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AR AR TS JE B 2R B R AR o3 . R SR AR DT v, 2 il e 2 T IO DR Bl LA A 2% gt
1/ iE % [ Hearn and Baker, 1996 ],

T R EE R L E AR T M AR B 5 (Bospline) BB BUAE J& . B AR SRR
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), 2y AT LR IR A CP FI BE BB, 743 AT LAS 2 Py =Py goa TP gia T
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Pe=Popoc +PrpictPopelt, <t <ty [BC]

IR &R UL A X B P EIF R M TEAE B .

3.2 ZME¥A) B RS

BHZAPNELSE . d SHEFMNECH C.n 5 CP MR X, H AR B $Lbr
FRE@—1),CP SRR+, HAMMES B HES T ik

XFLM BRI d=2 fln=2 JF1f.

ML d—1=1,

CP#im: n+1=3,

BF %t : n+1=3,

LB d +n=14,

KV F e EZ8: d +nt+1=5,

BB E N AB.CHID,CPN P, Py F1 P, ¥ KV HWITEIEE N2, H
e FEME(0,1,2,3,4) EIER, TEXMIEH T KV B T="[t,.t,+t,+t5-t, . ik BF Lk
B, , WIEXg8E . HTH 34 CP, &M BF B, ,.B,, M1 B,, %t . HEH e EAEL
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Bo,2:(t7tO>Bo.1+<t2 t>B1.1:f
ty — 1y ' ty, =1
Bio= ()8, + (2B, =0
ly — 1 ty3 — 1,
t—t, t, —t
B2‘2:( )Bz,1+< )BH:O

0
Boo= (=) By + (21 ) By, =2
0.2 =y 0.1 — 1,1
t—t, Ly —1t
812:( )B11+< )Bz,l_zfl
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B 7(;—;:2)3 +<t47t>B =0
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Boo= (1) B+ (21 ) By, =0
0.2 =y 0.1 s 1.1
t—t, Ly —1
B]ZZ( )Bll ( )B21_3*1
Ly =1 Ly — 1y
t—t, t, —t
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t—t, t, —t

B :< )B +( )B =4—1
2,2 Pa— 2.1 T 3.1

BB — D RE R & (HL HIRATTET BE W58 7E Al AT REAY (L IR R £, R
FEATAR S AL CP XIS BLsEm . i X B ALB, , =0 HEEATHE B, , 1B, , k
RS A CP IS =A CP X BL A BRI, fEXF LT . RATER B, , M B,, WE. &
RBLA AUZE A CP I P, 2 A Z Hofts CP ER Py Al P, 5200, DL (3. . [ARERS T B
B.k=1,BFAEF B,, M B, , #EIETHE, X EKREB B 2#4> CP,H P, Fl P, BY5EN

BAERIE R B D W R AT W BF A B, , By, Ml B, ,. #Xifi, X4 BF X F
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By, ={Bg.oa+BoopBoacBoap!
By, ={Bi,a+Bip Bl Biapt (3.3)
By, = {BZ,ZA 2By op By se ’Bz,zr)}
# 3.1 845 7 BF Ry Bot i, WEiirig ik KV 8 T=[0,1.2,3,4],

3.1 £MEHYBHEEPMBFiITE

B t By, B, .,
B, ,=1 B,,=t
B,,=0 B,,=0
A to<t<<t,
By, =0 B, ,=0
B;, =0
By, =0 By ,=2—1t
B, =1 B, ,=t—1
B f<t<t, h L
B,,=0 B, ,=0
B;,=0
By, =0 By, =0
B,,=0 B, ,=3—1t
C 1, <1<t L L2
B, =1 B, ,=t—2
B, ,=0
By, =0 B,,=0
B,,=0 B, ,=0
D ta=<t<<t,
B, ,=0 B,,=4—1t
B, =1
B EREARASCE. 3) 155,
Bo’zz{tngtyoso}
\31,2:{0’1_1’3_1’0} (34)

B,,={0,0.t —2,4—1}
KB OIFE THA 34D CP(H 3 M EEATR A M 4 A CPCH AT 4 DITR a3 R
LePEYS) B HEARIY BE,
K (3.5 R T BF 95 —Fh 3R 5 20 Ho AU 75 JE T A8 LA S B AT Ry Be &4 FRORT ¢
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M BA<t<<2)BAAEFIHI: B, WHE FMAXN T BA<:<<2)MM C2<<t<<3),
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Py=P,By,n +P 1B "‘Psz,ZA
Pp=P.B 5 +P By +P,B;,p

e 3.1 H i BF EHAUAG. 6), AT LAFS
Pt
P,2—0)+P -1
P, G3—0t)+P,t—2)
P,4—t)

CELF

P() =

Pe=P(B,yc TP 1By ,c +P,B; ¢
Pp=P Bo 2D +PlBl,zz) JrPsz.zn

O<r<<D
(1<t <2)
(2<t<<3)
B<r<<D

3.7

(3.8

B ORNEA 34 CP M4 DNBRLNES S BRI L, X 4 502 4 MBI,

S2 % B11;
S2 % B21;
S2 % B31;

S2 % Bl1;
S2 % B21;

BO2A
B12A
B22A

B02B
B12B

= B02;
= Bl12;
= B22;

’

= B02;
= Bl12;

Bl3.1 REIEA CP(2,—3). (5.5 M. — DL BHELAN TR, RERE
— /R JF k2 BE,

fi# .
AR (3. 8) ARALE CP HE

2t oo<<r<<D

3t —1 A< <2

x (1) =

3t —1 (2<<t<<3)

—8t+32 (3<<tr<4)

— 3t oo<r<<D

8t — 11 (1<t <<2)

y(t) =

—6t+17 2t <<3)

t—4 B<r<<4)
MATLAB Code 3.1
clear all; format compact; clc;
t0 = 0, t1 = 1; t2 = 2, £t3 = 3; t4 = 4;
T = [t0, t1, t2, t3, t4];
syms t PO P1 P2;
% Segment A
BO1 = 1; Bll = 0; B21 = 0; B31 = 0; B4l = 0; B51 = 0; B61 = 0;
Sl=(tft0)(1*t0) = (t2 - t)/(t2 - tl1); B0O2 = S1 x BOL
S1 = (t — t1)/(t2 — t1) = (t3 - t)/(t3 - t2); B12 = S1 *Bl1
S1 = (t — t2)/(t3 - t2) = (t4 — t)/(td - t3); B22 = S1 *B21
% Segment B
BO1 = 0; B11 = 1; B21 = 0; B31 = 0; B41 = 0; B51 = 0; B61 = O;
S1 = (t — t0)/(tl - t0); = (t2 - t)/(t2 - tl1); B0O2 = S1 x BO1
S1 = (t — t1)/(t2 - t1); = (t3 - t)/(t3 - t2); B12 = S1 % Bll
S1 = (t — t2)/(t3 — t2); = (t4 - t)/(t4 - t3); B22 = S1 % B21

% Segment C

BOL = 0; B11 = 0; B21 = 1; B31 = 0; B4l
S1 = (t — t0)/(tl — t0); S2 = (t2 — t)/(t2 - t1);
S1 = (t — t1)/(t2 — t1); (3—t)/(t3—t2);

= 0, B51 = 0, B61l = 0;

B02 =
B12 =

S1 % BO1
S1 % B11

S2 % B31,;

S2 % Bl11;
S2 % B21;

B22B

B02C
B12C

= B22;

= B02;
= B12;
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S1 = (t — t2)/(t3 — t2); S2 = (t4 - t)/(t4 — t3); B22 = S1 *B21 + S2x B31; B22C = B22;
% Segment D

BO1 = 0; BI1 = 0; B21 = 0; B31 = 1; B4l = 0; B51 = 0; B61 = O0;

S1 = (t — t0)/(tl — t0); S2 = (t2 - t)/( t2 - t1); B0O2 = S1 % B0l + S2 % Bll; B02D = B02;
S1 = (t — t1)/(t2 — t1); S2 = (t3 - t)/(t3 - t2); B12 = S1 *Bl11 + S2* B21; B12D = BI12;
S1 = (t — t2)/(t3 — t2); S2 = (t4 — t)/(t4 — t3); B22 = S1 % B21 + S2 % B31; B22D = B22;
fprintf('Blending functions :\n');

B02 = [BO2A, BO2B, B02C, B02D]

B12 = [B12A, B12B, B12C, B12D]

B22 = [B22A, B22B, B22C, B22D]

fprintf('\n');

fprintf('General Equation of Curve :\n');

P = PO % B02 + P1*Bl2 + P2 x B22

fprintf('\n")

x0 = 2;, x1 = 5;, x2 = 8;

yoO = -3, vyl =5, y2 = —-1;

fprintf('Actual Equation :\n');

x = subs(P, ([P0, P1, P2]), ([x0, x1, x2]))

y = subs(P, ([PO, P1, P2]), ([y0, v1, y2]))

% plotting BFs
tta = linspace(t0
ttb = linspace(tl, t2
ttc = linspace(t2
ttd linspace(t3, t4
B02aa = subs(B02A, t, tta);

)
B02bb = subs(B02B, t, ttb);
B02cc = subs(B02C, t, ttc);
B02dd = subs(B02D, t, ttd);
Bl2aa = subs(B12A, t, tta);
Bl2bb = subs(B12B, t, ttb);
Bl2cc = subs(B12C, t, ttc);
Bl2dd = subs(B12D, t, ttd);
B22aa = subs(B22A, t, tta);
B22bb = subs(B22B, t, ttb);
B22cc = subs(B22C, t, ttc);
B22dd = subs(B22D, t, ttd);

figure

plot(tta, BO2aa, 'k~ ', ttb,B02bb, 'k —— ', ttc,B02cc, 'k —.', ttd,B02dd, 'k:'); hold on;
plot(tta, Bl2aa, 'k — ', ttb,Bl2bb, 'k —— ', ttc,Bl2cc, 'k~ .', ttd,Bl2dd, 'k:');
plot(tta, B22aa, 'k~ ', ttb,B22bb, 'k —— ', ttc,B22cc, 'k~ .', ttd,B22dd, 'k:'); hold off;
xlabel('t"); ylabel('B");

legend('A', 'B', 'C', 'D');

text(0.6, 0.9, 'B02'); text(1l.6, 0.9, 'B12'); text(2.6, 0.9, 'B22');

R
K% BF#B,#HALA 3. 2,

3.3 U R £

it B E R HARZ — AT R i il AR 3. 2 WP EAF B —F IR A A .
FOAA R B CP H s ma s iy i Ze Bom A2 Al 2e . 55— H b2l CP i %ce: 5 il
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BT . N TGS — AR R AT CP p9Eit B 1A, W) i PR 45 5 LR AR [R] /Y

B I 4R I X S R T S A A 2T R
XX FE L AT d =2 Hl n =3 JTHf

HH%ZE/‘]KJ/I\%Z d_lzlg
CPHIE: nt1=4,
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T | | T
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R
| | | 1
T T
! ! ! !
Byl B! Bn! By!
! ! ! !
- 1 | | 1
to ty i t Ty 5

3.3 AF4
B 5

A CP & ES

WML BAgE N A.B.C.D FMEULE 3.3),CP
b P,.P, P, #P,,

KV ez $a: d tnt1=6.

