A SHADER BASED APPROACH TO PAINTERLY RENDERING

A Thesis

by
KAUSHIK PAL

Submitted to the Office of Graduate Studies of
Texas A&M University
in partial fulfillment of the requirements for the degree of

MASTER OF SCIENCE

August 2004

Major Subject: Visualization Sciences



A SHADER BASED APPROACH TO PAINTERLY RENDERING

A Thesis

by
KAUSHIK PAL

Submitted to Texas A&M University
in partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE

Approved as to style and content by:

Karen Hillier Donald House
(Chair of Committee) (Member)
Donna Hajash Phillip Tabb
(Member) (Head of Department)
August 2004

Major Subject: Visualization Sciences



ABSTRACT

A Shader Based Approach to Painterly Rendering. (Augus4R00
Kaushik Pal, B.Arch., Birla Institute of Technology

Chair of Advisory Committee: Prof. Karen Hillier

The purpose of this thesis is to develop a texture-basedgubirshader that would
render computer generated objects or scenes with strolearévisually similar to paint
media like watercolor, oil paint or dry media such as craychalk, et cetera. This method
would need an input scene in the form of three dimensiongigaolal or NURBS meshes.
While the structure of the meshes and the lighting in the seeould both play a crucial
role in the final appearance of the scene, the painterly lodikbe imparted through a
shader. This method, therefore, is essentially a rendé¢eicignique. Several modifiable
parameters in the shader gives the user artistic freedorie wherall introducing some

amount of automation in the painterly rendering process.
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CHAPTER |

INTRODUCTION

1.1 Motivation
[.1.1. Traditional Painting

1. Styles and MediaA painting captures the essence of the subject as the paeger
it. Through color and the nature of brush strokes used byadidgr the painting can
evoke many emotions. A painting, unlike a photograph is nogxact depiction of
reality but is rather an interpretation of it. Even thougé subject of a painting may
be real life objects, the painter presents an abstractidantbtis involving the viewer
in the interpretive process. By using various shapes, sinésdensity of brush-
strokes, a painter can establish the interaction of liglt &isurface and the texture

of a surface. Figure 1 shows how the different strokes workife floorboards, the

Fig. 1. Vincent Van Gogh’s Room at Arles [8].
bed and the walls creating a textural distinction betweesélobjects. In computer

The journal model ISEEE Transactions on Visualization and Computer Graphics.



graphics (CG) there are easily automated processes ta éepiy object in the scene
in fine detail. Traditionally, computer graphics uses thggatal properties of color,
light and perspective to generate realistic images. Thaages are thus more pho-
tographic or photoreal in nature. Techniques used in CGatlt@aw/s artists to create
images that do not necessarily conform to the physical lagsalled non photore-
alistic rendering techniques. Non-photorealism by definiencompasses all visual
styles that do not strive to represent subjects as they woaldin a photograph or
appear to the human eye. Painterly rendering is a subsehqfmatorealistic render-
ing. Other visual styles that fall into the non-photoreakgary include illustration

(pen and ink, technical, wood block, etching) and carto@usty.

(a) Traditional art (b) CG

Fig. 2. Woodblock printing in traditional art and in CG [9, 1]

An example of woodblock developed as a plugin by Expressivudi8s for Maya is
seen in Figure 2. The traditional technique, seen in FigerZes as the inspiration

for creating an identical look in CG.

While photorealism can be desirable for many purposes ssdchieving a cin-



ematic effect or incorporating a CG object seamlessly intea life scene, non-
photorealism has many other important advantages in ttsti@girocess of creating
effective visuals. The general audience expects reallticendered characters to
behave realistically. Therefore, to express ideas beybadohysical and logical
norm, in a way that is acceptable for general audience, imatepealism could be
used. Through the ages different styles or schools of pajritave developed. The
evolution of a particular school of thought may have beemerfted by the several
factors, society, religion and politics being the main iaflaes. The differences in
these styles are always manifested visually through stjlgetor or texture. Apart
from the artistic movement it represents every painting o visual uniqueness
to the individuality of the artist's expression. Interesfly, contrary to the ideas of
non-photorealism or more specifically the "painterly” lop@kmovement called pho-

torealism exists in traditional painting as well.

Fig. 3. Ralph Going’s River Valley still life [8].

It is a figurative movement that emerged in the United StatelsBaitain in the late
1960s and 1970s. The subject matter, usually everyday scenportrayed in an

extremely detailed, exacting style. It is also called stgmism, especially when



referring to sculpture. An example of realism in paintingi®wn in Figure 3. In
contrast, an artistic movement that largely influencesttigsis in the visual context

IS Impressionism.

. Impressionism

French Impressionnisme, was major movement, first in pajrdind later in music.
Impressionism developed chiefly in France during the latd 48d early 20th cen-
turies. Impressionist painting comprises the work produmetween about 1867 and

1886 by a group of artists who shared a set of related appesawid techniques.

Fig. 4. Claude Monet’s Impression: Soleil Levant [8].

