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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 tiaa [3] soalan.l
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l. The nth degree Blzier curve is defined as P(r) = 2n ti fr1, 0 < r < I with

Bi Q) =4:+ and. Viits Bdzier control points.
(n-i)t'1'

(a) Show that a cubic B1zier curve can be represented in a matrix form TMV

[r o o ol 
lr,1

t-- r r-r l-3 3 0 0l lv'lwheref=Ll t t' t'l.M=l landV=l'1.)' l3 _6'ol lr,l
L-l 3 -3 lJ LVr)

(b) LetQQ)= P(t+r).

(i) Use the result in part (a) to find the matrix C so that QQ) =TCMV .

lMAr 5161

1000
11oo

(ii) Using M-t - 3 | --.--tL^ Lt-^ ^^--L--, -^^:

) , ^ l,write 
the control points Q,,i=0,1,2,3

1-:0aaJJ

1l r 1

of QQ), in terms of (.
(iii) Construct the control polygon of Q$) (and its control points), the

control polygon of P(t) (and its control points) and both curves in

the same figure. Show thatP(/) and p(r) satisff the C'continuity
conditions at the common control point.

(c) State the conditions and sketch the position of the control points of two
adjacent cubic Bdzier curves,

JJ

Pr(t) =lV,Ai 6 andQrQ) =lW,nl6, 0 < / < 1, which meet at the
t=0 i=0

common control point with C' ,Ct ,C', Gr and G2 continuity, respectively.

[00 marks]
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L Lenglatng Bdzier berdarjah n ditalcrif sebagai P(t) : iV,Ai g7, 0 < / < I
t=0

dengan Bi Q) =nV-'(r --t)i-' dan Vi adalsh titik kowalan Bdzier.
(n - i)lil

(a) Tunjukkan bahawa suatu lengkung Bdzier kubik boleh diwakili dalam
bentuk matriks TMV dengan

00
30
-63
aa
J-J

(b) Andaikan QG)=P(t+l).
(, Guna keputusan di bahagian (a) bagi mencari matriks C supaya

Q(t)=TCMV'

(ii) Dengan menggunakan M-r

1000
I1- 00
a
J . tulis titik kawalan

t=[t t f
0-l 

l%1oloo,v=14l|.
0 | lr,lrJ lv'l

')ll-:0aaJJ

1111
Q,,i =0,1,2,3 lengkung QQ), dalom sebutan V,.

(ii, Bina poligon kawalan lenghtng QG) @an titik la,valannya), poligon
lrawalan lenghtng P(t) (dan titik kawalannya) dan kedua-dua

lengkung dalam rajah yang sama. Tunjul<knn bahawa P(t) dan

Q$) memenuhi syarat keselanjaran Ct pada titik kowalan sepunya.

@ Nyatakan syarat terhadnp titik-titik lcawalan dan lakar treduduknn titik-
titik kawalan dua lengkung kubik Bdzier bersebelahan,

3.3
4Q) = i rr,4 ft> dan QQ) = >w,4@, 0 < / < 1,

i=0 t=0

yang bertemu pada titik kawalan sepunya dengan masing-masingnya

berlreselanjaran C0, Cr,C2,Gr dan G2 .

fl00 markahl
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A B-spline curve of order ft is defined by P(t) : ZV,N,,rQ),t eftp-1,t,*1J.
t=0

V,,i=0,1,...,n are its control points, T ={to,t1o'..,tn*2) is a knot vector

(n>-k-l) and N,.o(t) are the normalized B-spline basis functions of order ft

defined recursively by

N. ,(r) = {L 
ir t eIt'J'*)

| 0, otherwise
t-t t -land .{,,, (t) = :? N,,o-rQ) + jT4*,,*-, (l), where 0 < i < n .' t,*L_t - t, t,*k - I,*t

(a) Explain the conditions on {to,tr,t.r,...,t,*rl so that the B-spline curve of
order ft (or degree fr-l) interpolates the first and last control points.

O) If {-2, -1, 0, 1, 2,30 4,5, 6,7,8} is the given knot vector, sketch the basis

functions and state the maximum number of control points and the interval
for / in order to generate a B-spline curve of order 4 (or of degree 3).

(c) A quadratic B-spline curve is defined by

/o\ /r\ (z\ /l\
P(t1=l 

^ lN*(r)+l ,lNBo)*l .' lNrr(r)+l " lNrr(/), forre[1,5]
\u/ \r/ \r/ \u/

where Nn(f), i = 0,1,2,3are B-spline basis functions of order 3 with knots

{0, 0,1, 3,5,6,7}.

O Find N,r(t), for i =0,1,2,3.

(iD Show that i ryrttl = I for / e [1, 5].
t=0

(iii) Evaluate P(l.5), P(3) and P(5).

(iv) By using knots {0, 0, 0, 0,1, t, 1, U , show that lfr, (t) = Brl (r) , fot

j = 0,1,2,3 and r e [0, 1], where rr1 (r) is as defined in Question l.

