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ABSTRACT

During hot days, soldiers may suffer because of temperature rise thsidkelmet. On the
other hand, taking out helmet has risks especially during opesafioase change matesal
(PCM) are substances which can start meltialgtively at low temperatures with respect to
other materials which are solid in room temperatame provide cooling effect due to its
latent heat.Phase change mateaith their high thermal energy storage capadigve
extensive usage area in free cooling applicatitlsing PCM inside the helmet enables the
soldier to be in thermal comfort for a certain time interval. In this study, a new military helmet
with PCM, heat collector and gel pad was desigidds study alsancludesthe thermal
analysis inside the militg helmet with PCM for different externalir temperatures and
convectionheattransfercoefficients. Results show that the time interval when the soldier is in
thermal comfortis considerably affectedrom convection heat transfer coefficient and
externalair temperature. After the PCM completely liquidized, inner surface temperature of
the helmet increases rapidly. In that case in order to have thermal comfort conditions again,
the portable PCM pouch can easily be removed and solidifiad appropriateold medium.

Keywords: Helmet,latent leat, phase change material (PCMgrmal comfort

1. INTRODUCTION

During recent years the attraction on the use of phase change materials (PCMs) for thermal
energy storage has been increased considerably due tohidpeithermal energy storage
capacity. They can also store or release thermal energy at the desired temperatures and this
causes it is practical for many applications. The usage of PCMs for thermal applications is
considerably wide such as air conditionirgectronic cooling, free cooling applications in
building and automobiles.
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PCMs can be classified according to types of compound (organic, inorganic and eutectic
PCMs), their operating temperatures (low, medium and high temperature HCB8]S)
OrganicPCMs are paraffinand ngmar af f i n. Al t hough organic F
and have a high latent heat of fusion, their low thermal conductivity limits their applications.
Inorganic PCMs are salt hydrates and metallic. They not only havdategttheat of fusion

and good thermal conductivity, but also they are not flammable and expensive.

Because of its wide usage area PCMs have been the subject of many Bloskemiet al.

[1] performed a numerical and experimental study on the heat tramséewith PCM. They
obtained the result that heat transfer from the heat transfer pipe to the PCM is considerably
effected by natural convection at the melting layer section. Moreover, increasing the inlet
water temperature decreases the total melting tomsiderablyDarzi et al. [2] numerically
investigated melting behavior of PCM in a concentric and eccentric cylindrical tubes. In their
study they considered inner cylindrical tube as hot wall and outer tube is isolated. When the
inner cylinder tube mowetoward down the center of the cylinder, it has been observed that
the speed of melting increased rapidly because of dominance of natural convection heat
transfer in the PCMShatikian[3] studied on the process of melting and solidification of
paraffin wax with fins. He presented how the melting rate, melting front profile and heat
transfer effected by the boundary conditions and geometry of the system as a result. In the
review paper of Sharmet al [4], they focused thermal energy storages (TES) systgitin

PCM and mentioned melt fraction studies related to the P@&Mbveci and Akal[13]
numerically investigated heat transfer and fluid flow in a heat exchanger with a plate type
storage including phase change material. They found that the coolingnpante is
considerably depends on the mass flow rate.

There is a limited number of study about the thermal analysis of the helmet in the literature.
Ghaniet al. [5] performed numeri cal and experi ment
performance at itferent environmental conditions. In their study, they take account the
effects of the solar radiationf or c e d convection and PCM o
performance. They also investigated that influence of sweating on mass and heat transfer of
the modetd head. They observéte temperature of the helmet internal air channel decreased
from 47°C to 40.6°C. Tan and Fok6] proposed design of a PCM coolewtorcyclehelmet

by using thermal resistance networks. Their design is substantially practiealsbeaf the
detachable PCM porch and cooling effect of the head up t&Rdwifpouret al. [7] have
numerically investigated the thermal comfort of the motorcycle helmet using.6ld{0) as

PCM. According to their results the melting period of P@hproves with the thickness of

the PCM section.

It is important that for soldier to be in thermal comfort especially during operation. As it can
be seen from literature that there is no enough study about design and cooling of military
helmet. Thereforenithis study a new design of military helmet with PCM has been proposed
to ensure the soldier to be in thermal comfort for a time interval.
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2. MATERIAL AND METHODS

In this study a new design of helmet has been proposed. It consists of gel cushion,
Aluminium as heat collector, PCM and Kevlar 49 from the inside to the outside of the helmet
respectivelyThe coordinate system and the geometry with dimensions used in this study are
given in Fig. 1. Geometric dimensions of the helmet and thermophysical properties of
materials composing the helmet are given in Table 1 and Table 2 respectively.
Thermophysical properties of the materials are assumed to be coAst#ritas been known

that phase change matesa]PCM) are substances which can start meltiektively at low
temperatures with respect to other materials which are solid in room tempeatasupessible

to design a helmet whichnables the soldier to be in thermal comfiort a certain time
intervalby using PCMs with high latent heat and melting temperature near¥eR22HC
corresponds these needs and is has been used for this study.

Kevlar 49

PCM

Heat collector (Al)
Gel Cushion

Figure 1. Geometry and the coordinate system

Table 1. Geometric dimensions

a 28310°m [8]
b 25000°m [8]
c 13420°m [8]
Thickness of Kevlar 49 tkeviar=7.620°m [8]
Thickness of PCM tpcn=620°m

Thickness of Al ta=200°m

Thickness of gel cushion | te=220°m
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Table 2. Thermophysical propertied the materials

Material k (W/mK) | z (kg/m®) ¢ (J/kgK) | Ref.

Kevlar 49 0.04 1440 1420 [9]

PCM (RT22HC, T=20°C, 0.2 760 2000 [10]
Ti=23C)

Al (Alloy 2024-T6) 177 2770 875 [11]

Gel cushion (Gel 8010) 3 2700 1000 [12]

The temperature distribution inside the helmet has been investigated for different convection
heat transfer coefficients (h=%0, 15, 20 W/ifK) and external air temperaturesy(¥30, 35,

40, 45C). It was assumed that convection heat transfer coeffisiaatsame for the whole
helmet geometry exposed to external air. The inside of the helmet has a boundary condition of
constant heat flux. Because the heat generated by the wearer head is 4[B\W/atent heat

for the RT22HC is 170 kJ/kg [13The proposd three dimensional model for the military
helmet has been solved by using Comsol Multiphysics finite element and simulation software.

Governing equations are as followings.

o TI'_‘Y ®3°0 By for gel cushion 1)
0
o T Y 7
0
~ 1Y - N
" ) T_ O Q MYy Y for PCM (3)
0
o T "Y 7, ,
0

where ”, ¢) Qand "Y are density, specific heat, thermal conductivity and temperature
respectively. The source term for the PCM layer is defined as following.
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JOTTTY (5)

where0 is latent heat for the RT22HC ainds melt fraction. It can be defined as follows.

i T Y
f rp Y—Y QY Y Y (6)
w P Y

The entire geometry was assumed initially at a constant tempecdtdg°C. This means

PCM is at the solid phase before the soldier wear the helmet. Boundary conditions on the
contact surfaces of materials arises from the continuity of the heat flux and thermal
equilibrium on these surfaces.

Initial and boundary conditions arevgn as followings.

Yo op Yo (7)
®O Q wY QY Y on the outer surface of the helmet 8)
D QFY QY Y on the thin surface (on xy plane in Fig.

Q QME D 6 W QU (9)
O QO PY n pp@Ta on the inner surface of the helmet (10)

S0l b mh on contact surfaces (Gal, AlPCM and  (11)

. PCMKevlar 49)
Y Y

1 and 2 subscripts show the inner and outer mediums respectivety iartie unit normal

vector.
5
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As the thickness of the PCM layer is thin, the effect of the fluid flow in the liquid phase due to
buoyancy forces to the temperature distribution is negle@edace serage values of the
helmet inner temperature have beaitulated angrresentedor dl investigated parameters.

v £ vas
(0}

(12)

3. RESULTS AND DISCUSSION

The numerical results were obtained for convection heat transfer coefficient values0of 5
15, 20 W/MK and external air temperaturealues of 30, 35, 40, 4% by Comsol
Multiphysics finite element and simulation softwar6 MRES Generalized Minimal
Residua) solver has been used. Physicsmtrolled mesh has been applied for the geometry.
The related properties of the mesh used for the new designed militargt lveiim PCM are
presented in Table 3.

Table 3. Mesh properties

Number of Number oftriangular Number of edge Number of degrees
tetrahedral elements elements of freedom
elements

866113 169322 7848 115284

Gel cushion has been preferrfed the inner layer of the helmet in order to primarily provide
comfort and create a heat transfer medium between head and Aluminium layer. Aluminium
layer serves as a heat collector, it transfers heat generated from the head to the PCM layer by
conduction In the design of the military helmet, the geometry has been simplified by
subtracting the parts which are not in contact with the head and without changing any
dimensions taken from tHedirneProvincial Gendarmerie@nmand

The temperature simulations after 1 hour fosH&/nfK and h=20 W/rfK have been
presentedn Fig.2 and 3 respectivelyOne can conclude from the results that temperature
inside the helmancreases with h and,;ll But this small bottom area of the helmet shown on
Fig. 2 and 3 is exposed to convective heating by the medium at the temperature of T
Because of that reason these figures can cause mistakable results for the sensitil@predict
of the temperature inside the material composing the helmet. On the other hand, it has been
exactly concluded from the Fig. 2 and 3 that the inner temperature inside the helmet maintains
around 22C after 1 h and this means that the soldier head tiseinmal comfort. In Fig. 4,

6
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volume average temperatures of each material have been computeeR@V/nfK and
Tar=40°C. It has been

observed from Fig. 4 that while volume average values of the gel cushion and Al layer
temperatures are exactly same with surface average value of the helmet inner temperature,
that of PCM layer temperature is a bit lower than the surface average value of the helmet
inner temperature and that of Kevlar 49 layer temperature is higher than the surface average
value of thehelmet inner temperature. The volume average temperature value of Kevlar 49
intersects with the surface average value of the helmet inner temperature at d6ollt i38
expected result that the volume average temperature value of Kevlar 49 highethéran
Because it i's in contact with the surroun
conductivity it is relatively less effected by the cooling effect of the PCM layer. On the other
hand, PCM layer has the lowest value of the average tempeBdgaaise it is at the origin of

the cooling effect.

Ye 2 ovao
® (13
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Figure 2. Temperature distribution inside the helmet aftefatth=5W/nfK



Selen,
pon Selence g

"g 3" International Conference on Science, Ecology and Technology
: Rome, ITALY
ICONSETE'2017 14-16 August 2017

Rome, ITALY « August 14-16, 2017

Iong,

internat;

)

A 29.607 A 34,433

34

32

27
30

26

28
25

-1 24 i 26

23

24

22

22

¥ 21.105 ¥ 21.551

h=20W/nfK T;=30°C h=20W/nfK T;=35C

A 39,268 A 44107

38

36 40

34
35

32

30

30

28

26

25
24

22
Vv 21.922 ¥ 21.543

h=20W/nfK T;=40°C h=20W/ntK T;=45C

Figure 3. Temperature distribution inside the helmet after 1h for h=20%/m
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Figure 4. Volume average temperaturesgel, Al, PCM and Kevlar 49 with average temperature of
the inner surface of the helnfet h=20 W/niK and T,,=40°C.

According to the presented results in FigB,%ne can conclude that surface average values of
the helmetnner temperature with PCM increases with the convection heat transfer coefficient

and external air temperaturkfter the PCM completely liquidized, inner surface temperature

of the helmet increases rapidiks human sweats to keep his or her core heaghaeature

below 39C by cooling effect of evaporation ][5the presented results for the average
temperatur e

external

ai

temperatures than 38.

40

of

t he
sweating depends on many factors as metabolism rate, relative huohithigy air other than
r- - temperature, it

35 i e
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Figure5. Average values of helmet inner
temperature with PCM for h=5W/fK
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Figure?7. Average values of helmet inner Figure8. Average values of helmet inner
temperature with PCM for HESW/m?K temperature with PCMor h=20N/m?K

On the other hand, same analyses have been performed for the helmet without PCM layer by
keeping the thickness of the other materials andridireensions of the helmet same as the
helmet with PCM. Presented results in Fig. 9 show that using PCM inside the helmet prolong
considerably the time interval when the soldier head is in thermal comfort.

—@——  h=10W/m’K Tair=45°C without PCM

‘@ h=10W/m’K Tair=40°C without PCM
——-v-——  h=10W/m?K Tair=35°C without PCM
— —v— - h=10W/m’K Tair=30°C without PCM
40 1 — ® —  h=10W/m?K Tair=45°C with PCM
— —O— —  h=10W/m’K Tair=40°C with PCM

h=10W/m?K Tair=35°C with PCM
h=10W/m?K Tair=30°C with PCM

Helmet inner temperature (°C)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time (h)

Figure 9. Comparison of theweerage values of helmet inner temperature aitt withoutPCM
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4. CONCLUSION

Heat transfer inside the new designed military helmet with and without PCM has been
numerically investigated. It has been concluded that using PCM insidehdimeet
considerablyincreases the time interval when tte soldier is in thermal comfort. Results
also show that the time interval for the thermal comfort is strongly affected by convection
heat transfer coefficient and external air temperatéreoldia wearing this new designed
helmet will be in thermal comfort for a longer time when twnvection heat transfer

coefficient and external air temperatare relatively low.

NOMENCLATURE

a, b, c: Geometric dimensions for the helmet (m)
c: Specific heaJ/kgK)

h: Convection heat transfer coefficigft//m?K)

k: Thermal conductivity (W/mK)

L: Latent heat (J/kg)

=5: Unit normal vector

S.: Source term (W/i)

T: Temperature’C)

4 : Initial temperature®C)

Ti: Liquefied temperaturé€q)

Ts Solidifiedtemperature®C)

& Heat flux vector (W/r)

A : Heat flux from the inner surface of the helmet (ViJ/m
t: Thickness (mm), time (s)

V: Volume (n?)

Greek symbols

I : Melt fraction

" : Density (kg/m)

Subscripts

1, 2: represents the inner and outer mediums
A: Area (nf)

air: Air

Al: Aluminium

ave: Average

in: Inner

12
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gel: Gel

KEVLAR: Kevlar 49

PCM: Phase change material
vol. ave: Volume average
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CHANGES IN THE MIDDAY WATER POTENTIAL IN
ANATOLIAN BLACK PINE AFTER THE LATE
PRECOMMERCIAL THINNING
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ABSTRACT

In this study, banges middaxylem water potential after late precommercial thinning in the
naturally regenerated Anatolian black pirfeinus nigra Arn. subsp.pallasiana (Lamb.)
Holmboe]st and was st ud.i dstrictsairt the@fdtehni Mediterrankam regian t

of Turkey. Three levels of late precommercial thinnifggavy épacing varied between 3.0 to

3.5 m) moderate gpacing varied between 2.0 to 2.5, mand unthinned control were
established in early 2015.itilay xylem water potential, soil moisture and temperature were
measured during the first growing seasons following late precommercial thinning. The days
were selected to correspond approximately to the beginning, the middle and the end of the
growing seasanMidday xylem water potential was varied significantly with thinning the
beginning and the end of the growing seasuo the treatment impact was roi g n ithec an't
middle of the growing season. At the end of the growing season following thinning,dhinne
trees had higher midday xylem water potential compared with unthinned control. Soil
moisture content was generally lower in the unthinned control than the thinned treatments.
Soil temperature was always greater on the thinned plots.

Keywords: Pinusnigra, soil moisture, stand, itming, xylem water potential.

1. INTRODUCTION

Turkey has a rich plant biodiversity because of its geographic position, topography and

climate. In parallel to this ecological richness, its forests are also rich in term of both species
and composition. The total area of forest in Turkey is 22.342.92f%res, which consists of

pure and mixed forests [1]. Anatolian black pine is one of the importance forest tree species in
Turkey, because of its great economic, aesthetic and ecological importance. It occurs through
Turkey excluding Eastern Black Sea, teas and Souteastern geographical and ecological

15
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regions of Turkey [2]. The forests of this species cover an area of 4.2 million hectares in
Turkey. There is total 2.727.524 ha of stands suitable for natural regeneration of Anatolian

Black Pine [1]. Rgeneration coming from natural regeneration, during especially good seed
years, can be very dense. Overstocked stands have greater competition and stress. More
competition and stress leads to mortality and lower growth rates. In very dense Anatolian
black pine stands, the stands density needs to be regulated and thus requiring precommercial
thinning to reduce density.

Precommercial thinning is a silvicultural operation, it primarily used to improve growing
conditions of remaining trees in young stands T3je timing (i.e. the height of a stand at the
time of thinning) and intensity (i.e. the spacing of a stand) of precommercial thinnings affect
the yield and quality development of young stands. Precommercial thinning considerably
enhanced the diameter déyament [4], [5] Thinning has also an important effect on water
balance. The increase of the soil water reserve led to a lower duration and level of water stress
in the thinned plot [6]. In other words, the water status of trees is generally improviee by t
thinning [7]. But, itsintensity results in greater or lesser changes in the environment of the
remaining trees. An understanding of effeatsilvicultural treatments such as precommercial
thinningon individual trees or whole stand is extremely ulstefinelp the forester to optimise

the environmental conditions (water status of the plants, temperature conditions, light) for
regional or local area. The objective of this study was to determine the effect of
precommercial thinning on midday xylem wagastential, soil moisture and temperature a
young Anatolian black pine stand.

2. MATERIAL AND METHODS

2.1.Study area and experimental desing

This study was carried out in a young stand of Anatolian black[pimes nigraArn. subsp.
pallasiana( Lamb . ) Hol mbo e] | ocat ed wi tDirectarateds bfe b o
Forestry belonging tdsparta Regional Directorateof Forestry.The study area is located
betweerB 6 A N&th latitude an® 9 A E&stdamgitudes. The altitude of the ais 1700 m.

Its aspects are to the northeaast. The area was located conglomerate bedrock. The soil
texture ranges from sandy clay loam to sandy loam. The readings taken with eveatiadr

station installed within the study area fbe precipitabn and air temperature was shown in
Figure 1.

The study stand was established by natural regeneration using seed tkeasobén black

pine. The stand waapproximately 2423 years old and pure.ré€ommercial thinning
treatments were implemented priorthe 2015 growing season. Treatments consisted of two
levels of precommercial thinning with an untreated control westablished in a randomized
complete block design with three replication. There are a total of nine plots in experiment area
(3 treatmehx 3 replicates)The plot area varied between 1800 m?. Untreated control had
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stand density 04942 trees per hectare. The moderate precommercial thinning (spacing varied
between 2.0 to 2.5 m) treatment, stand density was reduced to 2133 trees quer hibet
heavy

precommercial thinning (spacing varied between 3.0 to 3.5 m) treatment was thinned to the
density of 1094 trees per hectare.

Z Precipitation (mm)
=aAyAYdzyY 6c/ 0

- 100
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T
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May-15  Jun-15 Jul-15  Aug-15 Sep-15
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Figure 1. Variations in precipitation and air temperature for the studgs during the
sampling periods.

2.2 Measurements

Mi dday xyl em wqg tvas meapucetl with & pressdure ¢h@mber [8)ay, July

and Septembeduring the first growing season following precommercial thinnimge

midday measurements were made between 12:30 and 13:30 when tree water stress was
highest. Shoot samples were collected with pole prufters south side and at the same
crown positions ofL2 trees per treatment (4 trees per replication). To minimeer loss,
samples were immediately placed in aleon a sealed polythene bags.

In May, July and September, soil samples were collected total of 15 samples per treatment
from 0-20 cm depth within each treatment plot (five samples per replicatiomtéonaine the

soil moisture contenby gravimetric method. At the same time, soil temperatures were
measured with portable digital thermometer-200cm depttwithin each treatment plot (total

of 15 samples per treatments).

2.3 Statistical analysis

For statistical analysis, data were subjected to analysis of variance. Means were compared
using Duncamhsg emuletsitp | aet 5% probability. D
standard error of mean using the SPS® 2tatistical software package.

17



on Selénce,
o "%‘b

"‘2 3" International Conference on Science, Ecology and Technology
: Rome, ITALY
ICONSETE'2017 14-16 August 2017

Rome, ITALY « August 14-16, 2017

ntermatr,,
a
3

)

3. RESULTS AND DISCUSSION

The arrangement of the intensity of the stands affects the properties of both the individual
trees and the whole stand [4]. Changes in soil temperature and moisture after thinning are
important

in explaining the impacts of this intervemti on soil fertility [9] In the first year after
precommercial thinning, the beginning of growing season (Maggamsoil moisture content
were significantly higher in the thinned plog € 0.001; Figure 2). Middle of the

growing season (July), soil nsture content ofheavy precommercial thinning were
significantly higher than themoderate precommercial thinning and untreated contre&rivi

soil moisture content were not affected by the precommercial thinning treatment the end of
the growing seasonVallentin, [10] found that the heavy thinning increased soil moisture,
light transmittance and soil temperature, and hence the nitrogen mineralizationPicghe
abies forest. In our study, @l temperature significantly differed among precommercial
thinning treatments in May and Jull? < 0.001; Figure 3). On these dates, soil temperature
was highest in thenoderate and heavy precommercial thinning treatmamislowest in the
unthinned contl treatment. Also in September, precommercial thinning had effect on soil
temperature. In Septemberhet highest soil temperature was determinecbderate
precommercial thinning treatmentBhibodeauet al. [9] studied precommercial thinning in
theyoung talsam fir Abies balsamed..) Mill.) standsin Quebe¢ Canada. They found that
precommercial thinning significantly increased soil temperature in the mineral horizon.
Another study, in precommercially thinned and unthinned stands of balsambiies(
balsamea (L.) Mill.), the thinned stand had significantly higher average hourly soil
temperature than the unthinned stand .[Rijpurak and Makineci [12jeported thatemporal
variation of soil temperature was higher in the thinned plots, generally in the summer period
from the beginning of Apriin a coppiceoriginated Carpinus betulud.. stand in Turkey.
These results corroborate our findings with Anatolian black. pine
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Figure 2. Soil moisture content (%) atZ0 cm depth in different precommercial thinning
(PCT) treatments during the first growing season after thinning. The measurements are
averages of n=15.
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Figure3.Soi | t e mp e r-20 tnudeh iifferént precammercial thinning (PCT)
treatments during the first growing season after thinning. The measurements are averages of
n=15.

The changes of middagylem water potentiaih shoots of Anatolian black pine trees from all
treatments during the gramg season were presented in Figure 4. In May and September,
middayxylemwat er potenti al of taffeeted bynthe precommereial e s
thinning treatmen(P < 0.001; Figure 4), but the treatment impact wasnotg n iiryJaha n t

In May, mdday xylem water potential of the shootsas highest in trees ithe unthinned

control intermediate in trees in tmeoderate precommercial thinning treatmemtd lowest in

trees in theheavy precommercial thinning treatment. But, $eptember, idday wder
potenti al of the shoots of trees from the ¢
with precommercial thinning treatmen@authier and Jacobs [13] found thia imature black

walnut Juglans nigralL.) trees, compared with control trees, thinned trees had higidelay

leaf water potential year after treatmenBredaet al.[14] reported that predawn leaf water
potential was significantly higher in trees in the thinned stand than in the closeédsththe
improvement in water availability in the thinned stand resulted from decreases in both
interception and transpiratican oak forestQuercus petrae@Matt.) Liebl.). It was reported

[15] that water availability usually increases as a resultinhihg because of the reduction of

crown interception or root competition.
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Figure 4. Middayxylem water potentia(-MPa) measured in Anatolian black pine trees in
different precommercial thinning (PCT) treatments during the first growing seéfson
thinning. The measurements are averages of n=12 trees.

4. CONCLUSION

Precommercial thinning is a silvicultural operation that removes a portion of the canopy to
accelerate height and diameter increment of residual trees [16]. The results showed that
moisture content and soil temperature generally increased in response to precommercial
thinning during the first year after thinning. Compared with control trees, thinned trees had
higher midday xylem water potential the end of the growing season #S3eber).
Precommercial thinning in young Anatolian black pine forests may be beneficial effect on soil
fertility due to increasing soil moisture and temperature. In addition, water stress in trees can
also reduce by thinning. Sprecommercial thinning catontribute to thgrowth of Anatolian

black pine trees.
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COMPARISON OF GRIPPER DESIGNS FOR ROBOTIC KIWI
FRUIT HARVESTING

Erhan Kahya', Selcuk Arm®
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ABSTRACT

One of the most important pieces of robotic fruit harvest is Gripper, which made the last
cutting action.Other parts are robotic arm, image processing and image processing software.
In this study, image processing was carried out for fruit harvesting with the robotic
system.The position of the fruit on the branch was determined and the cuttingoopesai
performed. Twedimensional and redime images were transferred to digital media with a

2D camera. The images of the fruit transferred to the digital medium were processed in real
time image based on shape feature with the help of camera prognanmdvement of the

robotic system is provided by finding the coordinates of the X and Y coordinates on the
branches of the fruits according to the received and processed data. The designed Pneumatic
shear system and step motorized shear cutter were indiljidnounted on the end of the
robotic arm. 100 pieces of kiwifruit were placed differently on the branch and designs were
tried separately. As a result of the experiments, It has been observed that the stem diameter of
the fruit and the stem breakingsrgtor are effective in breaking the fruit over the branch. As a
result of experiments on different designs, The cutting success was statistically analyzed.lIt
has been seen that the cutting system working with the pneumatic system can cut through the
fruiting branch with %72 success rate.The success rate in the shears system working with the
stepper motor is determined as 0% (no cutting).The failure rate of %28 in the shears system
working with the pneumatic system and the failure rate in the stepper si@ars system

were investigated. In the research results; The reasons for failure in the system of pneumatic
system shears are that the fruit stem is at the tip of the shears, It has been shown that shears
does not come off the stem of the fruit, but conteshe fruit burl or with the sharp knife,
causing an error in the breakout process. It is understood that the cause of the high failure rate
in the step motor shears system is due to the engine can not move cutting action with a strong
shutdown. Accordig to the results obtained, it is seen that the pneumatic shears system is the
most suitable system that can be used for fruits.

Keywords: Robotics Harvest, Cutting, Gripper, kiwi
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1. INTRODUCTION

Nowadays, the robot technology is in significant advancement process. The objective of robot
technology, which is widely used in many fields from medical practice to agricultural
implementations, is to ease the lives of human, to accelerate the proaesstsperforma

uniform production. Considering the tasks, which the humans do not want to fulfil, or the
tasks, which might result in lifthreatening circumstances, it can be seen that the robot
technology is used in all of these domains. In this ambrothe robotic systems eases the

lives of human and eliminates the risks, as well as the most important benefit of robotic
systems is to protect the humans from potential damages. For these reasons, the robotic
systems are the most popular technologyaofay. The advancements in robotic systems
gained speed with the development of integrated circuits in 1980s, and the costs started to
decline during this process. Due to these advancements and decrease in costs, this technology
penetrated into all of thedustries.

The development of robotic systems continues in parallel with the development of microchip
technology. As the technology advances, the configurations required for these systems get
smaller. Thus, the robotic structures transformed into monewegight and more functional
structures.

The term Aroboto refers to the machi nes 1
mimicking the human behaviors and motions. The development and design of robots is
executed by inspiring from the characteristios creatures have adopted in order to attune to

the life. The best example that can be given about this subject is the similarity between the
activity zones of robotic arm and human arm.

The common property of all the robotic systems is that they ak wora platform and the
endeffectors at the end are designed in accordance with the tasks. In robotic technology, the
gripper units, which are specially designed for fulfilling the defined functions, are needed.
The systems that are capable of mimicking motions, which the human hand can perform,

are of significant importance. In design and working principles of these units, the human
hand, which is the most functional hand, is taken as base.

The fundamental properties that a robot should have acdi@sd;

1. Capability of performing a task: The unit should physically or virtually fulfill the task
that is expected from it.

2. Capability of determining the consequences of operation: It should be capable of
determining the consequences of task expectedtfieranit.

3. Capability of decisiomrmaking: The unit should make decision based on the
consequences of task, which it is expected to fulfil, or the external factors

Any system that is capable of fulfilling a task, determining the consequences, and making
decisions can be called robot. But, even though the robots are capable of fulfilling any task
that human can do, they actually mimicking the capabilities of human. The robots are capable
of performing task, which are assigned by human, in the way prograbyntednan.
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The most important part of the design of a robot is the part that fulfills the final motion of
gripper system attached to the tip of affbctor. The most important point to be paid
attention in gripper design of robotic system is that the Isaodld be functional and ready
to-operate in accordance with desired function. In robotic systems used in agricultural
operations, the design of gripper used in harvesting plays important role in efficiency of
harvest. In order to cut the fruit on the feh, the gripper should perform the cutting
operation at highest level. Another factor that should be considered in gripper design is that it
should be suitable for the physiatechanical properties of fruit to be harvested. While being
cut fromthe branch t he fruit should completely fit
resistance should be eliminated.

Scarfe et al. (2009 esigned a remoteontrolled kiwkharvesting robot. In this design, it is
possible to harvest 14,000 kiwis per hour. Using the -rduge camera system attached on

the harvesting arms, and they defined the fruit diagnostically. Under favor of armsecajpabl
moving3 6 0 e, the fruits are harvested by rotat
the pemtrometric measurement results.

Zhi-Guo et al. (2009¢arried out a study on impactechanical properties of robotic fingers

used in tomato harvestingn their study, the effects of input current, and engine speed and
position were examined, as well as the control tests of fingers used in tomato harvest grippers.
The current values of engine were set between 1200 and 2100 mA, while the engine speed
varied between 25 and 3000 RPMhe optimum force for tomato harvesting was sought
between these values.

Henten et al. (201Q)Jesigned an optimal manipulator for robotic cucumber harvesting. The
algorithm used for optimization was the direct algorithm in the[@b package. The authors
have used-4onnection PPRR type manipulator. They used the values of degree of freedom in
cucumber harvesting in the tricyclic system rotating around the vertical axis for the robot. In
Figurel.1, the product selection amabtion simulation of harvesting robot is presented.
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Figure 1.1. The product selection and motion simulation of harvesting robot

The common point of all of these studies is that a different gripper was designed especially
for harvesting different fits. Even though the robotic system structures show certain
similarities, they grippers were designed in accordance with phygsobanical properties of
fruits.

2. MATERIAL AND METHODS
2.1. MATERIAL

System design has been done for the creation afytstem. The following elements are used
for this system. These,;

1.2D camera

2. Robotic arm

3.Gripper

4.Ultrasonic sensor.

5.Robotic Control Card

6.Pneumatic System Control

2.1.1. 2D Camera

The 2D camera has a capture ratio of 30 FPS with a 640x380 pixel black and white sensor.
Image processing is done with extended SDRAM memory running on a 1 GHz processor. The
camera flash memory and images are stored in memory. In addition, the FPGAzeptimi
pixel processing. It uses TCP / IP and UDP / IP protocols with 10/100 Mb Fast Ethernet to
communicate with the computer. Apart from these connections, the camera has the ability to
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communicate with the R&85 serial port. Triggering feature is made Bbtandard
photoelectric switching. It is controlled by its own software.

2.1.2.Robotic Arm

A robot with 4 degrees of freedom (DOF) moving towards the fruit is used according to the
coordinates of the image processing method. 4 SpringB83B and 2 SawoSV-0236 MG

model servo motors are used to move the 4 axis robot. Arm lengths L1 = 20 cm, L2 = 17 cm,
L3 = 15 cm. The parts of the robot arm are shown in Figure.2.1.

Figure21lRob ot kol tasaréemé(orjinal)

2.1.3.Gripper

Two different gripper designaere used in the study. The first method is the servo motor
controlled system shown in Figure 2.2. The second method is the system controlled by the
pneumatic system shown in Figure 2.3.

Figure 2.2. System controlled by servo motor
27



fﬂ.oﬂw*‘%%‘h%
gf i 3" International Conference on Science, Ecology and Technology
3 Rome, ITALY

T 14-16 August 2017

Rome, ITALY « August 14-16, 2017

Figure 2.3. Control system with pneumatic system

Cutting apparatus used in the system has a size of 17.5 cm lower jaw and 15 cm upper jaw. A
blade of 3 cm length was placed on the ends of the jaws. In the second method, a pneumatic
scissors system was installed byntoning 1 parallel holder and 1 pruning shear.

2.1.4. Ultrasonic Sensor

Parallax Ping Ultrasonic sensor is used to stop the fruit located on the branch of the robot arm
at a certain approach distance. The sensor used calculates the distanpecges$iseng of the

sound signals. The sensor is scanning the distance between 2 and 3 meters and detects the
obstacles in the front. The ping sensor has an | / O pin and a status LED. There are two
sensors on the card and 3 pins (5V, GND and signal).

2.1.5. Robotic Control Card

Arduino Uno has been used as a robotic control card. The ATmega 328 is a microprocessor
development card and has 14 digital input / output connections, 6 analog inputs, 16 Mhz
crystal oscillator, USB connection, power connectior§P&onnection and reset button.
2.1.6.Pneumatic System Control

Two solenoid valves MVSQ804E1 were used to control the pneumatic system in the
system.

2.2. METHODS

The servo engine in first method and pneumatic pruner in second method were cowittolled

a robotic control card, and a program was coded for rotation of servo. The pneumatic system
was connected to a compressor, which providés Bars of pressure, via 8mdiameter

hoses. The system was controlled by running the control valves via the madgam. The
control valves were used for operating the pruner und@Bé&rs of pressure.

The calculation of cutting pressure of pruner was calculated according to the formula below:

Cutting Stress (D. Dursun, 2001):
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U=Cutti(Ngnmdtress

A=Crosssection area (mf

o —2° )

d=Stem diameter

Cutting Force (D. Dursun, 2001):
Ft*Li=R*L> (3)
L, = Stem length

L, = Cutting length

Pneumatic pressure (D. Dursun, 2001):

P=F/A 4)

P=Pressure (Pascal)

F=Force (N)

A=Crosssection area (mf

In order to cut the fruits on the stem, the systems presented in FigBraad223 were
mounted on the robotic system. The cutting stress during cutting the fruits was calculated
using Formulas 1, 2, 3, and 4. During the caltons, the stem diameters were measured
using a caliper. Land L, lengths and the inner diameter of pneumatic hose were measured
using a caliper, and the results are presented below.

L1=20 mm

L,=25 mm

The inner diameter of hose was 4 mm. The arémsé (A) was calculated to be 12.56 mm

The pressure values of compressor running the pneumatic system were set between 5 and 8
Bars. The force applied on the lever)(Wwas calculated using Formula 4, while the cutting
force (k) was calculated by usirfgormula 3. By putting the values of force applied on lever
(F1) cutting force (g) in Formula 1, the stem cutting stresd)( wa s calcul a

calculations repeated for 100 times for each fruit species were statistically analyzed
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The pressure of systeran by servo engine was calculated to be 0.68 Bar. The force applied
on lever (ff) was calculated using Formula 4, whereas the cutting fordenm@s calculated
according to Formula 3. By putting the values of force applied on leyec\i&ing force (k)

in Formula 1, the stem cutting stre¢$)( was cal cul at ed. The cal
times for each fruit species were statistically analyzed

3.RESULTS AND DISCUSSION

The pressure values of compressor running the pneumatic system varied betaveb 5
Bars. The force applied on lever;Rvas calculated using Formula 4, whereas the cutting
force (F,) was calculated according to Formula 3aRd F, values are presented in Table 1.

