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Abstract

The prediction of emission characteristics of sastqharticles immediately after the cutting operatfoom
the interaction of band saw’s blade and plank grawing research area. Still, a wide gap existhweéspect to
understanding the behaviour of sawdust particlesttey collide with one another. Previous effortsvdna
focused on non-collision states of sawdust pasiditowever, in real life, collision of particles stwccur, with
several particles colliding after the cutting opgoa. This paper establishes a new perspectivdefftactal
properties of sawdust particles in motion as a rragion to understanding how to control its toxioitf/effects
on sawmill workers and maintain sustainable sawngllactivities. In particular, the possibility ofrgdicting
the fractal dimension of the randomly moving sawgbasticles in sawmills that is generated as fraaarves
using the combination of probabilities and thearatifractal dimensions is investigated for thetfiime. Cases
were established on the possible representationthetheory and practice. As an example, four casee
designed around varied number of fractal patterrmbmations drawn out of five and fifty different
probabilities combinations, ten different randonmrher generating seed values and maximum of foatdta
curves generation iterations as driven parametéheliminary study of the differences between thicak
fractal box dimension recorded a maximum absol@wegntage error of 7.24% for fractal curve assoetht
with fractal pattern five (i.e. Koch 5). In all theases studied, average absolute percentage emoredses
between3.52 + 1.18 and 1.51 + 1.14 while the correlation coefficient (R2) decreasestween0.9315and
0.7365from case 1 to case 4, respectively. It is coreiuthat the model is a good predictor of sawdustigda
emission at colliding states from cutting operatidmis is reflected in the fact that the higher thember of
fractal patterns (generators) in a study case, shaller the correlation coefficient between averagémated
fractal box dimension and predicted fractal dimensdf the sawdust particles in motion in the sawmil
Keywords: Fractal, fractal box, fractal dimension, sawdystrticle, sawmill, sustainability

1. Introduction

For several years, sustainable development h
been rigorously pursued at all levels of industrial.

setups by various stakeholders in the environme du;tries will play a central role in improvingtab
(Ackom et al, 2010; Paivineret al, 2012: Chalikias guality work culture in the workplace and should be

et al, 2010; Cheoet al, 2011) and its growing the focus of many important research aimed at

importance is extending to small manufacturing™inimizing the overall ~safety, health and
enterprises (SMEs) such as the sawmill industAses. envwonment_al cost mcur_red _b_y sawmill m_dgstness a
SMEs are becoming known as important economié’veII as _achlevmg sgstalnablllty of sawmilling. The
drivers, innovative sustainable practices for wooo"“:"';“’\’mIII mdustry, which currently exposes operators
processing activities in sawmills must be developec}0 t_he occ_upat|o_nal hazards of sawdust _|nhalat|0n,
and implemented  for  economic  growth, a}cmdental ingestion qf sawdust a.nd assoma_ltedmeal
environmental protection, and the development ef th risks, ha}s an |mpI|§d Importance in tc_>days mda‘s'gr
society. For example, the term sustainability to€Conomic - scenario, particularly - in - developing

sawmill reflects how strategically and operatiopal countries, which are chusmg on agricultural
has been able to control its hazards and prote evelopment_to boast their economic .performanc.e.
operators against hearing losses an awdust particles are wastes of sawn timbers, which

inhalation/ingestion of sawdust during the cutting@€ Produced when timbers to be sawn are in contact

operation. This is aimed at avoiding heavy heaIthWit_h ba_nd saws and pIanks_(SaIau angl Oke, 2010b). |
s implied from the foregoing that higher levels of

liabilites to sawmills and sustain the clean' ducti outs | icult d lead t
environment that has been set as standard for gawmpProduction outputs -in -agricufture -would 1€ad 1o
practices. Increased tlml_)er processing  activities a_nd

Over the years, this drive for sustainability hassubsequently, higher levels of sawdust generation.

been coupled with the increasing demand to solee thHowever, the process of sawmiling must be

problem of occupational hazards in workplaces, and;ustainable. Thus, sawdust generation and itsteffec

has strengthened the urgent need for a sustainabfl! operations should be a strong research focus

methodology for effective practices in sawmills. towards understanding the sawdust emission process

