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ABSTRACT

Batik is one of famous cultural heritage in Indonesia. One effort to preserve batik is by exploring new
patterns. One of popular pattern is floral pattern. In this research, fibrous root model is proposed and is
combined with the traditional batik pattern. This model is developed by combining root growth model
based on L-system and random walk. In this research, the fibrous root model has been implemented into
computer based batik pattern generation with some alternatives: single direction, random direction, and
radial direction. Based on the test, split ratio has positive correlation with the average number of segments.
Die ratio has negative correlation with the number of segments. The maximum deviation angle makes the
root growth wider. The number of seeds and the number of iterations have positive correlation with the
number of segments. The increasing of the number of seeds makes the complexity grows linearly. The

increasing of the number of iterations makes the complexity grows logarithmically.

Keywords: Fibrous Root, Batik, Pattern Generation, L-System, Stochastic

1. INTRODUCTION

Batik is one of cultural heritage in
Indonesia. There are various patterns that can be
found in Indonesia. It is because there are many
tribes in Indonesia and their cultures are very
diverse. Batik has been also recognized as world
cultural heritage by UNESCO. As cultural heritage,
many efforts have been done to preserve batik from
its extinction. Even there are many traditional
classic patterns, exploring new patterns is important
too. In traditional way, the pattern is developed
manually. In the other hand, computational
technology can improve this process [1-3]. One of
the popular method is fractal technology [1][2]. By
computational technology, new pattern design can
be generated faster and more various.

One popular pattern in decorative pattern
is the floral pattern. Floral pattern can be found
easily in East Java batik, such as Madura or
Banyuwangi batik. Floral pattern is also can be
found in other country traditional pattern such as
Persian pattern [4]. Most popular floral pattern is
flower pattern. The next popular patterns are leaf
and climbing plant patterns. This research is
motivated by the fact that root pattern is very rare
and is difficult to be found in batik pattern design.
So, developing root growth pattern as beautiful
batik pattern is challenging.

The objective of this research is to develop
fibrous root pattern in batik pattern generation by
combining L-system and random walk. This
research proposes realistic and simple root growth
model. Then, this model is implemented to generate
batik pattern. This model must be realistic so
people still recognize that the pattern is root pattern.
This model must be simple so the computation still
light because this basic root pattern will be added
into batik pattern generation application. In this
research, the type of the root that is modeled is
fibrous root.

This model is divided into two works. The
first work is generating set of nodes that represents
root growth pattern. The second work is generating
batik object at the specified nodes. The root pattern
is developed by combining modified L-system and
random walk. L-system is used as the deterministic
part. Random walk is used as the stochastic part.
This model implements random walk with drift.

The organization of the rest of this paper is
as follows. Section 2 describes the related works in
L-system. Section 3 explains the fibrous root
concept. Section 4 explains the proposed model.
Section 5 explains the implementation. Section 6
explains the result analyzes. Section 7 concludes
the work and describes the future research
potentials.
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2. LINDENMAYER SYSTEM (L-SYSTEM)

There are many techniques in modeling
plant growth. One of them is L-system that was
introduced by Lindenmayer. This method varies
from simple to complex form [5]. This method has
been used to model root [6], branch, leaf, and
flower. This method also has been improved and
combined with other method [7-11]. L-system was
also used to develop plant like model [12-16]. The
other method is random walk. The other method is
random walk that was used with the assumption
that plant growth is stochastic and the plant
behavior cannot be predicted exactly even many
parameters have been used [17-20]. Other method
used complex biological mechanism such as
elongation, mortality, and gravity [21].

One popular method in modeling plant
growth is Lindenmayer or L-system. Basically, this
method uses rewriting concept. The mechanism of
rewriting method is replacing part of initial simple
object using rewriting rules. Basically, this method
is deterministic. The example of simple L-system is
the algorithm in Figure 1.

begin
node[0] « branch
status[0] « life
for i=1 to n
m « length(node) - 1
for j=0 tom
if node[j] = branch and
status[j] = life then
node[m] ~ flower
node [m+1] « branch
status[j] ~ die
end
end
end
end

Figure 1: Simple L-System Algorithm

Figure 2: Visualization Example of Simple L-System

In Figure 1, there are two types of node,
branch and flower. The initial node is branch. If the
node is a branch, then new branch and new flower a
created. If the node is flower, then there is not any
action is done. Variable n represents the number of
iterations. Variable m represents the number of
nodes. The status of node is life or die. The result of
this algorithm can be seen in Figure 2.

