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Abstract

Computational mathematics has a part that controls the techniques for making smooth
curves and surfaces and for their effective mathematical representation is known as Computer
Aided Geometric Design (CAGD). The Laurent polynomial is used in this research work to
create a formula for building a family of quaternary subdivision schemes. There has also been
introduced a family of subdivision schemes with various values of parameter m, such as m =
0,1,2,3,4, and so forth. The suggested family of subdivision schemes was also examined. The
family of schemes we offer has (m + 1) continuity. We provide a family of schemes with dual
parametrization and (m + 1) degree of generation. Additionally shown is the suggested schemes’
visual performance.

Keywords: Quaternary; subdivision schemes; Laurent polynomial.

AMS Subject Classifications: 65D17, 65D15, 65D10, 65C20.

1 Introduction

Computational mathematics has a part that controls the techniques for making smooth curves and
surfaces and for their effective mathematical representation is known as Computer Aided Geometric
Design (CAGD). A subdivision plan is created using an iterative technique that uses a restricted set
of points to create surfaces and curves. Because they have so many different types of applications,
subdivision schemes have grown to be a significant component of computer graphics.

In 2009, Mustafa and Khan [5] recommended the four-point C3—quaternary approximating
scheme based on single shape parameter. Its support is smaller but approximation order and
smoothness are greater. Hashmi and Mustafa [10] proposed a method of estimating the error of
quaternary subdivision schemes according to the sequence of the initial control points.

For any integers m > 1, Siddiqi and Younis [11] presented a process for creating m-point
quaternary approximation systems. This technique was developed utilizing the basis function of the
B-spline and the Cox-de Boor formula.
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In 2013, new 5-point binary relaxation subdivision scheme depending on the classical 4-point
interpolating scheme is presented by Cao and Tan [7]. To check the uniform convergence and C*
continuity of this scheme, polynomial production method is used. The limiting curves will be fractals
when w take some precise values. The uniform B-splines subdivision schemes sign is also present
in the Dubuc-Deslauriers [6] schemes symbol. The Lane and Riesenfeld algorithm serve as the
foundation for the family of subdivision schemes that Hormann and Sabin [8] proposed.
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Peng et al. [9] introduced a ternary four-point rational interpolating subdivision scheme and
examined the essential and adequate conditions for continuity. They also discussed the error bound
evaluation technique for the proposed schemes. The (2s — 1)- points for any integer s > 2 non-
stationary binary subdivision schemes are introduced by Ghaffar et al. [1].

1.1 Contribution and findings

We have developed a Laurent polynomial-based formula for a family of quaternary subdivision
schemes. We create subdivision schemes in this study using Laurent polynomials. A discussion has
taken place on the subdivision scheme analysis. Also, the following findings and contribution from
us are:

A novel set of subdivision schemes for curve design with quaternary structure and high degree
of continuity and reproduction.

Various values of m can yield the maximum continuity, degree of generation, and H ogelder
regularity.
At various values of m, the dual subdivision scheme and the primal scheme can be achieved.

There are six sections in this study. The formula and masks for a family of quaternary subdivision
schemes were created in Section 2. We shall discuss the many characteristics of subdivision schemes
in section 3. In section 4, Holder" regularity is covered. We compare and discuss the uses of the
suggested family of subdivision plans in section 5. Section 6 contains conclusions.

2 The new family of (m + 2)-point quaternary schemes

This section will provide a general formula based on the Laurent polynomial for building a family
of quaternary subdivision schemes.

F _ 2" (1+Z)m_2 m+2 m+2 m2 2 m2 3 71
m(Z)_W{aO o +o) ozt o,z tay oz } 2.1)
2)

Where ] =(1+z+2° +2°)

m+2

,a,=1-wand a,= w—%. We obtain the Laurent polynomial of
the family of quaternary subdivision schemes by substituting various values of m.

