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ABSTRACT. The purpose of our paper is to investigate N-Bishop frame of the quadratic Bezier curve which is one of
the effective methods for computer-aided geometric design (CAGD). Then the N-Bishop curvatures and derivative
formulas for quadratics Bezier curve are calculated and give some numeric examples.
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1. INTRODUCTION

Bishop frame was developed by L. Bishop in 1975 in order to build a more practical alternative parallel frame
without using the second derivative on the curve [1]. Recently, many studies have begun to be done in order to
investigate the invariants of the curve via Bishop frame. The Bishop frame has been investigated by many researchers
for various special curves such as involute evolute curves, Bertrand curves, helix, slant helix until now. Moreover, S.
Yilmaz and his colleagues created a new Bishop alternative frame included the binomial vector instead of the tangent
vector, [11]. S. Yilmaz and et. al. investigated new spherical indicators and some characterizations according to the
new type Bishop frame, [11,12]. Much work has been done on the Bishop frame as defined by L.Bishop and S.Y1lmaz.
Furthermore, a new alternative frame {N, C, W} was defined by Scofield providing a different approach [9]. Uzunoglu
and et. al. used a different approach to curves of constant precession [10]. Then N-Bishop frame was firstly given by
O. Keskin. et al. by using the new Bishop frame methods in [5]. On the other hand, Pierre Bézier (1910-1999) and a
French mathematician Paul de Faget de Casteljau (1930) developed a new design curve called Bézier curves between
the years 1958 and 1960. Bezier curves provide simplicity in the design processes because of their controllable usage.
There are many articles about Bezier curves. The curvature and torsion of Bezier curves, Casteljau algorithm and some
other basics of Bezier curves should be found in the books [2] and [6]. Particularly, Sapidis and his colleagues studied
on the curvature of a quadratic Bezier curve [8]. Moreover, Floater examined the derivatives of a Bezier curve [3].
Also, Incesu and Kusak Samanci studied on the curvatures and Bishop frame of the Bezier curves [4,7]. The aim of
this paper is to investigate a quadratic Bezier curve according to N-Bishop Frame. Firstly, we calculated Serret-Frenet
frames of a quadratic Bezier curve, then firstly investigated on an alternative modified frame {N, C, W}. As a result, we
computed N-Bishop frame of a quadratic Bezier curve. At the end of our study, we gave some numeric examples.
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2. PRELIMINARIES

As we know from differential geometry, the derivative formula of Serret-Frenet frame in the matrix form can be
written by
T'(s) = kN(s), N'(s) = —«T(s) + TB(s), B'(s) = —7B(s),
where k and 7 are curvatures of the Serret-Frenet frame in Euclidean three space. Furthermore, the Bishop frame is
relatively parallel the unit tangent field 7', and the derivative matrix of the Bishop frame is given by

T'(s) = kiN1(s) + kaNa(s), Ni(s) = =kiT(s), Ni(s) = —koT(s),

where k; and k; are curvatures of the Bishop frame in Euclidean 3-space, [1]. A new Bishop frame named with type-2
Bishop frame, which the frame is parallel to binomial vector field, developed in 2010 by Yilmaz et al., and its derivative
matrix is described by

Ni(s) = —kiB(s), Ny(s) = —k2B(s), B'(s) = kiN1(s) + kaNa(s),
where k; and k, are curvatures of the type-2 Bishop frame in Euclidean 3-space, [11]. Additionally, another new
alternative moving frame along a curve called {N, C, W} frame in Euclidean 3-space was defined by Scofield in 1995,
[9,10]. The new frame is {N,C, N x C = W}, where

N’ _ 1T +«B

TN T e+ |

The derivative matrix of the alternative moving frame is given with
N'(s) = f()C(s), C'(s) = =f(IN(s) + g(s)W(s), W'(s) = —g()C(s),
where f = V2 +72and g = LSl of are the differentiable functions, [9, 10]. In 2017, Keskin and Yayli first

