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Summary

The problems of computer based painting are considered from a fine arts stand point. A
detailed criticism of existing approaches is provided. This criticism centres on the limited
depth of existing models and the resultant limited complexity and relative poverty of their
mark making capabilities. The notion of the importance of the accidental in art is
highlighted and an argument is made for its inclusion in computer based painting models.
An informal task analysis is carried out and a description is provided for the task of
domain modeling. The results of this task analysis confirm the inadequacy of the existing
computer based painting models.

A novel paradigm, Wet & Sticky, is proposed which models the physical and
behavioural characteristics of paint rather than just its colour properties. The initial
proposals for the model require that it mimics the actions of gravity and the effects of
ageing of upon different types of paint. An experimental development procedure is used
to produce and refine a set of algorithms for an implementation of the new model,
resulting in an increase in the complexity of the proposed model, The final model
includes algorithms which simulate the actions of surface tension and diffusion, Details
are given of the behavioural parameters and algorithms required by the model. This new
model is capable of supporting the production of marks which possess a greater degree of
complexity than possible with existing models. Throughout the development of the
model the aim is to balance the requirements of producing a convincing visual and
behavioural simulation of real paint, against the complexity of making a physically
accurate simulation. The new model also provides the opportunity for new tools and
techniques which are not only unsupportable with existing systems but also with
traditional fine art painting methods. A selection of photographic results are included
which provide support for the accuracy of the behaviour of the model.
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Introduction.

Chapter 1

This thesis starts with the commonly noted observation that computer based painting
systems produce images which lack sparkle when compared to those made using
traditional methods and media. Their images appear like feeble or sick cousins when
compared to their studio based counterparts. This thesis will discuss their symptoms,
offer a diagnosis of the cause and nature of the sickness, and propose a cure. At the end
of the thesis photographic evidence will show the effectiveness of the cure.

This thesis will show that the present generation of computer based painting systems are
based on a simplistic model, and that this is the primary cause of their problems. This
thesis will proposes a new more appropriate and elegant model for computer based
painting systems. In particufur it addresses the following questions:

* What is wrong with present paint systems, and why do we need a new model?
» What are the requirements of a new model?, and,
* How should one go about building one?

The thesis will describe the roots of this new model, named Wet and Sticky. It will
introduce and explin concepts such as an accurate synthetic model of paint, the intelligent
canvas, and the painung engine.

1.1 Requirements of the model

WET & SIXKY grew out of a dissatisfaction with the image making possibilities of
traditional computer based paint systems. To understand this dissatisfaction one only has
to walk round almost any exhibition of paintings. If one closely examines the marks that
make up the complete image it immediately becomes apparent the incredible range,
variety, and complexity of these fundamental building blocks. If one now carries out a
similar examination of electronic paint images one will see a much narrower range, a
lesser variety, and a reduced level of complexity. These images tend to be considerably
more sterile than their real world counterparts. This disparity rises out of the shallowness
of the model employed by paint systems, by the lack of understanding of the process of
real painting and of the behaviour of real paint.
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The aim of WET & SnCXY is to produce a model which will support the production of
images whose marks possess the same degree of complexity and variety as those found in
real paintings, and to allow for the accidental effects inherent in real painting. It is
important to note that there are two yard-sticks against which the success of the model
should be judged.

* The first is the final appearance in terms of complexity, variety and richness of
the marks, and of the whole image.

* The second is the ease with which these marks and images may be created,

By basing the model on the artist’s traditional ie. studio-based working methods, and on
the behaviour and characteristics of their traditional tools and media it is hoped that both
of these criteria will be met adequately.

1.2  Vested interests

Before [ start I should make plain my reasons for working in this area,

My initial training was in the finc arts, and | have since taught and practiced drawing,
sculpture and painting. My interest in computer painting grew out of a dissatisfaction
with capabilities of the systems Tused. Although these were state of the art devices, I felt
they took far too shallow & view of the process of real painting, This view was supported
by the fact that most fine artists [ encountered who had used these systems found them
too sterile and unattractive to use. My aim in proposing and developing the
WET & Sneky muodel was to devise a system which would attract fine artists rather than
repel them.

1.3  Setting the scene,

Computer based painting systems have been around for almost twenty years. Within
three years of the generation of the first computer based paint image the concept of using
a computer to paint an illustration had progressed from academic research to being used
by the television industry. Two years later, in 1978 two dimensional computer
animation, gencrated on a successor to the first paint system was used by NASA to
illustrate the Pioneer spacecraft’s encounter with Venus, ( Rivlin 1986 pp.75). Today
such systems are a mainstay of the television industry and with the increase in processing
power and the decrease in the cost of memory chips they have percolated down from
specialized turn-key systems to the home computer market. Today’s top of the range
systems offer millions of colours, anti-aliasing, dozens of basic tools, integration with
video images and 2D and 3D animauon, and many image manipulation features.
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1.4 Present inadequacies.

There have been many changes in user interaction in the last twenty years: witness the
changes in the way one can produce and edit documents. Nevertheless, apart from taking
advantage of hardware advances,there is no fundamental difference between the first and
present day colour paint system, the Shoup model, as described by Smith (1982). All
paint systems use the same basic conceptual model outlined by Shoup of a frame buffer
holding colour values which represent the canvas, with the user interacting directly with
the frame buffer to alter and manipulate the colour values. From the most elementary
home system to the most expensive tumn-key system the underlying model is the same.

Unfortunately the Shoup model is fundamentally flawed as an abstraction of the real
painting process.

« it reduces paint, an extremely complex and variable substance, to one single
attribute, colour, represented by a simple number.

« it does not allow for any of the environmental effects that influence the
behaviour, and consequently the final image, of real paint.

« it does not allow for the accidental effects common in the real paint process.

« it does not madel the canvas in any more depth than as a colour.

In summary its shallow concept of paint makes it extremely difficult to reproduce the

complex marks that are evident in real painting.

1.5 A new approach.

Computer based paint systems provide a simplistic model of real painting. This
simplification stems from a fundamental lack of understanding of the processes and
technigues of real painung. This suggests that its developer did not have any experience
of real painting. With the benefit of such experience it is possible to propose a much
more appropriate and accurate model. The new model should overcome many of the
inadequacies of today's systems. However there would be little point in merely
mimicking the real world if one did not also offer some advantages over reality. By
abstracting the components, the rules governing the behaviour of paint and the processes
of real painting it is possible to allow the creation of new tools which facilitate useful
effects which hitherto were impossible. With the new model it is possible to directly
address and interact with the attributes of paint, substrate, and the environmental
conditions which influence the development of a painted image. This flexibility gives the

11
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user far more power in controlling the development of an image than is possible with
existing models, or within the studio environment.

This thesis will present an argument against the Shoup model, explaining its
shortcomings and reasons behind these. It will argue for the necessity of including the
end users, ic. artists, in the design of paint systems. It will then go on to propose & new
model, WET & SXY. It will present the reasoning behind this model, describe its
implementation, and demonstrate its advantages, which are that

« the model is based upon the attributes and behavioural chacteristics of real paint,
substrate and environmental conditions such as gravity and evaporation,

« the model accommodates the accidental features encountered in the process of
painting, and,

by providing an abstracted simulation of reality, and restoring an emphasis on
the process of painting, the model allows the almost automatic generation of far

more complex marks than achievable with existing models.

Chapter 2 contains a review of existing computer paint systems and the associated
literature. Chapter 3 describes the requitements of the new model, and discusses the
WET & SICKkY model. Chupter 4 is concerned with the problems associated with the
implementation of the paint and canvas properties of WET & Smcxy, and Chapter §
discusses the algorithms used for the implementation of the painting engine. Chapter 6

looks at the requirements of the user interface, Chapter 7 contains ideas for further work.
The final chapter contains the conclusion.

The thesis will also show that WET & STICKY provides solutions to all the criticisms of
the Shoup mode! that have been outlined so far. Furthermore it will show that the
WET & SICKY model can reproduce any of the effects that are possible with the Shoup
model, and that in effect the Shoup model is a sub-set of the WET AND STICKY model.
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A Review of Computer Based
Painting Systems.

Chapter 2

2.1 Introduction.

This chapter shall present a review of the published work which is relevant to the topic of
computer based painting systems. The sources for the literature will come from two
normally disparate fields: those of Computing Science and Fine Art.

It is necessary to study the writings, and observe the working practices of artists and
painters, to understand their working methods, techniques, and requirements. Since
painters are to be the end users of computer based painting, and are the experts at the
production of images, it would be negligent not to consider their views. Unfortunately
artists are not always very pood at recording their views and experiences. To artists the
image is the message. Writing about technique is seen as an obstacle to their main aim,
namely the production of more images. The artist is an expert communicator, but usually
only in the visual sense. For this reason it is also useful to look at the work of art critics.
The work af the art critic is valuable because he is one step removed from the creative
process, and so can place a painting in context, to distinguish trends, and draw links
between separate types of work. The role of the art critic as a documenter and describer
of technigue is secondary to his role as observer and critic of content, and of the aesthetic
success of the image. For this reason the literature that is immediately relevant to this
field of study is often buried under aesthetic considerations. Nevertheless, the aesthetic
effects of cenain technigues are also of importance as they can explain why these
techniques were used.