Table 1. Pneumatic cutting system

Pressure Values (Bar)

5 6 7 8
Fi(N) 6.28 7.53 8.79 10.04
F»(N) 5.02 6.03 7.03 8.04

By putting the values of force applied on levey) (€utting force (k) in Formula 1, the stem

cutting stress§) was cal cul at ed. The calculations
statistically analyzed. The statistical analysis was performed according to the cutting status of
fruits. The results are summarized in Table 2.

Table 2. Exchanges cutting force for Kiwi

Sum of df Mean of F Sig.
Squares Squares
a* Between Groups 6.698 62 .108 4.859E32 .000
In-Group .000 38 .000
Total 6.698 100
b* Between Groups 9.682 62 156 2.916E33 ,000
In-Group .000 38 .000
Total 9.682 100
c* Between Groups 13.132 62 212 1.905E33 .000
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In-Group .000 38 .000
Total 13.132 100
d* Between Groups 17,243 62 278 2.502E33 .000
In-Group .000 38 .000
Total 17.243 100

*a=5 bar, b=6 bar, c=7 bar, d=8 bar

The pressure of system run by servo engine was computed to be 0.68 Bar. The force applied
on lever (k) was calculatedising Formula 4, and the cutting force)(Was calculated by

using Formula 3. By putting the values of force applied on levgraiiting force (k) in

Formula 1, the stem cutting stresd)( wa's cal cul at ed. No stat
performed, sine no cutting could be made in 100 attempts made for kiwi fruit.

During the experiments, the percentage of accurate positioning of robotic arm was found to be
83%. The reason for this is that the camera chose the fruit randomly during determining the
coordinates when the fruits are collateral or consecuitiwveas found that the coordinates of
fruit that better fits to the defined shape was given, rather than the fruit with perfect shape.

The rate of cutting was 72%he reason for difference betweimding and cutting was found

to be the position of fruit on the pruner. As a result-®€gt performed, it was determined that

not only xaxis but also jaxis is important for cutting the fruit from branch. During
positioning the pruner, it was deterrmadhthat axis ensured the positioning of pruner on the
stem of fruit. The position of fruit stem on the tip of pruner, the position of pruner
corresponding to the body of fruit, the fruit, or the beginning of stem rather than the stem, and
the position of puner on the shoot of stem were observed to cause failure during cutting.

According to the results of ANOVA test, the pressure values of pressure varying between 5
and 8 Bars were found to be significant for cutting force. It was determined that the
compessor pressure running the pneumatic system provided enough pressure for cutting
operation. The pressure values varying between 5 and 8 Bars were observed to be enough for
cutting. It was determined that t hetthehange
cutting force.

4.CONCLUSION

I n experiments carried out with servo engi-
engine, the servo engines running on AC power that has higher pressure values should be

preferred. Since the stem diametersaffe t he st embs breaking res
The pressure that was applied was observed to be unsuitable for cutting the fruit stem.
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It was determined that the system to be used as gripper providing the final motion of robotic
system was the pnmatic one. It was concluded that the success rate of cutting can be
increased by pulling the fruit inwards from the tip of blade and keeping it stable in order to
improve the plucking success. Specially designing the vacuum pad at the tip of vacuum
generabr used for pulling the fruit inside is believed to improve the success in keeping fruit
stable. In the present study, it was concluded that the most important factor in robotic design
is the gripper fulfilling the final motion. Although the determinatoi f r ui t 6 s posi
the parts moving the robotic arm, and all of the software were the same, the higher level of
success of system driven by the pneumatic system also corroborates this.
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ABSTRACT

In this study, three differetate precommerciathinning (control, moderate and heavy) were
applied with three replications using a randomized block design in natural stands of Anatolian
Black Pine in Pazarkoy/lsparta.oftl soluble sugars were analyzed in May, June, July,
August, September and November (2014) during the first growing seasons following 1ate pre
commercial thinning. The total soluble sugar content was determined by the phenol sulfuric
acid method. When the seasl variations of total soluble sugar content were assessed,
significant differences have been determined between in measurement periods. This study
showed thatotal soluble sugar content was relatively higher in May and June, declined by
September anchén relatively increased in November. In additidveré were no significant
differences between the treatments except September and Noveifther. heavy
precommercial thinninghas the higher total soluble sugar content than therstin
September and Nowgber.

Keywords: Anatolian black pine, precommerial thinning, total sugar content

1. INTRODUCTION

Precommercial thinning (PCT) are one of the important and an essential silvicultural
operationto improve the growth of the remaining treds generally desdred with its
intensity, form andtiming. The intensityof precommercial thinning i€xplained as the
number of stemsThe timing is related to the average tree height and choosing stems (e.g.
removal wolf trees). Imddition, precommercial thinning with the aim of rising timber quality
can be carried out in two steps release the competitive pressure on the mainigiestepw

by step [1]

Nowadays,mainanence work is given importance, but unfortunately, therenarey areas
that arestill delayed to apply precommercial thinnimgTurkey. Anatolian black pinePjnus
nigra Arn. subsp.pallasiana(Lamb.) Holmboe] is one of the species that should be done
precommercial thinning on time. It is resistant to frost amaligit andalso it is widespread
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species, so iis important for our countryThe Anatolian black pine passes precommercial
thinning inthe age of 1415 years depending on the site. This stage continugéshenage of
2540 [2]. The effects of thinning ostand density, basal area, diameter and h¢&jh{4],

[5],

[6], [7], [8], [9], [10] and water relations [11], [12], [13], [14], [1Blve been studied for
several species.

Thinning is expressed stand density at a given age, but now thinning protdenise
determined on a functional basmogress in forest ecophysiolag¥or example, light,
temperature, water, wind ext physiological behaviour is conceiviiideme trees eliminate

in the stand, it changes in the microclimate which lead to major changes piysiological
behaviour of the trees like that changing photosynthesis and transpiration, growth, form and
size of the emaining crowns [16]

Trees ned to reserves their survival during winter and for bud flush and leaf growth in the
following spring In many tree species, these reserves are basically covered by starch. It is
degraded to soluble carbohydrates during the dormant season for respination spring

during budding[17]. During the growing season, accumulation of carbohydrates is required
for survival of plants. Stored carbohydrates play an important role in metabolism, defense
growth, development of cold hardiness, and postponementppression of mortality18].
Carbohydrates accumulate in a variety of tissues and organs, including buds, leaves, branches,
stems, roots, seeds, fruits and also sometimes vasculaCadmphydrates are the special
importance because, first of all they alieect products of photosynthesiad secondly they

have the primary energy storage compounds and the basic organic suljd@inces

The objective of thisstudy was to evaluate variation of total soluble sugar content in
Anatolian Black Pine stands applikede pree-commercial thinning.

2. MATERIAL AND METHODS

2.1 Study area and experimental design

The study area is located within the boundaries of the Isparta Regional Direcotdtatestry

/ EJirdir District D43 nostltlatimdea3ilOd sast ohgitubed. Stady t r y
area has northorthwest aspects. The altitudethe area i4550m. The stand was about-25

27 yearsold and pure. Theaverage slope varies between % and 70%. The mini
meteorological stationwas established on the study arBa measuringtemperature,
precipitation and humidity. During 2014mean annualair temperature maximum and
minimum temperatureandthe total precipitation waapproximatelye st i mat ed , 14U
7 U C a n dresge2tiOelyRigure 1).
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At the end of March 2014, thréate precommercial treatments including control were applied
in natura stands of Anatolian black pine. These treatments were d@rte rd(moderatg and
3-3.5 m (heavy}pacingwith three replications using a randomized block destgifficient
homogenous structure has bgmovided and each sample area wagen 400 nf in size.

After precommercial thinning;ontrol, moderate (spacing varied between 2.0 to 2.5 m) and
heavy

(spacing varied between 3.0 to 3.5 m) treatments had stand dendit9®P283 and 1242
trees per hectare, respectively

. Precipitation (mm) cemecAir temperature (U
300 - =as=Maxi mum t emper-e aMien untuQm tempegqg atur
TS —~— 35 _
g0 T glar 0%
E201 * veem s B e
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F150 1 e -t N S - ig §
.§100- /‘P \ -5 g
S
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Month

Figure 1. The temperature and precipitation valtedeenfrom the mini meteorological station in the
studyarea

2.2. Total sugar contents

Samplesvere collected a total of stkmesfrom May 2014to November 2014Needles were
taken from ach treatment witthreereplications Needles were dried in an ovah65U Gor

48 hours0.1 g dry weight of needles was incubated with 10 ml ethanol (80%) for 24 hours in
unlighted conditionsind then centrifuged 6000 rpm for &fnutes.0.05 ml sample and 1 mi

5% phenolsolution and 5 ml BEBO, were addedn each tube and mixed in vortexd
remained at roomemperature for an houilotal soluble sugar analysis was determined

according to Dubois et al2(] and recorded as mg*giried weight by reading absorbance at
490 m.
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2.3.Data analysis

All data was subjected to analysis wériance by using SPSS 20.0 statistical package
software Means comparison was conductadltiple range test at the significdatel 5%.

3. RESULTS AND DISCUSSION

Results of total soluble sugaontents that measured from May to November are shown in
Figure 2. When the seasonal variations of total soluble sugar content were assessed,
significant differences have been determined between in measurement pEoodiwl,
moderate and heavy treatmemiere the highest value in June and lowest value in September
Total soluble sugar contents were 165 mg/g (control), 183 mg/g (moderate) and 164 mg/g
(heavy) dry weight

in June and 70 mg/g (control), 80 mg/g (moderate) and 84 mg/g (heavy) dry weight in
SeptemberThis study showed thabtal soluble sugar content was relatively higher in May
and June, declined by September and then relatively increased in Novemipemeral the
content of soluble sugars and starch is high during winter and the lomg diny summer

[21], [22]. Similar resultsvere foundQ. ilexandQ. suber speciesStarch and total

soluble sugars leaf concentrations were lower in summer than a{@@mmuring the cold
months soluble sugars increase when starch concentrations decreasiegmday playa

role in cold tolerance [24]. To summarizBetcontent of carbohydratesthme plants can vary
significantly between different ssans [18] For all that, vater stress that islevelops
gradually difference over periods comprising weeks or months under field conditions can
change leaf biochemist{g25].

Total sugar content (mg/g DW) m Control 2 Moderate thinning B Heavy thinning
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Figure 2. Variationsafter pre commercial thinningf total solublesugar contents (mg/g DW, mean
value + SE) in needldsower caseshowsdifference betweerréatments, upper case: shows
difference between thmonths).

When treatments were comparetthere were significant differenceis September and
November in this study. Heavy treatmeh&ve the higher total soluble sugcontent than the
others in September and Novembar addition, control treatments have the lowest total
soluble sugar content than moderatd Apavy treatmentsA greatersugar concentration in
leaves was an important component of liv@er osmoticpotentials at full saturatior¥ (y

,sat) of thinned &es [26] Also, soluble carbohydrates reduce the osmotic potential of the cell
s&p [19]

4. CONCLUSION

Precommercial thinning (PCT) are one of the important and an essential silvicultural
operationto improve the growth of the remaining trees.|[Chrbohydrates are also important
organic compounds for survival of plant€hanges in carbohydrate is related to
photosynthesis, water relations, low and high temperatires. study show that after
precommercia thinning, total soluble sugar content has the significant differences in
measurement periods during the first growing season. In addhiene, were not significantly
differences between treatments except in Septerabdr November in natural Anatolian
Black Pine stands$ieavy treatments have the higher total soluble sugar content than the

others. However,at make clear decisions about thessults,it will be more appropriate to
assess the results of two or three years.

ACKNOWLEDGMENT

This study wagundedby t he ¥YP and BAP -062¥D&J4andt416Nu mb e
¥ Y D2-14).

REFERENCES

[1] N. Fahlvik, 2005Aspects of precemmercial thinning in heterogeneous forests in Southern
SweedenPhDthesis, Swedish University of Agricultural Sciences, Alnarp Sweeden

[2] M. Genc,Orman Bakné S¢ | ey man Demirel ''niveragi t esi
Isparta,2011.

[ 3]Eler,R¥z- el¥zkdie, K.. ¢ at2a0l0 4. Gl l er Y°resinde
Sediri Cedrus libaniA . Ri ch.) Mekceresinde Geci kil mik
Etkileri, S¢ | ey man Demir el i niver si t.&HL6. Fen Bil i m

[ 4] H. M2 k i n @004. Thikning Intensity @rid igrowth of Scots pine stands
Finland.Forest Ecology and Manageme01311-325.

37



on Selénce,
o "%‘b

"‘2 3" International Conference on Science, Ecology and Technology
: Rome, ITALY
ICONSETE'2017 14-16 August 2017

Rome, ITALY « August 14-16, 2017

ntermatr,,
a
3

)

[5] S.W. Simard, T. Blennddassett, I.R. Camero2004. Precommercial thinning effects on
growth, yield and mortality in eveaged paper birch stands in Biritish Columbiarest
Ecology and Manageent 190163-178.

[ 6] A. T¢fek-1i o] | u2005S Thinnthg Effeats, on Mroducton, -Rgdt ,
Biomass ve Some Soil Proporties in a Youdgental beechStand in Artvin, Turkey. J.
Environ Biol.26(191-5.

[ 7] M. D. R2 o, R. Cal ama, 2008. Thianing Intensity and S . I
growth response in SWuropean Scots pine standsinals of Forest Scienc85(3)L.

[ 8] R. ¥z-el ik, b El er , 20009. Ef f gmatural o f
Lebanon cedarQedrus libaniA.Rich.) stands of western Mediterranean region of Turkey.
Journal of Environmental Biology0(2)179182.

[ 9] E. ¢i - ek, F. YéIl ma&0O,1 0A. Ku\r a¥ amapxenasn,Di B &
angustifolia ssp. oxycapa) Pl antasyonunun Gel i Ki mi ne Et
Or manceéel ék-2Ro Maryesi-8240221 886

[ 10] ¥ . ¥nce¢l ¢ . UZ WX 6 .u, Sak | &Kk sheag k 8rnué nTeinl k
sylvestrisL . ) mekcerelerinde -apksivoa mghregbek ¢Aewn
Dergisi. 1(329-37.

[11] G. Aussenac, A. Granied988. Effects of thinning on water stress and growth in
Douglasfir. Can. J. For. Resl8,100105.

[12] B.M. Cregg,T.C. HennesseyP.M. Dougherty,1990. Water relations of loblolly pine
trees in southeastern Oklahoma following precommercial thin@ag. J. For. Res20,1508
1513.

[ 13] N . Br ®d a, A . 1966 Edfects efrthinninG on séiluaads tiean \aater,
relations, transpiration andrayvth in an oak forest (Quercus petraea (Matt.) Liebige
Physiol.15(5295-306.

[14] Z. Tang, J.L. Chambers, M.A., Sword, J. Barnett, 2003. Seasonal photosynthesis and
water relations of juvenile loblolly pine relative to stand density and canopyopmoditees
17,424430.

[15] M.M. Gauthier,2008.Morphological and physiological responses of fine hardwood tree
species to plantation thinninghD ThesisPurdue University Garduate School, Indiana.

[16]G. Aussenac, 2000. Interactions between forests arsis and
microclimateEcophysiological aspects and consequences for silvicultAren.For.Sci
57287-301.

[17] N. Regier, SStreb, S.C. Zeeman, B. Freg010. Seasonal changes in starch and sugar
content of poplar (Populus deltoides | ni g
on carbohydrate allocation to rootsee Physiology30979-987.

38



on Selénce,
o "%‘b

"‘2 3" International Conference on Science, Ecology and Technology
: Rome, ITALY
ICONSETE'2017 14-16 August 2017

Rome, ITALY « August 14-16, 2017

ntermatr,,
a
3

)

[18] T.T. Kozlowski, 1992 Carbohydrate sources and sink woody plantsBot. Rev.58,
107-222.

[19] T. T. Kozlowski, S. G. Pallardy, Physiology ofWoody Plants. Second diion,
Academic Press, NewYork, 1997.

[20] M. Dubois, K.A. Gilles, J.K. Hamilton, P.A. Rebers, F. Smit!®56. Calorimetric
Method forDetermination of Sugars and RelatedbstancesAnalytical Chemistry28,350
356.

[21] C.H.A. Little, 1970.Seasonal changes in carbohydrate and moisture content in needles of
balsam fir Abies balsamepn Can J Bot 482021 2028

[22] S. Diamantaoglou, S. Rhizopoulou, A. Herbig, U. Kull, 1989. Seasonal trends in energy
content and storage substances in mediterranean shrub Ephedrdcologica 10:3263
274.

[23] M. Vaz, J.S. Pereira, L.C. Gazarini, T.S. David, A. Rodrigues,aloéb, M.M. Chaves,
2010. Droughinduced photosynthetic inhibition and autumn recovery in two Mediterranean
oak speciesQuercus ilexandQuercus sub@r Tree Physiology30, 946956.

[24] B.L. Wong, K.L. Baggett, A.H. Rye, 2003. Seasonal patterneesérve and soluble
carbohydrates in mature sugar map@ledr saccharum Can. J. Bot81,780788.

[25] M.M.Chaves, M.M. Oliveira, 2004. Mechanisms underlying plant resilience to water
deficits: prospects for wateaving agriculture.. Exp. Bot55,23652384.

[26] D. Pothier, H.A. Margolis, 1990. Changes in the water relations of balsam fir and white
birch saplings after thinningd.ree Physiology6(4)371:380.

39



on Selénce,
o "%‘b

"‘2 3" International Conference on Science, Ecology and Technology
: Rome, ITALY
ICONSETE'2017 14-16 August 2017

Rome, ITALY « August 14-16, 2017

ntermatr,,
a
3

)

PERFORMANCE ANALYSIS OF EEG SIGNAL
CLASSIFICATION AND SSVEP IN OPENVIBE

Harun CiG!, M. Fatih TUOYSUZ?

1.2 Department ofComputer Engineering, Harran Universikya n | &urkey. a ,

(E-mail: ftuysuz@harran.edu, tharuncig@harran.edu).tr

ABSTRACT

OpenVibe is a software platform that makes use of the do@mputer interfaces. It can be

used in real time to acquire, filter, process, train, test, classify and display brain signals. It is
free and open source, works on Windows and Linux operatingrsgstOpenVibe also
supports Steady State Visual Evoked Potentials (SSVEP), which is a brain response in the
visual cortex once focused with visual attention to a light source flickering with frequency
between approximately 6 and 100Hz. In this paper, vedyaa the EEG signal classification

and SSVEP performance of the OpenVibe, utilizing three flickers in a few steps. These steps
consist of configuration, training acquisition, Common Spatial Pattern filters (CSP) training,
classifier training and online $eshooter. Our test results shdvat offline accuracy rate of
90.33% with LDA, 87% with MLP and 92.56 with SVM has been obtained as the average

of three flickers. Online tests carried out through the paper also validates the accuracy of the
SSVEP in OpaVibe.

Keywords: OpenVibe, Ssvep, EEG, signal classification
1. INTRODUCTION

OpenVibe is an open source graphical software platfosad as a brainoomputer interface
(BCI) [1]. The goal of the OpenVibis to provide an eadp-use platforman incentive tool

for research, developmeand use of BCI technolodg]. Throughout this paper, west the
SSVEP-basedBCI performance using Opelbé in a few steps. These steps consist of
configuration, trainig acquisition, Common Spatial Pattern filters (CSP) training, classifier
training and online test shooter.

First step must be run at least one tibexause this will be thecenarioutilized by the

SSVEP experimenthere are two boxes in the configuratistep;Peripheral and Experiment
Settingsboxes, which contaiconfiguration parameters. Peripheral box should be adjusted
according to the screen refresh rate, which is the hardware configuration. Experiment box
contains more than one parameter relateddneral settings of SSVEP. Thelors of the
flickering boxes on the simulator screen, the frequency value of each box, length of the signal
to be used to find the SSVEP response, speed range between the signal segments and
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tolerance of the frequency kraround the excitation frequency used for classification
adjustments arkandled in this bax

In the second stepo train the SSVEP classifiersand obtainthe necessary training data,
simultaneous Electroencephalogram (EEG) signal data of the(loskmg at stimuli of
different frequencieds recorded within the determined time. The SSVEP Training Controller
has an important role in this step. It contains many parametesis assoal Sequence, which
represents the target box to be looked at amoadlitkering boxes at different frequencies,
Stimulation Duration, which represents the duration of the sequence in which the targets
flicker, Break duration, which represents the length of the period during which the objects on
the screen do not flickemd Flickering Delay which represents the delay between the arrow
marking the target and the beginning of the flicker index from the subject being viewed by the
subject.

Third stepincludes three different signal processing situation assessment platférengrst

of these processes based on the first flickering frequency, the second isbased on the
second flickering frequency, and the thowe isbased on the third flickering frequency. The
data saved in the previous step is loaded into the gesgdam readen this step Then
Comnon Spatial Pattern filter is used, so thataiitomatically selects which electrode
channels are the mosfficient combinatiorfor thetraining.

In the fouth step, the processed and saved signathenthird stepis used to generate
classifiers that can be used in-lame BCI applications. Three different classifie&upport
Vector Machine, Linear Discriminant Analysis and Mullyer Perceptn can be utilized in
this step The most efficient chanheombinationsare used by integratif@SP asfilter. This

iIs done separately for each flicker box. Tdfline accuracy ratérained on the processed
dataset are computad this step On the recorded data, accuracy rat€2% with Linear
Discriminant Analysis(LDA), 89% with MultiLayer Perceptron (MLP) and 97% with
Support Vector MachindSVM) have been obtained for the first flicker. For the second
flicker, accuracy ratef 89% with LDA, 87%with MLP and 91.7% with SVM havbeen
obtained.Finally, for the third ficker, accuracy ratef 90% with LDA, 85% with MLP and
89% with SVM havébeen obtained.

Eventually, game configuration is realizedthe fifth step. That is, the raw signal is taken by
the acquision server from the emotive deein reattime, signal s processed at specified
time intervals, filtered, passed through the trained networktlaer t is determined which
flicker the Subject is looking at.

1. STEADY STATE VISUALLY EVOKED POTENTIALS (SSVEP)

Steady State Visual Evoked Potential based BCls usaaestable oscillating light sources

(e.g. flickering LEDs), each of which vibrates at unique frequencies. SSVEP is a continuous
brain response that occurs at a constant frequency in the occipital and parietal cortical regions
of the brain under visual istulation by looking at the constantly pulsing light source at
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specific frequenciesSSVEP can be detected automatically by signal processing algorithms
such as prgprocessing, artefact detectionrrection, feature extraction and classification.

The targt focused from within the shape group consisting of the continuously shaking visual
stimuli shown in Figure 1 is modulated with the frequency corresponding to the brain signals.

SSVEP Flicker
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Figure 1. SSVEP Based BCI

Thesesignalsare recorded with nemvasive EEGdevicesin reattime [3]. The OpenVibe

editor can be connected to many EEG devices such as Emotiv, Neuf@gsknBClI,
OpenEEG and gTec by loading the necessary libraries and the calleC&G signal data
Anyone who wants to conduct research in this field with OpenVibe SSVEP can create their
own data set. Many signal processing methods such as FFT, CSHR&silter can be used

as readymade package. LDA, SVM and MLP classifiers can be used for the generated data
set. This means that we do not have to process more regularly akly guiche area being
surveyed.

In current SSVEmased BCI systems, EEG wften used for temporal resolution and
simplicity to obtain SSVEH4], [5]. Several methods have been proposed for extracting
SSVEP knowledge from EEG for BCI applicatif®]. Power Spectrum Density Analysis
(PSDA) is often used for frequencypmain detection in BCI systems, which corresponds to
SSVEP[7]. Peak power spectral density as considered SSVEP component induced by visual
EEG spectrum light source can be estimated by the FFTooheBor this method, a long
window size is required for spectral estimation with high frequency resol&jiobDepending

on age, changes in SSVEP amplitudes and memory performance delays m§§]occur
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2. EEG SIGNAL CLASSIFICATION AND SSVEP IN OPENVIBE

In OpenVibe, 5 stepare requiredo be processed in an ordertestthe SSVEP procedure.
These steps consist of configuration, training acquisition, CSP filter training, @assifi
training and online testing.

First, we select Emotivdevicein driver section of OpenVibe Acquisition Server, then from
drive properties to device configuration pagee fill necessary parameters. Most importantly
we add folder directorywhere Emotiv sdk file is located in emotiv research sdk directory.
This is ilustrated in

Figure2.

i ® OpenViBE Acquisition Serverv13.0
@ Device configuration X

Driver : Emotiv EPOC

Emotiv EPOC

Connection part : 1024

P samole count per sent block : | 125

Device drift : 0,00 ms
lote < (tplerance & set to 2 ms) —> ey

[ Identfier:  |of E|

he onnected... Lizec Age 25 E|_
) Gender : male =

HeadsetUserID: |0 |

[ Add 2 more channels for gyroscope

i |

Path to Emotiv Research SDK

Eepoc«jenamaz j
Uygula Hiptal
-
O
\
| @ OpenViBE Acquisition Server v1.3.0

. ] / 1
Driver : |: EPOC - | |G briver Properties Felocne - 4 1
& Begantykes [l r 4 y

Comnectonport: |02+ E| 11 /

b Oynat 1 y

Sample count per sent block : |:;5

\ ’ 4
Durdur A
Device drift : -0.92ms

late < (iolerance & set to 2 ms) —> eathy.

Sending..
0 host connected...

Figure 2. OpenVibe Connection to Emotiv Epoc+

In

Figure 3, the OpenVibe instantaneous raw signal, the filtered signal, and the Fast Fourier

Transform view of the signal are shown. In this step, OpenVibe provides signals from Epoc+

to the graphicalnterface through the Acquisition client moduiowever, a band pass filter

is applied to the raw signal obtained from a channel, and a spectrum that varies with time can
be
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obtained by performing FFT on the other channel, and the results ofdpesstions are
displayed instantaneousi®n one hand, a filter is applied to the acquired signal and on the

other hand mFFT is applied to dain a spectrum that varies time, and the results of these
operations are displayed instantaneously.

In addition,Figure4 shows two boxes, Peripheral and Experiment Seliogs containing

the configuration parameterBhe settings in the periphettabx must be adjusted to the screen
refresh rate, which is the hardware configuration. The settings in the experiment box include
several parameters related to the general settings of SS\MiBtments are made such as

the colours of the flickering boxem the simulator screen, the frequency value of each box,

the signal length to be used to find the SSVEP response, the speed range between the signal
ranges, and the tolerance of the frequency band around the stimulus frequency used for
classification.

B Default window hd - 0o X
:Dafau\tﬁh‘
@ Raw
=12 273 P A e
2:F7
313 ke e

41 FCS ARV A O A

5:T7 My

m Al ot b nsektldtad bt N e s A
K s v 4 by

f

i
T R T PR ORTRPR AR VAN

bt i
Wb thadauh

Acquisition test

(i o R

Lk L Wad Al |

Scenario used for testing data acquisition. The signal quality should
always be checked before training,

5

Filtered

Power spechum displsy 13473 - - L B B i
FFT channel power =
: - m ]
3:F3 I
4:FC5
5:T7
6:P7
7:01
8:02
L|9:p8 1
0123456784910 115 135 155 175 195 215 235 255 27.5 2.5 315 335 355 375

Figure 3. Instant Signal Processing Imaging In OpenVibe
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Lua Stimulator

Peripheral Settings )
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/

\

- Tonfigurhble box ~ N
Va

\
| Luia Samulston
Experiment Settings
N In|Out|Set /
X

\\\ ’//

Player Controller

)

e Configure Peripheral Settings settings

Lua Script

S{Player ScenarioDirectory}/scripts/configuration-peripheral-settings. lug

Screen Refresh Rate IGD

b Override settings with configuration file

[ Load... | E Save... | el Defaultl ESkiYEdﬁﬂl

¥ iptal | f

Uygula |

@’ Configure Experiment Settings settings

X
Lua Script ScenarioDirectory}/soripts/configuration-experiment-settings. lug| | E.l
Target Light Color |100,0,0
Target Dark Color I 10,10,10
Stimulation Frequencies IZD; 15;12
Processing Epoch Duration ID.S 4 | 3 |
Processing Epoch Interval ID.l 4 | g |
Processing Frequency Tolerance ID. 250 a| &
b Override settings with configuration file
= Load... | E Save... Default | Eskiye diin | Wigtal | < Uygula |

To train the SSVEP classifiers this step, the user's concurrent EEG signal, which looks at
stimuli vibrating at different frequencies, is recorded within the specified time and the
required training data is obtained. The scenariavhich the dataecorded tdbe trained is

Figure 4. OpenVibe Signal Acquisition Configuration Settings

shownin Figure5. The SSVEP Education Supervisor has an importaniirdles step
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@ Configure SSVEP Training Controller settings

Lua Seript

Goal sequence ‘02312103123020310312301213203201

Run Command
In]Out|Set
Stimulation duration ‘7

Break duration ‘4

Flickering delay |1.000000

Training Target Size ‘D‘ 303

Training Targets' Positions ‘[U.U;U.U);(U‘U;D‘SJ; (-0.5;0.00;(0.5;0.0)

b Override settings with configuration file

[ Load... ‘ Save... ‘ Default

Eskiye dén ‘ 2}37 Iptal

Figure 6. Vibrating Boxes at Different Frequencies

As shown in Figure®6, the flicker stimulator has parameters that need to be set. These can be
defined as the target sequence showing the target box to be looked at among the vibrating
boxes at different frequeres, the duration of the excitation showing the duration of the
sequence of vibrations of the targets, the duration of the rupture representing the duration of
the objects, the oscillating delay representing the delay between the arrow indicating the
targetand the beginning of the oscillation.
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Figure 7. OpenVibe CSP Filter

This step as showhRigure 7, includes three different signal processing situation assessment
platforms. The first of these processedased on the first flickering frequency, the second
one is based on the second ftiering frequency, and the thirone isbased on the third
flickering frequency. The data saved in the previous step is loaded into the generic stream
reader. ThenCommon Spatial Pattern filter which automatically selects which electrode
channels are theast efficient combination is used for trainifthe most suitable channels of

the Emotiv headset corresponding to the region in which the 3 different brain signal frequency
responses are seen intensely in the brain and where the separable essencesighdese
dominate are selected. Band pass filter and butterword method are applied to each frequency.

3. PERFORMANCE ANALYSIS OF SSVEP

Three different classifiers, Support Vector Machine, Linear Discriminant AnalygiMaitti-

Layer Perceptron, angsed.Lineer Diskiriminant Analysi$LDA) is based on searching for a
linear combination of variables that best distinguishes between good class (targets). The best
way to determine discrimination is to calculate Mahalanobis distance between two groups.
The fact tlat Mahalanobis distance is less than three means that the probability of
misclassification is rather small.

Single | ayer perceptrondés are simple and f
since they can only solve uncomplicated linear probl@mis is due to the fact that there is

only one weight matrix that can be trained. Therefore, Aray®red artificial neural networks

are needed to solve complex andtiopar problemsFor example, MultilayeAtrtificial
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Neural Network (ANN)neurons a& composed of at least one input layer, one or two hidden
layers, and finally at least one output layer. The most important findingsANEmmodel are

inter-node links. The formation of the network topology is achieved by connecting a certain
number ofneurons in each layer with neurons in subsequent |§}@}s

Multilayer Sensor®elong to the advanced feeder of the nerve netWiggical MLP network

model consists of a group of neurons with three categories: input neurons, hidden neurons,
and output neurons. Each neuron is in a layer and is associdltedlneurons of the set

layer [11],[12]. In order to achieve good performance, it is imaottto determine the
appropriate neural network model for the problem. A suitable training algorithm is used after
the layers and the number of units in each layer have been determined. And we have weight
and threshold values that will reduce the guess effrthe network to the minimum.

Support Vector Machines is a supervised machine learning algorithm that can be used for
both classification and regression difficultiés.this algorithm, each data item is represented

as an rdimensional set of points alg with the value of each feature. When used for
classification, the classification is performed in such a way that a certain -tabatied
training set is separated by a hyperplane farthest from them. For situations where linear
separation is not posde, it canwork with the "core" technique.

SVM has a technique called kernel. These are functions that take-dini@msional input

field and transform it into a highelimensional area; In other words, transforms the- non
decomposable problem into sepdeaproblems, which are called the kerfiB]. It is often

useful in the problem of nonlinear separation. Briefly stated, it makes highly complex data
transformations, then learns the operation that separates data based on tags or output you
define.

4. RESULTS AND DISCUSSION

K this study the percentages of success of the network trained on the processed dataset are
computed. On the recorded data, accuracyaa@2% with LDA, 8% with MLP and 97%

with SVM havebeen obtained for the first flicker. For the seconckér, accuracy ratef

89% with LDA, 87%with MLP and 91.7% with SVM havbeen obtainedFinally, for the

third flicker, accuracy ratef 90% with LDA, 85% with MLP and 89% with SVM haveeen
obtainedas shown in Table 1.
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Table 1 Frequency classification results

Frequencies LDA MLP SVM
Frequencyl 92% 89% 97%
Frequency?2 89% 87% 91.7%
Frequency3 90% 85% 89%
Mean 90.33% 87% 92.56%

Table 1 shows the podtaining classification results of the SSVEP response of the data set
generated by #h Emotiv Epoé¢ device and the personaEG signals in the openVibe editor.
The best class#r has been identified as SVM with.88% accuracy, as seen in theblel.
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Figure 8. OpenVibe Classifier Trainer

Finally, the amplitude values for the stimulated and-siimulated periods are received by

the classifierand trained to distinguish between the two. One classifier is trained per each
stimulation frequency. Each frequency is treated separately. There are two impoxesin

the processing chaifiemporal filter extracts a single frequency band. It is goméd with a

file generated by the configuration processihgrget Separatoreparates the targets used to
separate a frequency from the others and each stimulus response is sent to the corresponding
classes according to their frequency.
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In Figure, the preprocessed signals recorded for training in the previous steps are shown to
be classified by LDA, MLP and SVM. The processed and recorded signals are used to

generate classifiers theén be ged in online BCI applications.

.~ Configur
P

~_
gble box >
\

=
Player Controller

Figure 9. BCI Online Test Shooter

In the last step, the system was tested by shooting the target online using the brain signals
recorded momentarily. This is shownRigure. This step is the online testing setup. We can

use it to evaluate the trained network structoiré¢he classifieran the previous step. The
systemis simplyteded with agame. There are 3 moves in thenge. When you look at the

left square, it moves clockwise. When you look at the left square, it moves in the opposite
direction of the clock. When you look at the triangular shape, the system is shQuotiimg

tests carried out through tle&periments showed a high amount of accuracy rate and hence, it

validates the accuracy of the SSVEP in OpenVibe.