Case-1: After substituting the m = 1 in (2.1), we get the Laurent polynomial

F(z)= aa, +a oz +aa,z +a3a123}. (2.2)

8z°(1+2) {
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=(l+z+2°+2°), a,=l-wand a,= w—%. The simplified form of (2.2) is

Where o =
U T N
16 8 16 8 2 8
3 1 1 1 1 L (31 .
+| —+—wiz+|—F+—W|+| —F+—WwW |z +|—F+—W|Z
g8 4 2 4 2 4 8 4
+ l_lw z7 + i—lW z+ i—lw 7+ l—lw z°.
2 8 16 8 16 8 8 8
The 3-point quaternary scheme corresponding to the Laurent polynomial (2.3) is
RN LR FNE IR POV P
2 8 g8 4 8 8
&ﬁﬂZ(i—le/@kl+(l+lw]ﬂik+(i—le,1iﬁl,
16 8 2 4 16 8
[ otwata gegw A Dow ),
16 8 2 4 16 8
= l_lw ﬂ’:k—l w /I[k‘f‘ l—lw /Il.lil.
8 8 2 8

Case-2: After substituting the m = 2 in (2.1), we get the Laurent polynomial

L)1)

ISSN No: 1008-0562

Fl(z){é—

2.3)

(2.4)

4i+2

k+1
4i+3

(2.5)

F(z)= {aoal+a0azz+a0azz +aya,z }

(I+z+z2"+2°)", a,=1-w and «a, :w—%. The simplified form of (2.5) is

, (15 5 5 5 i
— =W |z | ———w|z+ Wi+ ———w|z
128 64 128 64 16 64

L (29 13
wlz +| —+—w|Zz
(128 64} (64 64

Where a(f =
11
F ()= (——aw z

+(@ w
) (2.6)

227,

128 64

15
+ [ —
(128 64"

)
e
)

(5 5 Y. (7 7T\
—+—Wwlz | ———W |z | ———W]|zZ
(128 64 ] (16 64 ] (32 64 j

wlz"+ L—i z "t i—iw z7
128 64 64 64

The 4-point quaternary scheme corresponding to the Laurent polynomial (2.6) is
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I wpﬁ{§+ﬁﬂﬁ%émij%ﬁG_iw
64 64 16 64 64 64

j/likl+(£+le/lik+(£+LW]Z£1+(L_1

128 64 128 64 128 64

8L (5T ) (15 s

128 64 128 64 128 64

Al + i_i A+ §+£w AF+ 77

64 64 16 64 64 64 32 64

jz
i+1 J ﬂ“ilj-z .
Case-3: After substituting the m = 3 in (2.1), we get the Laurent polynomial
1+z
3( )_ ( )

L)1)

128 64
73,
128 64

k+1
/14i+2

LI

k+1
ﬂ“4i+3

{aoal topaz i,z +ajaz }
(2.8)

Where , =
L1925 )
| ———w |z

256 512
s (189 3 »
0 ==+ —w]|z
512 128

o (213 25 10
4| =+ —w|z
512 256

wlef 213
1024 512

(ws 5
+ S —

ZH| ————
j (mm 512"
111
wlzTH ———w|z
j (ﬂz us]
213 25 113
—+—w|z '+ —+—w z
(512 256 j (256 256 j

189 St 153 111 s (719 14
+ —+—w z ———w z" ———w | =W |z
512 128 512 128 512 128

F(z)= (E—EW

512 128

113 37
H—=+—w
256 256

(L9
512 128

19 25
_[256_512
(3313
(Eﬂ_ﬁi

_[L_i
1024 512

e+l
4i

k+1
4i+1

k+1
4i+2

e+l
4i+3

512 128
jz_ls{ 33 13 jz_mJ{ 15 jz_nJ{L_L jz_ls'
256 512 1024 512 1024 512 512 512
Jﬂ{—+—@ﬂ{£§%@ﬂ{ﬂmijﬂ{imL
o512 128 )T (512 256 ) (512 128 ) (512 512
)"k“ P ) [%’L;_;éw)%ﬁ 512 128 )’Lﬁ”[ T
(111 [—_5+@ [i_i
512 1024 512
=(L—Lw)ﬂ." + j)ﬂ."+(2—13+£w)/1." +(&+iwj/l" +(£—£
512 512 )77 \512 128 )77 (512 256 ) \512 128 ) (256 512