ddressing the problem of occupational health
azards associated with health risks in sawmill
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and developing scientific approaches for use in théwo particles collide.
control of its effects on operators and achieving The characterizing approach is new to this field
sustainable wood processing. and is applied for the first time to sawdust péetic
Globally, the common environmental approach inmotion modeling. The main thrust of this work is to
controlling sawdust toxicity levels in operatorstis model the motion of two sawdust particles colliding
use a collection of tests, including their blood after emission from the band saw as a fore-running
samples, eye conditions and hearing impairment. Thenodel to the complex analysis of several sawdust
conclusion of these tests usually aims to decide oparticles (i.e. more than two) colliding at the gam
whether the operator is fit to continue on the work time. This is achieved by determining whether or no
not, and not preventive in nature. This approach ishe average box dimensions of sawdust particles in
time consuming, costly, and involving. Also, very motion form a randomly generated fractal curve
few subjects could be tested at the same timenvolving multiple generators (i.e. rules) and dam
Another approach is to utilize a set of subjectivepredicted using the knowledge of different
indices in evaluating the workplace. For thisappropriate probabilities and theoretical fractal
approach, since the results depend on the experiendimensions (Feder, 1988; ZmeSkahl, 2001).
of judges, the challenge is the limitation of natvimg The management of sawmills require huge
quality inputs from participants during the evaloat investments in machinery and maintenance cost, and
process since those assigned to represent units foence must keep all these associated costs under
inputs into the assessment forms are not always theontrol if the business is to be profitable. The
best and most experienced operators or stakeholdeassociated cost due to accidents, accident cest, its
in the system. The approach has also been crificiseand compensation cost as a result of any accitiant t
as limited. From the weaknesses of the existinghe operator may be involved in. However, to avoid
approaches highlighted above, it is safe to comcludthese costs, stakeholders have resulted to cagturin
that most of the existing approaches are not seffic data related to health and environmental concerns,
to solve the problem of sawdust particle emissiorwhich are mainly historically treated to date. Tuse
from the cutting equipment and its relationshiphwit of the data for preventive basis has thereforeathas
sawdust inhalation by the operator, ingestion, ab w strong drive towards obtaining modeling and
as the short-, medium-, and long-term effects eé¢h prediction information about sawdust particle
on the operator's health. This area is scarcelynovement. This is the main aim of the current work.
investigated. The paper is sectioned into four parts with secfion
Based on these challenges mentioned above qgoroviding a motivation on the need for the current
the available approaches in this research domaimwork. Further, the literature is surveyed to idignti
scholars have started to propose modeling appreachéhe research gap in section 2. Section 3 preshats t
as solutions to the problem. Thus, there is neeéfo model formulation and development, which provides
model to solve this problem, which will improve on a very strong basis for the current work. Section 4
existing studies in the area. The current workris a presents simulation results. In section 5, conagdi
attempt to bridge this gap. The problem solvedtiesla remarks are given.
a situation in which plywood are sawn from the band
saw (machine) in sawmill. During this operation, 2, Existing Contributions

sawdust particles are emitted in large quantitied a Sawdust emission studies soon after cutting

collide. Most of these emissions are Concer_'trate%peration in the sawmill are a new class of proslem
around the work area where the operator carries ofith the characteristics different from the

his dqlghes. fDlrJ]”ng the cuttmg” opre]:ratlon, th; €Y€conventional particle dynamics theory as it intégga
conditions of the operator usually changes as@tres e in particle dynamics, environment and
of deposits of sawdust on his eyeballs. These @wang

. S : i atmospheric conditions. From a survey of the
in eye conditions are also accompanied with SNECZ8Rarature on emission and studies related to dlact

in reaction to the. hostile work environment. Thebox dimension, there is a conspicuous absence of
accumulation of this cycle .Of problems and readtion models of sawdust particle motion (Salau and Oke,
of the operator over a period may be harmful to e,y ysing a fractal dimensional approach. This
health of the operator. The prolonged exposure t proach, which compares the motion behaviour of
these sawdust particles may cause serious hea_l{ 0 sawdust particles that collide after being éslit

Injuries _and even death_ to the operator. The Mal%om the band saw during the cutting operation, has
interest in this research is to study the motiorhef not been documented. Although there is a rich
sawdust particles at collision and characterizudh literature on fractal b(')x dimensions and only a

that(}he |nfor.mat|orgj FOUId lbe ysed for_gre(;:onngl limited number of sources with which we can
sawdust motion and in evaluating possible duradion ompare the study are reported here, from the

](caxposgre of ﬁawmn_l oper?jto;]s. H?V\{ever, the CemraEuthors’ knowledge and experience in working in the
ocus Is on the motion and the relative movement o rea no attempt has been made to solve the problem

Fhe lsa;vdusr: to th(?” humar_1 operatpr IaTd othergf the motion of sawdust emission from the band saw
involved in the sawmill operations, particulariyhen it collision among the particles considered.
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In the ensuing review, literature is searched forcould be obtained from the works of Moon (1987),
investigations relevant to the application of fedct Scheinerman (1996), Alligooet al (1997) as well as
box dimensions to sawdust particles in collision atNusse and Yorke (1998) and Stefanski (2000), no
sawmills, which validates the need for the currentdetailed understanding relevant to sawmill
study. An area in which research in the literatureapplication was presented. This gap is therefore
related to this work concentrates on, is fractak bo explored as its adequate knowledge would help in
dimensions. Boubouligt al. (2006) obtained exact reducing the toxicity effects of sawdust in sawmill
values for the box counting dimension of theworkers. The literature was reviewed to identify
Recurrent Bivariate Fractal Interpolation Surfacesstudies that address sawmill activities and in this
(RBFISs) and a methodology to approximate anyrespect similar to the present work. Such studies a
natural surface using RBFISs was developed. Thexpected to be implementation of sawdust particle
work did not address the practical applicationtaf t motion dynamics in sawmills in the developed,
solution developed to the motion of sawdust indeveloping or underdeveloped countries. This
collision. Elsewhere, Huang and Peng (2008)direction of literature review indicated that sawtu
conducted a study, which constructed fractals @efin particle motions as it relates to the machine dpera
by more than two forbidden words and also presentedtmospheric conditions, sawdust emission from the
an efficient method of approximating their box bandsaw machine and its control, is poorly
dimensions. However, information concerningimplemented in sawmills. The literature was further
application of this model in real life case studeds searched to possibly identify any documentationt tha
sawmills is missing in the work. Yet in anotherdstu  has reported new insights on sawdust particle motio
Ruan et al. (2009) presented a new method toin the scenario described above and from modelling
calculate the box dimension of a graph having gerspectives also. The findings from the searcbreff
continuous function and obtained the box dimensiorrevealed that two cases have been documented as
formula for linear fractal interpolation functiorls.et  papers authored by Salau and Oke (2010a, b). In one
al. (2009) further extended the frontier of knowledge(Salau and Oke, 2010a), the focus was on the
by considering an efficient box-counting basedtransformation of the sawdust particle trajectory,
method for the improvement of fractal dimensionwhile the second paper (Salau and Oke, 2010b)
estimation accuracy. The authors proposed a newmphasized fractal aggregation of sawdust particles
model to assign the smallest number of boxes t@ critical analysis of the research reported insthe
cover the entire image surfaces attached at eadwo papers revealed the omission of a concrete mode
selected scale to yield accurate estimates. Howeveor methodology that studies the collision of two or
neither of these studies discussed any practisab&s more particles as they form pattern as soon as they
relating to the motion of sawdust particles inare produced by the bandsaw in the sawmill. The
collision. In a study by Buczkowslet al. (1998), reality is that several sawdust particles are euaitt
discussion centered on data scatter obtained by faom the interaction of the bandsaw blade and
modified box-counting method. The study concludedplywood/timber being sawn. The clouds of these
that large ¢'s usually characterize the embeddedparticles are very thick at a position very closette
surface of the whole object and that smal blade-wood contact area, where several particles
approximate the dimension of the substructure forcollide. The collision of these particles change th
discontinuous objects. The practical applicatiothef  directions of individual particle and the pattern
work did not extend to the case of sawdust, thusormed.
creating a research gap which this work attempts to Yet another area that work has been done in close
fill. connection to sawdust and sawmill research are the

