi sé
rat kho khan. Cac chi tiét thiét ké thuwong cau thanh tir rat
nhiéu duong, mat. Trong qua trinh thiét ké phai lya chon
cac mat tham chiéu, dong thoi cac duong cong c6 gidi han
hién thi mét doan chit khéng phai toan bd. Hon nita viéc
thiét ké str dung chudt lai cang khdng thuan lgi khi ap dung
phuong trinh nay vao giao dién nhap dir liéu trong céc
phan mém CAD/CAM.

Nhu vay thay vi viéc xac dinh cac diém dir lieu dé vé
duwong cong bac 3 (khdng than thién khi st dung trong
thiét ké) cac nghién ctru md hinh héa dwong cong tu do da
chuyén hudéng sang biéu dién ching trén co s cac diém
digu khién. Phurong phap biéu dién nay thuan lgi cho viéc
ap dung vao cac phan mém CAD/CAM. Ching ta sé& lam r&
hon diéu nay & phan (0) va (0) duéi day.

2.2. M6 hinh toan hoc dwéng cong Ferguson

Ferguson [4] dé xudt xdy dwng doan cong & phuong
trinh (1) trong doan [0, 1] trén co s& 2 diém mt tai hai dau
doan cong (P,, P,) va 2 tiép tuyén (t,, t,) & 2 di€ém mat dy. Cu
thé nhu sau:

P, =1(O):P, =1(Dst, =0 t, =F() (2)

O day dir liéu dau vao la cac théng s6 [Py, Py, t,, t,]. Cac
thong s6 nay duoc goi la thong sé diéu khién dé xay dung
doan cong trén [0, 1] theo phuong phap Ferguson.

Phuwong trinh (2) la phuong trinh mé t4 doan cong
Ferguson trén doan [0, 1], md hinh doan dubng cong
Ferguson dwgc mo ta trén hinh 3.

Fg F

riu)

Po P4

Hinh 3. M& hinh doan cong Ferguson

Trén thuc té viéc xac dinh gia tri tai cc di€ém mut clia da
thirc rat don gian, viéc xac dinh gia tri ti€p tuyén tai cac
mut trong nhiéu truong hgp khéng phai la don gian. Do
vay trong mot s6 truong hop sé gay khé khan khi thuc hién
xay dueng mo hinh. Sau day la phwrong phap Bezier dé xay
duyng doan cong téng quét sé khac phuc dwoc diém nay.
2.3. M6 hinh toan hoc dudng cong Bezier

C6 nhiéu phuong an xay dung doan cong Bezier. Trong
bai bao nay gidi thiéu phvong phap xay dung doan cong
Bezier trén co s& doan cong Ferguson [4].
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Phuong trinh (3) la phwong trinh duwong cong Bezier
téng quat. V&i duong cong Bezier c6 wu diém la dwgc mo ta
bang da giac v6i cac diém dieu khién 1a V,, Vi, V,, V,. Voi
cach thirc nay sé rat thuan lgi cho viéc thiét ké cac dudng
cong phtc tap trong CAD/CAM bang cach st dung chuét
Iva chon céc diém diéu khién.

Phuong trinh (1) ¢6 thé viét dudi dang khac nhu sau ma
khong lam mat tinh téng quét [2]:

ru) = (1-u)®.V, +3ul-u)®V, + 30’ (1-u).V, -u’.V, (3)

Hinh 6. S0 do hinh thanh dirdng cong Bezier bac 3 qua cac diém tinh toan

Tong quat ta co: Py
r(u) =B, (u).Y, (@) n T e,
‘. P
Trong do: 5 :
B (W) = — U/ 1) Q) : s e
‘ (n I)' I! : 5 5 Poo = Clua)

B,,(U): Tinh toan rdt dé dang trong Iap trinh qua dé tim 5 : : Pao1a

ra cac diém diéu khién dé xay dyng Ién duong cong Bezier Pz ;
Pin-2

[2' 3] Po Pan.-z

Phuong trinh (4) la phwong trinh xay dyng duwéng cong - Fin-

Bezier thu gon. Hinh 7.S0 do tinh toan diém diu khién clia drong Bezier tong quét

Thuat toan xay dung va hiéu chinh dutdng cong Bezier

gV duoc trinh bay trén hinh 8.
\

TN Conan >
Vs

Hmh 4.M6 hinh toan duang cong Bener bac 3

di€ém diéu khién

bdi 4 di€ém diéu khién V= Py, V,, V,, Vo=P,.
2.4. Giai thuat DeCasteljau

Giai thuat Castljau [1] dé tinh toan cac diém b!. Qua dé
xéc dinh dugc dutng cong Bezier.

