. ] Chuong 5 .
Hién thi cac doi twogng hinh hoc trong khong gian ba chiéu

Trong d6 hoa méy tinh khi muén xay dung mot dudng cong tong quat khi chua biét phuong
trinh toan hoc cua n6 nguoi ta st dung mot tap hop cac diém diéu khién cho trudc (control
points). Gia st ta dung n+1 diém diéu khién Py, Py, P,,..., P, khi d6 mot duong cong C dugce tao
ra theo mot trong hai cach sau:

- Noi suy cac diém diéu khién: C bat dau tai PO va di qua cac diém diéu khién trung gian
theo tht tu Py, Py, Ps,..., Pa. C két thuc tai P,

- Xép xi cac dlem dleu khién: C khong nhat thiét phai di qua cac diém diéu khién nhung
hinh dang cta n6 duoc quyét dinh boi cac diém diéu khién.

Trong chuong nay ta s& nghién ctru hai phuong phap cho phép vé cac dudng va mat cong
trong khong gian d6 la Bezier va B-Spline. Ca hai phuong phap déu sir dung cach lay xap xi cac
diém diéu khién.

1. Pudng cong Bezier

Li thuyét duong cong va mit Bezier duoc phat minh béi mot ki su nguoi Phap c6 tén 1a
Pierre Bézier trong qua trinh thiét ké mau xe 6t6. Diém manh cua 1i thuyét nady 1a tinh dé dang va
thudn ti€n trong viéc biéu dién cac dudng cong va mat cong.

1.1 Céch xay dung duong cong Bezier

Gia st mot duong cong Bezier C duogc tao ra tur n+1 diém diéu khién PO, P1,..., Pn, ki hiéu
toa do ctia mdi diém diéu khién 1a Pk(x, yx, zx) trong d6 0<k<n. Tap hop cac diém diéu khién ta
goi 1a da giac diéu khién (control polygon). Khi d6 cac diém trén duong cong Bezier C dugc tinh
theo cong thurc:

C(u)=> BEZu(u) Py, (0<u<1)

k=0

n!

k!(n— k)'

- D¢ dé hinh dung ta xét trudng hop don gidn nhét khi chi ¢6 2 diém diéu khién Py va P, khi
do céc diém thuoc duong cong C dugc xac dinh bai:

C(u)=BEZo,1.P0 + BEZL].P1=(1-U)P0 + l}P] (OSuSl)

Puong cong C luc nay chinh la doan thang PyP; nhu trong hinh vé 5.1(a)

Trong d6 ham BEZj ,(u)=C(n,k)u*(1-u)"*= u*(1-u)™*
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Hinh 5.1: Budng cong Bezier



Ta thiy C(u) 1a tuyén tinh theo tham s6 u va ta goi d6 12 duong cong Bezier bac 1
- Trudng hop c6 3 diém diéu khién Py, P, P, nhu trong hinh 5.1(b), ta d& dang tinh dugc:
BEZy,=(1-u)’
BEZL2:2( 1 -u)u
BEZ,,=u’
Do do6 phuong trinh cua C la:
C(u)=(1-u)’Py + 2(1-u)uP; + u’P,
C(u) lac nay duoc goi la duong cong Bezier bac 2
Cong thue trén con dugce xay dung mot cach tudn tu nhu sau:
+ V&i mdi gia tri 0<u<l1 ta tinh gi4 tri a(u) giira hai diém P, va P,
a(u)=(1-u)Py + uP,
+ Tinh b(u) gitta hai diém P, va P,
b(u)=( 1 -u)P1 + uP;
+ Cudi cung tinh C(u) giita hai diém a(u) va b(u)
C(u)=(1-u)a(u)t+ub(u)= (l-u)zPo + 2(1-u)uP; + u’P,
- Tuong tu khi c6 4 diém diéu khién Py, Py, P,, P; nhu trong hinh 5.1(c), ta tinh dugc:
BEZy;=(1-u)’
BEZ,5=3(1-u)’u
BEZ,;=3(1-u)u’
BEZ;;=u’
Do d6 phuong trinh cua C la:
C(u)=(1-u)’Py + 3(1-u)*uP; + 3(1-u)u’P, +u’P;
C(u) la mot ham bac 3 theo bién u va duoc goi la duong cong Bezier bac 3
Cong thirc trén con c6 thé xay dung mot cach tudn ty nhu mo ta trong hinh 5.1(c).

