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[Sila pastikan bahawa kertas peperiksaan ini mengandungi TUJUH muka surat
yang bercetak sebelum anda memulakan peperiksaan ini.l

Instructions: Answer all three [3] questions.

Aranan:. Jawab semua tiqa [3] soalan.l
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l. (a) Showthat | 4tD=1, where
i=0

L?@):hY-"),. i=0,r,2,
,.T (u, -ui)'

are the Lagrange polynomials of degree 2.

(b) Let

R(u) : {:(."!'' = 19' -tl'lQ(u), u efl,2),
be composed of t'wo adjacent curve segments P and Q which can be represented
locally as two quadratic Bizier curyes

P(t) = tc,al6, re[0, t],
i=0

eQ):fn,n!61, re[0, l],
,=0

where

al1t1 : #frti (r-42-i , i = o, r, 2,

are the Bemstein polynomials of degree 2. C, and D,, i = 0, l, 2, are the Bdzier
points and t is the local parameter of each curve segment. rf Co = (1, 0) ,
C1 =(0, 1) and Cz=G1,0), findthe points D,, i=0,1,2, suchthat R is C2
continuous at u =1.

(c) Given polynomial

P(t) : Vo HoQ) + To Hlt) + T, Hr(t) + V, HtG), r e [0, l]
which interpolates the points v, and their tangent vectors 7,, i = 0, l. Find the

cubic functions 1/,(t), / e [0, 1], i = 0, l, 2, 3, such that

Ho(0) = 1, F/i(0) = 9, FIo(1) = 0, H6(1) = 0,

Hr(0) = 0, Hi(0) = 1, FIr(l) = 0, I/i(l) = 9,
H2(0)=0, Hi(O)=0, H2(l)=0, HiQ)=1,
H:(0)=0, //j(0)=0, H:(l)=1, Hj(1)=9.

Slmbol ' ' ' indicates the derivative with respect to parameter t .

[100 marks]
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L (a) Tunjukkanbahawa Lr]<">=\, dimana
i=0

4@):fi!"_",)r, i=0,r,2,' ilg(u' -ui)'
J*t

ialah polinomiol Lagrange b erdarj ah 2.

(b) Katakan

R(u):[:\"1' "=l?':]'
lQ(u), uell,2l,

digubah dengan dua segmen lenghtng yang bersebelahan P and Q. Dua
lenghtng segmen ini dapat diwakili secara setempat sebagai lenghtng Bizier
kuadratik

P(t) : lc, nl g1 , / e [0, l],
i=0

eG):fn,nl6, re[0,t],
i=0

di mana

B?(t) : ffiti1r-t12-i, i=0,1,2,

ialah polinomial Bernstein berdarjah 2. C, dan D,, i = 0, l, 2 , merupakan titik-
titik Bdzier dan t sebagai parameter setempat bagi setiap segmen lenglamg. Jika
Co =(1, 0), Cr =(0, l) dan C,=(-l, 0), cari titik-titik D,, i =0, l, 2, supayq

R adatah selanjar secara C2 pada u =1.

(c) Diberi polinomial

P(t) : Vo HoQ) + To Hr(t) + T, Hr(t) + V, H{t), t e [0, 1]

yang menginterpolasi titik-titik V, dan vehor-veldor tangen T, , i = 0, | . Cari

fungsi-fungsilafiik H,(t), re[0, 1], i=0, 1, 2,3,supaya

Ho(0)=1, H6(0)=0, f/o(1)=6, H6(l)=0,
Hr(O) = 0, Hi(0) = 1, f/t(l) = g, //i(l) = 0,

H2(0) = 0, Hi(0) =0, H2(l) =0, HiQ) =1,
F/3(0) = 0, Hj(0) = 0, H:(l) = l, //j(l) = 0,

Simbol ' ' ' rnenandalran terbitan terhadap parameter t.

p00 markahJ
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2. (a) Suppose aBezier curve of degree n is definedby

P(t): ic,nigS, te[0, l],
,=0

where

BiG) : #ti (r-t)n-i

are the Bernstein polynomials of degree n and C, are the B6zier points of the

curve.

(i) Show tnat ii ni Q) = t .

lon
(ii) Showthat PO - Cn.

(iii) Prove that the curve P(r) lies within the convex hull of the contol polygon

cocr...cr.

(iv) Let n=3, Co =(1, 1), Cr=(1,0), Cz=Gl, 1) and Ca =(-1,0). If the

crrve P(r) is degree raised by one to
4

P(t)= lCi nlg, t E[0, l],
,=0

evaluate the new control points Ci , i = 0, 1, ..., 4 .

(b) Given a tensor product B€zier surface of degree (2, 2)

,s(2, v) = i, i c,,1 Bj (v) B? (u), o 1 u, v 1t .

i=0 j=0

(i) Find the cross boundary derivative along the boundary v = 0.

(ii) Find the normal vector of surface S at (u, v) = (0, 0) .