The most conspicuous characteristic of Impressionism watampt to accurately
and objectively record visual reality in terms of transieffécts of light and color. The
artist often used bold brush strokes and color to capturarpeession of light often
in an out door environment. Figure 4 shows bold brushworkréiselting sense of

abstraction of a sunrise by Monet.



3. Paint mediaThe physical properties of artistic media also significaatintributes to
the visual style of the painting. Fluidity/ viscosity, inéetion with light, the drying
time of the paint medium and the opacity of the medium are sohtbe physical
properties of paint that not only creates unique visualestydut also influence the

painting technique.

4. Time Based MediaFantasia 2000- A Walt Disney production, directed by James
Algar, [2] the film featured ground breaking work in animatid he feature was cre-
ated using a combination of several techniques from handrdiimmes to computer
generated effects. It was an ambitious Walt Disney projeat tombined several

styles of animation that played seamlessly to a classicalevaoundtrack.

Fig. 5. A frame from 'fantasia 2000’ in the segment ’'Symphaoay 5’ [2].

Figure 5 shows a frame from the first segment of the film. It iegample of an
abstract rendering of an abstract musical piece, Beetf®V8ymphony No. 5”.
To give the visuals a graphical look, textures were made soanned pastels. The

shapes were flattened onto planes, outlined procedurallyegered in Z depth.



Waking Life- directed by Richard Linklater [15] The visuals of Wakingfd_iare
created by animators painting over actual video footagee p&inting was done
frame by frame, with some key framing and computer intepmiawhich imparts a
dynamic character to the animation. The director chose twgyoideas that may be
entirely a parts of one’s mind. This called for a set of visstgles that would better
interlock the ideas and the imagery. The visual styles usedd film ranged from
cubist, oil painting to a comic book look. The stylized visuserved to extend the
film’s metaphysical state. Figure 6 shows some of the vistyéd sised in the film.

Fig 6A diplays a flat shaded and outlined comic book look, FBgaid Fig 6C are

more painterly in style.

1

Sty -

B - ‘3.,- ‘.7; S |
(a) comic book style (b) painterly style (c) painterly style

Fig. 6. Three frames from the film "Waking Life’ [15].

What Dreams May Come- directed by Vincent Ward.[13] The painted world se-
guences in this film uses painterly particle effects to eeat environment like an
impressionist painting. The digitally created 'paint’ isde to interact with the prin-
cipal character in the film who finds himself ’inside’ the p#g. The movement
of the particles in a viscous fluid-like fashion help in makiime paint appear wet.

Figure 7 shows a frame from the impressionistic paintingisaqe of the film.



Fig. 7. A frame from the film 'What Dreams May Come’ showing thepressionist world
created in the film [13].

1.2. Characteristics of Non-Photorealistic Imagery

Although, a broad range of visual styles may fall in the domafi non photorealism it
is possible to identify certain salient features that nontptealistic imagery have. The

following are some of the characteristics seen in many naniqulalistic styles.

1. No sharply defined object boundaries

objects are defined with discreet strokes which cohesivefind the shape of the
object. The artist manipulates the size, shape and derisityoes creating a subject

that is more implied rather than explicit.

2. Level of Detail The number or density of strokes control the amount of dd&sired
in an object. Some painters use an underpainting with largehbstrokes and then

bring out the details with smaller strokes. Level of detaihlso dependent on the



distance of an object. Distant objects are rendered witlefedetails than objects

that are closer. This technique also serves to provide deptlscene.

3. Spatio-temporal coherence Temporal coherence is not a problem for still imagery
but is important in animation. Frame by frame coherencehgaed when the media
moves with the object. Without tracking, objects appeardmipving behind the

media, this is known as the "shower door” problem.

4. Entropy Although some degree of coherence in animation is desiredegt co-
herence would be defeating the purpose as hand crafted nseuhigerfect. The
imperfections handcrafted media impart the subject witkragrgy that is one of its
most salient aspects and is therefore desirable that itagexl in computer gener-
ated animation. However if the frequency of these impeidestare too great over
frames then it just produce just distracting noise. The kdy iuse these imperfec-
tions as features to generate a particular stylization,dntexture or energy at the

artist’s discretion.

5. Color and light color and light in non-photorealistic rendering can be useab-
stract ways. The use of complementary colors is commonditimaal art where the
underpainting in a complementary color helps lift the sgjosat layers. Light and
shadow can often be depicted in nonphotorealism not jushbreasing the shad-
owed region in value but it may be accomplished by shiftiregtthe often to a cooler

color.

Problem Statement: The scope of this thesis may be defined based on charac®asti
non-photorealism and the stylistic influences discussetgeabThe goal would be to sim-
plify the rendering pipeline and to achieve a painterly @ffazer a minimum intermediate

rendering steps. The painterly look will be captured in aggierway without attempting to



simulate any particular medium with great precision.



