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Abstract

Wayang Beber of Pacitan is one type of wayang beber, a traditional picture from Indonesia. It is usually
performed to tell a story. Wayang beber of Pacitan has unique visual form, distinctive shape and complex
ornamental detail. In past days, wayang beber had an important role within the local society, however it is barely
known today. These conditions are our motivation to do a project to develop a CG animation of wayang beber of
Pacitan. We want to re-introduce wayang beber of Pacitan and find a traditional artistic value from it that could
be applied to modern media. This paper explains a research as a part of the project. This research is developing a
program that could be used to generate and control patterns on wayang beber of Pacitan character’s cloth. The
algorithm of our program consists of two important parts: elements and rules. The elements define a basic shape
used in pattern arrangement, and the rules are the procedures to arrange the elements. There are two rules in our
algorithm, the first rule is a condition to do iteration of the coloration process, and the second rule is a condition
to define the area of the coloration process. Our program allows artists to generate and control variation of the

pattern.
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1. Introduction

This reseach is part of a project to produce a CG animation of “wayang
beber of Pacitan”. Wayang beber of Pacitan is an old Indonesian
traditional picture made around the year 1692 [1]. It is usually
performed to tell a story. One set of wayang beber of Pacitan contains
six scrolls of picture; each scroll has 4 scenes of story (see fig.1).
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Figurel. The sample of original wayang beber of Pacitan scrolls.

Wayang beber of Pacitan existence is endangered today. It is rarely
performed and barely known; most of Indonesian people especially the
young generation never seen it. In addition, the condition of its scrolls
is very poor, some part of the picture already gone. Related to this
condition, we have two motivations to do the project:

1. We want re-introduce the wayang beber Pacitan to the current
generation using a new medium that close related to them such as

CG animation.
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2. We want to seek a new concept of CG animation that based on a
local artistic tradition.

The project preceded by two researches, the research on the artistic
issues and the research on technical issues (see Fig.2). The research on
the artistic issues has important role; it is the foundation of the project.
The research on artistic issues examines the typical visual features,
artistic values and philosophy of wayang beber of Pacitan picture. This
research found 3 important visual features in the character figures of
wayang beber of Pacitan, those are:

1. The distinctive figure shape.
2. Thick outline.
3. Complex ornamental pattern on the clothes.

Complete explanation of this research could be seen in [2]. The
result of the research on artistic issues is used as an art direction in
subsequent research.

The subsequent research is a research on technical issues. This
research tries to develop a technique to create CG animation of
wayang beber of Pacitan, especially a technique to simulate the visual
form. This research is divided into several phases. First phase is a
research to generate outline in the 3DCG figure. The result of this
research could be seen in [3], second is a research to generate patterns
of wayang beber of Pacitan character’s cloth, and third is a research to
create the figure shape of wayang beber of pacitan. This paper explains
the second phase, the research to generate pattern of the character’s
cloth.
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Figure2. The research plan
1.1 Problem Statement

In CG production, the common technique to make a pattern on 3DCG
surface is using a texture map. However, this technique is unsuitable
for our project. The texture map technique obtains the pattern from a
bitmap file. Modifying the pattern can only be done by change the
bitmap file. To simulate wayang beber of Pacitan picture in CG, the
pattern must be modified several times. There are many characters in
wayang beber of Pacitan that has different cloth pattern, sometimes
they have similar pattern with a few variation. Using different bitmap
file for each character will result a big file size. Also modifying a
bitmap file one by one is time consuming.

Figure3. Variation of wayang beber of Pacitan character’s cloth pattern

For the project, we need different approach to create a pattern on
3DCG surface. We need an approach that could easily generate and
modify pattern in each surface. Therefore, in this project we use a
procedural pattern. The procedural pattern is a pattern that generated
and could be controlled by a small program called shader [4]. This
paper explains the research to develop a shader that could be used to
simulate wayang beber of Pacitan cloth pattern.

1.2 Related works
The programing approach of generated pattern or ornamentation
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has been explored for many years. Geng [5] has reviewed several
researches on this field. He categorized the techniques into several
approaches; two of them are closely related to our research. Those are
art pattern creation by shape grammar and lay out based creation of art
patterns.