5. CONCLUSION

Steady State Visual Evoked Potential based BCls use several saitikgting light sources
each of which vibrates at unique frequencies. SSVEP is a continuous brain response that
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occurs at a constant frequency in the occipital and parietal cortical regions of the brain under
visual

stimulation by looking at the constantly pulsing light seuat specific frequencieSSVEP
can be detected automatically by signal processing algorithms such@aesgessing,

artefact detectioworrection, feature extraction and classificatibnthis paper, we analyse

the EEG signal classification and SSVEBrfprmance of the OpenVibe, utilizing three
flickers in a few steps. These steps consist of configuration, training acquisition, Common
Spatial Pattern filters (CSP) training, classifier training and online test shooter. Our test results
showthat offlineaccuracy rate of 90.33% with LDA, 87% with MLP and 92tb@&ith SVM

has been obtained as the average of three flickers. Online tests carried out through the paper
also validates the accuracy of the SSVEP in OpenVibe.
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ABSTRACT

This study involves analyzing of a natural gas turbine system by using the first and second
laws of thermodynamics. As a result of the study, the optimal operating conditiargasf
turbine were determined and some information was given on what needs to be done to
increase the efficiency. It was determined that an average of 81.1% of the energy produced in
the gas turbine was consumed in the compressor while the compressorssoonpratio was

10:1; also an average of 78% while the compressor compression ratio was 15:1, an average of
76.2% while the compressor compression ratio was 20:1 and an average of 75.7% while the
compressor compression ratio was 23:tampressor air intéemperatures between 270 and

303 K A 33°C increase in compressor inlet temperature leads to a 6% reduction in thermal
efficiency when the compressor pressure ratio is 10:1, and leads to a 4.8% reduction when the
compressor pressure ratio is 25:1. Therease in the compressor inlet air temperature
reduces the thermal efficiency at all compressor pressure ratios. However, the effect of
reducing the thermal efficiency of the increase in compressor inlet air temperature is reduced
as the compressor pressuratio increases. Alsthe reversible work and the second law
efficiency of the compressor of the gas turbine system were calculated at different compressor
pressure ratios for different compressor air inlet temperatures.

Keywords: Gas turbine; Compresso Thermodynamic analysis; Optimal operating
conditions

1. INTRODUCTION

According to other energy sources, natural gas, which is easy to use and has less impact on
the environment, is increasingly used as primary energy sourCeurkey. Due to its
advantages such as high efficiency and short time operation, natwfaledagas turbines

have been used increasingly in recent years in electricity generation in our country. Natural
gas fueled gas turbines can be operated in a shorted pdriome with lower installation

costs than thermal, nuclear and hydroelectric power plants using other fossil fuel sources. In
addition to providing high efficiency and power, gas turbines have working characteristics
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that are suitable for flexible opéirag conditions, can be quiekctuated, can be easily adapted
to full load and

variable load conditions, and change their efficiency according to ambient temperature and
compressor pressure ratio. Gas turbines are used worldwide for power

generation irmany regions. The place of installation of such systems is very important. The
interest of the gas turbines in the generation of electricity is very much related to the
environmental temperature. The average environmental temperature and humidity from
different geographical locations affect power generation and turbine efficiency.

The first law of thermodynamics relates to the quantity of energy and refers to the
conservation of energylhe first law does not make any assessment of the nature of the
energy.The second law of thermodynamics makes it possible to make evaluations on the
quality of the energy. Theecond law analysis is based on entropy or available energy.

There is considerable work in the | itderatu
Kel é- (2009) studied ther mo gowerplant. i tha stuay, y s i ¢
thechanges of the performance parameters of a naturdirgdscombined cycle power plant

were investigated with the help of first and second law analysieeahodynamic$l]. ¢cetin
(2006) has conducted a study on the optimal performance analysis of gas turhmes.
theoretically calculated according to the working conditions of gas turbines. As a result of the
calculations made, he has interpreted and esstgd the optimal performance analyzes of the
working conditions of the gas turbing®]. Alhazmy and Najjar (2004) have conducted a
study to improve the gas turbine performance by cooling the compressed air. They used two
different types of coolers in tlhework. These are wateprayed and cooling coilg3].
Basrawiet al. (2011) examined the effect of ambient temperature on the performance of a
micro gas turbine system in cold climatic conditiffis

2. MATERIAL AND METHODS

Gas turbine system

As agas turbine, a natural gaperated system was examined in the Caterpilar Tarus 5.7 MW
power plant, which is shown in Figure 1. The characteristics of the gas turbine is shown in
Table 1.

Table 1. Characteristics of the gas turbioensidered in the study [5].

Installed power

Brand Mark (MW)

Length (m) Width (m) Height (m) Weight (kg)

Caterpilar Tarus 5.7 MW 9.8 2.5 2.9 32800

In the Caterpilar Tarus gas turbine, the pressure and temperature of the air taken by the filter

are raised by the rotors in the compressor. The pressure and temperature of the compressor are
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mixed with the natural gas, and the gas is sent to the combusizgonber of the turbine by
the manifold. The combustion air, which is the result of combustion, is propelled by the gas
turbine

shaft. The shaft of the gas turbine begins to rotate with this drive and performs the electricity
generation by rotating thehaft of the gas turbine generator connected to it. The gases
produced as a result of combustion are discharged to the atmosphere through the exhaust
outlet system.

Generator ;
Microprocessor

_»""~__ based control
~ .
//
f\\/\/ /}
A

Gear box

Exhaust air

Combustion unit

Burning system —

Compressor

Air intake

Figure 1. Schematic view of the gas turbine system [5]

Formulation

Thermodynamic analysis was carried out by taking temperature and pressure atalues
different compressor pressure ratios. The assumptions made for the analygig ared
products ofcombustion are assumed to be idealega# is thought to be a congte
combustion reactionEach of the components that constitute system is considered as
steadyflow control volume The combustion gases are considered to be air. First, inlet
temperatures and turbine combustion chamber temperatures were takenplantllering

the year at different compressor pressures. The ideal gas table for the air was used in
solutions. Figure 2 shows the main components of the gas turbine cycle and the points
considered in calculation$he principle of conservation of energy other words first law of
thermodynamic$or asteadyflow opensystem is expressed as follows [6]:

L , Vou . Vi
Q_W:Zmout ho‘ut+7+gzm¢t _me hin+?+gzin (1)
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whereo (kW) is heat transfer ratey (kW) is power,a (kg/s)is mass flow rateh (kJ/kg)is
enthalpy,V (m/s)is velocity of the fluid related tthe kinetic energyg (m/<) is acceleration
of gravity andz (m) is elevation related to the potential energy. Also, the subsaniptsdout
denotes the fluid entering and leaving the control volume respectively.

The kinetic and potential energy changes between compressor input and andpibie heat
transfer at th compressocan be neglectedn this caseaccording to Figure 2, compressor
work w; (kJ/kg) can be written as;

—w,=h, —hy (2)
The heat given to the system in the combustion charslbgr(kJ/kg);
Qm = h3 - hZ (3)
Turbine work isw; (kJ/kg);
W = hg - h4 (4)
Net work of the system ishe (kJ/kQ);
Whet = Wi — W (5)
Thermal efficiency of the cycle is;

_ Whet
" (6)

Combustion |

chamber

-~

Compressor

I
TS S——

SN
&

Figure 2. Gas turbine cycle
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The second law of thermodynamics fastaadyflow opensystemis expressed as follows

, , , Q
Spro = Z Mout Sout — Z My S + T_o (7)

o

where"Y (KW/K) is entropyproduction & (kg/s)is mass flow rates ( k J / ks gpRdfip

entropy,0 (kW) is heat transfer rate between the system and the environme(t) is
temperature of the environment.

Reversible workwe, (kJ/kg) for the compressor is;

Wyep = (hi - hz) - To(si - 52) (8)
When calculating the entropy change &or ideal gagonsidering the variable specific heat,
the following relation can be useadking into accountboth theeffect of temperatureand
pressure on the entropy;

Py

si—85=(s9—s%) —R-In—

P, 9

whereR( kJ/ kgAK) i s i &&Ra)ismesssire. Second lavaaffitieney fodthe
compressor is as follows:

_ W‘.’"EU‘
e =

W, (10

wherewe, (kJ/Kkg) is reversible work ana, (kJ/kg) is useful work.

3. RESULTS AND DISCUSSION

In this study the effect of ambient temperature and the compressor compression ratio on the
performance of the gas turbine was determined by using thermodynamic analysis. Specific net
work, thermal efficiency of the system, reversible work and second fiieiercy of the
compressor were calculatefigure 3 shows the variation of the energy consumed in the
compressor according to the pressure ratio in the compressor. When the figure is examined,
the energy consumed in the compressor is also increasecporipon to the ambient
temperature and compressor pressure ratio.
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Figure 3. Energy consumed in compressor for different compressor pressure ratio and inlet air
temperature values.
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Figure 4. Net work values for different compressor pressure eatibinlet air temperature values.

Figure 4 shows w4 values at different compressor pressure ratios according go T
temperature. For example, the pressure ratio is 10:;d7A.3 kJ/kg at §=270K, and
Wne=46,7 kJ/kg at 3=303K. However, when the press ratio is 25:1, w=162.1 kJ/kg at
To=270K and w.=113.8 kJ/kg at J=303K. As can be seen from the calculation results, the

net work is increasing as the compressor pressure ratio decreases and the ambient temperature

decreases.
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Figure 5. Thermalefficiency for different compressor pressure ratio and inlet air temperature values.

The effect of ambient temperature on thermal efficyeat different pressure ratios can be

seen in Figure 5At any compressor pressure ratio value, as the ambient raiume
increases, the thermal efficiency decreases while the decrease in the pressure ratio causes the
tendency to decrease at the thermal efficiency. For example, for a 10:1 pressure ratio, the
thermal efficiency at =270 K is 24.9% and the thermal eféocy at 5=303K is 18.9%.

While the pressure ratio is 10:1, an increase @38t ambient temperature reduces the
thermal efficiency by 6%. For a 25:1 pressure ratio, the thermal efficiengyafdK is 41%

and the thermal efficiency at3F303K is 36.2% While the pressure ratio is 25:1, an increase

of 33C at ambient temperature reduces the thermal efficiency by 4.8%. As the compressor
pressure ratio increases, the effect of the ambient temperature on the thermal efficiency

decreases.
To (K)
270 275 280 285 290 295 300

-150

-200 -

-250 A

-300 -

Wiy (kJ/kQ)

-350 -

-400 -

-450 -

Figure 6. Reversible work of compressor for different compressor pressure ratio and inlet air
temperature values.
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Figure 6showsthe reversible work of the compressor depending on the air inlet temperature
at different compressor pressure ratios. Reversible vamiesents the most useful work that
can be obtained from a system. This happens when the system is totally reversible. In other

words, the heat transfer between the system and environment is reversible and there is no
irreversibility in the system. Asan be seen in thiggure, the reversible work is considerably
reduced with increasing the compressor pressure ratio and ambient temperature.
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Figure 7. Second law efficiency of the compressor for different compressor pressure ratio and inlet air
tempeature values.

Figure 7shows the second law efficiency valwedculated for the compressor depending on
inlet air temperature at different compressor pressure ratios. The second law is about how
much of the business potential is being used. The second law is the ratitubivasle to the

least (reversible) work required for compressors. As can be seen from this figure, the second
law efficiency increases with increase in compressor pressure ratio. When the compressor
pressure ratio is 10, the second law efficiency is apprabely 84%, when it is 15, it is
between 8#88%, when it is 20 it is about 89% and when the pressure ratio is 25, second law
efficiency is slightly over 90%. On the other hand, the second law efficiency does not change
considerably depending on the inletperature of the compressor inlet air.

4. CONCLUSION

As can be seen from the results obtained, at any pressure ratio value, the net work and thermal
efficiency decreases as the ambient temperature increases. As the compressor pressure ratio
increasesthe energy, net work and thermal efficiency of the compressor is increased. That is,
the thermal efficiency and net work are directly proportional to the compressor pressure ratio,
while the energy consumed in the compressor is inversely proportiomtia¢ ttompressor

pressure ratio.
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As the ambient temperature increases, the mass flow of air entering the gas turbine decreases,
which causes the net work value to be reduced by affecting the entire system. It is also seen
that the pressure ratio of the congser is higher than the ambient temperature of the effect

of the system on the thermal efficiency.

As a result, it is very important to determine the compressor pressure ratio during the first
stage of the system installation. Because, as the net wolkeafystem decreases at low
pressure ratios, it is necessary to increase the mass load, that is, to design a larger system, in
order to obtain the desired power. A larger system may not be economical. Therefore, the
most economical system should be deteedirby the relationship between compressor
pressure ratio, ambient temperature change and desired net work. The best choice for this
plantis to use a 25:1 compress@nce the compressor selection has been completed, the
annual temperature data at whicle thystem is to be installed should be inspected, and the
systems to be used to reduce the temperature of the compressor air entering must be
investigated.The cost of the preooling systems should be determined by comparing the
income from the increase in the efficiency of the system.
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ABSTRACT

The source of geothermal energy to be used for district heating systems is, in most cases,
located some distance from the heating market, although geothermal water may also be found
within the market area. A transmission pipeline is therefore needed riepdra the
geothermal fluid from the geothermal field to the end users. Geothermal fluids can be
transported over fairly long distances in thermally insulated pipelines. Transmission pipelines
of even 60 km length have been built with acceptable heatvials®s, though shorter
transmission distances are much more common and clearly more desirable. At flowing

conditions, the temperature drop in insul a
while in uninsul ated | iaf®tel5il/dlowfosl5@n dtameteb A C/ k
pipe).

In addition to a group of parameters, which are almost constant, such as the length, diameter,
thickness, thermal insulation properties and material type of the pipeline, whether above
ground or buried and son, temperature drop rate in transmission pipelines is strongly
affected by flow rates. At low flow rates, the temperature drop is higher than that of greater
flow rates. The temperature drop depending on the flow rate becomes more afigparent

relativelylong pipelines.
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I n this study, the temperature drops in th
district heating system (GDHS), a buried 18 km long pipeline, is investigated for varying flow
rates. Response Surface Methodology (RSM) is tisex for modelling and estimating the

flow rate depending on the temperature drop in the pipeline. The results show that the flow
rates given by the model (witR, coefficient of determination, of 96.67%) are in a good
agreement withhiose measured liie flowmeter.

Keywords: District heating systemFlow rate; Response Surface Methodology (RSM);
Transmission pipeline.

1. INTRODUCTION

Geothermal energy, which is considered as one of the most promising alternative among
renewable energy sources, hpoven to be sustainable, clean, and safe. Therefore its
worl dwi de applications are increasing steac
direct geothermal applications [1]. Direct use of geothermal energy in Turkey has focused
mainly on distict heating. Over 8.5 million fmof indoor space is heated using geothermal
energy in more than 20 district heating systems [2]. The total installed capacity of these
systems (805 M}y accounts for 12% of the estimated worldwide capacity of the geothermal
district heating systems (6725 MW3].

The distance of the geothermal resource from the potential heating market is a very important
parameter as regards the technical and economic viability of the heating system. However,
geothermal fluids can be trgwted over fairly long distances in thermally insulated
pipelines. Transmission pipelines of even 60 km length have been built with acceptable heat
loss values (i.e., the Akranes project in Iceland), though shorter transmission distances are
much more common and clearly more desirable [8]. The heat loss occurring in a
transmission pipeline, whether above ground or buried underground, constitute one of the
main sources of total energy loss in a district heatingesysand thus a loss in revenue.

In addtion to a group of parameters, which are almost constant, such as the length, diameter,
thickness, thermal insulation properties and material type of the pipeline, whether above
ground or buried and so on, temperature drop rate in transmission pipelisgsnigly
affected by flow rates. At low flow rates, the temperature drop is higher than that of greater
flow rates. The temperature drop depending on the flow rate becomes more apparent for
relatively long pipelines. At flowing conditions, the temperatn@p in insulated pipelines is

in the range of 0.1 to 1.0AC/km, and in uni
range of 5 to 15 I/s flow for 26m diameter pipe) [6]. It is less for larger diameter pipes. For
exampl e, | e sssexperiereed in 2hd i@w hbovegourid 29 km long and 80 and 90
cm diameter pipeline (with 10 cm of rock wool insulation) from Nesjavellir to Reykjavik in
Iceland [7]. The flow rate is around 560 I/s and takes seven hours to cover the distance.
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Uninsulated e costs about half of insulated pipe, and thus, is used where temperature loss is
not critical. Pipe material does

not have a significant effect on heat loss; however, the flow rate does. At low flow rates, the
heat losss higher than as greater flows

Bal ékesir is one -oidhprovinees of Bukey lwihrsevardl geetimeemalg y
fields. These sources are all appropriate for direct use such as space and greenhouse heating
industrial processing and balneology. In addition to individualilgatlistrict heating is a
common use of geothermal energy in the city. An estimation of nearly 10000 equivalent
residenti al heating is provided in Bal ékes
Bi gadi -, G¢re and Séndeéamg,éhe totll amoent & geotheamalmo s
fluids produced cannot be determined correctly during the operation due to the lack of flow
meters. Instead of this, the geothermal energy produced by the systems is estimated by taking
a group of system parameters iacount. These parameters are constant initial flow rate of

the wells, operating characteristics of the well pumps, some system related temperatures, and
etc.

The above mentioned basic incapability has encouraged the authors to develop a
mathematical modeb estimate the flow rate of geothermal fluids. Thus, the temperature drop
rate in the transmission pipeline of the E
investigated for varying flow rates. Response Surface Methodology (RSM) is then used for
modelling and estimating the flow rate depending on the temperature drop in the pipeline. The
results show that the flow rates given by the model (Rfthcoefficient of determination, of
96.67%) are in a good agreement with those measured Hygwmeeter.

2. MATERIAL AND METHODS

Bigadi - geot her mal di strict heating system
System description The Bigadi - geot her mal di strict
3000 equivalent residenti al heati ngghisins | oc

the west of Turkey. Being one of more than 20 GDHSs in Turkey, it began operation for 300
users in 20042005 heating season and reached 1548 equivalent residential heating as of 2016.
The heat source of the Bi ga dsilocateZBHki@ easthdfi s ar
Bigadi -, and extends o%The resarvoir tamperaturedsf taken@as e
110AC (Figure 1).
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The Bigadi - GDHS has 8 production well s ir
However, only two of them, namely HK and HK8, are operative while the rest are out of
service due to the effects of pressure drops in the geothermal fields, precipitatie wells

and the interactions of the wells. Therefore, a peak power unit (an auxiliary heating support)
has to be operated in most cases, almost 70% of the heating period, due to the wells which
subsequently became inoperative. Lineshaft pumps sed in both geothermal wells. The
pumps are driven by frequency converter to regulate the flow instead of just turning the pump
on and off. The mean tempzanddHk8r swe|l & 8s8d apew9
100. 5AC; 1 Ry/skeappestiviggFgdre 2).5

Figure 2. Views from the HK8 well (left) and main gas separator and collection lines (right).

The Bigadi- GDHS consists mainly of three ¢
energy distribution circuit (EDC), and (c) engrgonsumption circuit (ECC). The schematic
diagram of the system is given for the heating period in Fig. 3. In the EPC, the thermal water
at an average temperature o519 8rA@ franntde a f
production wel | sothermal figlchie trambposteal rtok theyheaty exchangers
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located in the heat centre of the system. A buried transmission pipeline of 18 km is used for
the transportation. The

geothermal water moves itself in the transmission pipeline since the elevafiererdié
between the inlet and outlet of the pipeline is approximately 200 m, good enowaghdiural
flow of 25 I/s water.

The EDC is a closebbop system with three pairs of independent supply and return pipes in
which a secondary fluid circulates inder to transfer the heat to the ECC. The supply/return
temperatures for the secondary fluid obtained during the winter operation conditions are on
average of 56/ 44AC. The supply temperature
temperaturei r(#4t4A€Cpi Sesd up to B50AC wusing t
Exchanged (HE-1), Heat Exchangell (HE-Il) and Heat Exchangdil (HE-III), which

transfer the heat from the geothermal fluid to the secondary fluid in the heat centre. The
secondary fluids then transferred to the peak power unit, which consists of two liquid fuel
boil ers, each of which has a nominal power
therefore achieved. This auxiliary heating support is provided for only two distndures,

for HE-2 and HE3 lines. The buildings which are heated by the Hlihe are located in high
altitudes. This disables the connection of the Hlihe with the boilers since the high static

pressure will act on the boilers. After its heat is tfamed, some part of the geothermal fluid

is pumped to the hotels for the hot spring and thermal therapy purposes, while the remainder
i's discharged to the river. The discharge
the heating period (Figure 3).

The ECC comprises of many closledp systems constructed under each building which
connect the consumers with the EDC. In the ECC, the closgd are designed to have one

or two heat exchangers for each building. One heat exchanger is for heatingg atitet is

for hot water requirements. The supply/return temperatures for the ECC obtained during the
winter operation conditonsareanv er age of 43/ 39AC (Figure 3)
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Transmission pipelind. Nt he Bi g duied; 18k@GIdRySransnassion pipeline at

an average depth of 1 m is wused to | ink ¢t
net wor k i n (Fgurg 4).dThe-transnoission line consists of the steel pipes of 250
mm nominal diameter, insulated with 3.54 cm thick polyurethane foam and covered by a
protective high density polyethylene layer. The insulation thickness is considerably lower
than in sinilar pipes. Therefore, the pipeline constitutes one of the main sources of the heat
losses accounting for 1B4% of the total energy losses. The heat loss rate in the transmission
pipeline obtained by applying the energy balance equation varies betwekkvo@id 1400

kW depending on the operating conditions in the heating season. This meand 2k&ato8

the total energy input to the system is lost in the line [8].

—

Figure4. Tr ansmi ssion pipeline of the Biga

The high heat losses in th@nsmission pipeline result in high temperature drops throughout

the pipeline. The temperature drop rate, that is, the temperature difference between the inlet
and the outlet of the transmission pipeline
It takes peak values particularly when the temperature of the ground in which the pipeline lies

is the lowest and at lower flow rates (e.g., below 10 I/s) when a single well works. However,
the temperature drop rat e @i eondiien$whishagehatelyat r
experienced in the system (e.g., 7. 45AC at
10. 6AC). The well operators take care that
system does not exceed 25 I/s for a long timerder to prevent any failure in the wells. The
operation frequencies of the well pumps are tloeeckept in the related limits.
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Temperature and flow rate measurements

The rate of temperature drop in the transmission pipeline was clearly determitadehl the
difference between the entering and leaving temperatures of the geothermal weteral T
resistive probes were used for the temperature measurements. Since the pipeline had no
flowmeter, a bypass line consisting of 150 mm diameter steel wgesonstructed at the

inlet of the pipeline. An electromagnetic flowmeter, appropriate for the bypass line, was also
mounted on the bypass line to measure the volumetric flow rate of the geothermal fluid
flowing in the pipeline (Figure 5). The bypassdiwas not designed to work constantly and
therefore kept closed except during the flow measurements. This resulted in a relatively few
number of flow rate measurements which were used for the RSM modelling. The daily
average soil temperatures at a depithl an were obtained from a meteorological station
located near the transmission pipeline. The technical data of the measuring instruments used
in the study is givein Table 1.

Figure 5. Temperature measurement at the inlet of the transmission piglefipeflow rate
measurement at the outlet of the transmission pipeline (right).
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Table 1. Properties of measuring instruments used in the study.

Instrument Technical data Intended use
Measuringrange |i50 t o +180
Sensor Pt100, class A, 4 wires The inlet and
S | Thermal outlet
S | resistive probes o temperatures of
L Accuracy N AC the geothermal
g ) water flowing in
= 50 AC the transmissior
0 AcC pipeline.
100 AC
Accuracy O N 0,3 % or
- Total
Lining Polypropylene
[O]
© | Electromagnetic vol umet.
2 powmeter Pipe dimension DN150 rate of the
= ) transmission
Process -5 to 90AC pipeline.
temperatures
RSM modelling

RSM is a statistical technique that is used for modelling the relationship between the factors
and responses. By this way, results of the unpracticed combinations of different factor levels
can be predicted. Equation (1) presents the general full factoegdonse surface
mathematical model for the experimental design which is composed of linear, square and
interaction terms [9]:

n

B ¥ X

i<

€ (1)

Y=b, A bX A
i=1 i 2

where®is the response (volumetric flow rate of the transmission pipeline imdl/aye coded

valuesofthét h i nput parameters i n AC,andtempératureav er

drop throughout the pipelin®;Y), termg, ,f ,1 andf are the regression coefficients and

e is the random error term which is the difference between observed and predicted responses.

In this study, because of the uncontrollable factors naifely and ¥"Y(which are selected

for the predictor of the diw rate) RSM is not used for designing the experiments. Modeling
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and predictions are performed by using the data that is observed in different dates instead of
using

a data set obtained from an experimental design. The data set which was obtaineckt diffe
operation conditions of the transmission pipeline (for different flow rates and soill
temperatures) is usedrfthe RSM modelling (Table 2).

Table 2. Flow rate, temperature drop and soil temperature parameters used in RSM modelling

Temperature ol Temperature of Daily

Dateof | e e e | Temperane | averag s
measurement (I/s) the pipeline the pipeline drop,y4||, (AC tJempere}ture
(AC) (AC) Iv. (& C)

14.10.2011 25.5 95.27 85.76 9.51 17.8
10.11.2011 23.5 94.52 84.37 10.15 13.9
23.11.2011 22.8 94.61 84.06 10.55 12.2
18.12.2011 22.0 92.92 81.42 11.50 10.0
02.01.2012 26.0 95.48 83.87 11.61 7.8
12.01.2012 254 94.70 81.50 13.20 7.2
20.02.2012 245 94.44 80.38 14.06 4.4
25.12.2011 10.0 89.42 74.70 14.72 9.4
21.03.2012 9.8 93.50 78.12 15.38 10.6

3. RESULTS AND DISCUSSION

According to the experiments presented in Table 2, mathematical model based on RSM
(presented in Equation (2)) for the responses has been established with 95% confidence (type

I error (U)=0.05) by u sR (caefficMit ofideteninatioB)tisa t i s t
calculated as 96.67% which means #iatand T, explain 96.67% of the change in the flow

rate while the rest, 3.33%, is affected by other variables which are not included in the model.
According to the results of analysis of variance (ANOVA)due for the regression model
including lines and quadratic terms is calculated as 0.003, lesstha=0. 05, whi ch
the given mdiematical model is significant.

00 €Yo QpT@Mmnmo@mTe’Y 1& v TY pE LEY T TMTY (2)

The experimental flow rates are compared to those estimated by RSM model in Table 3. As
seen in the table, the difference between the model and measured values is on average of
4.31%. The test set and corresponding model responses are given in Table 4 and Fig. 6. The
difference between the model and measuredegakicalculated less than%0
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Table 3. Comparison table of the experimental and model flow rates.

Flow rate Prediction
(mig):”r:;? Iis) (obtained from the error
model, I/s) (%)
(A) = -,
(%) (e=]y -%/ v
9.8 9.5 3.16
10 10.7 6.54
22 24.1 8.71
22.8 22.3 2.24
23.5 22.1 6.33
24.5 24.6 0.41
25.4 23.5 8.09
25.5 26.2 2.67
26 26.1 0.38

Table 4. Test set for confirmation and corresponding model responses.

Flow rate
Temperature  Daily average Flowrate  (ghtained  Prediction
Date glrop in thf;: soil (measured,  from the error (%)
pipeline,o Y  temperature, I/s) model, I/s) (e)
(AC) "Y ,(AC) W = '
()
17.12.2011 10.52 10.0 21.4 22.3 4.21
10.01.2012 12.54 7.80 25.5 25.0 1.96
02.04.2012 12.55 111 20.7 22.6 9.18
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Figure 6. Comparison of the experimental and model flow rates.

4. CONCLUSION

I n t his study, t he transmissi on pipeline
mathematical model based on RSM has been establishe®ift96.67% which gives the
volumetric flow rate of the geothermal water flowing in the pipeline depending aatthef
temperature drop and soil temperature. The results show that the flow rates given by the
model are in a good agreement with those measured by the flowmeter. A test set was used for
the model validation. The error rate for the given model is cdédiless than 10%. As
justified above, the flow meter used in this study, was not appropriate to operate continuously
or to collect a wide range of flow rate data. This caused an insufficient number of flow rate
measurements used for the RSM modelling thedefore led to high deviations in the model
responses from the experimental results. However, the model can be improved considerably

and more accurate responses can be obtained by using extensive data set which will better
explain the flow characterisgan the pipeline.
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ENVIRONMENTAL IMPACT OF NO-TILL FARMING
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ABSTRACT

No-till sowing practices that promote soil and water conservation and reduce input costs have
become an increasingbccepted alternative to conventional tillage systems. Traditional soll
cultivation systems in the tropics and subtropics, with intensive soil tillage, will end in soil
degradation and loss of crop productivity. This will result in poverty, exodus of finoen

rural areas, resulting in an increase of city slums and marginal populations, and finally in
social conflicts. If we are to offer the farm family a chance to survive on the farm and if
sustainable agriculture is to be achieved, than the paradigsed ake and management must

be changed and new farming practices must be implemented. FAO caHahg®
6conservation agriculturebo, the essence of
with vegetation, dead or alive, never plowing oiirtgl the soil and practicing crop rotation
including cover crops whenever possible. Becausgllage has an outstanding effect that it
provides for agricultural production, reduces erosion and the consequent pollution of water
bodies, increases the wataupply of underground aquifers, increases carbon sequestration
and contributes to soil biodiversity and it uses less energy than conventional tillage, the
practice essentially contributes to sustainable development.

Keywords: Carbon dioxide emissiongrosion,No-tillage, Environment Water quality

1. INTRODUCTION

No-tillage, or direct seeding, is generic names describing the sowing of seeds into soil that has
not been previously till ed -titageasctheftarnc wsédlingy t o
North America while direeseeding is the term used in England to describe the same process.
These terms are used synonymously in most parts of the world. The notation of sowing seeds
into untilled soils is very old. The ancient Egyptians practiced it bgiterg a hole in untilled
soil with a stick, dropping seeds into the hole and then closing it again by pressing the sides
together with one foot. But it was not until the 1960s, when the sweetlolling chemicals
paraquat and disquat were released, thatnhodern concept of ftdlage was born. For the
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preceding decade it had been recognized that fdillage to be viable, weeds had to be
controlled by some other method than tillage: but the range of agricultural chemicals than
available was limited beeise they all had a residual effect in the soil. This necessitated a

delay of several weeks after spraying before the new crop seeds could be safely sown, which
partly negated one of the more noteworthy advantages-ofage compared with tillage, i.e.
saving time. Paraquat and diquat are almost instanthctieated upn contact with soil, so

they could be sprayed onto susceptible living weeds. The soil beneath the weeds, however,
was almost instantly ready to take the new seeds, without risk of injuring those seeds too. This
breakthrough in chemical weed control spasvitee birth of true ndillage. Since then, other
broaderspectrum nosresidual chemicals such as glyphosate have been developed which have
expanded the concept even further (Baeal., 2002) [1].

Research on modern methods oftilage agriculture inUSA began in earnest during the
1960s.But in Turkey research on ftidlage began in 1980s and attracted continuing academic
interest. Researchers soon demonstrated the soil conservation benefitdillafyeoand
economic aspects were later elucidateevéitheless, there was limited interest at a practical
level, and deep tillage prenhinated throughout the 1980s.

Conservation tillage and rdlage systems offer numerous benefits that intensive tillage
systems cannot match. These advantages havesbeenarized as follows:

- More wildlife,

- Reduced release of carbon gases, and air pollution
- Time savings,

- Reduced machinery wear,

- Reduced labor requirements,

- Fuel savings,

- Improved long term productivity,
- Improved surface water quality,
- Reduced soil erosion,

- Greater soil moisture retention,
- Improved water infiltration,

- Decreased soil compaction and

- Improved soll tilth
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No-tillage offers a means to address some of the agronomic and environmental risks presented
by conventionatillage, and to improve the overall environmental quabtykaset al (2008)

[2] identified themain environmental risk factors of soil tillage were: soil compaction,
clodding or smearing/puddling or dust formation, inducing water and wind erosioaaded

organic content, increased carbon dioxide emission, and destruction of earthworm habitats.

Tables 1 to 3 summarize the environmental effects of the main risk factors. Tillage or other
operations are considered environmentally benign when theraocarggnificant adverse
effects during adoption and when the opera
and environmental criteria. Environmental and agronomical requirements differ (e.g. farmers
do not qualify their plow on the basis of t6&, flux).

Table 1. Environmental impacts of planting method on humid soils (Bigtad, 2008)[2].

Environmental risk factors No tillage Strip tillage Conventional tillage
Soil compaction 0 - 0
Water/wind erosion - - +
Stubble residues - - +
Moisture loss - - +
Environmental risk less least great

* Impact onenvironmental risk- (alleviation); 0 (neutral):+ (increase) at the given soil moisture
content, and for the respective planting process. Designationsantl Oindicate alessened risk,
designation®f + signifies a greater risk.

Table 2. Environmental impacts of planting methods on dry soils (Bigtasd, 2008)[2].

Environmental No Strip  Conventional

risk factors tilage tillage tillage
Soil compaction - - 0
Water/wind - - +
erosion
Stubble residues - - +
Moisture loss - - +
Environmental least least great
risk
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* Impact onenvironmental risk: (alleviation); O (neutral)t (increase)

Table 3. Environmental risk of planting methods on wet soil (Birkaal, 2008)[2].

Environmental risk factors No tillage Strip tillage  Conventional tillage
Soil compaction 0 0 +
Water/wind erosion - - +
Stubble residues - - +
Moisture loss 0 0 0
Environmental risk less less great

* Impact on environmental risk: (alleviation); 0 (neutral)t (increase)

2. EFFECT OF NO-TILLAGE ON SOIL PROPERTIES

Nearsurface soil aggregate structural properties such as aggregate size distribution, stability,
strength, and wettability determine the extent to which a soil will erode under water or wind
erosive forces. Knowledge of aggregate structural properties is especially important in
semiarid regions, such as the Great Plains, where low precipitationgvegloration, and
variable biomass production coupled with
susceptility to wind and water erosion.

Blancoet al, (2009)[3] revealed that ntillage farming increased soil aggregate resistance
against randrops and water repellency over plowed systems, particularly at the soil surface (0
to 2.5 cm depth). The kinetic energy of raindrops required to disintegrate 4.75 to 8 mm
aggregates from ntillage soils equilibrated at 0.03 and 155 MPa matric potentes
between two and seven times greater than that required for plowed soils. The water drop
penetration time in aggregates from-tiibsoils was between four and seven times greater
compared with that in plowed soils. Reduced till was less beneficralnitiall but was more
beneficial than conventionally tilled soils. A 4titd induced increase in soil organic C
concentration partly explained the improvement in aggregate properties. The soil organic C
concentration was greater in-tith than in converibnally tilled soils near the surface. Kinetic
energy of raindrops required for aggregate disintegration increased positively, while aggregate
wettability decreased with the increase in soil organic C concentration. Soils rich in organic C
most likely prowded organic binding agents to stabilize aggregates. Soil organic C
compounds also imparted slight hydrophobic properties, reducing aggregate slaking and the
amount of soil that will be eroded. Aggregate wettability was positively correlated (r=0.70)
with wet aggregate stability. This regional study showed, however, thiit nmnagement
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may not improve dry aggregate size distribution and stability, which are sensitive parameters
of wind erosion. Aggregates in 1till soils were equally strong or slightlyeaker when dry
compared with those in plowed solls.

