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14.1 Introduction 
The animation media was born with 2D cartoons. The first examples of animated stories were 
sequences of hand-made drawings , and even after the advent of computers, quite a long period has 
passed before they started to be used for creating stories (e.g. “Tron” from Disney, in 1982).[1][2] 
We think that including 2D animation techniques in a project for computer-assisted story development 
is quite natural. In this chapter we will describe the state-of-the-art of current 2D computer animation, 
and the way current technology can be used and improved in the INSCAPE framework. 
 
 

14.2 Cel Animation: State-of-the-Art 
 
What we are describing here, are the tools used for the production of professional 2D animation (from 
features films to TV ads), the so-called cell animation software. 
The applications for the developments of cartoons were designed and developed from the experience 
of the traditional animators. In traditional animation, which was used practically in any production 
until the ’80, the single frames were shot with a camera stand, which is a table with a camera mounted 
vertically on it. The different layers which compose a frame are realized with transparent sheets where 
the elements were painted by hand (with soft pens and brush paint); those sheets were overlaid on the 
table and shot by the camera. The scene was represented in an ‘exposure sheet’ where the all the 
frames and all the layers of a scene are mounted together, with synchronization and stepping 
information.[3] 
Similarly, the programs for cel animation uses a sort of spreadsheet, which is the natural electronic 
evolution of the exposure sheet, and graphical windows for the overlaying and mounting of  the layers 
of animation (also called levels), which resembles the table were levels are composed.(see Fig.1) 
The most important commercial software tools for traditional animation are essentially: 
 

·  Toonz, from Digital Video, Italy 
·  Animo, from Cambridge Animation, UK 
·  Harmony, from ToonBoom Animation Inc, Canada 

 
For a description of the state-of-the-art we can take as a reference the Toonz software, since for a 
general description the state-of-the-art is updated on the different solutions. 
The current techniques and animation methodologies can be organized in two categories: raster 
animation and vector animation.  In the following a description of available tools and technologies for 
both is given. 
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Fig.1 The exposure sheet. 
 

14.2.1 Raster Images in 2D Animation 
Although first examples in videogames and movies of CGI are mostly vectorial (Star Wars (1977), 
Alien (1979)) raster (or bitmap) images were the only ones used in 2D cel animation in the 
beginning.[1]   
The raster data structure allow photo-style images, and preserve the hand drawn quality of cartoon 
images. Furthermore, many essential  special effects (e.g. blur effects) are possible only on rasters. 
So, the commercial and technological 2D animation market developed mostly raster-based systems till 
the ’90, when the internet diffusion changed the scenario.[6] 
The raster images are rarely computer generated; they usually come from traditional hand made 
drawings, realized with pencil or soft-pen on paper sheets. The level sheets are scanned and 
cleanupped. All animation systems have a scan module. This module is usually specialized  on  
scanning of cartoon drawings, that is lines, often realized with one color,  with a variable thickness.  
The cel-scan modules  includes  different features; the most important not-trivial features of a state-of-
the-art scan-cleanup system includes: 

·  Automatic peg-holes recognition: the system recognizes the holes in the paper, and rotates and 
translates images accordingly.   

·  Automatic closing of holes; the drawings has closed areas to be filled with colours; the system 
recognizes and closes not perfectly joined lines that defines an area; 

·  Histogram-based equalization of luminosity and contrast;[5] 
·  Automatic cleaning up of ‘noises’ on images; 
·  Adjust of lines: in different frames of the same levels, the ‘hand’ of the artist can be different, 

and the thickness and sharpness of the lines can vary. The system adjusts this features of the 
different drawing according to a reference one. 

·  Multicolour scanning: it generates a different level for each colour. 
The scan-cleanup process produces levels of raster images ready to be filled with colours; the inkpaint 
modules are the responsible for the filling of images. 
Advances features on fill includes: 

·  Autofill: images in a level are automatically filled according to a reference image. 
·  Effects on lines: chalk, neon, fur, ink, airbrush and so on;[4] 
·  Effects on areas: shading, gradients, textures, 3D bump, chiaroscuro, ink, blended areas, 

etc.[5] 
·  Vectorization: possibility to create a vectorial image from a raster one. It can vectorize the 

outlines of the drawing, or the centre of lines. 
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·  Animated colours: the colours can vary in the different frames of the level, interpolating them 
according to mathematical expressions. 

·  onion skinning: different frames are shown together, to simulate the backlit table of the     
artist. 

In Fig. 2, two examples of special effect on ink and paint of a raster image. 
 

          
 
Fig.2 examples of special effects on inks and paints. 
 