Giai thuat nay cho phép chiing ta tinh toan cac diém
lien ké. Trén hinh 5 va 6 cho chdng ta thdy viéc duong
cong Bezier bac 3 duwgc hinh thanh théng qua cac diém

Trén hinh 4 mé ta duong cong Bezier bac 3 hinh thanh / Khai tao /

tdng (giam) diém
diéu khién

Co
tinh toan B, .
Cé thé tong quat hoa lén doi vai s6 diém diéu khién lan ~ ()= 5"
(twong (ng v6i dwong cong Bezier bac n) nhu so d6 hinh 7 e =2

voi diém diéu khién téng quat P;; i = (0, n).

Lam tron duwong
Bezier

>t

- > 1— \ 4

> - b%5=r(t) Hignthi /
b2

-t > A 4

Hinh 8. So d0 thuét toan xay dyng cong cu thiét ké va hiéu chinh dudng
cong Bezier

b%
b%

Hinh 5. T|'nh toan diém cla dudng cong Bezier bac 3
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2.4.1.Céng cu xay dywng dutng Bezier

Giao dién clia chuong trinh thiét k€ va hiéu chinh
duwdng cong Bezier (hinh 9).

) Figure 1 - ] X
File Edit View Inset Tools Desktop Window Help ]
CONG CU XAY DUNG DUONG BEZIER (Hoang Van Quy)
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0.9 '\
08 Thanh Baccla Huéng
07| | congcu duong dan
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Hinh 9. Giao dién va tinh nang clia cng cu thiét ké va hiéu chinh duong
cong Bezier

Cong cu ¢6 nhitng chirc nang nhu sau;

Thanh cong cu: GGm chirc nang chung;

Bac clia duong Bezier: Hién thi bac clia dwong bezier ma
nguoi dung xay dvng;

Huéng dan: Gém 3 chic nang sau:

- Chudt trai: Thém diém diéu khién;

- Chuét gilra: X6a diém diéu khién;

- Chudt gitra: Di chuyén diém diéu khién (dé thay doi vi
tri va hinh dang ctia duong Bezier).

Vung thao tac: Cho phép ngudi dung xay dyng duong
bezier trong vung nay.

Nt vé lai; Cho phép x6a duong cong cli va vé dutng
cong Bezier méi.

2.4.2. Kiém nghiém chuong trinh

Xay dyng dwdng Bezier bac

Puong Bezier bac 1 tao bai 2 diém diéu khién V,va V..
bay la mcht, duong thang. Trén céng cu hién thi dwong
thang c6 diém dau la V, va diém cudi V, (hinh 10).

) Figure 1 - u] X
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Hinh 10. Xy dung dudng Bezier béc 1

Xay dung duwdng Bezier bac 2:
Puong Bezier bac 2 dugc tao bai 3 diém diéu khién Vv,
V, vaV,. Budng Bezier bac 2 la mdt dudng cong tron (hinh
11).
) Figure 1 - u] x
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CONG CU XAY DUNG DUONG BEZIER (Hoang Van Quy)
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Hinh 11. X&y dung dung cong bezier bac 2

Xay dung dudng Bezier bac 3:

Puong Bezier bac 3 dugc tao bai 4 diém diéu khién V,,
V,, V, va V, Budng Bezier bac 2 la mot dwdng cong tron
(hinh 12)

File Edit View Insert Tools Desktop Window Help

CONG CU XAY DUNG DUONG BEZIER (Hoang Van Quy)

Bac:3 Chuot trai = Them diem dk, Chuot phai = di chuyen diem dk, Chuot giua = xoa diem
1
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Hinh 12. X&y dung duong Bezier béc 3
Xay dung dwong Bezier vai bac cao:

) Figure 1

File Edit View Insert Tools Desktop Window Help

CONG CU XAY DUNG DUONG BEZIER (Hoang Van Quy)

Bac: 11 Chuot trai = Them diem ok, Chuot phai = di chuyen diem dk, Chuot giua = xoa diem
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Hinh 13. X&y dung duing cong Bezier béac cao
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Th nghiém xay dung duong Bezier bac cao (hinh 13).
Chuwong trinh cling thyc hién dugc hoan toan nhu thuét
toan da dua ra, két qua la duvong cong tron dang nhu ly
thuyét vé duong Bezier.