[100 marks]
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2. (a) Andaikan lenghtng Bdzier berdarjah n ditalvifkan sebagai

P(t) : ir, ti <a , te [0, t] ,
t=0

di mana

BiG) = 

"#ilti(1-11'-iialah polinomial Bernstein berdarjah n dan C, adalah titikiitikkawalan Bdzier.

(i) Tunjukkan bahawa it tf G) = t .iln
(ii) Tunjukkan bahowa P(l) = 6,.

(iii) Buldilcan bahswa lenglung P(t) terletak di dalam hul cembung bagi
poligon kowalan CoCy..C n .

(iv) Katakon n=3, Co=(1, 1), Cr=(1,0), C2=(-1, 1) dan C, =(-1,0).
Jika lenghtng P(t) ditinglcatkan darjahrrya dengan satu kepada

4

P(r) : lci nf@, t €[0, t],
t=0

kira titik-titik kawalan yang baru Ci , i = 0, l, ..., 4 .

(b) Diberi suatu permukaan hasil darab tensar Bdzier berdarjah (2, 2)

,S(2, v) =iic,.1 Bj(v)B?(u), 01u,v < 1.
i=0 j=0

(i) Cari terbitan silang sempadan pada sempadan v = A.

(ii) Cari velaor normal bagi permulman S pada (u, v) = (0, 0).

p00 markahJ
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3. (a) Givenaknotvector u--(us, u1t...t un-t, un, un+t, ..,, un+k), nlk-l.A8-
spline cuve of order ft is defined by

P(u)= io,N!1r1, uefup1,il,*tl,
i=0

where D;, i = 0, l, ..., fl, are the de Boor points and N! (u) are the normalized

B-splines of order ,t defined recursively as follow

nj(,r) = il u' 3u <u'*'

10, otherwise

and

N!(u) : ,..'-u,,.. N!-,(u) * 
=!'.0 ,! 

N,|;t(r) , k>t.
ui*k_t - ui ui*k - ui*l

() Describe the conditions on the knot vector z so that the B-spline curye
interpolates the first and the last de Boor points.

(ii) Let k=3 and u=(0,1,2,3,4,5).Show that P(u), uel2,3], can be

expressed locally by

Ir -2 rlt-D,l
1 r ^ rl ll I

iLr t tll_2 2 0ll4l,
Lr I oJLDr)

where t = (u _2) e [0, lJ.

(iii) Let u=(0,1,2,3, 4,5), Ds =(0, 7), Dr =(1, l) and D, =(1, 0). Use the

de Boor algorithm to evaluate the point on the B-spline curve of order 3 at
u =2.5.

(b) Givena bilinearly blended Coons patch F(u,v), 03u, v<1, that
interpolates four boundary curves as

F(u,0)=(2u, 0, l-u), ue[0, l],

F(u, l) = (2u, 2, sn($u\ , ue [0, 1],

F(0, v) = (0, 2v, 1- u), v e [0, 1],

F(1, v) = (2+v -v2, 2v, v) , v e [0, 1] .

Evaluate the point on the patch F (u, v) when (u = 0.5, v = 0.5) .

[00 ma*s]
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3. (a) Diberiveldorkrtot u=(tto, u1t ,..s un-1e tto, un+rt ..., nna1s), n2k-1. Splin-B
berperingkat k ditalvif sebagai

P(u)= in,x!1u1, uefup-1,un*tf ,
i=0

di mana D,, l=0, l, ..., ft, merupakan titik-titik de Boor dan Nf (u) talah
splin-B ternormal berperinglmt k yang ditabif seperti berilafi

Ni@): i1' uis.u<-tti*r
' 10, otherwise

dan

N!(") - -.',-,u':. N,f"(r) + -u'.r-u- N,l,t(r) , k> l.' ui*k_l - ui ui*k - ui*t 'r,

(i) Nyatakan syarat pada veldor lvtot a supaya lenghmg splin-B
menginterpolasi titikpertama dan titik akhir de Boor.

(ii) Andaikan k=3 dan u=(0,1,2,3,4,5) . Tunjukkan bahawa P(u) ,

u ef2,3f , boleh diungkapkan secara setempat sebagai

. f t -z tlfD,l
*lP t tll-z z olla LzL 'lt r oJ L;,[

di mana t =(u_2) e [0, lJ.

(iii) Katakar4 It=(O,7,2,3,4,5), Do=(0, 1), D1 =(1, 1) dan Dr=(1,0).
Gunakan algoritma de Boor untuk menilai titik lenglang splin-B
berperingkat 3 pada u = 2.5.

(b) Diberi satu tampalan Coons teraduan bilinear F(u, v), 01u, v 11, yang
mengint erp o las i emp at s emp ad an

F(2, 0) =(2u, 0, l-u), u e[0, l],

F(u, I\ = (2u, 2, sin$uD , ue [0, 1],

.F(0, v) = (0, 2v, 1- u), v e [0, l] ,

F(1, v) - (2+v-v2, 2v, v), v e [0, 1].

Nilaikan titik pada tampalan F (u, v) apabila (u = 0.5, v = 0.5) .

[100 markahJ
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