(w 25
J’_ S
The 5-point quaternary scheme corresponding to the Laurent polynomial (2.9) is

189 3

+_
(_ 153 (ﬁ 9
128 512 1024 512
W R E e Wi
256 256 128 512

(1 _i

Case-4: After substituting the m =4 in (2.1), we get the Laurent polynomial

Wi

(I+z+2°+2°), ¢, =1-w and a, = w—%. The simplified form of (3.2) is

k

i+32

2.7)

J A (2.10)

w)a
Wi

k
i+3

i+3°

F,(2)=

(4)

Where o
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F(2)= Lo b N (15 7 N (59 25 N, (21 63 .,
4096 4096 8192 4096 8192 4096 1024 4096
( 123 j_S [735 189 j_(, [1219 227 J_7 [897 197 j_g
+ t———— Wiz | ———Wwlz | ———Ww ]|z
64 4096 8192 4096 8192 4096 4096 4096
(595 j (1447 j (1635 163 j (433 229 jn
—Ww |z + —Ww |z —Ww |z z
2048 2048 4096 2048 4096 2048 1024 2048 (2.12)
433 1635 163 1447 595 37 )
+ W z —Ww |z —Ww |z 4
1024 " 2048 2096 ' 2048 2096 ' 2048 2048 2048
( 197 j (1219 227 j (735 189 j [ 123 jzo
+ —Ww |z —— Wz —— Wz — Wz
4096 4096 8192 4096 8192 4096 64 4096
6 21 59 5 22 15 7 23 1 1 24
+ —Ww |z + —Ww |z T+ —w |z T+ —W |z .
1024 4096 8192 4096 8192 4096 4096 4096
The 6-point quaternary scheme is
lii-“—( 21 63 )&-kﬁr( 897 197 leik+(433+229 )ﬂ,ﬁﬁ( 595 37 )/1,-’;2
1024 4096 4096 4096 1024 2048 2048 2048

123 2 1 1 k
W A | W | A,
64 4096 4096 4096

+

M_( B j (1219_227 j (1635 163 j’ik +(1447+ 61 )M
18192 4096 8192 4096 4096 2048 )7 "\ 4096 2048 )"
(735 189 ( ]
+ — W l+3 i+4°
8192 4096 8192 4096
T ( ~ wj/p’w(m 189 j (1447 61 j/li,il+(l635+l63 j&-’iz
8192 4096 8192 4096 4096 2048 4096 2048
1219 227
+ Wﬂ’13+ T+4°
(8192 4096 ] (8192 4096 j

s [ 1 ) [ 123 ) L ( 595 37 ) x ( 433 229 j x
Ayis o W T T e vl Ll to—w A,
4096 4096 64 4096 2048 2048 1024 2048

(897 197 N (21 63
2096 4096 )7 (1024 4096 ) (2.13)
The family of (m + 2)-point quaternary approximation subdivision scheme with one parameter
is obtained in a similar manner for various values of m. Once several values of m are entered in

(2.1), Table 1 displays the complexity and mask of the proposed family of quaternary subdivision
schemes.

Table 1: Shows the mask of a family of quaternary subdivision schemes corresponding to
different values of m, here p shows complexity of the schemes (i.e. 3-, 4-, 5-, 6-, ...-point
schemes).
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m | p Mask
L Rl 8 WG, ), W)
GGG Y )(E‘g )(%—8 W)
SNES “a‘a ”ﬁ‘a )(128_5 ”3—2‘6—4 ’%‘a "
% a e “a e a)
(ﬁ a )(16_5 )(a‘a )(128_5 )(128_5 ")
(a—a w)]
i 1:3_[(512 512 )(1024 512 )(1024 512 )(256 52152 ",
Gir iz ”i%‘ﬁ D isTi DGy g
<§i§+§§6 ><£§2 6™ 6 2% ><§i§ 6"
G2 s s 512 ”%‘ﬁ ”m‘ﬁ ")
o 25,33 18 5 Lo

256 512 1024 512 1024 512 512 512

Analysis of the Scheme

An study of significant characteristics of suggested subdivision designs is presented in this
section. Calculating the degree of generation, degree of reproduction, and continuity analysis is
done using the Laurent polynomial [3]. While the lower and upper bounds on H"older regularity
of the scheme corresponding to F(z) are computed using Rioul’s approach [12].

