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1 Motivation

Figure 1: Model sheet of Dino from the Flintstones. Dino can be seen from different angles, motions and expressions.
This type of document is used by professional animators to convey the ”model” of a 2D cartoon character.

In traditional 2D character animation, the form of a character (or model) and its movements are linked and insep-
arable. This is illustrated by the fact that animators typically redraw the character in its entirety at each [key]frame.
While this affords a large amount of flexibility and expressiveness, the process is tedious, expensive, and difficult
to get right. Principles such as those developed by Disney help to standardize techniques that can (and should) be
used when animating 2D characters. These principles where developed in part to help the army of animators and
in-betweeners(tweeners) required to produce a full feature animation film achieve a consistent style. The nature of this
process makes high quality animations inaccessible to untrained or unskilled individuals.

In contrast, this is completely different to how 3D animation typically works, where the model of a character and
corresponding animations are treated as separate entities. The use of a full 3D model enables the character to achieve
poses not envisioned by the model creator, and more closely resembles the mental model that people tend to have (a
character performing a particular action). This separation has also enabled the creation of accessible character creation
tools. For example, many video games allow the player to customize the appearance of the in game character to a large
degree without having to redo all of the character animations. Additionally, techniques such as motion graphs allow
the creation of novel motions from existing clips.

1.1 Why not 3D all the time?
Traditional 2D animation offers a unique artistic style that is highly desirable, but difficult to reproduce using 3D
techniques. Approaches such as Non Photorealistic Rendering (NPR), sketch based modeling, and view dependent
geometry can be used in conjunction to achieve renderings that look closely resemble traditionally animated cartoons.
However, in order to achieve good results, a considerable amount of effort is required by the artist. The artist must
create a full detail 3D model, rig and skin the model, tune NPR shader and lighting parameters, and create and/or
attach the motion. Even then, unless special attention is paid to the retaining the 2D look, the result will still look
inherently 3D. In fact, getting all of this right is so hard that artists for sprite based games sometimes create a 3D
model and animations, and then manually rotoscope each frame of 2D animation, which is then tweaked in 2D (they
did this in ”The world ends with you”). In contrast, 2D drawings are more intuitive to most people (probably due to
the ubiquitous use of pen and paper).
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Figure 2: Several styles of model sheets used by animators. Notice the varying amounts of structure.

2 Goal
The goal of this project is to create a set of techniques that untangle the link between model and movement in 2D
character animation as a means to bring some of the advantages of 3D animation to 2D animations without sacrificing
artistic style. While a full solution would need to consider editing of both the motion and character model, a first step
is to enable the creation of models that can utilize existing 3D character motion data, such as those in human motion
capture databases. We concentrate on two specific types of users, although the proposed techniques could could be of
use to artists of all levels:

• Model creators: users with some ability in 2D drawing, but not necessarily formally instructed in animation.

• Model consumers: users with little to no assumed drawing ability. They use the created model and movement
database to create 2D animations.

3 Character Model
The idea of a character ”model” for 2D animations is not a new idea. While there are no explicit analogs to character
models in the traditional 2D animation workflow, character sheets have been used as a means to communicate the
appearance and style of a character. Character sheets usually show the same character in similar poses, but from
different angles, allowing the viewer to form a mental model of the character’s appearance. In many occasions,
character sheets also show a set of emotions and movement snapshots to allow for a mental model of the characters
movement style.
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Figure 3: 2.5D cartoons from Rivers et al. (2010). Each curve lies on a billboard anchored in 3D space. 2D curve
interpolation is used inside the billboards, blending appearances from different viewpoints.

Several works expand upon this idea of showing a character from multiple views and creating a model. The work
of Di Fiore, Schaeken, Elens, and Van Reeth (2001) uses subdivision curves that are specified from several viewpoints.
For each viewpoint, an explicit Z ordering also needs to be specified. This allows the reconstruction of the model from
novel viewpoints by interpolating the curve control points, parameterized by the viewing directions. The authors also
extend their technique to work with an underlying 3D skeleton, which eliminates the need for explicit Z ordering. Each
curve is assigned to a single bone, and the movements of the bones are translated to the control points. The authors do
not specify how their system could incorporate a curve that belongs to an arbitrary number of bones. In order to create
an animation, the user must specify times and camera viewpoints, along with bone positions, and any manual fixes.
This ties the appearance of the model to the specific motion. Additionally, if the user wishes to view the same motion
from a different viewpoint, potentially a whole different set of information need be specified.

