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Use of Dehydrated Peeled Fruit of Luffa
Cvllindrica as Support Medium in Trickling
Filters: Analysis of Its Performance Regarding
the Reduction of the Organic Content and
Microbiologic Considerations

Marcos R. Vianna®, Gilberto C. B. De Melo° & Marcio R. V. Neto®

Absiracl- Domestic sewage treatment experiments were
conducted in trickling filters in laboratory pilot plants in which
the peeled dehydrated fruits of Luffa cyllindrica were used as a
support medium for microbiological growth, in order to verify
its capacity to remove organic matter, measured in terms of
Biochemical Oxygen Demand (BOD,, ,) and Chemical
Oxygen Demand (COD). The results obtained, when
compared to results from similar pilot plant using stones as
supporting medium, indicated that Luffa cyllindrica can
substitute, under specific conditions, the traditional support
media. Also, although detailed microbiologic studies were not
among the objectives of this study, it was observed that the
biofilm found in Luffa cyllindrica was richer in species and in a
higher evolutive stadium than the biofilm found in the stones.
Further studies are recommended.

Keywords: trickling filters, microbiology of trickling filters;
luffa cyllindrica,; biofilms, alternative support media,
wastewater treatment.

I. [NTRODUCTION

trickling filter, whose typical configuration is
Ashown in figure 1, is an aerobic process for
wastewater treatment that is simple to build and
to operate. It is used for the treatment of domestic and
industrial effluents. Its operation consists in passing the
liquid effluent through a support media. A biologic film
develops over the surface of the medium. The biologic
activity developed on this film will be responsible for the
stabilization of the organic content of the effluent. It is
distributed by means of a rotative arm, over the support
media. The bio film remains part of the time in contact
with the effluent and part of the time exposed to the
atmosphere and, in this way, to the oxygen of the air.
According to Matasci et al (1988), this treatment
process was largely used in the United States, but has
declined because of the increasing legal exigencies in

Author a: professor of the Engineering and Architeture Facully,
FUMEC University, Brazil.

Author o. professor of the Department of Sanitary and Environmental
Engineering, UFMG University, Brazil.

Author p . Chemical engineer, Masters student, Department of
Chemical Engineering, UFMG University, Brazi.

e-mail: mmrvianna@gmail.corm

that country regarding the organic content in the treated
effluent. In Brazil as in many other developing countries,
in which the lack of domestic wastewater treatment
plants is still a problem, ftrickling filters can be an
adequate solution, especially for small communities.

The degree of stabilization achieved depends
on many factors, such as: volumetric and organic
loading, kind of support medium, temperature,
ventilation, among others, but it hardly achieves values
beyond 85% in terms of BODs ,, removal, according to
WEF & ASCE (1992). The higher the desired removal
efficiency, the higher will be the necessary sophistication
and complexity of the facility.

Lateral wall

Affluent 9 Treated effluent

Drainage system

column
Support media
(stones)

Distibution

arm
Affluent pipe

Figure 1: Typical trickling filter. Figure adapted from

Jordao and Pessoa (2009).

Regaring the support medium, the greater the
offered specific surface, the greater will be its efficiency.
With this purpose, pieces of coking coal, which presents
a porous nature, are used in some installations, as well
as plastic media especially developed for this purpose.

The use of of Luffa cyllindrica was the poposed
innovation of this study. This plant — see figure 2 — can
be found all over the Brazilian territory. Its dehydrated
peeled fruit is commonly used as natural sponge for
bathing and cleansing, for handicraft activities, in
pharmacology and in some industries. It s
characterized by a very fibrous structure, which offers a
great surface for biological film fixation, with very small
specific gravity, and when dehydrated it degrades very
slowly, because of its natural function of keeping the
seeds for plant propagation. For that reason, it was

© 2014 Global Journals Inc. (US)
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devised that it could be used to perform this extra
function as a medium in trickling filters.

Year 2014

(a) Plant and flower

N

Studies concerning the use of Luffa cyllindrica
for wastewater treatment are few, and specifically as
biofilm supporting medium in trickling filters are
unknown. In Brazil, Agra (2009) studied its use as
substrate in continuous submerged attached growth
pilot bioreactors. The results obtained showed that
these reactors were efficient for carbonaceous matter
stabilization and in the nitrification process. Sousa et a.
(2008) studied its use for the immobilization of nitrifying
bacteria in a laboratory-scale submerged attached
growth bioreactor for polishing the effluent of an UASB
reactor treating domestic wastewater. In Mexico, Ruiz-
Marin et al. (2009) compared results obtained in semi-
continuous reactors using Luffa cyllindrica and PVC
support medium. Artificial wastewater was used in the
study, and higher percent phosphorus removals were
obtained in Luffa cyllindrica reactors. The use of the

Inferior layer (over the surface
of the stone):

fungal mycelium which
envolve bacteria,

algae and protozoa cells

Global Journal of Science Frontier Research (E) Volume XIV Issue II Version I

(0} Dehydrated peeled fruit

Figure 2. Luffa cyllindrica (a) plant and flower; (b) traditional dehydratedPeeled fruit, according
to<http://cucurbitaceae. livejournal.com/7702.html?Thread =19222 > (accessed in 16/04/2014).

plant for the treatment of nondomestic effluents is also
reported. In Brazil, Oliveira (2007) studied its use for
metallic ions and dyes removal in textile industries
effluents. In Algeria, Laidani ef a/. (2010) studied copper
adsorption by Luffa cyllindrica fibers. In Nigeria, Oboh et
al. (2011) studied the use of this material as a
biosorbent for removal of divalent metals from aqueous
solutions.

When considering the microbioloby of the
trickling filters, the studies are insuficient. Regading to
trickling filters in which Luffa cyllindrica is used as
support medium, these studies do not exist.

Branco (1978) describes the composition of the
biologically active film which covers each one of the
stones in the upper layer of a trickling filter as follows,
see figure 3.

Intermediate layer (thick):
algae

fungal hyphae

protozoa

nematode worms

Superior layer:

fungi (predominant)
bacteria

protozoa

Figure 3 . Composition of the biofilm on a trickling filter support medium, as described by Branco, 1976.

[ | v' Superior layer: predominance of fungii; bacteria;
protozoa;
v Intermediate layer (thick): algae, filamentous or not
(only in the stones hit by sunlight); fungal hyphae;
protozoa; nematode worms;

© 2014 Global Journals Inc. (US)

v’ Inferior layer (over the surface of the stone). fungal
mycelium which envolve bactéria, algae and
protozoa cells.

The main objective of this experimental work

was to assess the behaviour and capability of the
peeled dehydrated fruit of Luffa cyllindrica to act as a



bio film support medium in trickling filters, for
stabilization of the organic matter of domestic sewage.
For this purpose, traditionally used parameters in the
evaluation of sewage treatment were measured -
Biochemical Oxygen Demand (BODs,,), Chemical
Oxygen Demand (COD), Total Suspended Solids (TSS),
Settle able Solids (Set S) — in the affluent and effluent of
trickling columns filled with this material, and the results
were compared to others obtained from a similar
trickling column filled with stones. Besides, taking into
account that studies concerning the microbiology of
these filters could not be found, it has tried to determine,
in a preliminary and rough way, the main biologic

Raw sewage

=N

[

Primary sewage

%
ki

1z

Mylon screen

Extravasor

Distribution
chamber

4"

Frimary settler

Feeder
e

1z

174

Filter 1 {Lufia cyllindrica) 4—

1rat

“

L:

1]

Filter 2 (Luffa cyllindrica) —

14
12

econdary
settler

4—Treated sewage

To sewage system

composition of the bio films developed over the Luffa
cyllinrica and rocks medium.

I1. EXPERIMENTAL WORK

The experimental work was conducted in a pilot
scale treatment plant constructed according to the
description that follows (Fig. 4). Raw sewage stream
was taken from a domestic sewage sewer of the city of
Belo Horizonte, and continually pumped to an inlet
chamber which functioned as a grit chamber. Within this
unit the effluent was also screened and, after that,
homogenized in the chamber by means of a mechanical
mixer.

Peristaltic pump

4

Feeder

I

Feeder

]

Feeder

r:ij

—»
=1

—"N

Filter 3 (Luffia cyllindrica) 4— N

Filter 4 (stones)

econdary

4—Treated sewage
+—Treated sewage

Figure 4 . General arrangement of the pilot plant, consisting of a primary settler, and four parallel and identical
secondary biologic systems, three of them operating with Luffa cyllindrica as biofilm support medium (F1, F2, F3),
and the last one using stones (filter 4).

The experimental treatment process
commences after this tank. Free from grit and coarse
material previously screened, sewage was conducted to
the primary settler through a plastic flexible hosepipe. A
fine screen made of nylon (similar to those used in

windows to stop mosquitoes) was placed before the
hose inlet to avoid clogging.

After primary settling, sewage (now primary
sewage) was conducted to a distributing chamber,
where another nylon screen was installed. This chamber

© 2014 Global Journals Inc. (US)
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was fed with a flow that was greater than the distributed
outflow, therefore its excess was discharged. From this
chamber, sewage was distributed and sent to each
parallel filter through peristaltic pumps, responsible for
the maintenance of a constant flow.

Before reaching the filter, the flow passed
through a feeder which converted the continuous flow in
pulse hydraulic charges, to simulate what occurs in real
trickling filters, which are fed by rotary arms. The
hydraulic charge was distributed over the filter surface
through a perforated plate installed 20 cm over it.

Each pilot plant was constituted by a 200 mm
plastic PVC sewer type pipe. Its interior was filled initially
with the supporting medium: peeled and dehydrated
Luffa cyllindrica fruits in three of them and 25 mm
diameter stones in the fourth. The fruits were initially
installed in vertical position. Along the experiment they
were cut in sizes that allowed their random disposition
inside the columns. No effect was observed because of
this change.

The treated sewage after each filter was
conducted to secondary settlers and, after that, to the
drainage of the laboratory. Considering the average flow
sent to each trickling column, equals to 2 mL/s, the
hydraulic loading rate was 5,5 m3.m?.day. According to
WEF & ASCE (1992), this value can be classified as
intermediate rate, which ranges from 0,935 m3.m=2.day
"1 to 37, 41 mdm2day’. Raw and treated sewage
samples were collected regularly and analysed in the
laboratory of the Environmental and Sanitary
Engineering Department of the School of Engineering of
UFMG (Table 1).

I11. RESuULTS

a) Raw sewage charactheristics

Figure 5 represents graphically the obtained
results for BOD, COD and TSS, expressed in mg/L. SetS
results are expressed in mlL/L, so they are not
represented in the graphic. Results obtained for these
four parameters will be detailed in the following items.

Table 7: Physical, physicochemical and chemical analyses, procedures used and frequency. All analyses
were performed as stated by the Standard Methods for the Examination of Water and Wastewater - APHA, AWWA,
WEF (1995)

Analysis

Methodology

Frequency

Total suspended solids (TSS)
Settleable solids (SetS)
Chemical Oxygen Demand (COD)

Gravimetric method
Imhoff cone method
Closed flux -Titulometric method

Twice a week
Twice a week
Twice a week

Biochemical Oxygen Demand(BOD5,20) | lodometric method Once a week
a00
200 - —— Raw sewage TS3
—=— Raw sewage BOD ?u
= 700 1 | —=— Raw sewage COD N
©h
E oo & N N A
: N Ao A A
- 500 *
Y
5 WAV
£ | | ™" e
~ :
N A
200 ; :/-/F\ 10\’/4
100 +——F—= J "

0 1 T I . .
Jan 14, 2004 Mar 03, 2004  Apr23, 2004 Jun 12, 2004 AugO1, 2004 Sep 20, 2004

H 1
in this period —s——4— i

IJ

Mo BOD analysis !

3
L

Mo T33 analysis
in this period

Figure 5 Temporal series of BOD, COD e TSS contents of the raw sewage.
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b) Biochemical oxygen demand (BOD;, »,)

Varied between 61 and 387 mg.l'.  The
average was 216 mg.L". After the primary settler it has
shown values varying between 61 and 282 mg. L. The
average for all values was 177 mg. L. Percent removal
in the primary settler was 18%.

c) Chemical oxygen demand (COD)

Varied between 185 and 601 mg.L'. The
average was 451 mg. L. After the primary settler it has
shown values varying between 168 and 598 mg. L. The
average for all values was 390 mg. L. Percent removal
in the primary settler was 14%.

d) Total suspended solids (TSS)

Results were obtained between April 20 2004
and August 27, 2004 and varied between 90 and 752
mg. L. The average was 193 mg. L. After the primary
Settler it was 141 mg. L.

e) Settable solids (SetS)

Varied between 0, 10 and 11 mg.l"'. The
average was 2, 22 mg. L. After the primary settler it was
0,80 mg. L.

180

[V. PERFORMANCE OF THE FILTERS WITH
REsPeCT TO ORGANIC LoAD REDUCTION

Although the following items contemplate only
the BOD, ,, and COD reduction obtained in he
experimental work, the variations in the concentrations
of total suspended solids and settleable solids were
also determined. Also, the BOD; ,, removal efficiency
was compared to the efficiencies predicted by some
classic formulas used for trickling filters design. These
additional data can be found in Vianna (2012).

a) BOD; ,removal

Results obtained upstream the secondary
settler are shown in Figure 6 and Figure 7 shows the
statistical analysis and the corresponding box-whisker
graphics. The average value downstream the Luffa
cyllindrica filters was 58 mg.L", while the average value
downstream the filter filled with stones was 79 mg.L™".

Results obtained downstream the secondary
settler are shown in Figure 8 and Figure 9 shows the
statistical analysis and the corresponding box-whisker
graphics. The average value downstream the secondary
settlers after the Luffa cyllindrica filters was 43 mg/L,
while the average value downstream the secondary
settlers after the filter filled with stones was 57 mg.L™".
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Figure 6 Biochemical oxygen demand (BODs, ,,) downstream the trickling filters filled with Luffa cyllindrica (F1, F2,
F3 and average value) and downstream the filter filled with stones (upstream the secondary settlers): temporal
series.
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b) COD remotion o . graphics. The average value downstream the secondary
Results are shown in Figure 10 and Figure 11 settlers after the Luffa cyllindrica filters was 154 mg/L,
shows the statistical analysis and the corresponding  while the average value downstream the secondary

box-whisker graphics. The average value downstream  settlers after the filter filled with stones was 166 mgy/L.
the Luffa cyllindrica filters was 183 mg/L, while the

[ average value downstream the filter filled with stones
was 209 mg/L.

Results obtained downstream the secondary

settler are shown in Figure 12 and Figure 13 shows the

statistical analysis and the corresponding box-whisker
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cyllindrica (F1, F2, F3 and average value) and downstream the filter filled with stones (upstream the secondary
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V. MICROBIOLOGICAL ASPECTS OF THE sent to the hidrobiology laboratory and examined in their

SUPPORT MEDIUM qualitative aspects.

a)  Lufta cyllindrica support medium
There were found bacteria (figure 12), fungi
(figure 13), stalked ciliates (figure 14) and free-living
nematodes (figure 15).

Samples of the biomass laying inside the Luffa
cyllindrica and stone filters were collected and submited
to microscopic analysis. Only the first 5 cm depth of the
medium surface were investigated. The samples were

Figure 12 : Biomass found in Luffa cyllindrica biomass: bacteria.

Global Journal of Science Frontier Research (E) Volume XIV Issue II Version I n Year 2014

Figure 13 : Biomass found in Luffa cyllindrica biomass: fungi of the genus Geotrichum
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Figure 15 ;- Biomass found in Luffa cyllindrica media: nematode

b)  Stones support media
In this support media only bacteria (figure 19) and fungi (figure 20) were found.

Figure 19 :Biomass found in stones media: bacteria Sphaerotilus natans.
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Figure 20 : Biomass found in stones media: fungos (Leptomitus)

VI.

a) Raw sewage characteristics

DISCUSSION

From the exposed before and considering the average results, the raw sewage concentration could be

classified as medium, see table 2.

Table 2 : Typical composition of domestic sewages, according to Metcalf & Eddy (2003), compared to values
obtained in the experimental results

Parameter Values of literature Results from
Strong Medium Weak the
experiment
Total suspended_follds -TSS 350 200 100 193
(mg.L™)
Settleable solids— SetS (mL.L™") 20 10 5 2.22
Biochemical oxygen demand —
BOD.,, (Mg.L") 300 200 100 216
Chemical oxygen demand —
COD (mg.L") 1000 500 250 451
: Note: The following relationships can be obtained from values above:
COD/BOD ratio 3,3 2,5 2,5 2,1
Relagao TSS/BOD ratio 1,17 1 1 0.9

Lower values obtained for BOD, COD and TSS
occurred in the rainy period of the year, while higher
values occurred in the dry period, thus reflecting the
infiltration of storm water in the sanitary sewers.

On the other hand, lower values obtained for
SetS occurred in the dry period of the year, while higher
values occurred in the rainy period. It is interesting to
observe the inverse tendency of this parameter when
compared to the others. Settleable solids were higher
when sewage was diluted, probably because of the
entrance of inert material brought by storm water that
entered into the sewer system, whereas the other
parameters representing the organic

b) Performance of the filters with respect to solids and
organic load reduction

It is important to note that during the essays it

was observed that the fibrous structure of the

dehydrated fruits lost volume continuously, and the

© 2014 Global Journals Inc. (US)

height of the filter medium decreased steadily, and it
was necessary to restore the filter medium every month
by adding fresh peeled fruits in the upper part of the
reactor, to restore the original height. In spite of the
thickening of the structure, no loss of efficiency of the
process was observed.

¢) Biochemical oxygen demand (BOD; z,)

The average percentage removal efficiencies of
the filters relative to the primary sewer obtained along
the whole observation period were:



Filters filled with Luffa cyllinarica: (1 00

Filter filled with stones: (1 00

When the results downstream the secondary
settlers are considered, the average removal efficiencies

Filters filled with Luffa cyllindrica followed by secondary settlers: (1 00

Filter filled with stones followed by secondary settlers: (1 00

When the whole system is considered, from the
raw sewage until the exit of the secondary settler, the

Filters filled with Luffa cyllindrica followed by secondary settlers: (‘I 00

Filter filled with stones followed by secondary settlers: [1 00

a) Chemical oxygen demand (COD)
The average of chemical oxygen demand
(COD) percentage removal efficiencies of the filters

Filters filled with Luffa cyllindrica: (1 00

Filter filled with stones: (1 00

When the results downstream the secondary
settlers are considered, the average removal efficiencies

Filters filled with Luffa cyllindrica followed by secondary settlers: (1 00

Filters filled with stones followed by secondary settlers: [1 00

When the whole system is considered, from the
raw sewage until the exit of the secondary settler, the

Filters filled with Luffa cyllindrica followed by secondary settlers: (1 00

Filter filled with stones followed by secondary settlers: [1 00

VII. MICROBIOLOGIC CONSIDERATIONS

a) Luffa cyllindrica support medium
There were found more species in Luffa
cyllindrica than in stones media, which can be indicative

MJ% - 67%
177
Mj% - 55%

relative to the primary sewer along the whole
observation period were:

MJ% — 76%

17757

177

average removal efficiencies along the observation
period were:

)% =68%

216-43 %, _ g0
216
216 57\, _ 240,
216

relative to primary sewer along the whole observation
period were:

390183, _ o0,
390
390-209), _ 400,
390

relative to primary sewer obtained along the whole
observation period were:

390 154 o, — 619%
390
390166, _ 70,
390

average removal efficiencies along the observation
period were:

451154\, — 66%
451
MJ% - 63%

that the degree of stabilization of the organic matter in
more evoluted in the first one. As described, not only
bactéria and fungi were found: also stalked ciliates and
free-living nematodes were present. The presence of
these representatives of the animal kingdom, not
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presente in the samples collected in the biomass
encountered in the stones media, seems to show that
there is a greater complexity of the food chain and, thus,
a more advanced stage. This can probably explain the
greater degree of the organic content stabilization
obtained in this support media.