A review of Computing Science as applied to graphic art is required to discover if and
how it has addressed the requirements of the artist as a potential user of the computer as a
tool. The review presented in this thesis will show that it is only recently that there have
been any real attempts to discover the working methods and requirements of artists. This
is immediately evident by the dearth of literature and research into the subject.

The review will be split into three sections. The first will give a historical perspective of
the development of computer based paint systems. The second reviews the literature

13
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relating to the tools and techniques of the artist’s trade. The third section will look at
computer science work which has attempted to assimilate and use constructively the

source material outlined in the preceding sections.

2.2 Computer based painting systems,

Before one can look at computer based painting systems it is necessary to define what is
meant by the term a "computer based painting system". This will serve as a guide for
categorizing different systems.

Smith (1982), Beach et al (1982), and Watters et al (1987) all give descriptions of the
requirements of a paint system. From these three specific descriptions it is possible to
identify elements which are common to all computer based paint systems, these are,

+ Firstly their purpose; hand painting two-dimensional images displayed on some
form of output device. These may be in colour, gray scale or black and white,

« Secondly the highly interactive nature of their software, often with WIMP#
interfaces (Schneiderman 1987),

« Thirdly the concept of the canvas being a large piece of digital computer
memory, and finally the brush as an electronic input device. It should also be
noted that the user is referred (o as an artist or designer.

These common features are the key elements in all contemporary computer based paint
systems. Most systems offer many more features, but all rely on the same basic
underlying principles  The first system that used all three clements was Superpaint
developed by Shoup in 1972-73 at Xerox PARC. This system used an eight-bit frame
buffer and iv also noteworthy for being the first to use both the frame buffer as a
electronic canvas, and a tablet and stylus as a painting input device. Smith(1982) also
mentions another carly system developed by Miller at Bell Labs using a three-bit frame
buffer and potentiometers to change the colour of lines drawn by the user.

Shoup and Miller independently developed the first colour paint programs but the first
interactive image-making system was Sutherland's(1963) prophetic work Sketchpad,
developed as part of his doctoral research in the early 1960’s. Sketchpad was the first
interactive drawing system and the first to allow the user to communicate with the
computer and directly alter the image via a light pen. However, Sketchpad does not fit
our definition of computer based painting systems developed above on two accounts.
His system was an object based drawing program and was developed long before the

# Window Icon Menu and Pointer

14
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advent of frame buffers and raster display devices, Sketchpad used a vector display.
Indeed painting systems as we now know them only exist because of frame buffers and
Shoup’s concept (Rivlin 1986 pp74) of the frame buffer as a canvas. Sketchpad had no
concept of a canvas. Instead it used a display list to hold the image information. The
display list is simply a list of vectors. Although Sutherland’s aim was to produce an
interactive drawing system, not a painting system, he did however invent many of the
interaction techniques that are fundamental to the drawing operations common to both
kinds of systems, for example, rubber banding.

Smith’s Paint program, described in his paper of 1982, used an 8-bit frame buffer and
offered many more features than the original Superpaint, almost all of which are now
considered to be part of the standard package of any paint system. ( These are discused in
detail in Appendix A). A later version, Paint3 used 24 bits per pixel, and introduced the
notion of “wet paint”. This was achieved by using an 8 bit wetness weighting across the
brush’s footprint. The higher the weighting the more dominant the brush’s colour is over
that of the paint on the canvas.

The example given in Smith (1982) is of a brush with a random distribution of bristles
with those in the centre having a higher weighting. Such a brush simulates airbrushing.
The name wet paint is misleading and displays a superficial attempt and lack of
understanding of the behaviour of wet paint.

A detailed chronology of the early paint systems from Shoup to Smith and beyond to the
products of Richard Taylor’s company, Quantel, is presented by Rivlin (1986). This
work highlights the fact that with increased processing power and cheaper memory, and
thus deeper frame buffers, have come more effects and more colours.

However there has been no change to the underlying model. The effects are primarily
aimed at end users in the graphics and television market, Many of these effects, like
Smith’s wet paint, are simple colour manipulation algorithms masquerading under artistic
names. Others provide a single effect of limited artistic potential, such as brush extrusion
(Whitted 1983).

Only one paint system has broken from the mould of the canvas as frame buffer set by
Superpaint. This is UltraPaint (Watters et al 1987) which is an attempt to get round the
relatively poor resolution of the display device. Although reductions in the cost per bit of
memory has allowed larger frame buffers, which in turn have allowed more colours to be
displayed, there has been no corresponding advance in display technology. State-of-the-
art displays have a resolution of 100 pixels per inch whereas print technology uses 4000
dots per inch. UltraPaint allows images of up to 32K by 32K to be created on a 1280 by
1024 display. The information for the display of the image is held as a vector
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representation. Using this system the whole 32K by 32K image is never stored in its
entirety. Only those areas that are required for display of the present view are generated.
As one zooms in, the image is always viewed at maximum screen resolution. Any
changes made are stored in the vector list. As one zooms out these changes may not be
visible, but can be seen if one zooms in again.

The system is very similar in principle to systems which use the PostScript page
description language (Adobe 1985), but, without the advantages of PostScript’s object
oriented nature. Several high quality drawing programs have been developed which use
PostScript, for example, Aldus Freehand (1990). The difference between programs
which use PostScript and UltraPaint is that whereas UltraPaint is designed for freehand
painting, the PostScript based drawing programs provide support for editable line
drawing.

There is a question as to the purpose of UltraPaint. Although it allows great
magnification without loss of quality, and stores the image data in a compact form, it falls
down when it comes to the final use of these high definition images. If the image is to
remain on the screen for final display then the only use one could see for the system
would be for backdrops to animated sequences. UltraPaint would allow very large
seamless backdrops to be created without the need to resort to repetition of the backdrop
image. If stepless zooming were included then animation sequences that require long
pans, or zooms would benetit trom the system,

Willis (1984) shows how the high resolution of UltraPaint coupled with the ability to
record a transcrnipt of the users actions in creating an image can be used to produce a tool
for generating high detinition output for printed graphics. This appears to be the ideal
role for the UltraPaint moxdel.

Rather than just looking at previous paint systems and their models, the designer of a new
fine art computer based painting system should return to basics and look at the traditional
tasks and working practices of fine artists. The next section describes an informal task
analysis which provides a stable foundation on which to construct a new model.

2.3 An informal task model.

2.3.1 A three point plan.

How do artists actually work? One way of answering this question is by using task
analysis. Before any design work is commenced the designer of a interactive system is
advised to carry out some form of task analysis. A possible approach would be that of
Shepard’s (1989) Hierarchical Task Analysis .
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Create a painting

[ Select materiais| [ Arrange paletie and substrate | [Paintimage |

Choose Substrate |Chqose paint type I Select brushes

I

| Select colours || Select mixing media| Paint until image reaches a

satisfactory “finished" state.

A hicrarchical breakdown of the wocgsg :;e puliming a picture. Operations which are

underlined cun be further sub-devided,
One can easily see in figure | how the initial subdivision of the task of painting a picture
is relatively easy. The problem is that the actual process of painting the image, ie.
composing the image, and the iterative process of adjusting, altering, and developing the
image is much harder to define with hierarchical task analysis. As Shepard says, when it
comes to analyzing complex tasks which entail considerable element of human skill, it is
best to colluborate with a tusk expert. So as an alternative to the formal method outlined
above, | propose a more informal, though thorough method of task analysis. I shall call
this an informal task model.

Before designing WET & SICKY | did not carry out any orthodox task analysis, mainly
because as a practicing artist for the past ten years, I am in a position where my
experience, in both the area of making painting, and in speaking to, watching, and
teaching others to paint, gives me suitable knowledge of the tasks to enable me to side-
step traditional task analysis. Nevertheless for any other potential designer of computer
based paint systems | would propose a three point plan of investigation into tools and
techniques employed by artists.

* 1. become aware of the range of tools and media available to and used by
painters,

* 2. review the literature written by artists, technicians and critics, and,

* 3. observe and discuss with artists the process of drawing and painting
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The starting point for someone with a casual interest would be a visit to an art supply
shop followed by one to an art gallery. The range of brushes, drawing implements,
papers, canvases and paints is vast. Equally vast is the range of types of effects achieved
with these materials. A walk round any painting exhibition, be it the work of pre-school
painters or post-modern, immediately highlights the narrow range of effects possible with
computer based painting.

If the prospective designer had not been put off by stage one, then stage two would be to
refer to the literature. The literature can be divided into two basic areas:

« The tools and techniques employed by artists, such as Cennini (1954) and
Collins et al (1987).

« The principles and concepts, such as Ashton(1972). This section would include
the work of art critics such as Gombrich (1978).

