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KHAI NIEM



Cac khai niém co ban

 Mat cong — Surface: La quy dao chuyén dong
cua 1 duong cong tao nén



Biéu dien mat cong

» Biéu dien tham bién cho mat cong
— Dua vao viéc xay dung va tao bé mat toan hoc
trén nhimg diém dir lieu
— Dua trén viéc xay dung nén bé mat phu thudc vao
bién s6 c6 kha nang thay déi mot cach truc dién
thong qua cac tuong tac do hoa.
» Biéu dien theo manh
— Biéu dien miéng tr giac - quadrilatera Patches
— Biéu dien miéng tam giac - Triangular Patches

o X=X(U,V,W) u,vyw E [0, 1]
o y=Y(U,V;W) u+v+w=1
« z=z(u,v,W)

— Q(u,v,w) = Q[ x=x(u,v,w) y=y(u,v,w) z=z(u,vw)] =



Biéu dien dung mat ludi

Cho phép phan tich sém va de dang cac dac tinh cua
bé mat, dudng cong ctia bé mat va tinh chat vat ly cua
hé mat.

Cho phép xac dinh dién tich, xac dinh viing cta bé mat
hay cac moment cua mat.

Va6i kha nang td6 mau bé mat trong thuc té cho phép
viéc kiém tra thiét ké don gian.

Tao ra cac thong tin can thiét cho viéc san xuat va tao
ra bé mat nhu code diéu khién so dugc de dang thuan
tién hon nhiéu so vai cac phuong phap thiét ké co dién



Biéu dien manh t giac

Phuong trinh T e F‘ﬁv
X=X(U,V) ﬁo«w s i i
y=y(uv) uvE[O,1] X

Z=Z(U,V) il )

Q(u,v) = Q[ x=x(u,v) y=y(u,v) z=z(u,v) |
Thanhphan /. A

— u,v la cac tham bién
— Cac diém Q(0,0) Q(0,1), Q(1,0), Q(1,1) la can ctia manh

— Céc dudng cong Q(1,v), Q(0,v), Q(u,0), Q(u,1) la cac bién
cla manh

— Pao ham riéng tai diém Q(u,v) xac dinh vector tiép tuyén
theo hudng u, v

0Q(u,v)/ou = Q[0 x{u,v)/ou, o y{u,v)/du, o z{u,v)/ou]

0Q(u,v)/ov = Q[0 x{u,v)/dv, 0 y(u,v)/ov, 9 z{u,v)/ov]



K&t ndi manh tr giac

Thuc thé hinh hoc biéu dien théng qua
cac manh cung dang

Cac manh c6 thé noi vdi nhau theo cac
hudng u,v khi 2 manh cuing huéng do
Néu moi diém trén bién ctia 2 manh =
nhau, hay 2 bién = nhau. 2 manh lién
tuc bac Co

Néu 2 bién = nhau va dao ham bang
nhau trén ciing 1 huéng thi 2 manh goi
la két noi bac C1




Hé toa do Barycentric

e Tap cac diém P1,P2 ... Pn
» Tap cac to hop cta cac diém do
k1P1 + k2P2 + k3P3 ... + knPn
Vi
k1 +k2+k3+...+kn=1
» Cac dieém tao thanh khong gian affine véi cac
gia tri toa do nates
k1,k2,k3,..kn
duoc goi la hé toa do barycentric.



Tam giac

Trong tam giac cac diém c6 dang P1,
P2, P3

Hé so: k1,k2,k3E[O, 1]

<1 +k2+k3=1

P = k1P1 + k2P2+ k3P3

Néu Hé so ki > 1 hoac <0 diém P sé nam
ngoal tam giac Q

Néu Hé sd ki = 1 hoac =0 diém P sé nam
trén canh tam giac

q'
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Bil-Linear

e La mat noi suy tir4 diém P0O; PO1; P10; P11
trong khong gian
Vai (u,v) [0; 1] [0; 1]
P(u,v) = (1 - u)(1 - v)POO + (1 - u)vPO1 + u(1 -
v)P10 + uvP11

» Dung dé mo ta cac doi tuong c¢o hinh dang tir
giac nhu co, khan ...

