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1. Introduction 

Creating a CG snake is a challenging task. 
Unlike familiar biped or quadruped characters, 
snakes have a distinctively long and flexible 
skeletal structure. This characteristic peculiar 
to snakes require a novel animation strategy for 
the efficient generation of realistic motions. 
 
We propose a fast and powerful method to 
create locomotive animation of a snake. The 
goal here is to provide an animator with highly 
familiar but greatly improved key-frame 
system that is efficient enough to expedite the 
animation process and flexible enough to 
accept creative input while achieving the 
striking visual realism required in movie 
production. 
These goals are achieved using a deformation-
based approach. Simple deformation rules 
tailored to the motion of a snake are proposed. 
Each deformation is devised by faithfully 
referencing available research in biology as 
well as live video footage of snake locomotion. 
Single deformation or various combinations of 
deformations applied to the control curve of a 
rigged snake generate the distinctive 
locomotion observed in typical snakes. The 
method is transparent to conventional key-
framing as it provides individual control of the 
CVs. The additional tweak of individual CV 
control can improve the animation quality. The 
system alleviates the tedium of conventional 
key-framing while expanding the expressive 
power. 

2. Deformation-based Animation 

The similarity between a wave and a snake 
motion curve inspired the utilization of the 
deformation-based animation method. A single 
deformation on a curve can be described by a 
waveform while multiple deformations by a 
composite wave. Several predefined 
deformation modules form layered 
combinations for sophisticated snake motions. 
Instead of building a single deformation for 
every locomotion type, several deformations 
that can make a layered combination are 
modeled. Simple deformations and their 
layered combinations expand the expressive 
power compared to complex single 
deformation. 
 
The process of deformation-based animation 
can be summarized as follows: Given a rigged 
3D snake model whose body joints are bound 
to a NURBS control curve, a layered 
combination of the deformation modules is 
constructed on the control curve with a target 
animation in mind. The control curve is 
deformed showing typical shapes of the snake, 
which in turn, deforms the snake model in 
same way. Key-framing each of the parameters 
of deformation over time causes the movement 
of the snake model. After the application of a 
set of deformation algorithms, the animator has 
freedom to pursue conventional key-framing 
further for fine-tuning if desired. 
 
Three deformations are defined as a single 
deformation module: sinusoidal, winding, and 
bend to represent the basic elements of 
locomotive patterns. Sinusoidal deformation is 



 

 
 

based on simple sinusoidal equation, bend 
deformation is specified by successive cubic 
Bezier curves, and bend deformation is 
specified by the circular bend equation 
presented by Barr [1]. Each deformation was 
chosen based on analyses of biologists and by 
referring to video references to ensure its 
resemblance to an actual snake motion. 
 

The three deformations can be applied to the 
control curve repeatedly. The final position of 
the CV after the layered deformations is the 
sum of the positions by each single 
deformation module. Numerous variations can 
be created by varying the parameters of 
combined deformations. 
 
The proposed method provides flexibility in 
motion control. It allows the individual 
manipulation of the CVs of the control curve 
after layered deformations are applied. 
Applying additional manual key-framing to the 
CVs of the body further enhance the quality of 
the body movement generated via multiple 
deformations. Through this step, the creative 
input of the animator can be freely added. 
Moreover, if desired, any arbitrary animation is 
possible.  

3. Results 

Using the techniques described in previous 
section, realistic animations of various snake 
motions were created. Figs. 2-4 show pairs of 
frames of demo video clip. 
 

 
Figure 2 : Serpentine - Two sinusoidal 
deformations with different amplitudes and 
frequencies are applied. 

 
Figure 3 : Sidewinding 1 - Two perpendicular 
sinusoidal deformations with different phases 
(90 degrees) and bend deformation are applied. 
 

 
Figure 4 : Sidewinding-2: A winding 
deformation is applied. 
 
To evaluate the efficiency of the proposed 
approach, a user test was performed. Three 
target motions are chosen and an animator was 
asked to create the same locomotive 
animations using conventional key-framing 
methods (manual CV manipulating, motion 
path), and the proposed deformation-based 
method. The result of the test clearly indicated 
that the proposed method is much faster and 
requires fewer keys, also able to create various 
type of snake locomotion compared to 
conventional methods. The remarkable speed 
and versatility of the proposed approach make 
it an ideal solution for snake simulation. It is 
strongly believed that this method will be 
highly effective in the production of visual 
effects. 
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Figure 1 : Poses from (a)sinusoidal (b)winding 
(c)bend deformation 

 


