Po6 hoa may tinh

va bé mat |



Biéu dién cac doi twong cong
S

. Bang tham sb
- Qua an cua phuwong trinh
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Tai sao lai diung tham s67?

e Cac dwdng cong tham so rat linh hoat.
e Chung khéng can phai la ham
- DPuwdng cong co thé co nhiéu gia tri rna vai mot toa do x.
e SO lwong tham sb thworng cho A Never a
thay chiéu cua vat thé I Function

(x(u,v), y(u,v), z(u,v)) )\
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M6 ta mét dwdng cong va bé mat
c ...

e M6 hinh héa doi twong mot cach chinh
xac voi mot sai s6 cho phep
e Mb hinh theo kiéu phac thao gan dung
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Bai toan xap xi tong quat
S

e Ham g la mét xap xi tot véi cac tinh chat sau:
1. Ham g rat gan f theo moét tinh chat nao dé
2. Céc hé so ci la duy nhat
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Bai toan xap xi tong quat
S

e Cho mét tap co dinh cac ham o1, 92, ..., ¢k,
tim cac hé so ci sao cho:

2(1)=Y e,

la mot phép tinh xap xi ddi v&i mot ham f(x)
nao do. Ham ¢i thwong dwoc goi la cac
ham co so (basic function)
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Xap xi binh phwong toi thiéu
c

e Ham g(x, c1, c2, ..., ck) ma tdi thiéu

E(cl,cz,...,ck)=Zsl(f(xj)—g(xj;cpcz»---»ck))z

J=1

dwoc goi la x4p xi binh phwong toi thiéu
(least squares approximation) cua ham f(x)
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Mot s6 rang budc

1.

Nhirng rang budc ndi suy:

g(xj) = f(xj) v&i mét sd diém xj co dinh.

Két hop diéu kién (1) véi nhirng diéu kién
vé do tron, vi du nhw diéu kién vé dao ham cla
g va f déng nhat tai diem x.

Cac rang budc vé tinh trwc giao
(f-g)ei=0 vO&i moili.

Nhirng rang budc vé hinh dang trwc quan,

vi du nhw d0 cong clia dwérng cong va bé mat.
2/17/17



Pwdng cong tham so
c ...

p:la,b] > R", p(u) = (p,(w), p,(u),..., p,, (1))
v&i cac ham thanh phan pi cla p la cac

ham gia tri thwc thong thwong véi mot
bién thuc.
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Mo ta mét dworng cong

Piém diéu khién:
~ La tap cac diém anh hwdng dén hinh dang
cua dwdng cong.
Knots:

— Céc diém nam trén dwdng cong.

DPuwong cong nbi suy (Interpolating
spline):

— Cac doan cong di qua diém diéu khién.
Puwdng cong xap xi (Approximating
spline):

~ Cac diém diéu khién anh huwéng dén hinh

dang cua doan
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Phép noi suy Lagrange
_

e Bai toan:cho cac diém (x0, y0), (x1, y1), . (xn yn)
tim mot da thiee p(x), dé p(xi) = yi voi i = O 1
e Da thirc Lagrange:
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Phép noi suy Lagrange
-

e Han ché
Bac I&n néu n I&n
Tao vét gon khdng mong mudn
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Cac doan cong

Chung ta c6 thé bi€u dien mot dudong cong voi do dai bat ky
bang mdt chudi cac doan cong nd1 vo1 nhau.

Chung ta quan tam dén cac doan nay nd1 vd1 nhau nhu thé nao

CO continUilk--\ Co & C4 GOIltiHUity

Cy & C; & C, continuity
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Pwdng cong tham so bac 3 (Parametric
Cubic Curves)

pé d,ém bao tinh lién tuc C, cac ham cua chung ta phai cé bac
it nhat Ia 3.

Puwdng cong cubic c6 4 bac ty do va thay dbi 4 thi.

St dung thire: x(t) cé bac nla mét ham cua t. - y(t) va z(f) cling
twong tw va dwoc x& ly dbc lap.