10

CHAPTER I

BACKGROUND/PREVIOUS WORK

Non-photorealistic rendering is a rapidly growing subgewsircomputer graphics. There is
atrend among digital artists to imitate other media. Rea@mnk on painterly rendering [10]

, pen and ink illustrations [18], and watercolor [17] havewh interests in imitating other
media. A subset of non-photrealistic research has beenmhesizing "flat media”. These
include canvas or paper based techniques, like drawingtipgj pen and ink illustrations.
Techniques like color segmentation, limited palate anceatijection algorithms are a few
of several ways to achieve painterly imagery. Several addhtechniques can be applied
to 2D as well as 3D input formats. However, the implementatibthese techniques for a
2D input varies from that of 3D. Images (rendered frameg)sed photographs) and video
footage (Image sequence) fall in the 2D input category.overpost processing techniques
may be applied to achieve non photorealistic effects. 3Mtispenes composed of com-
puter generated geometry (polygons, NURBS et cetera). 3&ctsbcan be rendered in
non-photorealistic styles using a texture/shader driygma@ach or a force field/simulation
driven particle system. There are various other methodshieuabove mentioned are the
most commonly used. Subcategories of the non-photoneatistput can be but are not

limited to any of the following more common visual styles:
1. lllustration (pen and ink, technical, wood block effect, etching)
2. Painterly ( Watercolor, Impressionist, other painting media)

An understanding of traditional flat media and their inhépeoperties is essential in trying

to mimic them in the CG environment.
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II.1.  Previous Work Based on 3D Input Schemes
1.1.1. Particle System Based Rendering

A particle system based work flow is used by some researahachteve non-photorealistic
effects. A 3D input scene is generally used in this processtide systems offer the ad-
vantage of creating an approximation of the actual geonietilye scene. This gives very
natural broken edges to the object which is a desirable pppé painterly rendering.

Also, particles can inherit brush images and their attabub give brush stroke based

painterly results.

1. Adepth map. 2. The tempiate image. 5. The force fie

(a) depth map, template andb) Various silhouettes cre- (c) Final Result
force field images used toated by particles
drive the particles

Fig. 8. 'Cassidy Curtis’ Loose and Sketchy Animation [3].

Figure 8 is an example of Cassidy Curtis’ work on loose andcsikeanimations.
He sought to demonstrate the power of a hand drawn sketchnvegimg information
and emotional states. The image in Figure 8 captures thgwoéthe artist's hand and
since it produces an incomplete image it encourages theevimanterpret the artist’s idea
and complete the picture by imagining the missing details.sAown in Figure 8, Curtis
achieved the hand drawn sketchy effect using a particleedrsystem that is driven by a

force field generated by a depth map of the CG object.

Barbara J. Meier’s painterly rendering for animation issely related to this thesis in
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(a) Painterly rendering pipeline (b) Final Result

Fig. 9. Barbara J. Meier’s Painterly Rendering for Animatja0].

terms of visual character. As in this thesis, her work is ificed by impressionist paint-
ings. However, Meier’'s work differs in the technigque usedéd painterly effects. Meier,

like Curtis uses a patrticle based approach. Figure 9 shovexample of the painterly

rendering pipeline. The particle placer populates a sanith particles. The surface ge-
ometry is rendered using various shaders to create paaticibute reference pictures such
as color, orientation and size. The particles, which anesfamed into screen space, the
reference pictures and the brush image are input to theguginenderer. The renderer
looks up brush stroke attributes in the reference picturéseascreen space location given
by each particle’s position and renders brush strokes trat the final image as seen in

Figure 9.

11.1.2. Smulation Based Painterly Rendering

An approach to creating likeness to traditional media in €Goi simulate that particu-
lar medium’s physical properties. The algorithm is basedhanactual properties of the
medium with respect to its interaction with light, surfacedgpigment. This approach

may often give a very accurate representation of the medi@asidy J. Curtis, Sean E.
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Anderson, Josua E. Seims, Kurt W. Fleischer and David H.s8eework on Computer
Generated Watercolor used a fluid simulation approach.r€&ifj0a shows the interaction
of water with paper and pigment was studied from a physidalyed stand point resulting

in a realistic watercolor appearance as seen in Figure 10b.

: 7&;‘#. AT Shallow-water layer
LRSS {Now of water above paper)

Pigment—deposition layer
(adsorption and desorption of pigment)

D Capillary layer
- //_\;;w;n of water through pores}

(a) Water, pigment and paper interaction (b) Final result

Fig. 10. Cassidy J. Curtis, Sean E. Anderson, Joshua E SiatsVK Fleischer and David
H. Salesins’ Computer Generated Water Color [17].

1.1.3. Commercial Software Packages

Several commmercially available sofware packages may éé fg painterly rendering
purposes. The majority of these are 2D image manipulatiograms that give painterly
rendering by applying particular filters to the 2D input iraome commercial packages
facilitate the creation of digital paintings. The artishazse the brushes provided in such

packages to paint on a digital canvas using some input devwick a wacom tablet or

mouse.

1. Fractal Painter developed by Metacreations and later by Procreate, Fridatater 5
and Painter 7 have established themselves among the bg# ameation program for
projecting natural media effects. It earned that reputavih its standard brushes

such as chalk, crayon, pencil, charcoal and watercolor dnghmt. This unique
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painting program allows one to create digital paintingshwiirtual brushes, pens,
markers, canvases, and other types of art materials thidtetheir real-world design

situations. Figure 11 shows some paintings done in Fraeiatét.