« M6 rong cho cac doi tuong cung loai
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MO HINH HOA MAT CONG



MO hinh hda mat cong

Ruled Surface
Coon-Boolean Sum
Surface of Revolution
Swept Surface Extrusion
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Ruled Surface

» Bé mat dugc xay dung bang cach cho
trugt 1 doan thang trén 2 dudng cong
» Cac mat ké nhan dugc bang phép noi
suy tuyén tinh tir hai dudng cong bién
cho trudc tuong tmg vai hai bién doi
dién cia mat ké P1(u) va P2(u)
Phuong trinh mat ke:
Q(u,v) = P2(u)v + P1(u)(1-v)
Néu hai dudng cong cho trudc tuong
img la P1(v) va P2(v) thi mat ke cé
phuong trinh

Q(u,v) = P1(v)(1-u) + P2(V)u =[(1 - u) u]{

Ruled Surface (Matke)

3
2.5]

2

P1(v)
P2(v)}




Mat tron xoay

 Mat duogc xay dung bai duong

thang hay 1 dudng cong phang, |
4 N |
quanh mot truc trong khong gian il

ol

« Gia str dudng cong phang c6 dang
P(t)=[x(t) y(t) z(t)] Oststmax

» Vidy: quay quanh truc x mt thuc thé nam trén mat
phang xy, phuong trinh bé mat 1a
Qt, ¢) =[x(t) y() cosdp z(t)sing ] 0<¢<2x
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Vi du mat tron xoay

« P1[1 1 0]vaP2[6 2 0] nam trong mat p_héng_xy. Quay dudng thang
quz}lgh truc x sé dugc mot mat non. Xac dinh diém cua mat tai t=0.5, ¢
=Tt/ 9o.

* Phuong trinh tham so cho doan thang tir P1 t6i P2 la:

Pt)=[x(®) y®) z®)1=P1+(P1-P2)t 0<t<T
vGi cac thanh phan Dé-cac:
X(t) = x1 + (x2- x1)t = 1+5t
y(t) =y1 + (y2- y1)t = 1+t
z(t) =21+ (z2-z1)t=0

 Dung phuong trinh

Q(1/2,=n/3) =[1+5t (1+t)cosd (1+t)sing]

3 20 3
3\6}

i T 3 .
= COS— —Sln—:l

Alw NlwW

4
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Mat truot - sweept surface

Sweep surface la mat dugc tao bai
bang cach trugt mot terc thé, vi du:

mot dudng thang da giac, mot 3- :

duong cong, mét hinh... doc theo SEEP---==——~

mot erng trong khong gian. ) S

P(u )thuc thé cén truort I i%g

[ T(v) ] 1a ma tran bién doi([ T(v) ] c6 [ ] e e

thé [a ma tran tinh tién, quay, hay ti N

lé ...hodc la két hgp cha nhieu phép * o

bién doi do)

Vi du:

1 0 0 0]

P1[0 0 O], P2[0 3 0] 0 cos(2Ilv) sin(2lv) O

P(t) =P1+ (P2-P1)*u=[0 3u 0 1 T(V)|= :
O(s) g ( ) [ ] T 0 —sin(2I1v) cos(2I1v) O

10v 0 0 1
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Vi du vé mat sweept extrusion

« Hinh vuong xac dinh bai 4 dinh :
P1[0 -1 0],P2[0 -1 -1],
P3[0 1 -1],P40 1 1]
« Duong cong trugt
x=10v y=cos(ITv) — 1

P17 OSSN 1 0 0 0]

0 -1 -1 1
P2 | O 1 0 0
P q|=[0 1 -11 TMI=| ; -
P4 0 1 11 110v cos(Ilv)-1 0 1

- < |0 -1 1 1

* Quay 1 goc khi trugt

- cos(p) sin(p) 0
—sin(p) cos(e) 0
0 0 1

10v cos(Ilv)-1 O

R O O O




Boolean sum cool surface

Mat duoc xay dung trén 4 diémva Boolear Sum St
cac duong cong bién =
S(u,v) Mat ndi suy trén 4 dudng
bién
S(u; v) =S1(u, v) + S2(u, v) - P(u; v)
Vai.
P(u,v) = (1-u)(1-v)P0OO0 + (1-u)vP0O1 + u(1-v)P10 + uvP11
S1(u,v) = vVAO(u) + (1-v)A2(u)
S2(u; v) = uA1(v) + (1-u)A3(v);

o Sl

)
l|l|__|| —1—-{|:':|”:'

