ISSN 2354-0575

gy XAY DUNG THUAT TOAN VA CONG CU PHAN MEM
; Y MO HiNH HOA BE MAT TU DO TRONG THIET KE CO KHI
* o ﬁ“f" Hoang Vin Quy'?, Bui Ngoc Tuyén'”

[ Truong Dai hoc Bach khoa Ha Noi
2 Truong Dai hoc Hai Phong

Ngay toa soan nhan dugc bai bao: 08/06/2018
Ngay phan bién danh gia va sura chira: 06/08/2018
Ngay bai bao dugc duyét dang: 10/08/2018

Tom tat:

Mat tu do la mot mat cong tron, duwoc su dung dé biéu dién cdc mé hinh phue tap. Hién nay bé mat
tw do dwoc st dung vo ciing rong rdi trong nhiéu nganh ky thugt. Trong cdc hé thong CAD/CAM hién dai
ciing di dwoc tich hop cdc module mé hinh héa cdc mdt tie do. Tuy nhién trong hau hét cac hé thong nay
cde module thiét ké bé mdt tir do thirong thé hién duéi dang la module dong. Nguoi ding kho can thiép hodc
ld'y dir lieu cua mat tw do sau khi thiét ké dé sir dung cho cac muc dich nghién curu nhw phan rda bé mat tw do
thanh dam may diém phuc vu cho viéc phan viung bé mat, hodc hiéu chinh cac mdt tu do, ... Trong bai bdo
nay, cdc tac gid trinh bay mét thudt todn xdy dung bé mat tir do dwa trén da gide diém diéu khién. Nghién
cteu ciing da xdy dung dwoc mét cong cu phan mém d@é mé hinh héa bé mat tir do viét bang Matlab. Day la
tién dé cho cdc nghién ciru tiép theo ciia cdc tac gia nhw la phdn vimg bé mdt tw do, t6i wu héa gia cong
mat tw do trén may phay CNC 3 truc.

Tir khéa: Bé mdt tw do, mé hinh hoa, diém diéu khién.

1. Pit van dé

Mat ty do 1a mét dang bé mat phuc tap,
c6 thé goi bang cac tén nhu: Sculpture surface,
Freeform surface, Non uniform Rational B-spline
surface (NURBS). Khong gidng cac bé mit co ban
nhu: mat try, mit ciu, mit non... ¢o phuong trinh
toan hoc va cach tao hinh don gian (Hinh 1), mat tu
do dugc hinh thanh dya trén luéi diém diéu khién
{P, } (Hinh 3). Khi thay doi vi trf céc diem diéu
khién trong ludi diém diéu khién s& lam thay doi
bé mit sang cac dang khac nhau. Diéu nay lam cho
bé mit ty do co tinh linh hoat, hiéu qua cho thiét ké
hon so véi cac dang bé mit co ban rat nhiéu. Do
vay, hién nay bé mat tu do dugc st dung phé bién
trong thiét ké cac san pham thudc nhiéu linh vuc
cong nghiép khac nhau tir don gian, khong can do
chinh xac cao nhu: ban, ghé, dd gia dung dén cac
san phdm lién quan dén nghé thuat nhu: cc cong
trinh xay dung, twong dai... cho dén cac san phim
cong nghiép, cac chi tiét khi dong hoc yéu cau ky
thuat khit khe vé do chinh xac hinh hoc nhu: khudn
mau, vo 6 t6, canh may bay, canh tudc bin... Mo
hinh hoa bé mat tu do cling duogc rat nhiéu tac gia
nghién ctru va di dugc ing dung trong cac hé théng
CAD/CAM thuong mai. Tuy vdy hién nay hau hét
cac module xay dung hodc hiéu chinh bé mat tu do
déu dugc phat hanh dudi dang module dong, khong
thé can thiép hodc hi¢u chinh ma 1&nh vi ly do ban
quyén. Didu nay khién cho viéc tiép can khai thac
co s¢ dir liéu cac dang bé mat tu do 14 rat han ché.
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Trong nghién ctru nay, cac tac gia da xay dung duoc
mot thuat toan va cong cu phén mém trén Matlab
2016a nham thiét k&, hiéu chinh, chuyén dbi cac bé
mat tu do thanh cac hinh dang khac nhau mét cach
tu dong khi thay doi vi tri hay trong s6 ciia cac diém
diéu khién. Diéu nay thé hién tinh linh hoat cta bé
mat ty do, hi¢u qua cho thiét ké cac mo hinh phuc
tap. Két qua ctia nghién ciru nay c6 thé sir dung dé
trich xuét dam may diém thuc hién cho viéc phan
ving thanh cac manh mit trong cac nghién ctru tiép
theo cua cac tac gia.