(a) marker brush (b) Watercolor brush

Fig. 11. Digital paintings with Fractal Painter.

2. Adobe Photoshopis a premier digital image editing, photo retouching, antbico
painting software with powerful features for graphic d@giand designers. While
Fractal Painter is a painting tool, Photoshop is primarilipal for digital image
editing allowing for both image renderings, editing andpiria manipulation. Pho-
toshop’s extensive bitmap manipulation tools make it thgnieg supreme of image
editing. Photoshop has several standard filters designeminigc traditional media.
Using these filters one can create many painterly effects asovatercolor, chalk

and pen and ink. Figure 12 shows one such filter creating u@ltareffect.

3. Pixar's Renderman Utility Renderman enables its shaders to output arbitrary vari-
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(a) Original image (b) Image with Watercolor filter

Fig. 12. Image manipulation with Adobe Photoshop 7.

able values. This helps in the output of useful informati&a tolor maps, shadow
maps, light maps and normal maps. This feature is partiguleseful for non-

photorealistic rendering, especially by the use of postgssing. Thus, many artistic
or painterly effects may be achieved by performing two disi@nal operations on
final images. Figure 13 shows an example for painterly rengen renderman. By

using the image containing normals shown in Figure 13C tbieth direction, and
the original color map shown in Figure 13A to set the brusloicane can create an
automated process that literally "paints” by picking ramdplaces on the image, ro-

tating a brush stroke image to the angle dictated by the Hpand drawing a stroke
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Fig. 13. A painterly rendering technique by Pixar's Rendamm

colored by the original input image. Some randomness has deded in the output

image shown in Figure 13D to make the colors a bit more varied.
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CHAPTER III

METHODOLOGY

This chapter will discuss the methodology to achieve thd tpoareate painterly images
from a 3D scene with the geometry and a light setup. To apprtee problem it will be

necessary to define the required components in the inpuéscen

1. Geometry: the scene should have at least one polygonal or NURBS mesh. Th

painterly shader will be applied to this mesh.

2. Lights: the scene should have at least one light. The shader will téoobject

based on the way it is litin the scene.

3. UV mapping: It may be necessary to UV map any non-primitive polygonakobj
Mapping is important for the shader texture to wrap over thiea correctly. The
type of mapping (spherical, cylindrical, planer) used vdodépend on the shape of

the object and also on the desired final look.

We will also formulate certain criteria from the usabilitgipt of view.

1. There should be minimum user intervention. The processldibe almost automatic

and over a minimum number of intermediate passes.

2. The user should, however, have artistic control overriegies. In this case, artistic

control will be in terms of color, texture and light.
The main steps in creating the nonphotorealistic scenéhariliowing.

1. Modeling: Creating geometry for all elements that are in the scene nidaels may

be nurbs, polygons or subdivision surfaces. One of the maisiderations during
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modeling is the scale and orientations of the isoparms ofntbéel, as the final
texture placement will depend largely the position andrdagon of the isoparms.
Figure 14 shows the change in brush stroke orientation \wighchange in isoparm

orientation on the geometry.

Fig. 14. Regular and deformed isoparms.

The user may also decide whether to use double sided geo(getsnetry in which
faces with both front and back facing normals will get rered@ror just front facing
(faces with back facing normals are not rendered) objectsd.touble sided objects
make for denser brushstrokes and firmer edges while sirdgd sibjects objects will
give more discontinuous edges when the shader is appligdrd-15 show that single

sided objects give a better impression of having brokensdge

2. Lighting The positions of lights in the scene will determine the ficald of the ren-
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(a) single sided torus (b) double sided torus

Fig. 15. Differences in rendering single and double sidgdaib 7.

ders in a significant way. Light direction will not only deteine the surface proper-
ties of an object in terms of color but also whether the serfaflects or transmits

light. Light types may be directional, spot, point, areambéent.

Accounting for transmitted light is important for waterapbr other transparent me-
dia effects. Figure 16A shows a torus with a light positiometiont of it and directed

at it. In this case the camera just catches the reflected Iggure 16B shows the
torus with the light behind it and directed at it. In this céise camera just catches
the transmitted light. Figure 16C uses both the above desttitights and therefore

has both reflected and transmitted light.

. UV mapping: This is necessary for the texture to map properly on the objesx-

ture on unmapped objects may be stretched or squashed. ggmallyobject can be
UV mapped in using planar projection, cylindrical projectior spherical projection.
The way the texture wraps on the object will depend on the mggpchnique used.
Figure 17A shows the model with no uv mapping. notice how nshrstrokes are

seen in this. This is because the model’s default uv do niatdalectly on the texture

space of the shader. Figure 17B,C and D show the model asukk strokes would
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Fig. 16. Object appearance with reflected light, transiehiight and a combination of both
reflected and transmitted light.

be seen with cylindrical, spherical and planer uv maps.