Karlenet al (1994)[4] evaluated several proposed soil quality indicators to determine effects
of removing, doubling, or maintaining crop residues for 10 years intdlage, continuous

maize production study. Soil aggregate characteristics, penetration resistance, bulk density,
volumetric water content, earthworm populations, respiration, microbial biomass, ergosterol
concentrations, and several sttt parameters (pH, P, K, Ca, Mg, TetalTotalC, NH;-N,

and NQ-N) were measured on samples collected from silt loam soils. Soil aggregates from
double residue treatments were more stable in water than those from normal and removal
treatments. The double and normal residue treatments had totgderarbon concentrations

and higher levels of microbial activity as measured by, G®olution. Ergosterol
concentrations where crop residues were removed were 8 to 10 times lower suggesting this
biochemical measurement of fungal biomass may be a isensibil quality indicator.
Earthworm populations where crop residues had been removed for 10 years were significantly
lower than in either normal or double residue treatments. Measures of force and energy
required to crush soil aggregates were extremafiallle and showed significant differences

only for aggregate size. Several parameters were used to develop a soil quality index that gave
ratings of 0.45, 0.68, or 0.86 for removal, normal, or double residue treatments, respectively.
This study demonstras a framework for soil quality evaluation and shows how crop residue
management can affect this rating.

3. EFFECT OF NO-TILLAGE ON CARBON DIOXIDE EMISSIONS

Soil is the most valuable natural resource for agriculture. Situated between the lithosphere and
atmosphere, it supports a great part of the Earth's biosphere. The difference between soil and
other types of nowonsolidated matter is the presence in the soil of organisms that produce
and degrade organic matter, promoting its transformation. Micro@mannineralize organic
matter from remains of plants and other organisms. In this process, not all organic matter is
mineralized. A more resistant part remains as humus, conferring outstanding properties to the
soil, such as aggregation, porosity, and waded nutrient retention. This allows the
development of plants, which obtain water and mineral nutrients from the soil through their
roots. Soil has a central role in nutrient cycling, especially of carbon and nitrogen, neither of
which exists in rocks. fley are incorporated in soils from the air, by photosynthesis and CO
inclusion in organic compounds and by natural nitrogen fixation processes. As a result of the
intimate interaction with the biosphere, soil has more carbon than either the atmosphere or
biosphere. On the other hand, soil cultivation results in great losses of organic matter with
CO; release into the atmosphere, contributing to the greenhouse effect. Curiously, soils are
seldom remembered as one of the main sources ofr€@ase intathe atmosphere that
contributes to the greenhouse effect. Important for this discussion is the fact 4tilat no
preserves soil organic matter, reversing the continuous reduction that occurs in conventional
tillage. In other words, besides improving the/gibal conditions of the soil, a very important
improvement, ndill is also providing, by the accumulation of organic matter, a sink of
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atmospheric carbon dioxide, thus an important system of carbon sequestration (Mello and
Raij, 2006)[5].

A large numbe of studies on soil CQemissions from soils have been conducted. However,
most have focused on the effects of climate change, mainly temperature and rainfall, on soil
respiration. Tillage can also have a mapdluence on soil C emissions.

Lifeng et al(2007)[6] monitored CQ flux on croplands with a winter wheat and maize
rotation on plots with conventional tillage, rotary tillage andtibage. Soil CQ flux was
generally greater in conventional tillage than intilage and the rotary tillage G@lux was

only slightly smaller than the conventional tillage. Daily soil flux for conventional, rotary, and
no tillage averaged 11.30@0,/m?%/d, 9.63 g C@m?d, and 7.99 g C&®m?/d, respectively,
during the growing period. Peak @@missions were recaed on the conventional tillage and
rotary tillage croplands after tillage operation, demonstrating that the tillage operations result
in a rapid physical release of GG\t the same time, no obvious increased emission af CO
occurred on the ntllage plotdue to no tillage operation.

4. EFFECT OF NO-TILLAGE ON EROSION

Plowing has always been an important practice in agriculture, especially for short cycle or
annual crops. It was believed that the soil needed to be loosened and aerated to receive seeds
and facilitate the seedling roots to penetrate the soil without difficulty. Plowing also eased
weed control. Once the crop was established, weeds had to be removed and the crop kept free
to avoid competition for water and nutrients. Only the cultivated plstmtsild occupy the

area, all other plants that could compete for water and nutrients should be eliminated. As time
went by, this type of soil management was considered inappropriate. Uncovered soil in a
slope terrain is a vulnerable soil. Much has beeftewion the disaggregating power of the
water drop, those raindrops falling on the
wet | anddé, the starting sign of the rainy s
soil aggregates. And any water drops follow and soon they cannot be recognized anymore

as they become part of a rushing stream of water that moves downhill. When there is erosion,
the muddy water takes with it the best part of the soil, the finest portion called clay, which
contains most of the organic matter and nutrients. Researchers estimate that soil losses caused
by heavy rains falling on unprotected soil can reach tens of tons of lost soil per hectare in a
single year. Erosion carries away the best part of the soil irgsirt lower productivity of
agricultural crops. Erosion can also change the soil surface by digging furrows that hinder the
traffic of machines over the land. These furrows acquire, in some soils, great dimensions,
forming gullies. The solids in suspensioriginated by soil erosion fill rivers, lakes and
reservoirs; the silt reduces the space for water in reservoirs or rivers, intensifying the risk of
floods. The water content of aquifers is reduced because of lesser water infiltration. The
capacity of weer reservoirs is reduced and the treatment of muddy water for city supply
becomes more difficult and expensive (Mello and Raij, 2(8)6)

Occurrence of erosion can be considered the most important factor causing soil degradation.
Under the concept of sustainability, the first negative factor in relation to productivity and
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profitability, and the major aggressor of the environment is sosi@mo Consequently,
sustainability can only be achieved if soil erosion is stopped completely.

When agriculture is practiced on slopes in undulating topography, and rains of a certain
intensity occur, soil preparation especially with disc implements sesultare soil, and this
results in water erosion, or in regions of heavy winds in wind erosion (Derpsch and Moriya,
1998)[7].

It is estimated that soil losses in cropland in Latin America reach 10 to 60 t/ha/year (Steiner,
1996; Derpsclet al, 198)[7]. Average soil | osses in the S
soil conservation is practiced, are as higtl
6% and 8% slope on high clay content Oxisols, average soil losses of 21.4 t/ ha were
measuredn conventional soil preparation, while only 633 kg/ha of soil loss were measured in
no- tillage. For the same experiment after extreme precipitations of 186 mm on June 9 and 18,
1995, soll losses of 46.5 t/ha were measured under conventional tillagenpeared to soll

losses of only 99 kg/ ha under-ritlage (both plots on 8% slopes). This resulted in 470 times
higher soil losses when soil was prepared. In conventional tillage Paraguay is losing on
average 9.2 tons of soil for each ton of soybean bgioduced. In conventional agriculture

23 t of soil are lost on average per'year while only 0.53 t/ha/year are lost when using the
no-till system, a difference of 22.47 t/halyear (Venialgo, 1996, cited by Karlen, EEJOG

other words on 1.7 millioha of natillage being applied, farmers are saving 38.2 million tons

of soil. One has to remember that the damage of lost soil in conventional tillage does not only
affect farmers, soil is deposited in creeks and rivers causing sedimentation of rivesgrdk

dams, it blocks roads, often causing accidents, etc. This deposition of sediments in unwanted
places has negative implications on the rural road system, hydraulic energy generation, on
drinking water production, on recreational areas, resultinggmfgant expenditures for the

State and for society as a whole. These costs are avoided or minimized through application of
the natillage technology.

5. EFFECT OF NO-TILLAGE ON WATER QUALITY

Movement of phosphorus and nitrogen into surface water aachitey of nitrogen into
groundwater are serious environmental concerns. Tillage methods affect the amount of
nutrient runoff and leaching. Phosphorus can run off crop fields and move into surface waters
and is considered to be the nutrient contaminantextgst concern to surface waters. In most
soils, phosphorus exists in one of four forms: associated with soil particles; in mineral forms
as aluminum, iron, or calcium compounds; soluble compounds dissolved in soil water; or
incorporated in organic matter

Phosphorus can move into surface waters associated either with soil particles during erosion
or as soluble phosphorus with runoff water. Greater than 75 percent of the phosphorus in
surface water is associated with or bound to soil particles. Muchslessuble phosphorus.
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The most effective way to reduce phosphorus pollution of surface water is to reduce soil
erosion. Netillage reduces total phosphorus losses. Total phosphorus consists primarily of
insoluble phosphorus attached as soil particles,st@eding inorganic compounds, and
soluble phosphorus. Nill generally has higher losses of soluble phosphorus than do tilled
systems. To reduce losses of soluble phosphorus unddr systems, phosphorus fertilizers
should be deep banded or placedriiea seed.

Nitrogen, in the nitrate form, readily moves with soil water and can move downward as water
moves down through the soil profile. Eventually, the water and nitrate may leach far enough
to enter groundwater and be an environmental concern. Tjoe saairces of nitrogen in soils
include commercial fertilizer, animal manure, plant residues, soil organic matter, and
biological fixation by legumes. More macropores occur in {targy natill fields than in

fields using tillage. Macropores allow greatgrantities of water to rapidly infiltrate the soill,
causing concerns that the use oftilamay result in greater nitrate leaching to groundwater.
However, researches comparing tillage systems and nitrogen leaching has not found higher
nitrate movement ith no-till. Regardless of tillage system, one should always be concerned
about nitrate leaching on environmentally sensitive soils, such as sandy soils overlying
groundwater supplies and near water sources for human or livestock consumption (Devlin and
Barnes, 2009)9].

Sharpley and Smith (199f)0] studied the impact of conventional tillage (moldboard plow or
sweeps) and ntllage wheat management practices on surface and groundwater quality.
Concentrations and amounts of sediment, nitrogen (N), ansbpbrus (P) in surface runoff,

and associated nutrient levels in ground water were determined for seven dryland watersheds
at two locations for periods up to 14 years. In general, annual surface runoff was similar for
both tillage practices, ranging froéto 15 cm. Compared with conventional tillagestiiage
reduced sediment, N, and P loss an average of 95%, 75%, and 70%, respectively.
Concurrently, elevated levels of dissolved P (maximum 3.1 mg/l) in surface runoff, and
nitrateN in ground water (marium 26 mg/l) were observed. About 25% more available soil
water was in the ntllage soil profiles, but this did not translate into increased grain yield.
Instead, ndill grain yields were reduced an average 33% (600 kg/ha) compared with
conventional tlage, which is attributed to a lower availability of surface applied fertilizer,
and increasing cheat and associated weed problems. From an overall agronomic and
environmental standpoint, results indicate that the managementtithge systems should
include careful fertilizer placement and timing.

6. CONCLUSIONS

Results of some studies find that the recent drought that began after 2000 in the eastern
Mediternean Levant region which comprises Turkey, Syria, Palestine, Jorgan, Israel and

Lebanon, is likely the worst drought of the past nine centuries. During thelgxzede, dry

years with longer droughty periods have become increasingly frequent in this region. This
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may encourage growers to adopt production practices that are adapted to these more extreme
climatic conditions. Nadill technologies under extensive faing conditions can be easily
learned and profitably implemented within a reasonable time period. Some of the
environmental risk factors of soil tillage such as soil compaction, clodding or
smearing/puddling or dust formation, water and wind erosion, aseteorganic content,
increased carbon dioxide emission, and destruction of earthworm habitats can be decreased
using netill farming systems.
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ABSTRACT

No-tillage is economically viable, erosion limiting crop production system in which the crop
pl anted directly i nt o with im@imum rseilvdistorbasic&/rem o p 6 s
compared ta@onventionalkillage, theno-tillage system provides nitrogen accumulation in the
soil and also improves soil aggregation and moishaiding capacity.In addition, theno-

tillage increases N and C concetiwas microbial carbon mass, anddierial and fungal
populations|t also reduces Cand NQ emissions and fuel consumption, and increases

yield over long periodsThere are several factors that are effective in the success of this
system These factors include the type rad-till seeder, stubble conditipisowing depth and

time, crop rotation and the selection of the varieti®hen studies on this subject are
examinedit can be said that there is a need for more specific researchesricospread the
no-tillage rapidly throughout the countryror the foreseeable future, facilitating national
development strategies for 4gpaling of no tillage, conducting training course with national
organizations remain a high prioritpy promote no ilage systemsOur purposein this
research is to examine the sciéatpublications and projects abomt-tillage in Turkey and

to discuss the difficulties in the implementation phase of the method. It is also one of the

goals of trying to discuss thedwantages and disadvantages of Turkay no-tillage and
conventional tillage.

Keywords: Benefits, Conventional tillage, Nillage, Turkey.

1. INTRODUCTION

Not i |l age, 6direct drillingo 6or oO0direct se

i nto soil t hat has not been previously ¢til
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was the first term used, mainly in England, where the moderneporaf the technique
originated in the 1960s. The most commonly identified feature -flage is that as much as
possible of the surface residue from the previous crop is left intact on the surface of the

ground, whether this be the flattened or stagdstubble of an arable crop that has been
harvested or a sprayeénse sward of grass.

No-tillage hasmany advantages and disadvantafes.advantages of fdlage are fuel, time

and labor conservation, increased the soil organic matter and soil njtppgs@rvation of soil
structure and earthworms, improved aeration and infiltration, reduced irrigation requirements,
germination of weeds and pollution of water ways, lower cost and increased crop yields.
Disadvantages of ntillage arerisk of crop failue, larger tractors required, new pest and
disease problems, and-titage seeder selection and weed control in the first years.

In order to be able to see the expected effect from thélage, it is necessary to evaluate a
number of factors togetheluring the crop production peridthe most important factor for

the success of this system is-tilbseeder type which used the no tillagéhe first step in
implementing netillage is to place the seeds precisely at the desired depth. It is used gpeciall
designed machines to achieve this purposetilNseeders have a more specific design than
other sowing machines due to their untilled or stugoleered fields. The most spectacular
units of these machines are furrow openers that can plant in usbilezbnditions.

In addition to furrow openers, row cleaners, press wheel and covering chains are among other
vital parts of these machines. Row cleaning units remove stubble on the row and a clean row
space is obtained. The pressure wheel ensure the¢ésiesoil contact. Finally, the seeds are
covered with soil using covering units and sowing is completed. The sowing depth at the time
of sowing should be homogeneous for obtain a good seed emergence. The density and
distribution of stubble on the surfamf the field is another factor affecting the sowing
success. If the moisture content of the stubble is inevitable, furrow opener cannot cut the
stubble. Furthermore, if the stubble is not homogeneously distributed on the surface of the
field, the seedecannot sowing to the desired deptlowever, furrow opener of Al seeder
shouldnot bury stubble into the soil, because prevent-sedaontact.

Soil fertilizer at the time of sowing is important for seed germination and crop yield. Without
soil tillage to stir and mix applied fertilizer applications, careful attention must be paid to
placing the fertilizer in untilled soils to optimize crop uptake and yield. Bands of fertilizer to
the side and below the seed have proved to be very effective, s@wetitilizing one
fertilizer band for each pair of seed rows. While it is important to place fertilizers far enough
away from seeds and seedlings to avoid toxicity problems, it also appears that separation
distances can be much closer than those commangpéed for tilled soils. Fertilizer banding

has been found to be optimally accomplished by simultaneously seeding and fertilizing with a
combination direct seed drill and fertilizer dispensed, &hich is now common practice.
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Energy is required for algricultural operationgractices that require lower energy inputs,
such as ndillage versus conventional tillage, generally result in lower inputs of fuel and a
consequent decreases of £©@arbon emissions into the atmosphere per unit of land area
unde cultivation. Emissions of COfrom agriculture are generated from four primary
sources: manufacture and use of machinery for cultivation, production and application of
fertilizers and pesticides, the soil organic carbon that is oxidized following stitlgiance

(which is largely dependent on tillage practices) and energy reqoiredifjation and grain
drying.

The aim of this research is to examine the problems ohtd@lage method applied in

Turkey. For this purpose, we examined that machinegnufiacturing companies, stubble
management , scientific researches and proj ¢
for notillage.

2. MATERIAL AND METHODS

The materials of this study are statistical results, scientific studies and projectseanidws
with farmers. As a method, it is considered that the findings obtained from these studies are
discussed according to a specific subject line.

Climate properties of Turkey

Turkey is located in the middle Europe, Asia and Africa. Turkey surroundeadrtht Black
Sea, at south Mediterranean Sea and at west Aegean. While the coastal areas have moderate
climates, the Anatolian plateau has extremes temperature both in summer and winter. Turkey
receives most of the rainfall in the winter season. In tras@® mean temperature usually is
bel ow 5AC and there is no too much evapor a
rainfall and it is necessary to irrigation in this season. The Aegean and Mediterranean coasts
have rainy winters and hot summensoaannual precipitation in these areas varies from 580
to 1300 mm according to the locations. Black Sea coast has great potential of rainfall. The
eastern part of this area receives 2200 mm annually. Marmara region is milder climates
(winter 4AC 2mAIC)s;umme winter however the te
Western Anatolia, there is a mild Mediterr:
winter and 29AC in summer. On the souther
condition. The temperature difference between night and day is very high. It can be seen snow
in this region instead of rainfall 2ACThen a
winter. Bl ack Sea area is wet, and Amatolmi d ( ¢
region has a long winter, and snow remains on the ground from November until the end of
April (the average temperature inwinterls3 AC and i n summ<&Easterh7 AC
Anatolia region, summers are hot and dry, with temperatures 806vA C . Spring an
are generally mild, but during both seasons sudden hot and cold spells frequently occur in the
region.
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Arable area distribution of Turkey

According to Turkish Statistical l nstitute
Turkey. In this agricultural area sown area, follow area, vegetable production, fruit production
and Ornamental plant production are done wib74371 ha4049998ha, 804142 ha, 4844

ha, respectively. Arable area distribution in Turkey was given in Figure 1.

[DEJERDEjER]

[ DEJ ER?) i = SOwn area
| = fallow area
R]
vegetable
gardens
[ DEJ E fruit gardens

%

Figure 1. Arable land of Turkey

Turkey has a great agricultural potential. The main farming systems are dry and irrigated
farming. According to the results Crop Production Survey (Turkish Statistical Institute) the
most planted crops in 2016 were wheat and sunflower 7687 and 8407 ha respectively. These
plants were followed by barley, clover, cotton and maize production (2743, 1900, 1248 and
1105 ha).

No-tillage projects and scientific researches in Turkey

Numerous scientific researches and projects have been carried out in different geographical
regions, climatic coditions andotation systems in Turkeyhere are completed and ongoing
projects in the caury in relation to the subjecAs a main factor in these projecthe
subjects such as conservattdlage andno-tillage, crop rotations agronomy and weszhtrol

have been examineth the projectsthe products were grown in irrigatedid notirrigated

soil conditions and got an idea about the efficiency ottheservational tillage and #dlage.

Some projects related tm-tillage andconservatioriillage in Turkey are given indble 1.

As in the case of the projectbe method of comsgvationaltilage and theno-tillage has been
the subject of scientific publications the scientific researches, soil physical propersesd
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emergenceand crop yield parametersvere investigatedlin the majority of these scientific
publications, sdibulk density porosity, penetration resistance, moisture exchange of soil in
seedgermination period are evaluated within soil physical propertresaddition, weed
control has also been thebgect of research in theo-tillage. The problem of weedingiust
be overcome for the farmeis orderto accept theno-tillage. In these publications, it is
explained in detail how to make struggle with weedtrol. In addition, the most effective
crop rotation and water management that can be used in areas refesech has been
conducted is also emphasized in these scientific stuN@sierous scientific studies have
been carried out to develop the-till seedersin these studies, the designsfafrow-opener
are the foregroundn particular, the angles éfirrow openersfurrow openetypes have been
researched and various suggestions have been B@ue. scientific publications related to

the subject in Turkey are given inable 2.Despite the fact that there are many projects and
scientific publicationsbout the subject in the whole country, there are still a lot of topics to
be investigatedOne of the most crucial of these issues is the farmers' adoption and
implementation step3.he acceptance of this method in Turkey depends on the practices of
the farmers themselves in their fieldsor this reason, scientific studies should be carried out
in farmers' fields together with farmeMl/ith such an approach, the farmer will be able to
learn how to follow the adaptation process.

Soil tillage machinery distribution in Turkey

The majority of thearable landin Turkey istilled by conventional tillage practice$his
unsustainablesoil tillage methodnegatively affects the physical, chemical and biological
quality ofthe soils. In the conventional tillageystemsoil is tilled by plough, cultivator, disc
harrow and land rolleAs a reslt of this intensive tillagethe soil is much mordisturbedand
thusincreases the fuel consumption awll compactionTurkey also has farmers who follow
and implementninovations in thesubjectof agriculture.These farmers imitate other farmers
by applying new methods$n this respect, progress has been made especially in the field of
tilage. In some pds of the country, farmers that h#srge agricultural lands tentb
conservation tillage and rdlage. Across the country the number of farm machinery that
using conventional tillage i s Theaunbebdhatllaccor
seederin Turkey is less than oth@onventionalsowing machineddowever, the number of
no-tillage machines has increased over the ye&pproximately 40 companies manufacture
farm machines throughout the counthut the companies that manufactureetinseeder is

only 7. In the last 15 yearthere was a government support which covered 50% of ttid no
seeder cost and 361 pneumatictiicseeder was sold. The number of-tilbseeders were
given in figure 2.
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Figure 2. The number of naill seeders in Turkey

The problems of no-tillage in Turkey

In Turkey, some problems are encountered in the applicaticonservation and ntllage.
No-tillage may cause reductions rop yield in the first yearsHowever, when analyzed
economically it appears that this declinecnop yield is not sdous. The method must be
applied for at least 4 years in order to be able to see the expected effechnotftitlage.
During this time, the amount @il organic mattermicrobial population and soil physical
properties will improve asa result, an increase in the yield of the product will be observed.
Unfortunately, Turkish farmers do not expdu healing process of the saitd think that the
method does not work economically.

The weed problem encountered duringdpelication phas of natillage is another effect that
makes production difficultin the solution of the problenherbicidesare used effectively.
Total herbicide application, especially before sowing, allows sowing to be done smoothly.
The weed problem encountered iraql growth period can be solved by chemical and
mechanical methods.

Plant rotation is an important parameter in terms of protecting soil fertilityvaed control.
However,croprotation that is effective in one region may not give the same resultstimeano
region. For this reason, the type afop rotation appropriate for each region should be
decided.Another problem encountered during the production period is rodent dafage.
problem can be solved using predators.

In no-tillage systemthe soil surface must be covered with stubble. In this way soil is
protected against water and wind erosibme stubble on the soil surface protects the moisture
content of the soil and accelerates plant emergeriaidairkey, however, stubble is used as
an animal nutrientln order to solve this problem, thei® a need for scientific studies on
stubble management.
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Table 1. Some of the pastnd ongoingonservation agriculture projects in Turkey

Subject Location Years Systems Crops Researchers
Conservation tillage East Anatolia 20032005 Rainfed andrrigation ~ Maize and sunflower Pr of . Dr . A
No tillage East Anatolia 20082011 Rainfed and Irrigation Vetch and wheat Prof. Dr. A
Conventional tillage and East Anatolia 20032005 Rainfed and Irrigation Wheat Prof. Dr. A
soil compaction _ _ A
Conventional tillage and East Anatolia 20132014 Rainfed and Irrigation Corn Prof. Dr. A
compaction _ _ h
Machineryand CentralAnatolia 20072009 Rainfed Wheat, chickpea ProfDrKazm ¢ar
Soils and Agronomy EastMediterranean 20062009 Rainfed and irrigation Wheat,corn,soybean ProfDr .  Ks mai |
Machinery and Aegean 20012-2002 Irrigation Cotton as a second cra Prof.Dr.Erdem Aykas
Tillage and soill Black seaegion 20072009 Rainfed Corn Prof. Dr. En
Subject Location System Crops Researchers

Machinery 3E Central Anatolia Rainfed WheatFallow Prof . Dr . Ke
Soll Central Anatolia Rainfed Wheatlegume DeryaS ¢ r e k
Agronomy and soll Southeastern Anatolia Rainfed Wheatfallow Ahmet ¢ékme
Weeds Agronomy South Eastern Anatolia Rainfed Lentil Murat Urgun
Agronomy, and machinery Eastern Anatolia Rainfed Wheat, vetchand fallow Zi nnur G©° z ¢
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Table 2. Some of the academic publication oftiltage and conservation tillage

Subject Location Years Crops Researchers

Performance of ndill seeders Mediterranean 2006 Maize Karayel, D, 2009 [1]

Tillage and energy consumption Mediterranean 20062007 | Maize Barutet al.,2012. [2]

Residue management and crop yield East Anatolia 20032006 | Cotton G¢ r ®taly, 2010 [3]

Soil physical properties and crop yield Southeastern Anatolig 20032004 | Maize Sessizt al.,2010 [4]

Tillage systems and economic analyses Aegean 20042005 | Wheat Y a | etaln2005 [5]

Tillage- energy analyses Mediterranean 19992000 | Corn ¥zt etialk2008 [6]

Tillage- biomassnitrogen content Mediterranean 20072008 | Soybean Doj etal,2011 [7]
Tillage-microbial properties Mediterranean 20062009 | Wheat ¢ e letak, 2011 [8]
Tillage-energy analysesrop yield Southeastern 20032004 | Sunflower Sessizt al.,2008 [9]
Tillage-predators Aegean 20062001 | Cotton Gen-soylu and Y
Tillage hydraulic properties EastAnatolia 20002012 | Wheatvetch | G° z ¢ b etwl.¢2R14 [11]
Tillage i compactiorseed emergence Eastern Anatolia 20062007 | Red lentil Alti kat S, and
Tillage-physical propertiesrop yield Eastern Anatolia 20042005 | Maize ¢celi KAAtahkdt S.
Tillage-CO2 emission, microbial population Eastern Anatolia 20052006 | Commonvetch Al t etlala 2006 [14]
Tillage-stubblesowing performancerop yield Eastern Anatolia 20042005 | Maize and Altikat S., 2012 [15]

Tillage-soil physical properties seed emergenc¢ Eastern Anatolia 20082009 | Summervetch| Al ti kat and ¢el
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Tillage-soil physical propertieseed emergence | Eastern Anatolia 20082009 | Vetchwheat |Al ti kat S., ¢el
Tillage and equipment Eastern Anatolia 20082009 | Wheat ¢celi k and Al tik
Tillage1 Stubble distribution Eastern Anatolia 20082009 | Vetchwheat |Al t ékat S, ¢cel i
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3. RESULTS AND DISCUSSION

A large part of the land of Turkey (67%) has erosion risk and thus intensive soil tillage and
open channel irrigation systems very danger
tilage especially ndgillage the soil less distribution and plant watmnsumption is less
compare to conventional tillage. For these reasons the spread of the conservation tillage and
noiti |l l age throughout the country is very i m

The number of firms producing direct sowing machines in Turkeless than that of
conventionabowing machinedn some researches, it is stated thatnibll seedemproduced

in Turkey cannot sow at the desired levigle biggest reason for this is the fact that farmers
do not have enough knowledge about the use of these spedtithlseedersThese machines
must be calibrated tgoil conditions before they can be uséthrmers use the machine
without any calibrationThus, the desired effect is not observElde farmes should buy the
type of machine suitable for his soil conditioiarticularly, it should be ensured that the
machine'sfurrow openerspress wheels and closure systems work smoothly at the time of
sowing.

Turkish farmers have to use this method personally for their adopfionthis end,
demonstration work should be accelerated throughout the countegtock is an important
source of livelihood inrurkey.In Turkey, stubble is used asatrientsource in the livestock
sector.This is an importanproblemin terms of the application afonservatioragriculture.
From this perspective, effectivetubble management is inevitable for protective tillage
applications.

Another significant trouble for ntllage in Turkey is weed control and rodent damage. In the
short time scale these trouble can be solved with used herbicides and insecticides. At the long
time scale crop rotation can be solved these trouble. Effectiveness of-tilageocan be
changéd with regionally.

Turkey has some outstanding features compare to others neighbor country about application
of notillage system. There are sophisticated farm machinery industry across the country.
Besides, Turkey has well established agricultural rebedeveloped and extension institutes,
widespread agricultural chambers network, widespread farmer machinery ownership, high
quality seed registration system and trade, no sanctions or limitations for trade and
government support.

4. CONCLUSION

I ntensi fication of agricul tural practices I
At the beginning of these problems are the deterioration of soil properties and inefficiency of
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arable land. At the last 10 years a lot of land converted taithiele land. And thus, the
number of tilled land rapidly increased. At the result of this this unsustainable increase of
agriculture land has been caused risks by monoculture practices, and excessive irrigation and
tillage. The mo s turedahd hasre®sion nisk duety dominaat gteep ¢ u |

slopes (>6%).More than 55% of arable lands in Turkey are severely affected by water erosion.
Further to this, 5% of arable lands are subject to wind erosion.

When these factors are considered conservatlagdipractices, especially +itlage must be

used by Tur Kk eyilldge systenr swiks protectednfronm water and wind erosion
compare to conventional soi | till age systen
less water during the gwing period.

Farming decision making process is very important for spreatillage throughout the
country. Netillage is relatively complex system and involves a wide range of intervening
factors. Hence farmers are supported during this complex gro€he importance of local
farmer discussion groups is critical to successful adoption of new technologies and
innovations.

Affordable, dependable and adoptabletiiomachinery development is one of the greatest
challenge for the agricultural machinepyoducers. Machinery producers should be given
adequate support to fistane their ndtill drills. Researchers and #tdl machinery producers
should work in collaborate to address possiblesptecific issues.
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ABSTRACT

Electricity is natural but not a storable resource and has a vital role in modern life. Balancing
between consumption and production of the electricity is highly important for power plants
and production facilities. Researches show that electricity load consumption characteristic is
highly related to exogenous factors such as weather condition, day type (weekdays, weekends
and holidays etc.), seasonal effects, economic and politic changés, @astions etc.). In

this study, we propose a shoetm load forecasting models using artificial intelligence based
optimization technique. Proposed 5 different empirical models were optimized using flower
pollination algorithm (FPA). Training and texyy phase of the proposed models held with
historical load and weather temperatdegasefor the years between 202014 Forecasting
accuracy of the models was measured with Mean Absolute Percentage Error (MAPE) and
monthly minimum approximately %1,7@r February 2013. Results showed that proposed
load forecasting model is very competent for shemn load forecasting.

Keywords: ShortTerm Load Forecasting; Natuhespired Optimization; Flower Pollination
Algorithm; Artificial Intelligence

1. INTRODUCTION

Electric energy is an energy source produced by using various sources and also having a wide
variety of consumption fields. Electric energy consumption has a large share in total energy
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consumption because it can easily be converted into basigy types such as heat, light,
motion. The magnitude of the industrial sector volume, which can be expressed as a measure
of development, is directly proportional to the consumption of electric energy.

Load consumption forecasting models are esseatdl vital for planning and production
scheduling of the production facilities. These forecasting models and studies help to make
important decisions on purchasing, generating electric power, load switching, and
infrastructure development. The forecastihglges are also extremely important for suppliers
and other participants in production, transmission, distrib@r@henergy markets [1].

Load demand forecasting is very important for planning and production of power plants and
production facilities. Loadlemand forecasts are generally divided into three main divisions:
shortterm, mediurterm and longerm depending on the tinperiods [2]. Medium and loRg

term demand forecasts basically are related to what the electricity consumjigsedson in

total years, what might be in the future. The establishment of new power generation plants
and the planning of largecale energy investments are planned according to this demand.
Shortterm based approaches are based on optimum usage of existing resoupresilang

the consumption characteristics. Basically, stemin methods are used for securitydan
survival of the main system.

When literature is examined, it is seen that, there are several types of models and methods
tried out on load consumption andeegy demand forecasting. These studies are divided into

two main sections as classical statistical based approaches and atrtificial intelligence based
approaches. These models and methods are classified as time series based (univariate) models
which are modlled as a function of historical load data aexpert systems which are
modelled as systems of exogenous factors especially weather and social variables [3].

Traditional statistical models are based on relation on historical load changes. Some of these
univariate studies are autegressive modelg}| 5, dynamic linear, nofinear models [6, 7],
nonparametric regressive moded],[ structural model [9], curwétting procedural model

[10]. These models have lower forecasting errors forahéne period®f consumption.

Literature shows that statistic based models are not sufficient fotinear periods of
consumption. Thus, researchers leaned to nature inspired and artificial intelligence based non
linear models. Some of these studies are fuzzy loge atificial neural networks based
forecasting models [114]. S. Hassan et al. (2016) proposed fuzzy ®peased load
forecasting model. They also used extreme learning machine (ELM) to optimize and finding
optimal fuzzy parameters [15]. D.K. Chatuvesti al. (2015) proposed a model by using
generalized neural networks (GNN) [16]. Song Li et al. (2015) used hybrid load forecasting
model. They used ELM and modified artificial bee colony (MABC) to optninput weights

of ELM [17].

In Turkey, there ar@arying types of studies on shdetrm load forecasting. E. Yukseltan et
al. (2017) proposed a linearodel using climatic and econometric dataset. They trained and
tested forecasting model for the period 2@0A4 and the weekly, daily horizon was
estimaed [18]. H.H. Cevik et al. (2015) proposed fuzzy and adaptive ffamary models to
estimate shotterm load consumption of Turkey. They used historical weather information
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and seasonal changes in their study [19]. | Esener et al. (2006) proposed aial artifi
intelligence based model for shéerm load forecasting. They used signal processing
techniques and ANN with historical weather condition changes [20].

2. MATERIAL AND METHODS

In this paper, we present a hybrid sherm load forecasting model bysing structural
mathematical models with nature inspired optimization technic. We used historical load
consumption and weather temperature changes data set for the peri2020\/e used

five different mathematical equation for modelling load consumnpénd flower pollination
algorithm (FPA) was used for finding optimal parameters in equations. Forecasting accuracy
of the mathematical models was measured using mean absolute percentage error (MAPE).

Dataset Preparation

Electricity load consumption hdsear and nodinear characteristic. Literature shows that
there are several types of input variables used to estimate and define load consumption
characteristic. These variables are varying to location, model type and other exogenous
factors. While havig longterm forecasting, globally scaled factors are used such as
economic growth depth and population changing for years, in-srartload forecasting,

most of the researchers used hourly changing data such as air temperature, raining period,
insolationperiod etc. In this study, we used 4 different input variables. These variables are;

Last Day Consumption (g)

Last Week Consumption (i)
Weekly Consumption Trend ga)
Weekly Temperature Trend €dp)

E R

Last day consumption (bc) T Last weekconsumption (Lwc)

Historical changes of the electricity load consumption are very significant indicator for future
demand estimations. Electricity load usually follows a routine path. Actual load consumption
values belonging to 2013 is seen in Figure ktlday consumption for the timeJdsand last
week consumption .z may help to estimate future load demand.
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Fig 1. Actual hourly electricity load consumption of 2013

Weekly Consumption Trend @a.)