One of the popular methods is the layout based creation of art
pattern. Many types of art pattern have obvious structural characteristic,
using this method, artist can effectively create a design by making
changes onto layout of these desirable art patterns [6]. One example of
this method is a work by Hamekasi and Samavati [7].

Hamekasi and Samavati’s work presented an analysis of Persian
floral patterns based on circle packing. This approach separates the
semantics and combinatorics of the design from its geometry. It could
generate new designs that have high level characteristics such as visual
balance and imperfect symmetry. However this works only suitable for
generating a vines floral pattern.

Another approach is art pattern by shape grammars. Shape
grammars specify a mechanism for selecting and performing rules for
shape computation. This approach gives the designers freedom to
specify, explore, develop a design language in terms of the shape
grammar, and select alternatives for desirable art patterns [5]. This
approach is applied in a work by Wong, Zongker, and Salesin. [8].
Their work presents a grammar based approach to generate floral
patterns using an adaptive clip art which consist of a set of element and
their growth rules. The pattern generation starts from user-specified
seed points, and then the system will decide which element to grow.
The Wong’s system is automatic algorithmic system, in this system the
artist has less control over the pattern. For the project, we need a
semi-automatic system, which allow artist to control some variation of
the pattern detail.

2. Features of Wayang Beber of Pacitan
Character’s Cloth Pattern.

The original scrolls of wayang beber of Pacitan condition is very poor,
therefore we use its replica as a reference image. This replica made by
a member of wayang beber metropolitan community in Jakarta. It is
only depicts a part of fifth scroll of wayang beber of Pacitan but
imitates the original picture very well (see fig.4).

replica

Figure4. The comparison between the original picture of
wayang beber of Pacitan and its replica

We studied the reference image and found some typical features of
wayang beber of Pacitan character’s cloth pattern. We categorized the
pattern into three types (see Fig.5), those are:

1. line pattern
2. flower pattern
3. vines pattern



vines pattern

Figure 5. Three types of wayang beber of Pacitan character’s
cloth pattern

The line pattern is the simplest one. It is a thin vertical line drawn
repeatedly across the cloth (see fig.6). Sukir [9] explain that this line
pattern is called cawi. It is a typical visual feature appears not only on
wayang beber, but also in another types of wayang called wayang kulit.
This feature is used to fill up a wide blank area in the picture to
maintain a good visual balance.

Figure 6. Line pattern on wayang beber of Pacitan’s cloth

The other two patterns are floral patterns. There is no literature that
explains the floral pattern on wayang beber of Pacitan character, so we
use a literature of another traditional art to study the pattern. Nowadays
we could easily find these similar floral patterns in a popular
Indonesian traditional cloth called batik. In the past, batik cloth is
usually worn by Javanese king or noble, we thought this is what is
depicted in wayang beber of Pacitan.

We did a comparison between the floral pattern on wayang beber
of Pacitan and the floral pattern on batik cloth, so we could get a better
understanding about these pattern’s visual structures. There are two
floral patterns on wayang beber of Pacitan, the flower pattern, and the
vines pattern.

The pattern on batik cloth that similar to flower pattern is called
ceplok, and the one that similar to vines pattern is called sulur-suluran
(see fig.7). We studied the ceplok and sulur pattern in batik cloth. The
ceplok pattern has philosophical meaning of giving hope, wisdom, or
guidance [10]. The ceplok pattern is one of the oldest traditional
patterns in Java, Indonesia. It could be seen in many sculptures from
the ancient Buddha and Hindu [11]. Then it is very likely if this pattern
also found in wayang beber of pacitan.

We apply the visual structure of ceplok and sulur pattern
composition to create the flower and vines pattern of wayang beber of
Pacitan’s cloth.
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Figure 7. Comparison between the pattern of wayang beber
of Pacitan’s cloth and the pattern of batik clothes

Ceplok pattern is classified as a geometrical pattern. In this type of
batik the ornaments are arranged geometrically, and particularly in
ceplok pattern, the omaments are arranged in a square shape (see
fig.8a). Batik ceplok has various types of ornaments or motifs; one of
them is called truntum. Truntum is a motif of small flower, such as
jasmine. This ornament often depicted with eight petals, but sometimes
depicted with four or six petals, with various shape.