A closely related set of studies in the field of studies due to Randhaved al. (1994), Kersavaget
fractal theory, which are related to the currenpgra al. (1990), Singer and Donoso (2007) and Hameted
are as follows. Peitgeet al (1991) and Mandelbrot al. (2000). Radhawaet al. (1994) presented a
(1983) addressed the theory of fractal for thesimulation modeling environment developed for
classroom and its geometric relevance to naturesawmill design and analysis, which facilitates
respectively. There two studies provide insight® in flexibility in modeling different sawdust productio
the current study but have not provided sufficientscenarios. Kersavageet al. (1990) developed
details on the practical application of the work tomathematical models to determine volumes of the
sawmill environments. Further theoretical different types of materials produced in edging
developments on particle motion was proposed byardwood lumber. They concluded that the edging
Scheinerman (1996) by an exploration to the concepinodels developed could be useful to analysts
of dynamical system from which the current studystudying sawmill fibre balances as well as lumber
has its source. The numerical study on dynamicatecovery and grade trade-offs. Neither the robust
system was proposed in Nusse and Yorke (1998)nodel of Randhawa et al. nor the practically-oeent
Also, from the chaos perspective, Alligoat al  work of Kersavage et al. addressed the sawdust
(1997) studied dynamical systems. Althoughparticle motion of colliding particles in motion the
beneficial knowledge to the area of current studysawmill. Singer and Donoso (2007) investigated a
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collaborative approach and proposed a model foB. Theoretical Model Equations and Method
optimizing production and inventory planning of | nvestigation

decisions withinas_,ystem of plants. The methodplog The fractal box dimension functions and the

models the_ sawmﬂl_productlon process as a tWoi‘ractal curve concept are the models used in this
tran_sformgtl_on, two-inventory stages with SuIOpIystudy to guide our understanding of the motion of
chain decisions consisting of timber transfers anon o \wdust particles as they collide soon after being
plants_. They applied the model at 11 Ch"ea.nproduced from the cutting action. The fractal box
sawmills and_ found an opportunity o increase prof dimension and fractal curve are well established
through a higher utilization 9f the capacity and aconcepts in the physical and non-linear scienced, a

better assignment of production orders. Hamnaed :

. ; .. offers a new contribution when applied to the
al. (2000) determined the airborne dust levels insid : o ;
two different (ventilated and unventilated) wood%rObIem of sawdust particle collision after being

orking shobs in Eavot and found that these le eISemitted from the cutting action of the band sawlbla
working PS In Egyp u V€N planks or timbers. Advancements in applications
were higher than the recommended values by th

Egyptian environmental law. It was reported that th fave revealed extensive adaptation of fractal
highest frequency of aerodynamic size distributién principles in the physical systems of nature andyna

airborne wood dust was detected at a diameteerf4human artifacts, which are believed to be of non-
. . .~ “regular shapes. The motion of sawdust particles,
pm, which was recorded during a machining

. . . : which follows an irregular shape suggests that it
operation. Neither the article by Singer and Donoso : .
(2007) nor the one by Hammedt al. (2000) could be described by non regular geometric shapes

addressed the issue of sawdust collision afteOf the standard geometrics such as triangle. This

Eoncept is listed in this work
emergence from the bandsaw. However, P )

understanding this collision of sawdust is impattan In order to apply the fractal box dimensions and
9 P fractal curve models, the sawdust particles produce

for X‘ﬁ;';%?ngrzgdiﬁoc\tﬁéﬁf f;\;vtrgclinsr'esearch in thefrom the cutting operation is visualized as randoml
literature  concentrates is  the economic an loating in the air. This is described as suchaptare
he features of the anticipated fractal box dimemnsi

zzngrg;gf;tgegigtssgt St?(\)’\rqduni;t% ?lr:fsl e?l_;gmsiﬂgvgn nd fractal curve. To move in different directidrs
P 9 2), two sawdust particles freed to overcome