Bacteria population, which species were not
identified in this work (exception for Sphaerotilus
natans), are obligatory presence in media where organic
stabilization occours. The same is valid for fungi, noting
that the genus género Geotrichum can be found both in
soils and sewage (ROSE & HARRISON, 1987).
Regarding to the stalk ciliates, whih genus was not
identified, their presence was expected n the superficial
layers of the trickling filters, as afirmed by Branco
(1978). This auhor also states that the presence of
worms, such as nematodes, would be expected, as
confirmed in this work.

b) Stones support media

In opposition to what eas described above, in
this support media there was not found great diversity of
species. As described, oly bacteria and fungi were
observed, which can indicate lower complexity of the
food chain and therefore a less evoluted stage when
compared to what happened in Luffa cyllindrica media.
The less elevated degree of stabilization of the organic
content observed in the stones media seems t
comprove this hypothesis.

VIII.  CONCLUSION

The study showed that, for specific conditions,
the peeled dehydrated fruit of Luffa cyllindrica can be
used as support medium in trickling filters.

A comparison between the results obtained for
the studied parameters and the values allowed by
COPAM - the environmental agency of Minas Gerais
State, Brazil (MINAS GERAIS, 2008) is presented below.
It shows that trickling filters that use Luffa cyliindarica as
support media can be a suitable and sustainable
alternative for domestic sewage treatment in this state.

v The average value allowable for biochemichal
oxygen demand (BODsg, 4, in liquid effluents is 60
mg/L. The average value in the treated sewage
downstream the Luffa cyllindrica systems was 43
mg. L. It is also lower than the value obtained
downstream the stone system, which was 57 mg.L™.

v' The average value allowable for chemichal oxygen
demand (COD) in liquid effluents is 180 mg. L. The
average value in the treated sewage downstream
the Luffa cyllindrica systems was 154 mg. L. It is
also lower than the value obtained downstream the
stone system, which was 166 mg. L™.

When considreing anyone of the two
parameters above, the performance of the filters
containing /uffa cyllindrica was superior to the filter
containing stones.

© 2014 Global Journals Inc. (US)

Although it was not a specific purpose of this
study, it was observed that the biofiim formed in the
filters containing Luffa cyllindrica presented greater
diversity of genus and and superior evolutive stage to
those found in the filter containing stones.

[X.

The experiments here described were
conducted in pilot filters of small dimensions inside a
laboratory facility. They have been protected along the
whole experimental period against many external
conditions that could interfere in the process, such as:
direct exposition to sunlight, greater variations of
temperature, exposition to rain, among others. Thus, a
similar experimental work in open field and using larger
filters would be the natural next step for further
investigations.

The internal dimensions of the reactors did not
allow the conduction of a study on efficiency versus
height of the medium. So, this is also an important
experimental work to be done.

Another investigation to be recommended is the
assessment of the physical stability of the peeled
dehydrated fruit during time it remains in activity, when
the biofilm is installed over their fibrous structure and
some liquid is retained inside its void spaces. In order to
lower the cost of the installation of trickling filters, it
would be desirable that the filling medium could be self-
sustainable, so the walls of the filter could be of no
structural nature.

An investigation on efficiency as a function of
the hydraulic loading rate is also recommended,
besides the treatment capacity as a function of the
organic loading rate, and possible effects of
recirculation.
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Neuro-Dynamic Optimization of
Biotechnological Process

Tatiana llkova * & Mitko Petrov ®

Abstract- In this paper we have investigated the whey
fermentation at the production of white brine cheese with strain
Kluyverormyces marxianus lactis MC 5, using non-conventional
substrate whence for receiving of unicellular protein by an
ecological clean and wasteless technology. This process is
used for dynamic optimisation Neuro-Dynamic Programming
theory. With this optimization procedure the quantity product is
increased at the end of the process, simultaneously
fermentation time is decreased. The producing of lactose with
using of cheese whey, which is a waste product at the
production of white brine cheese leads to the receiving one of
close cycle and an ecological clean and wasteless technology.
Keywords.: — neuro-dynamic — programiming, whey
ferrmentation.

l. [NTRODUCTION

ynamic Programming (DP) is an method for
optimization and optimal control that has applied

to surmount these restriction. The irnteest in this
approach is due to the fact that too many hypotheses
are based on the analytical structure of the equations,
system and criteria. Therefore, it is possible to develop
algorithms for solution of the optimal control problems
independently of the used model and optimization
criterion. DP should be applied parameterize the optimal
decision as a function of the system state. Unfortunately,
from the very beginning it was apparent that an increase
of the dimensionality of the problem, i.e. an addition of
reservoirs, caused an exponential increase in the time
required to find a decision. This conducts to the “curse
of dimensionality” (Bertsekas & Tsitsiklis, 1996).
Neuro-dynamic  programming (NDP) s
suggested as an alternative to lighten the ‘“curse of
dimensionality” of the DP. NDP is a contemporary
approach of the dynamic programming methods for
optimization and optimal control and decision making
under uncertainty. NDP combines ideas from the scopes
of neural networks, artificial intelligence, reinforcement
learning  cognitive  science, Simulation, and
approximation theory (Driessens & Dzeroski, 2004 ).
Using common artificial intelligence terms, the
methods allow the systems to “learn how to make good
decisions by observing their own behavior and use built-
in mechanisms for improving their actions through a
reinforcement mechanism”. In more mathematical
meaning “observing their own behavior” relates to

Authora o "Bulgarian Academy of Sciences.
e-mails: tanja@biomed.bas.bg, mpetrov@biomed.bas.bg

simulation and “improving their actions through a
reinforcement mechanism” relates to the iterative
schemes for improving the quality of approximation of
the optimal cost function, the Q-factors or the optimal
policy. There has been a gradual realization that the
reinforcement learning techniques can be fruitfully
motivated and interpreted in terms of classical DP
concepts such as the value and policy iteration, (Sutton,
1988).

The optimal control of this process usually
depends on the presence of complex, non-linear
dynamic model of the system because of this is difficult
to realize to working-out of the problem, which is very
important to practical realize.

The general disadvantage in optimization and
optimal control methods of the bioprocesses is that the
fermentation finishing time should be fixed. When we
want to find the optimal fermentation finishing time,
many various fermentation finishing times should be
assumed, for each one of them, an efficiency optimal
control problem should be determined. This is an
extremely demanding task in terms of calculations.
Approach such as control parameterisation can be used
for free-end-time tasks to obtain open loop optimal
profiles. Another hindrance of these approach checks
from the circumstance that they are open loop optimal,
which signifies that each time an initial condition shifts, a
new and different optimal control problem should be
determined. Moreover, the resulting fixed strategies do
not take into advantage the likely process disturbances
(Vlachos et. all 2006), (Lewis & Derong, 2013).

The fermentation of lactose oxidation from
natural substratum in fermentation of Kluyveromyces
marxianus lactis MC 5 uses non-conventional whence
for receiving of unicellular protein. This process is not
well studied. Therefore it does not exist a general
mathematical model of the microbial synthesis, because
of the extreme complexity and great variety of living
activity of the microorganisms, although various models
of biotechnological process and of different parts of the
whey fermentation exist. On this cheese whey, which is
waste product at the production of white brine cheese,
oneself with what oneself reception one close cycle
(Nono et. all 2006).

The aim of this study is to develop optimal feed
rate strategy of biotechnological process in whey
fermentation using Neuro-dynamic control.

© 2014 Global Journals Inc. (US)

Global ]()urnal of Science Frontier Research ( E) Volume XIV Issue [I Version I E



Frontier Research ( E) Volume XIV Issue [[ Version I

Global Journal of Science

[I. MATHEMATICAL MODEL OF THE PROCESS

Six fermentations were carried out in aerobic
batch cultivation of Kluyveromyces lactis. A laboratory
bioreactor ABR 02M with capacity 2 | has been used.
The strain Kluyveromyces marxianus lactis MC5 is
cultivated under the following conditions (Anastassiadis,
2007):

1. Nutrient medium with basic component — whey ultra
filtrate with lactose concentration 44 g/I. The ultra
filtrate is derived from whey separated in production
of white cheese and deproteinisation by ultra
filtration on LAB 38 DDS with membrane of the type
GR 61 PP under the following condition:

e T=40-43 °C;

e input pressure 0.65 MPa;

e out put pressure 0.60 MPa.

The ultra filtrate is used in native condition with
lactose concentration 44 g/l. Nutrient medium consist
of:

(NH) 4HPO 0.6%;
yeast's autolisate 5%,
yeast's extract 1%,

pH 5.0-5.2.
The air flow rate QG is 60 I/I/h up to the 4th hour and
120 I/i/h up to the end of the process under
continuous mixing =800 min-1.
3. Temperature is 29 °C.
4. Duration of the cultivation is tf=12 hours.
The following figure describes the mass balance
of the pressed-dough cheese and whey drink process.
The changes of the microbiological process
(lactose conversion in yeast's cells to protein) are
studied during the strain growth:

a) lactose concentration in fermentation medium in
oxidation and assimilation of lactose by
Kluyweromyces Marxianus lactis MC5 is determined
by enzyme methods by UV tests (Boehringer
Manheim, Germany, 1983);

b) concentration of cell mass and protein contents are
determined on the basis of the nitrogenium contents
(Kjeltek system 1028);

!'\). e o o

c) concentration of the dissolved oxygen in the
fermentation medium in the process of oxidation
and assimilation of lactose is determined by oxygen
sensor.

d) For the measurement of the oxygen concentration in
the fermentation middle the oxygen sensor that is
produced by LKB firm, is used.

Six fermentations where carried out in aerobic
batch cultivation of Kluyveromyces lactis. The
experimental investigations are carried out on the
computer controlled laboratory bioreactor 2L-M with
magnetic coupling.

The model of the batch processes includes the
dependences between the concentrations of the basic
variables of the process: cell mass concentration,
substrate concentration and oxygen concentration in the
liquid phase:

1704
—=u(S,C,) X
7 u(S,Cp)
das
Zz_Yl u(S,C) X (1)
dc,  ka (.
_ R (e —c))-v, ws.c ) x
dt l_gc( L) 5 1( )
Where:
S? C
S,C)= L
H(S, €L Bl +52) e+ €, +C2 1)

1u(S,C))-specific grown rate of the cells, h™"; u,, -
maximal rate of the cells, h™'; X—cell mass concentration,
g/l; S—concentration of substrate, g/l; C*—mean oxygen
concentration, g/l; CL-dissolved oxygen concentration in
liquid phase, g/l; kla—volumetric mass transfer
coefficient, h'; eg—gas hold up; kg, kg, k, Y, and Y,—
coefficients; t-time, h.

The initial conditions and coefficients in model
are given as follows:

X (0) = X0=0.2 g/I; S (0) = S0=44 g/I: CL (0) = CO=6.0x10-3 g/l C*=C0, g/!;
1, =0.89; ke=1.62; kC=3.37x10-3; kI=0.47; Y,=2.238 and Y2=3.24x10-3.

The mass transfer coefficient kla and gas hold-up are determined by:

—0.014

ka=52(P/V)*W*, e, =0.53(0, /(nd")) )

where: P-power input, P=609pn’d°Re™ , W; V-

volume, m3; p-liquid density, kg/m3; n—agitation speed,

s-1; d-impeller diameter, m; Re—Reynolds number; WG—
_ 2

gas velocity, We=4Q;/nD , m/s; QG-air flow rate,

m3/s; D-bioreactor diameter, m.

The model of the process (1)-(2) is used for
optimization of batch fermentation of lactose oxidation
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from natural substratum in fermentation of the strain
Kluyveromyces marxianus lactis MC 5.

[1I.  OPTIMIZATION OF FERMENTATION
PROCESS
For determination of the optimal control problem

of fed-batch fermentation processes maximizing of the
optimization criterion at the end of the process max J on



the used substrate S is accepted. Thus the optimization
problem is reduced to find a profile of the control
variable.

The optimization criterion is accepted the value
of the functional X (t) at the end the process (T=12) that
means of the quantity formed biomass after 12 hour
fermentation.

The criterion of quality has a type:

max 0 = Jf.X(t) V(t)dt

where: #,— initial time, 7~ final time of the fermentation.

The objective of this work is to find the optimal feed flow
rate (F(t)) of a fed-batch process, such as the biomass,
that will raise the biomass at the end of the process, i.e.:

max 0= jX @OV (t)dt (3)

A general dynamic optimization problem can be
defined as follows:

max if(w,,,ui) (4)

Up s Ujy =

Where: W is a vector of the variables that
describe process, u - vector of control variables, k is the
current stage.

The obijective is to maximize the combination of

the total span and the stagewise, together with the
terminal costs subject and the terminal constrains.
DP includes a stagewise calculation of the cost-to-go
function to reach the solution for the general initial state.
The cost-to-go (10) at each stage is defined by
(Anastassiadis, 2007):

N-1
B(W(t,).1,)= max Ay f(W,,u,) (5)
‘min S¥k SUmax =)

Then the calculation of the cost-to-go function at
each stage can be done as:

BW()t)= max {0 )u)+BOE.).,) (6)

Once obtained the cost-to-go function,
represents a convenient vehicle to obtain the optimal
solution for the general stage.

By continuing the cost-to-go iteration of (6) until
convergence within the procedure it can be seen that
the infinite horizon cost-to-go function B_, satisfying the

following “Bellman equation” can be obtained:
B, (W)= max{f(w,u)+ B(¥,u)} (7)

Unfortunately, in very few cases the problem
can be solved through the stagewise optimization in
order to analytically obtain a closed-form expression for
the cost-to-go problem. The conventional numerical
approach to the problem involves gridding the state
space, calculating and storing the cost-to-go for each

grid points as one marches backward from the first (or
last) stage to the lest (first). For an invite horizon
problem the number of iterations required for
convergence can be very big. Such an approach is
seldom practically feasible due to the exponential
growth of the computation with respect to the state
dimension.

The traditional approach for solving the Bellman
equation involves gridding of the state space, solving
the optimization (10) for each grid point and performing
the stagewise optimization until convergence is
achieved. The comprehensive sampling of the state
space can be avoided by identifying the relevant regions
of the state space by simulation under judiciously
chosen suboptimal policies (Vlachos et. al. 2006).

The policy improvement theorem states that a
new policy that is greedy (a greedy policy is one whose
current cost is the least) with respect to the cost-to-go
function of the original policy is as good as or better
than the original policy, so the new policy can be defined
as follows:

uWw) = arg max f (W,u)+ B(W,u)

Where arg G(u,x,i) eRy.nir is an
improvement over the original policy and ueR,, WeR,
andieR,.

When the new policy is as good as the original
policy the above equation becomes the same as
Bellman equation (7).

The relevant regions of the state space are
identified by simulation of NDP control and the initial
suboptimal cost-to-go function is calculated from the
simulation data. In this survey a functional approximator
is used to interpolate between this data. The
improvement is obtained through the iteration of the
Bellman equation. When the iteration Converge this off-
line computed cost-to-go function can be used for an
on-line optimal control calculation for the bioreactor
(Xiong & Zhang, 2005).

NDP uses neural network approximations for the
approximation of cost-to-go function. The cost-to-go
function was not used to generate an explicit control law;
instead, it was used in an on-line optimization to reduce
the large (or infinite) horizon problem to a relatively short
horizon problem. The method was found to be robust to
approximation errors. Both deterministic (step changes
in kinetic parameters) and stochastic problems (random
variations in kinetic parameters and feed composition)
were explored (Peroni et. all 2009), (Krishnamoorthy K.
etal 2011).

The following notations are used for description
of the algorithm:

B - Bellman equation;
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E(x) - approximated Bellman equation corresponding
to state W,

()' - iteration index for cost iteration loop;
k — discrete time.
Finally:

B(k)= B0V (k) and f(k) = f(W (k),u(k))

The general simulation-approximation scheme
involves computation of the converged cost-to-go
approximation off-line. The architecture of the scheme is
shown in Figure 2. Step 1, Step 2, Step 3 and Step 4
represent the “Simulation part”, and 5 and 6 the “Cost
Approximation Part”.

The simulation-based approach involves
computation of the converged profit-to-go
approximation off-line. The following steps describe the
general procedure of NDP algorithm:

1. Starting with a given policy (some rule for choosing
a decision u at each possible state i), and
approximately evaluate the cost of that policy (as a
function of the current state) by least-squares-fitting

a scoring function JI(X) to the results of many
simulated system trajectories using that policy;

2. The solution of one-stage-ahead cost plus cost-to-
go problem, results in improvements of the cost
values;

3. The resulting deviation from optimality depends on a
variety of factors, principal among which is the

ability of the architecture JHX) to approximate
accurately the cost functions of various policies;

4. Cost-to-go function is calculated using the
simulation data for each state visited during the
simulation, as for each closed loop simulation
(simulation part).

5. A new policy is then defined by minimization of
Bellman’s equation, where the optimal cost is
replaced by the calculated scoring function, and the
process repeats. This type of algorithm typically
generates a sequence of policies that eventually
oscillates in a neighbourhood of an optimal policy;

6. Fit a neural network function approximator to the
data to approximate cost-to-go function as a
smooth function of the states;

7. The improved costs are again fitted to a neural
network, as described above, to obtain subsequent
iterations J'(X),J>(X), and so on ..., until
convergence.

The NDP algorithm block- scheme is shown in
Figure 1.

Take into consideration that when starting with a
fairly good approximation of the cost-to-go (which has to
be a result of using a good suboptimal policy), the cost
iteration has to converge fairly fast — faster than the
conventional stagewise cost-to-go calculation.

© 2014 Global Journals Inc. (US)

The next values of F are examined - F=0.7, 0.2,
..., 0.7, that can cover the possible rang of variations.

The bioreactor was started at three different W
(0) values for each of the parameter values around the
low product yield steady state.

A functional approximation relating cost-to-go
with augmented state was obtained by the neural
network — with five hidden nodes, six input nodes and
two output nodes. The neural network presented a good
fit with a mean error of 10-3 after training for 1000 epoch.

/ [ Bellman equation ] \

Scoring

Neural Network

\ COST APPROXIMATION PART

Optimization
criteria

Closed — Loop
Simulation
\  SIMULATION PART /

Cosi-to-do Function

Flgure1. NDP algorithm.

Improvement of the cost-to-go is obtained
through the iterations of the Bellman equation (13). This
method is known as a value iteration (or value iteration).
The solution of the one-stage-ahead cost plus cost-to-
go problem, results in the improvement of the cost
values. The improved prices were again fitted to the
neural network, described above to obtain subsequent

iterations B'(k), B>(k) and so on .., until they are

converged. Cost is said to be “converged” if the sum of
the absolute error is less than 5% of the maximum cost.
The cost is converged in 7 iterations for our system.