¥ KV R REERN T=1{¢,) . H¥ £ 7E{E (0,
1,2,3,4,5) BRI, FEXFIEOLT s T=1[1,+¢1 2,14,
tysts]o

BF %t 5 CP MM L B 4, FF BF #8550
B,.,. FEXFIEMNF.BF & B, ,.B,,.B,, fil B, ,.
LU I (B v S - N v I 7 N NN Sy ol
TRAH.

P(t)=P,B,, +P,B,, +P,B,, +P,B,, (3.9
SR EAE 3.2 R LR 0 i R 3R B S U TR X A S8 AR T A R B AESR . I,

EREMES]  T s RA W BF MBI NS % 500G 5 M3, 8) BT [

UBEER,
t on<r<<D
Bo.zz{
22—t (A< <<2)
_{t—l 1<t <<2)
I (2t <<3)
t—2 (2<<t<<3)
Bz.zz{
4—r B<r<<4d
t—3 (3t <4
Ba.zz{
5—t (U<t <<bH
Pt o<t <<D
P,2—0)+P, —1 A<t<2)
P()=<P,B3—t)+P,(t—2) (2<t<3)
P,4—0)+P,t—3) QB<t<<4d
P,(5—0) U<t <<5
3.4 KA B AL

NI AR K BRI d =3 Fl n=3 T

R I % . d —1=2,
CP¥i&E: nt1=4,
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BF . nt+1=4,

HHZR B S d +n=6,

KV IR d+n+1=7,

WMLB N AB.C.D.EfMF.CPHP,.P,,
P, f1 P, (LK 3.0,

XF E=1{0,1,2,3,4,5,6}, 2 KVH T={1,}.
TEXFIAE DL T T =t sty sty stgstystssty o

W BF N B,,.B,;.B,, MB,.,.,

25 fE

PGt)=P,B,,+P,B,,+P,B,,+P,B,,
(3.10) Ll

WG AR, A% KV o8 T=[0.1.2.3.4.5, '
6], WIE Cox de Boor B iE M — DKM, — B 3.4 EF4NCPHZTRAS BHESE
By s B B By By, FI B, 081, MABEEAE A BT E AT .
By, =0—0B,, +@—0B,,
B,,=G—1B,, +G—1B,,
By, =0G—=2B,, +U—0)By, (3.1D)
B,,=—3B,, +G—0B,,
B,,=G—1B,, +6—1)B;,
XE AT =, v B I A Y

Biz | Bu | Ba

S P
| DIETF)
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P2 %o B0 |
et |
o
I
[ ea]
I
| | | |
t; ot t t

I
|
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1
Boy=(5) =08+ (5)6-08,,
1 1
Biu=(3) ¢ =B, +(5)4—0B.,
X 1 (3.12)
B,, = (?) (t—2)B,, + (?) (5—0B,,
1 1
B,, = (?) (t—3)B,, + (?) 6—0)B, ,
HTHE 6 #4851 BFaE& 6 NTaE:
JBO-,S = {BO-,SA ’BO.3B ’BO.SC ’BO.?)D ’BO.SE ’B073F}
B :{B ,B ’B ‘aB s sB VB }
1,3 1.3A 1.3B 1,3C 1,3D 1,3E 1,3F (3. 13)

132.3 - {B2,3/\ ’Bz,33 By 5 ’B2,3D ’Bz,:aE ’BZ.SF}
B, = {BS,BA ’B3,BB »By 30 Bssp ’B3,3E ’BB,SF}
® 3.2 /4T BFEEIE.

£3.2 TR BHEEZWBFITE

® t By . B, , B, ;
A 0<r<<1 Boa=1 Bo., =t By, =1/2)¢°
- By =0 B, ,=0 B, ;=0
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Y%
B t B, , B, ., B, 5
By, B,,=0 B, ;=0
By, = B;,=0 B, ;=0
A 0<r<<1 : :
- B, = B,,=0
B;,=
By, = By,=2—1 By,=—t"+3t—(3/2)
By, = B ,=t—1 B,,=/2G—1D"’
B,,=0 By.= By3=0
<r<2 ’ : ’
b = B; =0 B;,=0 B, ;=0
B,.= B,,=
By, =
By, = By, =0 By, =(1/2)(¢t—3)"
B, ,= B, ,=3—1t B,,=—t"+5:—11/2)
B,,= By,=t—2 B, ,=/2)t—2)"
C 2<1<73 &
- By, = B,,= By ;=0
B, = B,,=0
B;, =
By, = B,.,= B,.;=0
B, = B,,=0 B, =/2)G¢—4)"
<i<4 B,,= B,,=4—1 Bzyszft2+7t*(23/2)
D 3t
- By, = By,=t—3 B,.,=(1/2)(1—3)"
B, = B,,=0
By, =
By, = B,,=0 By;=0
B,,= B,,= B, ;=0
By, = B,,= B, ,=1/2)(—5"
E 4<1<<5 .
- By, = By, =51t By, =—t"+9:—(39/2)
B,,= B,,=t—4
By, =
By, = B,.,=0 B,.;=0
By, = B,,=0 By ;=0
B,,= B,,= B, ;=0
F 5<t<<6 .
- By, = By, =0 B,.—(1/2)(1—6)"
B,,=0 B,,=6—t
B, ,=1
# EREAARK . 13) 755,
J(1/2)t2 O<t< DA
Bys=<—1t"+3—(3/2) (1<:t<2)B
t(1/2)(t—3)2 (2<<t<<3C
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(1/2)(t —1)° (1<:t<2)B
By s=2—1t"+5—(11/2) (2<t<3)C
(1/2)(t —4)° B3<t<4HD
a/2)¢—2)° Q2<t<3)0C
B,y =<—t"+7t—(23/2) 3<t<41D (3.14)
(1/2) ¢ —5° (4 <1t <5E
(1/2)(t —3)° 3<t<4D
By, =<—1"4+9r—(39/2) (4<t<5E
(1/2)(t —6)° (5<t<6)F

F (3 1O EREG 44 CP 6 MBS k¥4 B FES I BF. BF Ry W& 3.5 fF
~. B BE BAME IR EAFR—A BF mAa %80 1. Kk, &4 BE 0] LU#E %
t Yk (c— D WHT—A> BF k45, B4 BF A 6 4, Hrp 3 M 2IEEN. B, W5
— SN T B AO0<r<<1) . BUI<r<<2) . CQ<r<|3) BAAEZHN.B,, W Lk
FFB BO<<:<{2) .C(2<<t<<3) D (3t <<4) R AEEIIr. B, , W =KL T B
C(2=<t<{3).D(3=<t<<4) E(4=t<5) HAIEEH5. B, , MEMFMEXN TEB D <t
4) \E (4<<t<15) \F (5<<t<6) AT IEEH 4.

1

o~
0.9+ BO3 B13 B23 B33 — g -
—D
0.8+ I" J
8 VAR 77N It 8 I
0.7 ; v \
i / o \ |
0.6 ; \ / \
@ 05f ) ) \ J
L / ¥
I\ / \
04r 1o / \ 1
| / \ 1
B3 / \ ] \
/ L | \
02r / \ / \ |
/ \
0.1r / 5 N 1
0 L 7 L -/. \' L I \‘2,
0 1 2 3 4 5 6

3.5 Tkiy’5 B LM BF
AT REESNBEHRENES:
P, O<:t<<D
P, (<t<2)
P. @<:t<<3)
P() = (3.15)
P, 3<:t<4d
P, (4<<t<5)

Pr (5<1<6)
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Hopr,

Py=P,Bysa +P B0 +P;B, 30 +P3Bjs3,
Py =P\By s + P B3+ PyBy 35+ P3Bygp
Peo=P B sc +P B¢+ PyBy3c+P3By s

(3.16)
Pp=P,By;p +P By sp +P;B,5p TP3Bs5p
Py :POBO,3E + P By 3¢ JrPzB2,3E +P3B; s
Ppr=P\Bysr +P By ;p +P,B, 5 +P3B3,3F
3% 3.2 Py BEEICA SR G 15 I8 B BT A S F L ol LS 5] .
P,(1/2)¢* O<r<<D
Po(—t"+3t—3/2)+P,(1/2)(t — 1)* A<:t<2)
Py(1/2) =3 4+ P, (—1>+5:—11/2) + P, (1/2) (1 —2)* (2< 1< 3)
P() =
P,(1/2) =D+ Py (— 1+ 7t —23/2) + P,(1/2)t — 3 (31 << 4)
P,(1/2)(t —5)* + P, (—t*+ 91 —39/2) 4<t<<5
P,(1/2)(t —6)° (5<t<<6)
(3.17)
KB IDFREA 44 CP A6 ANBIR R IHA) BREZR T RE. REMY 6 401X 3 i 2%
m 6 B,
3.2 REA CPH P, (1.2) P, (4,1) P, (6,5 F P, (8, —DH¥-E — Ik BH%K

i, BB — TR 2 BE MR 4

RPEX B 17 ARALE CP IHE LA 3.6) .

fi# .
x (1) =
y(t) =

MATLAB Code 3. 2

t2/2

P —t+1/2
—*/2 45t —11/2
2t — 1

—5¢% + 42t — 81
40t —6)*

tZ
—3t*/24+5:—5/2
50%/2— 11t +27/2
—5¢% + 341 — 54
7t?/2 — 34t + 82
—(1/2)(t — 6)*

clear all; format compact; clc;
t0 = 0;, t1 = 1, t2 = 2, t3 = 3, t4 = 4, t5 = 5;

o<t <<D
A<t <<2)
(2t <<3)
Bt <D

4<<r<<H)
(5t <<6)
o<t <<
A< <<2
(2<t<<3)
B<r<<b
A<t <5
(5t <<6)