Saffle, 1965, Hamadet al, 2001; Taty-costodest resistance against movement in the air. The

al., 2003; Jadhav and Vanjara (20043iban et al, functional force and the drag force act separataly

ig\?v?j;u;arggs;l)eusl, inzc?l?gg itgtﬂgg ;zssggzhmf;%;;lo%ach of the two particles. However, their actioa a
boilers (Arl)draet al, 2002), catalyst in the removal of simultaneous on the particles moving in a fluideirh
’ ’ y actions slow down or resist the movement of the

mercuric ion from aqueous solutions (Ansari andsawdust particles. The two forces mentioned earlie

Raofie, 2006). Still, other aspects could be found , . :
. are predicated on the shape of particle as welisas
Demerset al (1997), Arifet al (2003), Udoeyo and surface. As soon as the sawdust particles are

Dashibil (2002), Ajayi and Owolarafe (2007); and : : . .
. ) produced from the interaction of the cutting sawhwi
Svedberget al (2004), the risk of childhood cancer the woodpiece, they collide and form complex chains

by children of sawmill workers through their patarn . .
exposure to sawdust (Heacoet al, 2000), and E;aﬁz%?nmgems’ which may be  computationally

ggalriliﬁn(\jveor?;ésmsr:::cﬁge tt(;lsa;\(/)dou;t 'ngilgt'gp n However, we are limiting the study to the
( & ’ )- . collusion of two sawdust particles, in the current

these studies considered the sawdust dispermcwork as further studies may investigate what
problem where detailed investigation is made on hoVYnteractions of more than two particles exists rafte

]E?:mct?]lgsl';;r;] dm;at\\/lvvoaffS:cv:sltjr?(ta rr:gttilgl]eif ?tt]eem;ﬁé?ncollusion. The two sawdust particles are driverin
P non-linear version based on the combined effects of

afterwards either in a collided form or when theg a the wind forces that blows the sawdust particles

separated  again. Also, practical mformauonabout, the emission forces from the band saw, the

particula}rly reIevant_to small scale sqwmill searg force of gravity, the geometry of the sawdust et
scarce In the studies. These practical details Ma¥s well as the air particles. There are other fagto
entail the movement of the sawdust as they ar '

. . hich impinge on the movement of the sawdust
transferred to the lungs through the inhalatiortesys : . )
or assimilation througgh thegskin of the operator.pamdes' These are the efficiency of the sawmill

S . L operation, which is dependent on the age of the
Thes_e missing and scanty_d_etalls tend to limit theequipment, humidity, temperature as well as the siz
practicality of the results arising from the work

. . of sawdust particle and its density. However, these
Salau and Oke (2010a,b) to sawdust particle mo“onf’actors WereIO assumed constant i)r/1 view of limited
which is the subject of the present study. The

. . L S resources available to actualize the measurements;
foregoing are important characteristics considémed

the problem of sawdust particle emission in callisi many of the equipment to utiize are unavailable
P P locally and may cost enormous amount of money not

within the reach of the researchers. For exantpke,
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wind velocity is an important factor that influesce This equation (3) is obviously a straight line drap

the direction of motion of sawdust particles throug 2-dimensional Cartesian coordinate system. The
the action of tending to carry the particle in itsslope of the best line to the collection of Log, @nd
direction of provision. But the prohibitive cost$ o Log (y) coordinates would be an estimatdoofRecall
acquiring equipment for measuring wind speedthat our interest entails observing the average
humidity and temperature as well as that of calhect distance moved by the sawdust particles away from
relevant practical data has hindered this reseanch the woodworking machine that produce it. It then
led to the issue of assuming that these parameterseans that an association could be formed between
have no dynamic effect on the sawmill cutting D, (estimated fractal box dimension of randomly
operation. The operator in the sawmill is assuced generated fractal curve in each studied cagg),
work under normal atmospheric conditions of (theoretical fractal dimension of “Koches” in each
temperature (room air temperature, °@Q7 The studied case)N (number of Koch patterns in each
sawmill operator is assumed to be working effidient studied case), an®; (probabilities of “Koches” in
and also follows standard acceptable practice w saeach studied case). Here, we introduce “Koch” as a
milling. Although ignoring these factors has generic name that describes patterns generated for
implications on the accuracy of the predictionsfractal analysis in five different forms of Koch 1,
arising from the present work, the study servea as Koch 2, Koch 3, Koch 4 and Koch5. Notice that rules
basis for further investigations in an area wherahat define each of the these patterns would bedsta
scanty information is available. If accurate figuief  later in the work. It thus becomes necessary tindef
wind speeds and velocity over the years for dijpyra the average estimated fractal box dimension olbdaine
and harmattan seasons were available for use,ithenfrom equation (1) to (3) in a way that satisfy thain

is possible to know the relationships between windstudy objectives as in equation (4) below:

speeds, sawdust particle speed before and after

collision of two particles studied, and the quantf N
sawdust produced for different spaces of wood could Z RD; =Dae (4)
be established and used to estimate the minimum and i=1

maximum quantities of sawdust inhalable by the
sawmill machine operator, information from  this Notice that
could be useful to government in enacting laws and
regulations that no operator or its co-worker ie th Z P
sawmill should spend beyond certain years doing

work in the sawmill environment. This is to safegla
the health of the workers and reduce safety ligdoli