The converged cost-to-go function from above was used
for solving the one-stage-ahead problem. The choice for
switch over the one-stage-ahead of the control variable
is calculated by:

%’u)_i_gé(%
t

k k

u(k) = arg max {f ( ,U(k))} (8)

Where: u is vector of control variables, k is the
optimization stages, B is Bellman equation.

Following this procedure, a program on
MATLAB 8.0 has been developed and the optimal profile
of the control variable has been obtained.

With this procedure a program on MATLAB 8.0
is developed and it the optimal profile of the optimal
control variables are obtained. The time procedure is in
1100 s. The profile is shown on Figure 2.

The concentration of the biomass before and
after optimization is shown in Figure 3.

The program for optimal control is developed
using NDP method. The results show generally an



increase of 13.37 % amount of biomass production after
the dynamic optimization. This result is shown in Figure
9.

= 0,051
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0,03

0,02+

0,011
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Figure 2: Optimal profile of the feeding rate received
with and NDP.

35
- - = = X(t) After Optimization
30| —— X(t) Before Optimization

X, g/l

Time, h

Figure 3 . Concentration of the biomass before and after
optimization

IV. CONCLUSION

A techniqgue based on Neuro-Dynamic
Programming approach has been developed to achieve
an optimal feed rate profile for biomass production a
fed-batch bioprocess.

The approach proposed such as one methodic
for alleviation of “curse of dimensionally” of dynamic
programming. The results show that quality biomass is
risen at the end of the process. Using of the method
shows that it to be able for application in on-line optimal
problems.

Realization of such an optimal control approach
combined with advanced control techniques (artificial
neural networks with classical optimization method) in
practice can conduct to the value and elaboration time
reduction in the laboratory fed-batch bioprocesses, but
not only that, as well in elaboration time reduction
technique for optimal control.

The producing of lactose with using of cheese
whey, which is a waste product at the production of
white brine cheese leads to the receiving one of close
cycle and an ecological clean and wasteless
technology.
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What is the Most Environmentally-Friendly
Utilization of Biomasses?

S Matsuda

Absiract- This article deals with the realistic and effective use
of biomass mainly as an energy supply, since the fuel
production from crops and other biomass resources has
attracted much attention in the world. Several concrete
examples of the evaluation of biomass utilization were
exhibited from two different standpoints. One was “qualitative”
evaluation, which includes the ratio of input/output energy, a
new index of CO, emission reduction, the comparison of the
electricity generation density using solar energy, and the
energy efficiency of cars with different source of power. The
other was “quantitative” evaluation, which means the amount
and distribution of readily-utilizable biomass resources and a
comparison between the supply and demand of these
resources. In conclusion, it was emphasized that the priority of
biomass use should be as follows according to its economical
value: human food is greater than animal feed, which is
greater than industrial material, which is greater than fuel
(energy). Thus, the cascade-type biomass utilization system
should be sought; in addition, biomasses should be used as a
local energy source, not as an alternative to petroleum.

l. INTRODUCTION

ecently, the liquid fuel production from crops and
other biomass resources (‘biofuel’) has attracted

much attention in the world as the prevention of
global warming is becoming an urgent issue, because
the biofuel is perceived to be ‘carbon neutral’ and useful
as a countermeasure against global warming.

In fact, the production of biofuel has been put
into practical use not only in the US, EU, Brazil and other
countries but also in Japan. As for its impact on the
environment, however, evaluations still vary, including
those concerning the influence of biofuel on the global
economy, for example the food price crisis that might
have been caused by competition within the food
industry. In the previous study [1], the author pointed
out that ‘bio-ethanol’ from crops is never ‘carbon
neutral’ nor is it useful as a countermeasure against
global warming.

Since the shortage of food crops affected by
the expansion of biofuel production became a critical
issue, the ‘second-generation’ of biofuel made from
non-food biomass sources has attracted much attention
all over the world. In particular, the following statement
in the Hokkaido Toyako G8 summit held in Nov. 2008
accelerated this trend which made ‘use of biofuels with

Author : Department of Applied Chemistry and Biochemical
Engineering,  Shizuoka  University, — 3-5-1  Johoku,  Naka-ku,
Hamamatsu, 432-8561, JAFPAN. e-mail: icsmats@ipc. shizuoka.ac.jp

food security and accelerated the development and
commercialization of sustainable second-generation
biofuels from non-food plant materials and inedible
biomass’ (in ‘G8 Leaders Statement on Global Food
Security’ [2]).

The target biomass contains a wide variety of
types: cellulosic materials, such as woody biomasses,
and paddy straw, algae and some kinds of oil producing
plants, which are considered to be sustainable.
Research on the kinds of the target biomass is in
progress. Among them, ‘Jatropha’ has emerged as one
of the best candidates for future biodiesel production
[3]. However, no positive results of an assessment on
the validity of Jatropha production were obtained from
previous research, in which a feasibility study was
attempted as quantitatively as possible using the data
obtained from a field survey in Indonesia conducted by
the author in January and March of 2009 [4].

In this study, several concrete examples of the
evaluation of biomass utilization were exhibited from two
different standpoints. One was “qualitative” evaluation,
which includes the ratio of input/output energy, a new
index of CO, emission reduction, the evaluation of the
electricity generation density using solar energy, and the
energy efficiency of cars using alternative sources of
power. The other was “quantitative” evaluation, which
involves the amount and distribution of readily-utilizable
biomass resources and a comparison between the
supply and demand of these resources.

[I. “QUALITATIVE" ESTIMATION

In this section, several concrete examples of the
evaluation of biomasses were exhibited using the
concepts of energy balance (the comparison of input
and output), energy production density, and energy
utilization  efficiency, which were classified as
“‘gualitative” estimation because the basis of the
analysis was not an absolute amount but a unit amount
per area, energy production, and so on. Most data used
in this study were excerpted from references [5] and [6]
written by the author.

“w o

a) The ralio of input/output energy ‘i
CO, emission reduction v’

The ratio of energy output to input “u” has long

been used as an index of the utility of energy production

systems. In the case of biofuel production, this index is

defined as follows:

and the index of
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u = (Lower calorific value of biofuel) / (Total energy input for biofuel production)

The total energy input should contain all kinds
of artificial energy input required for biofuel production,
such as collection, transportation, cultivation (in the
case of cultivated biomasses), and processing. If the
biofuel production is valid as an energy supplier, the
condition that u is greater than 1 should be
implemented. However, the value of u is lower than the
unity in many cases because the energy input to obtain

(1

biofuel is often larger than the energy obtained from
biofuel [1], [5], [6].

When the validity of biofuel production is
estimated from the standpoint of the reduction of CO,
emission, the index p is inadequate because the
emission of CO, varies according to the type of energy.
Thus, a new index of CO, emission reduction “v” was

derived and proposed by the author [1] as follows:

v = (Net reduction of CO, emission by biofuel use) / (Gross reduction of CO, emission by biofuel use) = (A-B) /A =1-B/A (2)

Where A equals kg-CO,/L-biofuel, the amount of
biofuel CO, emissions used as an alternative to fossil
fuel when the principle of “carbon neutral” is simply
applied, and B equals kg-CO,/L-biofuel, the net amount
of biofuel CO, emissions used as an alternative to fossil
fuel when the energy input for biofuel production was
taken into account.

Then, the terms A and B can be represented by
the following equations, respectively:

A = Qa x Ef (3)

Where Qa equals MJ/L-biofuel, the lower
calorific value of biofuel, and Ef equals kg-CO,/MJ, the
CO2 emissions from fossil fuel consumption per unit of
energy.

B =Qt x Es (4)

Where Qt equals MJ/L-biofuel, the total energy
input for biofuel production, and Es equals kg-CO,/MJ,
the CO, emissions per unit of energy input.

Since the energy input for biofuel production
contains various energy sources that have different

v=(A-B)/A=1-B/A=1-(Qt

In the case of biofuel production, the ratio of
energy output to input u defined by Eq. (1) is:

pn=Qa/Qt(8)

Thus, from equations (7) and (8), v can be
expressed as a function of u and e as follows:

v=1-g(1/p) (9

Since the value of € is near unity in the case of
petroleum-based fuels as stated above, the value of v is
controlled mainly by u. When the primary energy
composition was taken into account, the value of € in the
case of bioethanol (substitute for gasoline) was 0.87,
and that of biodiesel (substitute for light oil) was 0.85
from the calculation using recent energy statistics data
from Japan [1]. Therefore, the value of € = 0.9 can be
used as an approximated constant value.

There was much research concemning the
energy balance in biofuel production (e.g. [7]-[12]), so
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basic units of CO, emissions, the term Es should be
expressed as follows:

Es = 5 (xi x Esi) (5)

Where Es/ equals kg-CO2/MJ, the CO2
emissions of energy source / per unit of energy input,
and x/equals —, the distribution ratio of energy source /
in the total energy input.

In addition, since the CO, emissions per unit of
energy are different within each energy source / a
coefficient € should be defined to express a
characteristic of CO, emissions of energy sources on
the basis of energy sources, such as gasoline.

e=Es/Ef =3 (x/x Es)/Ef =3 (x/ X €} (6)

Where ei equals Esi / Ef, an index of CO,
emission characteristics of each energy input source /.

When gasoline is adopted as the basis, the &/
values of major fossil fuels are as follows: gasoline’s
value equals 1.00, light oil, 1.07, kerosene, 1.04, heavy
oil, 1.12, coal, 1.37, and natural gas, 0.81.

From equations (2) to (6), the following expression can
be derived:

Es)/ (Qa x Ef) = 1 -¢ (Qt/Qa) 7)

that the data of p could be available with relative ease.
The examples of v values using these data are as
follows (e = 0.9 is assumed).

a. Bioethanol production from sugarcane in Brazil: pu =
7.4, v = 0.88 > Effective at reducing CO, emissions

b. Bioethanol production from corn inthe U. S.: u = 1
(0.89~0.99), v = 0.1 - Hardly or not at all effective
at reducing CO, emissions

c. Biodiesel production from soybeans in the U. S.: p
= 0.76, v = -0.2 - Increase in CO, emissions

d. Bioethanol production from agricultural products in
Japan: p « 1, v « 0 = Significant increase in CO,
emissions

These results indicated that the production of
biofuel was never “carbon neutral” and even increased
CO, emissions in many cases because the artificial
energy input for liquid biofuel was often rather large in
comparison to the energy content of biofuels. If



biomasses are used as an energy source, a simple
method such as direct combustion of a solid biomass
would be more environmentally friendly and nearly
“carbon neutral,” because the artificial energy input
would be relatively small.

a) Energy Production Density: Solar Cell versus
Biomass Power Production
As a means for obtaining electricity from solar
energy, a comparison was attempted between solar
cells and thermal power generation using a woody
biomass as follows:

The average energy production density per unit
area S of photovoltaic generation in Japan was 158
kWh/m?/ year [5].

On the other hand, the data of the current
annual increment (yearly increase in the accumulation of
woody biomasses) in Japanese artificial forests was
11.1m/ha/year [6]. Supposing that the bulk density of a
woody biomass is 0.6 x 10° kg/mi, the lower calorific
value of a woody biomass would be 3.4 x 10° kcal/kg,
and the efficiency of thermal power using this biomass
would be 30%, and the electricity obtained per unit area
W would be as follows:

W = (11.1 m¥%ha/year) x (10*ha/m?) x (0.6 x 10° kg/m®) x (3.4 x 10°kcal/kg) + (860/0.3 kcal/kWh) = 0.789 kWh/ m?/year

Thus, S/W equals 158/0.789 = 200, meaning
that the solar cell has a much higher energy production
density than thermal power generation with a woody
biomass as a means for obtaining electricity from solar
energy. The essential reason for this result is that
biomass production is strictly limited by the efficiency of
photosynthesis (solar energy accumulated in biomass /
total quantity of solar radiation), which is generally about
1% or less on the basis of the annual average. In
addition, the efficiency of thermal power is another
handicap. This value is about 40% or more in large-
scale, state-of-the-art thermal power plants using fossil
fuels, but about 30% or much less in thermal biomass
power generation due to both the lower calorific value of
biomasses and the smaller scale. Considering the
situation stated above, it should be concluded that the
direct electricity generation using solar cells has a much
greater advantage than any method using a biomass
(e.g. thermal power or biomass fuel cells), of which the
overall efficiency would inevitably be less than that of
photosynthesis, if the purpose is to obtain electricity
from solar energy.

b) The Possibility of Artificial Photosynthesis as a
means to supply organic resources

Artificial ~ photosynthesis has long been
researched as “one of the dreams of chemists,” but the
efficiency of natural photosynthesis by plants (biomass)
is much higher than that of any known artificial ones.
The final goal of practical artificial photosynthesis would
be to supply organic resources such as foods and fuels
using solar energy and CO, in the air as a carbon
source. There is, however, a complexity involved from
the aspect of chemical engineering. The amount of
organic carbon consumed by humans is about several
(10% gigatons (GT) per year, which is currently
composed of mainly fossil fuels and biomasses (natural
photosynthesis). It is obvious that a massive chemical
plant would be required for supplying at least several
hundreds of millions (10%) of tons of organic carbon,
which  would be necessary as a practical
countermeasure against global warming, since the solar
energy density is about several hundreds of W/m? and

the efficiency of artificial photosynthesis would be much
less than 1%; in addition, the concentration of CO, in the
air is about 400 ppm (= 0.04%). It is rather difficult to
estimate how large of an area as well as how much cost
would be required for such an enormous chemical plant.
In other words, it will be some time before organic
resources used in our society can be supplied from CO,
in the air as a carbon source using solar energy.
Petroleum and natural gas will most likely remain the
main carbon sources, and then coal will probably
succeed them (e.g. “C1 chemistry” which is not feasible
now mainly due to economical efficiency). In short,
natural photosynthesis, i.e. biomass production, is much
more efficient as a means of supplying organic
resources using solar energy and CO, in the air as a
carbon source than an artificial one in terms of energy
efficiency, economics, and the environmental impact.

c) Energy Ulilization Efficiency: Bioethanol versus an
electric vehicle

One of the reasons why biofuels attracted much
attention was that they were liquid fuels and could be
used for automobiles directly. For this reason, a
comparison in overall energy efficiency should be
conducted between cars driven with electricity (motor)
and biofuels (internal combustion engine) using the
same fuel source of 1 ton of a woody biomass, of which
the lower calorific value is 3.4 x 10° kcal/t.

i. Case 1. Bioethanol production - an internal
combustion engine car

Supposing that the yield of bioethanol from a
woody biomass is 290 L/t (rather optimistic) and the
lower calorific value of ethanol is 5057 kcal/L, the
obtained energy would be 1467 x 10° kcal/t (=5057
kcal/L x 290 L/t). The gross energy yield without a
processing energy input is about 43% (1467 x 10°
kcal/t) divided by (3.400 x 10° kcal/t). The energy input
for the ethanol producing process would be at least 20%
of the energy empirically contained in the biomass
material. Thus, the net energy yield would be about
23%. Also, if the efficiency of an internal combustion
engine using bioethanol is 16%, then the overall
efficiency of entire process is as follows:

© 2014 Global Journals Inc. (US)

Global ]()LII'I’]&I of Science Frontier Research ( E) Volume XIV Issue II Version | E Year 2014



Global ]()urndl of Science Frontier Research ( E) Volume XIV Issue [[ Version I E

0.23 X 0.16 = 0.0368 = 3.7%

The yield of the bioethanol of 290 L/t used here
is an ideal value in which almost all cellulose in the
woody biomass can be converted into ethanol. The
actual yield in practical factory data was reported to be
about 40 L/t or less, signifying that the overall efficiency
of 3.7% may be much lower.

i, Case II: thermal power generation using woody
biomass - an electrical vehicle (EV)

Supposing that the efficiency of thermal power
using a biomass is 30% and the total efficiency of EV is
80% (containing battery charge, running), the overall
energy efficiency would be as follows:

0.30 x 0.80 =024 =24 %

Therefore, the overall efficiency in Case IO is
much higher than that in Case 1, even though the
assumed ethanol yield is rather optimistic, signifying that
automobiles should be driven with electricity rather than
an internal combustion engine using bio-ethanol or bio-
diesel because the former is highly efficient in energy
utilization.

[II.  “QUANTITATIVE" ESTIMATION

In this section, “quantitative” evaluation, or the
amount and distribution of readily-utilizable biomass
resources and a comparison between the supply and
demand, will be discussed.

a) The Amount and Distribution of Biormass Resources

The origin of biomass resources is organic
carbon formed by natural photosynthesis, and the
amount of fixed carbon is represented by the index of
Net Primary Productivity (NPP: called simply “Primary

Production”). Although many research reports have
been published attempting to estimate the amount and
distribution of NPP in various regions and ecosystems,
only extremely approximate data is available. So far, the
global NPP of 5-35 GT of carbon per year is adopted as
the most probable value of a land biomass, whereas the
stock biomass is estimated to be about 500 Gt-C. The
simple energy equivalent value of this NPP (5-35 Gt
Clyear) is about ten times larger than the total global
energy demands. That was one of the reasons why
biomasses have attracted worldwide attention as a
candidate for a renewable energy source. In addition,
the NPP of a marine biomass is estimated to be 10-40
Gt-Cl/year, slightly larger than the land biomass,
whereas the stock is very small, at about 0.3-1.5 Gt-C,
signifying that the turnover rate of marine biomasses is
very large. Considering the difficulty of collection and the
high moisture content, the marine biomass could not be
solely utilized as a fuel resource.

In many cases, the NPP data was computed by
multiplying the ecosystem area by a typical unit NPP
value of the ecosystem (e.g. forests, grass lands, and
savannas), but this unit NPP value often has a very wide
range. For example, temperate evergreen forests range
from 6-25 tons of dry biomass per hectare per year,
savannas from 2-20, and arable lands from 1-35. Also,
another difficulty lies in the accurate estimation of an
ecosystem area since there are many kinds of
vegetation mixed in real ecosystems. Thus, it should be
noted that the NPP data always has a potentially large
error margin.

There is a large difference between NPP and
the amount of available biomasses, which can be
estimated as follows:

Maximum Potential = NPP — (pre-used biomass) — (waste biomass) (10)

Where, the “pre-used biomass” contains foods
and woods (timber and firewood) already consumed.

The maximum potential given by equation (10) should
be reduced in a stepwise manner as follows:

NET-1 = Maximum Potential — (biomass required to maintain the ecosystem) (11)

NET-2 = NET-1 — (biomass difficult to utilize due to geographical and/or economical conditions) (12)

The amount of readily-available biomasses
should be estimated using equation (12), but in fact it is
rather difficult to evaluate this amount accurately. That is
why there is very little data on the readily-available
biomass.

b) Energy Equivalent of Forest Biormass

It is obvious that a major part of land biomasses
is the forest biomass (wood). Here, the energy
equivalent value of forest biomasses currently
consumed will be estimated in order to compare it with

the primary energy consumption. The common
assumption will be that the bulk density of a woody
biomass is 0.6t/m* and the lower calorific value of
woody biomass is 3.4 x 10° kcal/t.

i. World

The entire production (or consumption) of wood
(as a log conversion) in the year 2007 on a commercial
basis was 3591409 x 10° m® (firewood 1886182 x10°
m?®, timber wood 1705227 x10° md®. The energy
equivalent value of this amount, Wb, is as follows:

Wb = (3591409 x 10° m?) x (0.6 t/m®) x (3.4 x 10° kcal/t) / (107 kcal/t-oil equivalent) = 0.733 x 10° kcal/t-oil equivalent

On the other hand, the entire primary energy
consumption in the same year, Wt, was 10.583 x 10°

© 2014 Global Journals Inc. (US)

kcal/t-oil equivalent. Thus, the ratio for both Wb and Wt
equals 0.733/10.583, which equals 0.069, or 6.9%.



i, Japan
The entire production (or consumption) of wood in

the year 2007 was 838799 x 10° m® (all timber;
domestic 19313 x10° m?®, imported 64565 x10° m?).