 Placac dinh cua manh 4
* Ai(u) la cac phuong trinh dudng bién
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Vi du boolean sum surface

Varu=0
S(0,v) = S1(0,v) + S2(0,v) - P(0, v)
=v A0(0) + (1 - v)A2(0) + 0 A1(v)
+ 1 A3(v) - (1 - v)P0O - v PO1
=v P01 + (1 - v)POO + A3(v) -(1 - v)P0OO - v PO
= A3(v)
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Xay dung mat cong tu duong cong

e Hermite
e Bezier
* B-Spline



Mat cong bac ba Hermite

Qu,V)=[U]IC]IV] 0<u,v<1
Q(u, v) = [UIIMH] [B] [MH]" [V]"

2 —2 1 1
M. = -3 3 -2 -1
i 0 0 1 O ‘

1 0 O O




Manh-patch Bézier

Mo hinh dang tong quat

Manh Bezier dugc hinh thanh
trén phép trugt cua duong cong
Bezier.

Viéc xay dung nén manh Bezier
duoi cac diém kiém soat, tao
nén da dién kiém soat Pas
{P.;'ﬂi : ﬂEﬁEﬂ,ﬂEjEm}

Phuong trinh tong quat cua mat
cong tham bién Bezier co dang:
P(u,v) = Y > Pi;iBin(u)Bjm(v) 2
=0 =

uvE|[O0, 1] ’
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Manh Bezier bac 3

Mat cong Bezier bac 3 la mat pho bién nhat
trong CG, vi di do don gian cua n6

Hinh thanh trén 4x4 diém kiém soat

Cong thuc co dang

Qu,v)=> > B, (B, VR,

i=0 j=0

ba thure Bernstein co dang:
By(t) = (1-1)°
B, (t) = 3t(1-1)2
B,(t) = 3t2(1-1)
B,(t) = t°
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Tinh chat cua manh Bézier

- Tinh bao [6i: Mt cong * Mat cong la lien tuc va
Bezier ludn nam trong da dao ham rieng cac bac
dién [6i cua cac diém kiém ton tai ciia no ciing lién
soat tuc.

» Mat cong di qua 4 diém can . Pao ham riéng ctia mit
P00, PO1,P10,P11 hay cong coall
chinh xac

Q(0,0)=P00, Q(0,1)=P0T, ORA0.0M o = 3Py~ Poo)

Q(1,0)=P10, Q(1,1)=P11 AQUO.OWaY = 3(Py, - Pog)

- Dudng cong bién clia Mat m{‘:-“‘“‘i 3i:ns-:m}
Bezier la dudng cong Bezier oQY10Wav = 3(P; - Pys)



* Q(u,v) la moi diém nam trén mat cong va
Quv)=[u] [N] [B] [M]'[V]

:V]:[v?’ Vi v 1]

:U]:[u3 u’ u 1]

N] va [M] dugrc biéu dién =

(-1 3 -3 1B, By
, 713 8 3 0By By
1-3 3 0 0By B,
|1 0 0 0fByp By

-1 3

3 -6
-3 3
1 0
BOZ BO3
BlZ Bl3
BZZ B23
BSZ BSB

| |
o O O Bk

-3 1

3 0

O O

0 0

-3 3 -1
3 -6 3
0 3 -3
0 O

1—_

<
w
|

<
N

R <
|




NOi 2 miéng Bezier bac 3

Hai manh Q va R cung
chung tham bién tai bién
(Gia stru)

Hai dudng cong bién phai
pang nhau Q(1,v)=R(0,v)
Hé s cua cot cudi ma tran
Q = cot dau ma tran R
Tuong tu: Néu theo hudng
cua v thi hang sé thay cot
ma tran
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Bac clia mat cong theo moi huéng cta tham bién bang sé
diém kiém soat trur 1.

