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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.

Franan: Jawab semua tiqa [3] soalan.l
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IMSG 2841

1.(a) Given three points A(1,1), B(-3,4) and C(4, 13). Find the bar;r6sn11i6

coordinates of the point (2, 5) with respect to the points A , B and C .

(b) Let I(s) and N(s) be the unit tangent vector and the principal normal vector to a

parametric curve C(s) at arc length parameter s . Prove that the vectors I(s)
and N(s) are mutually orthogonal.

(c) Use monomial basis to derive a polynomial that interpolates the points (1, l),
(2, 5) and (4, 5).

(d) Given a tensor product Bdziersurface ofdegree (2, 2)

22
s(u,v) = 

V.V^r,,, 
aj (u) B? (u), o 1 u,v ( t,

where

n?(t):-:!-ti(l-t)2-i, o<t<1, i=0, 1,2,i!(2-i)! " "^

,'
ano

%,0 =(-1, -1, 0), Co,r = (0, -I,2), Co.z= (1, -1, 1),

Cr,, = (- 1, 0, 2) , C,,, = (0, 0, 3) , C.t.z = (1, 0, 2) ,

/-L2.o = (-1, 1, 1), Cz,, = (0, l, 2) , Cr., = (1, 1, 1) .

(i) Find the surface point at (u, ,)= (0, 0.5) .

(ii) Find the cross boundary derivative to surface S at (u, v) = (0, 0.5) .

(iii) Find the unit normal vector to surface S at (u, v) = (0, 0.5) .

[100 marks]
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I /nl Diho,,i tion fifib A(1 1\ Ill*1, A\ )nn f (A 1?\ fnri hnnrrlinnf hnt'ittttcnt hnoi1. \u./ uiiicrL,,su,,!ik,4(1,, 1), B(*3,4) den C(4, 13). Ceri kou'dinat bat'ip.,,ou,, uu,5,

titik (2, 5) terhadap titik-tifik A, B dan C .

(b) Katakan T(s) dan N(s) ialah vektor tangen unit dan vektor normal prinsipal

kepada suatu lengkung berparameter C(s) pada paranxeter panjang lengkok s.

Buktikan bahawa vektor-vektor T(s) dan N (s) adalah saling berserenjang.

@ Gunakan asas monomial untuk membina satu polinomial yang nxenginterpolasi
titik-titik (1, 1), (2,5) dan (4,5).

(d) Diberi suatu permukaan hasil darab tensor Bilzier berdarjah (2, 2)

s(u,v)=iic,,1 Bj(v)B?(u), o 1u,v .-r,
,=0 l=0

di mana

a?@ : -:! * ri 0-42-i, o <t <t, i = o, t, 2,
i! (2- i)! " '^

dan

Co,o = (-1, -1, 0), Co,, = (0, -I, 2), Co,r= (1, -1, 1),

Cr.o = eL, 0, 2), C,,, = (0, 0, 3), Cr., = (1, O, 2) ,

Cz,o = (-1, 1, 1), Cz.r = (0,1, 2), C2,2 = (1, 1, 1).

(i) Cari titik permukaan pada (u, v) = (0, 0.5) .

(ii) Cari terbitan silang sempadan kepada permukaan S pada (u, v) = (0, 0.5).

(iii) Cari vektor normal unit kepada permukaan S pada (u, u): (0, 0.5).

fl00 markahJ
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2. (a) Suppose aBeziErcurve of degree n is defined by
n

P(t) : lC, BiQ),
l=0

where
--l

Bi@ : ,#r-.ti (t-t)'-i

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

the curve.

(i) Prove that BiQ): BI-t$-t).
n

Then show that ^F(r) = f Cn-, Bi Q-t) .

t=0

s n-l
(ii) Show that $PO: ,f (c,*t-c)Bi-t(0.

u, t=0

(iii) Let n=2 , Co=(2,1), Cr=(0,3) and Cr=(4,3) . The curve P(r) is

subdivided at t = 0.25 into two quadratic Bezier curve segments, Pt(u) and

Pz@), where uel},l] is the local parameter of each curve segment.

Evaluate the respective B6zier control points of the curves P,(u) and Pr(u) ..

(b) Let R(a) be composed of two adjacent curve segments as

f P(r), a e [0, 1] ,R(u): i -)1' :-' 
,Iaf">, ue [1, 4]

P(u) is a quadratic Blzier curve with its B6zier control points Co =(1,0),
Cr=(2,2) and, Cr=(4,2).Q@) is a polynomial which can be represented

locally as a cubic Bezier curve

e(t) : t n, n1g1 ,
l=0

where Bl(t) arc the Bernstein polynomials of degree 3 and D, arc the associated

Bdzier control points. Suppose D, = (5, 2) , evaluate the Bdzier points Do, D, and

Q such that R.(u) , u e10,4], is a G2 continuous- curve which passes through

the point (6, 1) at 'r,t = 4, and it derivative vectors *Or", at Lt =1 and u = 4 are

perpendicular.

[100 marks]
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r e [0, 1],

r e [0, 1],
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) /nt /nrlniknn l"4skun's Bdzier berdaryah n ditakrif sebagai":' *''
n

P(r\ : lC, Bi Q), / € [0, l],'\"J 
i=o

di mana

r2t7 ( t\ - 
nl. 1i 11 - 11tt-rDi\t) - .-, \r-r,,' r! ln-t)!

IMSG 284]

ialah polinomiql Bernstein berdarjah n dan C, adalah titik-titik kawalan Bdzier.