Based on this simple method, L-system
then was used, modified, and combined with other
method to model more specific plant growth.
Suhartono combined L-system and Fuzzy Mamdani
to model Zinnia Elegans growth [7]. Castellanos
used L-system to model plant death process
simulation [8]. Meng used L-system to model to
model wheat rooting [10]. Hamon used L-system to
model 3D virtual plant simulation [11].

L-system was also used to model plant like
object. Davoodi used L-system to model human
bronchial tree [12]. De Campos combined L-system
with genetic algorithm to develop artificial neural
structure and used it to simulate the effect of a new
drug on breast cancer [14]. Liu used L-system to
model blood vessels in surgery simulator [16].

3. FIBROUS ROOT

Fibrous root is root type that is found in
monocotyledonous plant, such as corn, wheat,
palm, banana, and orchid [22]. It is formed by thin,
many, and moderately branching roots growing
from the stem. The opposite of the fibrous root is
tap root. Tap root system is usually found in
dicotyledonous plant, such as mango tree, in tap
root system, there are one central and the largest
root. The other roots spread laterally from this main
root. The form of fibrous root is illustrated in
Figure 3 [23].

Figure 3: Fibrous Root Illustration
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4. PROPOSED MODEL

The proposed model is divided into two
steps. The first step is generating root model as a
set of nodes. The second step is placing batik
objects at the selected nodes. In the first step, the
root model is generated by the combination of
simplified L-system and random walk method. The
output of the first step is a set of nodes with their
coordinate that describes the fibrous root form and
the status of the node because each status of nodes
will be presented with certain batik object. In the
second step, the set of nodes will be filled with
specific nodes, lines, and or curves that form
specific batik objects. The output of the second step
is the batik image that visualizes fibrous root.

Several autonomous agents are generated
to draw fibrous root during the first step. Each
agent represents a stem or a seed. The stem position
is the initial position of the root growth. Each agent
acts independently and doesn’t interact with other
agents. The root growth process run in iterative
process and will be terminated after the iteration
stops.

There are three activities that are used in
this root growth process. Shoot is the activity that
the branch extends the length with specific
additional length and angle. Split is the activity that
the branch is split into two branches. Each branch
has its own length and angle. Die is the activity that
terminates the growth of the branch. If the status of
a branch is dies, this branch will not grow anymore.

The action that is chosen by the agent is
probabilistic. There are two ratios that are used, the
split ratio (re¢) and die ratio (rgi). Split ratio is the
ratio that determines the branch will split. Die ratio
is the ratio that determines the branch will die. The
main algorithm of this process is described in
Figure 4. In this main process algorithm, shoot
function means system will create one new node
and split function means system will create two
new nodes. The new node status is set as life. Die
function changes the status of the selected node into
die.

Creating new branch means creating new
node with specific coordinate and angle (Xpews Ynews
Onew). This coordinate is determined by position and
the angle of the origin node (Xo, Yori» Oori), the
maximum angle deviation 04, and the length of
new branch (l,ey). The coordinate and angle of the
new node is determined by Equation 1 to 7. The L,
is determined randomly between minimum length

(Inin) to maximum length (l,a). Ogi is the
deterministic direction of root growth that is set
manually. Variable wy, is the weight that
determines that the root direction follows
deterministic part. Variable w,,, is the weight that
determines that the root direction follows random
part.

begin
createnewnode ()
set Niterationr rsplitl Tdie
for i=1 to Njteration
for j=1 to nNpoge
if status(j) = ‘life’ then
if random(0,100)<=rg,i: then
split ()
else
shoot ()
if random(0,100)
die ()
end
end
end
end

<= rgij. then

Figure 4:Main Process Algorithm

Upeop = Tandom(l mip, lmay) (1)
Boow =
Wair- Bazr ) + (Wran- random(Bpin. Omax))

2)
Wyrgn = 1 — Wy 3)
Bnin, = Bors — 22 )
By = Bory + (5)
Hngw = Xori + €02 (Bpew ) (6)
Vnew = Vore + 510 (Byey ) (7)

5. IMPLEMENTATION

This model has been implemented to
create fibrous root pattern batik image. The
implementation is developed by using PHP
language. The result is JPEG formatted image. The
image size is 1000 x 1000 pixels. There are four
types of image. The difference is in the starting
point position and the deterministic direction of the
root growth. In the first type, the starting point
position is placed on the top position and placed
horizontally with same distance and the roots grow
in same deterministic direction. In the second type,
the starting point position is determined randomly
and the roots grow in the same direction. In the
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third type, the starting point position is placed
randomly and the deterministic direction is set
randomly too. In the fourth type, there are groups of
roots. The deterministic direction is radial.

