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

lnstructions: Answer all three [3] questions.

Aranan:. Jawab semua tiga [3] soalan.l

191

...2t-



2 [MSG 3881

1. (a) Given a spline curye

R(u) ={ :(."),' | =" ='
I Q(u), l<u <3.

By parameter transformation, the curve segments P(a) and Q(u) canbe
represented locally as

P(t1 =[-^t]u - t)' +[l]u - t)t +(',\r,
\u/ \z) \o)

eQ) =[i)u - D' *(". ) o -,1', J'.)e - t)t2* | 1),',u/' \d )' \f )' [0/
where re[0, 1], and o, b, c, d, e, f eR. If R(z) isatangentcontinuous

(Ct ) curve and at u =1,

Qrr>=tl sy*z{61,duz ou- ou

evaluate the points (a, b), (c, d) and (e, f).

(b) Given a tensor product Blzier surface of degree (2, 2)

s(u,v)= ii c,,i B,? (v) B? (u) , olu, vsr,
r=0 j=0

where Bl, k = 0, 1, 2, arethe Bernstein polynomials of degr ee 2 and C,, ; e IR3

are the Blzier points.

(D Show that ^l(1, 0) = Cr,o.

(ii) rf
Co,o = (0, 0, 2), Cr,o = (1, 0, 1) , Cr,o = (2, 0, 2),

Co,t=(0, 1, 1), Cr,, =(1, 1, 0), Cr,r=(2, 1,I),

Co,z = (0, 2, 2), Cr,, = (l' 2, l), Cr,, = (2, 2, 2),

22
use the de Casteljau algorithm to evaluate 

Uu *t@,v) 
at (u, v) = (0.3, 0'3).

[100 marks]
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3 [MSc 3881

L (a) Diberi suatu lengkung splin

R(u) :[ :(."!' | =" =t
lQ(u), I<u<3.

Dengan menggunakan parameter transformasi, segmen lenglatng P(u) and Q@)
dapat diwakili secara setempat sebagai

P(t)=[-^tlu -t)' +f :],t -t)t+(:)r,(0/' l2)' \b)

eQ) =[l]u -r)' +[ : )u -t)' t,[ ""]u -t)t'.[ 1),',
\r,/ 

' 
\d )' \f )' \.0/

dimana le [0, l], dan a, b, c, d, t, -f .R. Jika R(u) ialahlengla,tng

berkeselanjaran tangen (Cr ) dan pada u =1,

tgrt>=0,", (r)+z{6y,
du2 du- ou

nilaikan titik-titik (a, b), (c, d) dan (e, f).

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

s(u,v)=it t,,, a,?g1nl@), o1u, v1r,
,=0 j=0

di mana B'r, k= 0, l, 2, ialah polinomial Bernstein berdarjah 2 dan C;,; e JR3

merupaknn titik kawalan Bdzier.

(t) Tunjulcknn bahawa 
^S(1, 

0) = Cr,o.

(it) Jikn

Cr,, = (0, 0, 2), Cr,o : (1, 0, 1), Cr,o : (2, 0, 2),

C o,, = (0, l, 1), C r,r = (1, 1, 0), C 2,, = (2, l, l) ,

C0,,=(0, 2, 2), Cr,z=(1, 2, l), Cr,,=(2, 2, 2),

gunakan algoritma de Casteljau untuk menilai ! ^ ,@,v) pada
0u 0v

(u, v) = ( 0.3, 0.3 ) .

[100 markah]
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lMsG 3881

2. (a) Given aknot vector u = (uo, ilr, ..., un+*), fl2ft -1. Suppose aB-spline curve

of order k is definedby

P(u) =f o, 
^t 

(r), u elur-r, un*rf ,
i=0

where N!(") are the B-spline basis functions and 4 .IR' are the distinct de

Boor points.

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

(ii) Prove that the curve segment P(u), u elu,, u,*tl, for s = k -L, k, ..., ff,
lies within the convex hull of the de Boor polygon D,-**t D,-**2...D,.

(b) Let Nl("), i = 0, l, 2, 3, be the B-spline basis functions oforder 4 defined

over the knot vector u = (0, l, 2, 3, 4, 5, 6, 7) . Given a B-spline curve

/r\ /t\ ('t\ ('t\
p(u)=[;.lM(,).[;JNi(,).[;J Ni@)+|t;JNi(,), u et3, 4]

(i) Find the control points of a cubic Blzier curve such that the curve coincides

with P(z).

(ii) If a knot u =3.25 is inserted into r, find the de Boor points of a B-spline
curve such that the curve coincides with P(z).

(c) Givenknots (u;, vi)=(i-2, j-2), i=0,L,...,5, i =0, 1,..., 5. Auniform

tensor-product B-spline surface of order (3, 3) is defined by

s (u, v) = fi, r,,, t l', {v) Ni @)
i=0 j=0

Ia,r Do,, Do,r1 ["t ]
=lu' u tlul or,o D,.,, nr,, lr'| " l, o1u, v<r,

l", D''' o'''l L1l

where Ni, t = 0, 1 , 2, arethe B-spline basis functions of order 3 and 4,; e IR3

are the de Boor points. Find the 3x3 matix M .

[100 marks]
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5 IMSG 3881

2. (a) Diberi vehor htot a =(uo, u1, ..., uo+k), n> k -1. Andaiknn suatu splin-B

berperingknt k ditalcriftan sebagai

P(u)=fo,N!(u), uefu*-r, un*rf,
i=0

di mana N!(") ialahfungsi asas splin-B dan D, eF.2 ialah titik-titik de Boor
yang berbeza.

(i) Nyataknn syarat padavehor htot u supaya lenglamg splin-B
menginterpolasi titik pertama dan titik akhir de Boor.