(i) Bu.ktikan bahav,a Bi Q) : B:_tG*t).

Seterusnya, tunjukkan bahawa P(t) : ir,-, Bi Q-t).
i=0

(i, Tunjukkan bahawa *rf,> : nf (C,*r-C) Bi-t Q).dt j=o

(ii, Katakan n=2, Co=(2,1), q =(0,3) dan Cr=(4,3) . Lengkung P(t)

dibahagikan pada t =0.25 kepada dua segmen lengkung Bdzier kuadratik,

Pr(u) dan Pr(u), di mana u ef},ll ialah parameter setempat bagi setiap

segmen lengkung. Nilaikan titik-titik kawalan Bdzier bagi lengkuns Pt(u)

dan Pr(u) masing-mating.

(b) Katakan R(u) digubah dengan dua segmen lengkung yang bersebelahan sebagai

I P(u), z e [0, 1] ,R(u):i^..
lQ(u), u efl, 4l .

P(u) ialah satu lengkung Bdzier kuadratik dengan titik-titik kav,alan Bdzier

Co = (1, 0), q = (2, 2) dan C, = (4,2). Q@) ialah suatu polinontial yang dapat

diwakili secara setempat sebagai satu lengkung Bdzier kubik
J

QG) : ,\4 B? (t) , r e [0, 1],

di mana Al g1 iatan pohnomial Bernstein berdarjah 3 dan D, adalah titik-titik

kawalan Bdzier. Andaikan 4 =(5, 2), nilaiknn titik-titik Bdzier D0, Dz dan D,

supaya R(u) , u el}, 41, adalah satu lengkung berkeselanjaran G2 yang melalui

titik (6,1) pada t't=4, danvektor-vektor terbitan *OfO pada u=1 dan u=4
du

adalah saling berserenj ang.

fl00 markahJ
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3. (a) Let u-(us, ?.t1t ..., un*o)be'a knot vector where n and ft are positive integers.

The normalized B-splines of ordet k are defined recursively by 
,i,

' It' Lt'Ill<t/'n'
Nl(u) : I -' '"1 -' --'t.,

' |.0, otherwise

and

N!(u) =,'.u-u't.. N!'(r) * "!'"' .! N!;'(r), k>r.
' u,*t _t -ui ui*k -ui*l

(i) Suppose the knots ui=i. Show that N;(u) has parametric continuity Ct at

each of the knots 2.1,.

(ii) Given k =3 andu = (0, 0, 0, l, 1, l). Show that

Ni@):Bl(u), ue[O, 1], i=0,1,2,

where A! @) are the Bernstein polynomials of degree 2 .

(b) Given a knot vector u = (0, l, 2, 3, 4, 5) . A uniform B-spline curve of order 3 is

defined by

^ (z't
P(u): DoNi@) * l l llriru) + D,Ni("), 'nel2,3f 

,

\r/
where D0, Dte IR.z . If P(2) = (1,2) and P(3) = (4, 3) , evaluate the points D-

and D,.

(c) Given a bilinearly blended Coons patch F(u,v), 0< u,v<-l, that interpolates

four boundary cruves as

F(u,0)=(;4r, 1-u, 0), ze[0,1],

F(u,1)=(2+2u, 3, I+u-u2), uef\,lf ,
;..

l"(0, v) = (l+v2 , 2v +I, sin(!v\ , v e [0, 1] ,

F(1, v) - (5 -v, 3u' , l-cos(ff) , v e [0, 1] .

Evaluate the patch point F(0.5, 0.5) .

[100 marks]
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? 1n\ Kntnknn il=(1r.. 1r. tr ,\ ialah suatu \)ektor kiot di. mana n dan k adalah
J. \v/ lruLstvv'_. 4 - \?!0, v'l, ..., "tl+k) .r'v,l "e'"

non'tbor integer positif. Splin-B ternormal berperingkat k ditakrif secara rekursi

sebagai

Nl(,) : l: l'="u:'
|.0, ditempat lain

and

^/,1(2,) 

:;=i N!'(u) . #Fh r/,{.,'(,), k>l

(rAndaikannilai-nilaiknotu,=i'TunjukkanbahawaNS@)mempunyai
keselaniaran berparameter Ct pada setiap knot u,.

(ii) Diberi k =3 dan u= (0,0, 0, 1, l, I). Tunjukkan bahawa

Nl(") : B?("), l'te [0, 1] , i=0,1,2,

di mana B? (") ialah polinomial Bernstein berdarjah 2.

(b) Diberi vektor lmot u = (0, !, 2, 3, 4, 5) . suatu lengkung splin-B seragam

berperingkat 3 ditalcif sebagai

" (z\
P(u): DoNl(u1 .l; lNi@) + D,N|(u), 7tel2,3l,

\r/
di mana Do, Dt e IR2 . Jika P(2) = (1,2) dan P(3) = (4, 3) , nilaikan titik-titik D0

dan Dr.

(c) Diberi satu tampalan Coons teraduan bilinear F(u,v), 0<u,v1l , yang

m en gint erp o I as i emp at I e ngkung s e mp adan s eb a g ai

F(u,0)=(;4u, l-u, 0), uefo,lf,

F(u,l)=(2+2u, 3, l+u-u2), u el},l),

F(0, v) : (I+vz , 2v +1, sin(f;v)) , v e [0, 1],

F(1,v)=(5-v, 3r', 1-cos(!rv)), ve[0, 1].

Nilailran titik tancpalan F (0.5, 0.5) .

[100 markah]
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