The energy equivalent value of this amount, Jb, is as
follows:

Jb = (838799 x 10° m®) X (0.6 t/m?) x (3.4 x 10°%kcal/t) / (107 kcal/t-oil equivalent) = 17.1 x 10° t-oil equivalent

The entire primary energy consumption in the
same year, Jt, was 534.9 x 10°t-oil equivalent. Thus, the
ratio for both Jb and Jt was 17.1/534.9, which equals
0.032, or 3.2%.

This result shows that the energy equivalent
value of an entire currently utilized woody biomass
occupies only 3 to 7% of the total primary energy
consumption. In addition, over half of the wood utilized
in the world is firewood that is already consumed as an
energy source. Therefore, biomasses should not be
regarded as an alternative energy source for fossil fuel,
but be used as local energy on a smaller scale.

[V. CONCLUSIONS

The fact remains true that biomasses should be
utilized effectively as one of the most valuable
renewable resources, because biomasses are the main
sources of food, timber, paper and also fuel.

The emphasized points in this article are as follows:

1) In order to quantitatively estimate the contribution of
biofuel to the reduction of CO, emission, a new
index of CO, emission reduction as well as its
calculation method was proposed.

2) If the purpose is to obtain electricity from solar
energy, solar cells are a much better option than
power generation by biomass combustion due to
the difference in the conversion efficiency.

3) Automobiles should be driven with electricity rather
than by an internal combustion engine using
bioethanol or bio-diesel because the former is highly
efficient in energy utilization.

4) The absolute amount of readily-utilizable biomasses
in the energy equivalent value compared with fossil
fuel is rather small; only a small fraction of the
world's primary energy can be supplied with
biomasses, meaning that biomasses should only be
used as one of the local energy sources.

5) The priority of biomass use should be as follows
according to its economical value: human food
should be greater than animal feed, which should
be greater than industrial material, which should be
great than fuel (energy); thus, the cascade-type
biomass utilization system should be sought.
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Relations between Anthropometric Dimensions
and Overcome Resistance in Individual Motion

Miroslav Dodig

Summary- The research was carried out on a sample of 124
subjects, 15-16 year old males. An analysis was performed of
the relations of anthropometric body characteristics and
overcome resistance in individual motion. Obtained
information was submitited for mathematical analysis, the
MULTREG program, from the statistical program “STAT -
PACK” (Gauss - Jordan, 1954, Cooley — Lohnes, 1962). On
the basis of maximum cohesion and regressive coefficients,
variables that measured body volume, transversal skeletal
dimension and longitudinal skeletal dimension have the
highest cohesion with the overcome maximum resistance in
individual motion from anthropometric body characteristics.
The weakest contribution to predicting resistance lies within
the variables that measured subcutaneous adipose tissue.
High cohesion of variables of the overcome maximum
resistance in individual motion with anthropometric body
characteristics indicates that a part of the resistance variable
in motion is conditioned by mutable flexible anthropometric
values. As the overcome maximum resistance in motion is
mainly conditioned by the structure for generating intensity
and duration of energy release, thus the anthropometric
dimensions, especially in the volume segment, body volume
and transversal skeletal dimensionality, present a factor that
significantly participates in the realization of motion with
increased requirements for overcoming maximum resistance
in motion.

Keywords: multiple  regressive analysis, relations,
anthropometric ~ dimensions, overcome  maximum
resistance in individual motion.

[.  PROBLEM

form an organized and integrated system, and

relatively simple relations of resistance in motion
and anthropometric dimensions depend on them
(4,5,6). This complexity is conditioned firstly with
anatomical body structures and  physiological
mechanisms for motion regulation. Such mechanisms
have simple physiological regulatory mechanisms in
their structures, which are responsible for the realization
of the kinetic structure. There is no doubt, that overcome
resistance in motion is a comprehensive part of the
musculoskeletal system, and it is thus presumed that
certain anthropometric dimensions (the longitudinal,
transversal and circular skeletal dimensions and
subcutaneous fat factor) have a serious role in the
exploitation of resistance in motion (1,2,7,12,13,14).

Since functional structures of the biological system

Author: Independent Researcher University of Rijeka, Croatia.
e-mail: dodig@pfri.hr

Long limbs, thus long levers, due to their length produce
a larger possibility of realizing the amplitude of motion in
individual motion. Because of long extremities, the
resistance required to overcome motion in space must
be described by significantly longer trajectories
throughout the process of motion so as to ensure
optimal biomechanical functioning of the kinetic chain,
than it is the case of the short level system (8, 9, 10). It
can be expected that subjects with a larger volume and
body bulk, and larger transversal skeletal dimensionality
have a bigger impact in motions that are defined with
maximum resistance measures. It can be presumed that
the positive influence of the volume dimension, body
bulk and transversal skeletal dimensionality influence
the outcome of motion, where it is necessary to
overcome some maximum external resistance, realized
in individual motion.

I1. METHODS

The sample of subjects for this research study
amounted to 124 subjects, of male gender ranging from
15 to 16 years of age. The planned sample of 124
Subjects, represents the effect sufficient for any
correlation coefficient equal to or larger than .23,
consider different from zero with a margin of error lesser
than 0.1 or a .99 degree of reliability.

Pursuant to the goal and purpose of the
research measuring instruments that have already been
validated in the author’s prior researches were used (M.
Dodig, 2010), and were selected in a manner so as to

cover all dimensions of the hypothetical model.
Variables for the evaluation of anthropometric

characteristics

- Longitudinal skeletal dimensionality; 1.body height
(ATV), 2.leg length (ADN), 3.arm length (ADR),
4 biacromial range (ASK).
Transversal  skeletal  dimensionality; 1.elbow
diameter (ADL), 2.wrist diameter (ADRZ), 3.knee
diameter (ADK).
Body volume and bulk; 1.body weight (AT), 2.mid-
range of chest (AOG), 3.upper arm magnitude —
extended (AON), 4.upper arm magnitude — bent
(AONK), 5.shin magnitude (AOP).]
Subcutaneous tissue; 1.cutaneous back fold
(AKNL), 2.cutaneous stomach fold (AKNT),
3.cutaneous shin fold (AKNP).

Variables for evaluation of resistance in
individual motion are defined with overcome maximal
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resistance in realized motion, expressed by the unit of
measure for mass — kilogram (kg) 1.lifting with legs from
squat (EPDNKG), 2.Pushing with hands from lying
position (EPDRKG), 3.arms pulling up from lying
position (EPPRKG)

Methods for transformation, condensation and
mathematical data analysis are selected according to
data analysis requirements. Obtained data are subject
to analysis.

Relations of variables which measured
resistance in motion and the variable of anthropometric
body characteristics are solved with a multiple
regression analysis, the MULTREG program, from the
statistic program “STAT - PACK” (Gauss — Jordan,
1954, Cooley — Lohnes, 1962). For the purpose of
determining relations between predictor variables and
criterion variables, the correlation coefficients between
each predictor variable and criteria variable (R) were
calculated, as were the regressive -coefficient of
predictor variables (BETA), the standard error of
regressive coefficients (SIGMA-D), the T-values of the
regressive coefficient of determination of criterion
variables (DELTA) and coefficients of regression T
(BETA). Furthermore, the coefficients of determination of
criteria variables were also calculated, as well as

coefficients of multiple correlations between predictor
variables and criterion variables (RO) that are derived
from a routine evaluation prognosis (SIGMA-D). The
analysis of variance tested the hypothesis that the
population to which the sample belongs to, the
coefficient of determination of criteria variables is equal
to zero. For this purpose quadrant sums were
calculated, degrees of freedom and middle quadrant,
which belong to the linear regression and deviation from
the linear regression. In addition, sums of middle
quadrants were also calculated for the total variance
source. The hypothesis about the nullity of coefficients
of determination was tested with an F — test. The
percentage of contribution of predictor variables
explains the total variances of the criterion variable (P)
and (Q) significance of F — test at a reliability level of .99
and .95 along with DF1 and DF2 degrees of freedom, if
the real value of the coefficient of determination is zero
(Cooley, W. W., Lohnes, P. H., 1971).

I1I.  RESULTS

With analysis of obtained results in the space of
variables of anthropometric characteristics in relation to
resistance in motion, lifting with legs in individual motion
(EPDNKG), table 1, a significant influence is discerned.

Table 7 . Multiple regression of variable (EPDNKG) resistance in motion, lifting legs in individual motion in the
system of anthropometric variables

Variables R Beta Sigma-B T(Beta)
1. AVT 0.12 -0.01 0.02 -0.45
2. AT 0.08 -0.01 0.03 -0.30
3. ADN 0.08 -0.01 0.03 -0.31
4. ADR 0.1 -0.04 0.06 -0.63
5. ASK 0.31 0.22 0.24 0.92
6. ADL 0.20 -0.00 0.17 -0.01
7. ADRZ 0.32 0.04 0.17 0.26
8. ADK 0.39 0.03 0.03 0.99
9. AOG 0.38 -0.00 0.02 -0.12
10. AON 0.45 0.03 0.10 0.32
11. AONK 0.49 0.09 0.08 1.08
12. AOP 0.38 -0.00 0.06 -0.09
13. AKNL 0.19 0.01 0.03 0.53
14. AKNT 0.1 -0.00 0.02 -0.34
15. AKNP 0.06 0.04 0.02 -1.73
DELTA RO SIGMA-D F P Q
0.31 0.56 8.42 3.29 21.88% 0.01

Key: ATV — body height, ADN — leg length, ADR — arm length, ASK - bioacromial range, ADL — elbow
diameter, ADRZ — wrist diameter, ADK — knee diameter, AT — body weight, AOG — middle range of

chest, AON — upper arm range — extended,

AONK - upper arm range — bent, AOP — shin range,

AKNL - cutaneous back fold, AKNT - - cutaneous stomach fold, AKNP - - cutaneous shin fold.
R — coefficients of correlation between every predictor variable and criterion variable

BETA — regression coefficients of predictor variables
SIGMA-B - standard error of regression coefficients

T (BETA) — values of regression coefficient

DELTA - coefficients of determination of criterion variables
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RO — coefficients of multiple correlations between predictor variables and criterion variables

SIGMA-D - standard evaluation of prognosis
F — test

P — percentage of contribution of predictor variables towards the explanation of the total variance

criterion variable
Q - reliability

In the region of predictor variables, the variables
that measured the transversal dimensionality of the
skeleton have the biggest connection with the criterion
(ASK, ADL, ADRZ, ADK) as well as variables that
measured body volume (AOG, AON, AONK, AOP). A
regressive function ensuring a satisfactory level of
multiple regression (0.56) was formed with a linear
combination of variables, with a significant coefficient of
determination (0.31). The largest contribution towards
forming regressive functions have body volume
variables (AON, AONK, AOP) and transversal
dimensionality variables (ADRZ, ADK, ASK, ADL).
Obtained results indicate that for realization of
resistance in motion of legs in individual motion,
anthropometric characteristics play an important part,
manifested as body volume and transversal skeletal
dimensionality i.e. larger volume and bone density
enable overcoming stronger resistance in motion.

This is also confirmed by the analysis of the
variance where the F — test is statistically significant on a
level of .99 reliability. Evaluation of the fraction of
resistance in motion that can be attributed to multiple
regression (the ratio of the average quadrant) in the
space of variables with anthropometric characteristics
amounts to 78.12%. Their complementary part amounts
to 21.88% and evaluates the fraction of variance that is
explained by the system of variables of anthropometric
body characteristics.

Observing the space of variables of
anthropometric body characteristics in relation to
resistance in motion, raising arms individual motion
(EPDRKG), table 2, a significant impact can be
discerned.

Table 2 : Multiple regression of variable (EPDRKG) resistance in motion, raising arms in individual motion within the
system of anthropometric variables

Variables R Beta Sigma-B T (Beta)
16. AVT 0.16 -0.03 0.01 -1.69
17. AT 0.17 0.03 0.02 1.82
18. ADN 0.09 -0.04 0.02 -1.90
19. ADR 0.18 -0.02 0.04 -0.65
20. ASK 0.40 0.20 0.15 1.33
21. ADL 0.35 0.12 0.10 117
22. ADRZ 0.41 -0.01 0.10 -0.10
23. ADK 0.54 0.01 0.02 0.58
24. AOG 0.61 0.05 0.01 2.93
25. AON 0.66 0.05 0.06 0.86
26. AONK 0.72 0.14 0.05 2.56
27. AOP 0.50 -0.04 0.03 -1.09
28. AKNL 0.23 0.00 0.02 0.27
29. AKNT 0.16 -0.03 0.01 -1.76
30. AKNP 0.11 -0.02 0.01 -1.75

DELTA RO SIGMA-D F P Q

0.67 0.82 5.22 14.77 62.69% 0.01

Key (see Table 1)

In the region of predictor variables, variables
that have the strongest connection to the criteria (AONK,
AON, AOG, AOP) are the ones that measured body
volume. A somewhat lesser connection have those
variables (ADK, ASK, ADL, ADRZ) that measured
transversal dimensionality of the skeleton. A significantly
lesser connection which is borderline significant have

variables (AT, ADR, AKNT, AKNL) that measured the
longitudinal dimensionality of the skeleton and adipose
tissue.

Through linear combination of predictor
variables a regressive function was formed which
ensures a satisfactory level of multiple correlation (0.82)
and a coefficient of determination (0.67). The
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morphological characteristics of transversal
dimensionality and body volume gave the biggest
contribution to the process of forming the regressive
function. Deviation of the predictor from the line of
regression ensures enough degrees of freedom which is
further confirmed by the regressive prediction, which
moves in the range of 5 kg/100. Thus, based on the
anthropometric body characteristics it is possible to
conduct a prediction of resistance in motion. This is
confirmed by the obtained F — test. The evaluation of the
variance part that can be ascribed to anthropometric

body characteristics based on multiple regression

amounts to 62.69% of the total variability, while the
smaller part of 37.31% cannot be ascribed to
anthropometric body characteristics. A significantly
larger fraction of the variance that can be explained
through the impact of the system of anthropometric
body characteristics, indicates that the larger part of the
criterion variance is conditioned by anthropometric
characteristics. A distinct significance of variables is
noticed in regard to the anthropometric body
characteristics in relation to resistance in motion
regarding pulling with arms in individual motion
(EPPRKG), table 3, what points to a significant impact.

Table 3. Multiple regression of variable (EPPRKG) resistance in motion, pulling with arms in individual motion within
the system of anthropometric variables

VARIABLES R BETA SIGMA-B T(BETA)
31. AVT 0.24 -0.01 0.01 -0.53
32. AT 0.18 -0.02 0.02 -0.92
33, ADN 0.19 -0.01 0.02 -0.46
34, ADR 0.23 -0.05 0.04 -1.23
35. ASK 0.41 0.20 0.15 1.28
36. ADL 0.27 0.04 0.10 0.43
37. ADRZ 0.41 -0.02 0.10 -0.21
38. ADK 0.57 0.05 0.02 2.30
39. AOG 0.59 0.03 0.01 1.94
40. AON 0.58 -0.05 0.06 -0.83
41, AONK 0.63 0.11 0.05 1.96
42, AOP 0.48 -0.06 0.03 -1.81
43, AKNL 0.23 -0.01 0.02 -0.74
44, AKNT 0.20 -0.00 0.01 -0.46
45, AKNP 017 -0.01 0.01 -1.10
DELTA RO SIGMA-D F P Q

053 072 5.33 7.73 4510 0.01

Key (see Table 1)

In the region of predictor variables the strongest
connection with the criterion have those variables
(AONK, AOG, AON, AOP, AT) that measure the body
volume, variables (ASK, ADL, ADRZ, ADK) that measure
the transversal skeleton dimensionality, a somewhat
lesser connection those variables (ATV, ADN, ADR)
which measure the longitudinal dimensionality of the
skeleton and the weakest variables (AKNL, AKNT,
AKNP) that measure adipose tissue. a regressive
function which ensures a satisfactory level of multiple
correlations (0.72) is formed through the linear
combination of predictor variables. Variables that
measured body volume and transversal dimensionality
of the skeleton had the biggest contribution towards
forming the regressive function. Deviations in view of the
predictor variables from the regressive line ensures
adequate degrees of cohesion what is confirmed by the
average regressive prediction which moves in the range
of 5.33 kg/100.
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The obtained results, and to an extent the
coefficient of determination of 0.52 is determined on the
basis of a system of anthropometric characteristics, thus
justifying the evaluation on the grounds that resistance
in motion, pulling by arms in individual motion is
dependent on anthropometric characteristics. The
evaluation of a partial variability also emphasizes this
point, and can be ascribed to anthropometric
characteristics based on multiple regression (the ratio of
an average quadrant of deviation and an original
average quandrant) and amounts to 45.10% of the total
variability. However, the larger part that amounts to
5490 % of the total variability cannot be ascribed to
multiple regression.

V. CONCLUSION

The research was carried out on a sample of
124 subjects, 15-16 year old males. An analysis was
performed of the relations of anthropometric body



characteristics and overcome resistance in individual
motion. Obtained information was submitted for
mathematical analysis, the MULTREG program, from the
statistical program “STAT - PACK” (Gauss - Jordan,
1954, Cooley - Lohnes, 1962). On the basis of
maximum cohesion and regressive coefficients,
calculated T-values of regressive coefficients between
predictor variables and criterion variables, confirmed the
significance of the prediction. The Nullity Hypothesis of
coefficient determination was tested with the F — test.
The percentage of contribution predictor variables
explain the total variances of the criterion variable (P)
and (Q) the significance of the F — test on a level of
reliability of .99 and .95 along with DF1 and DF2
degrees of freedom, confirmed the stated significance.
Variables that measured body volume, transversal
skeletal dimension and longitudinal skeletal dimension
proved to have the highest cohesion with the overcome
maximum resistance in individual motion from
anthropometric body characteristics. The weakest
contribution to predicting resistance lies within the
variables that measured subcutaneous adipose tissue.
High cohesion of variables of the overcome maximum
resistance in individual motion with anthropometric body
characteristics indicates that a part of the resistance
variable in motion is conditioned by mutable flexible
anthropometric values. As the overcome maximum
resistance in motion is mainly conditioned by the
structure for generating intensity and duration of energy
release, thus the anthropometric dimensions, especially
in the volume segment, body volume and transversal
skeletal dimensionality, present a factor that significantly
participates in the realization of motion with increased
requirements for overcoming maximum resistance in
motion.
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Predictive Values of Motor Dimensions in Motor
Space

Miroslavdodig

Summary- The research was carried out on a sample of 256
subjects, 15 year old males, obtained from high school
student population; a battery of 35 motor tests was used. In
the aim of determining the latent structure manifesting motor
space the method of main components was applied and thus
the factor scores were define Hotelling, H. (1933). For the
purpose of determining the relations between the predictive
(the motor dimension space) variables and the criteria-based
variable (the entire motor space) the coefficient of regression
in a latent space was calculated. Through inspection of the
results of regressive coefficients it is concluded that the
cohesion between systems of predictors and criteria is mainly
heterogeneous. The best projections and thus predictive
values include: the repetitive strength factor (RF), the velocity
factor (VF), the static strength factor (SF), and the explosive
strength factor (EF). It is evident that all these factors belong to
reactions that are mostly dependent on the process of
regulating excitations that represent the existence of the first
factor, that is, the general factor of excitation control. Poorer
predictive abilities in terms of motor space have the
preciseness factor (PF), the flexibility factor (FF), and the
coordination (CF), while the balance factor (BaF) is attributed
to the weakest predictive ability. Considering the obtained
results, a necessity for applying contemporary methods of
research within the scope of motor space is displayed. This
requires a new, more contemporary way of researching motor
space.