Co nghia la:

x(1) = Zn: a,x;
=0
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Pwong cong Hermite
S

e 4 bac ty do, 2 dé diéu khién tinh lién tuc C,

va C, tai moi dau.
e S dung da thirc dé biéu dién dwdng cong.
e Xac dinh: x = X(t) theo cac gia tri x,, X¢/, X4,

X,/

Bay gio:
X(t) = a;t® + a,t? + at + a,
va X/(t) =3a,t? + 2a,t + a,
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Tim cac hé so Hermite
«

Thay t vao hai dau:
Xo = X(0)=a, X, = X'(0) =a,
x,=X(l)=a;+a,+a,+a, X,/ =X/(1) = 3a; + 2a,* a,

Va 1oi gidi la:
a, =X a, =X,/
0= Xo 1 = Xp

/

a, = -3x,— 2Xx, + 3%, — X, a, = 2x, + X, - 2x, + x,/
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Ma tran Hermite: M
S

Da thtrc két qua co thé duge biéu dién qua dang ma tran:
X(t) = t™}q ( g 1a véc-to diéu khién)
(2 1 -2 1]x,
-3 -2 3 —1|x/
0 1 0 O0]ux
1 0 0 O0]x

X(t)z[z3 ¢ 1]

Bay gid chung ta co thé dinh nghia da giac tham so cho cac
toa d0 mot cach doc 1ap X(t), Y(t) va Z(t)
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Cac ham Hermite co’ ban
-

F(x)=(x-1)°2x+1)
F,(x)=x"(3-2x)
Fi(x)=(x=1)"x
F,(x)=x"(x-1)
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Cac ham Hermite co’ ban
-

24

Do thi cho thay hinh dang cua bon g, Hermite Blending
ham co ban (hay con goi 1a 08 Functions
blending functions). 08

Chting duoc gan nhan vaoi thanh |

\ 14 DE
phan trong so6 cua no.

05
04
03 XO
0.2

01
e

-0.1 0.1 2 0y 04 05 06 0.7 0.8
-0

-0.2
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Bai toan noi suy ghép doan Hermite
-]

Cho cac bd ba (xo, yo, mo), (x1, y1, m1), ..., va (Xn, yn,
mn), tim cac da thirc bac ba pi(x),i =0, 1, ..., n-1, dé
pi(xi) =i,

pi'(Xi) = mi,

Pi(Xi+1) = Yi+1, va

i’ (Xi+1) = Mi+1
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Ho cac dworng cong Hermite

y(t) ‘

SRR
A4y

21717 x(1)



Hién thi cac dwérng cong Hermite

e Don gian:
- Lap quat - chon don vi lap phu hop.
— Tinh gia tri x.

- Vay & z mbét cach doéc lap.
— V@ cac doan ndi lién cac diém.
e Noi cac doan:
~ Céc diém dau mut tring nhau dé cé lién
tuc C,
_ Véc to phap tuyén trung nhau dé co lién
tuc C,
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NOi suy spline

e MOt duong spline bac m va cap m+11la mét ham S: [a,b] - R ma
ton tai cac sd thwc xi, i =0, ..., nvdia=x0<x1<..<xn=b, dé

1. S la mét da thirc cd bac <m trén doan [xi, xi+1], v&ii=0, ..., n-1 va
2. S la mét ham Cm-1.
xi dwoe goi la cac diém nut (knot)
(x0, x1, ..., xn) dworc goi la cac vecto diém nut cd dé dai n+ 1
Cac doan [xi, xi+1] dwgc goi la cac nhip (span).
M6t nat xi thda man diéu kién xi-1 < xi = xi+1 = ... = Xisa1 < Xi+d thi Xi
dwoc coi la mot nut d boi.
S dwoc goi la dwong spline tuyén tinh, bac hai hay bac ba néu né
cobacla1,2hay3
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Bai toan ndi suy spline
S

e Cho mét s6 nguyén k va céac sb thwe xi, vi (i =
0, ..., n) vOi X0 < x1 < ... <xn, tim spline g(x)
bac k sao cho xi la nut cua g va g(xi) = vyi.
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Bai toan ndi suy spline
S

e Cho céc diém (x0, y0), (x1, y1), ..., (xn, yn),
tim cac da thirc bac ba pi(x), dé v&i i chay tw
0 dén n-1, ta cé:
Pi (xi) = Vi
pi ('xi+1) — yi+1
va voi i chay ttr 1 dén n-1 ta co:
p.(x;,)=p;,_(x;)
pi(x)=p.(x)
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Bai toan ndi suy spline
S

