THE BRITISH LIBRARY
BRITISH THESIS SERVICE

TITLE WET AND STICKY: A NOVEL MODEL FOR
COMPUTER-BASED PAINTING

AUTHOR Malcolm Tunde
COCKSHOTT

DEGREE Ph.D
AWARDING Glasgow University

BODY

DATE 1991
THESIS DX205420
NUMBER

THIS THESIS HAS BEEN MICROFILMED EXACTLY AS RECEIVED

The aualitv of this reproduction is dependent unon the auallty of the orlainal thesis
submitted for microfilmina. Everv effort has been made to ensure the hiahest avality
of reproduction. Some paaes mav have indistinct print. especiallv if the orlainal
papers were poorlv produced or if the awardina bodv sent an inferior copv. If pages
are missing, please contact the awarding body which granted the degree.

5{evlgusly copyrighted materials (Journal articles, published texts, etc.) are not
med.

This copv of the thesis has been supplied on condition that anvone who consulls
it is understood to recoanise that its coovriaht rests with its author and that no
Informa:lon derived from it may be published without the author's prior written
consent.

Reproduction of this thesis. other - ~n as permitted under the United Kinadom
Conpvriaht Desians and Patents Act 1988, or under specific agreement with the
copyright holder, is prohibited.



WET AND STICKY:
A NOVEL MODEL FOR COMPUTER-BASED
PAINTING.

by
Malcolm Tunde Cockshott, B.A.Hons.

being a thesis submitted for the degree of Doctor of Philosophy in
the Department of Computing Science at the University of
Glasgow.

©Malcolm Tunde Cockshott, 1991

13 June 1991.



<>

dMNO1O0D NI
STVNIDINO SNOYIWNN




AY 1“5>,§8-w§£= DAY i i) k] \} I Us S S #g-g%h—zg‘cx
ap uomppe uj patjdde sem jured b_o:w—!n-o? =u__:xa 3....8:&50-& uﬂ:.w.eg:i_n Jo 38eun uv 35w S1p U}

‘Japows A¥5uS pue 15 341 Jo saupiqedes Sunpew yrew 2 jo Jydurexs uy

i i o . e R RSN




Table of Contents

WETAND STICKY: .....oooveevrrninniieeeerevvnanenn, N vl
Table Of CONLENtS........cooovvrieeireerreienieeiiree e e eessanessssrnesens 1
Table Of FIUIES .....ueiiuiiiiiiieriiriiiereeiie it eerrssestesetnesennssensssnnsernnnses 4
List Of Colour PIates ............eovviririiiiiiiieiieeriiiiiie e eeteiiieeeesseenssnsserenenns S
Acknowledgments. ......... teesssrsserassrsncne vesecensrseaseonssnsrsrnsacsed
Declaration of Originality..........cccoevervveeviieineniiieeineesisseeeseesens T
Permission to Copy........ccoouviiiiiiiiiiiiiiirieiinennerereerenseesennens 7
ADDBIeviations €IC. ..........couiiiiiiiiiiiiiii e ee e e e e e 7
Summary.............. Cetessriserrnereraanae cereneenens R |
Introduction................vvvvvnannn. .
1.1 Requirementsof the madel .............ccooeiiviiiiiiiiniiii e reenens 9
1.2 Vested QNIETESIS.......cccoiiiiiiiiiiiiiiie e iirieesesreesesorseseessnnneens 10
1.3 Setting the SCENE. .......oo.iiiiiiiiiiiiiiiis s e rereesanans R [
1.4 Present in@dequAcies.............coivvvviiiviiiiiiiinieseeeseesnssersnereseees well
LS5 Anewapproach...............oooeiiiviiiiniiiieiiinneinennnns Ve 11

A Review of Computer Based Painting Systems...........0veveneneseeesd3
2.1 INIrOdUCTION. ...t e e eee s e e eeev e seseseesessens w13
2.2 Computer based painting SYSIEMS. .........o.uveeveirerinsrrrsersssrersesesns 14
2.3 Aninformal task MOEL .......ooiiiiiiiiiiiiiiee e s e eerersssnsesnsans .16
2.3.1 A three pointplan........................ Vesssserensassasaarans N

232 Technique......cooooiiiiiiiiiii e een errrrreranens 18

233 Principles and concepts. ...........ccevvviiviiiiiiiiinennenninnnnns 19

2.3.4 The final stage: the studio.........ccevvenrirernireessnnnns versesd0

2.4 Painting and COMPULET SCIENCE. ...........vvevvirnrnererrsireresseneresssens o |
24.1 The designer’s Stand-point. ................vvvnieinniennsinnnnnn. 24

242 Modelling mark-making 1001S...............c..occvrsessvessns ...26

2.5 ConCIUSION.......ccoiiiiiiiiiiiiiiiiieccceeeeeeeereessessssessssessesessssesses veeeid8
2.5.1 A Simplistic approach ..............ccovvvnveviivnniininineinnnnss 28