The full-coloured animated levels can now be used for the creation of the scene, in the exposure sheet 
module. That module is the most complex of a cel animation system.  
Here is a quick list of the most advanced features an exposure sheet module can have: 

·  hierarchical structure of levels of animations: the different levels can be linked together giving 
them constraints on geometrical transformations; 

·  creation of subscene: a scene can contain another scene, used as a single level; 
·  3D visualization of the table, 2.5 geometrical transformations; using a visualization of the 

table in a 3D space (see Fig. 3) complex geometrical movements can be set giving each level a 
different z-depth value. This allows parallax movement of camera, as well as creation of 2.5D 
animated scenes. With 2.5D we intend a scene composition realized in a 3D space but using 
‘flat’ elements, that is 2D levels.[7] 

·  representation of  scene structure using a DAG (direct acyclic graph); this method of 
representation of levels, special effects and camera transformations allow complex operation 
on scene; (see Fig. 4) 

·  Complex path-aimed movements of  scene elements: complex spline curves can be drawn to 
be used as path for camera and objects movement;[8] 

·  Mathematical expressions on transitions: any operation that has numerical parameters that can 
be set (camera movements, special effects parameters, and so on) can be realized using 
complex mathematical operation for the transitions; 

·  Particle system: full particle system have been realized for 2d animation. They allow to use 
physics to realize realistic pieces of animation using as element 2d levels.(see fig.5) 

·  Special effects: among others, warp, backlighting, motion blurs, automatic cast and self 
shadowing, and so on.[9][11] 

·  Lipsync: automatic methods for phoneme recognition and mouth assigning. 
The final step of the process is the rendering of the scene in the desired output format, using the render 
module.  
It is important to notice that in state-of-the-art systems for cel animation, such as Toonz, all the 
different modules depicted are not separated, but seamlessly integrated in a single application, 
allowing to realize the different phases of a production without a strict temporal sequence. It is easy, 
for example to repaint a level while it is composed, or to re-scan a single image in a level after the 
compositing is done, and so on. 
After the full scene is build up, there is the render phase, where output is generated. This is usually not 
an interactive task, and can be performed by several computer stations in the same time, due to the 
complexity and amount of computation. The rendering can be organized using a render farm, which 
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allow to assign and dispatch the tasks to a computer network. The render farm is able to automatically 
assign tasks depending on their complexity and on the availability of resources. In Fig.6 a 
representation of the production workflow is described. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3 The 3D view of the camera stand table 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4 The DAG. 

 

 
Fig.5 An example of application of a 2D particle system. 
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Fig.6 The production workflow 

14.2.2 Vector Images in 2D Animation 
 
The production process described in the previous section is realized using raster images; it is a method 
still used nowadays, especially for production of feature films and in general for traditional 2D 
animation, where no interactivity is required and sequences of animation can be pre-rendered. 
But, with the advent of animation for the web, and the request for interactive stories, the landscape has 
changed. The web asked for low-band data flows, new modern and stylish styles, and animation 
should be rendered on the fly to allow interactivity.[6] 
All these tasks were accomplished by Macromedia Flash, which quickly became a de facto standard 
for interactive web animation. It is a vectorial format for animation: Flash vectorial images are built up 
with quadratic Bezier curves. Until the advent of Flash, the use of Bezier curves to model images were 
in the cubic form.[8] Flash showed that 2 degree equations are enough to have satisfactory result for 
cartoons, having more efficient algorithm for real-time rendering and manipulation. Flash introduced 
also a scripting language, very similar to JavaScript, to add interaction to its Flash files. The diffusion 
of Flash technology, and, more in general, of the vector technologies, changes the way animations 
appears and are used. A new style, made up of essential thick lines and solid colours typical of 
vectorial animation, has become popular and trendy, and it’s quite common to see that cartoon style 
even on traditional production, such as TV series (see Fig.7). So, nowadays practically all cel 
animation software includes vectorial images support, as well as the possibility of export Flash format 
files. 
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Fig.6 Example of popular Flash-like cartoons 
 

 
The great challenge in vector technology is the paperless production workflow possibility; that is, no 
paper is used, all drawings are realized directly on computers. To reach this goal, the quality of the 
digital drawings is essential, in particular the preservation of the artist’s style in the drawings. 
Hardware devices play a fundamental role for this, and the diffusion of digitalizer displays, that is 
displays  with a thin glass surface which the artist can draw directly on with a digital pen, without the 
parallax effect, among with new algorithms (Digital Video was the main contractor for the 
PAPERLESS European project, about  these issues) did quite the job. Vectorial technologies 
introduced new production flows: images can more easily be automatically generated using 
inbetweening techniques. Autofilling and modification of images is more easy and effective, reuse and 
retrieving of images more simple, storage of huge amount of animation is possible, due to the minor 
amount of memory requested. And, last but not least, real-time rendering of complex animation is 
possible, using very efficient algorithms for that; the small, very common and effective application 
that is the Flash Player is a good example of such a real time renderer. 
 