Data obtained with the observations of the amairconsumption for a certain period, may
give significant information about the future situation of electricity consumption. These
observations are not sufficient information enough for a certain forecasting lonely but may be
helpful for an accurate estation indeed. In this study, we tried to understand consumption
characteristic using least square trend analysis for 7 days consumption period and used these

results as an input for the mathematical models. Load trend analysis was calculated with
usingequations 1, 2 and 3.

Load Trend
0 & @ (1)
Slope
~ B oo &dp
— (2)
B o o
Load Intercept
ARARANY (3)

Sample load trend data using these equations is seen in Table 1.
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Table 2. 25.12.201% 31.12.2011 Load consumption data

Time Load
Date Period  Consumption x° X2y
(Distance) (MWh)
25.12.2011 1 26175 1 26175
26.12.2011 2 24386 4 97544
27.12.2011 3 26412 9 237708
28.12.2011 4 26493 16 423888
29.12.2011 5 26345 25 658625
30.12.2011 6 26463 36 952668
31.12.2011 7 26083 49 1278067

1.1.2012 26595

Weekly Temperature Trend @a.)

Literature research shows that, air temperature changes are highly related to hourly based load
consumption characteristic. Thus, we uséstorical temperature data set collected from six
different location in Turkey between 2011 and 2@k an input for proposed forecasting
models. The weighted average value of temperature collected from different cities of Turkey
calculated with using cdcients. these coefficients were defined by using economic
development values according to report published by Republic of Turkey Ministry of Science,
Industry and Technology in 2013. The effect of each locatgseen in Table 2.

Table 2. Coefficient values of locations

17030 17130 17135 17220 17351 17603
(Cityl) (City2) (City3) (City4) (City5) (City-6)

0.02 0.15 0.02 0.10 0.04 0.67
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Mathematical Models

In this study, five different linear and ndinear empirical models were developed for load
consumption forecasting. Mathematical models were mostly used empirical models in
literature. In this study, five different linear and Aorear empirical modelgvere developed

for load consumption forecasting. Mathematical equations were empirical models mostly used
by researchers in the literature. These are linear, power, exponentialguseratic and
quadratic models.

Linear model
Lm = wilgc+ Wolwe+ Walcart WaTe+ Ws (4)
Power model
Km= 0 0 0o 0 0 0 0o Y (5)
Exp. model
Em= 0 Q 0 Q 0 Q 0 Q 0 (6)
Qua. model
Qm= 4 0 0 0 0 o Y
0 0 0 O 0 O 0 0 Y
(7)
O U U O U Y O U Y
0
Sem-Qua. model
Sm= 0 0 0 0 0 0 oy
o 0 O 0 O O
0 o Y 0 U 3] 8)
0 0 Y 0 0 Y 0

Artificial intelligence based flower pollination algorithm was used to improve forecasting
accuracy of the empirical models. Accuracy of the empirical models was calculated by using
meanabsolute percentage error (MAPE) and mean square error (MSE) methods.
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Flower Pollination Algorithm

Nature inspired optimization algorithms have become very poputae last 20 years. it can

be seen in the literature, these algorithms are frequently used in NP hard problems especially
in the solution of complex problems in engirieg and industrial field [21].Flower
pollination algorithm (FPA) is a natunespired optimization algorithm developed by >Shke

Yang in 2012. The algorithm is inspired by pollination process of the flowery plants.
Pollination process is having a vital role for the flowery plants. Pollination can take two major
forms: abiotic andbiotic. About 90% of flowering plants belong to the biotic pollination
group. In biotic pollination process, pollens are transferred by natural transporters such as
insects, flies or other animals. The abiotic form of pollination is realized with nafteelse

such as wind and diffusion. Grass is one of the good example of abiotic pollination process.
From the aspect of view of biological evolution, the main purpose of flower pollination is the
survival of the fittest and the optimal reproduction. Thiyina expressed like an engineering
optimization pocess of flowery plant species.

Optimization process of the FPA is based on four rules. These rules are:

1. Biotic and crosgpollination can be considered processes of global pollination, and
pollencarryingpol | i nat ors move in a way that ob

2. For local pollination, abiotic pollination and s@lbllination are used.
3. Pollinators such as insects can develop flower constancy, which is equivalent to a
reproduction probability that is proportiortalthe similarity of two flowers involved.

4. The interaction or switching of local pollinatioand global pollination can be
controlled by a switch probability¥ [0, 1], slightly biased toward local pollination

These rules are converted into propeathematical equations. In biotic process of the
pollination, flower pollen gametes are transferred and carried by pollinator animals such as
insects and used for global search in algorithm. Therefore rule 1 and rule 3 are represented
mathematically as b@w equation 11.
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@ w r0_ Q2 w (12)
w is the polleni, solution vectorw at iterationt. "Q is the best current solution among all
solutions| is the scaling factor and used for controlling the step size for each iteration.
iIs aL ® vflights based step size parameter and corresponds the strength of the pollination.
Levy-flights can be used for mimic of global pollination which is reaiby bicnatural
agents mentioned befor&he local pollination, both Rule 2 and Rule 3 is represented in
equation 12.

W w J o (12)

> o§ are pollens from different flowers of same species anid drawn from uniform

distribution [@1]. The working process of FPA may be represented with pseudo code as
below.

1. Initialize a population oh flowers/pollen gametes with random solutions
2. Find the best solutioi®2in the initial populationDefine a switch probabilitp # [0, 1]
3. while (t <MaxGeneration)

fori =1 :n(all nflowers in the population)

if rand<p,
Draw a @-dimensional) step vectarfrom a Levy distribution
Global pollination viaw w 0_ Q% w

else

Draw from a uniform distribution if0,1]

Do local pollination viae o' " o o
end if
Evaluate new solution$f new solutions are better, update them in the
population
end for
Find the current best solutign

end while
4. Output the best solution found

3. RESULTS AND DISCUSSION
In this study, we trained and tested 5 different empirical models with historical load
consumption and temperature data set. Flower pollination optimization algorithm was used to

optimize mathematical models and having accurate load forecastings. Parameters and
pre-defined constraints of the optimization method FPA are given in Table 3.
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Table 3. Parameters and constraints for FPA.

Population Limit (Np) 30
Probability Density 0.80
Beta 3/2
Step Size 0.01
Maximum Iteration Limit 2000

Training and testing of the proposed models was used for monthly horizons. Proposed models
trained with data of 2012 and 2013 then tested with data of 2014. Training and testing results
for the period 2013 and 2014 are seemable 4.

Table 4. Training and testing mape results for FPA.

February Februar April April
Y 4 March March P P

2013 2014 2013 2014 2013 2014

Linear 1,871 1,816 2,015 2,146 3,436 2,932
Exponential 11,257 11,919 10,156 11,148 10,206 11,141
Power 2302 2,576 2,938 2,865 3,573 2,949
Quadratic 9,29 10,33 9,241 10,042 9,634 9,924

SemiQuadratic - 2,068 1,796 1,953 2535 2279

As it seen in Table 3, semuadratic model generally gives the better forecasting values than
the other empirical models. Obtainegbults of the proposed models for theht®ir period of
1 February 2013 is given in Table 4 and comparative results for the period betgeen 1

February 2013 is seen in Figure 2.
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Real Linea Powe Sem Error Error Error Error Error

. Bxp. 7 Quad. Quad. . semi
(MWh) Linear exp. power  quad. quad
27114 27654 27481 26865 26;91 26282 1,991 2,582 0,917 0,722 1,075
25480 26002 27681 25290 25537 25517 2,048 9,167 0,746 0,411 1,196
24374 24958 27182 24374 2248 24229 2,395 14,142 0,000 0,459 0,335
23783 24416 27581 23632 23198 23763 2,661 16,952 0,633 0,834 0,613
23574 24327 27081 23463 2:188 2:;57 3,195 17,968 0,473 1,315 0,023
24040 24758 27980 23860 2:1321 23197 2,986 15,679 0,751 0,742 0,285
24376 25434 27381 24538 2280 2‘;_63 4,341 14,101 0,666 1,764 1,046
25122 26630 27382 25734 25487 25995 6,001 10,750 2,437 2,993 3,330
29277 30599 27890 29921 30628 30247 4,514 4,676 2,199 3,447 4,082
32054 33055 2297 32597 33:321 33(’)00 3,124 12,742 1,695 3,633 2,951
33032 33793 28704 33552 3110 33268 2,303 15,091 1,574 3,245 1,967
33805 34152 25;03 33975 34743 33592 1,028 17,064 0,502 1,869 0,354

Table 5.Training and testing mape results for FPA
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Fig 2 Comparative results of the proposed empirical models for the period betvgeen 1
February 2013

4. CONCLUSION

Electricity load consumption estimation is having a vital role for official andaffcial
environments which are responsible for generation and distribution of the reséuoceshe
aspectthe view of literature, shorterm load forecasting is becorgirvery popular research

area recent years. There are several types of studies and varying of models have been
developed for aiming accurate load forecasting. These models and techniques are basically
divided into two main categories: classical statistma@ded models and artificial intelligence

or nature inspired models.

In this study, we proposed a hybrid forecasting model which composed classical structural
based empirical models and natimepired optimization techniques. We used flower
pollination algrithm for optimizing empirical models. Proposed forecasting models were
trained and tested by using historical load consumption and weather temperature data.
Obtained results show that, proposed empirical models give promising results on hourly based
shot-term load forecasting. Proposed semuadratic model is having more accurate
forecasting values than other models. Best result was obtained for February 2013 with %1,79
forecasting accuracy.
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ABSTRACT

Lavender [Lavandula stoech3san evergreen medicinal and aromatic plant (MAP) which is
one of the wetknown member of Lamiaceae family. Owitmits imposing colour, redolent
aroma and salubrious properties, lavender has standed always as a conspicuous plant
throughout the history. Moreover, there exist some proofs demonstrating the therapeutic usage
of lavender by antigue Romans and Greeks.s&hgeculiarities provided a wide usage to
Lavandula genus in food and cosmetic industry. Distribution of Lavandula species has
expanded in all over the world, particularly in the Mediterranean bAgart from its
essential oil, shadéried flowers of laender have long been used as a fragrance. Although,
there are many of comprehensive studies focused on the volatiles of lavender essential oil,
only a few numbers of researches exist on the aroma profile of-dhaddlowers and leaves

of lavender. The i@sent study was organised to identify and quantify aroma compounds of
shadedried lavender flowers by the isolation of its aromatic extract by means of purge & trap
method. A total of 32 aroma compounds were detected including dominantly terpenes
followed by volatile phenols, esters, a furanoid, a lactone, an alcohol and an ald&imyahe)

all aroma compounds, camphore was found as the most abundant aroma compound in shade
dried lavender flowers, having a 40.6 % of total aroma concentration.

Keywords: Aroma, Lavandula stoechasavender, purge and trap extraction
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1. INTRODUCTION

The medicinal & aromatic plants (MAPs) are gaining an increasing trend due to their
extensive usage area in several sectors such as food & flavouring, cosmetic, pharmaceutic,
andtherapeutic. Lavendetévandula stoechasan evergreen MAP, which is one of the well
known member of Lamiaceae family. This MAP is known as its hardy structure, lush growth,
and high sustainability. The Spain, France, Japan and England are the spegrt@aalries

for the cultivation and exportation of this specie [1]. Although the production of lavender and
its derived products mostly concentrated in Mediterranean basin, the largest market of these
goods take place in the USA followed by Japan. Mapgdyof lavender herb are highly used

in cosmetic industry owing to their aromatic leaves, flowers, and their essential oils. Many
goods in the cosmetic industry have long been utilizing lavender such as; soap, lotion, shower
gel, shampoo, detergent, colegnair fresheners, perfumes and etc. Moreover, it has
mentioned in the literature that lavender essential oil can be used as a prophylactic or as a
topical treatment against surface infections in the alternative medicine. The expansion of the
use of lavendr essential oil is also increased by the growing demand of utilizing natural and
healthy products in the scope of food industry. A number of studies exhibited its high
antioxidant capacity [2], antimicrobial impact [3], antifungal activity [4] and alsasage in

variety of foods as a flavouring agent such as, ice cream, herb tea, confectionery and honey.
Therefore, as a natural food additive and a preservative, lavender has long been used on the
purpose of food preservation. Another usage area of lavescdromatherapy [5] which has
become more of an art than a science owing to have a huge marketing opportunity.

Lavandula stoechas the most commospecie of the lavender grown in Mediterranean basin
and its salubrious and redolent essential oil ha Istudied in plenty of researches. As a
result of secondary plant metabolisms, unique aroma lavender emerges mainly consisting of
terpenes such as camphor and fenchone.

One of the most important aspect for such medicinal and aromatic plants is the waldyr q
related to aroma compounds which play key roles to attract consumer preferences. Many of
MAPs being utilised as flavouring for food and beverages. Lavender is also can be listed as a
natural food flavouring agent. Although, some of studies haveséatan the aroma profile of
essential oil extracted from lavender [6,7] aroma profile of shade dried flowers and flower
buds of lavender has not been deeply investigated yet.

At present, various aroma extraction techniques utilizing in order to perfdten Qaalitative

and quantitative surveys. A plenty of aromatic substances exist with a various polarity and
volatility in the lavender. Therefore, they can be found in different concentrations in the
matrix. The most critical steps of aroma analysis carcdunted as the sample preparation,
decision of correct extraction methodology and its optimization. The present study was
organized to isolate aroma compounds of stireEl lavender leaves by purge and trap

technique and investigating the total aromafifg by means of GBS system.
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2. MATERIAL AND METHODS
2.1. Samples and Chemicals

Commercial samples (1 kg) of dried lavendeavandula stoechagforigin: Turkey) was
obtained from a local herbalist supplier, in Gaziantep, Turkey in July, 2016. The herbs were
identified by the Faculty of Agriculture, University of Cukurova. The moisture content of the
herb was 3.74.5% (dry basis). Water used indistudy was purified by a Millipor® system
(Millipore Corp., SaitQuentin, France). The standard volatile compounds were purchased
from SigmaAldrich (Steinheim, Germany). Dichloromethane, sodium sulfate amohdnol

were obtained from Merck (Darmsta@ermany). Dichloromethane was freshly distilled prior

to use.

2.2. Extraction of Volatile Compounds

Volatiles of herb was extracted by purge and trap system which comprise-adi@vwhich

control a nitrogen source and connected to splitter systedivide the flow in several
channels in order to purge three samples at the same time. Lichrolut EN tubes obtained from
Merck was used as an adsorbent which is one of most the appropriate sorbents for volatile
compounds extraction with respect to the poasi researcli8]. The herb samples was
previously mortared and placed into a 20 mL vial then the sample wascptated at
optimized purging temperature (60 AC) for
minutes with a nitrogen flow of 500 mL/min. t&f purging, the volatiles held in the cartridge
were eluted with dichloromethane. The elute was dried by anhydrous sodium sulphate, the
pooled organic extract was concentrated to 5 mL in a Kuderna Danish concentrator fitted with
a Snyder c o lupebco, StaQuentih, OFtaie) @rd then to 0.5 mL under a gentle
flow of nitrogen. Extracts were then stored2tO AC in a gl ass vi-al e q
lined cap until analysis. Extraction was carried out in triplicate.

2.3. Representativeness test faoanatic extract
Sample preparation and presentation.

Lavender was evaluated using the descriptive and preference tests actmrdosie et al.

[9]. The panel was composed of ten assessors (seven females and three male20eatnaen

45 years old) from Cukurova University, Food Engineering Department. The assessors were
previously trained in sensory evaluation techniques. In the present study, we used a cardboard
smelling strip (reference 7140 BPSI, Grangewyron, Lyas, Frangefor the checking
representativeness of the shableed lavender aromatic extract obtained purge and trap
extraction technique. Three grams of fined samples were placed in 15 mL brown coded flask
as a reference for representativeness tests. Aromaticteabtined from dichloromethane

was adsorbed onto a cardboard smelling strip. After 1 min (the time necessary for solvent

evaporation) the extremities of the strips were cut off, then placed in dark coded flasks (15
113
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mL) and presented to the panel after . All the samples were assessed at room
temperature (20 AC) i n neutr al conditions
intensity tests were performed to demonstrate the closeness between the odour of the extracts
and the lavender. These tpsbcedures were well documented in our previous dtlely

2.4. GGFID, GC-MS Analysis of Volatile Compounds

Agilent 6890 chromatograph interfaced with flame ionization detector (FID) and Agilent
5973 Networkmass selective detector (MSD) (Wilmington, USAonstituted the gas
chromatography (GC) system. BBax col umn (30 m | ength X
thickness, J&W Scientific Fol som, USA) wer
extract was injected in pulsed splitless (40 psi; 0.5 min) modectbrj and FID detectors
were set at 270AC and 280AC, respectively.
mini 1. The conditions of the oven program of the-DB . x col umn was 50AC
4AC/ min, 10 mi n hseldctive det@ctprthd identicat dven propaasnsvas

used. The MS (electronic impact ionization) conditions were as follows: ionization energy of
70 eV, mass range m/z of -300 a.m.u., scan rate of 2.0 scah, snterface temperature of

250 AC, and s our €.€hetvaatip mmpaundswere andlyzet @ fulAscan
mode and assigned by comparison of their retention index and their mass spectra on the DB
Wax column with those of a commercial spectra database (Wiley 6, NBS 75k) and the

I nstrument 0s madethreughntizel aforememtionad Igboratory researches. After
identification, internal standard method wittndnanol was used to determine the mean value

of volatile compounds’dmwaghtnde)aohthewriplicateeos GC( O g
analyses werealculated for each sample. By usingalkane (C8C32) series, retention
indices of the compounds were calculated [10,11]

3. RESULTS AND DISCUSSION

An aromatic extract of shad¥ied lavender obtained by purge and trap aroma extraction
techniquedisplayed an identical aroma to the original odor of lavender, when a drop of the
aromatic extract was assessed on a cardboard smelling trip (7140 BPSI, Lyas, France). A
certain amount of aromatic extract injected into-MS system to perform a sensitive
identification and quantification of each aroma compounds. Identified volatiles and their
linear retention indices determined on the-DE&\X column are given in Table 1.

According to results obtained in the present study, various aroma compoundigeniiied

in the aromatic extract of lavender herb including terpenes, alcohols, esters, furanoids,
lactones, and volatile phenols. A total of 32 compounds were identified in the total aroma
profile lavender. Terpenes were the most dominant aroma gragmsistuting the 90.47% of

the overall aroma concentratidlAPs are well known with their pleasant odors, spicy tastes
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or to show pharmacological activities mainly due to the specialties of those terpene
compounds. However, producing purposes and bicdéddunctions of these compound have

not been completely investigated. Many herbs generate terpenes so as to charm insects for
pollination or to protect herbs from being eaten by animals [12]. Among terpenes, camphor,
fenchone and, camphene were the thmest abundant compounds and their relative
percentage concentrations were found as 3
respectively.Similarly to Lavandula stoechagerpenes were also dominant compounds of
MAPs such asSalvia officinalis Lavandula angustifolia and Mentha asiatica[8]. An

enzyme, terpene synthases, is directly responsible for the production of these volatile
terpenes. On the other hand, they could also be formed by the modification of the main
skeletons of terpene made by terpeyrttsases by hydroxylation, dehydrogenation, acylation,

and other reactions [13].

Esters were the other important class of the aroma compounds lrathadula stoechas

Esters compounds have a very wide range of odor and flavouring effects and therer are o
200 of these compounds permitted for use in foods. Moreover, these compounds are widely
distributed in the essential oils and in some instances represent the major constituent.
Generally, ester compounds are responsible for the mature and fruity [béfe8ornyl

acetate and linalyl acetate were identified and quantified ester compounds in the herb. These
esters are significant compounds in the perfume industry and are found in large amounts in
various plants [15].

Apart from the terpenes and estetsiee volatile phenols, a furanoid, a lactone and, an
aldehyde were found in shadeéed Lavandula stoechasAmong these volatiles, -5
ethenyldihydre5-methyl2-furanone is also known as lavender lactone which is also known
as dihydre5-methyt5-vinylfuran-2-o n e ;vinyl-o-valerolactone, -<4nethyt4-hydroxy-5-
hexenoic acid lactone. This lactone mainly emerges as an oxidation metabolite of linalool
oxide (furanoid) Gottleib et al., 1978 and it has cited as a lactone of lavender essential oil in
the literatue [16].

Table 1. Volatile compounds dfavandula stoechas

No LRI* Compounds Concentration (ng/kg) * Identification®
1 1045 U-pinene 2151 LRI,MS,std

2 1057 camphene 4139 LRI,MS,std

3 1131 verbenene 1136 LRI,MS, tent
4 1138 1,5,8p-menthatriene 502,0 LRI,MS, tent
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

1205

1234

1422

1480

1518

1570

1578

1586

1589

1592

1610

1635

1651

1663

1699

1718

1728

1729

1757

1782

1838

1842

1846

1996

2083

2153

dL-limonene
p-cymene
fenchone
(2)-linalool oxide (Furanoid)
camphor
linalool
linalyl acetate
pinocarvone
D-fenchyl alcohol
bornyl acetate
myrtenal
5-ethenyldihydre5-methyl2-furanone
(E)-pinocarveol
(E)-verbeneol
L-verbenone
p-menthal,5-dien-8-ol
D-carvone
epoxylinalol
Myrtenol
o-cadinene
(E)-carveol
p-cymene8-ol
(E)-calamenene
filifolide A
p-cresol
thymol

116

395,3
715,8
23679
1487
32578
966,0
572,0
546,1
479,0
4143
509,3
246,3
493,1
1557
579,8
61,8
556,1
200,0
208,4
112,9
371,0
294,7
88,1
65,0
39,7

100,2

LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,tent
LRI,MS,std
LRI,MS,std
LRI,MS, tent
LRI,MS, tent
LRI,MS, tent
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS,std
LRI,MS, tent
LRI,MS, tent
LRI,MS,std

LRI,MS,std
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31 2210 carvacrol 543,2 LRI,MS,std
32 2218 U-cadinol 650,2 LRI,MS,std

Total 80166,6

* LRI, linear retention index calculated on BBAX capillary column
# Concentration: Results areldvhe means of t hr eec

A l denti fication: Met hods of identificati on;
identified by MS), Std (chemical standard); When only MS or LRI is available for the identification of
a compounds, it must be considered as an attemptrdiffidation. nd (not detected).

4. CONCLUSION

In this study, the main object was to identify and quantify the aroma compoubaiganidula
stoechas a member oLamiaceaeplant family, widely grown and also cultivated in Turkey.

A total of 32 aroma compmds were identified in shadkied leaves of this MAP including,
mainly terpenes, esters, volatile phenols, an aldehyde, a lactone, an alcohol and a furanoid.
Terpene compounds were determined as the main chemical group among the identified aroma
compoungd and followed by esters. 23 terpene compounds were identified in the sample
camphor, fenchone, and camphene were the most important terpenes detected in lavender.
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ABSTRACT

This study is the first report informing about the genetic diversity of species belonging to
Psephellusaucherianuscomplex via microsatellite (SSR) markers. This complex includes
three endemic species which are consistinBfaucherianu¢DC.) Boiss.,Ps. yusufeliensis

O. Tugay and Uysal arfés. sintenisi{ Fr ey n) Er t uj r ul and Uysal
of these species are evaluated under seriously threat in Red List Data Book. According to
IUCN categoriesPs. aucherianusvas rep r t ed as ¢ EdahdPs. yusufeliethsis( E N
andPs. sintenisiver e reported as GGCritically Endang
genetic diversity is important for designing conservation strategies for endemic species so as
to guarantee sustable survival of populationslherefore, the aim of this study was to
investigate population structure by estimating genetic diversity within and between locally
endemic populations. To determine the genetic diversity of the species, 96 individuals from
six populations were assessed by using four SSR markers. However, only 13D10 primer was
answered to our all populations. This primer was polymorphic, and it were detected 36 alleles
across the populations. Conclusionally, our results indicated that therthevaresence of a
correlation between the level of genetic differentiation and geographical distance and they had
been effective in differentiation of populations. We found very pleasing in terms of the
species conservation that the high genetic diwers#és detected at both the population and
relatively species level. Apart from thi8s. sintenisiis seen very close to the populations of

Ps. aucherianusas connected with geographical closeness contragtstousufeliensis
Therefore, we can concludédat only one locus or primer can be used especially to make
genetically a characterization above one species and its populations but certainly is not
suggest for geographically overlapping close taxa or their populations.

Keywords: Conservation, endemspecies, genetic diversity, population genetics, Turkey.
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1. INTRODUCTION

Turkey is one of the most significant places in the World for plant genetic resources: it is
located on three phygeographical regions; EwSiberian, Mediterranean, anblano
Turanian. Therefore, it is not surprising that Turkey have highly biodiversity. It has a unique
combination of diverse geographical and climatic condition that have given rise to a large
number of rare and endemic speciBstkish Flora includes manyarrow and local endemic
species and many of them are known only from type localities. One of the most important
main problem and the main risk for Turkish Flora are lack of data about the population
structures of endemic species, in particularly genetieractions among species and their
populations.

The genus’sephellusCass. includes around 100 species and is distributed mainly in western
Siberia, Turkey, Iran, Caucasus, Ukraine, and Crimea. In TuRs®phelluss represented by
37 taxa accordingptthe latest revision and national checklist [1, 2]. This complex consists of
three endemic species which &= aucherianu¢DC.) Boiss. Ps. yusufeliensi®. Tugay and
Uysal andPs. sintenisi{ Fr ey n) Ertuj r ul and Uysadd).Alspec.
of these species are evaluated under seriously threat in Red List Data Book [3]. According to
IUCN categoriesPs. aucherianusvas r epor t ed a)sandPs. ryusafeliengsr e d
and Ps. sintenisiwer e reported as «&Cr[#]tInfermaakion yabodE n d a n
genetic diversity is very important for designing conservation strategies for endemic species,
because they are commonly characterized by low levels of genetic diversity [5, 6]. The
development of molecular genetic methods for ansygeguestions on the diversity has been
helped define strategies for conservation programs. Among various molecular methods,
microsatellites are known as simple sequence repeats (SSR) and particularly preferred for
plant conservation studies, because @reycodominant and widely distributed in the genome
[7]. Furthermore, they are characterized by high polymorphism and a high number of alleles
per locus. In natural plant populations, microsatellites have great potential for helping to
understand what detmines patterns of genetic diversity, especially when used nuclear SSR
markers because of more variable. Therefore, SSRs have been used in studies of plant genetic
diversity such as Asteraceae [8]. However, they are highly spsméesfic and have to be
isolated de novo for most species [9, 10]. The process of SSR isolation is expensive and time
consuming. Therefore, the use of primer sequences developed for one species (source species)
into others (target species) is desirable in terms ofeadffistency [8]. The success rate of
microsatellite crosspecies amplification has directly been correlated to the evolutionary
distance between the source species and the target species [11, 12, 1B8¥irgyallongaet
al (2011) were checked the some SSR primersdetermine genetical construction of
Centaureaspecies and finally they reported that this primers would be very useful and
cheaper to make genetical characterizatio@@mtaureaspecies. Therefore, we decided the
using of this marker and interested npeirs for genetical characterization Bsephellus
aucherianugsomplex.
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Taking into account all these considerations, the aim of this study was:

To test the transferability of four nuclear microsatellite markers previously developed for
Centaurea corymbosa

To investigate population structure by estimating genetic diversity within anddretaeally
endemic populations.

2. MATERIAL AND METHODS

Plant material

A total of 96 individuals, which corresponds to 6 population®®f aucherianugomplex,
were collected across 3 provinces in Turkey; Erzincan, Erzurum, and Artvin respectively
(Table 1; Figure 1) and sampled leaves dried in silica gel.

Table 1. The populations investigated belongingP®ephellusucherianusomplex

Populations Taxa Locality

and its codes

Population | Psephellus | Erzincan; Kemaliye yokE a | i h |l i -imento

Salihli sintenisii 21' 348"- 38U 28" 062", KE-41p%

(PAUM) 04.06.2011.

Population | Ps. ErzinckKaemalKilye araseé, Baj ¢

Bagistas aucherianus| 25 738“38 26 626",KE-4124 Kal ker kayal

(PSAU) ' inear yaprakl e, 04.06. 201

Population | Ps. Erzincan;, KemalyeDut | uca ge-i di, I

Dutluca aucherianus| 152601 6 00 m, kér mézeée topr akl

(PADU) KE-469Q 05.07.2012.

Population | Ps. Erzincan; Ke mah, E +2i0-0 0 K “my

Eri¢ (PSER) | aucherianus|a - é k| eklbayer | anak -83®0W H5aA" ¢
87'711"-3 8 U 8 7 'KE-B8664304.0712012.

Population | Ps. Artvin; YusufelrSar ég°1l -ékéke,-4aDsF

Yusufeli yusufeliensig 8 4 4 " , k &B 4237%T4d-BU, 31,05.2011.

(PYUS)

Population | Ps. Erzurum; Tortum kel al e4dUr

Tortum yusufeliensig8 0 0", - al é | &Ik 4384TwDuW, 03t0€.20FLl ¢
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(PYFS)

Figure 1. The geographical distribution of populations belonginB4ephellusucherianugomplex

DNA isolation and amplifcation conditions

We used at least 16 individuals per population when possible, accounting for a total of 96
individuals from six populations. Total genomic DNA was extracted by the 2X CTAB method
as previously described by Doyle and Doyle (1987) and modified by $bkis(1991) and
Cullings (1992) for silica gedlried leaves. DNA quality was checked on a 1% agarose gel.
For amplification of the three endemic species, we carried out a preliminary test using four
SSR markers developed f@entaureacorymbosa[16]. Microsdellite locus (13D10) was
amplified using FAM fluorescently labeled forward primers as explained in Medein all

the studied species.

Data analysis

Software GENETIX [18] and GENEPOP [19] were used for estimating genetic diversity
parameters aboth species and population levels: observed heterozygdsity €xpected
heterozygosityKle); and (f) inbreeding coefficieng) by the method of Weir & Cockerham
(1984) . Nei 6s (1978) wunbiased genetianddi st
used to construct a phylogenetic tree (UPGMA). The Factorial Correspondence Analysis
(FCA) was performedo visualize the individuals in multidimensional sparelto discover

the relationshipsvithin and amongndividuals of different species. FCA wasmputed using
GENETIX program.
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3. RESULTS AND DISCUSSION

The studied locus (13D10) was polymorphic for all studied populations. We detected a total

of 36 alleles, ranging between 11 (Population Salihli; PAUM) and 17 (Population Tortum;
PYFS). Populatiorsalihli showed the lowest value of expected heterozygosity (PAUM: He=
0.8730), wher eas popul ati on Eri - har bour e
(PSER: He=0.9141; Table 2). Although the genetic diversity of species in small populations is

lower than large populations because of genetic drift and inbreeding [22, 23], the high genetic
diversity has been reported in some taxa, suc@eaaurea horridaanging from He=0.-0.9

[24] and Centaurea nivedde=0.6 [25]. The least variable species Was sintenisii (He=

0.8730), whereas the highest genetic diversity was showdsbgucherianugHe = 0.9141,

Table 2). Our results generally supported that some rare and endangered species can maintain
high levels of genetic diversity [280]. The locus showeksignificant deviations from HV
equilibrium expectations (P< 0.05); accordingly, wheregsv&lues at population Tortum
(PYFS:-0.1034) was negative valuBs. sintenisi(PAUM: 0.3135) was positive value and
significantly different from zero (Table 2uhich can be attributed to inbreeding and/or to the
occurrence of null alleles [31]. According to our dataset, whereas frequency of null alleles is
negligible for PSAU (NA: 0.0348, r < 0.05),
0.20) [32] anadthe presence of null alleles might have caused the loss of heterozyggsity (F
0.3135) inPs. sintenisii[33, 34]. Our results indicated that there was the presence of a
correlation between the level of genetic differentiation and geographical distahtteegrinad

been effective in differentiation d?s. aucherianupopulations. A relatively high degree of
genetic differentiation was detected among Yusufeli (PYUS) and Tortum (PYFS) populations
(Fst: 0.0865). This situation can be explained with popula¥iasufeli tightened in a narrow

valley. Thus, a taxonomic assessment was not made at the species level by the genetic
differentiation valuesAccording to FCA graphic (Figure 2), individuals of populations
belonging to three species are grouped togetlaérating clear admixture. Population Tortum

have wider distribution and this population has a higher level of variation (~35%) compared
to other populations (12%), this circumstance is consistent with the detected heterozygote
excessfs: -0.1034)
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Table 2. Main parameters of genetic diversity for each population computed for the studied
polymorphic loci.

Codes of Populations PAUM PSER PSAU PADU PYFS PYUS
sample size (N) 16 16 16 16 16 16
mean number of alleles per logi4s) 11 16 12 15 17 14

unbiased expected heterozygoghle) 0.8730 0.9141 0.8945 0.8906 0.8809 0.8828
observed heterozygosifiHo) 0.6250 0.9375 0.8125 1.0000 1.0000 1.0000

the frequency of null alellgdNA) 0.1293* 0.0000 0.0348* 0.0000 0.0000 0.0000
(*confidence interval 0.0250.9750)

Inbreeding coefficient{Fs) P<0.05 (*) 0.3135* 0.0066 0.1236 - - -
0.0909 0.1034* 0.1009

P-val (Fis) 0.0000 0.4685 0.0605 0.7916 0.0190 0.0564

Standard deviatiorHs) 0.0000 0.0541 0.0133 0.0347 0.0006 0.0007

PAUM PSER PSAU PADU PYFS PYUS Nei 60s u

F¢  PAUM* 0487 0083 0171 1278 1472  measures of
(below . genetic distance
the  PSER* 0.0283 0776 0364 1522 1798  (apovethe
diagonal) poayux  0.0013 0.0354 0650 1.402 1.440  diagonal)
P<0.05(*) _
PADU* 0.0122 0.0240 0.0387 1205 2852  (Nei, 1978).
PYFS* 0.0671 0.0603 0.0641 0.0667 2574

PYUS* 0.0707 0.0630 0.0640 0.0830 0.0865
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Figure 2. Factorial Correspondence Analysis (FCA) results showing the relationship between all of
the individuals analyzed in the study. The color labels and their corresponding populations are written
on the graph.

4. CONCLUSION

This study shows that the microdate region (13D10) could be used in many studies and
successfully amplified, tested in the period from the past to the present day are highly
polymorphic.According to this locusPs. sintenisiis seen as having lower genetic variation
comparing to othe which means it is a having homozygous populaisnaucherianuand

Ps. yusufeliensibave highly genetic variation and heterozygosity level and this situation
quite gratifying for their future and conservation statues. However, we critisedot@wls
results that only one locus or primer can be enough especially to make genetically a
characterization above one species and its populations but certainly is not suggest for
geographically overlapping close taxa or their populatidssa result of tls preliminary

works, we found that the selected primer and locus are informative and gladsome in terms of
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the species conservation and they could be trying in the next population studies of species
taking place within Centaureinae.
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ABSTRACT

The waters that are collected at soil depths depend on the geologiddloosnand flow
continuously from an outlet point spontaneously are defined as spring water. These waters are
generally used for drinking, using and irrigation water purposes. Population growth, rapid
urbanization, mixing of domestiadustrial and agridtural wastes with water without any
treatment are causing pollution of water resources. The fact that these waters used for
drinking purposes are subject to physical, chemical and biological pollution for various
reasons affect the health of people asimagthe quality of drinking water. For this reason, as

in many other countries, the physical, chemical and microbiological qualities of spring waters
in our country have been determined by statutes and standards.