The work of Rivers et al. (2010) extends the approach of Di Fiore et al. (2001) and assumes an overall spherical
geometry to remove the need to explicit Z ordering by the user. Furthermore, the curves are represented by a 3D
position, upon which a billboard is centered and 2D curves drawn. This arrangement improves the appearance of
interpolated curves and enables automatic occlusion.

The work proposed in this document extends these approaches. The idea is to use interpolation techniques such
as those of Rivers et al. (2010), but also use a 3D skeleton like Di Fiore et al. (2001). However, unlike the work of
Di Fiore et al. (2001), our idea is to fully rig the curves on the 3D skeleton. This requires special consideration on
how to handle curves that span several bones. We also want to explicitly enable renderings from novel poses without
explicitly specifying appearances for each key frame. Instead, the information that has already been provided from
other viewpoints will be used when it becomes visible. This cannot be achieved using the global view dependent
models that are created in previous approaches, and requires a solution for locally view dependent curve appearances.

4 Proposed Method
We propose a set of techniques that will enable the creation of full 2.5D character cartoon models. These models will
be created by model creators (see section 2) that have some ability in 2D drawings. These models can then be loaded
and used by model consumers, who will couple the model with a 3D motion to create novel animations. One of the
main technical contributions will be the development of a local view dependent curve interpolation methodology. This
type of interpolation is necessary to decouple the 2.5D model from the current motion. Tied to this, mechanisms to
attach and move the curve along with the underlying bones will need to be developed.

4.1 Local View Dependent Geometry
View dependent geometry(Rademacher, 1999) is a technique that enables a model to have different appearances based
on the relative camera viewpoint. This can be used to achieve physically inconsistent geometry that warps as the
camera moves around the model. Although first introduced for use in 3D models, the techniques of Rivers et al.
(2010); Di Fiore et al. (2001) implicitly have this property, since the appearance of each curve depends on the current
camera viewpoint. An important detail here, is that the appearance of the entire model is tied to the global camera
view. This means that a true separation between model and motion cannot be achieved using the previous methods.
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Figure 4: View dependent geometry from Rademacher (1999). The point on a sphere method of interpolation is shown
on the right. This viewpoint encoding is roughly equivalent to the methods of Rivers et al. (2010); Di Fiore et al.
(2001).

For example, take a character drawn in the ”T” pose from the front and back. Using these drawings to create a model
using the previous methods, it would be impossible to resolve the appearance of the arm if it were to bend forward
(see Figure 6). To address this problem, we propose a method for achieving local view dependence of curves.

The position of each control point

4.2 Embedding Curves into Skeleton Subspace
Independent of how the curves look with respect to viewpoint, is how they behave when the underlying skeleton
moves. A popular approach in 3D modeling is to use Linear Blend Skinning(LBS). Advances in LBS that use dual
quaternions for interpolation have removed many of the artifacts traditionally associated with LBS(candy wrapper
artifacts) provided that good weights can be used. One way to automatically compute bone weights for skinning
is called ”bone heat”(Baran and Popović, 2007). The basic approach is to solve a heat diffusion problem using the
bones as a source of heat. Some Baran and Popović (2007) implement a few shortcuts that allow them to compute
the weights only at the surface without having to solve the entire volume. We propose to use the same approach, but
applied instead in 2D. Since we only need to compute the weights in 2D, solving the entire area is more tractable, and
it would be interesting to explore differences in appearance between the ”full” solution and and adapted 2D version
of surface only bone heat. Embedding curves into skeletons is fairly straight forward when the bones in question are

Figure 5: Illustration of how bone heat works in 2D

roughly parallel to the camera plane (i.e perpendicular to the viewing direction). However, as the view changes, bones
may become perpendicular to the viewing direction and ”stick out” of the screen. Special attention would need to be
paid to these cases. For example, one way to deal with this scenario would be to ignore bones that align closely to the
view direction when embedding curves. Curves could sill be embedded to these bones, but it would require explicit
action from the user to do so.
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Figure 6: Example of a case that previous approaches cannot deal with.
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