Keywords:  factor — analysis,
prediction, motor space.

motor  dimensions,

I. PROBLEM

ignificant theoretical and practical breakthroughs
Shave been made in structural differentiation and

system dispersion in kinesiology in recent years
which have influenced its development. The progress of
kinesiology depends considerably on the development
of new methodological approaches yielding important
information. Its purpose is to ensure the transition from
single empirically chosen systematically unorganized
indicators to systematic model of application. Also, it
needs to be said that there are laws of kinesiology that
are still to be discovered and stated in an objective
qualitative and quantitative form. In spite of numerous
scientific attempts made to classify motor space and
determine motor space structure, the generalization of
date, much has been done in terms of reliable motor
measuring instruments construction and systematic
have been conducted with respect to factors, and an

Author: Independent Researcher University of Rijeka, Croatia.
e-mail: dodig@pfri.hr

effort to create a structure model of motor space
has been made. This has been made possible due to
the contributions made by many researches and
scientists: Anohin, K. K. (1970), Bernstein, N. A. (1947),
Curetona (1947), Hempel and Fleishmane
(1955),Fleishmane (1954), Gredelj, M., Metikos, D.,
Hosek, K. &Momirovi¢, K. (1975), Kurelic, N.,
Momirovi§,K, Stojanovi¢, M., Sturm, J., Radojevi¢, b.
&Viski¢-Stalec, N. (1971, 1975), Metiko$, D. & Hosek, K.
(1972), Pistotnik, B., Mili¢, R. (1996), PiSot, R. (1999),
Sturm, J., Strel, J. &Ambrozi¢, F. (1990). Dodig, M.
(1979, 2008, 2010), Starosta, W.(2003); and many
others. In recent times, a trend of using composite tests
which are somewhat more reliable has emerged;
however it is still insufficient to encompass a practically
limitless variability of motor expression Pisot, R. (1998).,
Sturm, J., Strel, J. & Ambrozi¢, F. (1990). At younger
ages. Zhu, W., Cole, L. E.(1996). Magill, R.A. (1997),
Bala, G., Popovi¢, B., Stupar, D. (2002). Momirovi¢, K.,
Wolf, B., Popovi¢, D. (1999). Based on the available
research so far, it is extremely difficult to define factor
structure and to generalize motor dimensions that exist
in motor space in the field of motor science, due to high
variability. Despite high variability of motor dimensions
structure, motor space has been achieved, but from the
structure standpoint it still remains underexplored as
well as the factors that determine it. Based on the
available analyses, discussions and researches;
explosive strength factor, repetitive strength factor, static
strength factor as well as velocity, preciseness, flexibility,
balance, and coordination factors have been defined.
However, regardless of the numerous scientific
researches aimed at classifying motor abilities and
determining motor dimensions that would define motor
space, generalization of results and findings remains
impossible. Lack of information is felt in terms of
hierarchical structure of motor dimensions and their
predictive value with respect to motor space existence.
Therefore, the main aim and task of this research is an
attempt to explore relations of isolated motor
dimensions subsystems and their predictive value in
motor system.

II.  METHODS

a) Sample of Subjects

The sample of subjects was obtained from high
school student population, 15 year old males. The
sample of subjects consisted of a group of 256
subjects.
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b) Sample of variables

As per research purpose, 35 manifesting
kinesiological reactions that have already been
information carriers in many previous kinesiological
researches have been analyzed on this occasion.
Therefore, it was logical to assume that valid predictors
of functional structures presented in previous cases
would be found in this sample as well.

1. Set of factors of explosive strength (EF) has been
estimated with the help of four measuring
instruments: 1. MDM - standing long jump, 2.
MBMP — medicine ball chest throw, 3. MBML -
medicine ball throw laying down, 4. MTRS -
standing triple jump.

2. Set of factors of repetitive strength (RF) has been
estimated with the help of five measuring
instruments: 1. MSK — push-ups, 2. MDTK - lifting
up torso from the Swedish bench exercise, 3. MNK
— jumps onto the Swedish bench with 1/3 weight, 4.
MIST - torso straightening up exercise, 5. MMZ —
mixed pull-ups.

3. Set of factors of static strength (SF) has been
estimated with the help of five measuring
instruments: 1. MIZG - pull-up endurance, 2. MIZ —
turn endurance, 3. MIPR — push endurance, 4. MIZP
- half-squat with 2 body weight endurance, 5. MIZS
— parallel bars endurance.

4. Set of factors of preciseness (PF) has been
estimated with the help of four measuring
instruments: 1. MPIK — darts, 2. MGAN - hitting a
target by foot using a tennis ball, 3. MGAR - hitting
a horizontal target by hand, 4. MSTIL — stile.

5. Set of factors of flexibility (FF) has been estimated
with the help of four measuring instruments: 1. MISP
— a side-turn with a bat, 2. MPS - stretching forward
while sitting exercise, 3. MSPA - a split, 4. MPZD —
stretch forward — side-turn — touch.

6. Set of factors of velocity (VF) has been estimated
with the help of five measuring instruments:
tampping by hand, 2. MT4X5 — running 4x5 meters,
3. MTAN - tampping foot against a wall, 4. MD30 —
lifting up torso in 30 seconds, 5. MUCL - pressing
down while squatting — pressing down while laying.

7. Score of coordination factors (CF) has been
estimated with the help of four measuring
instruments: 1. MKKII - KKII, 2.MS3M - slalom with
three medicine balls, 3. MOZ — agility in the air, 4.
M20P — 20 steps forward with a bat.

8. Score of balance factors (BaF) has been estimated
with the help of four measuring instruments: 1.
MRAV — standing on one leg with eyes closed,
2.MPSG - standing diagonally on a low beam 3.
MSOK - standing on an upside-down balance
bench, 4. MSUK - standing horizontally on one leg
on a balance bench.

© 2014 Global Journals Inc. (US)

For hypothetically defining the entire motor
abilities space, motor dimensions were considered,
those which had been extracted during the preliminary
research: (1) explosive strength factor (EF), (2) repetitive
strength factor (RF), (3) static strength factor (SF), (4)
preciseness factor (PF), (5) flexibility factor (FF), (6)
velocity factor (VF), (7) coordination factor (CF), (8)
balance factor (BaF).

c) Methods of data analysis

Methods of data transformation, condensation,
and mathematical analysis have been chosen according
to the data analysis demands. By using standard
descriptive procedures, characteristics of the measuring
instruments have been determined. Arithmetic means
(XA), variances (SIG2), standard deviations and half-
range in which there is a 95% fluctuation in the real value
of arithmetic mean (DX). Minimum (MIN) and maximum
(MAX) result values have also been determined, and all
results have been categorized in corresponding classes.
Normality of Distribution Hypothesis has been tested
using the Kolmogorov-Smirnov test, which allows for the
rejection of a hypothesis if a maximum difference
allowed (MAXD) between obtained relative cumulative
frequencies (FCR) and expected relative frequencies
(FCT) is bigger than, or equal to, the value given under
the TEST mark. The coefficients of correlation (R) of all
manifesting variables as a product of set vectors of
standardized results have been calculated. Seeing as a
preset value for zero-hypothesis rejection is an error set
at 0, 05 all coefficients bigger than .12 can be
considered statistically significant. Specific variances of
manifesting variables from inverted correlation matrix
have been calculated (specific variance contains error
variances and specific variables variance).Partial
correlations (RP) of manifesting variables have also
been calculated, i.e. coefficients of interconnectedness
of manifesting variables pairs (the mentioned data has
not been presented due to its extensive volume).

Furthermore, factor analysis of motor space
with manifesting variables has been made relative to
motor dimensions scores. With the aim of determining
latent structure of manifesting variables of motor
subspaces, the inter correlation matrix has been
factorized using Hoteling’s Principal Components
Method and in this way factor scores have been
defined, Hotelling, H. (1933). Based on the obtained
factor scores, partial correlations (RP) within factor
scores have been calculated, i.e. the coefficients of
interconnectedness of factor scores pairs. Characteristic
inter correlations matrix square roots have been marked
with  LAMBDA. A criterion according to which first
principal component whose characteristic first and
largest square root is always bigger than 1.0, is
considered significant; has also been determined. Both



the characteristic square root and the relative cumulative
contribution that explains the overall variables variance
have been calculated. The value of relative cumulative
contribution of the largest square root multiplied by 100
gives the explained variance percentage for the entire
system of manifesting variables. The main components
of the inter correlations matrix are shown under (H).
Furthermore, communalities (h2) of the predictive
variables have also been calculated. It is a part of
variance of every predictive variable that can be
explained in terms of an isolated latent dimension
system. With the aim of determining relations between
predictive (motor dimensions subspace) variables and
criterion variable (the entire motor space) the coefficient
of regression (B) in latent space has been calculated.

[11. RESULTS
As per research purpose, 35 manifesting
kinesiological reactions that have already been

information carriers in many previous kinesiological
researches, as well as a number of new or modified
measuring instruments, have been analyzed on this
occasion. Therefore, it was logical to assume that valid
predictors of functional structures presented in previous
cases would be found in this sample as well.

According to the obtained results, it can be
concluded that the parameters and distribution of
subspace scores of motor variables are normal based
on the test criteria proposed by Smirmov and
Kolmogorosov. Based on the data obtained, inter
correlations, partial correlations and specific score
variances of all subspaces of motor space have been
calculated. By inspecting inter correlation scores matrix
of all subspaces (Table 1 above the large diagonal)
applied for determining the entire motor space, first and
foremost, the information about the level of cohesion of
motor space dimensions was obtained.

Table 1 Intercorrelations (above the large diagonal). Partial ¢ orrelations (below the large diagonal) and specific
variances (in the large diagonal) of motor factors

EF RF SF PP FF VF CF BaF
EF .68 49 .28 .29 43 -24 13
RF .32 47 .60 .20 .54 -.28 .25
SF -.07 .45 .58 16 44 -18 15
PF .05 -.01 .26 . .08 .28 -25 .08
FF 16 -.07 .02 -.07 .80 .35 -.28 A7
VF A7 .26 14 . 24 .60 -22 .20
CF -.06 -1 .03 -18 -.20 .01 18 -24
BaF -.04 13 -.01 -.02 .07 .06 -16 .89

Legend: (EF) Explosive strength factor,(RF)
Repetitive strength factor, (SF) Static strength factor, (PF)
Preciseness factor,(FF) Flexibility factor, (VF) Velocity
factor, (CF) Coordination factor, (BaF) Balance factor.

Values of correlation coefficients between motor
dimensions range from .08 to .60 meaning there is a
wide range of cohesion within the entire motor system,
which consequently results in instability within certain
dimensions of the system. Explosive strength factor (EF)
has the strongest correlation coefficient with the
repetitive strength factor (RF) .49, and with the velocity
factor (VF) .42. Relatively strong factor correlations
between the explosive strength factor and these two
factors were to be expected due to the mechanism on
which the factor in question is based, which is the
regulation of excitation intensity.

Repetitive strength factor (RF) and velocity
factor (VF) in their respective structures contain
activation of a large number of motor units in order to
develop force, which is needed as the starting impulse
to perform movement. Explosive strength factor is
dependent on a basic structure, basic mechanism; i.e.
that factor is primarily dependent on one regulative
mechanism whose task is to decode excitation intensity

in primary centers and in factors. Explosive strength
factor has weak but significant correlations with other
factor which was to be expected considering the

regulation of movement mechanism. Its weakest
correlation is with the balance factor which is
understandable.

Repetitive  strength  factor (RF) which is

characterized by intensity regulation and duration
mechanism. Logically, it has the strongest coefficients of
correlation with those factors that have similar
mechanism structure. It shares its strongest correlations
within the motor system with the static strength factor
(SF) .60 which also represents the strongest correlation
in the entire system. It also has good correlations with
the velocity factor (VF) .54 and the explosive strength
factor (EF) .49. It is clear that mechanisms for intensity
regulation and duration are responsible for such
coefficients of correlation. Repetitive strength factor has
significant coefficients of correlation with all other
factors, the weakest of which is with the flexibility factor
(FF) .20. It should be pointed out that the repetitive
strength factor has the strongest correlation in the entire
space with respect to other factors.

© 2014 Global Journals Inc. (US)

Global ]()Lll‘l’]dl of Science Frontier Research ( E) Volume XIV Issue [I Version I E



Global Journal of Science Frontier Research ( E) Volume XIV Issue II Version I E Year 2014

Static strength factor (SF), whose variability and
covariability are dependent on the intensity regulation
and duration mechanism; has the strongest coefficient
of correlation with the repetitive strength factor (RF) .60,
which was to be expected. Also it has a relatively good
correlation with the velocity factor (VF) .44 and the
preciseness factor (PF) .39. With other factors it has
weaker coefficients of correlation; however, all are
significant; it has the weakest correlation with the
balance factor (BaF) .15. The interconnection of static
strength factor (SF) and the repetitive strength factor
(RF) is logical seeing as it includes a transfer of
regulation mechanism for the said structures. Based on
the obtained correlations between the static strength
factor and factors of velocity (VF) and preciseness (PF),
here can be assumed the existence of relation between
the process of excitation intensity and duration and the
process of referentation control contained in the latent
structure of velocity and preciseness factors. Such
assumption confirms the fact that it is a process of
primary referentation which is the characteristic of
balance factor (BaF) where the correlation is weak, but
that it is a secondary referentation.

Preciseness factor (PF) whose variability and
covariability are dependent on the mechanism for
bilateral integration of movement, formation of
ideomotor structures and control of referentation
process. The preciseness factor has the strongest
interconnection with the static strength factor (SF) .38,
repetitive strength factor (RF) .29 and the velocity factor
(VF) .28. It has somewhat weaker, but still significant
correlations with the explosive strength factor (EF) and
coordination factor (CF), while it has very weak and
insignificant correlations with the flexibility factor (FF)
and the balance factor (BaF), which are also the only
insignificant coefficients of correlation in the entire
system of motor factors.

Flexibility factor (FF) whose variability and
covariability are dependent on the mechanism for
regulation of synergic processes, referentation process,
regulation of tonus of muscle groups and relaxation of
antagonists. The flexibility factor has the strongest
correlations with the velocity factor (VF) .35, explosive
strength factor (EF) .29 and coordination factor (CF) .28.
It has slightly weaker but significant correlations with the
repetitive strength factor, coordination factor and static
strength factor; while it has insignificant correlation with
the preciseness factor.

Velocity factor (VF) whose variability and
covariability are dependent on the mechanism for
bilateral integration of movement, formation of
ideomotor structures and control of referentation
process, and alternative innervation of muscles. It has
the strongest correlations with the repetitive strength
factor (RF) which is logical because repetitive strength
factor contains a fair amount of alternative innervation of
muscles, and that particular mechanism is one of the

© 2014 Global Journals Inc. (US)

principal regulators in the velocity factor system.
Furthermore, this factor also has relatively good
correlations with the static strength factor (SF) .44 and
the explosive strength factor (EF); it is probably the case
of same transfer relations from the same mechanism.
Also, it has relatively good correlation with the flexibility
factor (FF), which is probably the result of the influence
of the process of tonus regulation and muscle relaxation
of agonists and antagonists, which is a part the
mechanism structure for regulation of flexibility. As far as
other factors are concerned, the velocity factor has
slightly weaker but nevertheless significant correlations.
He is factor that has second strongest correlations
overall, as far as the entire space of motor factor is
concerned.

Coordination factor (CF) whose variability and
covariability are dependent on the mechanism for
bilateral integration of movement, formation of
ideomotor structures and referentation control. The
coordination factor has all significant coefficients of
correlation (the negation in front is the consequence of
measuring instruments structure that attribute stronger
value to weaker result thus changing it), and it has the
strongest correlation with the repetitive strength factor
(RF) . 28, the flexibility factor (FF) .28, and a slightly
weaker with the explosive strength factor, the
preciseness factor and the balance factor. It has the
weakest correlation with the static strength factor .18.

Balance factor (BaF) whose variability and
covariability are dependent on the mechanism for
bilateral integration of movement, formation of
ideomotor structures and control of referentation
process. The balance factor is the factor with the
weakest coefficients of correlation with other factors in
this entire space, which was expected due to the
structure of measuring instruments and their projections
for the joint measuring object. It shares the most
significant correlations with the repetitive strength factor
25 and the coordination factor .24, while other
correlations are weaker but significant, except for the
preciseness factor which is insignificant.

Partial correlations (Table 1 below the large
diagonal) show cohesion between factors with the
remaining system of factors orthogonalized, making it a
constant unable to influence the cohesion between
factors. Partial correlations in the entire motor space are
different from the original in that they are weaker, and
some also have negative partial connection, which is not
true for the correlation factor whose negativity stems
from the structure of measuring instruments. When the
influence of other factors is isolated then the repetitive
strength factor (RF) and the static strength factor (SF)
have the strongest particle correlations in the entire
space. The repetitive strength factor and the
preciseness factor have the weakest partial correlation
that is also negative. The balance factor has negative
partial correlations with the explosive strength factor, the



preciseness factor, the coordination factor, and the
static strength factor. It is clear that the balance factor
does not have a lot of points in common in this space.
Specific variances of factors in the entire motor space
(Table 1, in the large diagonal) are indicative of the
highest possible percentage of variance error contained
by a specific factor in its measuring structure. Those
values are proportionally high particularly in those latent
dimensions that have the mechanism of regulation
responsible for the bilateral integration of movement,
and especially for the formation of ideomotor structures
and the control of referentation process. Those factors
that have regulation mechanisms based on the simple

structures of excitation intensity and duration have fairly
solid specific variances. The coefficient of determination
is fairly low which means that the lowest possible
variance that is valid in the entire system is 29, 28%. The
reason for high specific variances and low coefficient of
determination lies primarily in inadequate measuring
instruments used to deal with the motor dimensions of
preciseness, coordination, balance and flexibility. By
solving characteristic  equations and calculating
characteristic Lambda square roots in the entire motor
dimensions space (Table 2) the main scores component
of all motor space subspaces was obtained.

Table 2 : Significant characteristic matrix square roots of factor intercorrelations and cumulative proportion of the
explained variance

LAMBD CUMULATIVE
1. 3.04 .38 the last own value used
2. 1.10 .52
3. .72 .63
4, .85 74
5. .68 .82
6. .60 90
7. 49 .96
8. .32 1.00

Legend [AMBDA - characteristic square roots of matrix intercorrelations, CUMULATIVE- relative cumulative

square root contribution.