=1 (5)

Having defined the guiding equations for the model,

of enterprises in an indirect manner. , it may be important to state the rules for
The formulation of the model that establishes th‘?mplementing the model.

number of square boxes used to cover the

charactensyc length of the fractal curve),(the 3.1 Rulesfor Pattern | mplementation
corresponding number of square boxes needed to . ) . .
cover the fractal curve at specified(i.e y), and the Considering the model discussed in this work,
fractal box dimension of the fractal curve beingth€re are basically five rules that guide their

studied (i.eD), is guided by the fact that varies implementation, and are referred to as Koch 1, Koch
directly as the power of. Thus, the estimate of the 2» Koch 3, Koch 4, and Koch 5. The basic difference

fractal dimension of energized randomly generated®MONg these rules is the number of lines with which
fractal curve from studied cases using the2Y straight line would be replaced with. This &g

proportional principle could be stated as: from 4 to 1Q in the cases consid_ered. The principle
behind this is to consider the motion of two savtdus

ax® particles relative to each other after collisionthwi

y 1) themselves. Collision of sawdust particles occteraf

being produced by the iteration of the cutting klad

Where the constant of proportionality has been the band saw and the plank/timber to be sawn.
rightly substituted for., we have Schematic diagrams of the motion of two sawdust

particles under the five rules are shown in Figures
y= KxP 2) to 5. From Figure 1 (koch 1), the two sawdust

particles at collision are at point A. Initiallypmt C
coincided with point A but the sawdust particle was
thrown off from the collision state to a point Cheve
it starts moving in the pattern CD to DE to EF @®.F
- The inclined angle of movement 8. We are
Log(y) =D Log () + Log K) ®) considering the two sawdust particles in which
sawdust particle 1 is assumed to be static atithe t

Further, logarithmic operation could be carried out
both sides of equation (2) to obtain
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Kochl Replace any straight line encountered with the¢epatindicated
below (Figure 1). The four (4) equal lines segnaetone third of
the length of the straight line encountered. Arjjle arbitrary and
it indicated the orientation of the straight lineceuntered relative
to the horizontal direction.

Kochl Pattern with equal 4-lines segment. Th
angle between the middle 2-lines segment f5 0

172

Initial position of
sawdust particle 1

Horizontal Datum

A\ Initial position of
sawdust particle 1

Figure 1. Pattern for Kochl

Koch2 Replace any straight line encountered with theepatindicated
below (Figure 2). The five (5) equal lines segmeeeat one third of
the length of the straight line encountered. Arjjle arbitrary and
it indicated the orientation of the straight lineceuntered relative
to the horizontal direction.

Koch2 Pattern with 5-equal lines segment. The
angle between the lines segment being 90

0 \ Horizontal Datur

Figure 2. Pattern for Koch2

Koch3 Replace any straight line encountered with theepatindicated
below (Figure 3). The ten (10) equal lines segnagatone fourth
of the length of the straight line encountered. l&rfyis arbitrary
and it indicated the orientation of the straighteliencountered
relative to the horizontal direction.
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Koch3 Pattern with 10-equal lines segment.
The angle between the lines segment beirty 90

6 \ Horizontal Datur

Figure 3. Pattern for Koch3

Koch4 Replace any straight line encountered with theepatindicated
below (Figure 4). The eight (8) equal lines segrmartone fourth
of the length of the straight line encountered. l&rfyis arbitrary
and it indicated the orientation of the straighteliencountered
relative to the horizontal direction.

Koch4 Pattern with 8-equal lines segment. The
angle between the lines segment being 90

6 Horizontal Datum

Figure 4. Pattern for Koch4

Kochb Replace any straight line encountered with theepatindicated
below (Figure 5). The six (6) equal lines segmeaestane third of
the length of the straight line encountered. Arjle arbitrary and
it indicated the orientation of the straight lineceuntered relative
to the horizontal direction.

Koch5 Pattern with 6-equal lines segment. The angle

between the lines segment bein§ 90

Horizontal Datum

Figure5. Pattern for Koch5
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of measurement while sawdust particle 2 moves irestimation. The difference between the theoretical
the path from C to G. Although the pattern ofvalues and the estimated average fractal box
movement in the remaining koch 2 to koch 5 aredimension gives the absolute relative percentage
different from that of koch 1, the principle behitiée  error, which measures the degree of accuracy of the
movement in which sawdust particle 1 is statictheoretical prediction from the estimation. There
momentarily while the sawdust particle 2 moves inseems to be a relatively low level of error for the
the specified pattern is the same. comparative values of theoretical and prediction fo
The Koch patterns (Kochl, Koch2, Koch3, Koch4Koch 3 (i.e. 2.66%) while the highest error is
and Koch5) were prepared using Auto-shapesecorded for Koch 5 (i.e. 7.24%). It is obviousrfro

