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[summary]|

In 2D animation and comics, the line quality of object outlines and contour lines are
often varied to emphasize or exaggerate the shape of an object. One such technique is to
vary the line thickness depending on the object shape. This technique is often used in
sketching and drawing to give objects a greater sense of depth or dimension. When using
toon rendering to simulate a 2D-esque effect in 3D animation, techniques that render
object outlines of constant thickness are popular due to their ease of application. While
existing methods allow for a certain level of dynamic line thickness through the use of
shading, they require long calculation times and are not suited for real time rendering.
Our study aims to provide a viable real-time 3D toon rendering technique that creates
object outlines with varying thickness.

In the first method, we focused on exaggerating thickness of lines where the target
polygon is curved. Furthermore, by using an backface polygon of the target polygon, we
are able to create a continuous outline of the object, thus recreating a closed outline of
object with varying line thickness. In doing so, we accomplished our goal of developing a
toon rendering method that successfully achieves a varying object outline thickness within
a real-time 3DCG environment. However, the problem is incorrect and feature detection
in 3D models and can not accommodate itself to the shape deformation of 3D models.

In the second method, points of curvature on a 3D model correspond to places where
the model has either a concave or convex surface. We calculate the mean curvature of each
vertex point on the 3D model, enabling us to identify the shape feature of any given vertex
on the model. In addition, this method involves creating a slightly enlarged copy if the
original 3D model with reversed normals. Object outline thickness is changed by moving
the vertices on the copied model outward (away from the original model). Vertices with
a high amount of curvature are moved more than those with a low amount of curvature.
The result is a dynamic and smooth object outline with varying thickness. This was made
possible by calculating the curvature of the 3D model, creating an enlarged copy of the
model with reversed normals, and manipulating the copy based on the curvature.

From these it was realized that the outline exaggeration effectively represented in the
form of real-time toon rendering 3DCG.
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