It is evident that the isolated main component of
the set has accounted for 38% variance of the entire
motor system, which also represents the main
information carrier about this system. Hotelling factor
matrix — (Table 3) shows orthogonal projection of the
variables to the isolated main component. The results
show that the strongest projections to the main

component in the entire motor system belong to the
repetitive strength factor (RF), the velocity factor (VF),
the static strength factor (SF) and the explosive strength
factor (EF). Weaker projections belong to the
coordination factor and the preciseness factor, while the
balance factor has the weakest projection.

Table 3 :Main component of the factorintercorrelations matrix (H), communalities (h2) and coefficients of regression

®)

H h2 B
EF .66 43 22
RF .80 .65 .26
SF .70 .49 .23
PF .52 27 a7
FF 48 .23 16
VF .75 .56 .25
CF -.51 .26 -17
BaF .39 15 13

Legend (see Table 1)

H — Main components of intercorrelations matrix, h2 — communalities, B — coefficient of regression

Communalities (Table 3-h2) are relatively good
for the repetitive strength factor (RF), the velocity factor
(VF), the static strength factor (SF), and the explosive
strength factor (EF); which leads to the conclusion that
the said factors are responsible for the biggest
contribution in terms of the isolation of the main

component. Lower communalities, some of which are
borderline acceptable, include the preciseness factor
(PF), the coordination factor (CF), and to an extent, the
flexibility factor (FF). The lowest and extremely weak
communality has the balance factor (BaF).
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Regression coefficients of the scores of all
motor space subspaces (Table 3-B) show cohesion
between motor dimensions and the entire motor space
and are generated in the main component section. In
this way, predictive values of specific dimensions in
motor space are obtained. By inspecting results of the
regression coefficients, it can be concluded that the
cohesion between the system of predictors and the
criteria is rather heterogeneous. Segments of factor
projections to motor space range from .13 to .26. The
best projections and thus also the best predictive values
belong to: the repetitive strength factor (RF), the velocity
factor (VF), the static strength factor (SF) and the
explosive strength factor (EF). It is evident that all these
factors belong to reactions that are mainly dependent
on the process of excitation regulation which represents
the existence of the first line factors, i.e. the general
factor of excitation control. The preciseness factor (PF),
the flexibility factor (FF), and the coordination factor (CF)
have poorer predictive abilities in terms of motor space,
whereas the balance factor (BaF) has the poorest
predictive ability. All these factors belong to a group of
reactions that is dependent on the process of regulation
of integration, regulation and control in the second line
space. Poor predictive value of factor that are regulated
by the general factor of integration, regulation and
control, is based in the inadequate structure of
measuring instruments that have poor liability.
Regardless of the numerous studies conducted about
the latent motor space structure, the said space has yet
to be determined. Based on the available analyses,
discussions and researches motor space has been
partially defined, however, it is still insufficient, seeing as
the available results are neither cohesive nor conclusive
enough. Considering the quantitative and qualitative
versatility of movement in certain body segments, or in
body as a whole; it is more or less possible to achieve
large movement variability. Based on anatomic,
functional, and biomechanical laws, which represent the
source of a partial explanation for the body movement
phenomenon; formation of a whole range of
codependent movement factors is possible. In order to
achieve movement, integration of a wide spectrum of
factors must be achieved, with both bone and joint
elements, and muscular and nerve structures having the
primary role. There are no independent local processes;
which means that every element has its own specific
importance in the movement process. The main reason
lies in the exclusive use of phenomenologically
determined group of individual motor expression.
Furthermore, the use of different methods, samples that
are too small, inadequate data-checking; and above all,
lack of adequate measuring instruments; contributes to
such a situation. Due to all this, there is not enough
information  about  correlations  between  motor
dimensions within motor space; which consequently
leads to the necessity of developing a different, more
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contemporary and more efficient research approach in
kinesiology.

V. CONCLUSION

The research was carried out on a sample of
256 subjects, 15 year old males, obtained from high
school student population; a battery of 35 motor tests
was used in the aim of analyzing motor space and
conducting predictive value of factor scores on motor
space. The main problem that needed to be solved was
a problem of objective defining of latent motor
dimensions, and the main task was determining the
existence and nature of manifesting variables in latent
space of motor dimensions and their predictive value in
motor space. By performing standard descriptive
procedures, the characteristics measuring instruments
were determined. Furthermore, factor analysis of motor
space relative to motor dimensions scores was
conducted with the variables. In the aim of determining
the latent structure of manifesting motor space variables
the intercorrelation matrix has been factorized using
Hoteling’s Principal Components Method and in this
way factor scores have been defined, Hotelling, H.
(1933). For the purpose of determining the relations
between the predictive variables and the criteria-based
variable the coefficient of regression in a latent space
was calculated.

The obtained predictive values of specific
dimensions in motor space between the system of
predictors and the criteria are rather heterogeneous.
Segments of factor projections to the motor space
range from .13 to .26. The best projections and thus
also the best predictive values belong to: the repetitive
strength factor (RF), the velocity factor (VF), the static
strength factor (SF) and the explosive strength factor
(EF). It is evident that all these factors belong to
reactions that are mainly dependent on the process of
excitation regulation which represents the existence of
the first line factors, i.e. the general factor of excitation
control. The preciseness factor (PF), the flexibility factor
(FF), and the coordination factor (CF) have poorer
predictive abilities in terms of motor space, whereas the
balance factor (BaF) has the poorest predictive ability.
All these factors belong to a group of reactions that is
dependent on the process of regulation of integration,
regulation and control in the second line space. It is
known that motor abilities participate in performing
motor tasks and represent manifesting motor space.
Seeing as the number of expressing motor tasks is
limitless, in analyses, Pzhenomenologically determined
groups of individual motor expressions are exclusively
used. This demonstrates there are numerous measures
that define that space. Parameters that are used for
measuring motor abilities of strength, velocity,
coordination, flexibility, preciseness, and balance are
based on the phenomenological characteristics of the
said space. Phenomenological characteristics of motor



space are determined by factors that gain their
importance according to the abilities that share the
biggest part of their variance with the factor. It is,
therefore, the structural approach that enabled factor
determination from explosive strength, repetitive
strength, static strength and velocity segments; which
was not the case with coordination, flexibility,
preciseness and balance motor space. Poor predictive
value of factors that are regulated by the general factor
of integration, regulation, and control of movement
processes; lies in the inadequate structure of measuring
instruments with poor liability. Consequently, a necessity
for applying more contemporary methods of research in
order to discover the truth about motor space is
displayed. This requires a new, more contemporary way
of researching motor space.
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A Review of Bird Control Methods at Airports

Abd El-Aleem Saad Soliman Desoky

Absiract- Birds are a serious problem at airports threat to
aviation safety. Since the early days of aviation, collisions of
aircraft and birds have taken place, sometimes with fatal
consequences. Generally, the damage due to their size of the
bird species involved, hunting behavior, and hovering/soaring
habits. The combination of abundant food sources, open
space, and availability of perching structures on airport
grounds and near runway/taxiway areas provides ideal hunting
opportunities for many raptors. Also, the behavior of bird
species influences the risks, for instance flocking or certain
migration patterns and flying altitudes. Development of larger,
faster and quieter aircraft, jet engines and intensification of air
traffic caused an increase in the number of incidents. Military
exercises involve flying at high speed an low altitude, and are
exposed to a more serious risk.

Keywords: aircraft; bird species, hunting behavior, many
raptors; runway/taxiwvay.

[. INTRODUCTION

uring the 1966 Bird Control, we began to look at
D birds as a hazard to aircraft, and a possible new

role was emerging for the pest control industry.
Ten years later, we have yet to see the concept of bird
control as seen through the eyes of our Canadian and
European counterparts. You know of the assistance role
the Air Force is playing in reducing bird strikes, and the
Federal Aviation Administration is beginning to actively
participate in bird control programs.

Raptors are often attracted to airports by the
presence of birds, rodents, or other small mammals that
are accommodated by the stands of poorly-maintained
grass and border, or edge, habitats present. [Desoky,
2014; Baker and Brooks, 1981] found raptors to be
highly dependent on voles for food at Toronto
International Airport .Success has been seen in habitat
modification as a means of reducing bird strikes. The
Canadians [Blokpoel, 1976] have reduced damaging
bird strikes significantly. Air Canada’s average yearly
cost for damage in 1959-63 was $173,000. From 1969-
73, just ten years later,

Raptors, including hawks, vultures, and eagles,
were the fourth most common bird group reported in
bird strikes to the FAA from 1990 -1998 (Cleary et ai.
1999), and hawks, more specifically, were the fifth most
common bird group reported in bird strikes in Canada
from 1991 -1997 (Transport Canada 1998). Red-tailed
hawks were the sixth most common bird species
reported in U.S. Air Force bird strikes from 1985-2001,

Author: Plant Protection Department (Zoology)-Faculty of Agriculture -
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resulting in over $13 million in damage costs (Transport
Canada, 1994 and USAF 2001).

This case was reduced to an average of
$86,000 per year. This is remarkable when you consider
the increases in flight operations, repair costs, and
inflation over the ten-year period. Modification of the
airfield environment is possible, and the Air Force is
doing it routinely at many bases. A more complex
problem is land use, which attracts birds beyond the
airfield boundary .An airport authority or military base
has little or no control over matters outside its territory.
Usually it is extremely difficult to implement
recommendations to reduce known bird hazards.
Progress is slow in altering community land because of
a wide variety of organizational, legal, financial, or
political reasons. Certain land use practices must be
examined in preparing comprehensive plans and bird
control programs. Scientists and technicians working
with birds have the necessary knowledge to identify
problems with land use which will aid in planning for the
future. To appreciate the problems created by land use,
we must examine a few uses found near airports
[Davidson et al, 1971].

Air traffic in South Africa is increasing and it is
essential to ensure that international air safety standards
are maintained at South African airports. Little has been
done in the past to co-ordinate the management of bird
related safety risks at South African airports. In order to
improve the situation, the Airports Company South
Africa (ACSA) has entered into a unique strategic
partnership with the Endangered Wildlife Trust (EWT), a
nongovernmental organisation committed to the
conservation of southern Africa’s biodiversity, to
establish and operate an integrated national bird control
program. The aim of the project is to minimise bird
strikes and other interactions between wildlife and
airport faciliies at ACSA airports by applying
environmentally-sensitive  management  techniques.
[Froneman, 2000].

Airport staff is involved in the monitoring of bird
strikes and bird populations on or near airports in order
to gain a better understanding of population dynamics.
Emphasis is placed on proactive bird control measures
involving  ecological solutions such as habitat
management. However, during the establishment phase
of habitat alterations, more re-active bird control
measures are used to scare birds away from high-risk
areas on the airfield. During its first year of operation the
project has made significant progress. One hundred
and forty eight bird strikes were reported from 13
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airports across the country. The data recorded have
helped to narrow the problem down to specific species
and to prioritise actions through analysing bird strike
rates for the different airports. In addition to refining the
reporting system the project currently focuses on
establishing appropriate environmentally sensitive bird
control measures [Anderson and Kok, 1991].

Wildlife  control committees have been
established at ACSA airports and they form the basis of
an improved bird strike reporting and bird control
monitoring programme. The formation of a South African
Airport Wildlife Working Group under the auspices of the
partnership is envisaged to share information from a
national and international level with all stakeholders.

The study comprised gathering and analysis of
International literature and publications on bird control,
in order to obtain an overview of bird control at airports.

[1. HABITAT MODIFICATION

All birds need food, cover (including shelter,
safety, places to nest, rest and roost) and water to
survive. Design and management of the airport habitat
in such a way that these elements are eliminated or
minimised (aimed at the locally most hazardous
species), will reduce the local population of birds
[Blokpoel, 1976, and Project Mainport en Milieu, 1993].
Habitat modification should be aimed at the problem
species. Because habitat modification will not only
affect the target birds, but also other bird species and
animals, it is not highly selective. It is also important not
to create circumstances that are attractive to other
species. Habitat modification is considered to be a very
effective and enduring way of preventing the presence
of birds. Measures should be based on ecological
research of the airport area and its surroundings; every
airport offers a unique situation. Continued and properly
specialised maintenance of vegetation and water is an
important condition to success [Desoky, 2014 and
Godsey, 1997].

[1I.  MODEL AIRCRAFT

Remote-controlled model aircraft, shaped in the
silhouette of a bird of prey, have been tested with
success (on gulls in the Netherlands, on Dunlin in
Canada). The small aircraft are flown across or towards
the target birds by remote control, in such a way that a
raptor is imitated. Tests in France showed that shape,
colour and noise of the model did not influence results,
but that the way the model was piloted was most
important [Stenman, 1990]. Maneuvering the aircraft is
said to be difficult, especially in windy circumstances
and in busy aviation traffic. There is no information on
habituation [Grote, 1994 and Burney, 1999].
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[V. PEOPLE VEHICLE

Slow arm weaving has been tried successfully
on gulls, perhaps because the movement imitates the
flight of a large raptor (e.g. White-tailed Eagle) [Kuyk,
1981]. There will be many variations on this theme, such
as imitation wings fixed on a vehicle etc. However, little
information was found in literature. The mere presence
of people or the bird patrol vehicle is enough to scare
away some species. Persons holding shotguns (or even
models) are successful, especial ly where hunting is
common practice. In some cases it is noted that
habituation to this way of visual scaring is much less
than to other dispersal techniques [Stenman,1990].

V.  MYLAR-TAPE

In agriculture, mylar tape is used as a
‘scarecrow’ to keep birds out of crops. Twisted strands
tied to sticks move in the wind and flash in the sun, and
they appear to have a frightening effect. Fences of
Mylar tape are also used in agriculture. Although the
use of Mylar-tape is mentioned in relation to bird control,
no examples of use at airports were found [Cleary,
1998].

VI.  EYE SPOTS

With eye spots on flags, balloons or doors no
positive results are obtained. There may be an initial
reaction, but birds get used to them very quickly .Eye
spots on aircraft (e.g. engine spinner) are studied with
various outcome: negative [Godsey, 1997] to a 20%
reduction of bird strike [Stenman, 1990].

VII. LIGHTS

Various types of light source (search, rotating,
flashing, laser or strobe lights) are tried and/or used,
sometimes in combination with mirror systems [Godsey,
1997]. Flashing (‘anti -collision’) lights are commonly
used on aircraft; birds are better able to detect an
approaching plane and avoid it. Flashing lights are also
used on bird patrol vehicles. The flashing frequency
should be less than 100/sec. Search lights have shown
to have some effect in darkness. A strong light beam
can scare gulls at a distance up to 800 m. Tests have
indicated that blue light may be more effective than
other colours, perhaps due to a higher sensitivity of the
bird’s visual senses to ‘blue’ wavelengths. Fixed strobe
lights have been successful inside buildings, but they
are not practical outside. Laser is considered not very
successful, although there have been good results with
a portable helium -neon laser in France [Kuyk, 1981and
Stenman, 1990]. However, test results also showed that
the required laser intensity would be dangerous to
animals and man [Blokpoel, 1976]. It has been
concluded that the approach-lights alongside landing-
strips reduce bird strike (during day light) by 50%.



Probably, they improve a bird’s timely detection of an
approaching plane [Thorpe, 1996]. Care should be
taken with the use of lights, because migrating
passerines are known to be attracted by lights at night.
Especially during falls, increased numbers of passerines
have been recorded at or around lighthouses, lightships
or illuminated large industrial areas along the coast.

VIII. RESOURCE PROTECTION

Resource protection comprises all activities that
make areas inaccessible or less attractive to birds. Apart
from food, cover and water, airports often offer relative
‘quiet’ conditions, because there is little disturbance
apart from engine noise. This is attractive to birds and
can be an important factor in their presence [Project
Mainport en Milieu, 1993 and World Top 50 Airports,
1998]. Resource protection measures include ‘passive’
(e.g. wires across ponds, spikes on ledges) and ‘active’
(harassment with chemical, audio or visual means)
methods, hereafter called exclusion and repellents
respectively [National Wildlife Research Centre, 1999].
The success of active harassment depends not only on
the methods and bird species, but also on the shape
the target birds are in. When breeding, tired or hungry,
gulls for example are harder to chase away. Also, the
availability of alternative sites for birds in the vicinity
determines the success [MacKinnon, 1996]. This may
be especially important in case of an island in sea. Due
to the adaptive abilities of birds, habituation to repellent
techniques is a serious problem in bird control [Bird
Strike Committee Canada and Bird Strike Committee
USA, 1999; Godsey, 1997 and Kuyk, 1981.], Similar
methods used at different airports may yield completely
different or even contradictory results. Therefore, it is
nearly impossible to judge effectiveness of most visual
and audio repellents from experiences. At many
airports, the effectiveness of repellents is assessed by
testing in the field [MacKinnon, 1997].

IX. ExcrusioN

Access to attractive areas can be denied or
discouraged by using physical barriers. Such barriers
are mainly used for buildings and for open water, but
also for landfills. Buildings are used by birds as roosting
(or even breeding) sites, for example Starling and
pigeons on ledges or in hangers, gulls on open water or
on rooftops. Favoured areas, such as ledges, setbacks
and flat surfaces can be closed off with netting,
screening, spikes, wires or sticky substances (the latter
only having a temporary effect). On flat ledges, metal
strips can be applied with an angle greater than 450.
Using curtains of heavy plastic sheets will prevent the
use of openings or doorways; making a ceiling with nets
or cloth will prevent birds to roost under roofs or shelters
[Blokpoel, 1976 and Cleary, 1998]. Water bodies such
as ponds or lakes can be made inaccessible with wire

systems. The grid of the wire system depends on the
target species. For gulls, a grid of 6 x 6 meters proved
to be useful, for waterfowl a smaller grid (3 x 3 meters) is
needed. Exclusion of water is also possible with nets
[Cleary and Dolbeer, 2000]. Exclusion of landfills as a
food source (mainly important for gulls) is best done by
daily covering of the waste. Wire systems have also
been successfully used on landfills. Waste sites at meat-
or fish-processing industries should also be carefully
covered. Gulls appear to use several feeding sites
spread out over a large area. It is therefore important to
take measures at all potential feeding grounds in wider
surroundings than just the close vicinity. Large,
horizontal nets have been described by [Kuyk, 1981] as
a means of keeping birds away from airport fields.
However, such nets make maintenance of the terrain
difficult. Experiments have been conducted with heated
surfaces, based on the assumption that gulls prefer
warm surfaces for roosting or loafing. No positive
results were obtained [Blokpoel, 1976].