Theorem 3.1. The family of (m + 2)-point quaternary approximating subdivision schemes (2.1)
satisfies the necessary and sufficient conditions of quaternary subdivision scheme.

Proof. After substituting z =1 in (2.1), we have

_ 2’” (2)’”—2 m+2 m+2 m+2 m+2
Fm(l)——(4)2m {ao o +a, a,+a, o, +a, } 3.1
After simplifications, we get F,(1) = 4. Now for second condition i.e Fiu(z) = 0 where

2p7z'
z=e* and p=12and3, z= (cos 4 +1s1n2 ) and z" —(c052p +zs1n2pﬂ)”,

when n=1,2and 3.
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For p =1, z"=1i", then the Laurent polynomial (2.5) takes the form

2r . m -\ m—=2
< 2"(A+0)
4 _ m+2 m+2 . m+2 2 m+2 -3
F, [e j_—(4 T {ao o +ta, aita, o ta, i }

Z )

2,

After simplification, we get F, (e“lJ =0.For p =2 then z" = (—1)" the Laurent polynomial

(2.1) takes the form

%i 2”‘ (1 — 1)”’*2 m+2 m+2 m+2 m+2
F |e = —(4 o {ao o —a, a,+o; a,—aq, al}.
2)

4.

After simplification, we get F, (e“l] = 0. Similarly, for p = 3 then z" = (—i)" the
Laurent polynomial (2.1) takes the form
6—”1’ mey _ s\m=2
F (e 4 ] = %{a&””al —a)Pai+a)ait —a) ol }
(42')

2prm.

Hence, we have Fiu(1)=4and F, [e“lJ =0, for p=1,2 and 3,So the schemes corresponding

to Fu(z) satisfies the necessary condition of convergence. For sufficient condition of
convergence, if F, is the scheme corresponding to the Laurent polynomial Fy.(z) then we can

. 1 . .
easily prove that the ”ZFm | JD< 1, for different cases. So the scheme corresponding to Fu(z)
satisfies the sufficient condition of convergence.
Which completes the proof. O

Theorem 3.2. The family of (m + 2)-point quaternary subdivision schemes corresponding to
Laurent polynomial (2.1) is C""! continuous for some w.

Proof. For C"*! continuity of the schemes corresponding to F,(z) defined in (2.1), consider the
Laurent polynomial

l+z+2°+2°

Fl(2) =(4—] E.(2)

where Fu(z) is defined in (2.1). This implies

47° "o g 2y
o {al taz+o,z’ + alz3}.

Fl(z)= o
() [ s

l+z+2z°+2°

m+2

1 ST
Wherea]? =(1+z+2"+2°)"?, a,=1-w and a, = W—E. After simplification,

we get
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. 2m(1+Z)mfZ 5 5
F,(2) =7{a1 ta,zta,z oz } (3.2)
(42°)

Let Sn be the scheme corresponding to F!(z). The scheme corresponding to Fu(z) is C"'!

. o 1 .
continuous if]| ZSm ||, <1, for this, we have to check that

Case-1: If m = 1 then E](z)=8z3(1+z)3(0:1 ta,z+a,z’ +alz3), we have the mask of the

},S1=

scheme S, =[[2w-2],[4w-3 4w-3[,|2w-2

2 2 2 2

2w—2|]. Since ”iSl |l=max{|2w—2
[I2w — 2|,|4w — 3],|2w — 2[]. This norm ”iS1 |L< 1, when we (%,1).

