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ABSTRACT

Disk and box count methods enjoyed higher popularity among known methods for estimating the fractal dimension of
computable fractals in dimensional Euclidean space for their relative ease of implementation among others. The present study
investigated theustability of disk and box count methods using Monte Carlo approach for the estimation of fractal dimension

of some selected fractals with IFS.

Six (6) fractals with IFS were identified from literature. Algorithms (coded in FORTRAN) based on Monte Gadadcp

was developed for disk and box count methods. Common factors to all studied fractals are seed value for random number
generation (9876), start coordinates (1,0.5), transient solutions (1000), steady solutions (5000), total number of twrespond
sale of examinations (20) and ten (10) trial times. The FORTRAN programme computes both transient and steady solutions
of fractals with IFS, Estimated dimension and other relevant quantities of this study while graphs were plotted using
Microsoft office Exel 2003.

Programming for the disk overlay is less skill demanding than box overlay as experienced from this study. Estimated
dimensions vary from transient to steady for cases. Dimension variation transient from lower dimension value to higher
steadydimension value except for some cases investigated with box method. Estimated disk dimension was consistently on
the lower side of actual dimension with absolute relative error (%) range of 0.5 to 19.6 for cases. Similarly 66.7 percent of
estimated box diensions were on the lower side of actual dimension with absolute relative error (%) range of 0.9 to 17.2 for
cases. The average absolute error (%) for disk and box methods was 6.7 and 6.8 respectively. Actual dimension was
sandwiched between estimated diensions and box dimensions in 33.3% for cases.

Preference can be given to use of disk count method for solving fractal dimension problems for its capability to estimate
fractal dimension consistently and the fact that the method is averagedyriasgrone compared with box method.
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1. INTRODUCTION clustering (Caetano et,a2010). The authors presented
fast, scalable algorithms that quickly select the most

Fractals are tenuous spatial objects whose geometric important dimensions for a given set ofdimensional
characterization includes irregularity, scadependence, vectors. The major idea of this research paper is to use the
and selfsimilarity (Guogiang, 2001). Fractal dimension  fractal dimension of a dataset as a good approximation of
can be termed as the basic notion for describing structures its intrinsic dimension and to drop attributes that do not
that have scaling symmetryhe application of fractals for affect it. The authors applied this method on real and
dynamics characterization is presently attracting more Synthetic datasets where it gave fast and correct results.
researchers interest in almost all disciplines (engineering, Speech signals can be described as being generated by
medicine, agriculture, languages e.t.c ).A critical study of ~mechanical system with inhetgn nonlinear dynamics

a book by Edward(1996) on invitation to dyriaai (Martinez et al, 2003). The hallmark of Martinez et al

systems reinforces the interest in fractal characterisation. Paper was to describe the complexity of speech signal
Dimensionality curse andiimensionality reductiorare using the fractal dimension of variety of Spanish voiced
two key issues that have retained high interest for data sounds (vowels, nasals) and unvoiced sounds (fricatives).
mining, machine learning, multimedia indexing and The authes concluded that the fractals measure expand
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the distinguishing features in characterizing voiced and
unvoiced sounds that lead to better speech recognition
performances. Jorge (2010) investigated the fractal
dimension of the leaf vascular system of thRegbunium
species. Tree ramification, root and venation systems are
some examples of patterns studied using this geometry
and fractal dimension has quantified and graded the
complexity of these structures. The paper focus on
determination of fractal dimsion of the leaf vascular
system in three species of Relbunium. The results of the
study showed that significant differences in the fractal
dimension of three species (1.387 in R.megapotamicium,
1.561 in R.hirtum and 1.763 in R.hypocarpium). This
implies hat this type of measurement can be used as a
taxonomic character to differentiate species and to
quantify and grade venation of leaves. According Aura
and Felipe (2005), fractal codification of images is based
on seltsimilarity and self affine sets. Theodification
process consists of construction of an operator which will
represent the image to be encoded. The authors observed
that the major disadvantage of the automatic form of
fractal compression is its encoding time. Most of the time
spent in constrtion of such operator is on finding the
most suitable parts of the image to be encoded. The paper
showed how a new idea for decreasing the encoding time
can be implemented. A vivid description and quantitative
measurement of irregular fragments or compeapes of
materials can be done using fractal. Alabi et al (2007) did
a fractal analysis in order to characterize the surface finish
quality of machined work pieces. The results of the study
showed an improvement in the characterization of
machine surface using fractal. Bozica has previously
used fractal analysis in the characterization of grinded
ceramics surface textures by surface profile fractal
dimension .In the recent study (Bozica et 2009,the
authors did a fractal analysis for biosurface corispa