2. Nghién ciru lién quan

C6 nhiéu nghién ctru dé mé hinh hoa cac bé
mit tu do theo nhiéu cach khac nhau. Muc dich cua
mo hinh hoa bé mat tuy do khong chi 1a dé xay dung
céc bé mit ty do trong qua trinh thiét ké, hiéu chinh
céc chi tiét may theo yéu cau ma con 1a dé hiéu sau
hon vé qua trinh hinh thanh cac bé mit tu do. Qua
d6, ta c6 thé kiém soat hoan toan qua trinh nay.

J. Dan va W. Lancheng [1] nghién ctru thuat
toan xdy dyng mat NURBS trén co so thiét ké
nguoc. Cac tac gia da xdy dung thuat toan dé mo
hinh héa mit ty do tir tap cac diém rai rac. Day la
hudng di méi khac véi cac nghién ctru cii khi xay
dung cac bé mit tu do dya trén mdi lién két cac
manh mat.

Ochiai va Yoshihiro [2] nghién clru xay
dung mat ty do dua trén tich phan bién. Cac tac gia
ap dung dé xay dung cac bé mat tu do khi thiét ké
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cdc chi tiét khuon.

Lesile A P1eg1 va cong su [3] nghién cuu
thuat toan dé cit xén bé mit NURBS trong mién
tham s dya trén gidi han dao ham bac hai. Trong
nghién ctru ndy cac tac gia thu duge mat tu do bang
cach xap xi manh phing 3D khi 4nh xa cac da giac
trong khong gian 2D. Vi phuong phap nay cac tac
gia cho réng sb lugng da giac tao 1én bé mat s& 16n.
Tuy nhién phuong phap nay lai ¢6 wu diém 1a toc
d6 tao ra bé mit s& cao hon. Két qua da dugc chiing
minh qua thir nghiém.

Zhongwei Yin [4] nghién ciru mét phuong
phap moi xay dung mat NURBS dua trén tap hop
d4m may diém thay vi cac diém diéu khién va hiéu
chinh chung thong qua cac diéu kién bién. Két qua
c6 thé ap dung véi cac mat B-spline hodc Bezier.

G. Aumann [5] nghién ctu mot thuat toan
dé thiét ké mat Bezier thong qua mot dudng cong
Bezier ¢6 hinh dang va bac tuy y.

Trong bai bao nay, cac tac gid dua trén
phuo’ng phap xay du’ng mit ty do theo ludi diém
diéu khién dé thiét lap thuat toan va xay dung
chuorng trinh mo6 hinh héa cac bé mat ty do viét
biang MATLAB. Chuong trinh nay cling cho phep
thuc hién mot s6 chuyén doi giita cac dang bé mit
tu do, tir d6 1am rd hon qua trinh hinh thanh céc bé
mat tu do nay.

3. N¢i dung nghién ciru
3.1. M6 hinh todn hoc mat tu do
Phuong trinh mit cong tong quét trong hé
toa do Decacter nhu sau [6][7]:
={X,Y,Z, (x,y,z) €ER’} (1)

Phuong trinh nay c6 thé biéu dién nhirng mit
co ban nhu mat cAu, mat try, mat non... (Hinh 1).
Khi biéu dién mat ty do thuong su dung phuong
trinh dang tham s6 hai hudng u, v (cac diém trén bé
mat dugce anh xa tir 4nh xa tir khong gian R? sang
khéng gian R? (Hinh 1).