1.2 Tinh chét cia duong cong Bezier

- Tir cong thuc xay dung dudng cong Bezier ta dé dang nhan xét:
C(O):P 0
C(1)=P,

Do d6 Pg va Py chinh la diém dau va diém cudi caa duong cong

- Néu iy dao ham bac nhat ctia C(u) tai diém dau va diém cudi ta co
C (0)——1’1P0 + nP1
C'(1)=-nPy + nP,

Do d6 d6 ddc tai diém dau cua C(u) nam doc theo dudng thang qua hai diém diéu khién dau
tién va do doc tai diém cudi ctia C(u) nim doc theo duong thang qua hai diém diéu khién cudi
cung.

- Vi Z BEZi(u)=1 va BEZ,,(1)>0 do d6 moi diém nim trén C(u) déu thudc tap 16i cac

k=0
diém diéu khién (convex hull of the control points)

- Bac ctia dudng cong ting cung v6i s6 diém diéu khién, cu thé dudng cong Bezier C(u) voi
n+1 diém diéu khién 1a mot da thirc bac n cua u. Do d6 khi sé diém diéu khién 16n qua trinh tinh
toadn s€ phuec tap.

1.3 Lénh OpenGL hién thi dudng cong Bezier



- Truc hét ta phai dinh nghia ham C(u) bang 1énh:

glMapl/fd}(GLenum target, TYPE ul, TYPE u2, GLint stride,GLint order,

const TYPE*points);

Trong d6 target chi dinh kiéu dir liéu cta diém diéu khién, c6 thé nhan gia tri
GL_MAP1_VERTEX 3 hoic GL MAPI VERTEX 4. Hai tham s6 u/ va u2 chi khoang gia tri
ctia u. Tham sb stride chi khoang cach (gia tri floating-point) gitta hai s6 liéu diém diéu khién
lién tiép. Tham s order co gia tri bang bac ctia dudng Bezier cong thém 1. Tham s point chi
dén mang chua cac diém diéu khién.

Tiép theo d6 sir dung 1énh glEnable(GLenum target) dé kich hoat C(u)

- Sau khi dinh nghia ham C(u) ta dung 1énh glEvalCoord1f(u) thay cho 1énh glVertex() dé
hién thi cac diém cua dudng cong Bezier

Vi du I: Thyc hién chuong trinh bezcurve.c
Vi du 2: Thuc hién chuong trinh bezcurveMesh.c

Chuong trinh nay giéng véi chuong trinh ngoai trir cau 1énh glMapGrid1£(30,0.0,1.0), 1énh
nay chia khoang gia tri ctia tham sé u[0,1] thanh 30 khoang bing nhau. Sau d6 ta sir dung 1énh
glEvalMesh1(GL_LINE, 0, 30) thay thé cho 1énh glEvalCoord1f() khi hién thi duong cong.
Vi du 3: Thuc hién chuong trinh bezcurve2.c

2. Mat cong Bezier

2.1 Cach xay dung mat cong Bezier

Mat cong Bezier 1a m¢ rong cua dudng cong Bezier. Gia su ta ¢6 mot mang (nt1)x(m+1)
cac diém diéu khién Pj;;, 0<i<n, 0<j<m ta go1 46 la khéi da dién diéu khién (control polyhedron).
Khi d6 cac diém trén mit cong Bezier S dugc tinh theo cong thirc:

S(u,v)zz Z BEZ;,(wW)BEZ; (V) P,  (0<u,v<I)
=0 j=0

Dé c6 mit cong Bezier tir cac du(mg cong Bezier ta hay c01 mang (n+1)x(m+1) cac diém
diéu khién P;; nhu 1a n+1 mang mot chiéu khac nhau, mdi mang gdm m+1 diém diéu khién. Xay
dung duong cong Bezier tir n+1 mang diém diéu khién d6 ta sé& dugc n+1 duong cong Bezier. Ta
ki hiéu duong cong tmg v6i mang diém diéu khién th i 1a C;, 0<i<n va phuong trinh tham s ctia
Cila Gi(v), 0<v<l.