8 4
.
2
6 )
£ //// /
5 :
- xx 2 Foad / ‘
® 4 / \ - ] S
I : /
" A
- / \ 0 o
1 \ /
0 / . -1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
t t
X-Yy
6
j -
P,
4
3
% " .Pu '/
2 o~ —
] Z/ tF
0
) P,
-1 —
-2
0 2 4 6 8
X
3.6 fl3.28%E
T = [t0, t1, t2, t3, t4, t5, t6];
syms t PO P1 P2 P3;
% Segment A
BO1 = 1; B11 = 0; B21 = 0; B31 = 0; B41 = 0; B51 = 0; B61 = 0;
Sl = (t — t0)/(tl — t0); S2 = (t2 — t)/(t2 — tl1); B0O2 = S1 % B0l + S2 % Bl1;
S1 = (t — t1)/(t2 — t1); S2 = (t3 - t)/(t3 - t2); B12 = S1*Bl11l + S2 % B21;
S1 = (t — t2)/(t3 — t2); S2 = (t4 — t)/(t4 — t3); B22 = S1 % B21 + S2 % B31;
S1 = (t — t3)/(t4 t3); 82 = (t5 t)/(t5 — t4); B32 = S1*B31 + S2* B4l;
S1 = (t — t4)/(t5 — t4); S2 = (t6 — t)/(t6 — t5); B42 = S1 * B4l + S2 % B51;
S1 = (t — t0)/(t2 — t0); S2 = (t3 - t)/(t3 - t1); B0O3 = S1*B02 + S2*BI12;
S1 = (t — t1)/(t3 — t1); S2 = (t4 - t)/(t4 - t2); B13 = S1*Bl2 + S2 % B22;
S1 = (t — t2)/(t4 — t2); S2 = (t5 — t)/(t5 — t3); B23 = S1 * B22 + S2 % B32;
S1 = (t — t3)/(t5 — t3); S2 = (t6 — t)/(t6 — t4); B33 = S1*B32 + S2 % B42;
% Segment B
BO1 = 0; B11 = 1; B21 = 0; B31 = 0; B41 = 0; B51 = 0; B61 = 0;
Sl = (t — t0)/(tl — t0); S2 = (t2 — t)/(t2 — tl1); B0O2 = S1* B0l + S2 % Bl1;
S1 = (t — t1)/(t2 — t1); S2 = (t3 - t)/(t3 - t2); B12 = S1*Bll + S2 % B21;
S1 = (t — t2)/(t3 — t2); S2 = (t4 - t)/(t4 — t3); B22 = S1*B21 + S2 % B31;
S1 = (t — t3)/(t4 — t3); S2 = (t5 — t)/(t5 — t4); B32 = S1*B31 + S2 % B41;
S1 = (t — t4)/(t5 — t4); S2 = (t6 — t)/(t6 — t5); B42 = S1 % B4l + S2 % B51;
S1 = (t — t0)/(t2 — t0); S2 = (t3 - t)/(t3 — t1); B0O3 = S1*B02 + S2 % BI12;
S1 = (t — t1)/(t3 — t1); S2 = (t4 — t)/(t4 — t2); B13 = S1*B12 + S2 % B22;
S1 = (t — t2)/(t4 — t2); S2 = (t5 — t)/(t5 — t3); B23 = S1 % B22 + S2 % B32;
S1 = (t — t3)/(t5 — t3); S2 = (t6 — t)/(t6 — t4); B33 = S1 *B32 + S2 % B42;

R [IESS
BO2A = BO02;
B12A = B12;
B22A = B22;
B32A = B32;
B42A = B42;
BO3A = BO03;
B13A = B13;
B23A = B23;
B33A = B33;
B02B = B02;
B12B = B12;
B22B = B22;
B32B = B32;
B42B = B42;
BO3B = BO03;
B13B = B13;
B23B = B23;
B33B = B33;
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% Segment C
BO1 = 0; B11 = 0, B21 = 1, B31 = 0, B41 = 0; B51 = 0; B61 = O,

S1 = (t — t0)/(tl — t0); S2 = (t2 — t)/(t2 — tl1); B02 = S1*B01 + S2 % Bl11l; B02C = B02;
S1 = (t — t1)/(t2 — t1); S2 = (t3 — t)/(t3 — t2); B12 = S1*Bl1l + S2 % B21; B12C = Bl2;
S1 = (t — t2)/(t3 — t2); S2 = (t4 — t)/(t4 - t3); B22 = S1 *B21 + S2 % B31; B22C = B22;
S1 = (t — t3)/(t4d — t3); S2 = (t5 — t)/(t5 — t4); B32 = S1*B31 + S2 % B41l; B32C = B32;
S1 = (t — t4)/(t5 — t4); S2 = (t6 — t)/(t6 — t5); B42 = S1 * B4l + S2* B51; B42C = B42;
S1 = (t — t0)/(t2 — t0); S2 = (t3 — t)/(t3 — tl1); B0O3 = S1 *B02 + S2* B12; BO3C = B03;
S1 = (t — t1)/(t3 — t1); S2 = (t4 — t)/(t4d — t2); B13 = S1*B12 + S2 % B22; B13C = B13;
S1 = (t — t2)/(t4 — t2); S2 = (t5 — t)/(t5 — t3); B23 = S1 *B22 + S2* B32; B23C = B23;
S1 = (t — t3)/(t5 — t3); S2 = (t6 — t)/(t6 — t4); B33 = S1 % B32 + S2 % B42; B33C = B33;
% Segment D

BO1 = 0; B11 = 0; B21 = 0; B31 = 1; B41 = 0; B51 = 0; B61 = 0;

S1 = (t — t0)/(tl — t0); S2 = (t2 — t)/(t2 — tl1); B02 = S1 * B0l + S2 % Bl1l; B02D = B02;
S1 = (t — t1)/(t2 — t1); S2 = (t3 - t)/(t3 - t2); Bl2 = S1*B11 + S2 % B21; B12D = Bl12;
S1 = (t — t2)/(t3 - t2); S2 = (t4 — t)/(t4 — t3); B22 = S1 *B21 + S2% B31; B22D = B22;
S1 = (t — t3)/(t4 — t3); S2 = (t5 — t)/(t5 — t4); B32 = S1 *B31 + S2 % B41; B32D = B32;
S1 = (t — t4)/(t5 — t4); S2 = (t6 — t)/(t6 — t5); B42 = S1 * B4l + S2 % B51; B42D = B42;
S1 = (t — t0)/(t2 — t0); S2 = (t3 — t)/(t3 — tl1); B0O3 = S1*B02 + S2 * B12; BO3D = B03;
S1 = (t — t1)/(t3 — t1); S2 = (t4 — t)/(t4d — t2); B13 = S1*B12 + S2 % B22; B13D = B13;
S1 = (t — t2)/(td — t2); S2 = (t5 — t)/(t5 — t3); B23 = S1 * B22 + S2 * B32; B23D = B23;
S1 = (t — t3)/(t5 — t3); S2 = (t6 — t)/(t6 — t4); B33 = S1 *B32 + S2 % B42; B33D = B33;
% Segment E

B0l = 0; B11 = 0; B21 = 0; B31 = 0; B41 = 1; B51 = 0; B61 = 0;

S1 = (t — t0)/(tl — t0); S2 = (t2 — t)/(t2 — tl1); B02 = S1 * B0l + S2% B11l; BO2E = B02;
S1 = (t — t1)/(t2 — t1); S2 = (t3 - t)/(t3 - t2); Bl2 = S1*B11 + S2* B21; B12E = B12;
S1 = (t — t2)/(t3 — t2); S2 = (t4 - t)/(t4 - t3); B22 = S1 *B21 + S2* B31; B22E = B22;
S1 = (t — t3)/(t4 — t3); S2 = (t5 — t)/(t5 — t4); B32 = S1 % B31 + S2 % B41l; B32E = B32;
S1 = (t — t4)/(t5 — t4); S2 = (t6 — t)/(t6 — t5); B42 = S1 % B4l + S2 % B51; B42E = B42;
S1 = (t — t0)/(t2 — t0); S2 = (t3 — t)/(t3 — tl1); B0O3 = S1 *B02 + S2 % B12; BO3E = B03;
S1 = (t — t1)/(t3 — t1); S2 = (t4 — t)/(t4 — t2); B13 = S1*B12 + S2 % B22; BI3E = B13;
S1 = (t — t2)/(t4 — t2); S2 = (t5 — t)/(t5 — t3); B23 = S1 *B22 + S2* B32; B23E = B23;
S1 = (t — t3)/(t5 — t3); S2 = (t6 — t)/(t6 — t4); B33 = S1*B32 + S2 * B42; B33E = B33;
% Segment F

BO1 = 0; B11 = 0; B21 = 0; B31 = 0; B41 = 0; B51 = 1; B61 = 0;

S1 = (t — t0)/(tl — t0); S2 = (t2 - t)/(t2 — tl1); B02 = S1 * B0l + S2* Bl1l; BO2F = B02;
S1 = (t — t1)/(t2 — t1); S2 = (t3 — t)/(t3 — t2); B12 = S1*Bll + S2 % B21; BI12F = Bl2;
S1 = (t — t2)/(t3 - t2); S2 = (t4 — t)/(t4 — t3); B22 = S1 *B21 + S2 % B31; B22F = B22;
S1 = (t — t3)/(t4 — t3); S2 = (t5 — t)/(t5 — t4); B32 = S1 *B31 + S2 % B4l; B32F = B32;
S1 = (t — t4)/(t5 — t4); S2 = (t6 — t)/(t6 — t5); B42 = S1 * B4l + S2x B51; B42F = B42;
S1 = (t — t0)/(t2 — t0); S2 = (t3 — t)/(t3 — tl1); B0O3 = S1 % B02 + S2 % B12; BO3F = B03;
S1 = (t — t1)/(t3 — t1); S2 = (t4 — t)/(t4d — t2); B13 = S1*B12 + S2 * B22; BI3F = B13;
S1 = (t — t2)/(t4 — t2); S2 = (t5 — t)/(t5 — t3); B23 = S1 *B22 + S2 % B32; B23F = B23;
S1 = (t — t3)/(t5 — t3); S2 = (t6 — t)/(t6 — t4); B33 = S1 *B32 + S2 % B42; B33F = B33;

fprintf('Blending functions :\n');

BO3 = [BO3A, BO3B, BO3C, BO3D, BO3E, BO3F]; BO3 = simplify(B03
B13 = [B13A, B13B, B13C, B13D, B13E, B13F]; B13 = simplify(B13
B23 = [B23A, B23B, B23C, B23D, B23E, B23F]; B23 = simplify(B23
B33 = [B33A, B33B, B33C, B33D, B33E, B33F] (
fprintf('\n');

fprintf( 'General Equation of Curve :\n');

)
)
)
)