Both areas provide useful insights into working methods and reasons for using one
method rather than another. These two sections are discussed in greater detail below.

2.3.2 Technique.

Cennini’s “1l Libro dell Arte”(1954), was written in 15th century Florence and deals
primarily with the dominant painting techniques of the day, fresco and oil. It is basically
a reference mianual, although his advice ranges from general principles the artist should
follow 1o specific methods for solving particular visual problems. Chapter XXVIIII
sums up his spread of advice, which is entitled:

How you should regulate your life in the interests of decorum and the
condition of your hand; and in what company; and what method you should
first adopt for copying a figure from high up.

Other chapters deal with the making of brushes and the uses of different shaped brushes
the uses of particular colours , and methods for painting fabrics. He details methods
which employ the layering of colours and how to mix colours on the substrate.

There have been many books on artistic technique since Cennini’s. A modern day
example is the book Techniques of Modern Artists by Collins et al (1987), which gives
life-sized photographs of details from paintings accompanied by descriptions of how to
achieve the cffects shown. [t is a useful reference as it not only shows up the deficiencies
of the images produced on paint systems compared to those illustrated, it also hints at the
narrow interactive capabilities of paint systems.
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2.3.3  Principles and concepts.

One should not neglect the view of the practising artist despite the fact that his comments
are often harder to interpret than those referring to pure skills and techniques. There also
appears to be a rule of thumb that the better the artist the less likely he is to commit to
paper statements about his own work. Sadly in the past there were few high-calibre
artists whose conversations and statements have been recorded. However in the later two
thirds of the twentieth century the artist has assumed more of a celebrity status, and
consequently his views have been solicited by the media. Fashionable artists are filmed
and interviewed, and are required to provide statements about almost any work they
produce. All these sources, old and new can provide interesting insights into the
reasoning behind a particular work, and they also can bring out ideas that may not be
obvious in the final work. Such works usual refer to concepts on a higher level than
those of Cennini.

My own research into this field has been influenced by those artists whose works I
admire. These include Renaissance masters, the work of nineteenth century painters and
sculptors such as Cezane, Roddin, Degas, and Gauguin. | have studied in detail the work
of the great artists of the carly twenteth century such as Picasso and Matisse, right
through 1o those of the ast thirty years. The range of styles and approaches of these
artists is wide and gives a broad spread of views and attitudes to the working process.

Some of the approaches to problem solving, and methods of proceeding with a painting,
may be alien to thase employed by computer scientists. This is not surprising, given the
differing aims andt requirements of the two fields, but it is very important for the designer
of a computer based painting system to be aware of these differences.

Picasso talked of the importance of the accidental in art (Ashton 1972) and of the
importance of the idea as merely a starting point . He draws a parallel between walking to

work and creating a work of art; he guestions,

“On leaving your house, do you often change your route without thinking
about it?... And do you not get there anyhow? And even it you don't, does it
matier?”’

Chipp (1968)

This wandering route is evident in the photographic and film records of Picasso at work.
For example, in the series of photographs chronicling the development of Guemnica taken
by Dora Maar, (Richter 1905) , or the photographs of the eighteen states of the
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lithograph, Two Nude Women (1946), (Schiff 1986), one can sec how a work may g0
through vast changes of emphasis and direction.

Jackson Pollock also writes of the unexplored and unpredictable path the artist follows
when creating a painting. He talks of the painting having a “life of its own”, and
reaffirms the idea that the process is more important than the end product; he says,

“ the instance one(a painting) is completed, the intimacy between the creation
and the creator is ended. He is an outsider.”

Chipp (1968 p 548)
The Dadaists often used chance as a vital element in their works. Indeed they used the
idea in many different fields, from painting to poetry, from drawing to dance. The most
famous being Hans Arp’s Nach dem Gesetz des Zufalls ( According to the Laws of
Chance) (Richter 1965). This is a collage made by dropping a handful of coloured,
roughly square, pieces of paper onto a larger piece. The fallen pieces were glued to the
base piece wherever they landed, thus eliminating the artist’s role in determining the
composition of the image.

This desire for the serendipious influence which is an artefact of hand made image
making has also been expressed by practitioners of computer based painting. On viewing
some of her early computer based work, the artist Sokolove (1990 ) talked of feeling a
need to ** set human wiggliness and complexity " to disrupt the coolness of the electronic
image. She views visual complexity and richness as a vital part of image making.

2.3.4  The final stage: the studio.

The final stage for our potential designer would be to talk with and observe the working
methods of artists. Although this is the last stage it is also the most important. Ideally it
would culminate with the designer using the artist’s tools and materials. This experience
would bring into sharp focus the complexities and subtlties of the tools.

By observing the artist at work, one will see painting reduced to its basic building blocks,
its primary elements. Painting is fundamentally about lines and coldur. and the act of
making marks. It may seem over-simplistic to reduce the works of the great masters to
such a basic level but in essence the act of painting, whether it be 15000 years ago in the
caves of Lascaux, or in Schnabel’s (1982) studio, is the same. What lies behind the
marks and their effect is a consequence of their total collective interaction with each other
and with the viewer and all that he brings to the painting. In essence then, all that the
computer based paint syster- must provide is some way to make marks. Using this
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definition it is true that all computer based paint system's fulfil this role, but what
differentiates them from real painting is the variety* and richness' of marks that can be
made.

To stand in front of a blank canvas, or picce of paper, or substrate is a frightening and yet
exciting experience. A virgin white picce of paper is an intimidating thing. It offers vast
potential and taunts you to make your first mark. At no time subsequently will your
choices be so wide and not influenced by previous events or by the collective interaction
of previous marks. So the first mark may be just a throwaway gesture to break the
tension or it may be a carefully placed key element in the final image. Another way to
break this tension is to give the whole substrate a rough patchy tone, but this will also
have the effect of reducing the contrast between it and subsequent marks. Berger (1963),
gives a very elegant description of the effect of breaking the tension with the first mark.
He compares a virgin piece of paper to a fish tank full of water but devoid of fish. Once a
fish is introduced that is all that one looks at. The water, the paper, becomes merely the
area in which it exists.

The process of painting is an iterative one. The artist may start with a plan, or idea, of
how the final image will appear. Although he may well start off following this route, he
cannot but help be influenced by the process of making the image. The accidents, the
chance unpredicted composition of lines and colours, the interaction of the image with the
studio environment, all have an effect on how the work progresses,

A complete sketch of the whaole work may have been worked out in advance and
transferred to the canvas. The sketch may serve as a very tight guide to the finished
image, or may only contin 4 flavour of the final image or the final image may not contain
any trace of the sketch. It is important to note that the initial sketch can be a valid image
in its own right. The artist may terminate the work early and start afresh because the
sketch would be lost or destroyed by further work. In this sense we cannot draw a
parallel with a writer’s rough draft. The writer’s draft is rarely published and, if it
survives, is only of interest to the researcher, whereas in many exhibitions the distinction
between sketch and finished work is frequently blurred.

¥ 1f one thinks of the marks that are made as words or phrases of & visual language then one can refer 10
the range and varicty of the visual vocabulary used by the artist. Although one might only refer to the
varicty within a single image it is desirable for the artist to be able to select appropriate words and
phrases from a wide-ranging vocabulary

t Using the same metaphor, varicty is not enough, richness adds flavour and is an important element in
enhancing the character of the work,
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Throughout the painting process the painting is a living thing, not just in the poetic sense
of the painting’s character influencing its own development, but also at the more basic
level of the physical characteristics of the paint. The paint has a life-span during which it
is malleable and ranging in character from a liquid to a solid. By selecting the type of
paint and medium® the artist can prolong or shorten the life-time of paints. Working
methods that have been developed in the studio to solve the problems of paint drying
prematurely, or conversely taking too long to dry, may not appear to have any place in an
computer based paint system. One of the reasons for prolonging the time during which
the paint could be worked was purely economic. The artist would mix up a particular
colour and would need to use it over a period of several days or even weeks. He
therefore wanted the mixture to last so that any surplus from day one could be used on
day two and so on. It also avoided the problem of having to remix the same colour. This
could be equated to keeping the colour values of various paints in a colour library. Ina
computer based paint system, however there is no danger of the paint on the palette
becoming unusable due to age. Greiman (1990) makes the mistaken point that the paint
never dries. This is the wrong way to look at electronic paint. It cannot dry because it
was never wet.

Another, more important, reason for extending the working life of the paint, is to allow
the artist to keep the paint in the image "on the move", which allows the artist the freedom
to change his ideas and 1o mix the paint on the surface of the image rather than on the
palette. For this purpose the paint’s drying time need not necessarily be greatly extended,
a few minutes may be sufficient.

Yet another reason is that various techniques depend on painting wet on wet. There are
drawbacks to adding media to prolong the paint's life. It requires the artist to have a well-
tried working method in order to be able to organize the painting process, so that he is not
hindered by the wet paint.

