
Nurbs function:

Ri(x) =
Ni(x)

∑N
j=1 wjNj(x)

wi

Let

W =
N

∑
j=1

wjNj(x)

Nurbs derivative:

R′i(x) =
N′i W − NiW ′

W2 wi =
H

W2 wi

Nurbs second derivative:

R′′i (x) =
H′W − 2HW ′

W3 =
G

W3 wi

where
H′ = N′′i W − NW ′′

Third derivative:

R′′′i (x) =
G′W − 3GW ′

W4 wi

where
G′ = H′′W − 2HW ′′ − H′W ′

and
H′′ = N′′′i W + N′′i W ′ − N′W ′′ − NW ′′′.
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Nurbs 2D function:

Rij(x, y) =
Ni(x)Nj(y)

∑k ∑l Nk(x)Nl(y)wkl
wij = Rij(x, y) =

Ni(x)Nj(y)
W

wij

First derivative:

∂Rij

∂x
=

N′i (x)Nj(y)W − Ni(x)Nj(y) ∂W
∂x

W2 wij =
H1

W2 wij

∂Rij

∂y
=

Ni(x)N′j (y)W − Ni(x)Nj(y) ∂W
∂y

W2 wij =
H2

W2 wij

Second derivative:

∂2Rij

∂x2 =
∂H1
∂x W − 2H1

∂W
∂x

W3 wij =
G1

W3 wij

∂2Rij

∂y2 =

∂H2
∂y W − 2H2

∂W
∂y

W3 wij =
G2

W3 wij

∂2Rij

∂x∂y
=

∂H1
∂y W − 2H1

∂W
∂y

W3 wij

where

∂H1

∂x
= N′′i (x)Nj(y)W − Ni(x)Nj(y)

∂2W
∂x2

∂H1

∂y
= N′i (x)N′j (y)W + N′i (x)Nj(y)

∂W
∂y
− Ni(x)N′j (y)

∂W
∂x
− Ni(x)Nj(y)

∂2W
∂x∂y

∂H2

∂y
= Ni(x)N′′j (y)W − Ni(x)Nj(y)

∂2W
∂y2
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Third derivative:

∂3Rij

∂x3 =
∂G1
∂x W − 3G1

∂W
∂x

W4 wij

∂3Rij

∂y3 =

G2
∂y W − 3G2

∂W
∂y

W4 wij

∂3Rij

∂x2∂y
=

∂G1
∂y W − 3G1

∂W
∂y

W4 wij

∂3Rij

∂x∂y2 =
∂G2
∂x W − 3G2

∂W
∂x

W4 wij

where

∂G1

∂x
=

∂2H1

∂x2 W +
∂H1

∂x
∂W
∂x
− 2

∂H1

∂x
∂W
∂x
− 2H1

∂2W
∂x2

∂G1

∂y
=

∂2H1

∂x∂y
W +

∂H1

∂x
∂W
∂y
− 2

∂H1

∂y
∂W
∂x
− 2H1

∂2W
∂x∂y

∂G2

∂x
=

∂2H2

∂x∂y
W +

∂H2

∂y
∂W
∂x
− 2

∂H2

∂x
∂W
∂y
− 2H2

∂2W
∂x∂y

∂G2

∂y
=

∂2H2

∂y2 W +
∂H2

∂y
∂W
∂y
− 2

∂H2

∂y
∂W
∂y
− 2H2

∂2W
∂y2

and

∂2H1

∂x2 = N′′′i NjW + N′′i Nj
∂W
∂x
− N′i Nj

∂2W
∂x2 − NiNj

∂3W
∂x3

∂2H1

∂x∂y
= N′′i N′j W + N′′i Nj

∂W
∂y
− NiN′j

∂2W
∂x2 − NiNj

∂3W
∂x2∂y

∂2H2

∂y2 = NiN′′′j W + NiN′′j
∂W
∂y
− NiN′j

∂2W
∂y2 − NiNj

∂3W
∂y3

∂2H2

∂x∂y
= N′i N′′j W + NiN′′j

∂W
∂x
− N′i Nj

∂2W
∂y2 − NiNj

∂3W
∂x∂y2
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