1. Diéu kién két thuc kep
Hé s6 goc mO va mn xac dinh ré rang
2. Diéu kién két thuc Bessel
mO va mn la hé sé goc cta duong parabol néi suy 3 diém
dau va 3 diém cudi
3. Diéu kién két thac tw nhién
Pao ham béac 2 cta dudng spline triét tiéu & cac dau mut
4. Piéu kién két thac 1ap

Gi4 tri, dao ham bac 1, bac 2 bang nhau tai hai dau mat
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Pwong cong Bezier
S

Pwdng cong Hermite khd dé md hinh hda — can phai
xac dinh cac diém va véc-to phap tuyén.

Sé dé dang hon khi chi can chi ra diém.
Pierre Bézier xac dinh 2 diém dau mut va 2 diém
diéu khién dé xac dinh véc-to phap tuyén.

C6 thé tinh ra tr ma tran Hermite:
— Hai diém diéu khién xac dinh vec-to phap tuyén
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PDwong cong Bezier

&
"support"
o "chord” P P,
p t=1 1)’3
Bezier |
Specification °F
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Ma tran Beézier
S

Trude hét ching ta phai xac dinh cac ham co ban.

Cho mot da thire bac n, chiing ta c6 n di€ém diéu khién vO1 cac

thanh phan cho dén -/ nhu sau:
X(t)= Z /4.

!
f.="'C__t'd-0""" where "'C. = (n D!
rl(n—r—1)!

Hé s6 cua ¢ theo khai trién cua (t+(1-1))"!
2/17/17



Ma tran Bezier bac 3
.

o X(1)=t'"Mgg (Mg la ma tran Bézier)

e VVOI n=4 va r=0,1,2,3 taco:
-1 3 -3 1] g,
3 -6 3 O
xo = 2 ¢ 1] 7
-3 3 O O]} g,
1 0 O O g,

e Tuong tw voi Y(t) va Z(t)

2117117




Ham co ban Bézier
«__ /"7

&Y
1 3

Bezier Blending
- Functions
-1\ ds
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B-spline (Cox-de Boor)

Cho trudéc n >0, k > 1, va mot day khong giam cac s6 thuc U = (ug, Uy, ..., U,py), DN cac ham

Nik:R—>R,0=i<n,

mot cach dé€ quy nhu sau:

N;i(u)=1, foru;<u<uj,and

=0, elsewhere.
Néu k > 1 thi:
Nix(u)=

u-—u;

Niy1 k-1(1),

Ujrk-1 — Uy Uik — Wiyl

trong d6 néu bat ky dai lugng nao c6 dang 0/0 thi ta s& thay né bang 0.
Ham N;  (u) dugc goi la B-Spline thir i hoac ham B-Spline co so bdc k va cap k-1 theo vecto nut U.
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B-spline (Cox-de Boor)

(a)

Vi du ham Ni,1(u) v&i n=3, k=1

1l (b)
N3g Nig Nsy VI’ du Ca'C hém NLJ(U) Vé’| n=3’ k=2

knots = (0,0, 0,1, 2,3, 4,5, 6,6, 6,6)

Céc B-spline bac ba déng nhat bj kep Ni,4(u) v&in =8
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B-spline (Cox-de Boor)
S

Cho trudc mot day cac diém p, v0o11=0, 1, ..., n, dudng cong
n

p(u) = Z Ni k (u)p;.
i=0

duoc goi 1a dwong cong B-Spline béc k (hodc cdap m = k-1)
vO1 cac diém diéu khiéen hay cdc diem Boor p; va vecto nut (uy, uy, .., U, .,)-
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B-spline
-