4. Shading: The shader will be written using renderman shading langu@ibe com-
piled shader (in .slo format) can be imported to a slim paliet the renderman

MTOR interface.
Conventional oil painting process-

Conventionally the oil painting process involves the agadion of successive layers
of paint to create the final result. Often an underpaintirapislied as one of the first
layers. The purpose of the underpainting is to block in thexmaasses in the paint-
ing and to also define an atmosphere through its color and Baksequent layers
are applied to enhance middle tone and details and the fyeddadd highlights and

more detalils.



21

Fig. 17. Objects shown with different kinds of uv mapping.

Shader strategy-Much like the conventional oil painting method as seen irukgg
18, the shader will be created with layers of brush strokdse first layer of the

shader is the underpainting and subsequent layers formvérpainting.

Figure 19A shows the model in the scene to be shaded. Fig@sli®ws the result
after the underpainting and the outline layers. Althoughlihsic shape of the object
gets defined at this stage there is no light information. Fhage can be likened to
the underpainting stage in conventional oil painting. FegLU9C and D shows the
object with successive layers of brush strokes. As with eatienal oil painting the

lighting gets more evident in this stage.

The total number of layers may be defined by the user. The eizit® individual
brush strokes increase with the number of layers and thé ¢d\waetail increases.

Examples of brush stroke images are seen in Figure 21. Thiesheads in three
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Fig. 18. The oil painting process [14]

‘brush images’ that are sampled by the shader randomly. Bgteh creates a texture
with the randomly chosen stroke image. For texture credherbrush stroke is tiled
repeatedly in the texture coordinate space (s, t coordihafEhe frequency of the
tiling depends on the layer number. For example in a shadér ten layers, the

brush is tiles once for the first layer, twice over s and twigerd for the second

layer and so on. Thus, for the tenth layer the brush will kedtiien times on the
s axis and ten times on the t axis. Each layer computes a cotbopacity that is

used for compositing it with successive layers. The brusikset are placed on the
layer’s texture according to randomly generated textupgdioates, random scaling
and rotation values. The final texture for the object is theaposite texture from

all the layers. For the final opacity the shader uses the ptarfithe brush texture
opacity and the underpainting opacity. Many traditiontigs tend to outline objects
they want to emphasize in their paintings. The shader toatliiasunctionality.

Outlines or silhouette edges are determined by calcul#tieglot (inner) product of
the view vector from the camera and the point on the objecigghaded. Since the
inner product of the two vectors give the cosine of the anglsvben the vectors,
a simple threshold value for the inner product can be seti@ioutline. The value

can be decreased to make the outline thicker and increasedk® it thinner. In the
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shader’s outline calculation routine some noise has bededath the inner product
threshold to make the outlines broken and more painterlg ditline is calculated

with a color and an opacity. It is composited with the othgels.

Coloring the brush strokes- The "base color” of the strokes is user defined. The
user also defines a shadow color and a diffuse color. The ®lmultiplies with
the grey scale brush image before it is committed to the tdgdred texture. Since
the color operation is done before the brush is made inted téxture the texture is

colored with discreetly colored brush strokes.

In traditional painting artists often convey a sense ofatise using not only by re-
ducing the level of stroke detail but also (as seen commanlgridscape paintings)
by reducing the color detail of objects that are further awaigure 20 shows ex-
amples Monet’s work that create not only the illusion of aigte but also makes for
atmospheric effects. The shader handles this issue of tmgatepth by calculating
the length of the vector from the camera to the point beinglstian the scene and

using that distance to shift the colors to an user definecevalu

Brush Texture specifications-The brush images can be created in several ways.
Any 2D paint program may be uses to create a variety of bruapesh The final ap-
pearance of the scene is largely dependent on the methodrctmdraw and sample
the strokes. The user may provide the shader with up to thifeeeht brush images

to be accessed randomly by the shader. These brush imagdsenmagde very dif-
ferent or very similar from each other depending on the stnedriation desired in

the final image.

The stroke image file is read just to define the shape of theeraad all color infor-

mation is multiplied later to the image. The strokes can beeg gcale image that give the
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alpha information for the stroke. Thus the desired shapke$troke must be in white for
a stroke with hundred percent opacity or shades of grey fernmediate opacities. Regions
of the image that are not part of the stroke, shape must bbl&fk, making those regions

totally transparent.



Fig. 19.

The shading process.
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(@) Claude Monet's Boulevard of Ca<{b) Claude Monet's Thames by the Wesminster.
pucines.

Fig. 20. Paintings display the atmospheric quality and ligghieved by reducing stroke
and color detail for distant objects [8].

Fig. 21. Stroke sample images. These are used as alpha nmatsiesactual color map. The
alpha values range from 0 to 1, where black is equal to an alphee of O and
white is equal to 1.
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CHAPTER IV

IMPLEMENTATION

The painterly look will be achieved by applying a surfacedgrdo the objects in the MAYA
scene. The shader will be scripted in Renderman shadingidayeg A surface shader in
Renderman returns a final color and opacity calculated freen defined functions.

Renderman provides a powerful and flexible shader scriggmgronment. Created
primarily with the intention to generate photorealisticages in computer graphics, its
flexibility allows one to achieve non photorealistic resas well. The Renderman software
is the industry standard for use in rendering and shading gjé&cts.

