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Abstract: This paper presents some examples of symmetry and asymmetry in the geometry of 3D 
digital character, as well as in its movement. This is one of the topics studied in the Computer 
Graphics studies, which have existed for 11 years at the Faculty of Technical Sciences at the Uni-
versity in Novi Sad. The first goal of this paper is to show how to create a 3D digital character, 
which consists of a surface called Mesh that connects to a system that allows the movement of that 
character, and that the system consists of a bone system with associated controls and is called a rig. 
The character is most often created using symmetry, namely, a mesh of one half of the character is 
created and then the other half of the character is obtained by creating a symmetrical half, and the 
plane of symmetry is a vertical plane that halves the character. The second goal is to show that the 
3D character created in this way can be geometrically symmetric or asymmetric. The next goal is to 
show how symmetric or asymmetric character creates body movement or facial expression. The 
main goal is to emphasize the need to use asymmetric characters in 3D animation, as well as the 
motive for this, which emphasizes the fact that ideal symmetry in humans does not actually exist. 
Also, asymmetry gives us far more opportunities to create interesting differences in 3D characters. 

Keywords: Asymmetric 3D Digital Character; Computer Animation; Character’s Mesh and Motion; 
Bilateral Symmetry/Asymmetry 

INTRODUCTION 

One of the most common types of biological symmetry is bilateral symmetry. Bilateral symmetry 

indicates that both sides of the shape will develop as mirror images of one another after the reflec-

tion transformation (Benítez et al., 2020, p.1789). The human population belongs to a clade of spe-

cies distinguished by an essentially symmetrical body plan (Corballis, 2021, p.914). 

In nature, all living organisms are more or less symmetrical, while the extent to which the average 

individual departs from perfect symmetry is named fluctuating asymmetry (Babcock, 2005; Graham 

et al., 2010, pp. 466-540). Due to biological evolution, asymmetry is inseparable from the phenom-

enon of symmetry. According to Corballis and co-authors (2021, p.914) "bilateral symmetry and 

asymmetry coexist in a trade-off". Depending on the probability distribution of the differences be-

tween right and left sides, three types of asymmetries can be distinguished: fluctuating asymmetry, 

directional asymmetry, and antisymmetric (Benítez et al., 2020, p.1789). Fluctuating asymmetry 

represents small, random developmental morphological differences between the right and left sides 

of organisms, that have mostly a 1:1 left-right ratio, while directional asymmetry refers to unequal 

structure size or function, whereas the 1:1 left-right ratio is highly tilted (Benítez et al., 2020, 

p.1789; Zaidel & Hessamian, 2010, pp136-149). Since symmetry, hence, fluctuating asymmetry is 

ubiquitous in all life forms, the phenomenon of bilateral asymmetry is an important concept in cre-

ating faithful digital representations of living organisms, such as 3D characters.  

In contrast to the real-world asymmetric characteristics of all living organisms, which are influ-

enced by evolutionary processes, virtual 3D characters are mostly developed using the concept of 

bilateral symmetry. Consequently, such a concept results in 3D models of human characters based 
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on an ideally symmetrical body, which lacks essential characteristics of human nature. Even though 

symmetry often serves as a notion associated with a judgment of attractiveness and beauty, different 

studies of nature, art, and human faces showed that asymmetry does not necessarily mean the ab-

sence of beauty (Zaidel et al., 2007, pp. 423-431; Corballis, 2020, p.326). Except in nature, the con-

cept of asymmetry is emphasized in art. In the Japanese aesthetic philosophy called Wabi-sabi, 

asymmetry represents the art of impermanence, which finds beauty in things imperfect and incom-

plete (Juniper, 2011). According to Zaidel and coauthors (2007, pp. 423-431), the attractiveness of 

computer-constructed perfectly bilaterally symmetrical faces was judged as significantly lower 

compared to natural faces. In that context, this paper focuses on the bilateral and directional asym-

metry in developing the shape and motion of digital human 3D characters. Instead of using a usual 

workflow based on symmetry, we focus on design imperfections in 3D character design.  

SYMMETRICAL 3D CHARACTERS 

The first goal of this paper is to present a short pipeline for creating a 3D digital character (Figure 1, 

left), which consists of a surface called Mesh (Figure 1, right) that connects to a system that allows 

the movement of that character, and that the system consists of a bone system (Figure 2, left) with 

associated controls and is called a rig (Figure 2, centre and right). 

  

Figure 1 3D digital character and character Mesh 

   

Figure 2 3D character bone system (left); bones controls (centre); 
3D character and rig that make bones with controls (right) 
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The character is most often created using symmetry, namely, a mesh of one half of the character is 

created (Figure 3a) and then the other half of the character is obtained by creating a symmetrical 

half (Figure 3b), and the plane of symmetry is a vertical plane that halves the character. 

The second goal is to show that the 3D character created in this way can be geometrically symmet-

ric or asymmetric. If the character is such that it has a regular walking cycle, then the assumption is 

that the geometry of such a character is symmetrical. This means that his left half of the body is the 

same size as his right half. If the character is asymmetric, for example if one of his legs is shorter, 

then it is expected that his walking cycle is asymmetric, that is, that such a character is crooked. 

 

Figure 3 Mesh half character (left) and Mesh full character (right) 

ASSYMETRY IN 3D CHARACTERS 

The aim of this paper is to shift the focus in creating digital 3D characters toward such characters 

that are more in line with real life and nature in which nothing is perfectly symmetrical. Our inten-

tion is to emphasize several types of asymmetries in digital 3D characters that depict human nature 

and through this diversity show a much larger range of beauty and attractiveness than in ideally 

symmetrical characters. We will focus on two aspects of asymmetry, the first refers to the asym-

metry of the shape of the face, that is, the body of a human-like 3D character, and the second to the 

asymmetry in facial expressions and character movement. 