Inl gdir Uni ver si CamplBthd waterttaker fromtthe thneeewell goes to the
main distribution depot with the pumjm campus aredhere are totally 5948 people with a
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total of 5002 students studying in different units, 738 academic, administrative and auxiliary
staff, and aotal of 208 relatives of employees settling in 12 lodging buildihgthis study;

in order to determine the characteristics of the wells used as drinking wéter university
campusit is aimed to examine in terms of physical and chemical qualinpeters of water

and to be evaluated within the scope of Regulation on Waters for Human Consumption
(RWHC) of the obtained resultk order to observe the seasonal changes in the parameters,
water analysis measurements will be routinely made byR#seeach Laboratory Application

and Research Centef Igdir University. According to the pyscical analysaf the water
samples taken from the main depot in the universaynpus,color is characteristic of
drinking water, turbidity, electrical conductivity dpH parameters are below the limit values

of the regulation. As a result of the chemical analyzes of the water samples, phosphate,
fluoride, sulfate, nitrate, nitrite, nickel, lead and cadmium values were determined to be below
the limits of the relatedegulation.

Keywords: Drinking water, Igdir University, quality parameters, water supply, water quality.

1. INTRODUCTION

Water, which is at the forefront of the basic needs of man and all other living things, is an
indispensable source of life's existence and continuation. On natural conditions, water contain
different substances according to where they live and they aractérdzed according to

these substances. The physical, chemical and biological characteristics of the water determine
their qualities in terms of drinking and ufe 16, 22] Drinking and using water should be
odorless, colorless, clear and refreshognot include diseaseausing microorganismghere

should be no harmful chemical substances in health, must be suitable for their intended use
and should not be aggressjue].

Water resources can be examined in two classes, groundwater and surfeselthvatguality

of groundwater does not show large changes over tBneundwater's color grades and
turbidity are low.Surface water are waters taken from rivers, lakes and dams, which are
usually contaminated with the reason of urbanization and indisitian resulting from
excessive population growth and need to be improved through treatment.

Water is a very suitable environment for some diseassing organisms. The water used for
drinking is exposed to physical, chemical and biological pollutmnvirious reasons; it

affects people health as much as the quality of drinking wiaténe developing world, it is
estimated that approximately 80% of all diseases are caused by inadequate water and sanitary
conditions.Every year more than 5 million people, more than half of whom are children, lose
their lives due to water pollution. For this reason, when providing the water needs of the
community, the amount of water at the source to be selected should be sufficighe and
water quality should be acceptafil®].
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The treatment process to be applied for adapting the water taken from a source to the usage
purposes depends on the properties of the water source. The waters of some sources are very
well characterized and cé&® supplied to the drinking water network with simple disinfection.
Some sources of water require many treatment processes such as accumulation, coagulation,
flocculation, filtration, and disinfection, as they are poorly watered, for example, when water

is taken from contaminated rivers. Therefore, various parameters in the water source should
be measured at specific time intervals and compared with the accepted drinking water
standards and it should be determined which parameters should be injp&jved

The physical, chemical and microbiological qualities of spring water have been determined by
statutes and standards in our country as well as in many countries in order to protect human
health by determining water cleaning and potability requirementsll®&aio the European

Union Drinking Water Directive published in 1998, the "Regulation on Waters for Human
Consumption” (RWHC) was published in the Official Gazette dated 17.02.2005 and
numbered 25730 in our country. According to this regulation; drin&imd) using water; are
defined as waters used for the preparation, processing, storage and marketing of foodstuffs
and other human consumption products, in general, for drinking, cooking, cleaning and other
domestic purposes, irrespective of origin, oriffingrovided, or purified, whether supplied

from source or distribution network, and which provide physical, chemical and
microbiological parameter values in accordance with the regulation and which are not
provided for commercial sal®Vith this regulatio, it is aimed to ensure the quality standards

of waters by conforming to the technical and hygienic conditions of the waters used for
human consumption purposes.

In this study, it was aimed to observe in the physical and chemical quality parameters of the
we |l | water used as drinking water in 1 Jdeér
determine physical and to evaluate the obtained results by taking into catisidéhe related
regulations.

2. MATERIAL AND METHOD
2.1.Material

Drinking wHbhevemwnsgitly dieehi t B¢l ent Yurtsevert
this study.ln campus aredhere are totally 5948 people with a total of 5002 students studying

in different units, 738 academic, administrative and auxiliary staff, and a total of 208selat

of employees settling in 12 lodging buildings.

The average water consumption of the people living in the campus is 40 idmes/irinking

watero f Il Jdér University k eliprovidedBrgn teerwellsAYotalr t s e v
of 25.4 liters of vater is drawn from three wells and delivered to the main distribution depot
with pumps.The first well is located at 1744 meters from the main distribution site, the

second well is at 2000 meters and the third well is at 1370 meters. The volume of the main
131



enonSolonco, g

b"‘z, 3" International Conference on Science, Ecology and Technology

s,

ternatig,,

%
3
@
5
ABojou®®

g

Rome, ITALY
ICONSETE' 2( 17

Rome, ITALY « August 1 2017

14-16 August 2017

distribution deposit is 500 1rand the disinfection process is also done Haisinfected water
is given to the residences with charming transmission without waiting.

2.2.Method

In this study, samples of drinking water were taken from the main distritgtbom.Analyzes

of pH and electrical conductivity were made in the field and immediately with a-multi
parameter. Nitrite, nitrate, fluoride and phosphate analyzes were measured by ion
chromatographyDIONEX ICS-5000EG). Analyzes of cadmium, iron, boron,amganese,
arsenic, aluminum, chromium, copper, lead and nickel were carried out in the samples in ICP
MS (Agilent 7700).

3. RESULTS AND DISCUSSION

According to Article 6 of the Regulation on Waters for Human Consumptiéh it is
obligatory that the waterare healthy and clean. If water does not contain substances; micro
organisms and parasites in quantities and concentrations that constitute a potential hazard to
human health, conforms to the parameter values determined for quality standards, monitoring,
disinfection and analysis features are appropriate, the quality of the treatment, equipment and
materials is assured, it is considered to be healthful and clean.

The results of the analysis of well water used as drinking and using water in Igdir Upiversit
kehit B¢lent Yurtseven Campus and the stand
to the Regulation on Waters for Human Consumpti®} fnd Turkish Standards Institute
(TS266) are given in Table The appropriateness of well water for drinkiwater has been
evaluated within the scope of these regulation.

pH indicates the concentration of activé lén in the water. The amount of carbonate,
bicarbonate and carbon dioxide dissolved in the water at the pH of the water is also affected.
Chemicalreactions in the water and for biological life are important factors. The increase or
decrease of pH in water affects the toxicity of certain compound<{].8According to the
RWHC and TS 266, drinking water should be between pHO&5The pH value othe
drinking water analysis results is 7.3 and it is within the pH range stated in the regulation.

Table 1. Drinking water analyis results and standard values

Parameter Unit | RWHC | TS 266 | Analysis Result
pH 6.59.5 | 6.59.5 7.3
Electrical conductivity | € s / | 2500 2500 273
Nitrate mg/L 50 50 20.63
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Nitrite mg/L 0.5 0.5 "0.09
Fluoride mg/L 15 1.5 0.37
Phosphate mg/L - - 25.58
Iron eg/L 200 200 67.914
Manganese eg/L 50 50 1.338
Arsenic eg/L 10 10 5.71
Boron mg/L 1 1 "0.5
Cadmium eg/L 5 5 "1.5
Aluminum eg/L 200 200 "5
Chromium eg/L 50 50 "5
Copper mg/L 2 2 0.005
Lead eg/L 10 10 "3
Nickel eg/L 20 20 '3

Electrical conductivity is an indicator of total dissolved solids in water and is expressed in
mi crosiemens/cm (&€Siem)25000redudt icvm tHI. | 20 el
Drinking water electrical conductivity wvaluwu

Nitrate and nitrite are indications of bacterial contamination in the aquatic environment. In
recent years, due to populatigrowth and industrialization, the likelihood and quantity of
these substances in the water has increaSeunonium concentrations in drinking water
probably indicate a fresh fecal contaminatiansign of health hazard, and the presence of
nitrate indicates an outdated contaminati@md possibly a less harmful conditidwitrate is
harmless to adults and can always be found in the watergever, continuous drinking of
water containing more than 20 mg of nitrate in litter causes acute and choisoaipg in
humans and methemoglobinemia in babies younger than 6 ni@htfAse nitrate and nitrite
values of the samples analyzed in this work are below the limits of the relevant regulation.

When fluoride is taken at the appropriate amount, it previeth decay, it helps bone
development.For this reason, fluoride is recommended for children's drinking water.
However, prolonged exposure to fluoride in large quantities leads to fluorosis and severe

skeletal problemsThe amount of fluoride in the watés very important when considering
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both benefits and losses. According to Regulation on Waters for Human Consumption and
Turkish Standards Institute (TS 266), the maximum fluoride concentration to be found in
drinking water is 1.5 mg/l{4]. Fluoride conentration in drinking water analysis of Igdir
University kehit B¢l ent Yurtseven Campus w.
value.

Phosphates in water resources can be found either as a result of contact with minerals
originating from naturakources or as a result of human activities such as fertilizer use,
sewerage and industrial discharges. Phosphorus is an inorganic element of bones and teeth
and therefore is a necessary element for the human body. The daily phosphorus requirement is
the sane as the calcium requirement, and the highest amount that can be taken is 800 mg / L.
WHO and USEPA have not established a limit value for human health due to the low
quantities of phosphorus in water resourf¥s The phosphate value of the drinkingter

analysis results is 25.58 mg/L.

In drinking water sources, the iron (Il) salts are in an unstable structure, passing into the form
of dissolving iron (lll) hydroxide and rusting in the form of rust silt. Iman also cause
undesirable bacterial grakwvin the water network (iron bacteria) and formation of deposits in
the form of a slurry coating in the pipgg. Theiron limit value in regulation is 206g/L and

the drinking water analysis value is 67.FIL.

Manganese is one of the most commonatsein the earth'structure often associated with

iron. But the concentrations in the water are lower than iron. Although it is possible to
determine a limit value at 0,4 mg/L concentration for hegt], there is no need to set a

limit value for health since manganese in drinking water sources are generally well below
these concentrations arttie acceptability of the water by the consumer (taste, stain,
accumulation inpipelines, etc.) is below this comteation. However, as a result of
manganese uptake at high concentrations, adverse physiological effects, especially
neurological effects can be observed [13]. The manganese value of the samples analyzed in
this work are below the limits of the relevanguéation.

Arsenic is a naturally occurring element with wide distribution on earth. Arsenic is a toxic
substance and the degree of toxicity depends on the chemical and physical shape of the
arsenic compounds, the presence of the elements that affectatii®nen the food, the
amount of ingested, age and sex. Due to the carcinogenic effect of arsenic compounds, the
maximum arsenic concentration that can be tolerated in drinking waters is legally regulated.
Considering the effects of arsenic on human hes§ltorld Health Organization (WHO) made
regulations on the amount of arsenic in the water in 1993 and reduced the arsenic limit to 10
€ g 3L The arsenic limit value in Regulation on Waters for Human Consumiptie g/L

and the drinking water analysialue is 5.7Eg/L.
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Boron can be seen primarily in underground waters by natural means such as rocks containing
borate and borosilicate and draining from $8jl The borate concentration in surface water is
mainly due to wastewater discharges and thixdaused by household cleaning products,
which also decreases the incidence in water resources due to redufZy.i3enking water
containing boron mineral in high proportion can cause some discomforts in the digestive
system. It also causes growth aswlelling in the liver[10]. In our study, boron was found
below 0.5 mg/L.

Cadmium is wusually found below 1 eg[RlL in
Underground waters have higher concentrations than superficial waters. Very high levels of
cadmium, taken with drinking water, irritate the nose, vomiting and diarrhea can sometimes
lead to deatli7]. The cadmium value is below the limits of the relevagulation.

Since the solubility of aluminum at the neutral pH level is low, the concentration of dissolved
aluminum in water resources is often low and usually ranges from -0.061mg/L.
Aluminum concentration is rapidly increasing below pH 4.5 andalpid 7.5. In the acidic
water, values ranging from @B mg/L is seen. In acid mine drainage, more extreme values
such as 90 mg/L concentrations can be seen. Aluminum on certain concentrations in drinking
water can cause color and odor formatigvhen thedissolved aluminum concentration in
water exceeds 0,2 mg/L, depending on the pH, the aluminum hydroxide in the network
collapses in white gelatinous form, causing the water to become fiifgy The drinking

water analysis value is beloweg/L.

It is found as chromium(lll) and chromium(VI1) in the nature. Chromium(lll) is the most
commonly seen form, and this insoluble state found in many soils and rocks is converted into
chromium(lll) salts which are soluble in air, oxidation and bacterial &cti@hromium (111)

salts, an essential element for humans, are used in catalysts, paint pigments, fungicides,
ceramics and glassware as well as in leather tanning. Chromium(VI1) is found less frequently
in nature and its presence in the water is due tosindbiand domestic wastewater discharge.
Contrary to chromium(lll), an element is not necessary for human beings, but the harmful
effects of health are attributed to this form of chromild®]. The drinking water analysis

value isbelow5 eg/L.

Copper isfound in natural water resources, usually in low concentrations, if there is no
contact with metal containing areas. It can be seen as rock erosion or industrial origin in water
resources. In treated drinking water, it can be welded copper and braspifresn At
concentrations above 1 mg/L may cause staining in laundry and sanitary ware; At
concentrations exceeding 2.5 mg/L, it gives an unpleasant bitter taste tg24atét higher
concentrations b mg/L), the water color can also change [14]. Topper limit value in
regulation is 2 rg/L and the drinking water analysis value is 0.0GFLmn

Lead is found at concentrations of 0.01 mg/L on the surface and underground waters.
Although local pollution effect is observed due to industrial or mining origin, usually high
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concentrations are due to installatiém.the drinking waters generally havalwes below 5

egl/ L. The effects of | ead for humans are t
lead poisoning for children and adults primarily affects the nervous systera.result of
exposure to the lead, effects such as weakness in the fiamgerankles, increase in blood
pressure and anemia can be sét#igh levels of exposure may cause serious damage to the
brain and kidneys and even defh Lead concentration in drinking water analysis of lgdir
University kehit B¢d emedasswurddeavsen Tampa/sL .wa

Ni ckel concentrations in rivers and [5lakes
The dissolution of nickel bearing rocks can also be found in some of the underground waters.
However, it is primarily present as plumbiagd pipe welds in the drinking watdithe nickel

value is below Zg/L.

As a result, the analysis results of well water used as drinking water in the university campus
are below the limit values stated in the regulation and it is considered to be segdrin
water in terms of physical and chemical properties.
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ABSTRACT

Wood is a combustiblmaterial and needs to be protected against fire. Most of fire retardants
are not resistant to leaching. The aim of this study was to increase the resistance of these
chemicals to leaching in order to improve the fire resistance of wood. For these purpisse S
pine Pinus sylvestrid..) and ChestnutGastenea sativa Millwood impregnated with 3 %
aqgueous solutions of boric acid, zinc chl
vacuum press impregnation method according to instruction of the ASTM B041
standard. Leaching resistance of the samples post esterified with propionic anhydride
(propionylation treatment) were determined. Termogravimetric analysis was applied
according to the ASTM E11303 standard in order to determine the thermal progedie

these samples. For propionylation treatment, amount of leachant was decreased in parallel
with weight percent gain after propionylation. The highest leaching resistance was determined
in chesnut and aluminum chloride. According to thermogravimetratysis propionylation
treatment affected the fire resistance property of wood negatively although decreased the
leaching of impregnation chemicals.

Keywords: Chestnut; Impregnin; Propionylation; Scots pine.

2. INTRODUCTION

Wood has many inherently good properties, such as renewability, wide availability, low cost,
thermal and sound insulation, and a high strength to weight ratio which make it a preferred
building material. Wood also possesses some properties that can heledegss

disadvantages. One of the significant problems is its combustibility. The fire resistance of
wood can be improved by treating wood with fire retardants. Most of the fire retardants used
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are effective in reducing different reaction to fire paramsedé wood such as ignitability, heat
release and flame spread. Unfortunately, most of the fire retardants are not durable in exterior
applications. The durability of fire retardant treatments, when exposed to humid conditions, is
closely linked to the wat solubility of the chemicals used [1].

Borates have been used widely as wood preservatives and have several advantages in addition
to imparting flame retardancy, providing sufficient protection against wood destroying
organisms, having a low mammaliarxitoty, and low volatility. However, boron compounds

are susceptible to leaching under certain conditions, as they are notalhefmnied within

the wood [2].

Aluminium chloride and zinc chloride are inorganic metal compounds, which have fire
retarding #ects [3]. But, it was indicated that metal ions leach easily from the treated wood
and metal ions containing preservatives could not protect wood at exterior conditions as long
as expected [4]. Because of their negative effects on strength and hygribgceyaiterborne
preservative use declined during the first half of the 20th century. However, with increased
environmental awareness of potential mammalian effects associated with the uskypd oil
preservatives rekindled an interest in waterborne pratees, especially the leachsistam
waterborne preservatives [5].

Limitation of watefimpregnating chemicals contact in the cell wall through low water
absorption is expected to limit chemical leaching [6]. Chemicals have the ability to increase
the water repellency and react with cell wall components, such compounds can be used for
limiting impregnation release from treated wood [7]. Many polymers, resins and water
repellents have been tested for their ability to reduce impregnation chemical legghabil
increase dimensional stability, and provide highdgatal and fire resistance [8].

Esterification of wood cell wall by using anhydrides is one of the ways to make wood more
hydrophobic. Acetylation has been the most studied method for this purpdsy. [
Acetylation method gives a hyoduct that introduces an acidic condition to the wood
resulting in strength loss and acidic corrosion of the metal fasteners used in the acetylated
wood. Because of weaker acidity of propionic acid than that of aeeid; propionic
anhydrides can be expected to be less harmful talwden used as modifiers [14].

The main purpose of this study was to increase the resistance of waterborne fire retardant
chemicals to leaching to improve the fire resistance of woodicheeve this purpose, Scots

pine Pinus sylvestrid..) and ChestnutGastenea sativa Mjllwoods impregnated with 3 %
agueous solutions of boric acid, zinc chloride and aluminum chloride weré¢reatstd with
propionic anhydride. The effects of propiortida on the leaching resistance and thermal
behaviour of impregnated woods were investigated
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2. MATERIAL AND METHODS

Materials

Scots pine Rinus silvestrisL.) and ChestnutQastanea sativaill.) were used in this
experiment. Nondeficient, propeknotless, and normally grown wood materials were
selected. As fire retardant impregnating chemicals, zinc chloride {Zfi&], boric acid
(H3sBO3) [16], and aluminum chloride (AlGB6H,0) [17]; propionic anhydride (§E1003) [18]

for chemical modificationvere used. All the chemicals were purchased from Yildiz Chemical
Co. in Turkey.

Preparation d samples and treatment process

Samples were cut into dimensions of 20 I 20
All the samples acclimatized atae mper at ure of 20 N 3 AC and
65% before further treatments. Alry samples were treated by vacupressure method
according to ASTM D 14187 [19] standard. 3 % aqueous solutions having temperature of

60 AC wer e ues wate weihkedebeferaimgdgnation and placed in a vacuum
chamber. Impregnation was conducted at 3 bar pressure for 5 min afiexcpten period

(620 mmHg, 30 min). After the internal pressure was decreased to atmospheric pressure,
impregnation solutiorwas unloaded. The retention for each impregnation chemicals was
calculated as following:

R =(G x C/V) x 10 (kg.r¥) (1)

where G = TZ2T1, T1 is the sample weight before impregnation (g), T2 is the sample weight
after impregnation (g), V is theolume of sample (cf), and C is the concentration of
solution (%).

Propionylation treatment was conducted as {resttment to prevent leaching of fire
retardants. According to the results of-psgeriments, the process of the propionylation used
was desribed in Figure 1. The weight percent gain (WPG) of the samples was calculated
according to the following equation:

w0 C —— pmm (2)

wheremy is the overdry weight of the samples before the propionylation in gramswarid
the ovendry weight of the samples after the propionylation in grams.
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| Oven drying (|

| Vacuum for 30 min (710 mmHg) |

| Impregnation with propionic anhydride (4 hours) |

|Curing in oven |

| Cold water immersion (2 minutes) |

|Oven dr yi|

Figure 1. Process of propionylation of pimpregnated wood samples

The | eaching procedure was conducted i
Ten specimens werenmersed in a beaker containing 800 ml distilled water and stirred with a
magnetic stirer (4000 r pm) at room temperature
16 h. This cycle was repeated 10 times. After each leaching period the water was exchanged
with fresh water. The amount of leachant L was calculated from the difference of the oven

dried weight after treatment and ovéned weight after leaching as following:

L=[(W

[#)

- W)/ W, ]x 100 (%)

3)

n w a

for

where Woi is the ovedried weight of treated wood after propiorida treatment and Wof is

the ovendried weight of treated wood after leaching.

A thermogravimetric analysis (TGA) instruments Labsys TGA simultaneousDT&

apparatus was employed for the thermogravimetric tests. The test was carried out according to
ASTM E113%03 [21].High purity argon was used for the tests at a flow rate of 150 mt.min

1. The argon was purged for 20 min, before starting the heating program, to establish an inert
environment. The sample mass was 15 mg. The experiments started withgasdssion (up

to 30 AC). The subsequent ther mal

decomposi

a heating r dtTemperdtureloDrapid @yrolysismand total weight loss (%) at 500

AC were determined.

3. RESULTS AND DISCUSSION

Some properties of the impregnated samples, impregnation solutions and the amounts of
retention are given in Table 1. The amounts of retention in Scots pine were higher than that in
chestnut in the case of all three chemicals. Because of higher paoditgermeability of

Scots pine than that of chestnut, these samples absorbed more impregnation solution. As

reported by Yal énkéleée- [22] that

a l

umi

num

with it is difficult, retention of aluminum chloride kion was a little bit lower than that of
others. The highest retention (16.1 ki)rwas determined in Scots pine impregnated with

141

i



enonSolonco, g

5, 3 International Conference on Science, Ecology and Technology

s,

ternatig,,

%
3
@
5
ABojou®®

g

Rome, ITALY
Rnlfr[|: ,gméglgw 12717
14-16 August 2017
boric acid. This amount was much higher
[23] (1.96 kg/m) and by Keskin [2] (3.38 kg/m).
Table 1. Determined properties of impregnated samples
Wood ImpregnationC pH Post Drum P R WPG L
species chemical (%) treatment (g/cn?) (%) (kg/m®) (%) (%)
- 0.521 65.2 16.1 - 4.1
Boric acid 3 5.2
Pr 0.504 66.4 15.7 1.51 5.6
- 0.525 65.0 15.3 - 6.6
Scots pine  Zinc chloride 3 5.5
Pr 0.508 66.2 15.8 8.76 5.6
Aluminium ve - 0.511 65.9 11.3 - 6.7
chloride Pr 0541 639 115 1767 15
- 0.685 54.3 9.9 - 2.2
Boric acid 3 5.2
Pr 0.703 53.2 10.3 4.70 2.1
- 0.693 538 9.6 - 4.0
Chestnut Zinc chloride 3 5.5
Pr 0.696 53.6 9.9 19.87 0.9
Aluminium ve - 0.687 54.2 7.2 - 45
chloride Pr 0712 525 7.1 1599 0.8

Dru:Air-dry densities; P:Porosity; R:Amount of retention; WPG:Weight percent gain; L: Arobur

leachant; Pr:Propionylation

Propionilation treatment was conducted to prevent leaching of the impregnation chemicals.

The highest WPG value (19.87%) was determined in chestnut samplesppegnated with
zinc chloride. Also, high WPG values weatetermined in the samples grepregnated with
aluminum chloride (15.99 % 17.67 %). WPG of the samples pnepregnated with boric
acid after propionylation were lower than the others. Although Le Van [25] had achieved only

4% WPG in propionylation of pelorasa pine, Li et al. [26] reported similar WPG (17.2 %)

with this stug in propionylation of poplar.

WPG of the chestnut was higher than that of Scots pine. According to Minato and Ogura [27],

degrees of esterification reaction depends on the numbacaafssible OH groups. Also,

Tserki et al. [28] indicated that hemicelluloses are more susceptible to esterification than
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cellulose. While the pentosane content of pine is 11 %, it is 19.7% in chestnut. Besides,
because of the amount of cellulose is gsitailar in both pine and chestnut (approximately
42%) [29], chestnut which has the higher density has more accessible OH groups than that of
Scots pine. Therefore, it can be said that propionylatiainestnut gave higher WPG.

WPG values in samples pmapregnated with zinc chloride and aluminum chloride were

quite high compared to samples impregnated with boric acidzdfiaf [29] indicated that
chemicals such as strong acids, bases and some salts which are break the hydrogen bonds
between the cellul@smicrofibrils in the crystalline zone could be used to increase the number

of accessible OH groups before the chemical modification of wood. So, high acidity of
aluminum chloride (ph 2.6) could lead the breakage of hydrogen bonds and increase the
number & accessible OH groups. Thus, it increased the degrees of propionylation reaction in
both scots pine and chestnut. Low WPG values in samples impregnated with boric acid could
be explained by the incompatibility of boric acid with anhydrides and potasigjmHoric

acid may interrpt the propionylation reaction.

The test conducted to determine the effect of propionylation on leaching of impregnation
chemical showed that leaching from Scots pine was higher than that of chestnut. Leaching
from relatively pemeable species is more than that of impermeable species due to higher
water penetration into the wood [30]. Also, higher porosity and the impregnation retention of
Scots pine must have contributed this results. Propionylation decreased significanihgleach
from samples impregnated aluminum chloride. The amount of leachant was determined as
1.46% and 0.84% in Scots pine and chestnut, respectively. Leaching from propionylated
chestnut prempregnated with zinc chloride was also very low (0.9%) althougte tivas not

any difference in the case of Scots pine. Propionylation did not affect the leaching from
samples impregnated with boric acid. These results were in parallel with the results of WPG
values. The higher WPG in propionylation led the lower leachingpitation of water
impregnating chemicals contact in the cell wall through low water absorption is expected to
limit chemical leaching [6]. The higher degrees of propionylation reaction made the wood
more hydrophobic thus prevented water from penegaiimo the wood. Therefore,
propionytation decreased the leaching.

The pyrolytic behavior of wood is the overall behaviors of the three components, which
makes it extremely complicated. However, the thermal degradation of wood is affected to a
large exted by cellulose [31]. Effects of impregnation and the propionylation as the post
treatment on the thermal properties of wood was determined via thermogravimetric analysis
(TGA). The total weight loss (WL) and the maximum pyrolysis temperature (Tmax) \@&lues

the samples wergiven in Table 2 and Figure 2.

All the three impregnation chemicals used had a reducing effect on the total weight loss. Also,
they reduced the rapid pyrolysis temperatures. Consistent with the results obtained, Le Van et

al. [32] repated that especially the flame retardants reduced the rapid pyrolysis temperature
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and increased the amount of char formation. Studies have shown that the amount of
combustible gas decreases when the amount of char formation increases [31, 32]. The lowest
temperature of rapid pyrolysis and total weight loss (52.1 %) was determined in Scots pine
impregnated with zinc chloride. Zinc chloride and boric acid had a similar effect on the total
weight loss and temperature of rapid pyrolysis. It can be said thed theults were better

than the results reported by Rowell and LeNGeen [33] and Wang et al. [34]. Impregnation

with aluminum chloride did not affect the results as muamasegnation with the others.

Table 2. Results of thermogravimetric analysis

Post WL Tmax
Wood specie| Impregnation chemical | treatment (%) (*C)
. _ 67,3 359
Unimpregnated (U) Pr 74,2 367
Boric acid (BA) - 295 o
Scots pine = o o5
_ . - 60,3 328
Al hloride (AC ’
uminum chloride (AC) Pr 684 342
Zinc chloride (ZC) - 2zl =
Pr 60,9 271
_ i 66,9 351
Unimpregnated (U) Pr 73,2 361
Boric acid (BA) P 2;3 22421
Chestnut r 70,4 332
Alumi hloride (A - ’
uminum chloride (AC) Pr 69,4 340
_ _ - 61,5 311
Zinc chloride (ZC ’
inc chloride (ZC) Pr 65,8 308

WL: Total weight loss; Tmax: Temperature of rapidolsis; Pr: Propioylation

Although propionylation decreased the leaching of the impregnation chemicals, it increased
the total weight loss and rapid pyrolysis temperature of all treatments in both Scots pine and
Chestnut compared to control samplesngistent with this result, Li et al. [26] indicated that
acetylation and propionylation did not have a fire retarding effect. The weight increase
achieved by the propionylation was the result of the attachment of the propionyl group which
is a completely manic structure consisting of carbon, hydrogen and oxygen to the wood
material in the substitution reaction. At hitgmperature, CO2 and CO were released by
completely burning of the components in this organic structure. For this reason, the
propionylaton increased the total weight loss of the wood material.
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4. CONCLUSION

Propionylation was carried out to increase the resistance of theet@relant chemicals to
leaching to improve the fire resistance of wood. It reduced the amount of leachant in both
Scots pine and chestnut except the samples impregnated with boricTlaeidmount of

| eachant i n Scots pine was higher than that
higher permeability. Substitution reaction of propionyl groups with the OH groups made the
wood more hydrophobic and it prevented the chemicalfiencell wall and lumens from

water leaching. Leaching decreases obtained was quite high especially in the samples pre
impregnated with aluminum chloride.

Although propionylation decreased the leaching in both samples impregnated with zinc

chloride and alminum chloride significantly, it did not contribute the fiegardant effects of

these chemicals. Further, it increased the total weight loss and the temperature of rapid
pyrolysis of the impregnated samples. Therefore, it should not be used witte theddndants.

It may be used with other impregnation solutions which have acidic character to prevent from

leaching them. It is also not recommended to use the propionic anhydride with the boron
compounds because of incompatibility of these chemicals.
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Figure 2 TGA curves of the samples impregnated and propionylated
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ABSTRACT

Energy and energy conservation are vital issues for all countries of the world. Because of this
reason, making more efficient energy use and energy production from ushggadde waste

heat sources are significant. The Organic Rankine Cycle, which usegaamc fluid instead

of watersteam as a working fluid, is a power generation cycle. The working principal of an
organic Rankine cycle is similar to the common vapor Rankine cycle. In this study, the energy
and exergy analysis of organic Rankine cycl@asformed for different dry working fluids

which are R600a, R600, R245fa, R123 and R113. The organic Rankine cycle's performance
parameters are evaluated depending on varied evaporation temperatures and the inlet
temperatures of the waste Hhiid. Resuls show thathe best performance parameters which

are thermal efficiency, exergy efficiency, net power and lower total irreversibdrgy,
calculated for the R600a working fluid at the evaluations of both the increment of the
evaporation temperature atite increment of the inlet temperature of waste hot fluid.

Keywords: Energy Exergy, Organic Rankine Cycj@Vorking Fluid
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1. INTRODUCTION

Nowadays, energy has become a major issue in ensuring that courtviee @ competitive
advantage.The technological innovations, increasing the permeability of international
borders, capital mobility and development of communication cause increasing the amount and
speed of energy use. For this reason, energy saving and making more efficient use of energy
is a vital matter for the world development due to many environmental impacts and energy
shortage. In recent years, the global warming has compelled the energy planners to develop a
new energy conversion technology which produces electricity wittaudirngenvironmental
pollution.

One of the most important ways to transform on large scale thermal energy into power is the
steam Rankine cycle. Water is used as a working fluid in this cytlere are several
advantages for water using as working fluid. Thassevery good thermal/chemical stability;
owing to very low viscosity, less pumping work requireding to high latent and specific

heat, good energy carriempntoxic; nonrflammable and no threat to the environment and
cheap and abundafit]. However, nany problems are encountered when using water as a
working fluid: need of superheating to prevent condensation during expansion, risk of erosion
of turbine bladesexcess pressure in the evaporatmmplex and expensive turbing?].
Because of these reass, water is used in high temperature applications and large centralized
systems. An organigr norrconventional working fluidwhich has higher molecular mass and
lower ebullition/critical temperature than water, is more suitable in small and mediunm scal
power plants and | ow temperature applicatio

The organic Rankine cycle (ORC) is established for converting heat to electricity. The most
important feature of an ORC is its capability of utilization of vasi&inds of lowgrade heat
sources for power generatif@]. Owing to its low operating temperature, an organic Rankine
cycle can suitably recover heat from various sources. Useable heat resources in ORC are solar
energy, geothermal energy, biomass produstisface seawater and waste heat from various
thermal processes.

An Organic Rankine Cycle (ORC) has several advantages over conventional steam power
plant:less heat is needelliring the evaporation proceskgtevaporation process takes place

at lower pessure and temperatuthe expansion process ends in the vapor region and hence
the superheating is not required and the risk of blades erosion is gvthéedmaller
temperature difference between evaporation and condensation also means that the pressur
drop/ratio will be much smaller and thus simple single stage turbines can HéJused
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The challenges, when ORC is used in a process, are of low thermal efficiency, limited ways to
improve the work output, selection of working fluids matching to available heat source and
sink temperatures and their effects up on environfidnt

The performace of an ORC system is strongly related to the working fllie working

fluid determines thermal efficiency, safety, stability, environmental impact and economic
profitability of the system in an OR@n recent years, working fluid selection for ORC has
drawn significant attention. Different performance evaluation criteria lead to different
optimum working fluids. For this reason, a reasonable evaluation criterion is the key issue for
working fluid seletion.

Many studies on ORC have been presentetienliterature. For exampléju et al. [4] used

total heatrecovery efficiency and heat availability instead of thermal efficiency as the
evaluation criteria to optimize the working fluid and operating conditions for organic rankine
cycle. Cheret al.[5] compared the system performance between a supercritical Rankine cycle
using CQ as working fluid and a subcritical ORC using R123 as working fluid. Kanoglu and
Bolatturk [6] assessed the thermodynamic performance of the Reno (Nevada, USA) binary
plant This plant uses geothermal fluid at 1&8and isobutene as working fluid. Reyal.[3]
analyzed nofregenerative organic Rankine cycle, based on the parametric optimization, using
R-12, R123, R134a and R717 as working fluids superheated at congpaessure. Gaet al.

[7] analyzed the performance of supercritical ORC driven by exhaust heat using 18 organic
working fluids. Wanget al. [8] analyzed a double Organic Rankine Cycle for discontinuous
waste heat recoveryVang et al. [9] optimized the wding fluid and parameters of ORC
system with simulated annealing algorithm. They compared results for 13 working fluids.
Kaska [10]analyzed a waste heat driven organic Rankine cycle and assessed performance of
the cycle and pinpoint sites of primary exedgstruction using actual plant dataranet al.