; B33 = simplify(B33



#3%

P = POxB03 + P1xB13 + P2% B23 + P3 % B33

fprintf('\n');
x0 = 1; x1 = 4, x2 =
yo = 2, yl = 1; y2

fprintf('Actual Equation
y = subs(

% plotting BF

tta = linspace(t0

ttb = linspace(tl

ttd = linspace(t3

(

(
ttc = linspace(t2

(

(

tte = linspace(t4
ttf = linspace(t5,

B03aa =
BO3bb =
B03cc =
B03dd =
B03ee =
BO3ff =
Bl3aa =
B13bb =
Bl3cc =
B13dd =
Bl3ee =
B13ff =
B23aa =
B23bb =
B23cc =
B23dd =
B23ee =
B23ff =
B33aa =
B33bb =
B33cc =
B33dd =
B33ee =
B33ff =

figure,

plot(tta, BO3aa,

subs(B03A,

subs(B03B,
subs(B03C,
subs(B03D,
subs(BO3E,
subs(BO3F,
subs(B13A,
B13B,
B13C,

subs
subs

(
(
(
(
(
(
(
(
subs(B13D,
subs(B13E,
subs(B13F,
subs(B233,
subs(B23B,
subs(B23C,
subs(B23D,
subs(B23E,
subs(B23F,
subs(B33A,
subs(B33B,
subs(B33C,
subs(B33D,
subs(B33E,
subs (B33F,

ttd, B03dd, 'b

hold on;

plot(tta, Bl3aa,

ttd, B13dd, 'b-—

plot(tta, B23aa,

ttd, B23dd, 'b -

e —

e —

e —
', tte, B23ee,

'

tte, B03ee,

'

tte, Bl3ee,

'

6, x3
5, y3

’
’
’
’
’
’
’

’

);
);
);
);
);
);
ta);
);
tte);
ttd) ;
tte);
ttf) ;
);
);
);
);
);
);
);
);
);
);
);
);

’

’

ta);
ttb
ttc
ttd
tte
ttf
tta
ttb
ttc
ttd
tte
ttf

’

’

’

’

’

’

’

7

’

’

7

An');
P, ([PO, P1, P2, P3]),

8;

([y0, ¥1, ¥v2, y31)); v = simplify(y)

ttb, BO3bb, 'k--"', ttc, BO3cc, 'k—.', ...

'b ', ttf, BO3ff, 'b-.");

ttb, B13bb, 'k-- "', ttc, Bl3cc, 'k—.', ...

'b—— ', ttf, BI3ff, 'b-.');

ttb, B23bb, 'k-- "', ttc, B23cc, 'k—.', ...

'b—— ", ttf, B23ff, 'b-.");

plot(tta, B33aa, 'k~ ', ttb, B33bb, 'k —— ', ttc, B33cc, 'k—.', ...

ttd, B33dd, 'b- ', tte, B33ee, 'b—— ', ttf, B33ff, 'b-.");
xlabel ('t'); ylabel('B'); title('B0O3 — B13 — B23 — B33');
legend('A', 'B', 'C', 'D', 'E', 'F');

hold off;

IRDYES S

69



70  MATLABE =Rt

% plotting curve

xa = x(1); ya = y(1);
xb = x(2); yb = y(2);
xc = x(3); yc = y(3);
xd = x(4); yd = y(4);
xe = x(5); ye = y(5);
xf = x(6); vy = y(6);
xaa = subs(xa, t, tta); yaa = subs(ya, t, tta);
xbb = subs(xb, t, ttb); ybb = subs(yb, t, ttb);
xcc = subs(xc, t, ttc); yecc = subs(yc, t, ttc);
xdd = subs(xd, t, ttd); ydd = subs(yd, t, ttd);
xee = subs(xe, t, tte); yee = subs(ye, t, tte);
xff = subs(xf, t, ttf); yff = subs(yf, t, ttf);

X = [x0, x1, x2, x3]; Y = [y0, y1, v2, v3];

figure

subplot(131),

plot(tta, xaa, 'k~ ', ttb, xbb, 'k ', ttc, xcc, k- ., ...
ttd, xdd, 'b— ', tte, xee, 'b—— "', ttf, xff, 'b—."');

xlabel ('t'); ylabel('x'); axis square; title('t - x');

subplot(132),

plot(tta, yaa, 'k— ', ttb, ybb, 'k—— "', ttc, ycc, 'k—."', ...
ttd, ydd, 'b— ', tte, yee, 'b—— ', ttf, yff, 'b- ')

xlabel ('t'); ylabel('y'); axis square; title('t - v');

subplot(133),

plot(xaa, yaa, 'k— ', xbb, ybb, 'k ', xcc, ycc, 'k— "', ...
xdd, ydd, 'b— ', xee, yee, 'b—— "', xff, yff, 'b— ."); hold on;

scatter(X, Y, 20, 'r', 'filled');

xlabel ('x'); ylabel('y'); axis square; grid; title('x - vy');

axis([09 —-26]);

d=0.5;

text(x0, yo+d, 'P 0')

text(xl, yl—d, 'P 1');

text(x2, y2—d, ' 2")

text(x3, y3+d, 'P 3")

hold off;

i fiR
e BB AT AR B KGR K8 B T — 4T,
simplify. B BRI A X £ B Rk @iLr £,

3.5 &5 {anuEl]

TR R A R ATE S b —E A [0.1,2,3, - J8 KV {H4E M 1., ik
FATE e H A — AUE IR WA IR B &5 2R . B AR FR AT R B T4 50 R B A
0 KV ERN T=[0,5,10,15,20,25,30], FeATTAT LA 2 2 B A ] — 4L {RL, MfE— A 29 3R
S fH 22 () F 10] B R 2% S — B0, X X2 5 B A S R EOR . D, FE X R BT L FeAT
7y BE 5 A5 R KV, QR EATIE S 3. 4 AR 4920 BRFEAT IR 115 B, &
FEENINR B R 9 45



BS,3

(1/50)¢°
—t*/25+3t/5— (3/2)
(1/50) (¢t — 15)*
(1/50) (z —5)*
—17/25 41— (11/2)
(1/50) (r — 20)*
(1/50) (z — 10)*
—¢%/25+Tt/5 — (23/2)
(1/50) (¢t — 25)*
(1/50) (z — 15)°
—17/2549¢/5 — (39/2)
(1/50) (z — 30)*

(<t << DA
A<t <<2)B
(2<t<<3)C
A<t <<2)B
(2t <<3)C
B<t<<HD
(2<<t <<3)C
B<t<<DHD
4<t<<5E
B<t<<HD
4<t<<5E
(5t <<6)F

$3FE AL | 7

(3.18)

S5 G 1) AT A B /5 B BV A « HARE 4650 5 A5, BT DL AE B3R5 A0 R Y
BHEGFE HILZRI K5 5, X BLER 3.7 F1 19 BE B, 5K 3.5 419 BE & #4171k
BLOBEBRE  BEY RS .

0.8 BO3 - BIIJ -B23 - B.’ﬂ

~ o A
7N £ N -—-B
0.7+ / A\ ! \ -=-CH
/ - [ —D
0.6} : v ' Esty 4 1
% ! y ! \
| \J \
0.5}¢ 1 i 1
1 ! A
I [} i
@ 04r I ] \
I 1 \
03} P . 3 \ J
i 1 1 \
/ v i\
0.2' / .\ _}" '\
/ 1 i \
/ i \
0.1F 7 Fi v
4 _II " "\
0 L / ' "l I\- I. | Ry S, L I________‘,.. ‘\‘
0 5 10 15 20 25 30

3.7 BFRE KVHEATmEML

BB KV 3AB 3. 2 J5 , AT LU B %t S 80l e 52w . nT LA 2R 2R /9

x (OF y (O WESZ BT BF Y520, RIS $6(E O 4 5 54T T 46

t*/50 0<t <5

t*/25—1/5+1/2 (5 <t <<10)

—1%/50 4+ —11/2 (10 <t < 15)

2t/5—1 (15 <t << 20)

—1%/5+421/5—81 (20 <<t << 25)

(4/25)(t — 30)* (25 <t << 30)

x (1) =
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y(t) =

t?/25
—3t2/50+¢—5/2
t2/10 — 11t /5 +27/2

<t <<5bH
G<r<<10)
(10 <<t <15

— % /54 341/5 — 54
7t7/50 — 341 /5 +82 (20 <<t << 25)

— (1/50)(z — 30)° (25 <t << 30)

L BR M Z T, o] AR B 20 A1y B2 B2 sgm, B« (HE k5 5. WS 0LE 3. 8,
AR L B R R Ay BL B . SR, BT o Ry (ORI -y B 5 DLRTSE AR R, oA e
RZZ ¢ (BT AR fb 5 g , S DU ) i B 2 S s i)« F0 y . an, & 3.6,
Ht=2,2=2.5,y=1.5,T%TE3.8,H:=10,2=2.5,y=1.5,. X EWKH » 5y FHFA~
A5 BRZ 50, 3K X T s AR IE AR AL Bl 26 0 -y S DARG AR . S8R L X6 AT ]
A ¢ B R R R Ut

(16 <<t << 20)

[-x =¥
8 4 .
7
3
6
!
) .
’.z"’ . :
= 4 / \ - 7 . /
3 / il I
. / \
= / \ 0 o
I vi \ i
“
0 - -1

X -
6 Y
5 .
p!
4
3 .
Py /
- 2 . 7
] - _-.
P|
Of= L~
- P;
-1 L]
-2
0 2 4 6 8
X
3.8 HI&TEMKVEUNEWL

SR B AN [R) 89 KV F 2R 18 3 9 36 e 45 2R L v] DUE 3 {8 ] MATLAB Code 3. 2
167 R4 SRR PR A AT A KV ORBR AR M AR X — A

AT AT 4518, 2 0P R LBl 2k S KV TR, g BAKET « (Y o] A
Fo UL, I BN ¢ LR 0.1, 2, - ARRR T R0 R Je L (H S BR L B AT AT L



N KV B BAT R I 45 B0 AH R 19 45 51

3.6 IRFIIYIL) B FESR

TP SR S ith e KV BAIH . B TEE d IR, o (d — 1) & ih 2 ik
¥, BEMK AL EIE, ZHEMEZEWE Cox de Boor T BHEHF 2 FH NE, W
I X BT B — A AR BRAR N E