Maya will be used as the main scene building program. All tieeleling and lighting
needed to create the scene will be done within or importedlMaya. Maya offers com-
prehensive modeling lighting and animation tools. The Rem&n shading pipeline can
be seamlessly integrated within Maya through Rendermai®RI (Maya to Renderman)
interface.

All the examples in this thesis have been produce®®@hlris, Linux andWndows
platforms. Maya scene files in .mb or .ma formats may be usedpags for shading.
The MTOR plugin must be installed in Maya for the using the d&man interface within

Maya.

IV.1. Shader Implementation

The Renderman shading language is used to implement threcewshader. We adopt the
layered approach to build the shader. In this approach tla¢ Surface pattern needs to
be broken down into layers of simpler patterns. Thus, imstdavriting a shader directly

for the final more complex pattern, each simpler pattern cawhtten as a layer. Lay-
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ers are defined from back to front and successive layers anpasited over each other.
For the painterly shader the underpainting, outline andsan defined numbers of brush
stroke layers are all computed individually. Each layer pates a layer color and layer
transparency that is used for compositing.

Underpainting- The underpainting is the second layer of the shader. Althdbg
primary purpose of the underpainting is to establish thenfof the objects in the scene,

the program uses the underpainting to give objects an ilmegand drawn look.

region left unshaded in
underpainting

.
eye

N
f/
I
-
[
=

underpainting
region

Fig. 22. Threshold for underpainting.

Fig. 23. Underpainting creates the illusion of discontimsiborder.

One of the most important goals in creating the painterlglshaas to see that the ob-

jects in the scene did not have very sharply defined bourslartes is hard to achieve in a
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surface shader as there is no way to shade a point that ligisletlhe surface of the object.
Previous solutions have involved the use of particles toetl& boundaries discontinuous.
The solution presented here is to create the illusion ofémadges by keeping the under-
painting within a threshold calculated by the angle betwéerview vector and the surface
normal of the point being shaded. As shown in Figure 22 theerpainting is done only
in the region where the angle between the viewvector (I) amthee normal at the point
being shaded (N) is a value less than 90. Figure 22A shows jactokith underpainting
threshold equal to 90, Figure 22B shows the object with arerpainting threshold less
than 70, Figure 22C shows an underpainting threshold less 70 + (a noise value). In

Figure 23BC the actual boundary of the object is shown by #shed line.

a
LT
O/I/I/I/M -
! | | | | | x
1 2 3 4 5

Fig. 24. mod(x,a), where a=1 [16].

Overpainting- The overpainting step involves applying the brush strokes ¢the
underpainting layer. The user is required to provide thelshavith three brush stroke
images. These images are then tiled by the shader to crestle stroke layers. The mod
function is useful in creating periodic patterns. mod prEhiia sawtooth pattern which
repeats from O to a value based on the variable x as shown ime=24.

Figure 25B shows the use of mod to repeat a function deschibedjure 25A in any
given frequency value.

The repeat function is used to tile the brush image over vafueequency in the
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A

ANAANAA

Fig. 25. Repeating a function using mod [16].

texture space. To repeat the tiles over the entire image soskd.

Instead of using texture coordinates (s, t) which vary fraim Dover the entire surface
to compute a tile pattern, we usi¢e texture coordinates (ss, tt) which vary from 0 to 1
repeatedly over the surface. Trepeat function is defined as:

repeat(x, frequency) = (mod((x) * (frequency), 1.0))

Example, ss=repeat(s,4) tt=repeat(t,4), the result is seBigure 26. The texture is
tiled 16 times. Four times in the s direction and four timeghe t direction. A noise
function is added to the tiled ss tt values to give a randositethe final resulting texture.

Layers and Compositing-Most surface shaders will consist of multiple layers. The
accumlated color of all layers will be stored in a variabliezhsurface-color.

Initially, a value is directly assigned to surface-colorigbhwill indicate the color of
the background layer (layer 0). This value may be fixed by Hasler-writer or definable

by the user of the shader using an instance variable or th@agRenderman Shading Lan-
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o el

0,0 __9

Fig. 26. Tiled texture coordinates ss tt within a single tile

guage (RSL) variable Cs. Cs stands for the surface color mi&ean Shading language.

For each foreground layer, the variables layer-color apértapac represent color and
opacity for the layer currently being defined (these vagalwill be reused for each layer).

[* layer n */

layer-color = function to calculate layer color

layer-opac = function to calculate layer opacity

surface-color = blend(surface-color, layer-color, lagpac)

Each layer will be composited on top of the previous layeiagithe RmanNotes
blend() function.

color blend(color a, color b, color x), where a is the surfeskr, b is the layer color
and x is the layer opacity. This is illustrated in Figure 27.

The blend performs a component-wise linear interpolatietwbken a and b based on

the values in x. Note: blend() also supports the argumerdstygupported by the RSL
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blend(a,b,x) = ((a) * (1 - (x)) + (b) * (x))

Layer Color (b)

Surface Color (a) Final Composite

(F)

Layer Opacity (x)

Fig. 27. Blending of layers.

function mix().