Microsoft facility. Table 1 that the maximum absolute relative
Also, we established four cases to study and arpercentage error is 7.24% (i.e. Koch 5) and it is
differentiated below as cases 1 to 4. anticipated that all average fractal box dimensions
the study will suffer a maximum error of 7.24%.
3.2 Cases Studied Figure 7 shows the fractal curve generated using
Casel Randomly Generated fractal curve fractal pattern th_ree (Koch 3). I\/I_ost o_f the patsern
using varied probabilities of Kochl fall bglow 0.0 (|_.e to the negative side of the
and Koch2. coordinates). This may be attributed to the abeolut
Case2 Randomly Generated fractal curve negative percentage error of 0.51% being the lowest
using varied probabilities of Kocht, in the series. The pattern is also noticed to be
Koch2 and Koch3. symmetrical along both the andy-coordinates.
Case3 Randomly Generated fractal curve Figure 8 represents the fractal curve generated
using varied probabilities of Koch, using fractal pattern five (Koch 5). It is obsentbdt
Koch2, Koch3 and Koch4. the pattern has the highest peak along the
Cased Randomly Generated fractal curve coordinates. This is anticipated from the absolute
using varied probabilities of Koch, relative percentage error of 7.24% being the highes
Koch2, Koch3, Koch4 and Koch5. Figure 9 represents randomly generated fractal

curve patterns (generators) involving Koch 1, K@ch

4. Results and Discussion Koch_ _3, Koch 4 _and K_och 5 according to the
) ) . specified probabilities. It is also observed thae t

The proposed method was tested using simulatiofattern is non-symmetrical unlike what was obtained
process and the results have been obtained toatgalu i, Figures 7 and 8. Sample fractal curves in Figdre
its effectiveness. The flowchart, which indicateg t g 5nd 9 are presented for validation of performanice

algorithm for this method  (Figure 6) Wwas portran platforms used to generate fractal curves i

programmed in Fortran environment and run on &pjs study. The sample was drawn out of a total of
Intel (P) Pentium (R) Dual CPU T3400 @ 216GHzfye selfsimilar fractal curves and two thousand
217GHz Personal Computer with 2.00GB RAM. For(ZOOO) randomly generated fractal curves.

the simulation process, it is conventional to zéli Table 2 shows sample results of ten rows and five
seed values to initiate the simulation. Hence,the  colymns of random number generating seed values
simulation of the sawdust particle movement in theg,t of 50 rows and 10 columns generated. Row one
sawmill  environment, ten randomly gen_eratedrepresents probabilities of Koch patterns (i.e. iKac
numbers used as seed values are as stated: The {giy Koch 2) which are fraction patterns. Row twa is

different random number generating seed values us&dm representing the average estimated fractal box
are 9876, 6789, 5679, 4567, 7634, 3468, 5829, 237§imension. Row four describes the predicted
9729 and 6396 respectively. . . dimension based on equation (5). Row five is a term
In applying the model developed in equations (1)gpresenting the absolute percentage errors. Risws s
to (5) and running programs in Fortran, the follogi {5 ten represent the dimension estimated baseezh se
results of the study are presented using tableléTab,5jues The ten (10) different random number
1). Table 1 reflects the fractal dimension CUrveSgenerating seed values used are 9876, 6789, 5679,
associated with Koch patterns. The different termsi567, 7634, 3468, 5829, 2378, 9729 and 6396,
utilized in Table 1 are as follows. The term “Koch” respectively. Figure 4 is a description of the bt
refers to multiple generators which describes thene predicted fractal dimension using equation (5)
characteristics of sawdust particles in motion,yersys average estimated fractal box dimensiois. It
described as fractal patterns in five terms: Koch 1qpserved that intersection points clustered ardbad
Koch 2, Koch 3, Koch 4 and Koch 5, for patterng 1 t straight line equation of = 0.7026x + 0.4109
5, respectively. The term “theoretical” represahts  oyards one side of the line, thus giving correlati
dimension of fractal curves with no experimentation -qefficient of fithess ag?= 0.8361. Table 6 gives a
The Koch values seem to be increasing from Kochkmmary of estimated absolute percentage errors in
to Koch 5 except for Koch 4, which suddenly dropsstydied cases. The errors are calculated based on
and then Koch 3 under the theoretical value correlation coefficientR) for case 1, case 2, case 3
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Figure 6. Flowchart for the fractal box dimension of modgliwo colliding sawdust particles.

A

Table 1. Fractal dimension of curves associated with Kopatterns.

Fractal patterns Fractal curvesdimension Absoluterélative
Theoretical Edimated average fractal box per centage error
dimension using 4-iterations
Kochl 1.2619 1.2283 2.66
Koch2 1.4650 1.3743 6.19
Koch3 1.6610 1.6694 0.51
Koch4 1.5000 1.5633 4.22
Koch5 1.6309 1.5128 7.24
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Fractal Curve Generated Uisng Fractal Pattern Three
(Koch3)

y-coordinates

x-coordinates

Figure7. Fractal curve generated using fractal pattereetliKoch3).

Fractal Curve Generated Using Fractal Pattern Five
(Koch5)
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Figure 8. Fractal curve generated using fractal pattera fiKoch5).

Fractal Curve From Case4
(0.3601:0.2477:0.1631:0.1512:0.0778)

y-coordinates

x-coordinates

Figure 9. Randomly Generated Fractal Curve: Fractal Patt@enerators) involved are Kochl, Koch2, Koch3,
Koch4 and Koch5 according to the specified Prolitasl
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Table 2. Sample results for Case 1.

