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Rotations, Vertex Blending and Morphing



单击此处编辑母版标题样式CS230/CS238: Virtual Reality



单击此处编辑母版标题样式CS230/CS238: Virtual Reality

• Vertex Blending

• Morphing
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Play the 
video
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Spherical Linear Interpolation

• Spherical linear interpolation is an operation that, given two unit 
quaternions, qˆ and ˆr, and a parameter t ∈ [0,1], computes an 
interpolated quaternion. This is useful for animating objects, for 
example. It is not as useful for interpolating camera orientations, 
as the camera’s “up” vector can become tilted during the 
interpolation, usually a disturbing effect.

• The algebraic form of this operation is expressed by the 
composite quaternion, ˆs, below:
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Spherical Linear Interpolation

• However, for software implementations, the following form, where 
slerp stands for spherical linear interpolation, is much more 
appropriate:
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Spherical Linear Interpolation

• To compute φ, which is needed in this equation, the following fact 
can be used: cosφ = qxrx + qyry + qzrz + qwrw. For t ∈ [0,1], the slerp
function computes (unique2) interpolated quaternions that 
together constitute the shortest arc on a four-dimensional unit 
sphere from qˆ (t = 0) to ˆr (t = 1). The arc is located on the circle 
that is formed from the intersection between the plane given by 
qˆ, ˆr, and the origin, and the four-dimensional unit sphere. 
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Spherical Linear Interpolation

• This is illustrated in the figure below. The computed rotation 
quaternion rotates around a fixed axis at constant speed. A curve 
such as this, that has constant speed and thus zero acceleration, is 
called a geodesic curve. A great circle on the sphere is generated 
as the intersection of a plane through the origin and the sphere, 
and part of such a circle is called a great arc.
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Spherical Linear Interpolation

• Unit quaternions are represented as points on the unit sphere. 
The function slerp is used to interpolate between the quaternions, 
and the interpolated path is a great arc on the sphere. Note that 
interpolating from qˆ1 to qˆ2 and interpolating from qˆ1 to qˆ3 to 
qˆ2 are not the same thing, even though they arrive at the same 
orientation.
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Play the video
(quaternion.m4v)
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Vertex Blending

• Imagine that an arm of a digital character is animated using two 
parts, a forearm and an upper arm, as shown below.
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Vertex Blending

• This model could be animated using rigid-body transforms. 

• However, then the joint between these two parts will not 

resemble a real elbow. This is because two separate objects are

used, and therefore, the joint consists of overlapping parts from 

these two separate objects. 

• Clearly, it would be better to use just one single object. 

• However, static model parts do not address the problem of 

making the joint flexible.
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Vertex Blending

• Vertex blending is one popular solution to this 

problem.

• In its simplest form, the forearm and the upper arm are 

animated separately as before, but at the joint, the two 

parts are connected through an elastic “skin”.

• So, this elastic part will have one set of vertices that are 

transformed by the forearm matrix and another set 

that are transformed by the matrix of the upper arm.
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Vertex Blending

• This results in triangles whose vertices may be 

transformed by different matrices, in contrast to using 

a single matrix per triangle.

• By taking this one step further, one can allow a single 

vertex to be transformed by several different matrices, 

with the resulting locations weighted and blended 

together.
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Vertex Blending

where p is the original vertex,
and u(t) is the transformed vertex whose position depends on time t.
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Play the video
(missingblending.mp4)
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Morphing
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Morphing

• The left side shows problems at the joints when 

using linear blend skinning. 

• On the right, blending using dual quaternions 

improves the appearance.
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Morphing
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Morphing

• Vertex morphing. 

• Two locations and normals are defined 

for every vertex.

• In each frame, the intermediate location 

and normal are linearly interpolated by 

the vertex shader.



单击此处编辑母版标题样式CS230/CS238: Virtual Reality

Morphing

Given two mouth poses, a set of difference vectors is computed to control interpolation, or even 

extrapolation. In morph targets, the difference vectors are used to “add” movements onto the neutral 

face. With positive weights for the difference vectors, we get a smiling mouth, while negative weights can 

give the opposite effect.

A variant of morphing 

where the user has 

more intuitive control is 

referred to as

morph targets or blend 

shapes.
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Morphing
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Morphing

The Delsin character’s face, in 

inFAMOUS Second Son, is animated 

using blend shapes.
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Morphing

Play the 
video

(morphing.mp4)
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Morphing

Play the 
video

(morphing2.mp4)