Sulur (or sulur-suluran) pattern is classified as a free form pattern.
This type of pattern has no specified rules but usually arranged
vertically (see fig.8b). This pattern consists of three part, those are:
main trunk;, or vine, leaf, and flower.

ﬁj\

ornament arrangement of sulur pattern

©)
Figure8. (a). The composition of ceplok pattern. (b) sulur
pattern on batik cloth

3. Rendering Wayang Beber of Pacitan‘s
Cloth

For the experiment, the 3D CG model of wayang beber of Pacitan’s

cloth is made in Autodesk MAYA and rendered by PRman, a
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renderman compliant renderer developed by Pixar. The 3D model is
converted to RIB (Renderman Interface Bytestream) file as the input
for renderer. The renderer applies two kinds of shader to render the
image through the RIB file. The first shader is used to generate the
outling; it has developed in our previous research [3]. The second
shader used to render the color, line, and the shape patterns. This paper
explains development of this second shader. The shaders are developed
using RSL (Renderman Shading Language).

3.1 Developing the Pattern Shader

Our pattern shader algorithm basically works in texture space of the
3D model. Texture space is 2 dimensional space, defined by two axis, x
and y, or in this case we called s and t. The coordinate of s and t both
lie between 0.0 and 1.0. They represent a point location inside
dimensionless image of unit size

The shader generates the shape of an element on the 3D CG
surface by defining color position based on its coordinate in texture
space; this process is called “s t coloration”.

We adopt the Wong’s 8] approach in our shader algorithm. We
use the concept that similar to adaptive clip art, which consists of two
parts: elements and rules. The elements correspond to the 2D
geometric primitives that appear on the ornament, and the rules are the
procedures to arrange the elements.

3.1.1 The Elements

We define 7 basic elements that used to arrange wayang beber of
Pacitan’s cloth pattern (see fig.9).

basic shapes

|

H3)

=
N )

Figure9. The elements of wayang beber of Pacitan’s cloth pattern.

spiral of archimedes

=t

The line pattern only consist of one element, it is a vertical thin
line.

The flower pattern has two kinds of petal. The first petal could be
created using an oval shape and the second petal could be created
using pear shape quartic. The center part of the flower could be created
using a circle.

The vines pattern arranged by three shapes; A spiral of
Avrchimedes used for the vine, a folium used for the flower, and an oval
used for the leaf.

Each element has attributes that controlled by rules.

3.1.2 The Rules
The rules are conditional statement that should be met for doing the
coloration process. The rules divided into two:
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1. The first rule is a condition for the iteration process. While this
condition met, the iteration of coloration process will continued.

2. The second rule is a condition that describes the coordinate of
coloration area. The coloration process will be performed in the
areas that meet this condition. The second rule will determine the
position of the element on the texture space.

3.1.2.1 Generating Line Pattern

We develop our rules or procedures to generate vertical line

pattern based on Kendall Sor’s ruled paper algorithm [12].

The first rule for line pattern is a procedure to repeat the
coloration process in the texture coordinate. A new parameter is
needed to define the color positions; it should be a periodically
repeated numbers. The modulo operation is applied to the s and
t value to obtain this parameter. The modulo operation finds the
remainder of division of one number by another (see the
following equation).

r=s- l%J XN 6

n=t- [ﬂ xn %)

Where rsis the remainder of s after the modulo operation is applied,

[%J is the largest integer less than or equal to S; , n is the divisor, rs

is the remainder of t after the modulo operation is applied [%J is the

largest integer less than or equal to

To control the line width (thickness) we add a new variable w. We
define it using the following equation.

_ nxl

10 &)

Where n is gap between the lines, and | is a value given by user
to control the line width.

The second rule is a conditional statement for coloration process.
The coloration will be done if a following condition is met.

rs< w @

Where rs is a remainder of s, used to repeat the coloration process,
and w is a parameter to control the line width.

The result can be seen in fig. 10. A variation of line width obtained by
applying w value can be seen in fig.11

3D CG Model

Rendering result

Figurel0. Generated line pattern
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a b c

Figurell. Variation of line width

3.1.2.2 Generating Flower Pattern

To generate a flower pattern, rs and rtare used as coordinate of
coloration area, rs is result of modulo operatio on s value, while rt is
result of modulo operation in t value. Both rs and r: are repetitive
numbers on vertical and horizontal axis. They divides the surface
into number of square modules (see Fig.12). The coloration is done in
every module.