The first type is fibrous root pattern batik
image with the starting point position is at the top of
the image and the root grows in the same
deterministic direction. There are some stems that
are used in this image. The stems are placed at the
top of the image. The stems are arranged
horizontally. Every stem has same distance with its
neighbor. The visualization of the first type is
illustrated in Figure 5. Figure Sa illustrates the root
growth pattern. Figure 5b illustrates the finalized
batik image.

Figure 6: Single Direction Type Fibrous Root with
Randomized Starting Position

In the second type, the starting point
position of stem is determined randomly and the
roots grow with the same deterministic direction.
The visualization of this type is illustrated in Figure
6. Figure 6a illustrates the root growth pattern.
Figure 6b illustrates the finalized batik image.

In the third type, the starting point position
of the stem and the deterministic direction are
determined randomly. The visualization of this type
is illustrated in Figure 7. Figure 7a illustrates the
root growth pattern. Figure 7b illustrates the
finalized batik image.

Figure 7: Random Direction Type Fibrous Root

The concept of the fourth type is creating
the radial root growth pattern. To create it, the roots
are collected into groups. There are some specific
numbers of stems in each group. In a group, the
position of stems is same. The position of stem
groups is determined randomly. To make radial
growth, the deterministic direction of each stem in
one group has fixed angle gap with its neighbor.
For example, if the group consists of four stems, the
direction of the stems is 0, 90, 180, and 270 degree
consecutively. If the group consists of six stems,
the direction of the stems is 0, 60, 120, 180, 240,
and 300 degree consecutively. The visualization of
this type is illustrated in Figure 8. Figure 8a
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illustrates the root growth pattern. Figure 8b
illustrates the finalized batik image.

(b)

Figure 9: Improvisation Basic Fibrous Root with Existing
Batik Pattern

This basic model can be implemented with
some improvisations. The first final pattern is
developed by adding dot in every origin seed and
flower pattern in every die segment as seen in
Figure 5b, Figure 6b, Figure 7b, and Figure 8b. The
other modification can be added in the background.
In Figure 9a, randomized dots are added as image
background. In Figure 9b, Kawung pattern is added
as image background. In Figure 9c, Parang pattern
is added as image background.

6. DISCUSSION

Based on the proposed model and the
image result that has been generated by using the
model, the generated root met the fibrous root
characteristic which is different with tap root [22].
However, there are differences between the existing
model and the proposed model. In the existing
model, the root segment length is determistic [6]. In
the other hand, in this research, the root segment
length is stochasticly distributed. In the existing
model, the soil model is used in the calculation [6].
In this research, the soil content is ignored to
reduce the complexity. The existing model used
continuous approach [21]. In the other hand, this
research uses discrete approach.

Based on the visual appearance of the
result image, the model can generate general
fibrous root. It can be seen by comparing fibrous
root image in Figure 3 and Figure 5a. The root that
is generated by the model has fibrous root
characteristic. The root does not contain main root.
There are root segments that split and create new
root segment. The root length is various. It means
that there is stochastic aspect in root growth model.
However, the root growth is not fully stochastic.
Based on Figure 3, it can be seen that the root tends
to avoid sun light. This requirement has been
accomodated in Equation 2 which combines
deterministic aspect and stochastic aspect in certain
weight.

In some plants, such as orchid, a seed
initiates many root segments. After being initiated,
the root segment tends not to split. The root just
extends its length. The splitting behavior is very
rare. This behavior is illustrated in Figure 10. This
root behavior has been accomodated in this
proposed model. This behavior is similar to result
image in Figure 8a. The occurrence of the splitting
behavior can be reduced by setting the split ratio
value low.
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Figure 10: Root with Many Initiated Segments and Rare
Splitting Bahavior

However, there is limitation in this model
so there is root behavior that has not been
accomodated in this model. In the real world, the
root follows the medium. For example, when the
root segment hits the pot, the root cannot cross the
pot and it follows the pot. The root then follows the
pot surface. The proposed model has not
accomodated this behavior yet. In this model, if the
root hits the pot, the root still grows crossing the
pot. This behavior can be seen in Figure 11.

v

v o RO, 4
Figure 11: Root Behavior That Follows The Surface
Medium

In this research, there are two test groups.
The first group is analyzing the relation between
input parameters and the output. The second group
is analyzing the algorithm complexity. The input
parameters that have been evaluated are split ratio
(roun), die ratio (rg), maximum deviation angle
(B4ev), and directed weight (wg,). The algorithm
complexity test has been done by using Big O
analyzes.