X. AUDIO REPELLENTS

Birds can (temporarily) be chased away with
sounds by using pyrotechnics, propane gas cannons or
biocacoustics. In general, loud noise itself does not
seem to bother birds [Blokpoel, 1976]. Experience with
and a result of audio repellents varies greatly between
countries [Stenman, 1990].

a) Pyrotechnics

Pyrotechnics are noise producing devices such
as scare cartridges, shell crackers, fireworks, alarm
pistols, shotguns and electronic alarms (the latter being
little used). They are often effective, easy and safe to
use and are thus widely used, nearly always in
combination with bioacoustics, visual scaring or
shooting. Additional development of smoke is
occasionally used. Flares are not widely used but tend
to have a good effect [Blokpoel, 1976; Klaver, 1999 and
Stenman, 1990]. Apart from the audio effect of the
explosion, there is also a visual effect of light and
smoke. Flares are normally fired from a Very pistol. At
Schiphol, the Very flares have been replaced by shell
crackers that do not leave debris (dangerous on
runways). The effect of shell crackers varies, due to
habituation. Birds can be dispersed in a desired
direction by carefully locating the sound source or firing
in a certain direction (cartridges) [Cleary and Godsey,
1997]. Sirens on vehicles are used with some success.
Automatic noise generators along runways are used
successfully on Lapwing, gulls and pigeons [Jonkers
and Spaans, 1997].

b) Gas cannons

Propane, carbid or acethylene gas cannons are
less widely used, probably because habituation can
occur comparatively quickly. They can be very effective
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on gulls, waterfowl and other game birds (the latter
being hunted and associating the noise with danger),
especially when used when (migrating) birds come in to
feed or roost. Frequent relocation, varying the frequency
of detonations and combination with other harassment
techniques will prevent habituation and improve the
effect [Blokpoel, 1976 and Godsey, 1997].

c¢) Bioacoustics

Bioacoustics work through broadcasting of pre-
recorded bird distress calls. These calls are specific to a
bird species, although Godsey mentions that non-
specific distress calls are the most effective [Godsey,
1997]. Experiments with synthesised versions of calls
have been successful as well. The birds will interpret the
calls as an alarm signal and fly away, perhaps
enhanced by group behaviour. However, other
responses, such as flying towards the source to check
out the ‘danger, have been reported, creating a
potential momentary hazard (gulls, Corvids. Distress
tapes are (preferably) played from a sound system on a
vehicle, producing 90 to 100 decibel. Fixed systems
have proved to become ineffective in time in several
countries. After the birds have been identified and the
tape is selected, the birds are approached to a
minimum of 100 to 200 meters (depending on the local
situation) and the call is played for a short interval (15 to
20 seconds, to prevent habituation). In the Netherlands,
an automatic randomising system is used to broadcast
distress calls. Gulls, starlings and crows can be
dispersed with distress calls. Not all species react to
bioacoustics (Lapwing, Oystercatcher and Starling
appear to be difficult); several calls may be tried. The
response may also depend on the birds’ behaviour or
state (hungry, tired or breeding birds showing less
response) [Blokpoel, 1976]. In practice, bioacoustics
are very often used in combination with other measures
to prevent habituation. Combinations with pyrotechnics,
hunting or incidental killing provide good results in many
countries [Stenman, 1990]. In Britain, the main problem
species react to their distress calls. Before using
distress calls, investigations are needed into the
problem species, their calls, the circumstances in which
the calls should be used, the required quality and
equipment and the best way of reinforcement.

ad) Ultra-souna, infra-sound, racar

These sound sources are generally regarded as
not effective in scaring birds. Tests at various locations
and under various circumstances have, in some cases,
provided contradictory results. However, there is no
hard proof for any positive effect .Generally, ultra-sound
(using very high frequencies) has appeared to be
unsuccessful in chasing away birds [Blokpoel, 1976 and
Godsey, 1997]. The hearing range of birds is assumed
to be narrower than the human range (proven for
Pigeon, House Sparrow and Starling), so sounds
inaudible to humans are inaudible to birds [Cleary and.
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Dolbeer, 2000]. Moreover, ultrasound requires much
power and quickly loses strength with distance.
Contrastingly, one record of successful use of
ultrasound was found in literature: at Venice airport in
Italy ultra-sonic equipment has reportedly been used
with success on gulls.

The experimental circumstances in which these
results were obtained are not mentioned [Stenman,
1990]. According to some sources, birds species may
be sensitive to infra-sound (low frequency) and use it for
navigation. The same may be true for modulated radar,
as several observations indicate. According to other
sources, however, radar does not seem useful for
scaring birds [Kuyk, 1981]. Studies are underway to test
this possibility [Cleary, 1998]. The noise of aircraft
engines is being studied to determine if certain
frequencies are suitable for scaring birds. There may be
overlap in frequencies between engine noise and
distress calls. Studies to investigate these subjects are
currently underway [MacKinnon, 1996].

XI.  VISUAL REPELLENTS

a) Carcasses or models of dead birds

This method of agricultural origin is widely
practised, with varying results. Dead birds ‘wear out’
quickly; their use can be extended by conservation with
formaldehyde. Plastic models (dummies) or mounted
specimens are more durable, but the effect seems to
less compared to carcasses. Incidentally, problems
with animals or birds of prey, attracted to carcasses,
occur [Kuyk, 1981 and Stenman, 1990]. At Schiphol,
many experiment with both mounted or model gulls
have been conducted [Blokpoel, 1976]. Various gull
reactions, ranging from virtually no effect to a very
strong reaction, have been noted. Posture and placing
of the model appear to be important factors. Sitting or
standing models do not deter gulls. Lying birds, with or
without spread out wings, provoke a reaction similar to
distress calls; flying towards the model, circling and
flying away. The frightening effect may last 1 -3 months
[Kuyk, 1981]; other sources report effectiveness lasting
only one to a few days [Stenman, 1990]. Birds may
settle down again within 50 meters of the dead bird.
Models hung up are more frightening than when laying
on the ground, probably because of the additional
movement [Blokpoel, 1976]. Especially a nodding head-
tail movement has been successful [Kuyk, 1981 and
Stenman, 1990].

b) Falconry

The results with falconry vary in practice.
Success of falconry depends on many factors; more
analysis is needed to establish the effectiveness under
various circumstances [.Several species of falcon
(Peregrine, Gyr, Lanner or Saker Falcon or Merlin) and
Eurasian Goshawk can be trained effectively for bird
dispersal at airports. Not only low altitude hunting flights



but also high altitude patrolling flights of raptors are
successful in chasing away birds. An advantage is that
the falcon is less vulnerable than when hunting. In this
respect, falcons are more useful than goshawks,
because the latter preferably uses fast low altitude flight
[Dolbeer, 1998].

Falconry was or is practised in some countries
with good results (e.g. Scotland, Canada [Blokpoel,
1976], Spain [Dolbeer, 1998]). At JFK Airport, falconry
was tested to supplement (and eventually replace) the
gull-shooting programme. Peregrine, Peregrine x Gyr
falcon-hybrid and Harris’ hawk were flown, typically in
flights simulating hunting. Gulls will react mainly with
formation flight [Lovell, 1997]. Additional pyrotechnics
and distress calls were used. During overlap of
shooting and falconry, less gulls were shot. When
shooting was stopped and falconry was continued
(received positively by public and media), there was,
however, no significant reduction of bird strikes
compared to the period prior to shooting. In other
cases, falconry did not appear to be (cost) effective after
testing. In the Netherlands, falconry was tested at
Schiphol airport, in combination with model aircraft. It
was used at Vliegbasis Leeuwarden until 1974
[Stenman, 1990]. An advantage is that habituation does
not occur, because a real danger is involved. However,
there are several limitations: training and maintenance is
difficult, a full-time team is required, the birds can only
be flown during daylight and good weather and fl ying is
not possible just after feeding or during moult [Blokpoel,
1976; Godsey, 1997 and Kuyk, 1981]. In many cases,
falconry was abandoned because of these limitations.
When considering use or testing of falconry, the local
situation and limitations should be taken into account.

XI11. KILLING

Population management aimed on an actual
reduction of the total numbers of a bird species (other
than on a local scale) implies that the killing rate must
be higher than the natural death rate. Most target
species tend to be very numerous or the numbers are
increasing (e.g. gulls, waterfowl, Starling), so killing will
show little effect in terms of numbers, unless practised
on a very large scale. However, it has shown to be
effective at local breeding colonies. Kiling great
numbers of birds is, apart from difficult an expensive,
generally not an acceptable control method. Moreover,
it may have an adverse effect. Decreasing numbers
result in less competition between the surviving birds for
resources, so the remaining population may well be
‘healthier’ [Cleary and Dolbeer, 2000]. In the
Netherlands, population management at gull colonies is
hardly practised, also because gulls generally do not
cause many problems in the breeding season [Kuyk,
1981].In the case that birds are an acute danger, killing
or capturing is used to immediately eliminate the threat.

This method is widely used, often as a ‘last option’ in
bird control [Klaver, 1999 and Stenman, 1990].
Captured birds are either relocated (birds of prey) or
killed. There are various methods for killing or capturing
which will be discussed below. The use will depend on
the local situation, the applicable regulations and on
social or political aspects. Killing individual birds as a
reinforcement of repellent techniques is widely used and
has proved to avoid habituation and to stimulate the
scaring effect. This is mainly done by shooting. Leaving
a carcass after shooting has proved to be very effective,
the effect lasting 24 hours. However, care should be
taken not to leave carcasses on or close to runways
because they may attract predators or scavenging
birds, or the carcass may itself be ingested in engines of
passing planes. Lethal means of population
management are shooting, lethal trapping, poisoning
and destroying of eggs or nests. One example of
introduction of predators was found. Relevant methods
are discussed below.

XIII.  SHOOTING

Shooting eliminates the target bird, frightens the
rest of the flock and reinforces other repellent
techniques. Surviving birds will be scared by the noise
and the death of one bird, and will associate this with
the other repellents. It can be very effective; at JFK
International Airport for instance, bird strike was reduced
to 90% by shooting gulls flying over the airport. These
birds were mainly Laughing gulls, originating from an
expanding breeding colony nearby; during a six year
shooting period, 52,235 gulls were killed [Dolbeer,
1998]. Observations indicated that shot local breeders
were replaced by birds immigrating from other
(expanding) colonies [MacKinnon, 1997]. Apart from
the disadvantage of kiling many birds, shooting is
expensive and demands a lot of effort. Professional use
of fire arms, study of regulations and notification of local
authorities are important aspects of this control method
[Cleary and Dolbeer, 2000]. For waterfowl, hunting is a
good way of reducing the local population as well as
repelling ducks or geese [Dolbeer and Bucknall, 1994].
Gulls tend to learn very quickly and will soon react to
approaching vehicles or people by keeping a safe
distance; out of shooting range (this behaviour causes
the reinforcing effect of shooting on harassment). Thus,
shooting gulls may soon become very difficult, unless it
is practised on birds flying overhead on a sleeping or
feeding fly route [Dolbeer, 1998 and Kuyk, 1981].
Occasional shooting of individual birds is practised in
many countries, depending on the applicable
regulations. In the Netherlands, shooting at civil airports
is only used as reinforcement of the usual techniques
and to reduce the number of hazardous breeding
species (Oystercatcher, Lapwing, Grey
Heron,Pheasant).
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XIV.  TRAPPING

Lethal traps are little used. An (American)
example is a shap trap for woodpeckers damaging
utility poles [Cleary, 1998]. Woodpeckers are generally
not a problem species on airfields. Eurasian species of
woodpecker are not likely to use poles and are rare
around airports because of the lack of trees.

XV.  DESTRUCTION OF EGGS AND NESTS

Nearby breeding populations of waterfowl or
gulls can be a problem. Breeding of gulls can be
discouraged by removing their eggs and nests. As
soon as clutches are complete, all eggs and nests
should be removed from the colony every two to three
weeks, continuing until all breeding efforts stop.
Another possibility is to spray the eggs with an emulsion
of oil in water containing 10% formaldehyde. The eggs
will die of without decomposition (which may induce
laying of a second clutch). [Kelly, 1999] mentions that
this method is only workable in smaller colonies,
although it was used effectively at a large Herring Gull
colony near the airport of C openhagen [Stenman, 1990
and Inoue, (1999).]. Egg-shaking is also used. Shaking
should start after the clutch is complete and breeding
begins. When incubating is already progressed, shaking
loses its effect. To determine the state of incubation, the
flotation test is suitable. Eggs and nests should not be
destroyed after shaking before another period of
incubation have gone by (three weeks for waterfowl).
After that period, birds will generally not attempt to re-
nest [Dolbeer, 1995].

XVI.  PREDATORS

In the United States, Herring Gull colonies on
small islands have been eliminated by introduction of fox
and racoons within 2—4 years (predation of both birds
and eggs). However, these predators were not able to
survive without additional feeding. In contrast to
colonies, the presence of predators at gull-roosts does
not appear to be effective, because roosting birds will fly
sooner than breeding birds. To prevent escape of
predators and colonisation of adjacent terrain, areas
where predators are introduced should be completely
fenced of. In practice, this will be very difficult (except
on islands). A general problem with introduction of
predators is that they themselves have to be controlled,
in order to maintain a certain population density. Also,
the predators themselves may pose a strike risk to
aircraft [Kuyk, 1981].

XVII.  CHEMICAL CAPTURE

Chemical capture works by feeding target birds
with bait treated with a sedative or immobilising toxicant,
after which the birds can be captured. Recommended
baits are corn (for groups of pigeons or waterfowl) and
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bread (individual birds). Alpha chloralose (A -C), for
example, is used in the United States and on Herring
Gulls in Denmark (here, however, in a lethal dose)
[Stenman, 1990]. Birds become capturable within 30 to
90 minutes, recovery occurs within 8 to 24 hours. Pre-
baiting is necessary to ensure the success of this
method.

XVIII.  CHEMICAL REPELLENTS

In the Netherlands, amongst other countries,
chemical repellents are not used nor are experiments
conducted. A number of chemical repellents are
currently used in the United States and Australia [Cleary,
1998 and Stenman, 1990]. In many cases, experiments
with chemicals to harass birds (mainly tried on gulls)
have often been unsuccessful and if it was, a
combination with other techniques was necessary to
chase birds away [Kuyk, 1981 and Stenman, 1990].
Having a moderate climate with a lot of rain, chemicals
are not expected to be successful in the Netherlands
[Kuyk, 1981]. The use of potentially toxic chemicals
may also have legal (and ethical) complications.
Consequently, testing and use of chemicals as bird
repellents is not recommended.

a) Rela

In Israel, surface spraying with Reta (aluminium
ammonium sulphate) caused a decrease in the number
of gulls; but the gulls did not disappear completely until
this was combined with other measures. Although the
gulls seemed to have become more uneasy and more
susceptible to sounds, the use of Reta was not
considered a sufficient method. In several other
countries (Denmark, Switzerland, France), tests with
Reta failed to produce good results [Kuyk, 1981 and
Stenman, 1990].

b)  Polybutene

The chemical repellents discussed below are
registered in the United States. For keeping birds of
roosting surfaces, a number of repellents containing
polybutene or polyisobutylene are available. They are
applied to the favoured surfaces inliquid or paste form
and make birds feel uncomfortable when they land. In
order to displace the birds effectively, all potential
surfaces should be treated. Application should be
repeated every half a year or year, but much more often
if the surfaces are very dirty. Examples are Bird Stop,
Roost-no-more, Bird-X, 4-The Birds, all of them non-
toxic [Stenman, 1990].

c) Methyl anthranilate

Methyl anthranilate is the non-toxic active
compound in RedeX -iT, to which birds have a strong
aversion. It is applied on golf courses, landfills, standing
water and temporary pools to keep away gulls,
waterfowl or Starling [Cleary and Dolbeer, 2000].
Although the effectiveness of methyl anthranilate has



been demonstrated on several bird species (Ring-billed
gull, Mallard [.Dolbeer et al. 1993]), experiments on
(captive) Canada geese foraging on turf showed no
evidence that RedeX -iT was effective as a grazing
repellent. It may be more effective in higher doses and
on wild Canada geese, particularly in combination with
other forms of harassment. The effectiveness mayalso
depend on the surface that is being protected; food
demands higher concentrations of methyl anthranilate
than water, for instance [Belant et al. 1996 and Dolbeer
et al 1993].

a) Naphthalene

This repellent, working on the sense of smell,
was tested at airfields in the United Kingdom. It was
applied to the field as ‘moth balls’. Results were
contradictory [Blokpoel, 1976].

e) Aminopyridine

Avitrol is an example of a toxic repellent. Bait
(preferably grain) is treated with Avitrol and
subsequently eaten by the target birds. They react on
the active compound (4-aminopyridine) with distress
behaviour, in turn frightening other birds in the vicinity. A
sufficient dose will be lethal; by using limited amounts of
bait, a flock of birds can be chased away with minimum
mortality [Cleary and. Dolbeer, 2000].

XIX. POISONING

For poisoning target birds, oral and contact
toxicants are used, a.o. in the United States (they are
not used in the Netherlands [Lensink and Dirksen 1999].
Experience with toxicants mainly has an agricultural
background, but they are also used at airports. Oral
toxicants are applied by baiting, contact toxicant by
treating perches. They require a careful study of the
target birds’ behaviour, favoured sites, carefully
designed pre-baiting, careful handling and controlling of
toxicant and bai t. Pre-baiting is the determining factor
for success. Location and timing of pre-baiting should
be adjusted to the birds’ feeding behaviour and daily
routine, and should be conducted for two to three weeks
before applying the toxicant. The bait should be of
good quality and of fine, uniform structure (higher
surface-volume ratio). It should not be applied before it
is made sure that only target birds feed on the bait.
Unused bait and dead birds should be properly
removed An example of an oral toxicant (registered in
the United States) is 3-chloro-p-toluidine hydrochloride,
that is a.0. used for gulls at colonies to reduce predation
of nearby nesting colonies of other species. [t
metabolises quickly, the metabolites are not toxic and
there is no secondary toxicity to animals eating killed
birds. An example of a contact toxicant (registered in
the United States) is fenthion (‘Rid-a-Bird’ perches). It is
used for Starling, pigeons and sparrows and applied on
or in (farm) buildings, power plants, bridges etc.

Secondary toxicity occurs so dead birds should be
properly removed. It is not recommended to use
perches outside building because non target birds may
become a victim [Cleary, 1998]. There is an example of
successful application of a strong sleeping drug in a gull
colony in New Zealand, after which many birds were
captured [Kuyk, 1981].

XX. DEVELOPING A BIRD CONTROL

PROGRAM IN AIRPORTS

In general, It is clear that the design of a bird
control program should be proceeded by a study of
ecology and behaviour of problem birds at the local and
regional level. Preferably, the results will be taken into
account when locating and designing a new airport. The
first step towards effective bird control is answering the
question why the birds are (or will be) attracted to the
airport. The answer will be provided by identifying to
what extent the environment offers food, cover and
water. This implicates knowledge about the ecology of
the target birds (and, possibly, their prey), the features
of the environment and land use activities in the vicinity
[MacKinnon, 1997 and Godsey, 1997] also stresses the
importance of leaming about local bird activities,
through conducting bird surveys. These surveys should
include weather conditions, species, location, flying and
other activities and possible attractants. [Cleary, 1998]
mentions questions that should be answered next:

1. Which bird species are causing the damage?

2. What are the birds doing that make it necessary to
control them or their damage? The answer to this
question will, to a large extent, determine the control
methods used.

3. What is the legal status of the problem birds?

4. What are the daily movement patterns of the birds
between their feeding, loafing and roosting areas?
When are they most vulnerable in their movement
cycles?