ASYMMETRY IN THE SHAPE OF THE FACE AND BODY 

Different variations of deviations of human 3D characters will be presented to emphasize the im-

portance of the concept of asymmetry in creating digital 3D characters. The idea behind creating 

such imperfect, asymmetrical 3D characters is to underline the attractiveness of impermanence and 

morphological complexity and diversity in form. The human body is symmetrical in that a vertical 

line can be drawn and on both sides of that line are the same things, what is not the same are the 

details that make a person beautiful. Even the internal organs have their symmetry and asymmetry, 

there are those that are on both sides of the body and those that are only on one. When you look at a 
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human face, you will notice that it is almost symmetrical, except for small details such as youth and 

eyebrows. One eyebrow is always a little higher than the other, one eye semi-closed (Figures 4-6), etc. 

 
 

  

(a) (b) (c) 
Figure 4. (a) Symmetrical; (b) asymmetrical in hair; (c) asymmetrical in hair, ear and piercing on the left eyebrow 

The next goal is to show how character creates movement, that is, how the walking cycle is formed, 

or some movement, for example in sports. Here one can insist on symmetry in movement, but also 

on asymmetry. Namely, most people move symmetrically, so that the centre of gravity of the body 

alternately shifts from one leg to the other. However, this symmetrical step is actually visually bor-

ing, and does not give us any character traits. On the other hand, a character who "throws" his feet 

differently while walking, or a paw, is visually more striking and noticeable. This is due to the fact 

that people do not notice when a person walks physically correctly, while every deviation from it 

attracts our attention. It is a similar thing with the movement of the camera in the film, when that 

movement is continuous and "smooth", and when the movement of the camera is of high quality, 

we will not state that, because it goes without saying. However, we will easily visually recognize 

any anomaly in the movement of the camera. 

 
 

 
 

(a) (b) 
Figure 5 (a) Symmetrical; (b) wide left eye  
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(a) (b) (c) (d) 
Figure 6 (a) Symmetrical; (b) youth on the left cheek; (c) jaw; (d) right ear 

ASYMMETRY IN BODY MOVEMENT 

There are a lot of papers dealing with different ways to create character movements (Obradović et 

al., 2018, pp. 1671-1681). Alberto Cannavo et al. (2019, pp. 125463-125480) created Virtual Reali-

ty (VR) based interface for 3D Character Animation. That means that VR is not only a medium for 

visualizing but also a tool for creating of animation. Mou et al. (2018, pp. 1-16) has debated wheth-

er it is more convenient to use a Keyframe or a motion capture system. The technique of using the 

Keyframe is the standard for learning Character motion and Motion Capture has become the indus-

try standard for film production. 

Asymmetries of different parts of the body and face as a consequence have and cause asymmetric 

movements of different parts of the body, but also asymmetric facial expressions. Asymmetrical 

movements can also be challenging with physical defects in character, such as the lack of one part 

of the body. In such cases, the person moves with the help of aids (crutches or wheelchairs, if we 

are talking about legs), or the deficiency is compensated by a prosthesis. Prosthesis is mostly made 

of some solid materials, special plastic, or metal, and therefore cannot fully imitate realistic move-

ment (MAGNETFILM. 2017, March 20). Figure 7 shows the cycle of the grandmother's walking 

cycle in eight frames, in the first four frames the movement of the left leg is dominant, and in the 

remaining movements of the right leg, where there is a noticeable asymmetry in walking (Inžen-

jerska animacija. 2022, April 11). Figure 8 shows the girl's facial expressions, moving her eye-

brows, mouth, eyelids, and cheeks (red arrows show asymmetrical deformations that are empha-

sized). 
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(a) (b) (c) (d) 

    

(e) (f) (g) (h) 
Figure 7 Grandmother's asymmetric walking cycle in eight frames: 

(a-d) left leg movement, (e-h) right leg movement 

   
(a) (b) (c) 

   
(d) (e) (f) 

Figure 8 Girl’s asymmetric facial expression: (a-c) angry, (d-f) smile 

CONCLUSION 

The paper reviews the use of symmetry/asymmetry in 3D digital characters. This symmetry/ asym-

metry has been achieved on several levels. The first is a mesh of characters whose geometry may or 

may not be symmetrical. If the mesh of a character is symmetrical, then its geometry is usually ob-

tained by creating one half of the geometry of the character and the other half is obtained by plane 

symmetry where this plane is vertical and divides the character into two equal parts. In the case of 

an asymmetric character, it can be reached in several ways: by "spoiling" the symmetrical character, 



SYMMETRY IN SHAPE AND SYMMETRY IN MOTION OF DIGITAL 3D CHARACTERS  
Ratko Obradović, Ivana Vasiljević, Filip Mirčeski and Isidora Đurić 

  77       

i.e., by deforming the body parts of the symmetrical character. Another variant is to create an 

asymmetric 3D model of the sculpture so that such sculptures are scanned using a laser scanner or 

photogrammetry. The second level of symmetry is in the movement of the character itself. And here 

we have multi-layered movement. For example, a character can be symmetrical but his movement 

can be asymmetrical, e.g., if the character "injured" the leg, his movement will not be symmetrical. 

Another approach is to create an asymmetric mesh of characters that leads to asymmetric move-

ment. For example, if a character has a shorter leg, he will certainly limp on that shorter leg. The 

third new symmetry is hidden in the character’s face. Facial geometry can be symmetrical or 

asymmetrical. An asymmetrical face will generally lead to asymmetrical movement. Symmetrical 

facial geometry also leads to asymmetrical facial expression. In this paper, an analysis of symmetry 

in 3D characters and its animation is made in accordance with the three mentioned criteria. 
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