Figure 28 illustrates how the the blend function works.

The processes involved in the creation of a flat brush strekeite starting with a
single user defined brush image is summarized in Figure 29.

Texture file format- To access textures within a Renderman shader, texture & n
to be in .tx format. This is the only texture file format supeodrby Renderman. Files in

TIFF format may be converted to .tx using Pixar’s txmakeatytil
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layer 0 layer 1 layer 2 all lavers

Fig. 28. Blending of layers [16].

IV.2. [llumination

As mentioned earlier, lights will be place in the scene in Blafhe painterly rendering
program take the light position and angle created by the feghand the point being shaded
into account for coloring the brush strokes. The prograns ilbgminance loops to access
the light information in the scene. Illuminance loop is abun Renderman function useful
for making calculations involving lights in the MAYA scen&he loop runs through each
light in a scene and makes user defined calculations usintigmsolor, intensity, angle
of incidence and other properties of the light source tocattee appearance of the surface

shader. Figure 30 shows the relation between light anglealud calculations.

IV.3. Bump Mapping

Some traditional media artists paint with thick strokes @bc Therefore their paintings
are not always flat entities. The thickness of paint addsddehkture created by the brush

strokes.

This effect is created by the shader using bump mapping. # seale texture is

created out of the final over painting layer and used as a buappfan the painting. Bumps
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Brush Image

| Multiply with User defined colors

Jitter colors

Tiling brush images in User defined
number of layers

Jitter tile seed point

Flattened brush texture

Compaositing

Tiled colored brush layers Brush Layers with Lighting Calculations

Fig. 29. Creating the brush stroke texture.

are created by recalculating shading normals for the paimgoshaded. The new normal
is displaced in the direction of the surface normal at th@foeing shaded by an amount
dictated by the grey scale image. Lighting calculationsraagle with this new displaced
normal. Figure 31 shows the visual differences betweenmesandered with and without

bump map.

IV.4.  Animating Shader Parameters

The shader itself will have modifiable parameters that ther uan tweak to achieve the
desirable look. Inputs for brush files, brush color, shadoverg diffuse color, outline
thickness, brush rotation value are some of the paramdtatsmould be user defined.
These parameters can also be animated.

Animation- Many of the shader’s parameters can be animated within Maywya

simple connection expression or TCL command in Rendermdme pfocess for making
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N / Light

_// Source
=

Fig. 30. Surface color based on the angle between incidght énd normal at the point
being shaded.

the Maya-Renderman connection involves the followingstep

1. Create a locator in the Maya scene.

2. Add attributes to the locator that may be modified via esgian or keyframing to

affect the Renderman parameter to be animated.

3. The general expression ['matter LocatorName.Atrriblate@e” Attribute Type] added
to the shader parameter TCL box will complete the connedtmm the Maya loca-
tor attribute to the Renderman shader parameter. For exaatuling the expres-
sion ['matter Locatorl.brushrotation” F] to the desiredgmaeter in the Renderman
shader properties dialog box. This connects the user deditrdoute "brushrotation”
belonging to Locatorl in Maya to, say, the brush rotatiorugah Renderman. Thus,
if the attribute "brushrotation” is changed over an anirdatequence the Renderman

shader will update the rotation angle of the brush strokesntime.

In the same way other attributes such as brush color, unidéigray color, brush and

underpainting opacities and noise may be animated.
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(a) Without bump map (b) With bump map

Fig. 31. A scene rendered with and without bump map.

A second method for animating the brush strokes is by anmgatie UVs of the
geometry. Since the shader places itself on the geometryndi@épy on the position of
the geometry UVs, therefore animating the UVs by rotatimgnglating or scaling will

similarly affect the shader as well.

IV4.1. User Interface

The standard Maya interface will be used for scene buildifige shader developed for
painterly rendering will be used within the MTOR work envirment. Rendermandim
palette is an important component of the MTOR user interface. Thatpdy shader may
be imported into the slim palette and applied to objects énsitene. The user can modify
the shader parameters by changing the default values imtmetes attribute editor. The
shader attribute editor can be brought up by double clickimghe shader node in the slim

palette. Figures 32-39 show screen shots of the Maya andeRead user interface.
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Layers Options
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Fig. 32. The MAYA interface.
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Fig. 33. The Renderman slim palette loaded within the Materface.
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Fig. 34. The painterly shader is imported into the slim pelet
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Fig. 35. The painterly shader attribute editor may be indokg double clicking on the
shading node in the slim palette. The appearance of theeplyirghader can be
changed by changing the values of the shader attributes.