When the artist wishes to build up many independent clean colours rapidly it is desirable
for the paint to dry as quickly as possible. The most extreme example of this is encaustic
where molten bees’ wax and turpentine are mixed with oil paint, With this method the
paint dries and hardens extremely quickly. The bees’ wax also adds body to the paint and
thus gives encaustic the rare combination of fast drying with thick gobular paint. Other
fast drying paint techniques are available to produce a thin layer of paint, A more detailed

# Medium is the name given to the bonding agent and/or thickener used to hold the pigment, The Oxford
English Dictionary for example, defines it as a vehicle for paint. Examples of thickener's are linsced
oil for oil-based paint and poly-vinyl-acetate for acrylic paint.
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discussion of the methods and the advantages and disadvantages of altering the viscosity
and drying time of paint will be given in the section on Elements and their attributes.

As the work progresses from sketch, or background tones, to more definite, perhaps
finer work the artist may change the type of brushes used. As a very crude guide it could
be said that the work moves from rough to smooth. This will probably happen in a series
of steps. The work moves forward, later only to retreat as a result of some change of
direction. This change might be caused by an outside influence, a dissatisfaction with the
work, or a new idea inspired by the paint process. The exploratory nature of the working
process is reflected in the way the artist typically likes to have a large selection of brushes
within easy reach. One reason for this variety is to allow the artist to overcome the
physical limitations of the medium. If the artist needs to apply clean colour he needs a
clean brush or at least one which was last used for the same colour. The artist therefore
not only needs a selection of long, short, thin fat round and square section brushes but
ideally, several of each.

We should not be mistaken into thinking that only clean strokes are desirable. The
streaks and smears of using a brush that has previously been used in a different colour are
as valuable a part of the vocabulary of the artist as the pure, crisp strokes. Indeed,
serendipious effects of this sort are often deliberately created with the artist picking up
several dabs of different puint for the one brush stroke.

For the duration of the painting process different areas are being developed at different
times, taken back and redeveloped. Frequently one finds that although the bulk of the
image may go through several turbulent metamorphoses, patches or windows onto some
of the very first marks may remain untouched. The whole image has the potential to be
continually edited and re-edited. Obviously the physical properties of paint mean that this
cannot be done in isolation where any element may be removed from the image and
altered, and then replaced without disturbing the rest of the image.

In altering the image, the desire is sometimes to rewrite the history of the work. That is
to radically review and change the previous state of the image into one more in keeping
with the artist's present ideas, without leaving any trace of the previous state. On other
occasions the idea is to leave a few relics of the previous state just bélow or poking
through the surface. When parts of the image are removed or changed it may be possible
to come back to a relatively clean canvas. Altematively one might paint over the area with
a colour that completely or partially obliterates what has gone before. However
dependent on the properties of the paint or other substances that have been used to wipe
away the substrate, or try to cover it, this will have different effects. Erasing a drawing
with heavy charcoal and pencil line- will inevitably leave traces. Often these form &
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useful part of the subsequent composition serving as a guide and reference to both the
artist and the viewer. If the area to be changed is dry then painting over the surface with
an opaque paint will obscure the visual marks but the texture of previous brush strokes
may not be covered. The size, direction, grouping, and flow of these marks may
influence the future composition. If the area is wet then, unless the covering paint is
applied in a very thick manner, the act of application will mix the top layer with the ones
below. Either way, the extra thick paint or the blurred mixed paint will, at least at that
stage of the development of the image, influence the artist. For many artists it is the
visual historical record of a work which constitutes one of its most important elements.

2.4 Painting and computer science.

This section will look at computer painting systems which have addressed the problems
of developing tools that are based on those employed by artists in the studio.

2.4.1 The designer’s stand-point.

Sutherland was the first in a long line of computer scientists to develop a tool that could
be used by artists. Unlike many of his successors, Sutherland, draws attention to this
and sees it as a positive advantuge. In his introduction he states Sutherland (1963),

“Had a working system (Skeichpad) not been developed, our thinking would
have been oo strongly influenced by a lifetime of drawing on paper to
discaver many of the useful services that the computer can provide.”

It can be argued that the development of a system can and does frequently identify many
unforeseen advantages, and that a certain distance from a problem can allow a more
focused view of its major elements. However it is also true that a knowledge of the
process of artistic image making, be it painting, or drawing, is a positive advantage when
it comes to developing an clectronic (synthetic) painting or drawing system.

This is evident in the way that computer science has two very different concepts for
modelling drawing and painting. In fine art there is no real definitive split between what
is a drawing and what is a painting, or between how one approaches making a drawing as
opposed to making a painting. Often when making a painting one starts with a drawing
and as the work progresses draws into the painting. Conversely when drawing the artist
often uses brushes and colours and inks and paints. However in Computer Science,
there exists a very clear conceptual difference between drawing systems and painting
systems.
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Drawing systems

A drawing system uses an object based model and is really a tool for drawing diagrams,

not for drawing in the fine art sense or in the sense of a child’s drawing. To an artist a

computer drawing system is a particularly alien beast. The concept of drawn objects

which are re-definable in terms of colour, shape, size, and orientation, and exist in layers,

is more akin to the idea of a super, if somewhat clinical, collage. Drawing systems do

offer many advantages over traditional pen and paper when it comes to drawing diagrams
or maps etc, but they do not in any way allow the production of fine art drawings. The
use of the term drawing in their name is crediting them with much more potential than
they can possible provide. Indeed it shows a very limited view of what the purpose and
abilities of drawing are. This stems from the engineering and mathematical idea of
drawing; for example, “I have a problem with which I need your help, let me explain it to
you by drawing a diagram.” Contrast this with the absurd image of for example,
Michalangelo trying to use a drawing system to produce a drawing of the creation of
Adam. Michalangelo’s problems would arise from the limitation of the system which in
turn stem from the definition of the requirements of the system, which in their turn stem
from a limited naive view of drawing.

Painting systems

A painting system is pixel based and uses the concept of the electronic canvas. To the
artist this is much more like drawing or painting. To the computer scientist the fact that it
may use colour, that its tools are biased towards freehand drawing, that it not so easy to
edit and is messy implics that it belongs to the world of painting. Drawing a diagram
with a painting system is a slow and awkward business.

Unfortunately the role of the artistically-naive developer of computer-based paint systems
has been perpetuated. This is evident in the range of tools and effects available in the
contemporary commercial products, many of which have little real value other than as
gimmicks such as a brush which paints a trail of musical notes. Giloth & Veeder (1985)
comments on this with reference to a feature which is almost universal to all paint
systems, namely the airbrush. They points out that in the studio the airbrush is used in
conjunction with stencils and masks. Without these supplementary tools the electronic
simulation does not begin to approach the versarility and power of the mechanical tool.
Such tools are provided by the better systems but are difficult and tedious to use, whereas
studio stencils are immediate and simple. Smith (1989) notes the absurd differences
between what an artist may value in an image and that which a computer scientist may

value. He poses the question,
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“Would Picasso have been 20% better an artist if he had 120 instead of 100
colowrs?”

As an artist in a Computer Science environment I appreciate that it is not quite so simple.
It is true that more colours allow smoother transitions between colours, but it is also true
that an image’s worth, strength, and value cannot be judged by the numbers of colours
used. Reffin stresses the importance of an artist’s idea and the interactive capabilities of
the computer rather than say, finer lines or more colours. Em (1983) supports this view
and defines the key difference in approach between the artist and engineer as, that when
making a work of art the emphasis is on the process and not on the product. Although
this is a simplistic view and does not take into account the existence of process and
production engineers, I believe that this is a very important point. Since the 1950’s there
has been a prolifereration of process—oriented art, partially fuelled by the work of the
abstract impressionists, and partially by the earlier work of the Dadaist and Surrealists.
Unfortunately few electronic paintbox designers have been able to see things from the

artist’s stand-point.

2.4.2  Modeclling mark-making tools.

One can define the pricess of making an image as the use of mark-making tools to make
an assembly of independent marks work as a whole, A mark is defined as any local
disturbance 1o a surface ( this definition allows for smudges, smears, tears, tones caused
by spills, and lasting effects caused by light falling on the image, and marks caused by
surface irregularities ) Using these definitions Jet us first look at some of the mark-
making tools supplied to the user of computer painting systems,

As has been previously stated, the basic tools of the artist's trade are drawing tools,
painting tools and paints. One could also add to this list the various substrates used by
artists for different effects. The amount of research done on these fundamental tools and
the generation of synthetic versions is limited. The vast majority of paint systems offer
brushes and drawing tools which are based on the same simple principle as the potato
print. The brush can be thought of as the potato stamp and its shape is held as a 2D array
of pixels. The canvas is a larger 2D pixel array. To make a stroke the brush image is
repeatedly stamped upon the canvas along the path of the brush stroke. There are
variations on this basic model, such as randomly switching on and off brush pixels as the
stroke is drawn to create uscful effects such as simulating drawing on a rough surface,
others make use of specialised pressure sensitive input devices allied to algorithms that
alter a brushes characteristics - -esponse to changes in pressure. An example would be

the brush tool in (Adobe 1990) Photoshop which maps changes in pressure from a
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pressure sensitive stylus to alter the darkness of a stroke. Others, such as cycling
through the colour map and using a different colour for each stamp, are of little more than
novelty value ( although colour table cycling is a useful tool for animation)

The most notable work on an alternative to standard brushes is the work of Strassmann
(1986) on Hairy Brushes. "Hairy Brushes" attempts to model the type of brush strokes
that are used to create Japanese sumi-¢ paintings. In particular it models the bokkotsu
style which is characterized by a few-well placed strokes on a light background. His
reason for choosing bokkotsu was because it provides a limited range of well documented
techniques to model® . Strassmann’s was the first real attempt at an accurate model based
on real brushes. A more recent, generalised model for calligraphic pens and brushes has
been developed by Donaghue et al (1990). Strassmann’s Hairy Brushes system produces
very convincing, if somewhat flat brush strokes. One of the most important contributions
of this work is the observation of the obvious fact that one must separate the concept of
the brush stroke and the dipping or loading of the brush. I say obvious, but no other
computer scientist in the field has scen this as worthy of noting, researching or

modelling.