There are some limitations in this research
testing. The maximum split ratio is 50. The
maximum die ratio is 80. The maximum deviation

angle is 180 degrees. The maximum number of
seeds is 90 seeds. The maximum number of
iterations is 90 iterations. These limitations,
especially in split ratio, number of seeds and
number of iterations, are based on the computation
complexity that burdens the calculation.

The first test is evaluating the split ratio
value (ry,;,) as input parameter with number of root
segments (n,) as output parameters. Logically, if the
Tgie 15 zero and ry,; is zero, the value of n is same
with the number of iteration (#;). it is because the
root will never die and there is not any splitting
activities. In this test, the value of ry, is set zero.
The value of n; is 10. The number of seeds is 500.
The output is the average ng for 500 seeds after ten
iterations. The result is described in Table 1. Based
on the data in Table 1 and the data trend in Figure
12, it can be seen that when the split ratio grows
linearly, the average number of segments grows
exponentially. Because the average number of
segments can be used as complexity evaluation, the
increasing of split ratio makes the complexity in
computation higher and the trend is exponential.

Table 1: Relation between Split Ratio and
Average Number of Segments

Split Ratio (ry) Avesfjgfn?;?,‘j §r of
0 10
5 13.2
10 18.1
15 253
20 39.7
25 65.8
30 114.5
35 173.6
40 354.3
45 730.4
50 9739

800

600 /

400 /

200 /
/

0 5 10 15 20 25 30 35 40 45 50

number of segments

splitratio

Figure 12: The Trend of Relation between Split Ratio and
the Average Number of Segments
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The second test is evaluating the die ratio
value (r,4,.) as input parameter with number of root
segments (n,) as output parameter. It is same with
the assumption in the first test. Logically, if the rg,
is zero and ry,; is zero, the value of n, is same with
the number of iteration (n;). This is because the root
will never die and there is not any splitting activity.
In this test, the value of 7, is set zero. The value of
n; is 10. The number of seeds is 500. The output is
the average ng for 500 seeds after ten iterations. The
result is described in Table 2. Based on the data in
Table 2 and data trend in Figure 13, it can be seen
that when the split ratio grows linearly, the average
number of segments grows negative exponentially.
As in split ratio, by using the trend of the average
number of segments, the increasing of die ratio
makes the computation complexity lower with the
trend is negative exponential. So, the die ratio can
be the balancing counterpart to the split ratio.

Table 2: Relation between Die Ratio and
Average Number of Segments

Die Ratio (rg;e) AVe;:gntj;r?: §r o
0 10
5 8.4
10 6.9
5 6.2
20 5.1
5 4.8
30 4.1
35 3.8
40 33
25 32
50 3
55 2.8
60 2.6
65 2.6
70 2.5
75 2.3
30 2.2

12

10 \
8

number of segments
-~

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

die ratio

Figure 13: The Trend of Relation between Die Ratio and
the Average Number of Segments

The third test is evaluating the effect of
maximum deviation angle (6,,.,) to the ratio between
length and width of the root. In this test, the die
ratio is set 50 and the split ratio is set 50. The input
parameter is 6,,. The output parameter is the ratio
between the length of the root and the width of the
root. It is assumed that bigger value of ,,, creates
lower value of this ratio. The directed weight is set
0. The number of seeds is 500. The number of
iteration is 50. The result is described in Table 3
and Figure 14. Based on data in Table 3, it is
proven that lower maximum deviation angle creates
lower length to width ratio of the root. Based on
trend in Figure 14, it can be seen that when the
maximum deviation angle grows linearly, the length
to width ratio of the root grows negative
exponentially.