Probabilities of Average Predicted Absolute Dimension Estimated

Koch Patterns Estimated Dimension | Percentage Base on Seed Values

Kochl | Koch2 'gﬁf;' S?Oorf E(?S;Egno(g) EIMOrS | o876 | 6789 | 5679 | 4567 | 7634
0.2208 | 0.7792 1.34 1.42 6.32 1.37 1.83 1.33 1,35 33 1.
0.6344 | 0.3656 1.32 1.34 1.39 1.33 1.82 131 1,27 31 1.
0.5850 | 0.4150 1.31 1.35 2.98 1.28 1.81 1.27 1,30 34 1.
0.5524 | 0.4476 1.31 1.35 3.07 1.31 1.85 1.30 1,30 30 1.
0.3319 | 0.6681 1.35 1.40 3.56 1.35 1.85 1.33 1,35 35 1.
0.4764 | 0.5236 1.33 1.37 3.13 1.32 1.83 1.34 1,31 31 1.
0.2632 | 0.7368 1.35 1.41 4.22 1.37 1.87 1.35 1,31 37 1.
0.5397 | 0.4603 1.32 1.36 2.92 1.31 1.84 1.33 1,35 28 1.
0.5835 | 0.4165 1.31 1.35 2.45 1.33 1.80 1,31 1,34 29 1.
0.2094 | 0.7906 1.35 1.42 5.33 1.37 1.85 1.37 1,32 33 1.

and case 4. Maximum and minimum errors for eacl8.52 +1.18 and 1.5%¢ 1.14 while the correlation
of the cases were given in addition to mean/averageoefficient &) decreases between 0.9315 and 0.7365
and standard deviation. Referring to Table 6, thefrom case 1 to case 4, respectively. See also &gur
average absolute percentage error decreases betweer0 and 11.

Casel
o 1.50
z 1.45 e
c
i) 1.40 A
G
[SR=4 i
gz 1.35
5.8
= & 1.30 A y =1.2737x - 0.3143
=t R?=0.9315
@ 1.25
C
B 1.20 ‘ r ‘
g 1.20 1.25 1.30 1.35 1.40
(]
a Average Estimated Fractal Box Dimension

Figure 10. Correlation for Case 1.
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1.70
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1.50 -
1.40 A

)

=1.30 |
| y =0.7026x + 0.4109
i R2=0.8361

01.10 -
1.00 . ‘ .
1.00 1.20 1.40 1.60 1.80

Average Estimated Fractal Box Dimension

tl
[En
N
o

Predicted Fractal Dimension Using
u

Figure 11. Correlation for Case 2.
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Table 3. Sample results for Case 2.
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Probabilities of Koch Average Predicted Absolute Dimension Estimated

Patterns Estimated Dimension | Percentage Base on Seed Values

Kochl | Koch2 | Koch3 'gf‘rﬁ;?]' s?oori( Eﬁj;ﬁgnoé) EIMors | og76 | 6789 | 5679 | 4567
0.1128| 0.3982 0.489( 1.51 1.54 1.76 1.66 1/53 1.49.50
0.3786| 0.3635| 0.2579 1.51 1.44 4.75 1.67 1/61 1.44.45
0.4307| 0.3489| 0.2204 1.46 1.42 3.01 1.8 1{54 1.41.58
0.5424| 0.2180| 0.2396 1.42 1.40 1.60 1.88 1{55 1.31.40
0.0855| 0.2395| 0.6749 1.63 1.58 2.84 1.65 1|66 1.59.64
0.3817| 0.3607 0.2575 1.45 1.44 0.63 1.46 1{45 1.38.37
0.1335| 0.5040| 0.3625 1.54 1.51 1.86 1.62 1/64 1.52.55
0.5986| 0.3882 0.0133 1.30 1.35 3.66 1.p8 1{29 1.38.32
0.4071| 0.0737 0.5197 1.55 1.48 4.48 1.43 1/63 1.63.61
0.2114| 0.4368| 0.3518§ 1.52 1.49 1.61 1.58 1{45 1.61.50

Table 4 describes the sample results for case &, He using equation (5) is plot against average estithate
probabilities of Koch patterns were representedgisi fractal box dimension. The equation of straightlin
fractal patterns one, two, three and four usinglkKbc used isy = 0.73k + 0.3681. It is observed that
Koch 2, Koch 3 and Koch 4, respectively. Theintersection points ok- and y-coordinates scattered
corresponding values of these fractal patterns weraround the straight line vyielding correlation
described in rows one to four of Table 4. Row fivecoefficient of fitness ofR? = 0.8176. Table 5 is
describes the average estimated fractal bosample results of ten (10) rows and two (2) columns
dimension. Figure 12 describes the correlatiorof random number generating seed values out of 50
diagram for case 3 where predicted fractal dimensiorows and 10 columns generated.

Table 4. Sample results for Case 3.