a) b) )
Hinh 1. Mot 56 mdt co ban
a) Mat tru b)) Mat cau ¢) Mat non
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(W)

Hinh 2. Piém S(x, y, z) dnh xa sang khéng gian
tham so theo 2 huong u, v

Tham s6 héa cac toa do x, y, z (theo phuong
trinh 2) d€ chuyén cac diém cua mat theo phuong
trinh 1 sang khong gian tham so u, v:

[x = X(u,v)
iy=Yw,v) uveR (2)
z=7Z(u,v)

Phuong trinh tong quat mit tur do dugc biéu
dién lai nhu sau [6][7][8]:
S(u,v) = [X(u v), Y(u,v), Z(u,v)]

ZgMM)(wWP
gn: é) N;,(u).N;,(v). w,;

' . o
Mﬂ”iﬁfﬁﬁwu—mwﬂ 5
| ) .

N;,(v) = Wvﬁ(l _ V)(H)J

P13

Hinh 3. Luéi diém diéu khién tong qudat

Trong do:

S(u,v) mit ty do biéu dién trong khong gian
u, v

N, p(u) N, (v) la da thuc Bearnstein

P, la dlem diéu khién theo hudng u, v (Hinh 3)
w, la trong s6 diéu khién theo hudng u, v
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0<u<l1;0<v<1
Céc diém diéu khién {P, } xac dinh hinh
dang ctia mit ty do. Khi diém diéu khién thay doi
vi tri thi hinh dang mat tu do ciling s¢€ thay ddi theo
(Hinh 3). Tong quat, diém diéu khién duoc bicu
dién dudi dang mot ma tran [4].

Poo By By,
P B,

{pd=" 0 T @
PmO Pml Pmn

Hinh 4. Mat tu do hinh fhdnh theo luéi diém diéu
khién 4x4

w=0.707107 w=1 w=0.707107
a o

.
w=0.707107

w=1 )

= R
w=0.707107

w=1

w=1 w=1

Hinh 5. Anh huong ciia trong sé w téi dang cia
dwong cong tw do

Trong s6 w, la mot dai luong dac trung cho
tam quan trong cua tung dlem diéu khién. Mdi diém
diéu khién c6 mot trong sd twong tng. Do 16n cua
trong sb w, ; tuong ng v6i mdi diém diéu khién sé
cho thdy rang bé mat bi hut vé phia diém diéu khién
nhiéu hay it. Dé hiéu 16 hon tac dong cua trong s6
w, ; 1én hinh dang cua mat tur do chiing ta c6 thé xem
xet anh hudng trong s6 w ddi véi dudng cong ty do,
vi anh huéng nay c6 tinh chit tuong duong nhau.
Trong Hinh 5 thé hién anh hudng ciia do 16n trong
s6 w dén hinh dang ciia mot duong cong tu do kin.
V6i gia tri w = 0,707107 dudng cong thé hién dudi
dang mot duong tron, khi w = 1, dudng cong bi hit
vé phia diém diéu khién gy ra cung tron bi bién
dang. Khi d6 dudng tron bi bién thanh hinh vuéng
véi goe vudng bo tron (Hinh 5).
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3.2. Thuét toan va chwong trinh biéu dién mit
tu do

Ung dung cong thirc xay dung mit ty do
tong quat (3) thuat toan xay dung cong cu biéu dién
mat ty do duoc trinh bay trén Hinh 6.

So dd thuat toan nay tuan theo cac budce sau:

Budc 1: Khoi tao tap diém diéu khién {Pi,j}

Budc 2: Cho dbi sb i, j chay theo hai huéng
thamsd uva v véi giatrii=1.n,j=1.m.

Budc 3: Xac dmh S(u v) theo (3)

Budc 4: Két ndi diém theo da giac tao ludi
bé mat

Budc 5: Lam tron mat

Budc 6: Hién thi két qua

Budc 7: Két thuc chuong trinh

Khoi tao
diém diéu khien {P, }

g ). N

(V) Wi Py

S(u,v) = n
E 2 Njp(u).

Njip )Wy

Két ndi diém + lam
tron mat

!