Figurel2. Flower pattern module

The coloration begins by applying the first rule. The first rule of
flower pattern is a conditional statement for iteration of the petal
coloration process. To create flower petal configuration, the coordinate
of the coloration area rotates gradually in every iteration. The rotation
is done by applying following equation:

Sr=rsC0S & —ItSin o (5)
tr=rsSin @ +1:COS (6)
Where sr is a new s coordinate of coloration position after rotation, tr
is a new t coordinate of coloration position after rotation, and «is the
pattern  rotation angle.

In every iteration «is recalculated, it is added by a value that given
by user. The iteration performed until the pattern rotation angle
surpasses 360 degree.

Then the second rule or procedure is applied. The second rule for
the coloration is a conditional statement to controls the coloration area
shape in texture space. The coloration will be done if the condition is
met. To create the flower petal user could choose two shapes, those are
oval, and pear shape quartic. The condition for oval shape is:

sr2+ 0357 x2xt? <=z @
Where sris a new s coordinate of coloration position after rotation, tris
a new t coordinate of coloration position after rotation, and z is the

petal size.
The condition for pear shape quartic is:

bx (xS ) < (5% ) (a(srx ) ®

Where a,b, and c are arbitrary real numbers.
Center of the flower is made by a circle. The condition for the circle is:

sP+t2<z ©9

s g AR
. |9

wuantity defined by user

Figurel3. Iteration of flower pattern coloration

Some cloth has two types of flower pattern, big flower and
the small one. The size of the small flower is half of the big one.

It defined by:
= g (10)

The small flower petal could made by an oval shape, the
condition for the oval shape is:

s+ 0357 x2xt? <=1 11)
It also could made by pear shape quartic, the condition for pear shape
quartic is:

bx (tx = P < (sx 2P (a{sex D) (12

Center of the small flower is made by a circle. The condition for the
circle is:
PP <z (13)

The result can be seen in fig.14.

Figurel4. Generated flower pattern

3.1.2.3 Generating Vines Pattern

To generate a vines pattern rsand t value are used as coordinate of
coloration area. The rsis the result of modulo operation on s value, it is
repetitive numbers on horizontal axis. It divides the surface vertically
into several modules (see fig.15). The coloration is done in every
module.

Figurel5. Vines pattern module

The vines pattern has two types of element that are subjected by
different rules. The first type is vine, and the second type is flower and
leaf.
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The first rule for the vines is a condition for iteration of coloration
process. This rule allow t value be added by 0.4 in every iteration. The
iteration performed until the t value surpasses 1, this value is a limit of
the surface’s border.

The first rule for the flower and the leaf allow its coloration area to
rotate gradually in every iteration. The rules are similar to the first rule
of flower pattern, the iteration performed until the pattern rotation
angle surpasses 360 degree.

The second rule is a condition for the coloration process. Shape of
the vine is created using spiral of Archimedes. The condition for this
shape is defined by:

SposL < (R X 6) <Spos2 (14
Where spost is a first s coordinate of the coloration area in the texture
space, and Spos2 is @ second s coordinate of the coloration area in the

texture space. The Spos2 must bigger than spest, R is radial coordinate of
the spiral, and & is angular coordinate of the spiral.

The spiral of Archimedes is defined by a polar equation, therefore
R and 6 values must be calculated by converting the texture
coordinates (s,t) to their polar equivalents. The conversion can be done
by following equations:

R= /(s — 0.1)2 + (t — 0.2)2 (15)
6 = arctan (:5__(;21) (16)

Besides the vine, vines pattern also has flowers and leafs. The
coloration for the flower will be done in a condition if:
((rs % 2 -8pog)? + (t X Z -tpos)?) X ((t X Z -pos” + (Is X Z -Spos)
% (s X 2 -Spos) + b)) < 42X (15 X Z -Spas) X (£ X Z tpos)’
Where rsis the result of modulo operation on s value, Spes iS S

coordinate of the coloration position, tes is t coordinate of the
coloration position, z is size, a, and b are arbitrary real numbers.

7

And the the coloration for the leaf will be done in a condition if;
(Fs-Spo+ (0.3C+502) x2x (b2 ) <=2
The result can be seen in fig.16.