Case-2: If m =2 then F)(z)= 4({a1 taz+az + alz3}), we have the mask of the scheme

1

S, =4[|1—w W—E }, this norm

b b b b

w—% 1—w|]. Since ”iS2 |l=max{|1—w w—%

1 3
S, |L<1,when we (0,—).
Es. I 0
Case-3: If m = 3 then F(z)=2z"(1+z)(q, +a,z+a,2° +¢,2*), we have the mask of the

scheme S3=[|4w—4 4w-2|,11 1]. Since ”iS3 |L=max{|w—1 },thisnorm

1
) I ) S(W——
2

”ib} |l<l, when we(O,%)

1 . .
In general, the norm|| ZS 4 Il,<1 for different values of m. The schemes corresponding to Fiu(z)
has C"*! continuity. Which completes the proof. O
Theorem 3.3. The degree of the polynomial generation of family of (m+2)-point quaternary
subdivision scheme corresponding to Fu(z) is m + 1.

Proof. From (2.1), we can re-write as

l+z+z°+2° (e
F,(2)= [—3j b,(2).
4z

Where,

m m=2

b, (z)= %{al ta,z+a,z’ + alz3}.

(42)

So the degree of polynomial generation is m + 1. Which completes the proof. O
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Table 2: Shows the continuity of family of quaternary subdivision schemes corresponding to
different values of m.

Cases Scheme | Continuity | Range of w

m=0 Fo Co w € (0.5,1.25)
Ci 8=

m=1 Fi Co w € (—1.5,2.5)
Ci w € (—0.25,1.75)
C w € (0.51)

m=2 &) Co w € (—7.75,8)
Ci w € (—3.75,4.25)
C w € (—1.5,2.5)
C3 w € (0,1.5)

m=3 F3 Co w € (—9.615,10.0767)
Ci w € (—7.875,8.125)
C w € (—3.75,4.25)
C3 w € (-3.5,4)
Cs w € (0,1.5)

m=4 Fy Co w € (—13.4324,14.1613)
Ci w € (—10.8586,11.4021)
C w € (—7.875,8.125)
Cs w € (—5.166,5.5)
Cs w € (-3.75,4)
Cs w € (—0.75,2.25)

Theorem 3.4. The family of (m + 2)-point quaternary subdivision scheme corresponding to Fu(z)
has (m + 1)th degree of reproduction with respect to the dual parametrization.

Proof. By taking the derivative of (2.1) with respect to z, we get
2"(1+2)" (m=2)ag ™ {oy + a2+ o, 2" + o2
(1+z)(4z2°)™"
. 2"(1+2)" 2 (m =2y ™ ey + ayz + @,z + 0,2} (14224 32%)
(423 )2m
. 2"(1+2)" Py far, + 2z, + 3,2} 6m2" (1+2)" oy ey + ez ayz 2+ 2
(4z°)™ (42°)*" z '
After taking the higher derivative of (3.3) and substituting z = 1, we have

F,(2)=

(3.3)
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F(l)— — 207 (32m* — 45m +30 - 8w),

F(l)= 240—256m3 — 539m +408m* —120w+192mw,
F’ (1) =840-1472m’> —1536m°w—2407m +1024m"* +3227m* — 576w +1392mw,

(1) = 2340 -16700m" —4096m° +10240m° w—8640m>w

18033 26685

—Tm+3840m4 + m* —1920w + 6920mw.

EO
4

The value of shift parameter 7 = =—4m +%. Hence by [3] the subdivision

scheme (2.1) has dual parametrization. Further, we can easily verify that

k-1
F”',‘(l)=4H(—4m+%—j) for k=0,1-,m+1.

Jj=0

(3.4)

Hence by [3] the family of schemes corresponding to F(z) has (m + 1) degree of reproduction

with respect to the dual parametrization. O

The Table 3 summarized the results of degree of generation, degree of reproduction and range

of parameter different cases corresponding to m.