Hién thi

Két thuc

>
<
<

Hinh 6. So' d6 thudt todn xdy dung cong cu thiét ké
va hiéu chinh dwong cong tir do

Ung dung thuat toan ndy cac tic gia xay
dung mdt cong cu tryc quan md hinh hoa bé mat
tu do viét bing Matlab (Hinh 7). Cong cu nay gom
mot s6 thanh phan chinh nhu sau:

Thanh menu: Gom céc 1énh ¢6 sin trong Gui
cua Matlab.

Vung hién thi mat tu do: La ving khong gian
hién thi mat tw do dugc nhap vao ciia cong cu.
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Menu tity chon: Gém 2 menu s6 xubng cho
phép lua chon céc kiéu mit ty do thong dung (Hinh 8).
Nut 1énh: M6 phong qua trinh chuyén tir mit
tu do dang nay sang dang khac c6 trong chuong trinh.
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Hinh 7. Céng cu biéu dién mdt tw do

® Figen

Yen_ngua
Tru

Truot
Dong

Hinh 8. Menu tiy chon mat tw do

Chuong trinh cho phép mo hinh hoa 4 loai
bé mit co ban: Mt tru (cylinder surface); Mit yén
ngua (Sadle surface); Mat trugt (slide surface) va
Mat ty do kin (Close surface). C6 thé thay ddi kiéu
hién thi cac dang bé mit trong chwong trinh twong
dbi linh hoat, tiiy vao muc dich ciia ngudi dung.

Mot s6 hinh anh két qua hién thi cac bé mat
tu do bang coéng cu phin mém da xay dung dwoc
trinh bay trong Hinh 9.
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c) d)
Hinh 9. Mgt s6 hinh anh mé hinh héa bé mat tw do bang cong cu da xdy dung
a) Mat tru b) Mat yén ngua
¢) Mat truot  d) Mat tw do kin
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4. Két luan

Trong ndi dung nghién clru nay cac tac gia
da trinh bay mo hinh toan hoc ctua bé mat tu do téng
quat. Trén co s& do da xay dung dugc thuat toan va
cong cu mod hinh hoa bé mat tw do théng qua luéi
diém diéu khién viét bing Matlab. Cong cu phan
mém nay cho phép khi thay ddi vi tri hodc gid tri
trong s& cac diém diéu khién s& lam thay dbi hinh
dang ctia bé mat tw do. Két qua chay phin mém cho
théy mé hinh bé mat tu do thiét ké chinh xac theo
dir liéu diém diéu khién va linh hoat trong chuyén

Tai liéu tham khao
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d6i hinh dang bé mat khi thay d6i vi tri diém diéu
khién hay thay d6i gia tri trong s cua cac diém diéu
khién. Két qua cua nghién ctru nay s& dugc sir dung
dé trich xuét dam may diém trén cac bé mat tu do
phuc vu cho qué trinh phan ving bé mit dé lya chon
dung cu va duong dung cu hop ly trong gia cong
mit ty do trén may CNC. Ngoai ra két qua nay ciing
c6 thé 1am tai lidu nghién ctru, minh hoa tryc quan
cho giang day vé CAD/CAM trong cac truong dai
hoc k¥ thuat.
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AN ALGORITHM AND A SOFTWARE TOOL OF MODELING FREEFORM SURFACES
FOR MECHANICAL ENGINEERING

Abstract:

Freeform surfaces (or sculpture surfaces) are smooth surfaces which are used to describe complex
models. Nowadays, freeform surfaces are widely used in many domains of engineering. Modules of
modeling and editing freeform surfaces are also integrated in the modern CAD/CAM systems. However, in
most systems this module is nontransparent. The user difficultly accesses the database of freeform surface
models to use it for the targets as partitioning freeform surface into points cloud or editing it... In this paper,
the authors present an algorithm for construction of freeform surfaces based on polygon of control points.
A software tool of modeling freeform surfaces written by Matlab has been built, too.. This is the base for
researches in future as partitioning the surfaces, optimizing the process of machining free surfaces on the

3 axis CNC milling machine.

Keywords: Freeform surface, modeling, control point.
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