An interesting and novel approach to mimicking the complexity of brush strokes was the
“drawing prism”, (Green 1985). This device used real brush stokes as input to &
standard paint package  The user painted with real brushes onto the surface of a
transparent prism. The system did produce realistic strokes but was bulky and as
Strassman (1986 pp 9 pomted out, offered no representational abstraction higher than the
pixel level.

Haeberli (1990) describes @ system called Painting by Numbers which allows the
automatic or user driven production of “painted” images from scanned photographs. The
system uses a two layer approach, with the bottom, invisible, layer being the scanned
photograph which acts as the source image. By painting on the top layer the user reveals
the lower image. The user can select from a variety of different brushes, each of which
impart a particular style to the final image. The colour for each stroke is defined by the
colour of the source image at the start point of the stroke. The system always retains an
uncorrupted version of the source image, so that progressive brush strokes over an area
have the effect of giving greater and greater definition to the top image. Although the
system produces interesting and rich images, they are merely a skin applied over an
existing image. It is not unlike the sculpting toys of the 1960's and ‘70's, which
provided a “raw” block of plaster which the child chipped away at. Gradually this

# An example is The Mustard Seed ua wcn , a compendium of 1000 years of sumie experience and
technique first published in China in 1679
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revealed a pre-cast statue made of harder plaster that was hidden within the block.
Painting by Numbers is more complex since the nature of the user’s ‘excavations’ affect
the end result, but it is essentially the same type of process.

Blesser at. al. (1988) have successfully tackled the problem of modelling charcoal. By
using a tilt sensitive stylus they produced a system which appears to provide much of the
subtlety and variation of marks available with real charcoal. Commercial systems are
beginning to appear that can produce similar effects, (Oasis 1990).

Ware & Baxter (1989) describes the bat brush, a six-degree-of-freedom input device for
modeling brushes within paint programs. The brushes work in real time and allow the
user to control x, and y position, and brush size and position in the colour space. The
work was done with the collaboration of artists who were excited with the advantages it
offered over traditional input devices such as tablet and stylus.

2.5 Conclusion

2.5.1 A simplistic approach

As stated earlier the concept of the frame buffer serving as a form of electronic canvas is
the common element to all of today’s computer based paint systems. This simple yet
clegant concept has survived as the only model for paint systems since their inception in
1972, However, its simplicity 1s also its weakness,

Figure 2
The Shoup Madel uses the concept of the frame buffer containing colour values 1o
represent an clectronic canvas,

By reducing the concept of a painting to merely an image made up of an array of colour
values the model ignores;

« the qualities of real paints
« the qualities of the substrate

« the environmental conditions that affect the paint, canvas, and painting process.




The present model has served well, and is still suitable for many applications, but its
inadequacies become evident when its capabilities are compared to those of real painting.
It places a priority on the end product rather than the process of painting. It does not
allow the user to reproduce casily many of the subleties and complexities of real painting.
This leads to an uniformity in the type of image that is produced using computer based
systems. It could be argued that any medium has a particular look to it, and that computer
painting is no different. This is true to an extent, but many of the traditional media used
by artists allow the creation of a very wide range of types of marks, and consequently a
very diverse range of image types.

The difference between computer based painting and real painting, is becoming
increasingly important as more of the end users have a fine art background. To an artist
used to working in oils, acrylic or water colour, the computer medium can be seen as
extremely limited. This is not to say that computer based systems are not an exciting new
form of expression, but that an ideal system would offer the capabilities of real painting
combined with the advantages of the computer. As stated carlier, such an ideal system
should look to the artists studio as its primary reference.

Immediately that one uses the artst’s tools, media and working methods as a reference,
the shallow and simphstic nature of the Shoup model becomes apparent. With real
painting there exists a complex st of inter-relationships between the paint, the canvas and
the environmental condinons. Shoup's model is only concerned with one small aspect,
that of colour.

2.5.2  Colour as the final product.

All painting is partly about some form of wilful deceit performed by the artist upon the
viewer. The aims and methods employed to carry out the deceit have changed through
out the history of painting. In the art of the high Renaissance the primary aim of the
deceit was 1o persuade the viewer that either, upon, within, or behind the 2D surface of
the painting existed a 3D scene? . Somehow a moment in time appeared (o have been
captured. Perspective and highly polished realistic techniques were developed to help to
convince the viewer of this. The Impressionists’ aims were the same, in that they wished
to record nature, but rather than striving for photographic and perspective realism they
tried to capture an impression of a scene. They used different means to achieve this.
They experimented with loose brush strokes and used colours in a way that created

# “The function of the painter is 10 render with lines and colours, on a given pancl or wall, the visible
surface of any body , 50 that al a ceiwau. Jistance an {rom a certain position it appears in relicf and just
like the body itself.” [ Blunt 1]
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discord. Van Gogh used lines and colours to convey what he felt about the things he
painted, and what he wished others to feel (Gombrich 1978). Picasso’s analytical cubist
works tried to construct a reality using non-conventional means. At its simplest he used
colour, line and texture to construct images which suggest the passage of time and
multiple views.

Whatever the aims, in all the above cases the final method of conveying the information
was a set of coloured marks upon a surface. It therefore appears perfectly valid to use
Shoup’s model and say that any painted image may be represented as an array of colour
values. The problem with this is that it ignores the way that the final colours are arrived
at, and denies the fact that, what the viewer is actually seeing is not only colour but the
colour of paint. It therefore makes more sense to think of a painted image as an array of
discrete units of paint, with cach unit of paint having as part of its make up a colour

value.

Colour should be thought of as the U);lfal;lfr? and only one attribute of the paint. It
is the skin, of the image.
Shoup’s model does not have 4 sufficiently deep concept of the image. The basic concept
of a frame buffer serving as an electronic canvas is fine, but for it to support the working
processes of the artist adequately and to model real painting more accurately, it requires
the change from a frame buffer holding colour to one holding information about the
canvas and its paint.

The idea is simple. A painting is just that; a surface which has had paint applied 10 it, not
just a colour image. What one finally sees is colour, but this is merely the skin of the
image. It exists as a consequence of the properties of;

+ the paint,

¢ the canvas,

« environmental conditions, and,




« the interaction of the above.

Furthermore, not all the colours in a painting have been applied directly by the artist.
Some are the result of the mixing of two or more other paints on the canvas. This
mixing, indeed all the behavioural characteristics of the paint, canvas, etc. will influence
the final colours. It is also important to note that not all the marks in the final image are
made explicitly by the artist. Environmental effects, in combination with the paint and
canvas properties, mean that the artist can step back and allow paints to mix. If he wishes
he does not have to have a constant explicit control over the development of the image. It
is this fuzzy control that allows the accidental which can play such an important part in the
creative process.

2.5.3  The behaviour of paint.

Shoup’s model is clearly lacking in one other aspect. Because it only knows about colour
rather than all the contributing fuctors outlined above it possesses no mechanisms to
model the behaviour of paint. When one is dealing with only colour there is no need for
such mechanisms. Once we introduce the concept of paint as a substance possessing
more attributes than simply colour it becomes necessary to provide some form of rules to
govern its behaviour - An adeguate model should also include the attributes of the canvas
and the environmental conditions and effects. The rules should also be able to handle the
way these factors intluence the behaviour of the paint,

RULES

Figure 4
With reference (o the paint and canvas data structure the rules transform it from one
state to another.
It is clear that Shoup's simplistic model has served well over the past twenty years. Over
that period there have been advances in the range and complexity of the functions
available with paint systems. The benefits irom the advances in hardware have also been
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incorporated into today’s paint systems. However for the accurate modeling of the
process, and subsequently the appearance of real painting, a far more complex model is
required. This should take two parts;

+ a data structure which attempts to completely represent all the elements that
contribute to the final image.

+ a set of rules which act upon and modify the contents of this structure.

Both the set of rules and the data structure should be derived from the make-up and
behaviour of real paint, canvas, and environmental conditions.