Table 3: Shows the Degree of generation and Degree of reproduction of family of Quaternary

subdivision schemes corresponding to different values of m.

Cases Scheme | G4 | Ru Range of w
m=0 Fo 1 | Linear =z
m=1 F 2 Linear
Quadratic | if ¥ = v
m=2 ) 3 Linear -
Quadratic | if %= i
Cubic = %
m=3 3 4 Linear
Quadratic | if W= W
Cubic =4
Quartic = gggﬁ"
m=4 Fy 5 Linear
Quadratic | if ¥ = &
Cubic if = %f;
Quartic if 18 = ﬁ
Quantic ire =Gtk
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Theorem 3.5. The H older regularity of the family of quaternary subdivision schemes corresponding
to(2.1)ism+ 2.

Proof. The Laurent polynomial of the family of quaternary subdivision schemes F,(z) can be
written as

l+z+2°+2 "
F (2)= [—3j b, (2), (3.5)
4z
Where
m m-2
b ()= %{a1 tazta,s vad). (3.6)
(42')
From (3.5), we have £ = m+2 (i.e. number of factors in Fu(z)). Let fo, f1," " ,fm+1, (i.€. non-zero

coefficients of z in b(z)), ¢ = 0,1,2,--- ,m + 1 (i.e. number of non-zero coefficients of z in bu(z),
start counting from 0). The entries of (Bo)ij = f2+i-4;,(B1)ij = f3+i-4j, -+ ,(Bm+1)ij = Pm+2+i-4j can be
easily find. The Holder regularity » = k£ — logau, where u is the joint spectral radius of the matrices
Bo, Bi, By, ,Bum+1, thatis, u = p(Bo,B1,B2,*** ,Bm+1). For bounds on Holder regularity we calculate
max{p(Bo), p(B1), *-*, p(Bm+1),} < pu < max{ll(Bo)lles, I(B1)lleo, =, I(Brm1)lloo}

Case-1: For m = 1, the lower and upper bounds of Holder regularity are » > 3 — logs4(«) and r <
3 — loga(v) respectively, where

C[I-8+8w| if 0.5<w<0.83,
Clj16w—=12] if 0.83<w<l.
and

low—-12 if 0.83<w<l.

Case-2: For m = 2, the lower and upper bounds of Holder regularity are » > 4 — loga(u) and r <
4 — loga(v) respectively, where

B {S—SW if 0.5<w<0.83,

C[I-4+4w] if 0<w<0.75,
Cl4w-2|  if 0.75<w<L5.

and
4—-4w if 0<w<0.75,
:{4w—2 if 0.75<w<1.5.
Case-3: For m = 3, the lower and upper bounds of Ho"lder regularity are » > 5 — loga(x) and r <
5 — loga(v) respectively, where
2|12-2w| if 0<w<0.75,
:{|4w—2| if 075<w<l.5.
and
2-2w if 0<w<0.5,
v=<1 if 0.5<w<0.75,
4w-2 if 0.75<w<1.25.
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Case-4: For m = 4, the lower and upper bounds of Holder regularity are » >
6 — loga(u) and r < 6 — loga(v) respectively, where

|w—%|+|w—1| if —0.75<w<0.75,
H= .
|7+2w| if 0.75<w<2.25.

and

20w if —075<w<0.75,

_J2
V=

_71+2w if 0.75<w<2.25.

The Holder regularity of the family of schemes corresponding to the symbol F.(z) is m + 2. This

completes the proof. [

Theorem 3.6. The limit stencils providing the evaluations of the basic limit function of the 3-
1 w13 w 13 = 1

. . 15 15 20 + By . 5 & r
point scheme (2.4) at integers are| 15 15730 7 15730 = 15715 15 ],

w

Proof. Puti=—1 and i = 0 in 3-point subdivision scheme (2.4), we get the subdivision matrix as
follows as Si.

