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KHAI NIEM



Pbuong cong

* Duong cong — Curve:
— Quy dao chuyén dong cua 1 diém trong

khong gian

.-1 \/\/ 1




Diém biéu dien dudong cong

» Diém biéu dien duong cong - curve represents

points:

— La phuong phap duoc str dung trong khoa

hoc vat ly va
— Cac diém dir
thuc thé se c

Ky nghé noi chung.
1éu duogc do chinh xac trén cac

ninh doi twong co sé. Puong

cong di qua cac diém dir liéu hién thi ho trg
cho viéc nhan ra xu hudng va y nghia ca cac

diém dir liéu.

— Cac ky thuat phurc tap (VD: binh phuong sai
s0) dugc dung dua duong cong hop vai 1
dang toan hoc co ban.



Diém biéu dien dudong cong



Biéu dién diém va
kiEm soat dudng cong
» Biéu dien diém va kiém soat duong cong -

Points represent and control curve.

— Puong cong la cac doi tuong co ban thuong
la két qua cua tién trinh thiét ké va cac diém
dong vai tro la cong cu dé kiém soat va va mo
hinh hoa duong cong.

— La co so cua linh vuc Computer Aided
Geometric Design (CAGD).



Biéu dién diém va
kiém soat dudng cong




PHAN LOAI



NOI suy

 NOI suy- Interpolation: duong cong di qua cac
diém, trong img dung khoa hoc cac yéu cau vé
rang budc st dung da thirc hay cac ham bac cao
tuy nhién két qua thudng cé nhimg hiéu tmg phu
nhu sai s6 phong dai hay do nhap nho cua
duong cong do da thure bac cao tao nén.
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NOI suy

[ s

— Trong thiét ké noi suy la can thiét vgi cac doi
tuong nhung khong phu hop véi cac do
tuong c6 hinh dang bat ky "free form".
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Xap xi

e Xap xi - Approximation: dudng cong khong can
di qua cac diém,vadi cac img dung khoa hoc ta
gol la trung binh dir lieu- data averaging hay
trong thiét ké diéu khién duong cong.
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NOI SUY VS. XAP Xi
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PUONG CONG BAC 3



Pbuong cong da thurc bac ba

» La duong cong khong gian vai 3 truc toa do x, y,
4

 Tranh dugc nhimg tinh toan phtrc tap va nhimg
phan nhap nho ngoai y muodn xuat hién ¢ nhimg
duong da thuc bac cao
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Tinh chat

Tham bién — parametric str dung tham bién ngoai dé biéu
dien cho cac tham bién trong

Do muot - smooth. V&1 dudng cong Hermite and Bézier
tinh lién tuc continuity cua dudng cong hay dao ham bac
1-first derivative tai cac diém kiém soat-control point.
V61 B-splines tinh lién tuc trén dao ham bac 2 seconc
derivative hay do cong dugc dam bao curvature.

Do bién doi - variation diminishing. dudng cong itbi
khuéch dai sai so boi cac diém kiem soat hay tinh nhap
nho cua duong cong han ché -oscillate.

Piém kiém soat cuc bo-local control. dudng cong bi anh
huong manh nhat véi chinh cac diém kiém soat gan
chung nhat.
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buong cong LeGrange

 Theo LeGrange:
— X =a, +b;u+cu?+d,ud
—-y=a,+b,u+c,u?+d,us
—Z=ag+bsu+cyu?+ c3u3

» 3 phuong trinh v6i 12 an so

P1 p2

« Vi 4 diém P,, P,, P,, P, phuong trlnh xac dinh

(N
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Pbuong cong Hermite

» Phuong phap Hermite dua trén co sd cia cach biéu dien
Ferguson hay Coons nam 60

» Dudng bac ba sé xac dinh bai hai diém dau va cudi cung voi
hal goc nghiéng tai hai diém do
— P = p(u) = ko+ kyu + kyu? + kyu’
— p(u) =2ku" ien
— p' = p'(u) = k; + 2k,u + 3kzu?