[11] assessethe economic assessment of greenhouse gas (GHG) reduction through waste
heat recovery using organic Rankine cycle (ORC). &hal.[12] assessed the performances

of ORC under saturated expansion using organic organic and isentropic fluids, and under
superheated expansions using organic wet fluids.

The brief review above shows that the types of working fluids have a significarniodon

the performance of ORQ@n this paper, with the light of studies in literature, the energy and
exergy analysis of subcritical organic Rankine cycle is performed for different dry working
fluids which are R600a, R600, R245fa, R123 and R113. Theniordaankine cycle's
performance parameters are evaluated depending on varied evaporation temperatures and the
inlet temperatures of the waste hot fluldthe exergy efficiency, thermal efficiency, the tetal
heatrecovery efficiency, the irreversibility ratéhe net power, the evaporation pressure, the
outlet temperature of waste hot fluid or the evaporation temperature are calculatéoewith
various evaporation temperatures and the inlet temperatures of the waste h&dtuitls

from the analyses shovhdt both evaporation temperature and the inlet temperature of hot
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fluid have significant effect on the performance parameters of an ORC.tAds®600a
working fluid produces higher thermal efficiency, exergy efficiency, net power and lower
total irreverdbility rate under accepted conditions in compared with other working fluid.

2. MATERIAL AND METHODS

Basic Organic Rankine Cycle

m
L

<_4,
Condense
o

Figure 1.Schematic diagram of organic Rankine cycle

Gene

The schematic of a simple ORC system is shawRigure 1. It includes four components:
evaporator, expander, condenser and pump. An ORC is composed of four phases:

1-2: Pressure increase in the condensatbarfeed pump from pressuretp p;.

2-3: Isobaric heating, evaporation and overheating of the working medium in the steam
generator (evaporator) at pressuse ps.

3-4: Expansion of the vapor working medium in an expansion machine (e.g. a tdrbme)
pressure to .

4-1: Isobaric heat release, complete condensation and possibleasadieg of the working
medium in the condenser at pressurep.

22NJ Ay3 FEdzARA F2NJ hw/ Q& FNB OFGS32NAVvaPder Ay G KN
curves in s diagram. The fluids having positive sl@pe dry fluidgds/dT > 0) The fluids having

negative slope are wet fluiqsls/dT < 0) The fluids having nearly infinitely large slopes are isentropic

fluids (ds/dT=0).
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In this study, R600aR600, R245fa, R123 and R113 dry fluids are selected as the working
fluids. Table 1 shows the theraptysical properties of the selected fluids. It can be seen from
Tab. 1 that R600a has the lowest value of critical temperature. It is followed by R600,
R245fa, R123 and R113 respectively.

Table 1.Thermaphysical properties of the selected fluids3]

Parameters R600a R600 R245fa R123 R113
Molecular mass (g/mol) 58,12 58,12 134,05 152,93 187,38
Maximum temperature (K) 575,00 575,00 440,00 600,00 525,00
Maximum pressure (MPa) 35,00 12,00 200,00 76,00 200,00
Critical point temperature (K) 407,70 425,00 427,01 456,70 487,10
Critical point pressure (MPa) 3,63 3,80 3,65 3,66 3,39
Critical point density (kg/ﬁ) 225,50 228,00 519,43 550,00 560,00
Boilingpoint temperature {C) -11,68 -0,5273 15,18 27,78 47,59

System Description and Modelling

The analysis of an ORC based on thermodynamic laws and the energy, exergy analyses were
performed for the working fluids investigated. For simplicity, the follovasgumption were
made:

V All processes are operating at steady state.

The thermal and friction losses in the pipes are negligible.

The kinetic and potential energy changes are negligible.

Pressure drops of working fluid in the evaporator and condenseglectesl.

There are only two pressures: an evaporating pressara@ condensing pressuge p
The inlet temperature of hot waste fluid in evaporator is°C30

The isentropic efficiency of turbirend the pumjre 0.80.

Atmospheric conditiots taken as 100 kPa and 293.15 K.

The mass flow rate and the specific heat capacity of the waste hot fluid are 1 kg/s and
1 kJ/kgK respectively.

The minimum temperature differenicethe evaporator is 5 K.

The cooling medium temperatuneis 293.15 K.

<< < <K<K <K<K LKKL

For any steady state control volume, by neglecting the potential and kinetic energy changes,
general expression of mass, energy and exergy balance equations is that:
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Mass balance equation: B & Ba (2)
Energy balance equation: O 0O (2)
0 w Ba& Q Ba Q (3)
Exergy balance equation: BO® BO®w Ow YO 4)
Where for a steadgtate systen¥O wis zero. Ow Ow (5)
O © ©Ow ©Ow O (6)

where, subscripts in and out represent the inlet and exit statebeat inputg is work
input,’O as exergy rate ands the irreversibility rate.

Process 12 (pump):

The isentropiefficiency: — Q Q10 Q (7)
The pump power: @ — =& Q Q (8)
The irreversibility of the pump: © ©O O @& 4YY 9)

Process 23 (evaporator):

During the above heat exchange, the temperature of hot fluid decreasds foom The
specific heat capacity of the hot fluid at constant pressure is assumed to be constant.

The evaporator heat rate:0 a Q. M a4 Q0 1q

(10)
0 a o6nY Y (11)
The irreversibility of the evaporator:'O Y a i i _— (12)
Process 34 (expander):
The isentropic efficiency: — Q QrQ Q (13)
The expanderpower: @ a Q Q —-=a Q 1Q

(14)
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The irreversibility of the turbine: 'O O 0O w 4YY
(15)

Process 41 (condenser):
The condenser heat rate: 0 a Q 1Q (16)
The irreversibility of the condenser:'0 Y & i —
(17)
The net power output: @ W (18)

The thermal efficiency-( ) of the ORC is the ratio of the net power output to the heat input.

It can be expressed as: _ —

(19
The exergy destruction rate of ORCO Y a (20)
The exergy efficiency of ORC:— (21)

The total heatecovery efficiency, defined as the rabonet power to the available energy in
ideal cas¢14]: - —— - (22)

3. RESULTS AND DISCUSSION

3.1 The analysis of various evaporation temperatures

The evaparation temperature and the inlet temperature of waste hot fluid effect the
performance analysis of an Organic Rankine cyle. Therefore, we focused on two variables in
this study. Firstly, the evaporation temperature was increased fré@ {@B3.15K) to 110

°C (378.15 K) with a 5C and then the exergy efficiency, thermal efficiency, the -tvéak
recovery efficiency, the irreversibility rate, the net power, the outlet temperature of waste hot
fluid and the evaporation pressure were calculatedh®wvarious evaporation temperatures.
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The inlet temperature of the waste hot fluid was %3@403.15 K). It was assumed that the
condensation pressure and temperature is constant at 100 kPa and 293.15 K.

According to the analysis, the thermal efficignthe outlet temperature of waste hot fluid and

the evaporation pressure increase when the evaporation temperature increases for the R600a
working fluid. Neverthelessthe total heatecovery efficiency, the total cycle the
irreversibility rate,the net pwer decrease with the evaporation temperatdiige exergy
efficiencyis parabolielike function with evaporation temperature.

12 v T 12
11
10 10}
9l R113
j’ 8 R123_,
i s ~_
R245f; o
i 6r R600a = T~
-~ 5fF © \ \.
;2 . . R600 ] R600 .
- B O ..
3 Raasfa | 4 ——ore00a \.
) R123 oy
1l R113 ol
O n ! ! ! ! !
80 100 120 70 80 90 100 110
Tev [C] Tev [C]
Figure 2. Comparison of the net power Figure 3: Comparison tthe

irreversibility rate

When compared the net power of the working fluids, according to Fig.2 for all of the working
fluids, the net power increases before and then decreases with the increase of the evaporation
temperature. In addition, the highest net poisesbtained for the R600a working fluid with

10,52 kW. This is followed by R600, R245fa, R123 and R113 respectively.

Results from Figure 3 show that total irreversibility rate or exergy destruction decreases with
evaporation temperature. The minimum tata¢versibility rate is obtained for the R600a
working fluid. Also, it is calculated in analysis that the components with greater exergy
destructions to lower one are evaporator, expander, condenser and pump.

According to Figure 4, when the evaporatiemperature increases in the analysis of ORC,
the outlet temperature of hot fluid increases dramatically for all of the working fluids.
Otherwise the lowest values are calculated for the R600a working fluid. In other words, the
R600a organic fluid benefifsom the heat of the waste hot fluid to use in the evaporator.
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According to the results of calculations, Figure 5 shows that the evaporation temperature has
important effect on the evaporation pressure which increase with evaporation temperature. In
addiion, the increase of evaporation pressure effects the energy and exergy efficiency of
ORC. It can be seen that from Figure 6, the highest evaporation pressure value are calculated
for R600 a working fluid which followed by R600, R245fa, R123 and R113.

» R113 R600a

R123
R245fa 2100}
® R600 ]

R600:
a ./
.

s R600

R245fa
1400}

Ts [C]
P, [kPa]

700}

70 80 90 100 110 70 80 90 100 110
Tev [C] Tev [C]

Figure 4 Comparison of the outlet temperature of hot fluid Figure 5. Comparison of the evaporation
pressure

Figure 6 and Figure 7 show the comparison of the exergy efficiency and thermal efficiency for organic
working fluids. The working fids with greater both exergy efficiency and thermal efficiency to lower
one are R600a, R600, R245fa, R123 and R113. When the thermal efficiency is evaluated with the net
power (Fig.3), the thermal efficiency increases with the increment of the net poweeVer the net

power decreases, the thermal efficiency still increases which shows that the effect of the increase of
evaporation temperature on the decrease of the heat absorbed by the working fluid (Qev) is greater
than on the decrease of the net power (\at).
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Figure 6. Comparison of the exergy efficiency Figure 7 Comparison of the thermal efficiency
0,1 —
The total heatrecovery efficiency which has
oosr 1 the same trend with the net power is
| calculated in its higher value for R600a
R600a working fluid as shown in Figure 8. As
R6D Equation (22), Figure 4 and Figure 8 are
e commented together, it can be seen that
* R123 i
R113 the increaseof the outlet temperature of

the hot fluid is more effective than the
increase of the thermal efficiency on the
total heatrecovery efficiency.

Figure 8 Comparison of the total heatcovery efficiency

3.2 The analysis of various inlet temperatureshot fluid

After the evaporation temperature has been examined, the effect of the various inlet
temperatures of hot fluid on the performance of an ORC is evaluated in this section. The
evaporation temperature was assumed to F€7853.15 K). The outlet temperature of the
hot fluid was increased from 16Q (373.15 K) to 146C (413.15 K) with a 8C and then the
exergy efficiency, the totdieatrecovery efficiency, the irreversibility rate, the net power and
the outlet temperata of waste hot fluid were calculated for the various inlet temperatures. It
was assumed that the condensation pressure and temperature is constant at 100 kPa and

293.15 K.
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According to the analysis, the thermal efficiency and the evaporation pressurat dhange
with the inlet temperature of hot fluid. In addition, the exergy efficierttyg outlet
temperature of waste hot fluid and the evaporation pressure decrease when the inlet
temperature of hot fluid increases for all of the working fluids. Gnadther handthe total

heatrecovery efficiencythe total cycle the irreversibility ratdhe net poweincrease with the
inlet temperature of hot fluid.

According to Figure 9 for all of the working fluids, the net power increases with the increment
of the inlet temperature of hot fluid. In addition, the maximum net power is obtained in 140
°C for the R600a working fluid with 12,27 kW. This is followed by R600, R245fa, R123 and
R113 respectively.

10 T T T T
14 1 R113

R600a ] e R123
R245fa

R600
R600

R245fa

Icycle

R600a

e RI123

R113

30 140

100 110 12

0 1
Ts [C]

Figure 9. Comparison of the net power Figure 10Comparison of the total irreversibility rate

Results from Figure 10 show that total irreversibility rate or exergy destruction increases with
the inlet temperature of the hot fluid. The minimum total irreversibility tealculated for

the R600a working fluidThe value of the total exergy destruction is calculated as be 0,46 kW
and 4,45 kWat the inlet temperature of hot fluld0°C and 140C respectively.

As compared the outlet temperature of hot fluid for the waykiluids, when the inlet
temperature of hot fluid increases in the analysis of ORC, the outlet temperature of hot fluid
decreases significantly for all of the working fluids as shown in Figure 11. Otherwise the
lowest values of the outlet temperature airking fluid are calculated for the R600a working
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fluid. In other words, the R600a organic fluid benefits more from the heat of the waste hot
fluid to use in the evaporator.

1

0,8f
b—o——©°——o——90——o— o o 6 RE00a

06 M‘A R600 ]
Mm R245fa

h exe

04r T o R123
0.2f R113
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100

95}
90
R113
85
80 * R123

751

Te

701 R245fa A

651 R600
60}

55f

R600a |
50

100 110 120 1
Ts [C]

30 140

Figure 11Comparison of the outlet temperature of hot fluidFigurel2. Comparison of the exergy efficiency

According to Figure 12, the exergy efficiency reduces with the growth of the outlet
temperature of hot fluid. When the equation (21) and Figure 12 are commented, it can be
shown that the effect of the inlet heaewaporator on the exergy efficiency is greater than the
effect of the increment of the net power on the exergy efficiency. In addition, the highest
exergy efficiency is calculated as be 21,18% at the inlet temperature ¥ IG0the R600a.

161



enonSolonco, g

5, 3 International Conference on Science, Ecology and Technology

s,

ternatig,,

%
3
@
5
ABojou®®

g

Rome, ITALY
ICONSETE' 2( 17

Rome, ITALY « August 1 2017

14-16 August 2017

0,15

The total heatrecovery efficiency which
increases with the growth of the outlet
temperature of hot fluid, is calculated in
its the maximum value for R600a
working fluid as shown in Figure 13. As
Reasia Equation (22) and Figurel3 are

» R123 commented together, it can bgaid that
the increase of the inlet temperature of
‘ ‘ the hot fluid is effective on the total

T [ 140 heat recovery efficiency because of the
stability of the thermal efficiency.

0,1t R600a

R600

hr

0,05F

R113

100 110 120

Figure 13Comparison of the total heatcovery efficiency

4. CONCLUSION

The selection of working fluids according to appropriate evaporation temperature and the inlet
temperature of the hot waste fluid have a significant influence on the performance of an ORC.
The working fluid of an ORC determines thermal efficiency, safshility, environmental
impact, and economic profitability of the system. $o,this paper, an ORC with the
subcritical and saturated expansion is analysed based on thermodynamic theory. The results
obtained from the calculations are compared for fiyeesy of working fluidswhich are
R600a, R600, R245fa, R123 and R118ccording to analysisthe best performance
parameters whichare thermal efficiency, exergy efficiency, net power and lower total
irreversibility, are calculated for the R600a working @luat the evaluations of both the
increment of the evaporation temperature and the increment of the inlet temperature of waste
hot fluid.
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ABSTRACT

There are some stibject clusters that can be considered as significant in real networks. The
objects in these clusters are called nodes and can be revealed using a number of properties in
graph theory. The subgroups that may be meaningful in graphsléegd communities or
network modules. In some cases, it is possible that the same node can exist in two or more
subsets, which is called overlapping in the literature. In our study, artificial algae algorithm is
used to detect overlapping modules in weightomplex networks. This algorithm has been
proposed by inspiration from the characteristics and lialgaviorof moving micro algae,

and recently many areas have been used. The proposed algorithm hasobdetdas an
optimization problem for determimg the overlapping modules and develops algae in
population as candidate solutions. Since there is a discrete structure of the focused problem, a
number of revisions have been made to the algorithmic structure of artificial algae algorithm
which is suitake for continuous problems. The most suitable candidate in all candidate
solutions suggests clustering that provides most meaningfuklssters for the entire
network. In this study, it is aimed to find overlapping network modules in various real
networlks used as test data in the literature. The detailed analysis of the results from tests made
is given in the section of the experimental results. The success of the proposed artificial algae
algorithm that could be properly applied in finding overlappinghcwinities/modules has

been shown by comparing with the results of other algorithms.

Keywords: Artificial Algae Algorithm, Commuity Detection, Overlapping, Network
Modules WeightedComplex Networks
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1. INTRODUCTION

The complex networks can meodeledby graphs. These obtained models provide us very
important information. The complexity of relationships in networks might bring out very
difficult graph structures. For this reason, the need for algorithms which provide analysis of
graphs is increased byne. Examples of these complex structures includerternet and the
world wide web, citation networks, social networks, and biological and biochemical rkestwo

of various kinds[1]. Objects and connections in networks are presented weitites and
edgesrespectivelyNormally, graphs which are used to represent the given network types are
referred to as the simplest form of undirectadl unweightedhetworks.But networks that
model realworld systems are complex structures with variouggits. Therefore, various
studies have been recently carried out for the analysis of weighted nef@eksSome
subnetworks that are found in complex networks and can be considered méaaiagfu
referred to as community structuf@$. Whenthe studies given the references are examined,

a network analysis has been carried out by revealing the variowsdraatures which may be
meaningful. The extraction of these substructures is easier in nofoadirected and
unweighted networks than thah weighted networksThis study focuses on the identification

of the communities in weighted networkBaus, this difficult problem is considered as an
optimization problem and a new algorithm is suggested for its solimi@uldition, this study
focuses on the determination of overlapping modules as well as the detection of meaningful
substructures from weighted networks.

For noroverlapping cases, while each vertex is contained in a single group, in the case of
overlapping, one or more verticeanbe found in the same group/grou2$. An example
related taoverlapping communitieis shown in Figre 1.

Group

Figure 1. A groupingsample of vertices in the overlapping communities.
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Figure 1 shows three different groupstthaf or m a r epr esentative ne
C. The small blue, green, and yellow shapes in the groups represent theveridesin the
network.These nodeare normally located in a single group in rorerlapping situations but

when this figure is examined, it can be seentiatgreen, three blyeandfour yellow nodes

are in similar groupsincluding of these nodes in the specified groups should be done
according to certain conditionShese conditions depend on that it is used suitable approaches

for optimal placing the nodes into one or more grouberefore, it has been used to a novel
bio-inspiredmetaheuristicoptimization algorithn{8] to detect the overlapping communities

in weighted networks this study.

1.1. Community detectiorand the formulation definition

Commurities express the stdraphs obtained by certain features such as the number of
edges, the density of weights, the number of vertices and the adjacency relationship in any
networks.While nodes of a specific community have the maximum interaction witbtkies

nodes in own community, they do not have any interaction or they have quite little interaction
with the nodes of the other communities.

The modularity is one of the most popular fithess functions known in the literature. The
concept of modularity was introduced in 2404. This function is based on maximization of

the relationships of the members with each other in the obtained communities, and
minimization of the relationships of these members with the members of the other
communities. The evaluation function obtained by this way is based on-e@amsom and
mathematical modeT he most basic modularity functi@asicis given in Equation {7, 9]

WhereQ indicates the edge probabilities of the binary vertiGedemonstrates the
fraction of edges that have at least one endpoint within the group (% edgeds last 1
end in module i).

For a more general modularity function, when an example network is represented with
graph structure, the acquired communitystuires can be considered as thegaphs

that have the qualities and the quantities such as the maximum common properties, the
number of interaction, the positional similarity. While the vertices which are the members
of these structures have the maximtelationships or common properties with the nodes

in its own community (inside of the community), they have the minimum relationships or
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common properties with the nodes in the other community (outside of the community).
Groups of people who have stromgationship in social environments, coloniediihg
creatures which feed on each other are located in the same community in the
environmental areaand clusters ofomputers which have the maximum data exchange
and the maximum collaboration that tifeym each other are located in the same
community in the computer networ&an begiven asexamples relatetb the community
detectionproblem[10].

Let the given graph structufe(V, E)represents sample network, aagv andE represent
the given graph, the set of the vertices and the set of edges, respectively.

V={vli= 1, @andB={é|j= 1, m@, 3 ¢

i, , nandm represent the indexes of the vertices, the index of the edge, the number of the
total vertices and the number of the total edges, respectively. Additionally, suppose that
adjacency matrixAdj which demonstrates the relationships between the members of
clusterskE andV with nxndimensionsaredefined.Adj is generatedby Equation 2 [20].

o p EJET AORTIAT AR OB T 1 AA OAA
oaR o 'I'OEACSxE(%A

Qwhich represents the modularity fitness function for grapis given in Equation 3.

- p 5 0% Q0 S Fs
Ucc’x o@cd 7 0 o

Q refers to the objective function to be maximized. Whil& 2 represents the adjacency
matrix of graphG, m indicates the number of the total edges in the network and it is
computed using the formula given in Equatiork4andk; describe degrees of ti8 andj™
vertex, respectively, ankl is calculated according to Equation G.and C; indicate the
community which the vertex andj belongs to, respectively. 6 i expresses the
function which indicates whether the verticgesnd| take part in the same community or
not] 6 Y creates the output according to Equation 6.

. p o
a - 0 Q T
c £2
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We have used a modified version of the function given in Equation 3 for detection of
overlapping communitie]. The givend in Equation 7 is the modified function for
finding overlapping communities in weighted networks.

ol p © ,Q 5, 'Q TQ 1% Fﬁ
U] c & 0QR c & | O X
e TQ vy ,Q ’-"Q 4
| O B O we 0 U]

While the first of the formulas given in Equation 8 may be used to determine the possible
subgroup of the current node, the second formula is used to calculate the weight.

2. MATERIAL AND METHODS

The adaptation of thArtificial Algebra Algorithmto the problem of overlapping community
detection in weighted networks and the adjustments related to the tests of the algorithm on
various realworld data are described.

The algorithm

The pape(8] was published that presents a novelibgpiredmetaheuristicartificial algae
algorithm (AAA)by Uymaz et alThis algorithm is inspired by the livingehaviorsof micro
algaeanduses algae to survive by identifying and moving to the suitable environment and
reproducethe next generation.AAA i s based on three process
Processo, AAdapt at i o 8. Indhe dvoldiidhary procesd, whibhothee me
algal colonies have enough light, algal cells in these colonies grow and reproduce themselves
to generate two new algal cells similar to the real mitotic division. In the second process
"adaptation”, algal colonies, which cannot grow sufficiently in an environment, try to adapt
themselves to the environment. The last process "helical movement" is esgnabich

update of algal colonies. Inighprocess, only 3 algal cells of each colony are mod[Bed1].

The basic operating stepsatificial algae algorithmused in this studgire given irFigure 2
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prghlem and AAA (the (= energy for each movement
energy loss, 0.3; the colony
shear force, 2; the
adaptation parameter, W (
0.5, and the others) . Use of the
Evolutionary process F----- crossover and
\J/ mutation
\ Dpergtors in the
Initialization the algorithm enetic
- produce algae colonies, Adaptation Algorithm

evaluate the cells, and
other necessary

processes \
\J/ Cell discretization step

/RESULTS -\ N\

{ The obtained | Y5 The . no N

[ best «<— termination —— Save best colony

overlapping | “criteria?
'\\EDH’IH’IUF‘IITIES A 7’
. A loop

Figure 2. The basic operating steps of artificial algae algoriietectedn this paper

The general working steps oAAA were used toobtain overlapping communities
Evolutionary and adaptation processes were used to develop algal cells in the colmies.
crossover and mutation procedures of Genetic Algorithm have been incorporated into
Artificial Algae Algorithm to achieve appropriate solutiors. this paperthe algorithmis
adapted to the community detection problem which is a discrete problamprocess is
performedn cell discretization step.

In the first step of the study, thalues of the specific parameters for both the problem and the
algorithm are determinedn the second step, the algae in the colonies representing the
population of the algorithm are generated and the fitness values are calculated according to
Equation 7.The stopping condition in Figure 2 is the maximum number of cy8lesording

to this criterion, the algorithm runs in the order of the -smergy calculation, helical
movement, crossovanutation operations, adaptation, discretization and determingititne

most suitable colonywWhen the termination criterion &AAis satisfied, a list in which the

most appropriate communities in the given network are identified is obtahsedrding to

this list, overlapping communities also provide connected nlodéecs (overlapping nodes).
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Experiment dataand the parameters

The maximum generation number, the number of algae in the colonies, the number of
execution have been determined as 1000, 100, and 20, respectively. The other parameters
values have beesssigned as default according to the standard genetic alganitthrartificial

algae algorithmThe experimental studies were carried out on a computer which has ~16384
MB Memory, Intel Core i74700HQ, ~2.4GHz ProcessondaWindows 10 operating system.

The algorithm has been tested on two #eafld networks.These networksare Zachary's
Karate Club and Dolphin Social Networkhe brief description of each network is as follows.
The Zachary's Karate ClUi2, 13] has 78 interactions (edges) among 34 members (nodes)
and the nodes represent members of a university gltheiUS, and edges show ties between
two members of the club. This club wa®deledas a network structure in the 1970s. Dolphin
Social Network[14] is a social interaction m&ork which consists of frequent associations
between 62 dolphins in a community living off Doubtful Sound, New Zealand. The
relationships between dolphins were established by observation of statistically significant
frequent association. This network I&snodes and 159 edges (undirected).

3. RESULTS

In this section, this study is presented the test results of the proposed algorithm with the aim
of detecting overlapping communities from weighted netwoflkdhle 1 shows the obtained

best modularity vales according to the formula in Equation 8, the number of communities,
and overlapping nodes.

Table 1. The test results dkAAon two realworld networks.

Networks 0 values No. of communities The overlapping nodes
Zachary's Karate Club | 0.421 2 node 10
Dolphin Social Network  0.548 4 nodes 3, 4
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The best modularity value is 0.421 obtained after 20 runs in the tests performed on Zachary's
Karate Club networkThis network has been divided into two communities by the algorithm
and it has beennderstood that nodk0 is included in both groupk the network shown in

Figure 3, node 10 is shown with a blue circldis node islabeledas overlapping node
according to the test results of the algorithm.

@ 1 2 3 45
@ ‘ r 6 7 8 11 12
@ . 13 14 17 18
@ 20 22

@ @ @ @ 9 15 16
25 26 27 28

@ @ 29 30 31 32
@

Figure 3. The obtained nodes intioev e r | appi ng ¢ ommKamieClubes of Za

According to the results of the experiments on Dolphin Social Network, this network is
divided into four communitiesThe proposed algorithm has reached 0.548 modularity value
for 20 runs on this networkAccording to this value, three nodes are determined as
overlapping nodes hese are nodes 3, 40, and 62.

4. CONCLUSION

In this study, a novel bimspired artificial algae algorithm is proposed for the detection of
meaningful subgroups in weighted netk@mrThe subgroups identified in this study are
overlapping communitiesThe detection of such communities is more difficult and more

171



enonSolonco, g

b"‘z, 3" International Conference on Science, Ecology and Technology

s,

ternatig,,

)
ABojou®®

g

Rome, ITALY
ICONSETE'2017

Rome, ITALY « August 14-16, 2017

14-16 August 2017

complex than the detection of other subgroufis. this reason, both the feasibility and the
success of the proposed meth@dle very importantor this purpose, the new mdtauristic
algorithm proposed in this study has achieved similar results to other successful meta
heuristic algorithmsDue to the original mechanism of the proposed algorithm is compatible
with continuo problems; the algorithm has been adapted to discrete problems so that
overlapping communities can be initially applidd. addition, the crossover and mutation
operators of the genetic algorithm have been also included in the mechanism of artifieial alga
algorithm. The test studies of the algorithm were carried out on two real netWanks.
obtained results are presented in Table 1 and Figure 3.
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ABSTRACT

In this paper, a color featutesed classification of the wheat grains into bread and durum
using artificial neural networKANN) model with bayesian regularization (BR) learning
algorithm is presented. Images of 200 wheat grains are taken by a high resolution camera in
order to generate the data set for training and testing processes of thiBRANNdel. Data

of 3 main colourfeatures (R, G and B) for 200 wheat grains (100 for durum and 100 for
bread) are acquired for each grain using image processing techniques (IPTs). Features of R, G
and B are separately determined by taking arithmetic average of the pixels within each grain
Several colour features of RITRGB, G/TRGB, B/ITRGBGRGB and RB where TRGB is

the total of R+G+B are reproduced. Then AIBR model input with the 9 colour parameters

are trained through 180 wheat grain data and their accuracies are tested via. Ahealata
ANN-BR model numerically calculate the outputs with mean absolute error (MAE) of 0.0060
and classify the grains with accuracy of 100% for the testing process. These results show that
the ANN-BR model can be successfully applied to classificationrefav grains.

Keywords: Classification, wheat grains, image processing technique, artificial neural
network, bayesian regularization learning algorithm

174


mailto:ahmetkayabasi@kmu.edu.tr
mailto:kadirsabanci@kmu.edu.tr
mailto:enesyigit@kmu.edu.tr
mailto:atoktas@kmu.edu.tr
mailto:ahmetkayabasi@kmu.edu.tr

enonSolonco, g

b"‘z, 3" International Conference on Science, Ecology and Technology

s,

ternatig,,

%
=
ABojou®®

g

Rome, ITALY
ICONSETE'2017

Rome, ITALY « August 14-16, 2017

14-16 August 2017

1. INTRODUCTION

Classifying of agricultural products is very important for economic reasons. The wheat grains
with different quality are used in making bread, pasta and cakes which are end products. The
quality of wheat grain is related to the amount of protein it posseBairum wheat has more
protein than the bread wheat. The bread wheat grains mixing into durum grains lead to a
reduction in its protein content. Therefore, classification of wheat grains is very important to
increase the quality and decrease the cosagémprocessing techniques (IPTs) can be
employed to classify the products through the visual features. Furthermore, artificial
intelligence techniques (AITSs) are integrated to the IPTs for classification applicati@hs [1
Artificial neural network (ANN), support vector machine (SVM), adaptive netunzy
inference system (ANFIS), decision tree (DT)n&arest neighbors (KNN),

Naive Bayes (NB) and discriminant analysis (DA) are the most used AITs for classifying
agricultural products[-3]. Over a last deade ANN which is widely used AIT model adopts
remarkable importance in classification of agricultural graine ttuits fast and accurate
modding.

Several works for classifying of various agricultural products have been studied in the
literature. Bermaret al. classified wheat grains using near infrared hyperspectral image
analysis [8]. The efficiencies of the cotton seeds were appointed by classifiers depending on
DT and multilayer perceptron (MLP) by Jamuna et al. J8]classification of the wheat dn

barley seeds, DA and KNN were used to form a classifier PrOgressive analysis and meta
multiclass method were employed to classify the wheat grains by Zapotoczny [11]. A study
using classifiers and ultraviolet visible spectrophotometry conductedlassify the spice
through the KNN [12]Prakash et al. studied the classification of objects for machine vision
implementations with classifier algorithms of the KNN and Naive Bayes [13]. ANN and
ANFIS were utilized to classify rice grains into figpecies with respect to the morphologic
features [14JAMLP-b ased ANN was makreih etdlforikelgssifidatidh iofz
coffee grains according to their mineral content [15]. The ANN with the NB was designed by
De Oliveira et alfor classificaton of green coffee grains into four group [16]. It is seen that
those proposed classifiers varied among the used techniques, the features of products taken
into account and the classification accuracy. Some of them might be difficult to implement
while seweral took into account fewer parameters in classification. Therefore, their mean
errors concerning the accuracy of the classification maintained limited.
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In this study, a model using ANN with bayesian regularization (BR) [17] learning algorithm is
desigqed to classify wheat grains into bread or durum according to their colour features with
high accuracy. The ANMBR model is built on feed forward back propagation (FFBP) based
on multilayer perceptron (MLP). 3 colour features (R, G and B) of 200 wheaisgaae
acquired for each grain through IPTs for input AIBR model. The feature data of 180
grains and 20 grains which are uniformly selected from the total number of 200 grains are
respectively employed to train and test the accuracy of the model. TheBAR\NModel
correctly classifies the wheat grains into durum and bread with 100 % for the training and
testing process.

3. IMAGE PROCESSING TECHNIQUE

In this section, images are taken and they are imposed to the IPTs to acquire data related to
the colour featres of the wheat grains in order to the AIBR model as illustrated in Figure

1. A setup including a computer, a camera and a box arranged by camera holder and a strip
LED lighting is used in order to obtain the images. The camera is Logitech C920 Ci@D hav
specifications of full HD (1080p), 15 MP, H.264 encoding, Carl Zeiss optics. The
photographs are taken by the camera fixed at 35 cm height from the wheat at the bottom of
the box which is closed and séltiminated. The inside of the box is coveredhwblack
background.

Image Processing

Obtaining RGB images
— . - Grayscale image conversion Feature Data Acquisition
Taking images of wheat grains i Extracting colours

Binary image conversion

!

Segmantation

Figure 1. Flowchart of extracting colour features

The images of the wheat grains for bread and durum taken by the camera are illustrated in
Figure 2. The bread wheat grain is close to yellow in color, while the durum wheat grain is
darker yellow. Therefore features related to color is considered inttldg $0 model a
classifier based on IPT. In order to acquire feature data of the wheat grains (cultivated in
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Konya, Turkey) for classification, photographs of 100 bread wheat grains (Figure 3(a)) and
100 durum wheat grains (Figure 3(b)) are taken wittigle-resolution camera

(@) (b)

Figure 2. The images of the grains for a) bread wheat, b) durum wheat

(a) (b)

Figure 3. The RGB images of 100 grains for a) bread wheat, b) durum wheat

The IPTs are conducted through MATLABoftware to acquire the feature data. Firstly, the
RGB level of the each pixel in the images are determined. These images are then converted to
grayscad format as shown in Figure 4a and 4b. Secondly, the grayscale images seen from
Figure 4c and 4d are converted to binary images (black/white) using Otsu's method [18] in
accordance with threshold values of 0.30588 and 0.25882 for bread and durum grains,
respectively. Thus the noise of each image is eliminated using morphological process.
Thirdly, the each grainbés position is fix:
through segmentation process.
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Figure 4. The images of 100 grains for a) grayscale of bread wheat, b) grayscale of durum wheat a)
binar images of bread wheat, b) binar images of durum wheat (originally given in Figure 3)

4. DATA ACQUISITION

The visual data related tmlour features of each grain is extracted to constitute data set
(Table 1). R, G and B in Table 1 are separately determined by taking arithmetic average of the
pixels within each grain. Likewise, several colour features of RBR&GTRGB, B/TRGB,

R-G, GB and RB where TRGB is the total of R+G+B are reprodudgolors features of the

wheat grains are considered in this study to ABRImodel

Table 1. The main and reproduced colur feature data

Input data Input # Colour
Main data 3 R,G,B
Reproduced datq 6 R/TRGB, G/TRGB, B/TRGB, FG, GB, R-B
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In Figure 5, 3D scattering of the grains are illustrated to show how durum and bread grains
discriminate among each other according to the mentioned colour features. R, G, tBefrom
colour is considered for examining their behavior. It is seen that from the Figure 5 the durum
and bread grains cluster distinctly on opposite sides with respect to visual features of colour.
This results demonstrate that the durum and bread graiesdiféerent features according to
colour. Therefore, these colour features can be successfully utilized to classify the wheat
grains.