Some important  state-of-art tools present in a professional vectorial system includes: 

·  Direct drawing; the digital pen information is not only the coordinates, but the preasure of the 
pen on the surface, its velocity and so on. The result is a high quality line with variable 
thickness. 

·  Special style drawing: pencil, soft pen, charcoal, and so on;(see Fig.7) 
·  Interactive modification of lines, two approaches: with handles (Flash) or free deformation 

(Toonz) ;(see Fig.8) 
·  Customized styles: the artist can provide images used as a vectorial pattern on lines; 
·  Oriented textures: textures automatically matches the shape of curves; 
·  Inbetweening: fully automatic, or user-driven. Results are still not always satisfactory, and it is 

more used for simple and geometric shapes; 
·  Deformations and warps: curves can be deformed following directions and shapes; 
·  Adaptive filling: the filling of areas are dynamically adapted when curves are modified, and 

areas are created and cancelled accordingly. 
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Fig.7 Examples of special line styles on vector images 
 

 
 
 
 
 
 
 
 
 
 

Fig.8 Examples of no-handles intuitive deformation of vector lines 
 
 
 
 
 

14.3 2D and 3D: an integrated media 
 
In the last years, with the great diffusion of 3D technologies in any media production, even the 
traditional animation production included 3D elements. The two most important and popular 
technologies which realized a 2D and 3D merging are: 

·  Autotracking: this technology allows the immersion  of 2D hand drawn characters in a full 3D 
environment. This is possible with the auto registering  and tracking tools of animation levels.   
Maybe the most effective example of this technique is the feature film ‘Titan A.E.’ (20th 
Century fox, 2000. Cel animation software used: Toonz) see Fig.9. 

·  Toon shading: this technology gives a 3D computer-generated object the look of a 2D cartoon. 
This technology is basically used in any 2D animated movie, especially to realize background 
objects and props. It is not only a style choice, but also a cost-effective production strategy: it 
is quite cheaper to realize a 3D animation and to apply a toon shader on it, instead of realizing 
it with hand made drawings! The first example of a movie where the protagonist of a 3D 
cartoon is a toonshaded 3D object is ‘The Iron Giant’ (Warner Bros, 1999. Cel animation 
software used: Animo) see Fig.10. 
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 Fig.9  Titan A.E. 
  

 

                    
                         Fig.10 The Iron Giant 
 
 

 

14.4 2D animation in INSCAPE 
 
One of the aims of the INSCAPE project is to experiment and realize new ways to create interactive 
stories.  The project tries to define the concept of the interactive story, to find its constraints and rules, 
to put interaction in the narration flow using new paradigms, and to design and develop tools to realize 
all that. 
Of course, the concept of story is quite unrelated to its representation. That is, a story, and its fruition 
mechanisms, exists and is defined independently of the chosen medium to represent it: it can be a live 
movie,  a puppet show, a 3D style realistic film, a cartoon 2D animated one, and so on. 
To demonstrate and implement this concept, the INSCAPE framework has been structured in highly 
separated (although integrated) parts: the modules responsible for story authoring (the story editor) 
from the story players. INSCAPE wants to show, among other innovative concepts, that when the 
concept of interactive story is defined in terms of semantic and narrative structures, and the character 
profiles and behaviours are formalized, it can be realized visually on different media. The media 
chosen for the rendering of stories in INSCAPE are the 3D computer generated content and the 2D 
cartoon animation. It will be shown that the same story can be rendered in completely different styles 
and environments, maintaining the same emotional and narrative content. 
Why choosing 2D traditional animation technologies? Here are some points for it: 

·  artistic look: from an artistic point of view, 2d cartoons are still not overrun. While feature 
films like “Snow White” or “Princess Mononoke” are recognized and acclaimed as art 
masterpieces, no example in other media, like 3D, has reached this potential of 
expressiveness. We think that giving a cartoon appeal to story experiencing is an added value 
for INSCAPE. 
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·  Technological capabilities: if we think about the latest technologies in cartoon animation, 
especially regarding vectorial imagery, the 2D realm is quite suitable for the developing of 
interactive stories, since it allows an highly efficient real-time rendering, and has very low 
memory occupation. 

·  Innovation challenge: there are several potentialities of 2D animation that be explored within 
INSCAPE. The possibility to create a sort of automa realized as a cartoon character; the tools 
for interactivity, immersed in a 2D environment; a fully real-time cartoon render engine, and 
other. We believe that, even for the cartoon animation production world, a great many 
innovations can be made as a result of the INSCAPE research and explorations. 
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