25.2 Colour as the final product. ............. Cheeseseseretirenensaeaens 29

253 The behaviour of paint................ccccevvvvivnivnienrnnrennnn. 31

Wet and SHCOKY....ooviiiniiiiiininirrrersenssosnssssorssesssssasnnsessssdd
3.1  Stage-set verses reality, facade verses simulation........................ S X
3.2 Building Blocks....................ce.n.....n.. rrereseirenrerererrrrraana. reees 34

3.2.1 Structure..........oeveevveneennnnnns erereriresentseretasinanas . .



3.3 Overviewofthe Model..........ccoovvnrvinnncnnans ererreenranersenres cerverernes 36
3.3.2 Brushing on attributes.........coevreneiciiiiniiiniiinennas 39

3.3.1 The advantages of accommodating the accidental............... 40

3.4  CoNClUSION......vuiiverrrrnieiiiiiieiiriiensiaeraieaisnistessisnstinssnsinssaes v 40
Paint and Canvas Properties.........ccccoevvreveverareececessssacnssesees i
4.1  INtrOdUCHION......viuiririeniiersrneintiiesiienrersraerastrsssssrecsassasansanss 42
4.2 Overview of implementation...........c.c..o. veressnes R, veveeees vereni2
4.3 Elements and their attributes..........covvvinierviiniiiiineinissies 43
4.3.1 PAINL. .. coiieiiiiiiiiienrvrrereetesscsassntsssnnsanaerasssrnsosacsnnses 43

4.3.2 The Intelligent CANVAS ........ovvvvirrireniiinniitireisiieiees 48

4.4  CoONCIUSION.....ivviiiiiiiirriieireneeieiitttssriereeriessestustsssassrasrastense 53
Painting Engine................oo0e Cersssesenenane P 1 |
5.1  Selecting host cell : visiting schedule..............oooooiiiiii. 55
5.1.1 SCANMING.....iiviiiiii ittt enens 56

5.1.2 Parallel Processing.........cccciiieiiieriiiisinniniinae, 58

5.1.3 Quasi-parallel Processing..........cccvivvinniniiniiinniniinnn 58

5.2 ABCING.... ..ot 59
5.3  Dripping and diffusion ..............oiiiiiiininni 60
5.3.1 [0 1T L LTI 1L PO RO PSP UP PR PPPPPPN 61

5.3.2 GRAVILY ... anae e veers 03

533 SUACE TEMSION......coviviiriierriieerreieriireniireriiererinensses 64

5.4 MIXINE. it a e sa errrnees 68
8.5 CoNCIUSION ... i iiiieiirrii e e ersssiissir s ernsresaaes eerrrirenes 69
User Interface.............cccovvivnnnnss verraes esecessesnsrnnessssossssssenell
6.1 INUrOdUCHION . i ieiieeir e s iisensanssisansassisenssarenone Y (1)
6.2 MIXINg PAINIS.....oiiiieiiiii it ee i e eetiersrersesiisseiissatanseeas [\
6.3  Selecting and modifying the substrate..........ccooeveiiiiiiiiiiiiiiiinane vieedd2
6.4  Interface for brushing on attributes ........coovvvviniiiiiiiinnenennnns T )
6.5  INPUL........oiiiiiiiiiiiii i e e e vereeenee 76
6.6  Impersonating traditional SYSIEMS ............cooviiiiiiiiiiniiiiiiiiiiiiiniee, 76
6.7 Conclusion..........c.ovviivvemeiiiiiiiiiiiiieniienenes eeerriesnnens TR [
Conclusions.................... teresssesssansssssesasssctcosannnnssssscsssecl®
7.1 SUMMATY ..ottt rreiiee s e i sssissssaseenas IUOTOY |
7.2 Reappraisal ............coeeviviiiiiiiiinniininnnn vererrerereneraerrennes P |
COlOUT  PlaLeS..ccuucreennrrnirernrereercossssssssssrsnssssssssssssnssssesosse ]

F“nkr m!..‘.’.‘..0..l"l...OIOOIl....0.0'.‘l0...‘....0.0.‘0..‘.“......”

8.1.

INrOQUCLION. ... ivvivrineeereneereercssessessnarnsnns everessnessssneraseneses 95




8.2, BrUSHES ..covvverririrrerririrerresrrsriesserissnrrensisssisstirirnrsaetassrassses 95

8.3. Further IMProvements........ccoeorviiniiirimiimmnniininennnnnieessiiianns 98

8.3.2 Configurability...........coovvrrrriiieiiiiiiind 99

8.3.3 User—definable rules ..........occvvnenvniniinicininninieiennn 100

8.4. Additions 10 the DASIC MOGEL.......ormeencrriemsivmsmesmnnsssssssessesssases 101
8.4.1 Enhancements to the Interface: Aliemative Views and Named

ATCAS ...ovrrrnerenenerarsseesssnsssnsnsssnsssrserssossnsasssussnanes 101

8.4.2 Three dimensional VIEWINg.........ccoveveeerieeisiininiisanens 102

8.5 SUMMATY....covvereieiriiiiiiriiiiirrrireer e ae st s s s s e eees 103

Appendix A......ooenee vesrsssseasasssnses vesesssreasescrssnssnsnssssess 104

Paint Smith (1982 ) ..uuiiviinieeeiiieeeriiiirrrinersaiisensrss ettt sssssnaes 104