The next chapter will present a description of such a model, WET & Sncxy. It will also
show that WET & SICKY provides solutions to all the objections levelled at the Shoup

model.
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Wet and Sticky

Chapter 3

This chapter will present a detailed description of the abstract WET & STcxy model. The
problems encountered in implementing the model will be covered in the next chapter. The
aim of this chapter is to describe all the possibilities that arise from the fundamental
concepts inherent in the model, and to show how far these may be developed. The
chapter will show that from a few simple components, or building blocks, a whole range

of new exciting and useful possibilities can be derived.

3.1 Stage-set verses reality, facade verses
simulation

Although the model is based on real world elements, the role of WET & STrKy is not that
of an accurate simulation of reality in the same sense that a physicist might build an
accurate simulation of flud How. To the artist user it is the apparent , not the actual
correctness of the visual and behavioural characteristics of the medium that is important,
The muxdel’s responses and appearance should be consistent with the artist's expectations.
We could use Hayes't 197%) coneept of “naive physics” expanded to cover computation
by Owen (1986). s« coxxd way of describing the level of competence required from the
model. Naive phyics can be regarded as an informal, often phenomenological, precis of
real laws of physics, which people develop from their encounters with the world. As
long as the model responds in accordance with the artist’s naive physical concepts, then
how (and the exact reasons why), these responses occur, is not of importance to the
artist.

To explain this, one can use the example of a stage set of a street. A stage setis a
simulation in as far as it provides a thin veneer that attempts to give the appearance of
reality. The viewer knows that what he is seeing is not really a street. All he sees is the
facades of the buildings. They may even appear to function like real buildings, with
opening doors and windows, and functioning staircases. But the structure behind and
supporting the veneer is nothing like that encountered with real buildings. The similarity
between the reality that the stage-set is depicting and the original need only go as far as is
required to persuade and convince the viewer that, for the period or purpose of play, what
he is seeing is a real street.
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In the same sense, the behavioural characteristics of a model only need to appear to
behave in the same way as the original. The aim is to provide just enough to trick the
viewer into thinking he is observing a complete, accurate simulation, without going to the
extent of actually creating one. If the trick is done well, then the model will stimulate the
same responses to apparent events as to real events, (Carroll et al 1980).

However there is a big difference between the complexity of, for example the facade
provided by the desk-top metaphor, (Canfield et al. 1982), popularized by the Apple
Macintosh™, and the facade required for WET & STICKY. When using the Apple
Macintosh it is patently obvious that one is not dealing with anything like a real desk-top.
In this case the visual and behavioural accuracy of the facade is not as important as the
concepts embodied in the underlying model. One can suspend disbelief in the visual
appearance of the facade, because to do otherwise would entail loosing all the benefits
that the metaphor has to offer.

In the case of WET & SNCKY the visuul and behavioural characteristics of the facade are
of far greater importance. With puinting, the primary channels of feedback are the
appearance of the image and the way paints interact with each other, A painter with
experience of traditioal painting techniques and media will bring to the system
knowledge and expectasions about the visual and behavioural characteristics of paint. As
long as WET & SIUKY appears to fulfil these expectations then it can be said to be
successful. 1f however its behaviour is erratic and not in keeping with the artist’s
expectations then it would be deemed a failure, and not fufilling its role as an apparent
simulation of reahty

It could be said that 1 model which is successful in this regard could be described as a
confident model, in that the user is confident that it will behave correctly, and consistently
when compared 10 his frame of reference. Once a confident model has been constructed
upon a simulation of reality, it is possible to make the model perform in ways which are
impossible in reality but without damaging its confidence. This is similar to the concepts
of literalism and magic explored by Smith (1987).

3.2 Building Blocks

How does one recreate the visual and behavioural characteristics of painting ? What are
the key elements that combine and interact in the production of a painting ? If one wants
to make a painting one simply requires some paint, something to apply the paint with, and
a surface on which to paint. There is one thing missing from this list. Something which
is not on the stock list of any art supplier but no painter can avoid using or being affected




by. That is the environment. The environment affects the process of painting in four
ways,

o the studio’s light qualities,

o the studio’s temperature,

o the studio’s humidity, and

+ universal environmental effects such as gravity.

We can think of paint, brushes, canvas, and environmental effects as the basic, or top
level building blocks required for the modeling of painting process. To model and
understand the interaction and behaviour of each of these blocks, one needs to dissect it to
find the constituent parts which govem its behaviour.

To the user most of the effects of interaction may appear to occur primarily at the top level
building blocks, but this is not entirely accurate. Changes at this level are merely a
symptom of underlying interaction between the individual building block’s attributes and
between different block’s attributes. As figure 5 shows, there exists two levels of
interaction. On the top level are the clemental building blocks, while below them are their
properties and attributes. Change appears to occur on the top level, but is in fact a result
of interaction and change to the lower level,

Paint Canvas

Interaction occurs beiween the muibcfllg: ::f :inglc clements and amongst those of
scvenal clements,
For example, wet paint will behave differently when laid upon a saturated canvas as
opposed to a dry canvas. This is due to the fact that the saturated canvas cannot absorb
any more liquid and so the wet paint spreads easily, takes longer to dry, mixes readily
with other paints on the surface, and does not easily adhere to the canvas. The behaviour
of the brush when painting a stroke will also be different on a wet canvas. For a given
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quantity of paint one would get a longer stroke on a wet canvas as opposed to on a dry
one. The brush would also be more inclined to glide across the surface of the canvas.
All these effects which are displayed on the canvas and encountered by the brush are the
result of change to just one attribute, that of the canvas’s absorbency.

3.2.1  Structure

We now have our four elemental building blocks, their attributes and some form of
interaction between and amongst them. The four top level building blocks are

¢ Paint

» Canvas or Substrate
¢ The Environment

¢ The Brush

Now the task is to identify the attributes, and how they are interrelated. These
interelationships, or inteructions, can be thought of as the rules which govern the
behaviour of the building blocks, These rules have to be dynamic in the sense that as one
attribute changes it effects change in one or more other attributes. What these changes
are, why they happen and how 1o mimic them were the primary problems involved in
developing Wi & Sieky.

The next section will give an overview of the complete model, describing how the basic
elements fit together.

3.3 Overview of the Model

Although the previous section outlined four basic elements, in this section I will only
discuss three of them. The element that is omited is the brush, This is due to the fact that
this is one area where others such as Strassmann (1986) have developed synthetic
versions and for other reasons that will be explained in the subsequent text, the
development of synthetic brushes was not considered within the scope of this research,
However the section on further work presents a discussion of the ilﬁpomnce and the
requirements of such a brush.,

The origins of the WET & SnCKY model are rooted in the ideas of cellular automata,
(Codd 1968) . A cellular automaton can be thought of as a large collection of
interconnected finite automata. One usually refers to these finite automata as cells. In
WET & STICKY these cells are arranged in the form of a 2D array of interacting array
clements.
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There are three parts to the model, the Inteiligent Canvas, Paint Particles, and the
Painting Engine. These correspond to the elemental building blocks, interaction and
behavioural rules as follows;

Paint Particles represent the paint,
the Intelligent Canvas is the substrate* , and

the Painting Engine is the set of rules and environmental effects that
act upon and govern the behaviour and interaction of the
Paint particles and the Intelligent Canvas.

The intelligent canvas is an array of cells each of which has the ability to hold paint
particles. The term particle is not used to describe a particle system, Reeves (1983), but
as a way of describing discrete units of paint. Paint particles may be thought of as self-
contained blocks of paint. Each block contains information about its attributes, such as
colour, and liquid content® . Just like the Paint Particles, each canvas cell contains
information about its auributes, such as horizontal and vertical orientation and
absorbency? . The cells also know about the type and volume of paint that they hold.
These cells may be thought of as open topped containers which can hold Paint Particles.
The canvas is rather like a lirge ice-cube tray: as paint is poured into one canvas cell it
will fill it up and then try to overflow into its neighbours, but unlike an ice-cube tray each
cell muy have a dilterent capacity before it starts 1o overflow, and each cell may also have
a different idea of which is the prefered direction of flow. Adjacent cells may differ in
their attributes in order that the canvas may mimic different characteristics across its
surface, such as sized? and un-sized areas. It also allows the model to mimic entirely
differemt surfaces on the same canvas. Such an example would be a canvas which had
picces of paper or other materialsu stuck to its surface.

In the versions of the WET & SICKY model described within this thesis the cells that
comprise the canvas map directly onto pixels on the display screen, To make a fully anti-
aliased version there may be a higher ration of cells to pixels.

The artist paints onto the surface of the Intelligent Canvas with a brush in the same way
that a traditional system would allow the user to paint colour onto the frame buffer.