AN d=3FMn=3 M K HL BHEE, iE KV EFEHNT={1,1,1,2,3,3,
3b. HNHTRTR  HEAT A3 Beor A ARAR GRS TR 3.3

£3.3 ZXRFHMHIEIBHEELHBFITE

%3&E ALREE |

B t B ., By ., By 5
By, =1 B,,=0 By ;=0
B,,=0 B,,=0 B, ;=0
A 0=<:<<1 By = B, =0 Bas =
B, ,=0 B, ,=0 B, ,=0
B,,= B,,=0
B; ,=0
B, ,=0 B,,=0 B, ;=0
B,,=1 B,,=0 B,,=0
B,,=0 B,,= B, ,=
B 1<<r<<2 B, =0 B, ,—0 B, —0
B,,=0 B,,=0
B;,=0
By, =0 B, =0 Bo_sz(t—2)2
B, =0 By ,=2—1 B, =—(3/2)t" +5:—(7/2)
c r<i<3 By, = B,,=t—1 B,,=/2)G¢—1)*
B;, =0 By.,= By3=0
B,,=0 B,,=0
B; ,=0
B, ,=0 B,,= B, ,=0
B, ,=0 B,,=0 B,,=1/2)¢—3)"
D 3<i<4 B,,=0 B,,=3—1t Bzys=*(3/22)t2+7t*(15/2)
B, , =1 B;,=t—2 B,,=G—2)
B,,=0 B,,=0
B, ,=0
B, ,=0 B, ,=0 B, ;=0
B,,=0 B, ,= B, ;=0
- 1<i<5 B, ,=0 B, ,=0 B, ,=0
B;, =0 B;,= B; ;=0
B,,=1 B, ,=0
B, =
B, ,=0 B, ,=0 B, ,=0
F b B,,=0 B,,=0 B,,=0
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B t B, B, ., B,
B, ,=0 B, ,=0 B, ,=0
B;,=0 B;,=0 B;,=0
F 5t <6 B, =0 B,,—0
B;, =1
B EREAAR 3. 13), 153,
Bys=0G—2)" (2<t<37C
B _{—(3/2>z2+5t—<7/2> (2<<t<<3)C
Sl — 3 (3<t< DD
(3.19)
5 _{(1/2)@—1)2 (2<t<<3)C
Pt T —(15/2) 3<t <D
B, .= —2)° 3<tr<<HD

RGBIDFREFA 44 CP I ZIRF A5 B #5 M BF, BF EWNIE 3.9 B, {XETE
5B C(2<<r<T3) M D (3t << MKW # 4.

\ .
0.9\ ey
\. — _.C
08F \ —D
\ 5
0.7+ ~\. J— —-=F
o6t \ 7 ™
n\ /, \‘\
@ 0.5F ;\f J
P /
04 "; \. /,
03f / X /
‘! N 7
02r / o
/ R
0.1 “f' '/'/ N,
B e .
0 ‘-'"l/ L ' J“‘“ A L A L
1. 12 14 16 L8 2 22 24 26 28 3
t
B 3.9 ZRFMIA BIEEE BF

it 28 05 F S a8 BF (EHACAR (3. 15) 15381 .

P() =

0
0
7

1

PG —2) +P1(—%t2+5t——)+P2(—) (G —1)°

2

2

Pl<%)(z—S)Z—O—PZ(—%tZ—|—7t—§)—|—P3(t—2)2

0
0

o<t <<D
(1<t <<2)

2<t<<3)

B<r<<4d

U<t <<D
(5 <<6)
(3.20)



B 3,10 W i R R 7s T 20 Tk X R 2 i 2k A9 B2 T - B3 0 i 2 S P o i

BE—1 CP, XA T — CLRBY C M D MORES il mi HAh £k B A .B.E F1 F

ﬁ‘/\ﬁW‘j

$3E RS

o5 — A il

AFEAE . e FATHT RIAR 2598 27 KV HAT E 2 (H DG RURE 2% T L3 BLAS B0 (A A%

RS RERIREE

(]

ek
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3.10 FHHMATXR BHFHLZL

Bl 3.3 T}?ﬁﬁ CP,Hl P,(1,2).P,(4,1).P,(6,5H P,(8, — D)W HH> KB

BELATRE, BERS —REFRL T BF FISZhrih k.
i
4R (3. 200 RA L E CP AT H .
0 o<t <<
0 A<:t<2
— 20" 4100 —7  (2<t<3)
x () =
P —2+5 B<r<4d
0 4<<t <5
0 G<r<<6)
0 (0<t <1
0 A<t <<2)
3tP—8t+7 (2<<1<<3)
y(t) =
—8t* +36:—37 (3<<t<4)
0 (4 <<t <<5)
0 (5t <<6)
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MATLAB & 7 5 £ it

5

MATLAB Code 3.3

ZAS 5 MATLAB Code 3. 2 JLF-52 &M R, Bk T 761 H 55 84> BF Z 5 k17 % S K6 2
LRG0 9 T SR B 0 . A0SR AT AR R R A U ek A R el 05 A5 )L R OE R AR T

B,
D=(tl — t0); ifD= =0, S1 = 0; else S1
D=(t2 - t1); ifD = = 0, 52 = 0; else 2

B02 = S1xB0l1 + S2xBll; BO2A = B02;

3.7 IKAE¥ ) B RESR

(t — t0)/D; end;
(t — t0)/D; end;

AR R KV AR 4] BI4E SOt R Z A AR BE AR, X345 BF A%k, 3t B
A6 1] F 7 B B85 /0N 1) i T SR AR A — e, 3% HLA R i Z6 Pr s A B CP pg &k, & 3. 11 R
TZWRAER A B #41) BE, ANFRITRE BET KV Py EfE,

0.9
08}

I i
07k N\
o6} |
0.5¢ | .
04t I

B0O3-BI3-B23-B33

—
—A
=B
SRS
i )

E

12

14

ST . "

16

18

20

t

3.11 ZxRIE¥H S B %K BF
Bl 3.4 KREA CPAIP,(1.2) Py (4.1) P, (6,51 P, (8, — I “IKAEEI 2] B A
&R B KV o T=[0,1.3.5.15,18.20],

i .

fdt 143 BL 43 #r
t*/3 (Ot <1
5:7/24+1/4—1/8 (1<t <2

G — —7t?/24 + 13t /4 —37/8 (2<<1<<3)

—¢7/780+9¢/26 +137/52 (3=t <<4)
—38:%/65+ 2321 /13 —1672/13 (4 <<t <5)
4t —20)%/5 (5<t<6)




$3E RS

2t°/3 0=t <D
—11¢%/24 + 9t /4 —9/8 A<t <2
S — 7t /24 — 91 /4 +45/8 Q2<r<3)
—t*/390 + 91/13 + 95/26 B<r<4d
4317 /195 —98:/13 +830/13 (4 <<t << 5)
—(t —20)%/10 (5<t<6)

MATLAB Code 3. 4
5 MATLAB Code 3.2 #[6 B KV & Fr 281k,

3.8 “IR¥IE) B FEA

SRS B ARSI AREL T 05 TR 5] B RSB AR B =K BOHI R L ME R Cox de Boor
ERAE R DBy BE 0 A T BN R 2R

RTAEMZIRIS) BHEZ . BRANTFEN d=4 Fln=1 I 5.

ML A d —1=3.

CP##: n+1=5,

LR B : d +n=38,

KV PR ITER: d+n+1=9,

w4 Bh A.B.C.D.E.F.G #1H.,CP}§ P,.P,.P,.P, Ml P, (WL 3.12),

1

T T T T T T T ]
Al Bl cl DI EIFIGIHA
o S
f g Fa o W ¥on )
R R
A
Y N N T S (O B
N ol
I S A R
I O N R R R B N
) ol ol w1 )
7 T T A R A
Y T N S A N N
to 4 ta t3 ty ts te t7 tg

XF £=1{0.1,2,3,4,5,6,7.8}, 2 KV R T={1,}, HEXMIENT . T=[ty.2, 25415,
tystsstgatyatg o
‘& BF% BO.4 ‘Bl.4 ‘B2,4 ‘B3.4 ﬂ;ﬂ B4.4°
HHES Rl e T
P(t)=P,B,,+P,B,, +P,B,, +P,B,, +P,B,, (3.21)
WEr TR AR KV 28 T=1[0,1,2,3,4,5,6,7,8], MHEE —1 Cox de Boor ik
25 —Bir ot By BBy By »By»Bs+Bg By, Ml By, o1, Bt

77
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BT,

=B B A

VO 3T = B U A

B,
B,

AO:JO:JD:

=3

N

D % b ®ED

w

.3

.3

.3

.3

3

53

.3

s

4
4

4
B4.

4

B
B
B
B
B
B
B
B

=1/ —0B,,+1/2)(3—1)B,,
=/2>(—DB,, +(1/2)(4—0)B,,
=/ —2)B,, +(1/2)(5—1)Bj,
=1/2)(t —3)B;, +(1/2)(6 —t)B,,
=1/2)(t — 4B, , +(1/2)(T—1)B;,
=(1/2)(t =5 B, + (1/2)(8 —t) By,
=1/2)(t —6)B;, +(1/2)(9— ) B,

—(1/3)(t —0)Bys + (1/3)(4— B,
— 1/ — DB, , + (/35— 0B,
=(1/3)(t —2)B, ; + (1/3)(6 —t) B,
—(1/3)(t —3)B,, +(1/3)(T—1)B, .
—(1/3)(t — DB, 4+ (1/3)(8 — B,

HTA 8 B A BE i 8 ST

BO.4
Bl,4

- {Bo,4A By g Bo.uc By,
={Bi.a By g By c-By,
B,,= {Bz,zx/\ By g By e B,
B, = {Bs,m By g By e B,

0.2 = (1 _O)BO,I +(2_I)Bl.
1.2 =@ 71)31,1 +(37t)B2,
2,2 :(t *2>B2'1 _'_ (4*Zf)B3.
50=0U—3)B;, +G—0B,,
41,2 = (1 _4)8471 +(6—[)55’
5,2 =@ 75)85,] + (77I)B6.
6.0 = —6)B;, +(@8—1)B,,

10=0G—7B,, +—1)Bjg,

1

1

1

1

1

1

1

1

4D ’B2.4E ’BZ,4F ’B2,
4D ’B3.4E ’BS,/LF ’BS,

4D ’BO,4E ’B0.4F ’B0,4G ’BO,4H}
4D ’Bl.4E ’Bl,4F ’Bl,4G ’Bl.4H}
4G’B2.,4G}

4G ’BSAH }

(3.22)

(3.23)

(3.20)

(3.2%)

B4,4 — {B.i.,/iA »Byag ’B4,4C ’B4,/1D By g BiapsBiuc Biun }
# 3.4 BT X BF HRITHA
F3.4 ZRHABHEEWBFItE
® t B, , B, , B, ; B, .,
Bo,=1 | By,=t By, =1/2)" By, =1/6)¢°
A 0<<r<<1 B1,1:O Bl,9:0 Bl.sfo
B, =0 | B,,=0 B, ;=0