5. What effective and
available?

6. How selective are these control methods? The
object is to control only the target birds, not all birds
in the area.

7. How much will it cost to apply the selected control
methods (also in relation to the costs of the
damage)?

8. How does the public feel about the birds, their
damage and the control implications?

A number of these questions may be of less
relevance, when compared to the risks involved (for
instance, the legal status of birds or the public feeling).
Bird control measures (and their costs) should be
compared to an assessment of the risks to safety.
Several authors stress the fact that, apart from control
techniques, monitoring of bird strike is a very important
way of gathering information, assessing risks and

legal control methods are
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developing bird control measures fit to the local
situation. It is suspected that many strike events remain
unreported. Reporting bird strike is being strongly
promoted by the several bird strike committees [Bird
Strike  Committee USA, 1999 and National Wildlife
Research Centre, 1999].Using this information will
facilitate the assessment and modelling of the risk of
bird strike [Bird Strike Committee USA, 1999]. A
guideline for developing a wildlife management plan is
under preparation.

Special attention should be paid to bird hazards
from the start. An island at sea will always constitute a
strong attraction to many birds. The attraction can be
influenced by design, habitat manipulation and
exclusion and repellent or dispersal techniques, be it
only partly. In order to provide sufficient safe conditions
for aviation, bird control should be very strict, for
instance including absolute zero-tolerance policy
towards (breeding) gulls and Cormorants. However,
migrating or sheltering birds can hardly be controlled by
bird control measures. An adequate observation and
warning system may be necessary. Especially during
migration and winter, bird hazards can well be such that
flight operations may have to be intermitted.

Zoning around an airport at sea takes a rather
different perspective compared to airports inland.
Restrictions on ‘land’ use do not seem to apply,
however, certain activities, like commercial fishing,
require special attention. Large numbers of gulls may
follow fishing boats, usually flying at low altitude and is
very useful as a sheltered look -out for approaching
boats.

At night, an airport-island at sea will also be an
island of light. Whereas special lights have been used
for repelling birds, they will rather attract birds at sea
(whether flashing or not), especially nocturnally
migrating passerines. Vegetation management requires
special attention, because the island will start off with
bare sand. Sand dunes are dynamic and will shift
rapidly under the windy circumstances. Measures will be
needed to keep runways and hard surface free of sand,
and vegetation will be the most important. In coastal
areas, grass (‘Helmgras’) is generally used. However,
Herring, Black-backed and Common gulls use this
habitat when breeding in dunes. Pioneervegetations on
flat coastal sands are generally scanty and short, thus
being attractive as

Roosting and loafing habitat. Creating a closed
grass vegetation will be very difficult Thorn scrub
(‘Duindoorn’) grows well in this habitat and may be an
alternative, despite its attraction to migrating passerines
(for cover and berries). These small migrants are
generally not abundant out at sea (except in the
occasion of a fall), they tend to stick to cover and do not
fly around much, thus being less hazardous than
roosting gulls. Audio and visual repellents that have
proven to be effective should be tested in the field
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situation. Depending on test results, techniques may be
adjusted or altered. Chemical repellents may be tested
as well, although legal or environmental concerns may
arise. Moreover, many chemicals have proven to be
unsuccessful and may be especially so in the wet and
windy circumstances on an island.

a) Recommenaations of Bird Control in Egyptian
Airports
A number of measures can be mentioned as
being important and/or potentially useful. These are:

1. design and management of lay-out, vegetation and
other terrain on the airport
2. management of fresh water (drainage, rain)

3. handling of potential food sources and waste
disposal

4. regulations for commercial fishing around the airport

5. exclusion measures

6. continuous bird patrol

7. pyrotechnics and bioacoustics

8. shooting

9. discouragement and destruction of breeding

attempts (zero tolerance)

With respect to the rather unique situation of an
airport, several aspects will require more research. Also,
other aspects deserve interest that are usually not or
less relevant in the case of an airport inland. A number
of aspects can be mentioned in this respect (some of
which are already subject to current studies):

1. preferred distance from the coast with respect to
migration patterns and attracting coastal birds

2. behavior of birds (gulls) at and around Egypt

3. sea-migration patterns around Egypt

4. effects of creating nearby Egypt attractive to birds,
to keep them away from the airport island

5. design of the Egypt with respect to birds migrating
across the sea

6. field tests on the development of
vegetation under coastal conditions

7. minimising the creation of sheltered bays or lagoons

8. exclusion measures along shores, buildings and at
sheltered sites on and around Egypt

(preferred)
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Combined Control Scheme for Monitoring
Quality Characteristics

Adekeye K. S *& Bada Olatunbosun °

Abstract- In the literature, the Exponentially Weighted Moving
Average (EWMA) and Exponentially Weighted Moving Variance
(EMWV) control schemes have been used separately to
monitor the process average and process variability
respectively. Here the two are combined and applied on
simulated process with different level of variation. The control
limit interval (CLI) and the average run length (ARL) were
evaluated for the combined chart. The combined chart
performed better than the two independently. Furthermore, an
algorithm was developed for the two control charts and
implemented on visual basic VB6.0. The obtained results show
that the combined EWMA and EWMV control chart is very
sensitive in detecting shift in production process and every
shift in the process mean is always preceded by shift in the
process variability.

Keywords: statistical process control, control chart,
exponentially weighted moving average (ewma),
exponentially weighted moving variance (emwv).

[. INTRODUCTION

tatistical Process Control (SPC) scheme are
Sextensively used to detect process excursions and

thus prevent the production of defective products
as quality of products today is in the centre of attention
worldwide. There are several forms of process variation,
but process means shifts are the primary focus of most
control chart design. The Shewhart control chart (e.g.

X , R, P, C-chart e.t.c) so named after the pioneering
work of Dr Walter Shewhart, have wide acceptability in
industries, it can be shown that, if there are sharp,
intermittent changes in a process, these types of charts
are highly effective in detecting them. However, if one is
interested in small persistent shift in a process, other
types of control chart may be preferred, for example,
Exponentially Weighted Moving Average (EWMA) control
charts originally described by Robert(1959), and
Exponentially Weighted Moving Variance (EMWV)
control charts as advocated by Montgomery and

Mastrangelo(1991).
EWMA and EWMV charts are becoming
much  better popular among the practitioners

because of their superior ability to detect small process
shift (Narinderjit Singh 2006). The EWMA and EWMV
procedures will usually give tighter process control than

Author o Department of Mathematical Sciences, Redeemer's
University, Redemption Camp, Mowe, Ogun State, Nigeria.

Author o. Department of Statistics, Auchi Polytechnic, Auchi, Edo
State, Nigeria. e-mail: badaolatunbosun@yahoo.com

the classical quality control schemes such as Shewhart
schemes, because EWMA and EWMV procedures give
an early indication of process changes, this is consistent
with a management philosophy that encourages doing it
right the first time(Adekeye2009).

An exponentially weighted moving average is a
moving average of past data where each data point is
assigned a weight. These weights decrease in an
exponentially decaying fashion from present into the
remote past, thus the moving average tends to be a
reflection of the more recent process performance,
because most of the weight is allocated to the most
recently collected data. The amount of decrease of the
weights is an exponential function of the weighting
factor, (A) which can assume values between 0 and 1.
Exponentially weighted moving variance is a moving
variance of past data that is equally having a weight
attached.

Exponentially weighted moving averages will
gradually depending on the weighting factor, move to
the new mean of the process if a shift in the mean
occurs, while the exponentially weighted moving
variances will remain unchanged. If there is a shift in the
process variability, the exponentially weighted moving
variances will gradually move to the new level while the
exponentially weighted moving averages still vary about
the process mean.

The Shewhart control schemes for mean and
range provide information on variability of the quality
characteristics, consistency of performance and the
mean of the quality characteristics, however Shewhart
control scheme are only efficient in detecting large shift
value in process mean and process variability. The
(EWMA) control schemes can be designed to quickly
detect small shifts in the mean of process, (Macgregor
and Harris 1990), and exponentially weighted moving
variance (EWMV) control scheme is very efficient in
detecting small shift in process variability. A combined
EWMA & EWMV gives improved properties when shift in
both process mean and process variability are to be
detected.

This work focus on combining Exponentially
Weighted Moving Average (EWMA) control scheme and
Exponentially Weighted Moving Variance (EWMV)
control scheme to detect shifts in the mean and the
variance of a simulated process.
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[1. METHODOLOGY

a) Formulation of the EWMA and the EWMV charts.
For a sequentially recorded observations, which
can either be individually observed values (X ;) from the

Z, =20, +(1-2)Z,,,0< A<l

process or sample averages (X ), the formulation of
the EWMA and the EWMV charts are given below.
The EWMA chart:

=1, 20 R e (1.0)
cL=X
oL - X3¢ |2 (3.0)
(2-4)
S — p)
) ucL = X+30.|—2— (4.0)
(2-2)

Where: Z, is the value plotted on the control
chart and is a weighted average of all previous plotted
values
Z, is the estimated process mean and a starting value
for the EWMA
A is a smoothing parameter

The EWMV chart:

(6]
N

Where: V4 is exponentially weighted moving
variance
12, is the variance of the individually observed
values or the sample averages.
@, is the sequentially recorded observations
(which can either be individually observed values (X))

Frontier Research ( E) Volume XIV Issue [[ Version I

from the process or sample averages (X ,) obtained

from a designated sampling plan).

Z,is the corresponding EWMA value

A is EWMV weighting parameter

An algorithm is developed to compute EWMA

and EWMV statistics from the observed values or the
sample averages and using the algorithm, a source
code for computing EWMA and EWMV statistic is written
in VB6.0 and used to compute the statistics taking into
consideration the procedures described above.
The algorithm is as follows;

. 1. Initialize variable

1.1 Setcounter =0
1.2 Setsumof X =0
1.3 Setmeanof X =0

2. Open “data.txt”

Global Journal of Science
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@ is the sequentially recorded observations (which can
either be individually observed values (X) from the

process or sample averages (X . obtained from a
designated sampling plan).
o is the standard deviation of the observations

‘ 0=A<1t=12,.n (5.0)
CL = o2 (6.0)
lCL= o’ -3c A (7.0)
(2-2)
UCL= o’+30 (8.0)
(2-2)

3. Loop while end of file “data.ixt” = false

3.1 Set counter = counter + 1
3.2 Read X from file “data.txt”
3.3 Array Data (counter) = X

4. Close file (data.txt)
5. Setcounter =0
6. Loop while counter < upper bound of ArrayData

6.1 Set counter = counter +1
6.2 Set sum of X = sum of X + ArrayData(counter)

7. Mean of X = sum of X/counter

8. Setcounter =0

9. SetsumofX =0

10. Loop while counter < upper bound of ArrayData

10.1 Set counter = counter + 1
10.2 Set Sum of X = Sum of X + (ArrayData(counter)
— Mean of X)**2

11. End loop

12. Set VO = Sum of X/(counter -1)
13. Set Z0 = Mean of X

14. Open “ComputedData.txt”



15. Set Counter = 0
16. Loop while counter < upper-bound of ArrayData

16.1 counter = counter + 1

16.2 EWMA = lamda*ArrayData(counter) + (1-
lamda)*Z0

16.3 EWMV = lamda*(ArrayData(counter)-EWMA)2
+ (1-lamda)*V0

16.4 Write counter,
EWMV into file

16.4.1 “ComputedData.txt”

16.5 Set Z0 = EWMA

16.6 Set VO = EWMV

17. End loop
18. Close file “ComputedData.txt”
19. Stop.

b) Choosing The Value of The Weijght Pararmeter(\)
Various approaches have been proposed for
choosing the value of A. Lucas and Saccucci (1990),
states that the choice “can be left to the judgment of the
quality control analyst” and points out that the smaller
the value of A “the greater the influence of the historical

ArrayData(counter), EWMA,

f(x):f<- 2y T

x:4,0°)

Three different levels are considered for the variance o°:

(i) Small variation: o> = 0.268

(i) Medium variation: o® = 2.144

(iii) Large variation: o® = 4.288

And u = 75 is set to simulate 200 cases.

ad) Computation of ARL

The average run length (ARL) at a given level is
the average number of samples taken before an action
signal is given. If the process monitoring scheme
employs only the single alarm rule “signal the first time
that a point Q plots outside control limits,” and the
process is stable , the values Q;, Q,, Qg,.... . Can be

And the CLI for EWMV is
CLl EWMV = UCL - LCL

data”. Furthermore, smaller values of A should be used if
early recognition of smaller shifts is desired.
If A = 1, the EWMA control chart degrades to

the usual Shewhart X chart. Thus the larger the value
of A the more the weight assigned to the recent data and
the shallow the memory of the EWMA. The smaller the
value of A, the more the weights given to older data and
the deeper the memory of the EWMA. In order to see the
influence of the weighting factor on the control charts,
different value A was applied on the simulated process
in this study.

c) Simulation Process

Simulation is the use of mathematical model to
recreate a situation, often repeatedly, so that the
likelihood of various outcomes can be more accurately
estimated. Simulation has also been defined as the use
of a system model that has the designed characteristics
of reality in order to produce the essence of actual
operation by Gupta and Hira(2012).

We simulate a process
distributed, the model is given as;

that is normally

(9.0)

modeled as random draws from a fixed distribution
(Stephen 2011), then using the notation

g = P(Q, plots outside control limits)

and ARL =

e) Control Limit Interval (CI)

The control limit interval (CLI) is the difference
between the upper control limit and the lower control
limit. The lower the value of CLI the better the
performance of the control scheme (Adekeye 2012)

The CLI for EWMA is
Cllgyma = UCL - LCL
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I11. RESULTS

The EWMA &EWMV control charts are
presented below in Figure 1 to Figure 6 for the
simulated process with small variation, Figure 7 to
Figure 12 for the simulated process with medium
variation and Figure 13 to Figure 18 for the simulated

process with large variation. The Average Run Length
(ARL) and the Control Limit Interval (CLI) were
computed for EWMA and EWMV control charts. The
summary of CLI and ARL are presented in Table 1 and
Table 2 respectively.

< - == = = = = ==

Figure 3. EWMA & EWMV Control Charts for Simulated Data with Small Variation (Var = 0.268 & A = 0.9)
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Figure 4 . EWMA & EWMV Control Charts for Simulated Data with Medium Variation (Var = 2.144 & A = 0.05)
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Figure 6 . EWMA & EWMV Control Charts for Simulated Data with Medium Variation (Var = 2.144 & A = 0.9)

Figure 8. EWMA & EWMV Control Charts for Simulated Data with Large Variation (Var = 4.288 & A = 0.5)

© 2014 Global Journals Inc. (US)

Global ]()urnal of Science Frontier Research ( E) Volume XIV Issue II Version | E



= Figure 9: EWMA & EWMV Control Charts for Simulated Data with Large Variation (Var = 4.288 & A = 0.9)
S
5 7able 1 Cli For EWMA & EWMV Control Chart
=
A
56
0.050 0.100 0.250 0.500 0.750 0.900
0.518 0.500 0.715 1.175 1.793 2.409 2.810
o 1.464 1.388 2.020 3.320 5.068 6.808 7.940
2.071 2.000 2.858 4.697 7.170 7.456 11.233

The values in Table 1 shows the various value of  variation. The nomogram of which is presented in Figure

CLI for the selected values of the weighting parameter  10.
(\) for small variation, medium variation and large
12
10
8
6
‘2‘ ; . —¢—00.518
0 - —i—0 1.464
0.05 0.1 0.25 0.5 0.75 0.9 02.071
A

Figure 10 : CLI curve for ENMA&EWMV chart
Table 2 : Average Run Length (ARL) for EWMA control chart

Global Journal of Science Frontier Research (E) Volume XIV Issue II Version I

A
0.05 0.10 0.25 0.50 0.75 0.90
ARL 2 2 4 12 49 147

The values in Table 2 shows the various value of
ARL for the selected values of the weighting parameter
(A), the nomogram of which is presented in Figure 11.
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Figure 17 - ARL curve for EWMA control chart

IV. DiscussiOoN OF RESULTS

The results of the application of the combined
EWMA & EWMV control scheme on the simulated
process shows that shift in the process average is
always preceded by a shift in the process variability as
evident in the combined charts presented above and
generally speaking, smaller value of the weighting factor
seems more sensitive in recognizing shift in simulated
process quality characteristics. The result on Table 2
shows that the CLI for small value of weighting factor (A)
is lower than that of high value of the weighting
parameter. The results however show that the CLI for
EWMA and EWMV chart are influenced by the size of
variation and we conclude that small value of the
weighting parameter (A) on simulated process with small
variation produces small value of CLI. The result on
Table 1 shows that the ARL for small value of weighting
factor (A) is lower than that of high value of the weighting
parameter and the curve of the ARL for EWMA in Figure
20 shows that EWMA chart is more sensitive to shift
when the weighting parameter is small. In combined
EWMA&EWMYV control scheme, the process is adjudged
to be stable if both the process average and variability is
Stable, if any of the two is out of control, the process is
considered to be out of control.

V. CONCLUSION

The Combined EWMA & EWMV control scheme
has been proposed as alternative means of monitoring
process variation, analyzed by varying the weighting
factor. The results show that the combined EWMA &
EWMV control chart is very sensitive to small shift in the
process mean and process variability.
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proficient in an expertise course covering the professional code of conduct, and """'::Jff;f}“
follows recoenized standards of practice.

K'& -0

o Open Association of Research Society (US)/ Global Journals Incorporation (USA), as
...'( r described in Corporate Statements, are educational, research publishing and
ALt i anni= brofessional membership organizations. Achieving our individual Fellow or Associate
status is based mainly on meeting stated educational research requirements.

Disbursement of 40% Royalty earned through Global Journals : Researcher = 50%, Peer 1

Reviewer = 37.50%, Institution = 12.50% E.g. Out of 40%, the 20% benefit should be

passed on to researcher, 15 % benefit towards remuneration should be given to a |
reviewer and remaining 5% is to be retained by the institution. ﬁ:‘

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our
38 journals worth $ 2376 USD.

Other:

The individual Fellow and Associate designations accredited by Open Association of Research
Society (US) credentials signify guarantees following achievements:

> The professional accredited with Fellow honor, is entitled to various benefits viz. name, fame,
honor, regular flow of income, secured bright future, social status etc.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

The Fellow can organize symposium/seminar/conference on behalf of Global Journals
Incorporation (USA) and he/she can also attend the same organized by other institutes on
behalf of Global Journals.

The Fellow can become member of Editorial Board Member after completing 3yrs.

The Fellow can earn 60% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper.

Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and
can also get an opportunity to join as member of the Editorial Board of Global Journals
Incorporation (USA)

e This individual has learned the basic methods of applying those concepts and techniques to
common challenging situations. This individual has further demonstrated an in—depth
understanding of the application of suitable techniques to a particular area of research
practice.

Note :

”

Vil

In future, if the board feels the necessity to change any board member, the same can be done with
the consent of the chairperson along with anyone board member without our approval.

In case, the chairperson needs to be replaced then consent of 2/3rd board members are required
and they are also required to jointly pass the resolution copy of which should be sent to us. In such
case, it will be compulsory to obtain our approval before replacement.

In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
binding to everyone. Z
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PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e  Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29.Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

®  Reason of the study - theory, overall issue, purpose

®  Fundamental goal

®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  (Center on shortening results - bound background information to a verdict or two, if completely necessary
¢  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

e  Explain the value (significance) of the study

®  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.

e Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

®  To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e |f well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

e |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

e  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

e Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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ADMINISTRATION RULES LISTED BEFORE
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US)

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)

®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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