# The term intclligent is used because it also has knowledge of what is upon its surface plus its
orientation

O These attributes will be explained in greater detail in the section on Paint Particles.
1 These attributes will be explained in greater detail in the section on The Intelligent Canvas.
% Size is an animal based glue used to seal the surface of a substratc o reduce its absorbency.
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Although in essence the brush works in the same way as a traditional simple paint system
brush, in this case it now deposits paint particles onto the canvas rather than colour into a
frame buffer. Any canvas cells under the path of the brush receive a number of Paint
Particles. The quantity deposited is determined by the characteristics of the brush The
number of particles held by a cell is known as the volume of paint held by the cell.

The state of a cell is determined by the state of its attributes and those of the paint it
contains. By painting on the surface of the canvas the artist alters the state of the
individual canvas cells. If this was the only way for the state of the canvas to change then
the system would be static in between inputs from the artist and any changes to the image
or state would be explicit. That is to say the artist could only change the image by
applying more paint or by using a tool that affected the paint already on the surface. This
would be the same as traditional systems. In a system such as GRAPHISTPAINT™ (1988)
to give the effect of two paints bleeding the user has to select the paint mixing tool and
use it over the appropriate area. The tool performs local averaging or in essence anti-
aliasing. The footprint of the tool is very small, and it is therefore tedious to bleed paint
over a large arca. In reality paints will run and bleed on their own accord if their
attributes permit, not because the artist uses a special tool. In the studio the painting will
evolve by itself without the artist’s intervention.

To mimic this independent behaviour of real paint the system has what is termed a
painting engine. ‘The engine runs as an omnipresent process continually visiting,
interrogating, and updating the state of the paint held by the canvas cells,

The first purpose of the painting engine is to mimic the passage of time by ageing the
paint held by the cell. Ageing the paint has the effect of reducing its liquid content, which
has a direct influence upon how the paint behaves in response to environmental
conditions. In cffect this process is mimicking the results of evaporation. The speed of
this evaporation is controlled by the paint’s attributes® : thus allowing for different paints
to dry at different rates.

Secondly, the painting engine sees which environmental conditions would affect the state
of the cells which it visits. The effects it is modeling in this role can be classed as
dripping and spreading effects, that is, ’

« the effect of, gravity acting upon the paint, and,

« a notion of sideways spreading, similar to the effect of diffusion.

# This will be fully discussed in the section on Paint Particles.
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The painting engine looks at the state of a cell and refers to its set of rules regarding the
behaviour of paint and determines if there is the potential for paint to flow from that cell to
one of its neighbours. It then looks at the states of all its neighbours and decides if any of
them will accept any paint. If so then it changes the cell’s state and updates any of its
neighbouring cells which are affected by this change.

The third way the painting engine works is in response to the application of paint by the
user and the redistribution of paint between the cells caused by the dripping and spreading
effects. In this role the engine is attempting to mix paint. It takes any new paint that has
arrived in a cell, by what ever means, and sees if it is compatible with that already in the
cell. If so, it mixes the two paints, otherwise it makes the incoming paint the surface
paint.

The brush is used as the primary interaction tool. The user interface allows the user to
design new brushes, to select from a range of pre-designed brushes, and to select the type
of paint that will be deposited by these brushes. The model also supports the use of the
existing traditional computer based painting tools, such as flood fill, editing, the drawing
of regular shapes, etc. However the increased complexity and depth of the model makes
these tools much more versatile and powerful. This complexity is mirrored in the
complexity of the requircments of uscr interface,

3.3.2  Brushing on attributes

Apart from using brushes 1o deposit paint they can also be used to paint on alterations to
the attributes of paint already on the canvas, and the attributes of the canvas and
environment itself. It is this feature that lifts the model above merely simulating reality
and onto a higher plane where new alternative realities can exist. For example it is
possible to use the brush to: .

« apply different gravity directions to different to areas of the canvas,
* paint on wetness, or to dry areas of the image,

« directly interact with any one or more of the attributes of all of the top level
building blocks. '

With such flexibility it is possible to create effects that were hitherto impossible. One can
directly address the attributes of the paint, substrate and the environment. Furthermore it
is also possible to paint on new rules so that different arcas of the image behave
according to differing rules.
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These powerful features are only possible because the model considers paint and
substrate as more than just foreground and background colours, but as complex
interdependent substances, whose interaction and behaviour is governed by a set of rules
based upon observations from reality. Without the depth and abstraction provided by the
WET & STCKY model any alterations to a image based upon the Shoup model can only be
done to the colour of that image. Whereas with WET & STICXY, alterations can be made
to the underlying attributes, and changes to the colour of the image may occur as a result
of the actions of the painting engine upon those atributes.

3.3.1 The advantages of accommodating the
accidental

With traditional computer based systems the user has complete control over the
development of the image. Once the user has gained experience of such a system he will
be able to predict the effect of using a particular tool. WET & SIXXy is a far more
complex model than existing systems. However, as outlined so far, it would still be
possible for an experienced user, given enough knowledge of the paints’, canvases’, and
brushes’ attributes to predict their behaviour, With a complex image made of many
strokes of many different types and colours of paint such predictions would be very
difficult but possible with a simple image of a few strokes. If this were the case then the
model would be farling by not correctly mimicking the accidental effects inherent in real
painting. In real pamung the accidental is a vital part (Waddington 1969) and must be

incorporated 1nto the moxdel.

To overcome this precdictability the painting engine uses stochastically applied rules in all
three of 1ts roles  The use of a stochastic system ensures that the system is non-
deterministic. For example one could apply two identical strokes of paint onto identical
wet surface paint and each would produce different marks, drips and mixes. The degree
by which they differ would be small but, like reality, this difference would add to the
richness of the image. The only way to ensure predictability in this case would be to
paint with, and onto, dry paint, in this case WET & STXXY is mimicking the Shoup
model. It is this feature, that by altering the paint’s, and canvas’s attributes the user can
alter the amount, or lack of control and predictability available to him, which is one of the
model’s strong points.

3.4 Conclusion

The development of a finc-art-oriented, computer-based paint system which can facilitate
the production of richer and more subtle images than existing systems requires three
stages. The first, the analysis of the deficiencies of existing methodologies, and the
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determining of how they differ from real painting was covered in chapters 1 and 2. This
chapter has proposed an abstract solution WET & Snoxy, which is an alternative
approach. The next two chapters describes how this abstract model fares when it is
forced over the hurdle of implementation. They will expand upon the requirements of the
model, and detail an implementation of the model.
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Paint and Canvas Properties

Chapter 4

4.1 Introduction

In this chapter I shall explain the problems encountered in implementing the paint and
canvas elements of WET & STCKY. In practice, although the basic structure and ideas of
the abstract proved to be sound, several insuffiencies became apparent. I will describe
and elaborate on the different elements of the system, pointing out the areas that required
10 be developed and explaining the reasons for their development.

4.2 Overview of implementation

It was initially perceived that the way to construct a fine art based computer painting
system was 1o build upon the best of the existing research. Therefore the first task was to
re-implement Strassmann’s(1986) work on hairy brushes. This was done using
Smalltalk 80, (Goldberg & Robson 1983), on a Sun 4 Risc, (England 1987). Smallalk-
80 was chosen hecause the object oriented nature of the language provided a
straightforward and appropriate implementation vehicle for the brush, bristle, and paint
particle of hairy brushes. Hairy brushes also served as a useful introductionary exercise
to object orienied programming. The Smalltalk environment provided a supportive
structure which encouraged rapid testing and prototyping of ideas. Unfortunately the
version used, Objectworks 2.5, only worked in monochrome. However this was not
initially a problem as the first aim was to generate simple brush-strokes. It was found to
be fairly easy to re implement Strassmann's work.

The next step was to use hairy brushes to apply a simple form of WET & SICXY paint
onto an early form of intelligent canvas. Immediately wet paint was applied all the
subtlties and complexity of the marks made with hairy brushes were lost. It was found
that unless one was painting with dry paint, ie., mimicking the Shoup model then there
was no point in using hairy brushes. The flow and movement of wet paint erased all the
benefits of the mark making capabilities of hairy brushes. From that point the emphasis
of the work was switched to the problems of WET & STXY, and hairy brushes was not
supported in subsequent implementations. This initial work highlighted the need for a
much more complex model ui wrushes to work within the WET & SICXY model. A
discussion of this can be found in Appendix B.
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It rapidly became apparent that the supportive environment of Smalltalk was a hindrance
in terms of processing and display speed. The lack of support for colour also became a
distinct disadvantage. It was decided to switch to a compiled language. The subsequent
versions were written in C and ran on the same hardware with an 8-bit frame store. In
these later versions the primary aim was to model dripping, mixing, gravity, and
spreading effects. The C implementation went through a total of 11 significant prototype
versions.

4.3 Elements and their attributes

4.3.1 Paint

There is a plethora of different types of paints. Their individual properties and
characteristics determine why, and the circumstances in which, they are used. Not all of
these characteristics would serve a useful purpose in a synthetic model. For example
there is no real requirement 10 model the hard-wearing properties of gloss paint.
However others, such as slow drying (a property which in the studio is useful partially
for economic, and partly for acsthetic reasons), should be integrated into any synthetic
model. In the case of slow drying it has a direct influence upon the behaviour of the paint
and consequentially the type of marks that can be made.