$3% AR | 79

3k
124 t B, , B, ., B, ; B, ,
B, ,=0 | B, ,=0 B, ;=0
B,,=0 | B,,=0
A 0=<1<<1 B;.,=0
B, =0
B,, =0
, Bo,=— /3" +2:" — 2t +
B,,=0 | By,=2—t B,,=—t"+3t—(3/2)
(2/3)
By, =1 1e=t—1 B, ,=Q/2G¢—D"* B,,=/6)¢—1°
B, =0 2,20 B,.3=0
B 1<t<<2 | B;,;=0 3., =0 B, ,=0
B, =0 1270
B;,=0
By, =0
B, ,=0
) By, =—/2)t* =4 +10t —
By, =0 | By, =0 By s=0/2)(t—3)
(22/3)
) B,,=— /2 + /2" —
B,,=0 | B, ,=3—t B,,=—¢"+5—011/2)
(15/2)t+(31/6)
B, =1 22 =t—2 B, ,=(1/2)(t—2)" B,,=1/6)—2)°
C 2<1<<3
B, =0 5,2=0 B, ;=0
B,,=0 4.2=0
B.,=0
By, =0
B,, =0
By, =0 | B;;=0 By.;=0 By, =—1/6)G¢—4)°
) By, ,=1/2) —Q1/2) +
B,,=0|B,,=0 B, ;=/2)t—4D
(39/2)t—(131/6)
) B,,=— /2 +(5/2)¢" —
B, =0 | B,,=4—t |B,,=—¢"+7—(23/2)
167+ (50/3)
D 3<r<<4 ) s
By, =1 3.2 =173 | By s =(1/2)(t—3) B,,=0/6)&—3)
B,,1=0 4,2=0
B, ,=0
By, =0
B, ,=0
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gk
154 t B, By ., B, ; By 4
By, =0 | By,,=0 By.s=0
B,,=0 | B, ,=0 B, ;=0 B, ,=—(1/6)(—5°
B , B, =/ —=(7/2)¢* +32¢
By =0 | B;,=0 By, =1/2)(t—5)
—(142/3)
_ , B,,=— /2 +Q3/2)¢* —
E 4<t<<5 | B3, =0 | By ,=5—t |B,,=—t"+9—(39/2)
(55/2)t+(229/6)
B,,=1 B,,=t—4 B, ,=1/2(¢—41)° B,,=1/6)(—1)°
B;,=0
Bg, =
B;,=
By, =0 | By, =0 By, =0
B,,=0 | B, ,=0 B, y=
B, ;=0 | B,,=0 B, ;=0 B, ,=—(1/6)(—6)°
_ , By, = /2y —Q17/2)¢" +
B3 =0 | B;,=0 By, =(1/2)(t—6) st (216
r s ) B,,=— /2 +8" —42:+
B, =0 B,,=6—t |B,,=—¢"+11:—(59/2)
(218/3)
B;, = By ,=t—5 |B;,=1/2)(t—5)"
B, =0
B, ,=0
By, =0 | By, =0 By, =0
B,,=0 | B, ,=0 B, =
By, = B, =0 B, 5=0
By, = B ,=0 By ;=0 B,,=—1/6)G—1°
_ 3 2
G SST gy o B, =0 B,s=(1/2)(t—7)" Bua= /e =100+ 66t =
(430/3)
By, =0 | B;,=7—t |B.,=—t"+13:—(83/2)
Bs,=1 | Bg,=t—6 | By, =1/2)(t+—6)"
B, ,=0
B, ,=0 | B,,,=0 B, ;=0
B,,=0 | B,,= B, ,=
B,,=0 | B;,=0 B, ,=
By, = B;,,=0 By =0
H T<t<<8 | By, = B,,=0 B, ;=0 B,,=—1/6)—8°
B;,=0 | B;5,=0 B, ,=1/2—8)"°
Bg,,=0 | Bg,=8—t B, ,=—/2"+7t—24
B, ,=1 | B, ,=t—7

B EREARAL (3. 25, 1] LI 3],



i

3F IS

(1/6)¢° (<<t <<DA

B, — —(1/3)¢% + 2t — 2t + (2/3) (1<:<2B
— (/2" — 4 +106 — (22/3)  (2<t<3)C
—(1/6)(t —»° (3<t<4D
(1/6)¢—1)° (1<t <2B

B, = — (/2 +(7/2)¢* — (A5/2)¢t + (31/6) (2 <t < 3)C

’ (/2)t* — (11/2)¢* + (39/2)t — (131/6) (3 <<t << 4)D
—(1/6)(t —5)° (4<t<5E
(1/6)(t —2)° 2<:t<3C

B, — — (/27 + (5/2)t" — 16t + (50/3) (3<<t << 4)D (3. 96)

’ (/20> — (7/2)1" + 320 — (142/3) (4 <t <5E
—(1/6)(t —6)° (5<t<6F
(1/6)(t —3)° B<:t<HD

B, = —(1/2‘»,3 +(13/2)t* — (55/2)t +(229/6) (4 <<t < 5E

’ (/2)t* — Q7/2)¢* + (95/2)t — (521/6) (5<t<6)F
—(1/6) —7)° (6<t<1G
(1/6)(t —4)° (4<t<5E

B, = f(l/Z‘)ts+812—42t+(218/3) (5<t<6F

’ (1/2)¢* —10¢% +66r — (430/3) (6 <t <TG
—(1/6)(t —8)° (7T<t<8H

K (3. 2600 FRAREA 54 CP M 8 MBI =k ¥4 BH 4 BF, BF iEIWE 3. 13 FiR.
A~ BF BAG AR TR AHART T A — w80 1, B, B4 BE 7T RGE 8 ¢ Bl
(t—DMHT —A BF 4545, (3. 26) fros, A BF 8 44y, Hob 4 A 2AEEW.
By, WS — M4 T 0B A0<r<<1) . B(1<<r<<2) . C(2<r<<3) Ml D(3<r<<4) HAE
FERAY B, W Al T BE B(1<:<{2) .C(2<<t<{3) .D (3=t <<4) Ml E(4<<t<{5)
ﬁﬁﬂlﬁi{%\ B,, W =AML T o C2<r<<3).D(3<<t<<4) EU</<<5) A
FOG<t<6)BAFIEZEH B, WML T 0B D(3<<r<4) EU<:<5) F(<
<6 G6=<r<<D) LA AZEERI. B, , M T LMER T3 B EU<<t<<5) .F(5<<r<6),
G6<t<<D)Ml H(7=t<<8) BT, BT BF 5 CP #KHk, llﬂi &Eﬁﬂ R 2%
SR 4 il PE 8 R . B —~ CP X 4 A~BE A VB.C D AR5 4 CP Xf B.C.
D FE A 520, AR . X R MR AR — 4 CP & AR ok, R AGE Wy 4 AN B, i £
R HRI G RFFAE
FEZ TR HO\BO BRI S .

81
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BO4 - B14 - B24 - B34 - B44

0.7 .
-~ ~ _A
0.6 s 2 g
.6 e ¢
\ 5
E
0.5 T _____ FH
b | |—G
0.4t I \ H
o . I\ k
0.3f I
I \
i g )
2 ; .
0.1 4
\-
B b i
% 5 6 7 [

E3.13 BEF54NCPH=X5 BHEH BF

P, (O0<:<1D

P, (1<:<2)
P. @2<t1<3)
P, 3<:t<4
PG) =
P, 4<:1<5
P (G<t1<6)
P, B6<:<D
Py (1<:<9®

\,
7
+

PA :POBO,4A +P1B1,4A +PZBZ,4A +PSB3,4A +P4B4,4A
PB :POBO.4B +PlBl,4B +P2B2.4B +PSBS,4B +P4B4.4B
PC :POBOAC +PlBl,4C +PZBZ,4C +P3B3,/IC +P/1B4.4C
PD :POBO,/lD +PlBl,4D +PZBZ,4D +P3B3,4D +P4B4,4D
PE :POBO,4E +PlBl,4E +P2B2,4E +P3B3,4E +P4B4,4E
PF :POBO,4F +PlBl.4F +PZBZ.4F +P13B3,4F +P4B4,4F
PG :POBO,4G +PlBl.4G +PZBZ.4(; +P13B3,4(} +P4B4,4G
PH :POBO,éLH +P1B1.4H +P2B2,4H +P3BS,4H +P4B4,4H
e 3.4 iy BF HARARK (3. 28) , AT LIS 3] .

(3.27)

(3.28)



IRDYES S

~ B e () a0

P()
ey

.
P(,(—g—zuz+10z—%)+P1(—§+7;—%+%)+ Z(%)ufzw

Y (M () (e
P,(%)(S—t)Uer(%—%ergzz 142)+p( a 134" 5? 229
PZ(%>(6*W+P3<§ 1721‘2 o 521)+p<f%+81 —a 29
Lol )

(Lo

(3.29)

KNG 2DFREA 54 CP =I5 BREZAIMAT . Jrfen 8 1ot fUsk 8 B

3.5 #HFEA CPLAI(—1.,0).(0,1).(1,0).(0,
BHZEWN ., BERS —ARB)F R H L BF MSLPrih 4k,

fi# .

AR 45 0E CP A 29 B3 (WA 3.14),
t*/6 on<r<<D
t2)3— 2t + 2t —2/3 A<r<2)
267 /34317 —32/3t +6 (2<1<<3)
— 1" /3+1"/2—8t+6 B<tr<d

x (1) = 172 — 5¢* +—f—125 4<1<<5)
%t — 2t 9t — 47 (<t <<6)
— ¥ /4456 — 33t +215/3 (6t <<T)
(t —8)°/12 (7T<1<8)
0 o< <<D
(t—17°/6 A<t <2)
— 7 /2477 /2 —15t/2+31/6 (2<<1<<3)
/3 —4t* +15¢ —52/3 (3Tt <<4)
YO = s 11— 12 4<1<5)

— % /4+9t%/2—530/24+101/2 (5t <<6)
— ¥ /124307 /2 —171/2+29/2 (6 <t <<T)
(t—8)°/12 (7<t <8

—DH(—0.5,—0. 5 ¥ A =&

83
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t-x L=
0.8 : 0.8 Y
0.6 0.6 /!
/
0.4 _ 0.4 /
0.2 0.2 /
/
v 0 / - 0 b—
-02 -\ / -02
04t \ 0.4
\
06 v 0.6
—0.8; 2 1 6 8 85 2 1 6
| 1
1.5 - o,
1 .
0.5 T
/
> 0 . —— .
-0.5 .
_I L ]
-15
15 -1 05 0 05 1 1.5

X
3.14 # 3.5 W4 E
MATLAB Code 3.5

clear all; format compact; clc;

x0 = —-1;x1 = 0;x%x2 =1;%x3 =0;%x4 = —-0.5;
yo = 0, vyl = 1;,y2 =0, y3 = -1, vyv4 = —-0.5;
t0 = 0, t1 = 1, t2 = 2, t3 = 3;, t4 = 4, t5 = 5; t6 = 6, t7 = 7, t8 = 8;