& gL ; jﬁs A
4= =3
2 1 E
fiqu_ =8| 4
i8 4
pE-1. 5
Fr kz_ S

where 81 is local subdivision matrix

‘_'%mi'ﬁ_? §+lw %—«éw o
% g—gw £+ % 2 — 2% i
ML i} i-;’.’. g g s AL
9 i EW FTIV oo R
{l A ﬁ;@él
The eigenvalues of the matrix Sy are, L™ 1?18 * 4% 4 [ The eigenvectors of local

subdivision matrix S1 corresponding to eigenvalues is

/1 1 =1 =Ly

{ iy ~Hdw 1
{;Pi = «[_ g&%ﬁé - vk i
v A%k 2wl &
. L L 1 1
The inverse of Q1 is
=zw  2H4dw S4pw £ onpw)
i 1&“.%.( p W ._?% ] ._.L.I - g5y _@53 —_ !gl B b ..E. ,:4 242
. Lt 3 i
W= Tah  Fadt Pl Bl
% =¥ 3 =i 5 =7t 2 =F-dep
—g =l 3 B =5 et % =l
O T [ F —rrdw 2 —Fdiw Y T S
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For the decomposition of matrix Si, we need Di. Where D; is the scalar matrix in which
eigenvalues are arranged diagonally, therefore, now compute limé— o

S0 i 1Y 1000
B (Lyk 1 U 0000
= o Jeg . ) k
i I A L —— 0000
v L i 3/ and 0000 /lim

Sincef*** = {QLE}”Q" 18 we get/™ = Qu(limy 00 DY)Q, " f°. This implies that

f"% ﬂ.i.l,w +laﬁg 3"? [i&w . gzv@ ~I
= TR ﬁ"{“u?ﬁf s-uw || &
) = %‘ ﬂ X i — E , 1)
% Feh _; % "{ an i i jf’ !i% i %”ﬁqg
A + "f‘*az" ZETE® a7,
Hence the limit stencils providing the evaluations of the basic limit function of the
' . {;5 2B s w4 g@}
3-point scheme (2.4) at integers are 4% 5% 50 TRETEG O

Table 4: Shows the limit stencils of a family of quaternary subdivision schemes corresponding
to different values of m.

Fn Limit stencils
Fo {—2+2w =3+2w 0}
—5+4w —5+4w’
Fi 1 w13 w13 1 1 1
15 15730 15730 1515 15
F s 1 72w =211w+139 1 432%" +7878w—16819 1 1008w’ +22718w+62507
324 2w—-129 648 2w—129 1080 2w—129 ’
1 2448w° +21578w—133373 1 864w2—11556w+11581}
3240 2w—129 " 3240 2w—129
F3 { 37661 13249 818 . 8 ;

w— w
422601300 84520260 11738925 3912975
38150593 8186 , 14289491 8 3

+ w = w+ w
845202600 11738925 422601300 782595
129666419 40924 W 3958783 e 16 W
422601300 11738925 211300650 782595
90862787 65476  , 26902627 16 3

+ w+ w+ w
211300650 11738925 211300650 782595

43348127 45014, 26368621 8
211300650 11738925 422601300 782595
10800191 674 , 5163331 8
+ w - w+ W}
845202600 690525 422601300 3912975
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3.1  Applications

The visual performance of the suggested family of subdivision designs will be covered in this
section. The smooth curves produced by our suggested systems are represented by complete
lines, while the control polygons are represented by dot lines. Limit curves for near polygons
are shown in Figures 1.

(d) (e) 0]

Figure 1: (a) — (¢) and (d) — (f) present limit curves for close polygons produced by scheme
corresponding to F1 and F» respectively.

4 Conclusion

This study presents a universal formula that uses the Laurent polynomial to build a variety of
quaternary subdivision schemes. There has also been introduced a family of subdivision schemes
with various values of parameter m, such as m = 0,1,2,3,4, and so forth. The suggested family
of subdivision schemes was also examined. The family of schemes we offer has (m + 1)
continuity. The dual parametrization and (m + 1) degree of generation of the suggested family
of schemes. The suggested scheme’s visual performance demonstrates how effective these
schemes are at modeling curves.
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