and behaviour prediction. Skyscrappers method was
employed for calculating fractal dimension of surface
using the image processing toolbox as well as a
customized algorithm of matlab environment. Scanning
probe microscope was used in recording théase as an
image. The results of the study showed that fractal
dimension values confirm changes of the surface
roughness during cleaning and wearing process. The
authors concluded that examination of real surface
roughness could provide comparison and cfiomal
behaviour prediction. David (1999) employed wavelet
packet transforms to develop an engineering model for
multi-fractal characterization of mutation dynamics in
pathological and nopathological gene sequences. The
wor k examines t har
pathological (mutations) and ngmathological (healthy)
base pair sequences of the cystic fibrosis gene. The results
of the study suggest that there is scope for more multi
fractal models to be developed. Hagiwara et al (1999)

inm dathe | 6 stempératutea vebnalitions

research paper isased on the fractal application of the
fractal dimension in the evaluation of cutting ability of
grain edge. The authors observed earlier that grain edge
shape plays an important role in cutting ability and
microscopic evaluation of grain edge shape whialst

be taken into consideration for better abrasive machining.

In this study, the role of fractal geometry of abrasive grain
in lapping is evaluated. The results of the study showed
that when grain surface consists of micro edges and has a
large fractaldimension, the surface finish becomes better.
The paper concluded that fractal dimension that
characterizes the grain edge geometry can be a better
index of cutting ability. Alabi et al in 2008 did a study on
fractal dynamics of a bouncing ball on acceieg lift
tabletop with both constrained to vertical motion. The
results of this study further show case how fractal can be
used in characterization of engineering dynamics. It is
generally accepted that DC positive corona discharge is a
complex phenomenoand its discharge figures undergoes
a great change when compared to negative corona
discharge (Sato et al,1999).The authors research paper
describes the experimental results and analysis of the
fractal dimension of DC positive corona discharge figure
using the fractal theory. It is evident from the study that
the fractal dimensions of discharge figures is estimated
from about 1.1 to 1.6.The fractal behaviour of the
tungsten phase boundary of WNiFe presintered materials
and powder allgomerates can be chemdred by
developing a box dimension method (Marchionni and
Chaix, 2003).Zhao et al ( 2011) explained that the service
performance of precision parts has close relationship with
the surface micrdopography. In this recent paper of the
authors, fractal thory is applied to describing the ground
surface quality in ultrasonic vibration grinding and the
influence of different grinding parameters on the fractal
dimension. Equally, the relationship between the fractal
dimension and surface roughness is analyzé&te
experimental results revealed that there is a close
relationship between the fractal dimension and surface
roughness. The author concluded that the reliability of
surface quality described by the fractal dimension is
verified through measurement dfet bearing ratio of the
surface profile. Mazza et al (2011) presented a method for
the quantitative determination of a morphology descriptor
of free clusters with complex nanostructure. The finding
of the authors showed that the clusters have an open
fractal-like structure with fractal dimension depending on
their thermal history during growth and evolving towards
softer aggregates for longer residence times where lower
characterize the growth
environment.

Existing literature sumy shows that disk and box
methods are among the most popular techniques for
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estimating the fractal dimension of computable fractals in
dimensional Euclidean space. The major reason attributed
to this popularity is relative ease of implementation.
Despitethis popularity, there is still a research gap. The
pertinent question on the suitability of box and disc
techniques for characterizing fractals with IFS codes has
not been addressed.

The objective of this paper is to demonstrate the
suitability of disk and box dimension methods for
estimating the dimension of some selected fractals with
IFS codes. The implementation of disk and box counts
methods are achieved using Monte Carlo approach.

II. MATERIALS AND METHOD

Six (6) fractals with known IFS functions were identified
from literature (see table 1 for their details). The Actual
dimension 6these fractals indicated in table 1 was picked
from literature. In view of the fact that fractal properties
can be obtained from power related function informed
equation (2) given below:

Yy  X°
(1)

Proportional related equatiol)(can be rewritten as in
equation (2) below.

Y=KX" (2)

Where for the present study we let:

X = Number of Disks or Boxes (same size) used to
overlay the characteristic length (AB) of a fractal image in
2-dimensional Euclidean ape.

Y = Number of either Disk or Box required to overlay
fractal image with corresponding characteristic length
(AB) in 2-dimension Euclidean space.