K2+12
defined a new kind of Bishop frame named with N-Bishop frame for a normal direction curve which is defined as an

integral curve of the principal normal of a curve. The derivative matrix of the N-Bishop frame is computed by
N'(s) = kiNi(s) + kaNa(s), Ni(s) = —kiN(s), Ny(s) = —kaN(s),

see in [5]. On the other hand, Bezier curves were firstly developed by P. Bezier (1910-1999) and P. Casteljau (1930)
between the years 1958 and 1960. A Bezier curve is defined by

N,C

W= 0B,

i=0

where B () = ( rlz (1 — 1) are Bernstein polynomials and Qy, O, ..., Q,, are the control points for each ¢ € [0, 1].

The derivatives of the Bezier curves are calculated with

& Lo
= —— 3 NbBT),

dr (n—r)! pary

where A"b; = ;=0 ; )(—1)rj biyj. A Bezier curve which is defined by the starting point # = 0 and finishing point

t = 1 are tangent to the control polygon at these endpoints. The endpoints of the Bezier curve achieve to manipulate
all of the control points. Hence the starting and finishing points are enough to control the whole curve. Many studies
have been done about the Bezier curves used in the computer modeling. The basic concepts of these curves can be
seen in [2,4,6,7]. Moreover, the de Casteljau algorithm in Farin 1996 and Marsh 2006 provides a technique to evaluate
all the points on a Bezier curve that corresponds to the parameter value ¢ € [0, 1]. In the Casteljau algorithm, the
intermediate points can be found as

k
Qi) = )" Bix()Qiv),
=0
and the following properties are satisfied

Oi0 = Qis Qo =00, Qix(®) =1 =0)Qis-1+10ir14-1-
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The intermediate control points in Casteljau algorithm are

Qoo Q1o --- Ou-10 Onpo
Qo1 Q11 - Ou1g

Qon-1 Q11
QO,n-

The first, second and third derivative of the points in Casteljau algorithm can be shown with

Q' (1) = ni(Q1.n-1(1) = Qop-1(1), 2.1)

Q" (1) = n(n = 1)(Qon-2(t) = 2Q1 5-2(t) + O2.n-2). 2.2

Then the equations Q’(0) = (Q1 — Qo). Q] = (Qn — Qy-1) are satisfied. Additionally, the curvature and torsion of Bezier
curve with n. degree can be found in [1, 3].

) = (= 1) [[(Qua2(®) = Qoa-2(1)) X (Q2n2(t) = Qa2 ®)|
" [Q1-1() = Qo,n—l(l)”3 ,

= 2) [[(Q1=3(0) = Qou3() X (Q2,-3(1) = Q1—2(D)|

() = 5
o (Qua2(®) = Qoaa(8) X (Qana(t) = Qraca(®))|

Figure 1. Casteljau Algorithm, [2].

3. MaIN REsuLrs

Until now, the Serret-Frenet frame and curvatures of the Bezier curve were known. Presently, a new modified frame
of a quadratic Bezier curve will be investigated in this section.

Definition 3.1. Suppose that Q(¢) be a quadratic Bezier curve with control points Qp, Q1, Q>. A quadratic Bezier curve
is defined as

2
0 = ). Bin(Q; = (1 170y +21(1 = N0y + £ Qs.
i=0
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P e
Figure 2. A quadratic Bezier curve.

Theorem 3.2. Let Q(t) be a quadratic Bezier curve. The first order derivative of a quadratic Bezier curve is computed
by

0’0 =2((1-00s01 +10103).

Proof. Using the Eq.(2.1), we get

oM = 2.(01.1() - Qo,1(1)
= 2.(A=-001 +t0] = [(1 = 1) Qo + tO1])
= 2((A-0D(Q1 - Qo) +1(Q2-01)

— —
= 2(1-0 001 +10:03).
Hence the proof is completed. O

Theorem 3.3. Assume that Q(t) be a quadratic Bezier curve with control points Qq, Q1, Qs. The second order deriva-
tive of a quadratic Bezier curve is obtained by Q"' (t) = 2 (Q1 Qo + O Qz).