T = [t0, t1, t2, t3, t4, t5, t6, t7, t8];
syms t PO P1 P2 P3 P4;
syms BO1 B11 B21 B31 B41 B51 B61 B71;

B02 = ((t — t0)/(tl — t0)) * B0l + ((t2 — t)/(t2 — tl1)) * Bl1;
B12 = ((t — t1)/(t2 — t1)) *Bl11 + ((t3 — t)/(t3 — t2)) * B21;
B22 = ((t — t2)/(t3 - t2)) *B21 + ((t4 — t)/(t4d — t3)) = B31;
B32 = ((t — t3)/(t4 - )) *B31 + ((t5 — t)/(t5 — t4)) * B41;
B42 = ((t — t4)/(t5 - )) B4l + ((t6 — t)/(t6 — )) % B51;
B52 = ((t — t5)/(t6 — y) *B51 + ((t7 — t)/(t7 — )) * B61;
B62 = ((t — t6)/(t7 — t6)) *B61 + ((t8 — t)/(t8 — t7)) = B71;
B72 = ((t - t7)/(t8 — t7)) *B71 + 0;

B03 = ((t — t0)/(t2 — t0)) *B02 + ((t3 — t)/(t3 — tl1)) = B12;
B13 = ((t — t1)/(t3 — t1))*B12 + ((t4 — t)/(t4 - )) * B22;
B23 = ((t — t2)/(t4 — y) % B22 + ((t5 — t)/(t5 — )) % B32;
B33 = ((t — t3)/(t5 — t3)) *B32 + ((t6 — t)/(t6 — t4)) = B42;
B43 = ((t — t4)/(t6 — t4)) *B42 + ((t7 — t)/(t7 — t5)) * B52;
B53 = ((t — t5)/(t7 — t5)) *B52 + ((t8 — t)/(t8 — t6)) * B62;
B63 = ((t — t6)/(t8 — t6)) *B62 + 0;

B04 = ((t — t0)/(t3 - )) *B03 + ((t4 — t)/(t4 — t1)) % B13;
Bl4 = ((t — t1)/(t4 — )) *B13 + ((t5 — t)/(t5 — t2)) * B23;
B24 = ((t — t2)/(t5 — )) *B23 + ((t6 — t)/(t6 — t3)) * B33;



B34 =
B44 =
B54 =

% Segment A

B02A = subs(B02,
B12A = subs(Bl12,
B22A = subs(B22,
B32A = subs(B32,
B42A = subs(B42,
B52A = subs(B52,
B62A = subs(B62,
B72A = subs(B72,
BO3A = subs(BO3,
B13A = subs(Bl13,
B23A = subs(B23,
B33A = subs(B33,
B43A = subs(B43,
B53A = subs(B53,
B63A = subs(B63,
B04A = subs(B04,
B14A = subs(Bl4,
B24A = subs(B24,
B34A = subs(B34,
B44L = subs(B44,
B54A = subs(B54,
% Segment B

B02B = subs(B02,
B12B = subs(Bl12,
B22B = subs(B22,
B32B = subs(B32,
B42B = subs(B42,
B52B = subs(B52,
B62B = subs(B62,
B72B = subs(B72,
BO3B = subs(B03,
B13B = subs(Bl13,
B23B = subs(B23,
B33B = subs(B33,
B43B = subs(B43,
B53B = subs(B53,
B63B = subs(B63,
B04B = subs(B04,
B14B = subs(Bl4,
B24B = subs(B24,
B34B = subs(B34,
B44B = subs(B44,
B54B = subs(B54,

% Segment C

B02C = subs(B02,
B12C = subs(B12,
B22C = subs(B22,

{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},

{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},

{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},

((t — t3)/(t6 — t3)) * B33 + ((t7 — t)/(t7 — t4)) % B43;
((t — t4)/(t7 — t4)) *B43 + ((t8 — t)/(t8 — t5)) * B53;
((t — t5)/(t8 — t5)) *B53 + 0;

’

{1,0,0,0,0,0,0,0})
{1,0,0,0,0,0,0,0})
{1,0,0,0,0,0,0,0})
{1,0,0,0,0,0,0,0})
{1,0,0,0,0,0,0,0})
{1,0,0,0,0,0,0,0})
{1,0,0,0,0,0,0,0})
{1,0,0,0,0,0,0,0})
{1,0,0,0,0,0,0,0})
{1,0,0,0,0,0,0,0});
{1,0,0,0,0,0,0,0});
)
)
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b
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b
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’
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’

{1,0,0,0,0,0,0,0
{1,0,0,0,0,0,0,0
{1,0,0,0,0,0,0,0
{1,0,0,0,0,0,0,0
{1,0,0,0,0,0,0,0
{1,0,0,0,0,0,0,0
{1,0,0,0,0,0,0,0
{1,0,0,0,0,0,0,0
{1,0,0,0,0,0,0,0
{1,0,0,0,0,0,0,0

’

’

’

’

’

’

’

’

’

’

{0,1,0,0,0,0,0,0})
{0,1,0,0,0,0,0,0})
{0,1,0,0,0,0,0,0})
{0,1,0,0,0,0,0,0})
{0,1,0,0,0,0,0,0})
{0,1,0,0,0,0,0,0})
{0,1,0,0,0,0,0,0})
{0,1,0,0,0,0,0,0})
{0,1,0,0,0,0,0,0})
{0,1,0,0,0,0,0,0});
{0,1,0,0,0,0,0,0});
b
)
iy
)
)
})
)
)
})
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’

’
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’
’

’

’

’

’

{0,1,0,0,0,0,0,0
{0,1,0,0,0,0,0,0
{0,1,0,0,0,0,0,0
{0,1,0,0,0,0,0,0
{0,1,0,0,0,0,0,0
{0,1,0,0,0,0,0,0
{0,1,0,0,0,0,0,0
{0,1,0,0,0,0,0,0
{0,1,0,0,0,0,0,0
{0,1,0,0,0,0,0,0

’

’

’

’

’

’

’

’

’

’

{0,0,1,0,0,0,0,0});
{0,0,1,0,0,0,0,0});
{0,0,1,0,0,0,0,0});
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B32C = subs(B32, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B42C = subs(B42, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B52C = subs(B52, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B62C = subs(B62, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B72C = subs(B72, {B0O1,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B03C = subs(B03, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B13C = subs(B13, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B23C = subs(B23, {B01,B11,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B33C = subs(B33, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B43C = subs(B43, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B53C = subs(B53, {B01,Bll,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B63C = subs(B63, {B01,Bll,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B04C = subs(B04, {B0O1,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B14C = subs(Bl14, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B24C = subs(B24, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B34C = subs(B34, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B44C = subs(B44, {B0O1,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});
B54C = subs(B54, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,1,0,0,0,0,0});

% Segment D

B02D = subs(B02,
B12D = subs(B12,
B22D = subs(B22,
B32D = subs(B32,
B42D = subs(B42,
B52D = subs(B52,
B62D = subs(B62,

’

( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0})
( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0})
( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0})
( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0})
( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0})
( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0})
( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0})
B72D = subs(B72, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0})
B0O3D = subs(B03, {B0O1,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0})
B13D = subs(B13, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0});
B23D = subs(B23, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0});
( { )
( { )
( { )
( { )
( { )
( { )
( { )
( { )
( { )
( { )

’

’

’

’

’

’

’

’

’

B33D = subs(B33, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0}
B43D = subs(B43, {B01,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0}
B53D = subs(B53, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0}
B63D = subs(B63, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0}
B04D = subs(B04, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0}
B14D = subs(B14, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0}
B24D = subs(B24, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0}
B34D = subs(B34, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0}
B44D = subs(B44, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0}
B54D = subs(B54, {B01,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,1,0,0,0,0}

’

’

’

’

’

’

’

’

’

% Segment E

BO2E = subs(B02,
B12E = subs(Bl2,
B22E = subs(B22,

’

( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0})
( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0})
( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0})
B32E = subs(B32, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0})
B42E = subs(B42, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0});
B52E = subs(B52, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0});
( { )
( { )
( { )
( { )
( { )

’

’

’

B62E = subs(B62, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0}
B72E = subs(B72, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0}
BO3E = subs(B03, {B01,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0}
BI3E = subs(B13, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0}
B23E = subs(B23, {B01,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,1,0,0,0}

’

’

’

’

’



B33E = subs(B33,
B43E = subs(B43,
B53E = subs(B53,
B63E = subs(B63,
BO4E = subs(B04,
B14E = subs(Bl4,
B24E = subs(B24,
B34E = subs(B34,
B44E = subs(B44,
B54E = subs(B54,

% Segment F

BO2F = subs(B02,
B12F = subs(B12,
B22F = subs(B22,
B32F = subs(B32,
B4A2F = subs(B42,
B52F = subs(B52,
B62F = subs(B62,
B72F = subs(B72,
BO3F = subs(B03,
B13F = subs(B13,
B23F = subs(B23,
B33F = subs(B33,
B43F = subs(B43,
B53F = subs(B53,
B63F = subs(B63,
BO4F = subs(B04,
B14F = subs(Bl14,
B24F = subs(B24,
B34F = subs(B34,
B44F = subs(B44,
B54F = subs(B54,
% Segment G

B02G = subs(B02,
B12G = subs(Bl12,
B22G = subs(B22,
B32G = subs(B32,
B42G = subs(B42,
B52G = subs(B52,
B62G = subs(B62,
B72G = subs(B72,
B03G = subs(B03,
B13G = subs(B13,
B23G = subs(B23,
B33G = subs(B33,
B43G = subs(B43,
B53G = subs(B53,
B63G = subs(B63,
B04G = subs(B04,
B14G = subs(Bl4,
B24G = subs(B24,
B34G = subs(B34,

{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},

{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},

{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{B01,Bl11,B21,B31,B41,B51,B61,B71},
{BO1,B11,B21,B31,B41,B51,B61,B71},
{BO1,Bl11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},
{B01,B11,B21,B31,B41,B51,B61,B71},

{0,0,0,0,1,0,0,0
{0,0,0,0,1,0,0,0
{0,0,0,0,1,0,0,0
{0,0,0,0,1,0,0,0
{0,0,0,0,1,0,0,0
{0,0,0,0,1,0,0,0
{0,0,0,0,1,0,0,0
{0,0,0,0,1,0,0,0
{0,0,0,0,1,0,0,0
{0,0,0,0,1,0,0,0

’

’

’

’

’

’

’

’

)
)
H
)
})i
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H
H
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’