Nhu vay chuong trinh xay dyng dudng cong Bezier cac
tac gid da thuc hién cho phép xay dung duoc day du cac
dang dwong Bezier véi s6 bac tuy y.

So sanh thiét ké duong cong Bezier v6i hé théng
CAD, CAD/CAM thuwong mai

So sanh véi Autocad Mechanical 2006:

AutoCAD la mét phan mém ndi tiéng cla hang
AutoDesk v6i qua trinh phat trién 1au doi. Cac phién phan
cla AutoCAD ludn la phan mém thiét ké thong dung nhat
cho k¥ su Co khi, Xay dung, bién... AutoCAD Mechanical 1a
mot bd phan mém chuyén dung cho thiét ké co khi, moi
chtrc ndng hoan toan nhu AutoCAD, ngoai ra con c6 nhiéu
chirc nang chuyén cho thiét ké co khi. Khi thiét ké dwong
cong Bezier bac 3 trén AutoCAD Mechanical 2006 ta c6 két
qua nhuv hinh 14a.

So sanh v6i Catia V5R19:

Catia la mot hé thong CAD/CAM/CAE hoan chinh cua
hang Dasault Systemes. Hién nay Catia da c6 phién ban
P3V5 R22, ngoai ra con c6 thém cac phién ban theo nam,
m&i nhét la V6 2017. Catia hién tai dwgc nhiéu cong ty co
khi néi tiéng trén thé gidi st dung phuc vu cho thiét ké va
ché tao cac san pham cta minh. Trong nganh co khi Catia
cling dwgc danh gia rat cao duoc nhiéu chuyén gia khuyén
dung. Khi thiét ké dudng cong Bezier trong module Sketch
cla Catia V5R19 cho ta két qua nhw hinh 14b.

"r L]

)
Hinh 14. K&t qua thiét k& duong Bezier bac 3 bang cic phan mém:
a- AutoCAD Mechanical 2006, b-CATIA V5R19, ¢- Cong cu xdy dyng dudng cong
Bezier
Két qua khi thiét ké duong Bezier trén cdng cu do cac
tac gia xay diwng duoc thé hién trén hinh 14c.
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Nhu vay trén AutoCAD Mechanical 2006, duong cong
Bezier chi hién thi la két qua cudi ciing. Trén CATIA V5R19
ngoai viéc hién thi két qua duong cong cudi cung thi con
hién thi thém vecto thé hién hudng clia dwdng cong tai cac
diém uén. Két qua hién thi dvong cong Bezier clia cac tac
gia xay dung thé hién duogc dwong cong, vi tri diém diéu
khién, qua vi tri cac diém diéu khién c6 thé thay déi duoc
dang duong cong dva vao viéc hiéu chinh cac diém diéu
khién mot cach dé dang.
3.KETLUAN

Cac nghién ctru ly thuyét thuwong chi dwa ra nhirng biéu
thirc toan hoc biéu dién cac duong cong Bezier con trong
cac phan mém CAD/CAM viéc 'ng dung cac phan mém nay
cho thiét ké cac dwong cong tu do lai khdng rd rang. Cac hé
thong CAD/CAM thwong mai thudng coi cac dwdng cong tu
do duwoc tao duwdi dang module va khéng thé hién ma
ngudn. Viéc hiéu chinh nhu thém diém hoac giam diéu
diéu khién dé thay déi hinh dang dwdng cong khong truc
guan ddi véi nguoi st dung.

Bang viéc (ng dung thuat toan DeCasteljaus va Matlab
trong nghién clru vé dudng cong Bezier cac tac gia da xay
dung thanh cong mét céng cu hoan chinh dé thiét ké
duwong cong Bezier. Cong cu thiét ké va hiéu chinh duong
cong Bezier nay sé gilp cac nha nghién cru, nguoi s dung
hiéu mét cach tryc quan viéc hinh thanh nén dwong cong
Bezier. DAy la tien d& dé hi€u rd va lam chd viéc hinh thanh
cdc mat cong ty do dwoc st dung trong cac hé théng
CAD/CAM thuong mai.

K&t qua clia nghién ctru cling la co s& dé cac tac gia tiép
tuc nghién ctru va xay dung cong cu chuyén doi gilra céac
mat co ban sang dang mat NURBS lam co s& cho nghién
clru nhan dang cac ving bé mat NURBS trong thiét ké cac
san pham thyc té.
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