Proof. Using the Eq.(2.2), we obtain

0" = 2.(Qoo® —2010(1) + Q20(1) =2.(Qo — 201 + 02)
= 2000~ 01+ (@2 - 01) =2(2:10 + 0:103).
Hence the proof is completed. O

Theorem 3.4. Let Q(t) be a quadratic Bezier curve and Qy, Q1, Q» be control points of the quadratic Bezier curve.
The Serret-Frenet frame of a quadratic Bezier curve is calculated as

(1 -1 0001 +1010>

S TR Rt |
_ — _ —
(0001 x 0103) x (1 - 1 ©u01 +10103)

N = s
200t x 0103|- |(1 - n @001 + 1010
_— —

B = 0001 X 010>

|22 x 2103
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Proof. Using the Serret-Frenet frame formulas of a non-unit speed curve, the tangent vector of a quadratic Bezier curve
is computed by

[40)] _ (Q12-1(1) = Qo2-1(1)) _ (Q1.1() = Qo,1(1)
1o’ @l ||Q1,2—1(l)—Qo,2—1(l)|| ||Q1,1(l)— Qo,l(f)”

2(((1 =001 +102) — (1 =0Qy +101) _ (1-0s01 + 10105
2001 +102) = (1 =000+ 10D~ [[1 02,0, + 10103

The binormal vector of a quadratic Bezier curve is found by

Q') x 0"
Q" () x Q" @I

n*(n = 1) (Q1-2 = Qon-2) X (Q2n2 = Q1n2)
[n2(n = 1) (Q14-2 = Qon2) X (Q2n-2 = Q12|

(Q10 = Q00) X(Q20=Q10) _ (Q1—=Q0)x(Q>— Q1)
(@10 = o0) X (@20 = Q10)|| Q1 = Qo) X (@2 = Pyl

_— —
0001 X 010>

|22 x 2103

B

The principal normal can be calculated easily from the vector product N = B x T. As a result, from above theorems,
the Serret-Frenet frame is obtained. Hence the proof is completed. O

Theorem 3.5. Let Q(t) be a quadratic Bezier curve with Qq, Q1, Q> control points. The alternative {N, C, W} frame of
a quadratic Bezier curve is calculated as

(QE—Q_I)XQ—Q;)X((I—t)éO—Q?+tE—QZ)

N —_— — —|’
|0001 x 0103||- |1 - n 0001 + 10103
c (110001 +10,0s W e 0001 x 0105

Ja-vae 2| o <o)

Proof. The torsion of the quadratic Bezier curve is zero. Thus, using the Serret-Frenet frame formulas of a non-unit
speed curve, the alternative frame of a quadratic Bezier curve is computed by

C- N —«T+7tB  —«T _
IVl Vie+72 V2

Then from the tangent vector, we have

oo (1-00001+10/0;
|1 -n0o0i +10:103|

and also because of _— 3
+
W= T kB kB B,

N VK2+T2_ \/ﬁ_

then we get
—_—— —
W= 0001 X 010>

“Too oo

Hence the proof is completed. O
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Corollary 3.6. Let f and g be curvatures of the alternative {N, C, W} frame for the quadratic Bezier curve Q(t). The
curvatures of the modified frame can be computed as

_—
__ia|eeix g
la-no0r + @@“3,

I
e

dg
Proof. Using the torsion of quadratic Bezier curve is zero. The curvatures will be

21'
= V2 + 12 = [«] andg—ﬂzo.