Probabilities of Koch Patterns Average| Predicted Absolute | Dimension Estimated
Estimated | Dimension | Percentagg Base on Seed Values
Kochl | Koch2 | Koch3 | Koch4 | Fractal Box | Based on Errors 9876 | 6789 | 5679
Dimension | Equation (5)
0.0880 | 0.3106] 0.381% 0.2198 1.52 1.53 0.61 1/55 3 1.51.50
0.2089 | 0.1482] 0.3551 0.2877 1.56 1.50 3.93 1/54 2 1.61.56
0.2122 | 0.4273] 0.1717 0.1888 1.51 1.46 3.21 1/47 2 1.51.60
0.0543 | 0.1520] 0.4283 0.3654 1.60 1.55 3.13 1/50 6 1.51.63
0.4511 | 0.3220] 0.047% 0.179% 1.40 1.39 0.71 1137 0 1.41.37
0.1386 | 0.5156] 0.3343 0.0114 1.53 1.50 1.73 1/61 8 1.41.62
0.3003 | 0.0544| 0.3830 0.2622 1.52 1.49 2.36 1/48 5 1.51.55
0.4594 | 0.3699] 0.1573 0.0134 1.43 1.40 2.18 1135 6 1.51.43
0.2018 | 0.0520| 0.167% 0.5787 1.55 1.48 4.97 1/54 6 1.51.54
0.3838 | 0.0952] 0.245% 0.2755 1.48 1.44 2.33 1/50 8 1.41.49
Case3
1.60

2 1.55 - o o

£ 150

8sg

T G 145
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Figure 12. Correlation for Case 3.
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Table 5. Sample results for Case 4.

Probabilities of Koch Patterns Average Predicted | Absolute Dimension

Estimated | Dimension| Percentage Estimated
Fractal Based on Errors Base on Seed

Box Equation Values

Kochl | Koch2 | Koch3 | Koch4 | Koch5 | Dimension (5) 9876 | 6789
0.0727 | 0.2565| 0.3150 0.1815 0.1743 1.52 1.55 190 .56 1 1.53
0.1107 | 0.2653] 0.2150 0.1357 0.2783 1.54 1.53 0.2 511 151
0.1911 | 0.2100] 0.0512 0.1434 0.4042 1.48 1.51 1.68 501 1.51
0.3231 | 0.3053] 0.2180 0.0322 0.1215 1.47 1.46 0.16 .48 1 157
0.0976 | 0.3630| 0.2354 0.0080 0.2960 1.55 1.54 098 591 161
0.0324 | 0.2283] 0.1563 0.3230 0.2601 1.56 1.54 1.12 541 1.63
0.3298 | 0.0280| 0.307% 0.07983 0.2553 1.56 1.5 3.7f 571 154
0.2672 | 0.2813] 0.0697 0.1799 0.2019 1.49 1.46 157y 421 1.38
0.1007 | 0.3711] 0.0556 0.1876 0.2850 1.50 1.51 061 451 154
0.1847 | 0.2143] 0.2339 0.1030 0.2641 1.55 1.52 1.71 541 161

Referring to Figure 13 the correlation coefficierft
fitness isR? = 0.7365. The summaries presented in5. Conclusions
Table 6 are drawn from calculation based on full

results of Tables 2 to 5 and reading of equation o ovement of two sawdust particles colliding after

best line of fit in Figures 4 to 7 respectively. emission from the band saw has been described. The

Referring to Table 6 the average absolute percentaqeihod is based on fractal theory which determines
error decreases between 35218 and 1.581.14 o nossibility of the average box dimensions of

while the correlation coefficient Rf) decreases sawdust particles in motion forming a randomly

between 0.9315 and 0.7365 from Casel to Casedenerated random curve and could be predicted with
respectively. the knowledge of different appropriate probabititie

method for characterizing the possible pattern of

Cased
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1.58 -
1.56 -
1.54 -
1.52 -
1.50 -
1.48 -
1.46 -
1.44 -
1.42 -
1.40 -
1.38 .
1.35 1.40

o

y =0.7478x + 0.3643
R2=0.7365

1.45 1.50 1.55 1.60 1.65

Average Estimated Fractal Box Dimension

Predicted Dimension Using Equation (5)

Figure 13. Correlation for Case 4.

Table 6. Estimated Absolute Percentage Errors In Studese€.

ErrorgR? Casel Case? Case3 Cased
Maximum 6.35 6.94 5.25 4.45
Minimum 1.39 0.22 0.23 0.08
Mean/Average 3.52 2.77 2.64 1.51
Standard Deviation 1.18 1.75 1.44 1.14
Corrélation 0.9315 0.8361 0.8176 0.7365
Coefficient (R?)
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and theoretical fractal dimensions. An iterative Ajayi, O.A. and Owolarafe, O.K. 2007. Temperature
procedure was utilized, developed to reveal the variation in a sawdust oven using different wood
pattern of movement of the sawdust particle just as speciesinternational Agrophysic&1, 311-316.

they leave the production source to various pasitio Akira, 1., Yuri, O. and Norimitsu, O. 2002. Use of
in the atmosphere in the environment that the saw sawdust of wastewood of construction and waste
mail operator works. The validity of the model was paper tip as new base material for boil&yushu
confirmed by simulation experimental results with Okinawa Nogyo Kenkyu Sieka Jahg 139-140.

four cases drawn on fractal pattern with fair cased\lligood, K.T., Sauer, T.D. and Yorke, J.A. 1997.
drawn on fractal pattern combinations drawn out of Chaos: An Introduction to Dynamical Systems
five and fifty different probability combinationsen Springer-Verlag, New York Berling Heidelberg
random numbers and four fractal curves generation SPIN 10570594.

iterations. It is observed that a maximum absolutéAnsari, R. and Raofie, F. 2006. Removal of mercuric
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segments  with  fractal pattern (generator)Bouboulis, P., Dalla, L. and Drakapoulos, V. 2006.
satisfactorily ~ represented the  corresponding Construction of recurrent bivariate fractal
theoretical fractal curve. Furthermore this studs h interpolation surfacesand computation of their box-
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