(18)

Figurel6. Generated vines pattern

Our algorithm also allows artists to control certain attributes of the
pattern, such as pattern types, line width, petal types, petal size, petal
quantity, vines sizes, and pattern color. The overall algorithm
summarized by the following pseudocode.

Input the type of pattern.
Apply modulo operation to s value using equation (1).
Apply modulo operation to t value using equation (2).
If type of pattern = “line”,
Then, input color, input line width.
Calculate line width (w) using equation (3).
Calculate line coloration area using equation (4).
Output color (result can be seen fig.10).
Else if type of pattern =" flower pattern”.
Then input how many petal types will use, 1 or 2.
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Input petal shape, size, quantity (q), and input color.
Input second petal shape, quantity (), and color if petal types = 2.
Declare the petal angle (o)), 0. =0
Calculate the rotation angle (8), /=360/q
Calculate second petal size using equation (10)
Apply first rule of flower pattern’s coloration.
While 0.<360
Calculate s value rotation using equation (5).
Calculate t value rotation using equation (6).
Apply second rule of flower pattern’s coloration.
If petal shape = oval, then
Calculate coloration area using equation (7).
Else if petal shape = oval, then
Calculate coloration area using equation (8).
If petal types= 2, then
If second petal shape = oval, then
Calculate coloration area using equation (11).
Else if second petal shape = pear, then
Calculate coloration area using equation (12).
End if.
Output color.
If o> 360, then break loop.
Recalculate o, a=a+f
Calculate center of first flower coloration area using equation (9).
Calculate center of second flower coloration area using equation (13) if
petal types = 2.
Output color
(If petal types =1, result can be seen fig.18).
(If petal types =2, result can be seen fig.19).
Else if type of pattern =" vines pattern”,
Then, input vine size, and color.
Apply first rule of vines coloration.
Whilet<1
Calculate radial coordinate (R) using equation (15).
Calculate angular coordinate (¢) using equation (16).
Apply second rule of vines coloration.
Calculate vine coloration area using equation (17).
Output color.
If t> 1, then break loop.
Recalculate t, t=t +0.4
Apply first rule of flower coloration.
While 0. <360
Calculate flower coloration area using equation (18).
Output color.
If o> 360, then break loop.
Recalculate @, a=a+f
Apply first rule of flower coloration.
While 0.< 180
Calculate flower coloration area using equation (19).
Output color (result can be seen fig.20).
If o> 360, then break loop.
Recalculate o, a=a+f

4. Result

Our shader could produce three types of pattern; line pattern, flower
pattern, and vines pattern. The flower pattern is arranged geometrically
in square modules, it resemble a typical arrangement of ceplok pattern
composition which is also similar with the composition of wayang
beber of Pacitan’s flower pattern. The vines pattern is arranged
vertically, it resemble the arrangement of sulur pattern.

Our shader allow artist to control certain parameters of the pattern.
Using these parameters, the detail of the pattern, such as petal shape,
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petal size, petals quantity, color, and arrangement could be easily
modified. This shader’s feature solved our problem to render many
character’s cloth with certain variation of pattern. The comparison of
rendering result using different pattern types can be seen in fig.17.

B pattern type: flower
petal size : 2
petal types: 1
petal qty : 4
petal shape : pear shape
petal color: R=93, G =86, B=54
background color: R=119, G=179, B=98

C | pattern type: vines
vine size : 2

A pattern type: lines
line width: 1
line color: R=0G=0,B=0
background color: R=130, G=0, B=0

flower petal qty : 6
pattern color: R =194, G = 168, B = 141
background color: R=56, G=44, B=20

Figure17. Comparison of rendering result using various
pattern types and color

Fig. 17Ais rendered using line pattern type, fig. 17B is flower
pattern type, and fig. 17C is vines pattern types.
The comparison of flower pattern rendering result using different petal
quantity, shape, and color can be seen in fig.18.

pattern type: flower
size: 4
petal types: |

petal qty - 6

petal shape : oval
petal color: R=
background color: R:

pattern type: flower
size 4

petal types: |

petal qry : 4

petal shape  pear shape
petal color: R=126, G=110, B=103
background color ; R=203, G=144, B=119

B | patiem type: flower
size 4

petal types: |

petal qty : 6

petal shape : pear shape

petal color: R = 66, G = 66, B = 36
background color: R=53, G=138, B=53

ackgorund color: R=174, G=183, B=110

Figure18. Comparison of flower pattern rendering result
using various petal shape, quantity, and color

Fig.18Aand 18B is rendered using pear shape, fig.18C and 18A is
rendered using oval shape. Fig.18A is using 4 petals, fig 18B, and 18C
is using 6 petals, and fig.18D is using 8 petals.