2+ 72
Thus we obtain

2-1 ”(Ql,o = Q00) X (Q20 — Ql,o)” _1 ”QO—Q; X Q1—Q2>”

f=kl= .
N o ool Ho-oeg + o)

Hence the proof is completed. O

Theorem 3.7. Let Qy, Q1, Q> be the control points of a quadratic Bezier curve Q(t). The alternative N-Bishop frame
of a quadratic Bezier curve is calculated as

Ny = —cosr. (l_t)ao_a+tQ—1§; — sin Q—OEX@
| -n2o01 + @TQZH HQ0Q1 x QleH

N, = -—sinr b)) QOQ' 1 Q2 + cos r.—QOQl X Q10> ,
Ja-nae0i + 0 |000i x 010

(0001 x 0103) x (1 - 1 ©u01 +10103)
[0:01 x 0103 |1 - n 001 + 0103

Proof. Using the transformation matrix of N-Bishop and {N, C, W}frame N| = cos 6.C—sin6.W, N, = sin§.C+cos 6.W,

N, where 6 = fot g(dt = fot 0dt = r = const., the N-Bishop frame can be calculated easily. The curvatures of N-Bishop
frame are k; = f.cos6 = |k|cosr, k, = f.sinf = |k|sinr. O

4. Numeric EXAMPLES

Example 4.1. Let be Oy = (0,0), Q1 = (k,), Q> = (a,0) the control points of a quadratic Bezier curve
which a beginning point has located at origin. Then the formula of a quadratic Bezier curve can be written as

01 = X2 Bin(DQ; = ((2t -2k + a, 2t — 2t2)l) from using Def. 2.6. The first, second and third derivatives
are found by

P(t) = ((2 - 4Dk +2ta,2 — 40y, P"(t) = (—4k +2a,-4]) P (1) =0

Thus the torsion of the quadratic Bezier curve will be zero. The curvature is obtained by

B —all4
[(=k — tk + ta — tk)? + (I - 2:)]**
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The Serret-Frenet frame is

1
T = —Q2k-4tk+2ta,2l-41l),
u
1
N = —(4d-21,2k— 4tk + 2ta),
u
B = (0,0,1),
where p = +/(2k — 4tk + 2ta)? + (21 — 4tl)2. The {N, C, W} frame is found by
1
N = — (4t -212k— 4tk + 2ta),
u
1
C = ——Qk-4tk+2ta,2l - 41l),
u
W = (0,0,1).

As a result, the N-Bishop frame is obtain by

N, = (_ ST 2k — 4tk + 2ta), - 2L (21 - 441,  sin r)
7 7

N, = (—Sl—nr(zk — 4tk + 2ta), " (20 — 41l), cos V)
Yo H

1
N = —(4tl-2l,2k — 4tk + 2ta) .
M

Example 4.2. Let be Qp = (0,0), Q; = (0,1), Q> = (1,0) the the control points of a quadratic Bezier curve, see
in [2]. Then Q(¢) = ,‘2=o Bir(HQ; = (t2, 2t — 2t2). Thus the torsion of the quadratic Bezier curve will be zero. The

curvature is obtained by « = %. The Serret-Frenet frame is T = 1 (2¢,2 —4¢), N = L (4r = 2,2¢),B = (0,0, 1)
[2+(1-202] H H

where u = /212 + (2 — 4£)2. The modifed frame is calculated by C = —Iil 2t,2 -4, W =(0,0,1), N = i 4r-12,21).
The N-Bishop frame is obtained as

2cosr cosr

24 .
N =|- t,— (2—4[),—sinr), and N2=(— Sz, snr
M M

1
t,— 2 —4t),cosr|, N=—(4t-2,2¢).
u M

Figure 3. A Mathematica output of the Example 4.2.

5. CoNCLUSION

The concept of a quadratic Bezier curve method is one of the important methods for CAGD. In our paper, some
properties of a quadratic Bezier curve have been calculated for according to a new alternative frame called N-Bishop
frame. Some results of the N-Bishop frame have the abilities to be computed an alternative curvature and torsion for
all points of the quadratic Bezier curves. Thus we think that our study will guide other researchers.
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