{0,0,0,0,0,1,0,0})
{0,0,0,0,0,1,0,0})
{0,0,0,0,0,1,0,0})
{0,0,0,0,0,1,0,0})
{0,0,0,0,0,1,0,0})
{0,0,0,0,0,1,0,0})
{0,0,0,0,0,1,0,0})
{0,0,0,0,0,1,0,0})
{0,0,0,0,0,1,0,0})
{0,0,0,0,0,1,0,0});
{0,0,0,0,0,1,0,0});
})
b
iy
)
iy
)
)
)
)
)

’
’

’

’

’

’

’

’

’

’

{0,0,0,0,0,1,0,0
{0,0,0,0,0,1,0,0
{0,0,0,0,0,1,0,0
{0,0,0,0,0,1,0,0
{0,0,0,0,0,1,0,0
{0,0,0,0,0,1,0,0
{0,0,0,0,0,1,0,0
{0,0,0,0,0,1,0,0
{0,0,0,0,0,1,0,0
{0,0,0,0,0,1,0,0

’

’

’

’

’

’

’

’

’

{0,0,0,0,0,0,1,0})
{0,0,0,0,0,0,1,0})
{0,0,0,0,0,0,1,0})
{0,0,0,0,0,0,1,0})
{0,0,0,0,0,0,1,0})
{0,0,0,0,0,0,1,0})
{0,0,0,0,0,0,1,0})
{0,0,0,0,0,0,1,0})
{0,0,0,0,0,0,1,0});
{0,0,0,0,0,0,1,0});
)
)
})
})
)
b
b
)
b

’
’

’

’

’

’

’

’

’

{0,0,0,0,0,0,1,0
{0,0,0,0,0,0,1,0
{0,0,0,0,0,0,1,0
{0,0,0,0,0,0,1,0
{0,0,0,0,0,0,1,0
{0,0,0,0,0,0,1,0
{0,0,0,0,0,0,1,0
{0,0,0,0,0,0,1,0
{0,0,0,0,0,0,1,0

’

’

’

’

’

’

’

’

A
5

3=
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B44G = subs(B44, {BO1,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,1,0});
B54G = subs(B54, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,1,0});

% Segment H

BO2H = subs(B02,
B12H = subs(Bl2,
B22H = subs(B22,
B32H = subs(B32,
B42H = subs(B42,
B52H = subs(B52,
B62H = subs(B62,

’

( {B01,B11,B21,B31,B41,B51,861,B71}, {0,0,0,0,0,0,0,1}

( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}

( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}

( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}

( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}

( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}

( {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
B72H = subs(B72, {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
BO3H = subs(B03, {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
B13H = subs(B13, {BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
B23H = subs(B23, {

( {

( {

( {

( {

( {

( {

( {

( {

( {

’

’

’

’

’

’

’

’

)

)

)

)

)

)

)

)

)
);
BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1});
B33H = subs(B33, );
B43H = subs(B43, )
B53H = subs(B53, )
B63H = subs(B63, )
B04H = subs(B04, )
B14H = subs(B14, )
)

)

)

)

B24H = subs(B24,

BO1,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
BO1,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
BO1,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
BO1,Bl11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
BO1,B11,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
B34H = subs(B34, {BO1,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
B44H = subs(B44, {B01,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
BS4H = subs(B54, {BO1,Bl1,B21,B31,B41,B51,B61,B71}, {0,0,0,0,0,0,0,1}
fprintf( 'Blending functions :\n');
BO4 = [BO4A, BO4B, B04C, B04D, BO4E, BO4F, B04G, BO4H]; B04 = simplify(B04)
Bl4 = [Bl4A, B14B, B14C, B14D, B14E, Bl4F, B14G, BL4H]; Bl4 = simplify(B14)
B24 = [B24A, B24B, B24C, B24D, B24E, B24F, B24G, B24H]; B24 = simplify(B24)
[ ] (B34)
[ 1 (B44)

’

’

’

’

’

’

’

’

’

’

B34 = [B34A, B34B, B34C, B34D, B34E, B34F, B34G, B34H]; B34 = simplify(B34
B44 = [B44A, B44B, B44C, B44D, B44E, B44F, B44G, B44H]; B44 = simplify(B44
fprintf('\n');

fprintf('General Equation of Curve :\n');

P = PO*B04 + P1xBl4 + P2 *B24 + P3 % B34 + P4 x B44

fprintf('\n');

fprintf('Actual Equation :\n');

x = subs(P, ([P0, P1, P2, P3, P4]), ([x0, x1, x2, %3, x4])); X simplify(x)
y = subs(P, ([PO, P1, P2, P3, P4]), ([y0, v1, v2, v3, v4])); v simplify(y)

% plotting BF
tta = linspace(t0 )
ttb = linspace(tl )
ttc = linspace(t2 )
ttd = linspace(t3, t4);
tte = linspace(t4 )
ttf = linspace(t5 )
ttg = linspace(t6 )
tth = linspace(t7, t8)
BO4aa = subs(B04A, t
B04bb = subs(B04B, t
BO4cc = subs(B04C, t
B04dd = subs(B04D, t, ttd
BO4ee = subs(BO4E, t
B04ff = subs(B04F, t
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B04gg = subs(B04G,

( t );
B04hh = subs(B04H, t, tth);
Bld4aa = subs(B14A, t, tta);
Bl4dbb = subs(B14B, t, ttb);
Bl4dcc = subs(B14C, t, ttc);
Bl4dd = subs(B14D, t, ttd);
Bldee = subs(B14E, t, tte);
Bl4ff = subs(Bl4F, t, ttf);
Bl4gg = subs(B14G, t, ttg);
Bl4hh = subs(Bl4H, t, tth);
B24aa = subs(B24A, t, tta);
B24bb = subs(B24B, t, ttb);
B24cc = subs(B24C, t, ttc);
B24dd = subs(B24D, t, ttd);
B24ee = subs(B24E, t, tte);
B24ff = subs(B24F, t, ttf);
B24gg = subs(B24G, t, ttg);
B24hh = subs(B24H, t, tth);
B34aa = subs(B34A, t, tta);
B34bb = subs(B34B, t, ttb);
B34cc = subs(B34C, t, ttc);
B34dd = subs(B34D, t, ttd);
B34ee = subs(B34E, t, tte);
B34ff = subs(B34F, t, ttf);
B34gg = subs(B34G, t, ttg);
B34hh = subs(B34H, t, tth);
B44aa = subs(B44A, t, tta);
B44bb = subs(B44B, t, ttb);
Bd44cc = subs(B44C, t, ttc);
B44dd = subs(B44D, t, ttd);
Bddee = subs(B44E, t, tte);
BAAff = subs(BA44F, t, ttf);
Bd4gg = subs(B44G, t, ttg);
B44hh = subs(B44H, t, tth);
figure,
plot(tta, BO4aa, 'k — ', ttb, B04bb, 'k —— ', ttc, BO4cc, 'k—.', ttd, ...
B0O4dd, 'b- ', tte, BOdee, 'b - ', ttf, BO4ff, 'b- .', ttg, BO4gg, 'r — ', tth, BO4hh, 'r—— ');
hold on;

plot(tta, Bldaa, 'k— ', ttb, Bldbb, 'k ', ttc, Bldcc, 'k—.", ttd, ...
Bl4dd, 'b— ', tte, Bldee, 'b—— ', ttf, B14ff, 'b— .', ttg, Bldgg, 'r— ', tth, Bldhh, 'r——");
plot(tta, B24aa, 'k — ', ttb, B24bb, 'k ', ttc, B24cc, 'k— . ', ttd, ...
B24dd, 'b— ', tte, B24ee, 'b ', ttf, B24ff, 'b— .', ttg, B24gg, 'r — ', tth, B24hh, 'r ");

plot(tta, B34aa, 'k— ', ttb, B34bb, 'k—— ', ttc, B34cc, 'k—.', ttd, ...
B34dd, 'b— ', tte, B34ee, 'b—— ', ttf, B34ff, 'b— .', ttg, B34gg, 'r — ', tth, B34hh, 'r—-');
plot(tta, B44aa, 'k~ ', ttb, B44bb, 'k —— ', ttc, Bddcc, 'k—.', ttd, ...
B44dd, 'b— ', tte, Bddee, 'b—— ', ttf, B44Aff, 'b— .', ttg, Bddgg, 'r - ', tth, Bddhh, 'r—— ');

xlabel ('t'); ylabel('B'); title('B04 — B14 — B24 — B34 — B44');
1egend(lAvl IBY, ICY, IDY’ YEV’ YFV’ YGV’ vHv);
hold off;

% plotting curve

xa = x(1); ya = y(1);
xb = x(2); yb = y(2);
xc x(3); yc = y(3);
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xd = x(4); yd = y(4);
xe = x(5); ye = y(5);
xf = x(6); yf = y(6);
xg = x(7); yg = y(7);
xh = x(8); yh = y(8);
xaa = subs(xa, t, tta); vaa = subs(ya, t, tta);
xbb = subs(xb, t, ttb); ybb = subs(yb, t, ttb);
xcc = subs(xc, t, ttc); ycc = subs(yc, t, ttc);
xdd = subs(xd, t, ttd); ydd = subs(yd, t, ttd);
xee = subs(xe, t, tte); yee = subs(ye, t, tte);
xff = subs(xf, t, ttf); yff = subs(yf, t, ttf);
xgg = subs(xg, t, ttg); ygg = subs(yg, t, ttg);
xhh = subs(xh, t, tth); yhh = subs(yh, t, tth);

X = [x0, x1, x2, %3, x4]; Y = [y0, v1, v2, vy3, v4];

figure

subplot(131), plot(tta, xaa, 'k~ ', ttb, xbb, 'k—— "', ttc, xcc, 'k—.", ...

ttd, xdd, 'b— ', tte, xee, 'b—— ', ttf, xff, 'b—.', ttg, xgg, 'r— ', tth, xhh, 'r—");
xlabel('t"); ylabel('x"); title('t - x'); axis square;

subplot(132), plot(tta, vaa, 'k— ', ttb, ybb, 'k ', ttc, ycc, k., ...

ttd, ydd, 'b— ', tte, yee, 'b—— ', ttf, yff, 'b—.', ttg, ygg, 'r— ', tth, yhh, 'r—");
xlabel('t"); ylabel('y'); title('t - v'); axis square;

subplot(133), plot(xaa, yaa, 'k— ', xbb, ybb, 'k ', xcc, yec, 'k—."', ...

xdd, ydd, 'b— ', xee, yee, 'b—— "', xff, yff, 'b—."', xgg, ygg, 'r — ', xhh, yhh, 'r——");
hold on;

scatter(X, Y, 20, 'r', 'filled');

xlabel('x'); ylabel('y'); title('x - v'); axis square; grid;

axis([-1.51.5 -1.51.5]);

hold off;
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