8| brushname |bruishS b ;
| brushname! |brush. b
| brushname2 |biruish b

Fig. 36. Three brush stroke images can be specified in thénbanse, brushnamel and
brushname2 channels.
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Fig. 37. Color controls for stroke, outline, underpaintidggtance and diffuse color.
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Fig. 38. Attaching the shader to the geometry by selectiegggometry and clicking the
attach button on the shader right click menu.
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Fig. 39. Clicking therender button on theRenderman menu tab starts the render. The ren-
dered image is displayed on Rendermanigility.
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Fig. 40. The render job status and progress can be manageenoleiRnan’Alfred utility.
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CHAPTER YV

RESULTS

As a proof of concept, all final images and animations weratecein Maya and MTOR.
All images and animations were rendered in a single rendss. pehe subjects chosen for
the final renderings are two landscapes, a sculpture anflldestiThese common subjects
for conventional paintings and would thus be suitable suibjéor testing the painterly
shader.

The results demonstrate the use of different brush strokgés to achieve a variety
of painterly styles. As is evident from the results showr linush strokes are the most
distinct visual feature of the painterly shader. The stsakat only impart the images with
textural richness but also give scope for stylistic vapiatio the images.

As mentioned earlier, traditional painters may choose tbr@icertain objects in their
scene to emphasize them more strongly. The shader provigestility by allowing the
user to choose whether or not to outline the geometry beiagdesh The user may also
control the firmness of the outline that will be applied to &eat.

The type of brush stroke images applied may also be usedadteaevisual likeness to
several different media. Depending on the type of brustkegased and the opacity of the
strokes, effects similar to watercolor or dry media suchhesgkcor crayon may be created.

All the objects in each of the rendered scenes use differestamces of the basic
painterly shader. Different instances are created by ahgrigush stroke type, nature of
outline, under painting color, over painting color and sal/ether color parameters that are
provided as shader attributes. The results attempt to dstnabe the use of the flexibility
of the shader parameters for the creation of different stgfgainterly work. In doing so,

the shader establishes its ability to enable users to deesld express their ideas through
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individual styles.
Following are some significant results that have been aetidw using the painterly

shader presented in this thesis work:



Fig. 41. Sculpture model using different brush strokes.
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Fig. 42. Detail of sculpture model using different brusiokés.

47



Fig. 43. Frames from animation of flower model.
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Fig. 44. Frames from animation of landscape model, showisigay depth.



Fig. 45. Frames from animation of horse and landscape model.
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CHAPTER VI

CONCLUSION AND FUTURE WORK

VI.1. Future Work

There are many directions in which possible future work cacdrried on with respect to
the work presented in this thesis.
A few suggested directions of work that would improve thesgigquality of the final

rendered images are:

e Dynamic stroke depth- The shader uses color to define depth. A more effective
solution for depth would be to alter brush detail as well. €2kg in the foreground
would require to render in more detail and thus use more bstrsike layers than

objects in the background.

e Randomization of brush strokes-Random repetitive application of brush strokes
can be prone to pattern formation. This may be undesirabiigséiact patterns will
inhibit the painterly look. Improvements can be made to detd better randomiza-
tion and scaling of brush strokes. In this program the prmobtehandled by keeping
the brushstrokes at random and low opacities so blendingdeet successive layers

would eliminate very distinct patterns.

e Broken Edges-Breaking up the edges more significantly-One of the linotadi a
surface shader has is that textures on it tend to give a "géipped” look. This
shader handles this problem by leaving "holes” or uncolasgglons on the insides
of the boundary of the object, thus visually creating discarous edges. Other ideas

to get better broken edges would add to the painterly lookifogntly.
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e Brush Animation- The brush animation in the painterly program can be done in
expressions controlling brush rotation and translaticor. dfoser shots in the scene
this might sometimes be visually distracting. There maydmesinstances where it
would just give a "swimming textures” sort of feel. Future nwa@an aim to make
brush animation more sophisticated. A simulation basei-filke motion may add

a lot to painterly animation.

VI.2. Conclusion

This thesis provides a new approach to painterly renderiPrggvious work on painterly
rendering used a particle based method or used post progessirendered images to
achieve painterly effects. This technique refers to cotscepprevious work that uses 2D
brush stroke images and uses them to form a shader. The dbesbst approach aims to
simplify the painterly rendering pipeline and the MTOR nfidee makes usage very conve-
nient. Keyable shader parameters make it easy to animaterspeoperties. The rendered
images will demonstrate the properties of painterly worhsas broken silhouettes, brush
stroke textures and sizes that define surface propertieal@sichction of composition.

The main painterly aspect that the shader attempts to @auhe use of discreet
brush strokes to create a scene. The results of this thegighmeefore be likened to
Impressionist paintings with respect to brushwork. Astisse various techniques to create
an individual style of expression in painting. In the paitytghader, apart from color, brush
strokes are significant as they give the artist some extealtn® in expressing individuality
in style. Visually brush strokes serve to create textuddmess in the renders.

One of the primary objectives of the shader is to automatetheess of creating
painterly renders directly from a 3D scene. Automation,levimaking usage very easy,

comes at the cost of loosing some artistic control. Thetazdisnot be as willful or enjoy
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the same interactivity as conventional painting. Therefoontrolling characteristics of the
render, like color and brush strokes at a micro level campi®asy. The user can, however,
make these artistic decisions with respect to the overak lof the scene by modifying
the shader parameters. This is an important issue to uadedr&r effective usage of the

shader and for creating images that can be beautiful, esipesand very painterly.
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