[100 marks]
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2. Satu lenglatng splin-B peringkat k ditalvi/kan oleh
.J-PO /V,N,,*(t),t eftr_r,t,*rf. V,,i =0,1,...,n adalah titik kawalannya,
t=0

T ={t',tr,...,t,*r} ialah veloor simpulan (n>-k-l) dan N,,oQ) adalah fungsi
asas splin-B ternormal peringknt k ditalvif secara rehtrsi oleh

N,,,(r) ={t' t'y',t.1':,':)
| 0, selainnya

t-t t.-t
dan N,.rQ) = ? N,,r_,G) + #4*r,*_r (/), dengan 0 < i < n .

tr**_t-t, t,*k-t,*,

(a) Terangkan syarat-syarat lce atas {t,t,tr, ...,tn*r,} supaya lenglatng splin-B
peringkat k (atau darjah k-1) menginterpolasi titik kowalan yang pertatna
dan titik kav,alanyang terakhir.

@ Jilu {0, 1,2,3,4,5,6,7,8,9, I0} adalahvektor simpulan, lakarfungsi
asas dan nyata bilangan maksimum titik ka,valan dan selang bagi t untuk
menjana lengkung splin-B peringkat 4 (atau darjah 3).

@ Lenglatng splin-B luadratik ditalcrif oleh
fo\ /r\ (z\ /E\

P(t)=l 
^ llrrrtrl*l illr,,frl*l I llrTfrl*l " llrrr0l, bagi re[,5]\u/ u/ \r/ (u/

dengan Nl (t), f = 0, l, 2,3 adalah fungsi asas splin-B peringkat 3 dengan

simpulan {0, 0, 1, 3, 5, 6,7\.

(, Cari Nt (t), bagt i=0,1,2,3.

(i, Tunjukkan bahawa i ryrftl :l bagr / e [, 5].
t=0

(ii, Nilaikan P0.5), P(3) dan P(5).

(iv) Dengan menggunakan simpulan{0, 0, 0, 0,1, 1, 1, U, tunjukkan bahawa

N,oU)= Bt,(t), bagi i =0,r,2,3 dan r e [o,t], dengan Bt,(t)
sebagai yang tertalvif di dalam Soalan l.

p00 markahl
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6 IMAT 5161

3. Let

ro) (o) ro) r') rr) r' )
p* =l o 

1,"0, =l t l, 
por=lzl,r,o=l o 1,4, =l r l,r,r=1r1,

[o] [oJ [oj [oJ {.tJ (.o]

(z\ (z\ (z\ (:'t 13) 13)
Pro=lol,rr,=ltl,rrr=lrl,rro=l o 1,"r, =l t l, 

,u=lrl.
[oJ I r J [o] [oJ [o] [0./

(a) The biquadratic B-spline patch, P is defined by
I

P(u,v) =IUBWB'I/' ,0 <u,v 1l

where

(i) Write its four comers P(0,0),P(0,1),P(1,0) and P(1,1) as a

barycentric sum of nine control points. Find them.

(ii) Calculate the midpoint P(0.5, 0.5).

(b) Let Q be the adjacent patch defined by Q@,v)=!UBRB'V\ ,0su,v 3I

where 
fp p nrf|,to 

tn .-|
U,V and B are defined as in part (a), and R =l Pzo Pzt Pr, l.

Lrro Pzt Prr)

Show that P(u,v) in part (a) and Q@,v) satisS the C' continuity

conditions along their common edge.

[l00 marks]

I r -z rl [p* Por Porl

u =lu' u rf, v =lr' , l], t =l-, , ol, w =lno P, ,rrl.
L I l 0l lPro Pzt Prr)
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7 IMAT 5161

3 Andaikan

ro) ro) ro) r') r') r')
P* =l o 

1,"0, 
=l t 1,", =12l,4o =l 0 

l,4r =l I l,4z =1,l,
(o/ (o/ (ol [o] [rJ (o/

(2\ (2\ (2\ 13) 13.) r3')pro=lol,rr,=ltl,rrr=lrl,r*=l o 
1,r,, 

=l r 1,r,, 
=l r 

l

\0/ \ 1/ \0/ [o] [o] (.0/

(a) Tampalan splin-B bikuadratik, P dilalviJkan oleh
1

P(u,v) = IUBWB' Vr, 0 < u,v 1 |

dengan

I r -2 ll [r* Pot Porl

u =lu " tl, v =1, u t], t =l-, , ol, w =l4o prr prrl.

I r r ol lPro Pzr Prr)

(, Tulis empat penjurunya, P(0,0),P(0,1),P0,0) and P(l,l) sebagai hasil
tambah baripusat sembilan titik kntvalan. Cari keempat-empat penjuru
tersebut.

(i, Kira titik tengah P(0.5, 0.5).

(b) Andaiknn Q adalah t amp al an b ers e b elahan yang dit alvif o leh
1

Q@,v) = luBRBr v', o < u,v < r dengan

[a' Prr 
"'fU,V dan B tertalvif seperti di bahagian (a), dan 

^:l 
rro Pzt ,u 

l.
L"ro Ptr pu)

Tunjukkan bahana P(u,v) di bahagian (a) dan Q(u,u) memenuhi syarat

lreselanjaran ct sepanjang sisi sepurrya P dan Q' 
p00 markahJ
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