Using our shader user could make variation flower arrangement
by define how many petal types that used in the arrangement. User
could choose whether 1 or 2 pattern types used in the arrangement.
The comparison of flower pattern rendering result using different petal
arrangement, and color can be seen in fig.19.
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size: 4

petal types: 2

15t petal qty : 8

2nd petal qty : 6

Ist petal shape : oval

2nd petal shape : oval

15t petal color: R =255, G =255, B =255
2ndpetal color: R =0,G=0,B=0
background color: R=245, G=52, B=28

A size : 4

petal types : 2

Istpetal qty : 4

2ndpetal qty : 4

I8t petal shape : pear shape

20d petal shape : pear shape

Ist petal color: R=126, G=110, B=103
2ndpetal color: R=126, G=110, B=103
background color : R=203, G=144, B=119

petal types: 2
ISt petal qty : 4
2nd petal qty : 6

18t petal shape : pear shape

2nd petal shape: oval

I8t petal color: R =66, G = 66, B=36
20d petal color: R = 184, G= 126, B=45
background color: R=53, G=138, B=53

Figure19. Comparison of rendering result using various
pattern arrangements

The figure 19A shows a flower pattern arrangement using two similar
petal types, and quantity. While fig.19B and 19C shows a flower
arrangement using two different petal types, and quantity.

The comparison of rendering result using different pattern size can be
seen in fig.20.

B | pattem type: vines

C | pattemn type: vines
vine size : 1

flower petal qty : 6

pattern color: R = 194, G = 168, B = 141

background color: R=56, G=44, B=20

A| pattem type: vines
vine size : 4

flower petal qty : 5
pattern color: R =220, G =172, B=78
background color: R=95, G=74, B=35

Figure20. Comparison of vines pattern rendering result
using various pattern sizes, and color.

The figure 20A shows a pattern with a size =4, the figure 20B
show a pattern with a size = 2, while fig. 18C shows a pattern with a
size=1.

This shader will be used in a CG animation production. It could
apply to 3D CG model surface easily. The Implementation of our
shader in 3D CG models can be seen in figure 21and 22.

3D CG model
Figure21. Implementation of our shader in 3D CG models

rendering result 1

rendering result2  rendering result 3



FEINRE AR CGEE Vol 13, No. 3, pp. 177-184

3DCG model

i

rendering result 3

rendering result 1

rendering result 2

rendering result 4

rendering result 5
Figure22. Implementation of our shader in 3DCG models

5. Conclusion

We develop a shader with a semi-automatic system to generate the
flower pattern of wayang beber of Pacitan character’s cloth. Using this
system, artist can control several parameters and modify the detail of
the pattern such as petal size, petal quantity, color, and arrangement.

The algorithm of our shader adopts the adaptive clip art concept.
This concept consist two important things, the elements and the rules.
The element is basic shape that used in a pattern arrangement. At this
time our shader has 7 elements, these element is sufficient to arrange
the pattern of wayang beber of Pacitan’s cloth. In the future, it is
possible to add more elements into our shader to create more various
patterns.

The rules are certain procedures that used to arrange the element.
Our algorithm consists of two rules, the first rule is a condition to do
iteration of the coloration process, and the second rule is a condition to
define the area of the coloration process.

6. Future Works

Our final goal is to adopt the wayang beber of pacitan visual form into
an animated film using 3D CG technology. The wayang beber of
Pacitan visual form has are many features. There are several technical
issues regarding this matter, we have solved two of them. As planned,
we have one more issue to solve about modelling wayang beber of
Pacitan figure shape in 3D CG.

In addition to those already planned, there are more research could
be done regarding our animation project. For instance, research on
modelling the wayang beber of Pacitan character. Wayang beber of
Pacitan character has a distinctive figure. We need a specific research
to simulate and animate it in CG.
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