. va p, ta co hai do doc p,' va p,' véi u =0 vau =1 tai hai
([f)l?é’m c%u cudi ctia doan [([)),01]. i '
— ki + 2k, + 3k; = p1'
—ko=py K =py | 4
— ky =3(p7 = Po) - 2Py’ — Py’ Ry
— k3 =2(py-py) + Po' + Py’

—na
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sle ol

Thay vao:
* p=p(u) = py(1-3u?+2ud) + p,(3u?-2ud)
+ pol(u'2u2+u3) i pll('u2+u3)

1 0 0 071[p,

0 0 1 O0]|p
p=pu)=[1uu? u’] -

2 -2 1 1N




Vi DU DUONG CONG HERMITE




Nhuoc diém cla Hermite

» Strdung diém va cac vector kiém soat dugc do
doc cua duong cong tai nhung diém ma no di
qua

» Khong dugc thuan lgi cho viéc thiét ké tuong
tac, khong tiép can vao cac do doc cua dudng
cong bang cac gia tri so
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Pbuong cong Bezier

* Paul Bezier, RENAULT, 1970, Dudng va bé mat
UNISURF

» La bién thé cta dudng cong Hermite
» Moi duong cong dugc diéu khién bai 4 diém

2 .
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Pbuong cong Bezier

P, P5 tuong duang vai p,, p, trén duong Hermite.
diém trung gian p,, p, dugc xac dinh bang 1/3 theo
do dai ctia vector tiép tuyén tai diém p, va p,

Do’ = 3(p;
0,' = 3(p4
0 = p(u) =

2u2+u3) +
p=p(u) =

+ p,(3u? -

= Po)
= p,)

0o(1-3u?+2u3) + p,(3u?-2ud) + p,'(u-
0;'(-u? + u°)

0o(1 - 3u + 3u? - ud) + p,(3u-6u?+3ud)
3ud) + p,yu’
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Ju diém

» De dang kiém soat hinh dang cua dutng cong
hon vector tiép tuyén tai p,' va p,' cua Hermite.

» Nam trong da giac kiém soat vdi so diém trung
gian tuy y (so bac tuy y)

» Di qua diém dau va diém cudi cua da giac kiem
soat, tiep xuc vai cap hai vector ciia dau cuoi dé
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Biéu thirc Bezier-Bernstain

» Tong quat hoa vdin +1 diém kiém soat
p(u) = B, (u)p,
1=0

() =Y B, 0P~ R)
3., (1) =C(n, i)' (L-u)"
n!

i(n—i)!
* Py ... P, : vector vi tri cua da giac n+1 dinh

C(n,1) =
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Tinh chat

P, va P, nam trén duong cong.

Pudng cong lién tuc va cé dao ham lién tuc tat
ca cac bac

Tiép tuyén clia dudng cong tai diém P, la dudng
P,P, vatal P, laduongP, P,

Puong cong nam trong dutng bao 16i convex
hull ctia cac diém kiém soat.

P., P,,... ,P..nam trén duong cong khi va chi khi
duting cong la doan thang.
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PUONG CONG SPLINE




Pbuong bac ba Spline

» Spline di qua n diém cho trudc ma moi doan la
duong bac ba doc 1ap cé do doc va do cong lién tuc
tai moi diém kiém soat hay diém nut

e Vdin diém:n-1 doan vdi moi doan 4 vector hé so
4(n-1) cho n-1 doan, va 2(n-1) diéu kién bién va n-
2 diéu kién vé do doc cung n-2 vé do cong

» Spline dung dé chi phuong phap biéu dien duong
cong mém thong qua cac doan cong tham bién bac
ba vai cac diéu kién lién tuc tai cac diém dau nat
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Pbuong bac ba Spline

Uy =0 voi:(uy...U ;) U,y >U
ui+1 = ui T di+1

C, dé khdong c6 su gian doan giira hai doan
cong.

C, tinh lién tuc bac nhat hay dao ham bac nhat
tai diém noi.

C, dao ham bac hai lién tuc cua dutng cong
tai diém noi



I:)n-l
\ P
Z P,
1 0 0 07[p,]
0 0 1 0]]p
=[1uu? us |
P =1 ] -3 3 -2 -1||p
2 2 1 1||p,]
 Tinh lién tuc ctia dao ham bac hai tai cac diém ndi cé

thé dé dang dat dugc bang cach dat P"i I, (ui;=1) la
dao ham bac hai tai diém cudi ctia doan (i-1) bang vGi
P”|(U| 0) dao ham bac hai tai diém dau cda doan thii.