Itis clear that thase properties that are of interest relate to:
* the behavioural properties of the paints,
* the properties which the artist encounters in his interaction with the paint, and,
* those which influence the paint’s interaction with other paint,

Once these have been determined one can make a generic paint which possesses the
significant auributes of all paints. By altering these attributes it should be possible to
produce a wide range of synthetic paints with differing characteristics. Some of these
paints will behave in the same way as real paints while others will have no real world
counterparts.

The generic qualities of paint

All paint consists of a coloured pigment held in suspension in 2 medium. The properties
of the medium are used to classify the type of paint, for example watercolour, oil, and
acrylic. The same pigment can be used to make different types of paint. For example
raw-umber can be used as the pigment in raw-umber watercolour, oil, and acrylic paint.
But this is only the first leve: of classification. Within paints there are many additional
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sub—classes. In the case of oil paint, for example, it is possible to radically alter the
characteristics of the paint by altering the proportion of paint to oil medium. Some such
paints are translucent while others are opaque. Some are suitable for thick impasto work,
others for thin glazes. What the different media do is alter the properties of the paints.
So, what are the properties that can be altered? They are,

« the paint’s colour,

» liquid content,

* viscosity,

* drying rate,

* ability to mix, and ,

* transparency.
As stated carlier there are other properties which have been excluded because they have
no more than a very marginal role to play in a synthetic model. These include the paint's
ability to accept subsequent application of other media, its colour fastness, durability,
weather resistance, and flexibility. The properties of paint pertinent to a synthetic model
will now be discussed in greater detail.

Colour

To the viewer, the colour is the most important aspect of the paint in an image. To both
the artist and the viewer, altering a paint’s colour has an immediate effect upon their
response to the paint. Traditional systems allow the artist to alter the colours he uses
within a finite range of hues selected from a palette, but that is all. Although it is the final
measure of an image, the processes the artist employs to arrive at that final colourful
image are influenced by the paint’s other properties. The methods for the display and
manipulation of colours through the use of colour tables are well documented (Foley and
van Dam 1990). How the WET & STCKY model handles colour mixing is discussed in
the later section on the Painting Engine.

Liquid content

Perhaps the most important attribute of paint is its liquid content or “wetness”. By
changing the liquid content one alters;

 the way the paint will flow,
« the length of time it will take to dry out, and

o the transparency of the paint.
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The first is due to the fact that altering the liquid content also alters the viscosity of the
paint directly. It is obvious that the more liquid a paint contains then the more likely it is
10 run and drip. Even the adjective “liquid” describes something that is “flowing freely”.

The more liquid a paint contains the longer it will take for that liquid to evaporate. The
rate of evaporation is dependent on the surface area and the drying rate of the paint. A
quantity of paint with a high liquid content spread out over a large area would dry faster
than if it were spread over a smaller area. By reducing the surface arca one reduces the
rate of evaporation. In the WET & STICKY model the unit of surface area, the cell, is fixed
thereby creating a uniform cellular unit area of evaporation across the entire canvas.
Altering the drying rate alters the rate at which liquid evaporates from the cell.

The transparency of the paint is altered by the liquid content of the paint because it is
related 1o the ratio of pigment to medium. If one increases the quantity of medium
without also increasing that of pigment, then, assuming a transparent medium, the paint
will become more transparent.

Viscosity
Viscosity is indirectly related to liquid content® . As viscosity increases so the liquid
content of the paint decreases. Because of this it is only necessary to store 8 liquid
content value only and then use it to derive the viscosity value, although the model still
treats them as two separate entities. This is because, although they are directly related,
they influence the behaviour of the paint in different ways.

Altering the viscosity of a paint does modify the way the paint will flow, and in this it is
the same as liquid content, but viscosity does not affect the time it will take the paint to
dry. In the studio it is sometimes seen to be desirable to have a viscous paint that is slow
drying, and at other imes it is preferable to have it fast drying* . .

The artist has the choice of a wide range of media which will alter the behaviour of the
paint. The model should not reduce this choice. In the case of drying speed, the apparent
disharmony between the effects of altering the liquid content and viscosity are overcome
by using a new attribute, drying rate. This exists in isolation from the other two, s0
altering the liquid content or the viscosity has no effect on the drying rate of the paint.

# The mode! docs not take into account non Newtonian fluids such as non-drip paint which increases its
flow rate when brushed.

t An exampic of a medium that is used 10 retard the drying process of oil paint and yet increase its
viscosity, is Linseed oil. A counter example used in encaustic painting, is the addition of pure
wrpentine and molien bees wax.
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Drying Rate

The drying rate of a paint is a measure of the rate of the loss of liquid content. This is
effectively the rate of evaporation. As mentioned earlier the unit surface area is constant
across the whole canvas, but the addition of different media can retard or accelerate the
drying rate of a particular paint. One assumes that the paint only starts to dry once it has
been laid onto the canvas. Otherwise the mode! would allow the paints on the palette to
dry, harden and become unusable and, although this would be consistent with the
metaphor, it is an undesirable feature.

There are two possible ways of mimicking different drying rates. The first is to use time-
stamps. When the user makes a brush stroke, the time of the stroke is associated with
each paint particle that is deposited. The drying rate would be held in the form a
collection of units of time. A global drying process process would monitor the advance
of time and with each “tick™of its clock, visit all wet paint, reduce its liquid content
proportionally, and attend to any other propagation changes. This method can be thought
of as counting down the remaining life span. An alternative would be to use an approach
similar to that employed by particle systems, and to think of the paint as new-bomn at the
moment of the stroke, and its death occurs when the number of time units past since its
birth, is equal to its drying rate. The advantage of the first time-stamp method is that it
allows the user to use time as a method of accessing and describing paint, For example
he may wish all paint that is less than ten ticks to become dry immediately.

The problem with both methods is that they require regular continual, monitoring of the
whole canvas, and, as the proportion of wet paint on the canvas increases, so would the
total time required for the visits made by the drying process. Another problem is that if
the wet paint is not regularly visited, drying is erratic, ie., some visits may be two or
more ticks apart and therefore the liquid content would drop in jumps, and unpleasant
effects can then occur. As we will see later the painting engine uses liquid content as a
way of determining if an edge exists between two adjacent canvas cells. Sudden ermatic
changes in liquid content can trigger the engine into detecting an edge where no edge
should exist.

The second method, which is the one employed in this implementation, is to think of the
paint's drying rate as a measure of its likellhood of drying. As said earlier, the first role
of the painting engine on visiting a canvas cell containing wet paint is 10 age or to dry the
paint. In this case it does this by using the drying rate as a probabilistic measure of the
likelihood of reducing the paint’s liquid content by one unit. Therefore a high drying rase
means a higher likelihood of the paint’s liquid content being reduced at each visit. The
use of a probablistic method reduces the user's control, and gives 8 more natural
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simulation of drying. Although it does not allow the use of time as a method of accessing
paint it involves lower overheads and does not need to meet the regularity and precision
requirements of time-stamping.

Ability to mix

Why is there a requirement to model a paint’s ability to mix? At first sight it scems a
characteristic of lesser importance than those already discussed. One might think that it
should be grouped along with a paint's weather resistance, or one of the other real
chacteristics that have no part to play in this simulation. Nevertheless it is of use to the
artist. One example where it might be used would be where an artist would paint on a
resist which would repel any other paint. This is like the effects produced b drawing with
wax crayon and then painting over the drawing with watercolour.

Within WET & S1CKY the primary purpose of defining a paint’s ability to mix is as an aid
to the painting engine when simulating dripping, spreading and mixing. To simulate
these effects the engine requires some way of determining if paint in two adjacent cells is
of the same type. If it finds that they are different it can assume that an edge or surface
exists between them. This will determine the way that the paints will behave, if and how
they will mix, drip, and spread. The simplest way of doing this would be to see if the
two paints had the same liquid content. If they are equal then the paints could be said to
be similar. They may not have any other attribute values in common, but liquid content is
the most important factor governing whether paints will or will not mix. The problem
with such a simple method of testing for similarity is that it detects too many edges
between cells perceived as containing different paint,

The probablistic manner in which the painting engine dries paint means that two adjacent
cells that originally contained identical paint may, after a short period of time, contain
paints with different liquid contents. In this case the simple test would say that the two
paints were dissimilar, and detect an edge. Once an edge is detected the engine tries to
determine if the force of surface tension presented by the edge will be overcome by the
force exerted by the paint within the cell. Obviously, the simple test would fail relatively
often because it would be detecting edges within individual brush strokes, and within
areas of like paint.

The ability to mix is a way of putting a range on the dissimilarity allowed between two
paints before they are considered incompatible, and therefore whether an edge exists
between them. The usc of a range of similarity provides the user with control over
spreading, mixing, and dripping that was previously impossible. A paint's ability to mix
can be set so that it will mix with every other wet paint, or conversely with none, or at
any position between the two extremes.
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