Table 3: Relation between Maximum Deviation Angle
and Average Number of Length and Width Ratio of the

Root
Maximum Deviation | Average Root Length
Angle (6,.,) to Width Ratio

10 11.9
20 4.9
30 3.7
40 3.8
50 2.5
60 3.1
70 2.2
80 2.2
90 2.2
100 2.2
110 1.8
120 1.9
130 2.7
140 1.6
150 1.7
160 1.6
170 1.7
180 1.7

E 10 \\

A

AN
&= 10 20 30 40 50 60 70 B0 90 100110120130140150 160170 180

maximum deviation angle (fdev)

Figure 14: The Trend of Relation between Maximum
Deviation Angle and Length-width Ratio of the Roots
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The next testing group is complexity
testing. The complexity testing is done by
evaluating the calculation load when the data size is
increasing. In this research, there are two data size
that have been evaluated. They are the number of
seed and the number of iteration.

The first test is calculating the number of
root segment if the number of seed increases. In
this test, the number of seed grows from 10 to 90
with the interval is 10. The number of iteration is
10. There are ten simulation sessions for every
number of seed value. The confidence level is 90
percents. The confidence interval result can be seen
in Table 4 and the trend result can be seen Figure
15. Based on trend data in Figure 15, it can be seen
that when the data size is increasing linearly, the
complexity is increasing linearly too. Based on data
in Table 4, the gap between the lowest value and
the highest value of the number of roots segments
confidence interval is narrow. So, it can be said that
the result variation is low.

Table 4: Relation between Number of Seeds and Number
of Root Segments Confidence Interval

Number of Roots Segments
Number
fSeed Confidence I.nterval
© lowest value | Highest value
10 201.0 300.8
20 573.1 689.3
30 733.4 873.0
40 987.8 1170.6
50 1240.8 1422.4
60 1568.8 1874.0
70 1677.7 1991.3
80 2115.1 2381.9
90 2494.0 2662.0

3000

2500

2000

1500

1000

nurnber of roct segments

500

10 20 30 40 50 60 70 80 50

number of seeds

Figure 15: The Trend of Relation between Number of
Seeds and Number of Root Segments

The second test is calculating the number
of root segments if the number of iteration
increases. In this test, the number of iteration grows

from 10 to 90 with the number of interval is 10.
There are ten simulation sessions for every number
of iterations. The confidence level is 90 percents.
The confidence interval result can be seen in Table
5 and the trend result can be seen in Figure 16.
Based on data in Figure 16, it can be seen that when
the data size is growing linearly, the complexity
grows logarithmically. Based on the data in Table
5, it can be seen that the variation of the number of
roots segments variation is very wide. It is because
some roots have stopped growing while others still
grow during the iterations. So, the increasing the
number of iterations makes the variation wider.

Table 5: Relation between Number of Iterations and
Number of Root Segments Confidence Interval

Number Number of Roots Segments
of Confidence Interval
Iterations | lowest value | Highest value
10 178.7079 315.4921
20 4233174 772.4826
30 703.5627 1240.637
40 1015.674 1835.526
50 1092.967 1885.233
60 1008.215 1921.785
70 1323.066 1839.734
80 1139.879 2402.921
90 1004.465 2652.335
2000
1500
£ 1600
£ 1400
ﬁ 1200 /
E 1000 /
P 4
% 500 /
2 4w //
200
0

10 20 30 40 L] &0 70 20 50

number of iterations

Figure 16: The Trend of Relation between Number of
Iterations and Number Root Segments
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7. CONCLUSION AND FUTURE WORK

Based on the explanation above, this
research has met its purpose, which is generating
batik pattern based on fibrous root model. This is
also the novelty of this research. As an art design,
in this research, the basic root growth has been
manipulated. In this research, there are three types
of root growth direction, which are: uniform
direction, random direction, and radial direction.
This root model has been modified with other batik
patterns too. In this research, the complexity testing
also has been done and makes some results. The
increasing of split ratio makes the complexity
grows exponentially. The increasing of die ratio
makes  the  complexity  grows  negative
exponentially. So, the die ratio acts as balancing
counterpart to the split ratio. The increasing of
maximum deviation angle makes the root length to
width ratio grows negative exponentially. The
increasing of the number of seeds makes the
complexity grows linearly. The increasing of the
number of iterations makes the complexity grows
logarithmically.

There are many opportunities in computer
aided batik pattern generation. In floral pattern,
many plants with their own characteristic can be
used as basic model to create batik pattern. The
future research direction is in developing batik
pattern based on the specific parts of the plant or
the entire of the plant.
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