Tinh lién tuc hay dao ham ctia mat theo moi tham bién bang
so diém kiém soat trir 2.

Hinh dang ctia mat bién doi theo cac canh cta da giac kieém
soat.

Mat ludi chi di qua cac diém goc canh cua da giéc kiém soat.
Mat lu6i chi nam trong phan gidi han béi luGi ctia da giac 6
kiém soat.

N]Ic?t ludi khong thay doi dudi tac dong ctia cac phép bién doi
affine.

Moi dtrdngbblen cia mat Bezier la 1 dutng cong Bezier voi
mat cong bac ba Bezier cac duong cong bién luén dam bao la
cac dudng Bezier bac 3.

Nhu vay luci da giac cho bé mat sé la 4 x 4
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Panh gia mat cong bezier

» Ul diém
— Dé trong xay dung chuong trinh
— Deé trong render
— L4 mat cong manh biéu dien duoc nhiéu hinh
ohure tap
 Nhuoc diém
— Khong thé mo ta dugce hinh cau
— Piéu kién dé noi 2 mat cong can rat nhiéu
diém. Dan dén mat kha nang diéu khién
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Mat cong B-spline

Phuong trinh mat B- Q(u,w) = Zi N (U)M ,(W).P,
spline =l H

s g . A2 . A2 p 1XiSU<Xi+1
Pij la diém kiém soat N; . (U) ={o otherwise
N va M la da thuc B-

(U—x)N;, ., (u) N (X —U)-Nip 1 (U)

Spline " k(U) ) Xiskea — X Xisk — Xin
V&i cac mat cong mo x =0<i<k)

mat cong phu thuoc Ix =i—k(k+1<i<n)

vao cac knot vector X =n—k+1(n+1<i<n+Kk)
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Pac diém cua mat cong
B-spline

S0 bac cao nhat cua bé mat theo moi hudng thi
bang so diém kiém soat -1 theo hudng do.

Pao ham riéng cua phuong trinh bé méat theo moi
tham bién c6 bac bang so diém kiém soat theo
tham bién do trir 2.

Bé mat B-spline thi khong chiu anh hudng cua phép
bién doi anfine. Bé mat sé thay doi néu ta thay doi
da giac kiém soat.

Anh huéng ctia mét diém kiém soat don dugc gidi
han bai + - k/2 h/2 khoang d6i véi moi tham so.
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Pac diém cua mat cong

B-spline (tiép)

Néu s6 dinh cua da giac kiém soat bang so bac

theo moi tham bién va khong co diem kep nao

thi mat B-spline se chuyén thanh mat Bezier.

Néu cac da giac kiém soat co dang tam giac thi

ludi da giac kiem soat se co hinh dang gan

giong voil bé mat cong.

Moi mat B-Spline lu6n nam trong bao [6i ctia da

glac kiém soat .

Moi mat B-Spline c6 dang diéu luén bam theo

hinh dang cua da giac kiém soat.
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Mat cong tham bién bac 3

» Dua vao viéc xay dung va tao bé
inat toan hoc trén nhimg diém dir
1eu

» Dua trén viéc xay dung nén bé "/
mat phu thudc vao bién s6 ¢ kha
nang thay d0| mot cach truc dién
théng qua cac tuong tac dé hoa.

Q(u,v)=[xy z]

=[ x(u,v) y(u,v) z(u,Vv)]
umin<u'<umax,vmin< v <
vmax




Pac diém mat cong
tham bién bac 3

Bac cao nhat ciia mat theo moi hugng bang so
diém kiém soat -1 theo hudng dé
Dao ham riéng cua phuong trinh bé mat theo
mot hudng c6 bac bang so diém kiém soat -2.
Mat B.spline khong thay doi dui tac dong cua
cac phép bién doi affine
Néu s6 diém kiém soat bang s6 bac ctia mat
cong cong 1 thi mat B-spline chuyén dang
Bezier.
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