Noi cach khac véi moi gia tri 0<v<l ta c6 n+1 diém nam tuong tmg trén cac duong cong
Ci, ta ki hiéu tép cac diém d6 13 {Ci(v)}i=o.n. Néu ta tiép tuc sir dung n+1 diém d6 lam da giac
diéu khién ta s& thu dugc mot duong cong Bezier. Tudng tugng khi v ting tir 0 dén 1 ta s& duoc
mdt ludi cac duong cong Bezier, d6 chinh la mat cong Bezier nhu minh hoa trong hinh 5.2.
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Hinh 5.2: Xay dung mat cong Bezier

2.2 Lénh OpenGL hién thi mit cong Bezier

Ta st dung hai 1énh gIMap2*() va glEvalCoord2*() dé dinh nghia va hién thi mit cong
Bezier.

glMap2/fd}(GLenum target, TYPE ul, TYPE u2, GLint ustride,

GLint uorder, TYPE v, TYPE v2, GLint vstride,
GLint vorder, TYPE points);

Trong d6 target gidng nhu trong 1énh gIMap2*() va dugc sir dung trong 1énh glEnable().
Hai cap gia tri (u/,u2) va (v/,v2) chi dinh mién gia tri cua hai tham s6 u va y. Tham s6 stride chi
khoang cach (gié tri floating-point) gitta hai s6 lidu dlem diéu khién lién tiép. Tham s6 order ¢
gia tri bang bac cua dudng Bezier cong thém 1. Tham s6 point chi dén mang chtra cac diém diéu
khién. Hai tham s ustride va vstride xac dinh khoang cach gilra hai diém diéu khién xét theo
tham bién u va tham bién v.Hai tham sb worder va vorder cé gia tri bang bac ctia duong Bezier
xét theo 1an lugt tham s u va v cong thém 1. Tham sb point chi dén mang chira cac diém diéu
khién.

glEvalCoord2{fd}(TYPE u, TYPE v);
Cho phép hién thi cac diém ctia mit cong thay cho 1énh glVertex*().

Vi du 1: Thyc hién chuong trinh bezsurf.c
Vi du 2: Thyc hién chuong trinh bezmesh.c
Vi du 3: Thyc hién chuong trinh bezboat.c

3. Puong cong B-spline

Gidng nhu duong cong va mit Bezier, dudng cong va mit B-spline ciing st dung phuong
phap xap xi cac diém diéu khién.
Diém manh cua phuong phap B-spline so véi phuong phap Bezier d6 1a:
- Béc cua da thic B-spline co thé thiét 1ap mot cach doc lap véi $6 luong cac diém diéu
khién.



- B-spline cho phép diéu khién cuc bd (local control) nghia 1a khi ta thay d6i vi tri mot diém
diéu khién thi vi tri hai diém diéu khién lién ké s& thay ddi twong tng giup ta co thé diéu chinh
mot phan nao d6 cta duong cong va mit cong. Nguoc lai voi phuong phap Bezier khi ta thay doi
vi tri mot diém diéu khién, hinh dang cua ca duong cong hoac mat cong s€ bi thay doi diéu do
gay kho khan khi ta mudn chinh stra hinh v&.

Diém han ché cua phuong phap B-spline 1a né phtc tap hon phuong phap Bezier.