Appendix B cerees 106

Hairy Brushes Strassman (1986 )., 106

The bristles Of the BIUsh. .......o.iviiiiiiiiiiiii s eeeaa e 106

The dip of the bristles into the ink. ..o 106

The trajectory and pressure of the SIHOKe. ..., 106

Complex brushes for the Wet & Sticky model ..o, 108

References.........ccoovvvins TP 8 {




Table of Figures

Figure 1

A heirarchical breakdown of the process of painting a piCture..........coeevvuniinrannes 17
Figure 2

Shoup model of colour values representing an clectronic Canvas. ..........coveuenen 28
Figure 3

Attribute layers of paint............ccccooiriiiiiiiiiini e 30
Figure 4

Rules transforming paint .............c.ccoiviiviiiiiiiiiiiii i 31
Figure §

Interaction between attribules . ...........ooiiiiiiiiiiiiiiiii e 35
Figure 6

Section through canvas cells.............ooooiiiiiiiiiii e 51
Figure 7

SIMUIAtEd LEXIUTE . ... ... ettt s a e e e 52
Figure 8

Cycle of painting enginc............ccoviviinnnninin s .55
Figure 9

Wiper effect of baustrophedon visiting schedule.................coooiiinn, e 57
Figure 10

Ageing element of painting engine cycle ..o 59
Figure 11

Reason for modeling diffusion .. .............coiiiiiiiiiiiiiiini e ieersieanenenes 61
Figure 12

Diffusion element of painting engine Cycle........ccovimnnnnivniisinsinnsecsnes w62
Figure 13

Using gravity strength to model trailing edge of drips........c.ccvernenens vrssenensaes 63
Figure 14

How rules for surface tension are derived ..............couven. rererer i raerens .. 68
Figure 15

Arrangment of paint on a palette........coovmmmvinineniniiiniiiiin. cerresennes W11
Figure 16

Use of sliders for mixing paint.................ccervinnenes ererrerrierenes vereereenesnnns 12
Figure 17 '

Brush loading control diagram ..................ociunnnenens cevererereeresessensesnisrrene 19
Figure 18

Rwﬁvcstylus lllllllllllllllllllllllllllllllllllllllllllllllllllllll lll.lllllllllll‘ll.l'...‘w
Figure 19

Mlustration of configurable attributes ....................... vrreerersinnnresenensirsnrenees 39




Tunde Cockshott Wet and Sticky

List of Colour Plates

Plate 1

Control IMage ...........oevviiiiiiniiiiiiiicr e Creresersesearerreens 82
Plate 2

VOIME. ...t et e e ebs e et e s senabsarsas 83
Plate 3

Liquid CONtent ..ottt s rab e sb e v 84
Plate 4

Drying RAE......oovviiiiiiiiiiiii e e s e e e baes 85
Plate 5

ABSOTDENCY ........v.veeeeeee e ee e re e ee e s e e e et e e e e e e 86
Plate 6

Gravity SIength ...t e e e 87
Plate 7

Gravity Direction...........cccccciiiiiiiiiiiiiiiiiiicriiriirrrrrr b saraase 89
Plate 8

NINE  SHTOKES. ... e e 90
Plate 9

MiXIng. ..o Ceeeene e ) |
Plate 10a

Mixing of three types Of PAIN ... i re e resrerreseesesnssesns 92
Plate 10b

Mixing of three types of Paint............oiiiiiiiiiiiirirenrsenes erreererirraes .93
Plate 10c

Mixing of three typesof paint.................coccoiiiiiiiniiniinn vrrerrrenineneenneneres 94




Tunde Cockshott Wet and Sticky

Acknowledgments.

In acknowledging the support I have received over the period of my thesis it is hard to
mention everyone involved, but there are a few individuals without who's support the
tasks of research and writing-up would have been very hard. In particular I would like to
thank my wife Kay for all her support and badgering encouragement, my brother Paul for
his advice and interest, and all the members of the department who helped in so many
ways. My special thanks to Kevin Waite, and David England for their constant support
and advice with programming problems, and to Naveed Khan for his apparent incredulity
that my work would ever finish. Finally I would like to thank my supervisor, John
Patterson, for his help in tuming a computer illiterate sculptor into a PhD candidate.

Financial support for this work was provided in the form of a Scientific and Engineering
Research Council research studentship.




Tunde Cockshott Wet and Sticky

Declaration of Originality.

The material presented in this thesis is entirely the result of my own independent research
carried out in the Department of Computing Science of the University of Glasgow, under
the supervision of Dr John Patterson. Any published or un-published material that is
used by me has been given full acknowledgment in the text.

Permission to Copy

Permission to copy without fee all or part of this thesis is granted provided that the copies
are not made or distributed for direct commercial advantage, and that the name of the
author, the title of the thesis and its date of submission apear are clearly visible on the

copy.

Abbreviations etc,
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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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