D = Fractal dimension. This will be referred in this study
as Estimated Disk dimension for Disk count noetland
Estimated Box dimension for Box count method.

K = Constant of proportionality

Take logarithm (any base) of both sides of equation (2) to
make it a linear function, this yields equation (3).
y=Dx+C (3)

Where y, x, and C ardogarithms of Y, X, and K
respectively.

Two separate algorithms based on disk count and box
count method and which incorporated equation (3) was
developed to enable estimation of dimension for selected
fractals of this study. The algorithms was coded in

FORTRAN language and can compute transient and
steady solutions of fractals with IFS, implement disk and

box count methods using Monte Carlo approach,

prescribe fractal dimension based on equation (3) and
other relevant quantities required for results reggb in

this study. Microsoft office Excel 2003 was used for the

plot of all graphs used in this report.

[ll. RESULTS AND DISCUSSION

Figures and tables were used to present the results of this
study.

Common Parameters Iseed =9876=seed value for
generatingandom number

Coordinate of start point = (1, 0.5)

Transient solution=first 1000 solution points

Steady solution=First 5000 solution points after transient
solution

Table 1: Fractals and Associated IFSCodes

Function Koch
1 0.3333 0.0000 0.0000 0.3333 0.0000 0.0000
2 0.1667 -0.2887 0.2887 0.1667 0.3333 0.0000
3 0.1667 0.2887 -0.2887 0.1667 0.5000 0.2887
4 0.3333 0.0000 0.0000 0.3333 0.6667 0.0000
Function Sierpinski Triangle
1 0.5000 0.0000 0.0000 0.5000 0.0000 0.0000
2 0.5000 0.0000 0.0000 0.5000 0.5000 0.0000
3 0.5000 0.0000 0.0000 0.5000 0.2500 0.5000
Function Gasket
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1 0.5000 0.0000 0.0000 0.5000 0.0000 0.0000
2 0.5000 0.0000 0.0000 0.5000 0.5000 0.0000
3 0.5000 0.0000 0.0000 0.5000 0.2500 0.5000
Function Xmas Tree
1 0.3333 0.0000 0.0000 0.3333 0.0000 0.0000
2 0.3333 0.0000 0.0000 0.3333 0.6667 0.0000
3 0.3333 0.0000 0.0000 0.3333 0.0000 0.6667
4 0.3333 0.0000 0.0000 0.3333 0.6667 0.6667
5 0.3333 0.0000 0.0000 0.3333 0.3333 0.3333
Function FractaiT
1 0.5000 0.0000 0.0000 0.5000 0.0000 0.0000
2 0.5000 0.0000 0.0000 0.5000 0.5000 0.5000
3 0.2500 0.0000 0.0000 0.2500 0.0000 0.7500
4 0.2500 0.0000 0.0000 0.2500 0.2500 0.5000
5 0.2500 0.0000 0.0000 0.2500 0.5000 0.2500
Function FractalL
1 0.5000 0.0000 0.00® -0.5000 0.0000 0.5000
2 -0.5000 0.0000 0.0000 -0.5000 1.0000 1.0000
3 0.3333 0.0000 0.0000 0.3333 0.6667 0.0000
4 0.2500 0.0000 0.0000 0.2500 0.2500 0.5000

Length (AB) represents the longest distance between was found to be 1.4079unit. Thus a size 4 disk and a size
coordinate pair of attractors. It charagses attractor and 4 box for fractal image (Xmas Tree) has radius 0.1760unit
thus vary from one attractor to the other. Referring to  anda square length 0.3520unit respectively as can be seen
Xmas tree (one of the fractal images studied) length (AB) in figure 1.
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Figure 1: Scattered Representation of a Disk and a Box with Common Centre (Xmas Tree).
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Characteristic Length (AB) of Xmas Tree Overlaid with Disks
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Figure 2: Scattered Characterfist_ength (AB) of Xmas Overlaid with Disks.
Figure 2 represents the characteristic length (AB referred in this study as size 4 for correspogdiactal
=1.4079unit) of fractal image (Xmas Tree) overlaid with images studied.

four (4) disks of radius 0.1769unit each. This disk was

Characteristic Length (AB) of Xmas Tree Overlaid with Square Boxes
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Figure 3: Scattered Characteristic Length (AB) of Xmas Overlaid with Boxes.

Figure 3 represents the characteristic length (AB  was referred in this study as size 4 for corresponding
=1.4079unit) of fractal image (Xmas Tree) overlaid with fractal images studied.
four (4) square boxes of length3520unit each. This box
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