« P"i,,(1)= P"i(0)



Pbuong cong B-spline

» Puong cong B-spline la duong cong duoc sinh
ra tir da giac kiém soat ma bac ctia n6 khong
phu thudc vao so6 dinh cta da giac kiém soat.
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B-spline

Ni,k(u) da thirc B-Spline co ban

VGi n+1 so diém kiém soat

i diém kiém soat thir i

k bac cua duong cong 1<k<n+2

Ui vector nut cua duong cong U=[UT,U2...Un+k+1]

P(U) . Z |\Ii,k (U)P| Ni,l(u) {1 Ue [U u|+1]
1=0

0 others

(U _Ui+1—k) Ni_1 k_1(u) n (U|+1 )

N; (u) =
« Ui_UiJrl—k | (U|+1 U|+2—k)

N 1 (U)
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No, 4w

N1, 4Cuw)

Ne, 4Cu)

N3, 4Cuw)

N6, 4Cu)
NS, 4Cw)

N4, 4Cu

L 2
L

N7, 4Cu)




Pac diém

B-spline khong di qua hai diém dau va cudi trir khi ham hop
duoc dung la tuyén tinh.

B-spline cd thé dugc tao qua hai diém dau, cudi va tiép xuc
vGi vector dau va cudi cua da giac kiém soat. Bang cach thém
vao cac nut tai vi tri cla cac nut cudi cltia vector tuy nhién cac
gia tri giong nhau khong nhiéu hon bac cua dutng cong.

Tinh chat bao 16i cta da glac kiém soat va tinh chat chuan

duoc thoa man. z N i’k(u) _1q

S0 luong cac nut, bac cua dudng cong va so diém diéu khién
luén c6 cac quan hé rang budc:
O<u<n-k+2
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B-spline déu va tuan hoan

« Vecto nut la déu khi gia tri ctia chiing cach déu nhau mot
khoang V xac dinh. Trong cac bai toan thuc té, vecto nt
déu duogc bat dau tir 0 va tang 1 cho dén gia tri I6n nhat

—Vidu:[012345]vadi Vxac dinh =1
—[ -2 -1/2 1 5/2 4]vé6iV xac dinh = 3/2

» V@i cap la k, so diém kiém soat la n+1 thi vecto nut déu Ia
— U=[01 2 ...n+k] khoang tham so6 (k-1)<us(n+1).

» Khi vecto nut |a déu thi ta cé Ni,k(u)=Ni-1,k(u-
1)=Ni+1,k(u+1)
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No,1(t)

Nia(t)

Naa(t)

Naal(t)

VI DU

2 3
2 3
2 3




Khéng tuan hoan

Mot vector khong tuan hoan hoac mé (open — non
uniform) la vector nut c6 gia tri nut tai cac diém dau cudi
lap lai véi s6 lugng cac gia tri 1ap lai nay bang chinh cap k
ctia duding cong va céc gid tri nut trong moi diém [ap nay
la bang nhau

 Néu mot trong hai diéu kién nay hodac ca hai diéu kién
khong dugc thoa man thi vecto nut la khong déu.

g CéCh tl’nh UI ca s6 luong nat Vector nut
] ] p k (m=n+k) khong tuan

- Ui=0 1=<i<=k hoan

— Ui=1-k k+1<i<=n+1 2 6 [

4 8 [00001111]



B-spline

B-spline la mot dong cua Bezier

— Thuec té khi ta chon bac k cho tap hop k diém thi thi B-spline

chuyén thanh Bezier

Khi bac ctia da thic giam suanh hudng cuc bo ctia moi diém nut
cang ro rang hon.

Khi ton tai anh huong cuc bo cang I6n va dudng cong phai di
qua diém do.
Chung ta co thé thay doi hinh dang duong cong B-spline bang
cach:

— Thay doi kiéu vecto nut: déu tuan hoan, ma, khong déu

— Thay doi cap k ctia duong cong

— Thay doi s6 dinh va vj tri cac dinh da giac kiém soat

— St&rdung cac diém kiém soat trung nhau
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