(i, Buktiknnbahawasegmenlenglatng P(u), uefu,, u,*rl, for s=k-1,
k , ..., n, terletak di dalam hul cembung bagi poligon de Boor
Ds_*+r Dr-k*2...D,.

(b) Katakan Nl (u), i = 0, l, 2, 3, merupakanfungsi-fungsi asas splin-B

berperingkat 4 yang ditakrifl(nn pada vehor lcnot u= (0, 1, 2, 3, 4, 5, 6, 7).
Diberi lenglatng splin-B

p(u) =[l]lr;r,r.[1] Ni @).(?).:(D *(:\N:(,), u et3, 4l
\u/ \r/ \r/ \u/

(i) Cari titik+itik kawalan bagt suatu lenglatng Bdzier lafiik supaya lenglatng
ini sama dengan lenglatng P(").

(iil Jikn satu lvtot u =3.25 dimasukkan ke dalam u, cari titik-titik de Boor bagi
suatu lenglatng splin-B supaya lenglatng ini sama dengan lenglatng P(u).

(c) Diberi knot (u;, vr)=(i-2, j -2), i = 0, 1, ..., 5, j =0,1, ..., 5 . Permukaan

hasil darab tensor splin-B seragam berperingkat (3, 3) ditalcrijlun sebagai

s(u,v) =fip,,, xj{v) Ni @)
i=0 j=o

[100 markahJ

...6/-

Ia,r Do,, oo,r] [l.1
=lu' u tful or,, Dr,, ,r,,lr'I u l, o<u, v<r,

l-Dr,o Dz,, Dz,z) Ltl
dt mana N"3, ^s = 0, 1, 2, ialahfungsi asas splin-B berperingknt 3 dan 4,7 e R3

ialah titik de Boor. Cari matriks M yang berperingkat 3x3.
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6 IMSG 388J

3. (a) Given a rational Blzier curve of the form

,R(/)= 
coB|g)+wq4@+c='z8:@. te[0, r],

a&@+wnl1t1+ n'zrp1 '

where gi @ are the Bernstein polynomials, C, e lR.2 are the B6zier points and

theweight w>0.

(i) Let Co= (1, 0) , Cr=(2,l), Cz=(3,0) and w=2. Evaluate **U, "
/=0.3.

(ii) Let Co = (1, 0) , C, = (1, q) and C, = (a, b), where Q, o, b e IR.

Evaluate the parameters w , Q , a and b such that the curve rt(r) is the

circular arc given as R(d) = (cosd, sind), 0 < e =1o .

4

(b) Suppose a triangular Blzier surface of degree 2 is defined by

S(u,v, w)= ZC,,r,rB?,,.0(u, u, w), u+v+w=!, H, r, w)0,

"ijilt"
where C,,i,o e IR3 are theBlzierpoints and

Bl,,,r(u, v, w)=TL,. 
i, orr,vi 

wo .

(i) Show that ^S(2, v, w) at v:0 is a quadratic B6zier curve with control

points Cr,o,o, Cr,o,, and Co,o,r.

(ii) Let Cr,o,o=(2,2, 1), C,,,,0 -(1, l, 2), Cr,o,r=(3,1, 2),

Co,r,o =(0, 0, 1), C0,,,, =(2,0, 2) and Co,o,r-(4,0, 1). If S(u, v, w)

is degree-elevated by one to

S(u, v, w) = ZCi,,,r B!.,,r(u, v, w),

i:i:tt"

evaluatetheB6zierpoints Ci,r,r,forintegers i, i, k >0 and i+i+k=3.

[100 marks]

196

...7t-



7 [MSG 3881

3. (a) Diberi lenglcung Bdzier nisbah dalam bentuk

R(r;= 
coa&g)+wcrt@+c-rBl@. 

te[0, 1],n|<il+war2Q)+al6 '

di mana A? @ ialah polinomial Bernstein, C, 
= 

IRt ialah titik Bdzier dan

pemberat w > 0.

(i) Andaikan Co =(1, 0), q =(2,1), Cz=(3,0) dan w=2. Nilaikan

**Al pada t= 0.3.
dt

(it) Andaikan Co =(1, 0), C, =(L, q) dan Cr=(a, b),dimana q, a, belR..

Nilaikan parameter w, e, a and b supaya lenglatng R(t) ialah lengkok

bulatan yang ditakriflcan sebagai R@)= (cos d, sin d), O < 0 <1n .'4

(b) Andailmn suatu permukaan segrtiga Bdzier berdarjah 2 ditakriflmn sebagai

S(u, v, w)= ZC,,r,oBl,r,o(u, v, w), u+v+w=1, u, r, w>0,
',lji[]"

di mana C,, j,o eF<3 ialah titik Bdzier dan

B?,,,r(u, v, w) = -1-u' vi wo .' itjtkl
(i) Tunjukkan bahawa S(u, v, w) pada v = 0 merupakan suatu lenglrung

Bdzier htadratik dengan titik-titik kawalan C r,o,o , C r.o,, dan C 0.0., .

(ii) Kataknn Cr,r,o=(2,2, 1), C,,,,0 =(1, l, 2), Cr,o,r=(3,1, 2),

Cr,r,o =(0, 0, 1), C0,,,, -(2,0, 2) dan Co,o,, =(4, 0, l). Jika

S(u, v, w) ditingkntkan darjahnya dengan satu kepada

S(u, v, w)= ZCi,,,oBl,,,o(u, v, w),

',iiil;1,

kiratitik-titikBdzier Ci,,,r,bagiinteger i, j, k>0 dan i+ j+k=3.

[100 marknhJ
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