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SEGMENTAL MORPHING IN FACIAL ANIMATION:
MORPHING OR SHAPE ANIMATION
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Abstract: This article follows the latest developments in the field of facial
animation, focusing on how we can help with 3D modeling by focusing on
segmental morphing. The article mainly covers the importance of segmental
morphing in the field of animation and 3D modeling, how it is used, and the
importance of 3D modeling the movements of multiple characters through this

method.

Keywords: 3D model, 3Ds MAX, modeling, face animation, segmental

morphing, multiplication.

Introduction

Recent developments in 3D modeling for facial animation face various
challenges, particularly in the exploration of how to model emotions in animated
characters using segmented morphing techniques. This paper aims to explore the
importance of segmented morphing in supporting 3D modeling of character
movements and expressions, demonstrating its relevance in the animation

process.
Main Body
The segmented morphing technique involves graphical elements

representing the transformation of one object into another. The major advantage

of this technique in animation is its ability to maintain the precision of physical

movements, facial expressions, and emotions.
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Segmented Morphing in Facial Animation and 3D Modeling - The segmented
morphing method is widely applied to create new movements and expressions in
facial animation. By transforming predetermined segments of the face, this
technique enables the representation of specific emotions. The precision of each
segment plays a crucial role in maintaining the accuracy of facial expressions.
When combined with 3D modeling, segmented morphing provides a unique and

highly accurate method for creating 3D animations.

Morphing-based algorithms are employed to generate facial animations.
These approaches are currently utilized by major 3D applications such as
3DSMax, Maya, and Softimage. Several techniques are available for creating
realistic facial animation: morphing, skeletal animation, texture animation, and
physiological modeling. Morphing was notably used in Peter Jackson's Lord of
the Rings trilogy to animate Gollum. Although more labor-intensive than skeletal
animation, morphing requires the storage of data essential for the animation
process, which can cause distortion in the model. Several techniques exist to
enhance animation realism. Typically, all target models represent altered versions
of the neutral facial model. The target model is obtained by mixing various
predefined options, with the model changing under different weights. Other
approaches suggest more complex techniques, where interpolation algorithms

enhance animation quality.

The morphing algorithm, also known as shape interpolation or shape
blending, is one of the primary animation methods, competing with skeletal
animation in areas like facial animation. Morphing involves creating key models,
where the position of all vertices in a polygon mesh is sculpted into shapes. A key

requirement for applying morphing is the alignment of the topology.

Today, morphing is a popular tool for facial animation, as it allows
complete control over the deformations of the entire model. However, it requires

the creation of numerous key shapes to synthesize realistic deformations, which
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is labor-intensive from an animator's perspective. Additionally, morphing is
sensitive to changes in the animated model. Practical interpolation linearity
simplifies the animator's work, but to achieve optimal results, key shapes must be

established every three to five frames of animation.
Generic Model Preparation And Pose Estimation

Our animation process begins with a prepared generic head model that has
been fitted to a specific individual’s mesh. The polygons of the generic mesh are

manually tagged for their treatment by the texture and deformation engines.

(b)

Figure 1. (a) Locations of texture regions and appearance samples on the
3D model, with their respective projections in the final texture image. (b)
Correspondence between 2D tracked feature points and 3D features on the
model. Texture regions Ti are positioned on the model to facilitate dynamic 3D-
texturing. These regions are where we animate the appearance of skin wrinkling,
eyeball movements, and eye blinking. In principle, the entire face could be
partitioned into such regions; however, we implement only a subset of regions
corresponding to the forehead, eyes, temples, and mouth region. Within texture
regions, we locate a small area for the templates Ci that are used in
classification.At the time of model construction, images are acquired while the
subject makes faces, that is, exercises their facial expression capabilities. From
these expressive images, we extract a set of n expressive texture samples (ti0, til,
..., tin-1) D Ti for region i to represent its various appearance states i.e., wrinkle
appearance, or eyelid positions (Fig. 1a). (Note that n can vary from facial region
to region.) Texture regions provide the 3D-texture data used to reconstruct facial

ances (as related in Section V). A texture region set Ti also has an
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associated texture classification template set Ci that contains small samples of

texture regions for use in classification (Fig. 1a).

Segmented morphing is a specific morphing technique where different
segments of an object are transformed independently rather than the entire object
morphing simultaneously. This approach is particularly useful in facial animation,
where complex movements, such as eyebrow lifts or lip movements, must be
precisely controlled. Each facial segment (e.g., eyes, mouth, cheeks) is handled
separately, allowing for more detailed and realistic expressions. This precision is
critical in applications where subtle emotional expressions need to be conveyed,
such as in character animation or interactive digital avatars.Segmented morphing
IS a sophisticated technique used in 3D modeling to achieve precise and realistic
facial animations. This method involves breaking down the facial model into
various segments, such as the eyes, mouth, and cheeks, and then animating these
segments independently. The segmented morphing approach is particularly useful
for creating complex facial expressions, as it allows for the fine-tuning of
individual facial features without affecting the overall model. This precision is
crucial for applications where subtle emotional nuances need to be accurately

represented, such as in animated characters or interactive avatars.