3.1 Cach xay dung duong cong B-spline

Gia st ta ¢6 nt+1 diém diéu khién PO, P1,..., Pn, ki hiéu toa do ctia mdi diém diéu khién la
Pi(xi, yi, zi) trong d6 0<i<n. Tap hop cac diém dléu khién ta goi 1a da giac diéu khién (control
polygon). Khi d6 cac diém trén dudng cong B-Spline duoc tinh theo cong thc:

C(u): Z Ni,m(u) Pio tminfuftmam 2§m§n+1

Ta co the Iira chon mién gia trj cla tham s6 u. Ham N n(u) duge goi la ham B-spline la mot
da thie co béc la m-1. Gia tri cia tham s m c6 thé chon 1a mot trong so cac gia tri tur 2 dén n+1.
Trong thyc té ta c6 thé thiét 1ap m=1 nhung khi d6 chi hién thi cac diém diéu khién.

Trude khi dinh nghia ham N ,(u) ta phai xay dung cac khoang gié tri cua tham bién u, ham

Nim(u) s& dugc dinh nghia trén ting khoang do. Muén vay ta dinh nghia r+l diém chia
to<t1<....<t,, mdi diém nhu vay dugc goi 1a mot diém nut. Tap hop céc diém nat T= {to, t1, -o.0sts}
duoc goi 1a Vecto cac diém nut (knot vector).

Céc diém nut tao thanh mot day sé khong giam va ¢ thé mot vai diém nut c6 gia tri bang
nhau.

Ham N; y(u) duge dinh nghia mét cach dé quy theo m nhu sau:

N ) 1 ¢, <u<t,,
L\U)=
70 gl

Céc ham B-spline v61 m>1 dugc dinh nghia bdi cong thirc sau
Nint)= = Ny s+ 22 N i)
itm-1 "~ Yi iem ~list

Nhin vao cong thuc tinh trén ta théy dé tinh dugc Nim(u) ta can céac nat to, ti, ....,tirm trong
vecto nat. Vay khi i=n ta can to, t1, ....,tntm trong véc to nut, chinh vi li do dé6 ma ta phai chon tir
dau vecto nut sao cho khoang gié tri ctia tham sd u duoc chia thanh n+m khoang béi n+m+1 diém
chia hay néi cach khac r=n+m.

Pé dé hinh dung cach xay dung dudng cong B-spline ta xét khi m=1,2,3.

+ Khi m=1, ham B-spline N, s& c6 bac bang 0, phuwong trinh dudng cong B-spline c6 dang:

C(u)zz Ni,l(u) Pi:N()JP()‘f' N1’1P1 + ...t Nn,an (t()fuftnﬂ)
i=0
Theo dinh nghia & trén ta c6 khi ty<u<t; chi c6 duy nhit ham Np,1=1 con cac ham B-spline
khac déu bang 0 do d6 C(u)=P. Twong tu nhu vy khi xét 1an luot cac khoang cta tham sé u ta
thay trén khoang [t;, ti+; ] chi co duy nhat ham N c6 gié tri bang 1, con cac ham B-spline khéc c6
gi4 tri bang 0. Vay khi m=1 ta c6 duong cong C(u) chinh 14 cac diém diéu khién roi rac. Hinh 5.3
dudi day minh hoa d6 thi ctia cac ham N (0<i<4) va duong cong C(u).
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Hinh 5.3: D) thi cdc ham B-spline N; ; va dudng cong C(u) la cac diém diéu khién

+ Khi m=2, ham B-spline N, s& c6 bac bang 1, phuong trinh dudng cong B-spline ¢ dang:

C(u)zz Nia(u) Pi=NooPo+ NPy + ...+ NpoPh (6<ustyy)
i=0
Ta xét ham B-spline diu tién No2

u-—t t,—u
No}g(u): to N0,1(u)+ tz ; N1,1(u)

1 0 2 1

u-—t,

Ta nhan théy No2 duge tinh dgya vao Ny va Ny ;. H¢ s$b cua No.1 1a , day l1a phuong

1 0
trinh ciia mot ham sb bac nhat tang trén doan [to,t;], gid tri cia ham béng 0 khi u=ty va b?mg 1 khi
u=t; (ta goi ddy 1a nira bén trai ciia No,). Tuong tu hé s6 cia N;; 1a mot ham sé bac nhéat giam
trén doan [t1,t,], gia tri ciia ham bang 1 khi u=t, va bang 0 khi u=t, (ta goi ddy la nira bén phai ctia
No.2). Phuong trinh ciia No(u) c6 thé viét lai nhu sau:

0 u<t,
“ho o ocusy
0o—=—"—="
f, —t
No,z(u)= tl _13
: t, <u<t,
tZ tl
0 uzxt,

Tong quat ta c6 cong thirc sau:

0 u<t,
u-—t.
: t,<u<t,,
t.,—t.
N, (u) = tl'H —th
I tiHS“StHz
ti+2_t1‘+1
0 u>t

i+2



Hinh 5.4(a) minh hoa db thi ctia ham Ny, hinh 5.4(b) minh hoa d6 thi cac ham N, (0<i<3)
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Hinh 5.4
Ta nhén thay rang trén doan [t;ti+] (1<i<n) c6 hai nira d6 thi, nira bén trai ctia Ni, va nira
bén phai ctia Ni.; . Do dé phuong trinh cua C(u) trén doan [t;,t;+] 1a:
t., — —1.
C(U): i+] u Pi-l + u i Pi
i L lin =1L
Hai hé sb cua Pi.; va P; déu khong 4m va c6 tong bang 1 do d6 C(u) chinh 1a doan thing
Pi-IPi-
Ching to6 khi m=2 duong cong B-spline chinh la duong gép khuc PyP;_ P, nhu minh hoa
trong hinh 5.4(c). .
+ Khi m=3, ham B-spline N; 3 s& c6 bac bang 2, phuong trinh dudng cong B-spline c6 dang:

C(u)zz Ni3(u) Pi=No3Po+ Ny 3P; + ...+ NpsPy (t<u<t,)
i=0
Ta xét ham B-spline dau tién N3

u-—t t,—u
No,3(u):t & No2(u)+—=——Nj 2(u)

2 0 3 1
No3(u) 12 ham hop cua hai ham Nya(u) va Ny ,(u) trén doan [to,t3], thay cac gia tri da biét
No2(u) va Nj2(u) vao ta co:

0 u<t,
u*u tOSu<tl
tz to tl_to
u-—t, t,—u t,—u, u—t
Ny, (u) = iy +- * - hSus<t,
L,—t, t,—t -t t,—f
Loy L—u t, <u<t,
t3 tl tz_tz
0 u=t,

Gia tri cia ham Ny 3(u) hodc 1a bang 0 hoic 1a mot ham bac 2 theo bién u.
Tong quat ta c6 cong thuc sau:



0 u<t,
u_tl * u_tl tl<u<ti+1
ti+2 ti tl+1 _ti
N, (u) = u—t, o t,—u " Lia—U o, U—1I, f o <u<t.
3 t o=t fo,—t. t..—f. ., —t " "2
i+2 " b i+2 "~ bivl i+3 il i+2 "~ bivl
t..—u t..—Uu
i+3 ki3 t,‘+2 S u S t,’+3
ti+3 _ti+1 ti+3 _ti+2
0 U2t

Hinh 5.5(a) minh hoa db thi ctia N 3(W), phan do thi nam trén truc hoanh ta co thé chia
thanh ba phan tam goi 1a phan bén trai, phan ¢ giita va phan bén phai. Hinh 5.5(b) minh hoa cac
doan do thi khac 0 ctia N;3, 0<i<2, phan bén trai va phan & giita cta N3 3(u), phan bén trai cua

N3

l I

o) by t4 ts5 tg 1t

(a)

(b)

e
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(c)
Hinh 5.5
Xét trén doan [ti,tis1], 2<i<n bao gém ba phﬁn dd thi: Phan bén trai cta dd thi Nis, phﬁn
giita ctia d6 thi Ni.; 3 va phan bén phai ctia d6 thi Ni.
Do dé trén doan [ti,ti+1], 2<i<n ta co:

C(Ll) =[ tHl —Uu * ti+1 _MJR'—z +( u_ti—l * tHl —u + ti+2 —Uu * u_t[ JR-] +{ M—l[ * u_ti jpl
L=ty Ly =t L =0y Ly =4 L, =L Ly L=t Ly~
Hé s cua Py, 1a ph'?ln bén phai ctia Nj, 3, hé sb cua Py 1a phﬁn gitra cia Nj.; 3, h¢ sb cua P;
1a phan bén trai ctia Nj3 va tong ba hé s6 nay bang 1 voi moi u thude [ti,ti1]. PO thj cia C(u)la

mot duong cong dugce minh hoa trén hinh 5.5(c).
Vi du: Thyc hién chuong trinh bSpline.c

3.2 Lénh GLU hién thi duong cong B-spline
Trudc hét ta tao mot ddi twong NURBS (Non-Uniform Rational B-Spline) va tra vé mot
con tré t&i mot ddi tuong maéi bfmg 1énh:
GLUnurbsObj* gluNewNurbsRenderer (void;
Thiét 1ap cac thudc tinh cua ddi tuong NURBS br:ing Iénh:
gluNurbsProperty(GLUnurbsObj *nobj, GLenum property, GLfloat value)
(Tham khéo cac tham s6 va ¥ nghia trong OpenGL ebook)




Bit ddu mot duong cong NURBS bang 1énh:

gluBeginCurve (GLUnurbsObj *nobj)

Khoi tao va biéu dién mot duong cong NURBS ta dung 1énh:

gluNurbsCurve (GLUnurbsObj *nobj, GLint uknot count,

GLfloat *uknot, GLint u_stride, GLfloat *ctlarray,
GLint uorder, GLenum type)

Lénh trén dinh nghia mot dudng cong NURBS cho dbi tugng nobj, tham s6 uknot count
chi ding s6 luong diém nut, con tré *uknot chi dén mang chira cac nut, tham sb u_stride chi
khoang cach giita hai diém diéu khién, con tro *ctlarray chi dén mang cac diém diéu khién, tham
s6 uorder xac dinh bac cua cac ham B-spline, tham s fype xac dinh kiéu cua cac diém diéu
khién(GL_ MAP1 VERTEX 3 hoic GL_ MAP1 VERTEX 4)

Két thuc biéu dién mot dudng cong NURBS bang 1énh:

gluEndCurve (GLUnurbsObj *nobj)

Vi du: Thuc hién chuong trinh splineCurveOrder3.c, vi du nay tao mdt duong cong B-
spline bac 3 va cho phép di chuyén cac diém diéu khién ciing nhu céc nit.

Vi du: Thuc hién chuong trinh splineCurveOrder4.c, vi du nay tao mdt duong cong B-
spline bac 4 va cho phép di chuyén cac diém diéu khién ciing nhu céc nit.

4. Mat cong B-spline

4.1 Cach xay dung mat cong B-spline
Phuong trinh mat cong B-spline c6 dang nhu sau:

S(u,v)=" /= Ni,m1(u)Nj,m2(v)Pjj
Trong do Pij la gia tri diém diéu khién trong ma tran hai chiéu (nu+1)*(nv+1). Cac gié tri
ml-1 va m2-1 thiét lap bac cta cac ham B-spline theo hai bién u va v.

4.2 Lénh GLU hién thi mit cong B-spline (NURBS)
Ngoai cac 1énh gidng nhu khi hién thi duong cong NURBS, mit cong NURBS sir dung hai
1énh sau dé bat dau va két thiic mot mit cong NURBS
gluBeginSurface (GLUnurbsObj *nobj)
gluEndSurface (GLUnurbsObj *nobj)
Khéi tao va biéu dién mit cong NURBS bé'mg 1énh:
gluNurbsSurface (GLUnurbsObj *nobj, GLint uknot count,
GLfloat *uknot, GLint vknot _count, GLfloat *vknot,
GLint u_stride, GLint v_stride, GLfloat *ctlarray,
GLint uorder, GLint vorder, GLenum type)
Cac tham sé cua 1énh twong ty nhu 1énh gluNurbsCurve().



