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Unit Quaternion Integral Surface

KENJIRO T. MIURAT

This paper proposes a new type of free-form surfaces for fairness called unit quaternion
integral (QI) surface. Although the traditional parametric representations like Bézier and
NURBS surfaces blend control points to define a surface, we blend tangent vectors in the
form of unit quaternion curves in one parameter direction to define iso-parametric lines as
well as a boundary curve of the surface. We discuss the definition of the general quaternion
integral surface and a special case: the Bézier unit quaternion integral surface. We also discuss
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a new interpolation method by using the Bézier-type QI surface.
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Fig.1 Control quaternion.
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(a) Lampshade

(b) The same surface in (a) from a

different viewpoint

02 00000000gs(s)=exp(wys), q¢(t) = exp(w,t), 0 < s,t < 1.57
Fig.2 Lampshade: qs(s) = exp(wys), q¢(t) = exp(w:t), 0 < s,t < 1.57.

(a) Object

(b) The same surface in (a) from a

different viewpoint

03 D00000Ogs(s) = exp(wySQ), q:(t) = exp(w,t?), 0 < s,¢t < 0.7m
Fig.3 Object: ¢s(s) = exp(wySQ), q(t) = exp(wztz), 0<s,t<0.77.
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04 0000 No.10Ogs(s,t) = exp(wy(s+1t)),
a:(t) = (0,0,0,1),0< s <m 0<t<4

Fig.4 Tube No.1: g.(s,t) = exp(wy (s + 1)),
a:(t) = (0,0,0,1),0< s < 0<t< 4.

05 0000 No.20gs(s,t) = exp(wy(0.25% + 1)),
@ (t) = (0,0,0,1),0< s <m 0<t<4
Fig.5 Tube No.2: gs(s,t) = exp(wy (0.25% + 1)),

@ (t) = (0,0,0,1),0< s <, 0< ¢t < 4.

06 0000 No.30gs(s,t) = exp(wy(s + 0.2t2)),
@ (t) = (0,0,0,1), 0< s <m 0<t<4
Fig.6 Tube No.3: gs(s,t) = exp(wy(s + 0.2t2)),

@ (t) = (0,0,0,1),0< s < 0<t<4.
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(a) Example No.1
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(b) The same surface in (a) from a

different viewpoint

07 Bézier QIOODO O No.l
Fig.7 Bézier QI patch example No.1.

(a) Example No.2

(b) The same surface in (a) from a

different viewpoint

0 8 Bézier QIDODO O No.2
Fig.8 Bézier QI patch example No.2.
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Fig.9 Generation of Bézier QI curves.
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Table 1 Processing time for generation of QI surfaces by

Indy MIPS R4600 64 Mbyte.
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(a) Quadratic QI curves (b) Approximation by cubic QI curves

(c) QI surface with the end points (d) QI surface without the end points

011 Bézier QIOODD0DO0O00O00O0ONo100DDOOOOODOODOOODODOOD20 QIOOOO
000030 QIODO0000000000020 QIODOD

Fig.11 Interpolation example by Bézier QI patches: No.1 (Gold ball: given point, Green line:
quadratic QI curve, Blue point: end point of cubic QI curve, Red line: cubic QI curve).

a) Quadratic QI curves (b) Approximation by cubic QI curves

(c) QI surface with the end points (d) From a different viewpoint

012 Bézier QIDO0D0D0DO0O0OON020000000D0O0DOOODOOOOODO20 QIOOOO
000030 QIO0DD00000000030 QIODDO

Fig.12 Interpolation example by Bézier QI patches: No.2 (Gold ball: given point, Green line:
quadratic QI curve, Blue point: end point of cubic QI curve, Red line: cubic QI curve).

2000
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