(w0, ul)  NOO _
~ e ~
[ul,u2) N1,0 = 1/N0,2 s
o) M= noe | i
N — S — S~
N2,1 N1,3 NO,5
S SN S SNl :
[u3,ud) N30 N2,2 N1,4 :
SN - i 7
N3,1 N2,3 :
Moy N0 oaas
’ » /
= Nd4,1 :
- :

[u5,u6)  N5,0
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B-spline
-

(u0,ul) NOD

> Nojt
R S e ../,('-.'. ’ \
ml,uw) N0 T e NO,2
: A T ~~
§ / Nl’l \ ....... y ,3\
 [u2, u3) N2,0 N1,27 e NO,4
N2,1 N3 NO,5
: - B e N
[u3,ud) N30 22 N1,4
: \ e ....7"'\ S s
: 31T N2,3 :

o) NOT SN2

................................. - M’l E ’

— :
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Cac dwong cong B-Spline

A Knot.
® Control point.

m=9 (P,..Py)
m-1 knots
m+1 control points
m-2 curve segments
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Cac dwong cong B-Spline
.

O A Knot.
® Control point.
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Cac dwong cong B-Spline

A Knot.
® Control point.
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Cac dwong cong B-Spline
.

e V&imobii>4,comodtknotgitra Q. va Q tait =t.
e Diém khai tao tai t;va t,,, cling 1a knot. Vi du sau mé ta duwong
cong voi cac diém diéu khién Py ... Pg:

A Knot.
® Diém diéu khién

m=9 (10 diém diéu khién)
m-1 knots
m-2 knot intervals.

v
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Cac dwong cong B-Spline

e Doan Q, dwoc xac dinh bdi cac diém P, dén P, v&i khoang t; =

0dént,=1.

A Knot.
® Diém diéu khién

m=9 (10 diém diéu khién)
m-1 knots
m-2 knot intervals.

2117117
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Cac dwong cong B-Spline

e Doan Q, duwoc xac dinh béi cac diém P, dén P, trong khoang t,

=1dént;=2.

A Knot.
® Diém diéu khién

m=9 (10 diém diéu khién)
m-1 knots
m-2 knot intervals.

2117117
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Cac dwong cong B-Spline

e Co thé thay khoang t, dén t, la khoang dau tién vi day 1a doan
dau tién co sy xuat hién cla ca 4 ham B-Spline.

e t,dén t,,la khodng cudi cung.
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Tao mot dwong cong

/\'
AN

2/17/17

Bén trai la mot duong
cong dugc sinh ra.

Chiing ta c6 thé duong
cong nay duoc tao nen
bo1 tong cO trong sO clia
cac duong co ban B-
Splines.



Do min cua dwo'ng cong B-Spine?
...

e DO min tdng dan theo bac cia dwdng B-
spline

e Chuing ta cling c6 thé lam gidm d¢ lién tuc
cua dwdng cong bang cach cé nhiéu knot
trung v&inhau, vidu t,=t,,=t,, = ...
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Dwong B-Splines v&i nhieu knots tai
mot diem

By 4(t)
J/ 0 ZB1,4('[)[/~B2,4(‘[)

B; ()

1=0,1,2,3 = 5 6 7
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Vi du ve tinh lién tuc caa B-Spline

2117117

Véi 4 diém diéu khién
cho mot doan.



ine

B-Spl

" A

Vi du ve tinh lién tuc cua

P2

A\

PO

’\________.._____________
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Vi du ve tinh lién tuc caa B-Spline
«

Hai knot trung nhau

Chi ¢¢ tinh lién tuc C,
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Vi du ve tinh lién tuc caa B-Spline
«

PO

- 2

Ba knot trung nhau

Chi ¢6 tinh lién tuc C,

P1=P2=P3
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Tong két
S

e Cac duong cong bac 3
e Cac duong cong B-splines
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