One of the primary advantages of segmented morphing is its ability to
maintain the integrity of facial expressions while providing detailed control over
each segment. This method enhances realism in facial movements by enabling
animators to capture intricate details, such as the subtle shifts in the corners of the
mouth during a smile or the nuanced changes in eyebrow position during surprise.
By focusing on specific facial regions, segmented morphing also improves
efficiency, as animators can work on smaller parts of the model rather than the

entire face, saving time and computational resources.

Segmented morphing is widely supported by advanced 3D modeling
software, including Maya, Blender, 3DSMax, and Houdini. These tools facilitate
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the implementation of segmented morphing by providing features to define facial
segments, set morph targets, and interpolate between them. The process typically
begins with dividing the facial model into key segments. Each segment is then
animated using predefined morph targets, which describe the desired
deformations or expressions. The software uses interpolation algorithms to create
smooth transitions between these targets, ensuring that the resulting animations
are fluid and natural. To achieve high-quality animations, various algorithms
support segmented morphing. Linear interpolation, for example, is a
straightforward method where the geometry of a facial segment transitions
linearly between two shapes. While effective, this method may sometimes
produce rigid animations if not adjusted carefully. More advanced techniques,
such as Radial Basis Functions (RBFs), offer smoother transitions by accounting
for non-linear deformations, which is particularly useful for complex facial
expressions. Additionally, Principal Component Analysis (PCA) can simplify the
animation process by focusing on the most significant features of the face,

reducing computational complexity while preserving detail.

Recent advancements have also introduced machine learning models, such
as deep neural networks (DNNs) and convolutional neural networks (CNNS), to
enhance segmented morphing. These models are trained on extensive datasets of
facial expressions and can predict optimal morphing parameters, further
improving the realism and dynamism of animations.Despite its benefits,
segmented morphing presents challenges. The computational demands of
animating each segment can be significant, particularly when working with highly
detailed models. Additionally, the topology of the 3D model must remain
consistent across all morph targets to avoid distortions. Inconsistent topology can
lead to visual artifacts and unnatural transitions between expressions. Addressing
these issues requires careful planning and execution to ensure that the final
animation appears natural and fluid.Segmented morphing has significant real-

world applications. In the film industry, it has been used to create lifelike
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characters, such as Gollum in The Lord of the Rings. This technique allows for
highly detailed and emotionally expressive animations, crucial for creating
believable characters. In virtual reality (VR) and augmented reality (AR),
segmented morphing is employed to develop responsive avatars that interact with
users in real-time, enhancing the immersion and realism of the experience. Video
game developers also use segmented morphing to create dynamic character
animations, ensuring that characters' facial expressions adapt to different

scenarios and emotions.

Conclusion

In this article, we have explored the application of the segmented morphing
technique for 3D modeling of animated characters' emotions in facial animation.
This method holds significant potential for opening new directions in the fields
of animation and 3D modeling. By presenting this process to learners, we aim to
foster skills in creativity, technology, and animation. The article demonstrates
how segmented morphing can be used to depict various emotions during the
animation process. The animations created through this method are of great
importance in both personal and technical, artistic, and educational domains,
making support for 3D modeling essential. Managing the application of
segmented morphing in 3D modeling and exploring practical examples highlights
the technique’s potential. The results and latest developments provide learners

with insights into new approaches and the latest innovations.
References:

1. Liu C. An analysis of the current and future state of 3D facial animation
techniques

and systems — School of Interactive Arts & Technology-Simon Fraser
University, 2009.

2. Parus J. Morphing of meshes. — Technical Report No. DCSE/TR-2005-02,

155




27
-
=

o =
> O
~omw

o =
£~

S =
o—c
e

= 2
o—h
_—
= =
< =
gcs
s
® =
= =

s =

>, oL
o—=
=l
- =
= E
L
'R
:i—'

&o?

= =

—
=)
=
=
N

Iim fan taraqgqiyotida raqamli iqtisodiyot va zamonaviy
ta'limning o'rni hamda rivojlanish omillari

University of West Bohemia in Pilsen, 2005.

3.Yan H. B., Hu S. M., Martin R. R. 3D morphing using strain field

interpolation

Journal of Computer Science and Technology. — 2007. — Vol. 22. — No. 1. — P.
147-155.

4. Zhu Y., Gortler S. J. TR-10-07. — 2007.

5. Yang M., Wang K., Zhang L. Realistic real-time facial expressions

animation via 3D

morphing target //Journal of Software. — 2013. — Vol. 8. — Ne. 2. — P. 418-425.

156