Figure 5. 3D scattering of 100 durum and 100 bread grains according to colour features of R, G and B
5. THE ANN-BR MODEL

Different learning algorithms are used for ANN networks. Some famous type of different
backpropagation learning algorithms are Leventddegquardt (LM), Bayesian regularization
(BR), cyclical order incremental update (COIU), PoBekle conjugatgradient (PBCG),
FletcherPowel conjugate gradient (FPCG), PoRibiere conjugate gradient (PRCG), one
step secant (OSS) and scaled conjugate gradient (SCG) [17]. In this study, the BR algorithm
was used in ANN model as learning algorithm. LM and BR &ite 8 obtain lower mean
squared errors than any other algorithms for functioning approximation problems. LM was
especially developed for faster convergence in backpropagation algorithms. BR learning
algorithm updates the weight and bias values accordinghé¢ LM optimization and
minimizes a linear combination of squared errors and weights. It also modifies the linear
combination so that at the end of training the resulting network has good generalization
gualities.

Training Process of ANNBR Model
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The main and reproduced colur feature data (R, G, B, RITRGB, G/TRGB, B/TR&B,dR

B and RB) of the wheat grains were given as inputs and their respective classification results

of IPT were given as output to the ANBR model. While 180 of 200 data set dfi@at grains

were employed for training process. After several trials, ABR model based on MLP

having one input layer with nine neurons, one hidden layer with five neurons and one output

|l ayer with one neuron was contstgiugmaeidd o afsun
used for I nput and hidden | ayers while dApt
parameters of the ANIBR model used in this work are listed in Table 2. The training results

are checked according to the following mean aliscerror (MAE),

a [Target Output

Numberof grains (1)
Target
DurunYBread
R —
G —_
B -
(%)
o
L
o RTRGB
=
< v
£ 4 G/TRGB- >‘——> Output
o
2
] B/TRGB-
o
=
R-G —
G-B -
R-B -
Input layer Hidden layer Ouput layer

Figure 5. The ANN-BR model for classification of the wheat grains into bread or durum
Table 1. The parameters used to set the ANN model
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Parameter Set type/value
Number of epochs 500
Seed value 1239411541

Minimum gradient descent | 107°

Momentum parametee) 0.00015
€ increment value 5

¢ decrement value 0.15
Maximume value 10"

Testing Process of ANNBR Model

The testing data including 9 colour features of 20 grains (10 bread wheat grains and 10 durum
wheat grains) and their testing results are tabulated in Table 2 and Table 3, respectively. As
illustrated Table 3, while the u mb e r of Alo is assigned to
appointed to define the bread grains as targets of the-BRNnodel. The ANNBR model
proposed in this study accurately classifies 14 grains with 0 (zero) and 6 grains with very
small absolute errer It demonstrates that the proposed IPT based-BRNmodel can be
successfully utilized to classify the wheat grains.

Table 2. The colour features of wheat grains used for testing process

Grain Colour features

# R G B R/TRGB| G/TRGB|B/TRGB| R-G G-B R-B

1 0.46401 0.46110 0.37554 0.35675| 0.35451| 0.28873|0.00291 0.08556 0.08847

2 10.44629 0.42667)0.31442 0.37586| 0.35933| 0.26480| 0.01963 0.11225 0.13187

3 10.45408 0.43612 0.32905 0.37243| 0.35770| 0.26988|0.01796 0.10707| 0.12503

4 10.47520 0.45899 0.38777 0.35947| 0.34720| 0.29333|0.01622 0.07122 0.08744

5 ]0.49530 0.46130 0.36418 0.37500| 0.34927| 0.27573|0.03399 0.09712 0.13111
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6 |0.494140.47737 0.38694 0.36375| 0.35141| 0.28484|0.01677,0.09043 0.10720
7 10.49538 0.48514 0.40774 0.35684| 0.34946| 0.29370|0.01024 0.07741 0.08765
8 10.428670.41413 0.30537 0.37335| 0.36069| 0.26596|0.01454 0.10876| 0.12331]]
9 10.46764 0.46611] 0.36868 0.35905| 0.35788| 0.28307|0.00153 0.09743 0.09896
10 |0.49530 0.46130 0.36418 0.37500| 0.34927| 0.27573|0.03399 0.09712 0.13111
11 |0.54295 0.55344 0.49124 0.34198| 0.34860| 0.30942| 0.01050 0.06220 0.05170
12 |0.56097,0.56472 0.49251 0.34666| 0.34898| 0.30435| 0.00375/ 0.07222 0.06847
13 |0.54778 0.53283 0.45383 0.35699| 0.34725| 0.29576| 0.01495 0.07899 0.09395
14 |0.50643 0.49885 0.41525 0.35651| 0.35117| 0.29232|0.00758 0.08361] 0.09119
15 |0.57530 0.57505 0.49077 0.35055| 0.35040| 0.29904| 0.00025/ 0.08428 0.08453
16 |0.53829 0.54708 0.48991 0.34171| 0.34729| 0.31100|0.00879 0.05718 0.04838
17 |0.554370.54975 0.47757 0.35049| 0.34757| 0.30194|0.00463 0.07217, 0.07680
18 |0.533070.55278 0.48354 0.33967| 0.35223| 0.30810| 0.01971 0.06925 0.04954
19 |0.53343 0.54038 0.47404 0.34463| 0.34912| 0.30626| 0.00695 0.06634 0.05939
20 10.52088 0.54294 0.46972 0.33966| 0.35405| 0.30630| 0.02207]0.07322 0.05116
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Table 3. The testing results of classifying the wheat grains with the A¥R\Nmodel

Result
Grain #
IPT Results| ANN-BR Results| Absolute Errorg Classification
1 1 1 0 Durum
2 1 1 0 Durum
3 1 1 0 Durum
4 1 0.9810 0.0190 Durum
5 1 0.9994 0.0006 Durum
6 1 1 0 Durum
7 1 1.0342 0.0342 Durum
8 1 1 0 Durum
9 1 1 0 Durum
10 1 0.9994 0.0006 Durum
11 2 2 0 Bread
12 2 2 0 Bread
13 2 2 0 Bread
14 2 2.0580 0.0580 Bread
15 2 2 0 Bread
16 2 2 0 Bread
17 2 2 0 Bread
18 2 2 0 Bread
19 2 2 0 Bread
20 2 2 0 Bread
MAE 0.0060
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Accuracy 100%

6. CONCLUSION

In this article IPT based ANMBR model is proposed for accurate classification of the wheat
grains into bread and durum. The ANBIR model based upon the MLP with three layers is
designed for this purpose. 3 mand 6 reproduced colour features are acquired for 100 bread
and 100 durum wheat grains. The ANBR model is trained with 180 grains and its accuracy

is tested through 20 grains of 200 wheat grains data. The-BRIKodel classify the wheat
grains with the ME of 0.0060 for testing process. The ANBRR model correctly classifies

the wheat grains into durum and bread with 100 % for the training and testing process. The
proposed method can be easy integrated to the industry to automatically classify the
agriculural grains.
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PHOTOVOLTAIC (PV) COVERED ELECTRICITY DEMAND
OF A BUILDING WITH NON-OPTIMAL INCLINATION AND
ORIENTATION
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ABSTRACT

The first BIPV systemofT ur key was installed on the fa-.
Bl ock of Educational Faculty building of M
The PV system covers 405506 0 At i | t ed surface and two vert

of the bulding) with single and triple junction amorphous thin film photovoltaic modules.
The total installed power of the BIPV system is 40.3 kWp. Total cumulative produced
electricity of the system from the start dpring 200 monthss exceeding280000 kWh. In

this study, the electricity demand of the building is monitored with network ansabsgPV

data is collected with a Sunlog data logger. It is found that in clear days in summer, PV covers
approximately 45% or electricity demand of the building at weeladso the PV modules has

a nonoptimal inclination and orientation. Daily power and electricity demands are also

analysed.

Keywords: BIPV, cover ratio, electricity demand.
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1. INTRODUCTION

The global PV market has experienced a significant progress in the recent years and 50%
growth in the year 2016 alone and the worldwide cumulative PV installed capacity is realized
more than 303GWpvith one year installed 76.6GWurthermore, it isexpected that this

figure will exceed 500GWp by the year 2019.[Turkey has installed 571 MW of new solar

PV capacity in 2016, making it the best yea
be equally good, while a few worrying signs are the horizon from 2018 onwards.
According to data published by Turkeyds m
country added 571 MW of new solar PV systems in 2016, up from a cum@dgve MW of

solar PVcapacity in the end of 2015. Thisa230%yearon-year growth [2].

Over the last three decades world energy demands have shown a consistently growing trend,
with primary energy growing by 89.5% and £€missions by9% in the 19762006 period

Global greenhouse gas emissions are increasinglyagid, in May 2013, C@levels in the
atmosphere exceeded 400 parts per million for the first time in several hundred millennia.
Despite positive developments in some countries, global emelagd CQ emissions
increased by 1.4% to reach 31.6 gigatanfi&t) in 2012, a historic high [3Buildings are
responsible for a considerable share of energy consumption, and will play a growing role in
the energy demands of emerging economies in the next decades. Buildings are typically
responsible for 40% of thstal primary energy consumption in the US, the European Union
and also in developing countries [4,5]. Most public buildings are typically large and there are
free spaces for the integration of photovoltaic modules. BuHoiteggrated photovoltaics
(BIPV) use the building envelope to incorporate solar cells that convert sunlight directly into
electricity, and we argue that they are not only the ultimate showcase for this clean, renewable
and benign energy generation technology, but represent a perfecatpplof onsite energy
production as well. Furthermore, -site BIPV generation avoids the need of voltage-ggep

and stepdown typical of centralised generation and transmission and distribution (T&D)
systems, as well as all the associated hardwatk aln os s e s . The buil d
installation itself can be used as the interface between the PV modules and the public
distribution grid. Energy demands in buildings can be either reduced by the implementation of
energy efficiency strategies, or met bgsite generation. Yun and Steemers have recently
demonstrated the effectiveness and implicatafregoplying PV to facades [6].

In warm and sunny climates, largeea public and commercial buildings operating mostly
during daytime hours present eledtsicdemands that are dominated by computers anrd air
conditioning loads, which present a good match with solar radiation availabilliy][ BIPV
installations present the distinct advantage of generating power close to the point of use,
avoiding transmisen and distribution investments, and the associated losses. Furthermore,
because they are integrated onto a buildin
area requirements for BIPV power plants. These PV modules can be regarded as roofing and
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fa-ade buil ding el ement s, and shoul d becc
alternative in the near future, as PV manufacturing costs decline and photo generated
electricity becomes competitive with conventional generation technologies. It has been
previously shown how BIPV can assist distribution utility daytime peaking feeders in peak
shaving under difrent environments {9,11,12].

In many studies thermal and photovoltaic performances of BIPV systems are analysed [13
20]. In a typical officeuilding in Brazil, it was demonstrated that over 50% of the energy
demands can be gplied by solar energy [226].

In this work, we analyse the particular characteristics of a public buildings; due to the distinct

characteristics of the building envelopevarious buildings, BIPV systems can represent an
interesting alternative to assistdavering their energy demands.

PV and also BIPV have great potential to contribute to electricity production in the urban
environment of the é&toua hKo-f malu r reiyv e rMsuij tl ya
R&D for PV materials and systems since 199
Clean Energy R&D Centre is one of the leading establishments in the field having the largest
PV park with many different demaination photovoltaic power systems (PVPSs) in the main
campus. With the installed PVPS, Mujl a Set |
of the electricity demand of the main campus. The first and largest BIPV application of
Turkey was installed on¢h f a-ade and the two towers o
Facultyds buildings which is formerly an &
University (Figure 1) [15].

S —

e ———— == Al
e e —

O 0 20 T A N AR AT/ s

Al | Ll [P

FigureL. Muj |l a Sétke Ko-man .University Bl P

Although maximum annual penMmance of grieconnected PV is usually obtained with
modules tilted at an angle equal to the site latitude, facing the equasohuilding was
oriented wdadtfacing(@idre2s out h
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E-Tower
W E

Facade

W-Tower W3Q°
S

Figure 2. Orientation of the building

The total installegpower of the BIPV system is 40.3kWp. Two different types of photovoltaic

technology is used in this application. On
two different nameplate power is used and totally 46®frihe facade is coverednd the

modul es were installed using specially desi
apart from the building for the ventilati on

to the campus grid with four 6 kW three phase inverters. On thersdacated on the east
and West side of the building, single junction amorphous silicon modules were installed
vertically and 10 cm apart from the walls. The 10.24 kWp PVPS cover 136inface areas

on the two towers and the systems are connected toathpus grid with two 5 kW single
phase inverters [15]

The main purpose of the study is analysing the-yasr period electricity demands of the
building and the rate of covering this demand by PV. Electricity cover ratio of a system is
generally obtainedy the ratio of the electricity produced from the system and the total
electicity demand which is given as:

. ACPV output power in kw By
Power Cover Ratio = - (1)

AC Actual total power demand in kW Pinu+Pgrig
daily PV electricty in KWh
daily total Demand in kWh

Electricity Cover Ratio =

The results are shown in this paper which is okthin July 2013.
Monitoring

The electricity demand of the building is monitored with three network angllyggire 3)
and PV data is collected with a Sunlog data loggégure 4) Network analysers collect
electrical parameters in 5 seconds intervals. Solar and PVPS electrical daltacted in 15
minutes intervals.

190



ff %%%%3"’ International Conference on Science, Ecology and Technology
i

h Rome, ITALY
|CONSETE'2017

Rome, ITALY - August 14-16, 2017
14-16 August 2017

Intornagi

+0.990
+0.990

+0.990

MULTISER-01 PC-TFT

Figure 3. Network analyzer used for measuring the electricity demand of the building.

Figure 4. Data logging unit for PV system.

PERFORMANCE ANALYSIS

The building is facing to an open area, so there ishawling obstacle except strings shading

and a tree. Daily power curves of the PV systems on the building are also measured and a
typical daily power distribution of & BIPV system is given in Figure Because of the
facing of the b usbuthdadna djffer¢nBdaylghtesaving timé thevers an
obvious shift from the solar noon.
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Figure 5. Daily BIPV power in a clear sky day

Cumulative produced electricity of the BIPV systemn the start up is exceeding@®800

kWh (betweenJuly 2008and July 201y . Bl PV systemds daily ave
and fed to grid is about 90 kWwWh (70 kWh
Maximum actual produced power by BIPV is measured as 29 kW in December 2010 but now
the maximum actual powelecreased and it waseasured as 18 kW in July 2013 and 17 kW

in July 2017.

With the help of the network analysers the electricity demand of the building can be
determined. The power consumption of the building depends on the loads used by the staff
working in the building and it varies between 10 kW and 41 kW as shownunefag
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Figure 6. Daily power consumption of the BIPV system in July.

Power demand of the building can be analysed in two sections as for weekdays and weekends.
The average dailpower consumption of the BIPV system for weekdays arekered in July

are shown in Figur&’. In weekdays, staffs are working in their offices so electricity
consumption increases between 8.30 am and noon. In lunch break demand decreases
dramatically. Afternoon power demand is decreased up to evening hours and only some loads
like surrounding lights are active at nights.
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Figure 7. Monthly Averagedaily actualpowerof the building in weekdays and weekends

It can be easily seen from Frghat PV electricity covers some part of the electricity demand
of the building R is the total power demandpPis the total power output of the PV system
and Ryiq is the net eleciity purchased from the grid.

Therefore BI PV styosatthe méekdays ie abaut 20% and at the weakends

is about 29%. Calculatechonthly average daily and hourlgower cover ratiosof the
produced electricityising (2) is shown in Figur8. The calculated cover ratios are sketched

for weekday and weekenepods.As it is clear from the figure, electricity cover ratio of the
BIPV system is less than generally 20% but at weekends the calculated cover ratio increases
and it exceeds 35% in clear sky days. Only in the first weekend of July there was a common
exam in the University Campus so some of the staff worked in their offices after exam and
increased the electricity demand of the building.
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In weekdays Power cover ratio reaches 60% round 10am and for weekend averages power
cover ratio reaches 110% between 10 and 11am. Cover ratio over 100% means production
covers the total demand and the rest is used in the other units connected to the grid.
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Figure 8. Monthly average daily and hourly power cover ratios of the produced electricity.

CONCLUSIONS

BIPV systemdés daily produced energy is abot
west towers). Maximum actual produced power by BIPV is ab8uWt\W. The monitoring

results showed that the electricity cover ratio varies in weekdays and weekkadsfore,

BIPV systems cover 20% at the weekdays and 30% at the weekends electricity demand of the
building. Daily total consumed energy at the weekdaysdout 485 kWh and at the weekends
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is about 340 kWh. In weekdays power cover ratio reaches 60% round 10am and for weekend
averages power cover rati o reaches 110% be
electricity cover ratio at the weekdays is ab®0% and at the weekends is about 29%e

total cumulative electricity produced and used from the loads during 200 months is over
280000kWh and monthly total profile is shown in Figure 9 where the decrease comes from
the shading effect because of the graad leafs in south part of the building.

This study shows that public building envelopes like this University building, can host
considerably large esite PV modules that can represent important contributions to the local
distribution utilities. The buding envelope can accommodate the PV modules, and the
buil dingbs electrical installation can pro
utilityds distribution networ k, -are® &anlandi ng |
renewable pwer plant.

Strategically sited PV systems can contribute to alleviate urban distribution networks, shifting
demand peaks when there is a good match between loads and the solar radiation resource. We
have shown how a buildirgtegrated photovoltaic systefwith approximately 40kWp) can
contribute to both the public building and the local distribution utility in a metropolitan
environment in a warm and sunny climate. Since a considerable fraction of the local
distribution feeder load is due to the buildungder analysis, the BIPV system can contribute

I n reducing the feedero6s peak.
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Figure 9. Monthly total electricity from the BIPV system
Whil e not all/l of the BIPV systemdbs nominal

due to the solar resoee intermittency, a considerable fraction of the installed PV power can
be relied on for peakhaving.
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ABSTRACT

Graph Coloring Problem (GCP) relates to the coloring the adjacent vertices or edges by
different colors using a minimum number of different colors. The objective of the vertex or
edge coloring is to color the entire graph without conflicts. @Qujoa graph using the least
possible number of colors expresses chromatic number for that graph. If the number of
vertices or the complexity of the edges connection in a graph increases, the success of
reaching the chromatic number will be different fack algorithm. Hence, GCP is known as

the NRhard problem. In this study, we propose an approach based on Recursive Largest First
(RLF) algorithm to solving the GCP using a hybrid selection strategy for determining the
vertex to be selected for coloringogess which obtained from some greedy heuristic
algorithms selection strategies. This strategy has been defined by combining the strategies
given as the vertex degree, the number of adjacent vertices colored with different colors for
every uncolored verteand the number of uncolored adjacent vertices for every uncolored
vertex. The proposed algorithwastested on some benchmark graphs presented by DIMACS
and the results were compared with the Degree of Saturation (DSATUR), RLF, Largest
Degree Ordering (LDO), Incident Degree Ordering (ID@kIsh Powel (WP) and First Fit

(FF) algorithms considering exemg times and the minimum number of colors algorithms
find. The results demonstrated that the proposed algorithm obtained effective results for

benchmark graphs presented by DIMACS. As a result, when the experimental results are
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taken into considerationt is understood that the proposed algorithm provides an approach
that can be successfully applied to the solution of GCP.

Keywords: Chromatic number, graph coloring algorithms, graph coloring problemhisrl

1. INTRODUCTION

The problem of graph Coloring (GCP) is a problem that adjacent regions in a map can be
colored using at least minimum different colors come up with by Fré&hdise [1]. GCP is
applied to the different real world problems such as frequency assignment pr{fjlemap
coloring problemq3], timetablescheduling problem$, 5], Sudoku problenj6], register
allocation problem$7] and printed circuit testing proble[8] in recent years. GCP consists

of two types of coloring approaches as vertex or edge colorirgtarget of these two types

of coloring approach is colored whole vertices or edges in a graph lesiagy possible
different colors.Naturally, for graph coloringoroblem,it is expected that if a graph colored
correctly it couldhaveno conflict verticeor edges[9].

wis a set of vertices (nodes) aBds a set of edges for an undirecté&d# (@, ‘O graph. If a

graph is colored using at least a number of different colors provided that adjacent vertices or
edges do not receive the same color is calledl&rable graph. It is mean that, if a graph is
colored using with k colors, it could not be colored witf1] colors[10]. The least number

of different colors used for colorindl aertices or edges a graph is calldtromatic number

and it is demonstratedd.

K f the number of vertices or edges in a g
increases. There is @irect relationship between complexity and the number adesoor
edges. Increasing the complexity of the graph makes difficult to color the graph using
minimum numberof different colors. As a result, it is quite difficult for each algorithm to
reach the chromatic number for formed complex graph problems. Beslaiseomplicated

nature GCP is known as the Mprd problem[11l]. Researchers are searching for new
solutions because of the different approaches are found different solutions for the same
problem. In this context, many various algorithms have been proposedlitetatirefor the
solution of GCP. Some of the fastest and most effective algorithms are greedy heuristic
algorithms which developed specifically for the GCP. Greedy heuristic tlg@riprovide a

quick solution because they color the nodes with a prebi@sed approach. However, since
greedy heuristics do not provide a general approach for every graph coloring problems, they
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could not reach the chromatic number for each problem.d@ralgorithms provide effective
solutions for problems with fewer nodes in general. Local search algorithnnsegdalleuristic
algorithms can obtain pretty successful results for the solution of complex ¢taphs

Many different methods have been proposed in the literature faolbéonof graph coloring
problem. First Fit (FF]13], Sequential Graph Coloring Heuristic Algorithm (SGCH2aJ],
Largest Degree Ordering (LDQ)13], Degree 6 Saturation (DSATUR)[15], Welsh and
Powell (WP)[16], Incidence Degree Ordering (IDQ)3] and Recursive Largest First (RLF)
[17] algorithms are some of the greedy heuristic algorithms proposed in the literature fo
solution of the GCP. Some local search algorithms which have been applied to the GCP are
Tabu Search (TS]18] and Simulated Annealing (SAL9] algorithms. Genetic Algorithm
(GA) [20], Particle Swarm Optimization Algorithi21], Gravitational Swarm Intelligence
(GS)[22], Cultural Algorithm (CA)[14], Shuffled Frog Leaping Algorithm (SFLA23] and
Cuckoo (COA)Algorithm [12] are some of thenetaheuristialgorithms which have been
applied to the GCP.

In the scope of this study, we proposed a new approatiaking some changes on effective
greedy al gor it hmo s etiRd dalled Degree@fielecien|(BegS) haw beenm
proposed by combining different selection methods, for the procesdeatingthe vertex for
coloring. Graph Coloring Problem is explained in section 2. In section 3, graph coloring
algorithms and the alg@hm proposed in this study are detailed. Experimental results are
given in section 4 and the last section of this study is contained information about the
conclusions and future studie

2. GRAPH COLORING PROBLEM

For an undirected "'O= (w, O graph wis a set of nodes andE is a set of edges.
@ vhmDDDD and QRRKKKKKKK I K K K
are vertices and edges of graph is given in Fig. 1.

Adjacent nodes must have least one edge connection between each other. When we examine
Fig. 1, we can see that and 0 nodes are adjacent nodes, but because of the no edge
connection between andu they are not adjacent nodes. The color set useddloring

nodes of graph G is shown as

6 pkB 8 8 hQ.
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Figure 1. An example graph

In terms of achieving the minimum number of colors for a graph, selection order and color of
verticesarevery important criteria. If the graph is not colored with a certain coloring strategy,
the cost will probably be increased because of unnecessary color have been used. So increasec
cost is not requested characteristic in Graph coloring. Due to the cignué of the color and
coloring sequence of the vertex, there are different selection methods proposed in the
literatureto find aminimum numberof different colors for a graph. The degree of vertices is
one of the most importarfiéatureof vertex selectin for coloring process and the degrees of
vertices is showrD Q" . Adjacency matrix is used for calculate the degrees of vertices.
Unless otherwise noted, the degree of a vertex is equal to number of adjacent vertices for an
undirected and unweightegtaph[10]. Eg. 1 is used to create the adjacency matrix for the
graph G.

phdMi VQQ'ER ¢ ¢ QORI MBE
oQQ B _
ThoMi VE E0QACE ¢ ¢ CRVHNKE W
(1)

The degregof vertices of the graph given in Fig.1 is showable 1. Theadjacency matrix given in
Eq. 1 is used to calculate thegitees of vertices.

Table 1. Degreeof vertices

Vertex | 0 0 0 0 0 0 0 0
Deg(v) | 3 5 3 3 3 4 5 2

Increasing the number of vertices in a graph or the complexity of the edges connections make
it difficult to color the entire graph with least different colors. Therefore to obtain an
acceptable solution for complex graphs, the coloring method is QeitgyimportantIn the
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next section, there will be given information absamegraph coloring approaches and the
algorithm proposed in this study. Due to every coloring algorithmahasiquecoloring
approach, the color of the vertices probably wildiféerent for eactalgorithm

3. GRAPH COLORING ALGORITHMS

First fit algorithm

The FF algorithm selects the vertices from flist vertex to last vertex in the set aof
sequentially and colors the nodes. During the colopragesstries to give the appropriate

color to selected vertex starting from the first color in thecsetplgi8 8 8 RQ. According

to the FF algorithm, the order of the selecting vertices and the colors given to the vertices are
given in Fig. 2.i indicates seletion order of vertexp indicates selected vertex amol
indicates the color of vertex.

s v c
S1 1M 1 G
Sz | V2 | &
S3 | V3 | O
Sq | Vg | &
Ss | Vs | &
Se | Vs | €3
Sz | V7 | &4
Sg | Vg | &

Figure 2. Steps of theFF algorithm

Welsh andPowell algorithm

For each step of the algorithm, the colors in the set of colors given gstd8 8 8 hQ are
selected as the active color by the sequentially. The following steps are executed while
coloring the vertices with the selected color;

Step 1: The uncolored vertex which has most adjacent is colored with the active color.

Step 2: The adjacent verticeof thecoloredvertex are deleted from the set of vertices
because of they cannot be colored with the same color.

Step 3: If there is least one vertex in the set of the vertices can be colored, the uncolored
vertex which has most adjacent is colored with the active color and returned to Step 2.
Step 4: If there is least one uncolored vertex is exist, the next color in tloe set is
selected as the active color and return to Step 1.
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The selected order of colored vertices andcthlers are givemo themare given in Fig 3.
While the FF algorithm used 4 colors, the WP algorithm just used 3 colors for the same graph.

S v c
S v | g
S; | vy | g
S3 | vg | ¢
Sy | v | €
6. C2 Sy VU3 (%)
S¢ | Vs | Co
S7 | Vg | C3
Sg | V3 | €3

52,C1

5S4, C2

Figure 3. Steps of th&Velsh Powell algorithm

Largest degree ordering algorithm

At each step of the algorithm just only one vertex is colored. At the beginning of the
algorithm, the degrees of vertices is calculated for every vertex. The degree of every vertex is
given in Fig 1 are shown in Table 1. Then, at each step @lgloeithm the uncolored vertex

which has thdargestdegree is selected for coloring process. Take into account the colors of
the adjacent of the selected vertex; the appropriate color starting from the first color in the
color set ¢ plgfB 8 8 hQ s given to sacted vertex. The algorithm is continued to work
until all vertices are colored correctly. If the graph is given in Figure 1 is being colored with
LDO algorithm, the following results will be obtained.

s v c
S [ V2 | &G
S | V7 | &
S3 | Vg | €3
Sg | V) | C3
S | V3 | €
Se | Vs | &
S7 | Vs | &

S3,C2 Sg Vg (%]

Figure 4. Steps of theLDO algorithm
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Incidence degree ordering algorithm

The degree of every uncolored vertex is calculated. Only just one vertex is colored at each step of the
algorithm. In the first step, the uncolored vertex whichadamximum numbeof adjacent is selected
and colored \ith the first color in the color set given as pltf8 8 8 AQ. In the other steps of the
algorithm;
Step 1: The uncolored vertex with the largest number of the colored adjacent vertices is
selected for the next coloring process. If thisrenore than one vertex that satisfiesthis
condition, the first vertex in the set of the uncolored vertices with the largest number of the
colored adjacent vertices with the highest degree from those vertices is selected for
coloring.
Step 2: The first appropriate coldexcept adjacent vertices colors) in the color set is given

to selected vertex.

Step 3: If there is least one uncolored vertex in graph, go to Step 1t,Ithealgorithm is
terminated.

The colors of colored vertices and the selecting order of thergieea in Fig. 5 for IDO
algorithm.

s v c
S |V | G
Sz | V7 | &
S3 | Vg | C3
Sg | Vg | C3
S5 | V3 | &
Se | Vs | &
Sz | Vs | &
Sg | Vg G

S4,C3

Sa C1

§7,C2

Sg, 01

52,€C2

Figure 5. Steps of thelDO algorithm

Degrees of saturation algorithm

The degrees of every uncolored verégg calculated. Only just one vertex is colored at each
step of the algorithm. For the first step, the uncolored vertex whichrmagienum numbeof
adjacent is selected and colored with the first color in the color set given as
c pltfB 8 8 AQ. In the othesteps of the algorithm;
Step 1: The uncolored vertex with the largest number of colored adjacent vertices which
colored with adifferentcolor is selected for the next coloring process. If there is more than

one vertex that satisfies this condition, tiwstfvertexof the highest degree from those
vertices is selected for coloring.
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Step 2: The first appropriate color (except adjacent vertices colors) in the color set is given
to selected vertex.

Step 3: |If there is least one uncolored vertex, go to Stegf not, the algorithm is
terminated.

If DSATUR algorithm is used for the graph which is given Fig. 1, the results obtained from
DSATUR are shown in Fig. 6.

s v c
$1 |V | G
Sa | V7 | &
S3 | Vg | C3
S4 | Vg | C3
Ss | V3 | &
S¢ | Vs | G
S7 | Vg | G
Sg | Vs G

Figure 6. Steps of theDSATUR algorithm

4.1. Recursive largest first algorithm

For eachstep of the algorithm, the colors in the set of colors given apktf 8 8 hQ are
selected as the active color by the sequentidlye aim of RLF is to use the same color for
coloring maximum number of different vertices. Thus, when all vertices aoeedplthe
minimum number of different colors will be usebhe following steps are executed while
coloring the vertices with the selected color;

Step 1: The uncolored vertex that has the largest degree is selected.

Step 2: The selected vertex is colored with the active color. Then, in order to determine the
vertices which can be colored with the same color, the selection strategy proposed in RLF
is applied as follows;

S1: For the coloring process, vertices that are adjaiethe colored vertex are being
found from the adjacency matrix ¥ o6 o 8 8 &5 ). And also, noradjacent
vertices of the colored vertex are being found t6Jeé

S2: All vertices in the set db are be visited. And then, the number of adjasentices

for each vertex ifs with vertices in"Yare be calculated. The uncolored vertex that has
the largest adjacent vertices@nwith vertices inYis to colored with active color.

S3: The colored vertex and its adjacent vertices are deleted from teaad added to
the sefY.

S4: If the set of6 is not empty, then go to S2.
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Step 3: If there is least one uncolored vertex is exist, the next color in the color set is
selected as the active color and return to Step 1. If not, the algorithm is terminated.
The Steps of the RLF algorithm and the results obtained from RLF are shownin Fig.

S4,C2

Figure 7. Steps of theRLF algorithm

Proposed algorithm

The proposed algorithm in this study based on RLF strategy. Some changes have been made
in Step 1 and Step 2 of the RLF algorithm. A new strategy for vertex selection has been
proposedThe proposed vertex selection strategy is as follows;

T An array named0’'Q Qi ‘QQ 0 "Q"Y®OX i d&¥ined for calculate the selection

probablity of every uncolored vertices for coloring.

The initial value for each vertex @ 'Q "Q)Yis set to 0.

The vertex degree of each vertex in the ®® "QJY is calculated and then the

‘0'Q QY value of the vertex or vertices with the largest vertex degree is increased by

one.

1 The O'Q QY value of the vertices with the largest numizé uncolored adjacent
vertices is increased by one.

1 The O'Q Q)Y value of the every uncolored vertex which has the largest number of
adjacent vertices with colored in different colors is increased by one.

)l
il

Thus, theO 'Q "QJY values of vertices are being calculated for select the vertex for coloring.
The modification for Step 1 of RLF is as follows; In the original RLF, the "vertex with the
largest vertex degree" is selected for the coloring. But, in proposed algorithm, omihe fo

first coloring process the uncolored vertex with the largest vertex degree is selected for
coloring. When Step 1 is run again in algorithm, the uncolored vertex VehRAQJY value

is the largest is selected for coloring.

The second modificatiom the algorithm is made on S2 of step 2. Normally in RLF, in step
S2 the vertex with the largest adjacent vertice§ @ colored with the active color. In the
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proposed algorithm, in the case that there are more than one vertices that satisfy this
condtion; the O'Q "QJY values for the vertices with the largest adjacent vertice® dare
calculated. Then the vertex with the le@s "QjY value is selected for coloring.

Only two changes have been made in the working steps of the RLF algortienobtained
results are detailed in the next section. The proposed algorithm is applied to the graph given in
Fig. 1.The results obtained froProposed Algorithm (PAare shown in Fig. 8.

s v c
S | V2 | G
Sp | Vy | G
S3 | Vg | O
Sg | Vg | G
Sg, C3 Ss | V1 | G
S¢ | V7 | C3
S7 | V3 | C3
Sg | Vs | C3

52,01

Figure 8. Steps of theproposed algorithm

4. EXPERIMENT RESULTS

The algorithm proposed in this study and other graph coloring algorithms have been tested on
some benchmark graphs proposed by DIMARS]. All algorithms were tested under the
same conditions. DIMACS graphs are important to compare algorithms to find that which
algorithm is better for coloring. The obtained results from DSATUR, RLF, LDO, IDO, WP,
FF and Poposed Algorithm were compared with time in second and minimum color number.
The algorithms are written and run in Matlab 2010a. For experiments we used a computer has
Intel i7 2.60 GHz processor and 24 GB DDR3 RAM. The DIMACS Benchmark graphs used
for experiments in this study are given in Table 2. Ghephcolumn shows the number of the
graph,Namecolumn related graph name is number of verticesQ is number of edges,
Density column shows density of edges(’Q indicates the chromatic number dretbest

known result of the graph.

Table 2. Benchmark graphs used in experimgptsieans that chromatic number is unkngw

Graph Name \ E Density x(G) Graph Name \Y E Density x(G)

G1 DSJC125.1* 125 736 0,09 5 G19 queenl0_10* 100 2940 0,59 11
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G2 DSJC125.5% 125 3891 0,50 17 G20 queenll_11 121 3960 0,55 11
G3 DSJC125.9* 125 6961 0,89 44 G21 queenl2_12* 144 5192 0,50 13
G4 DSJC250.1* 250 3218 0,10 8 G22 queenl3_13 169 6656 0,47 13
G5 DSJC250.5* 250 15668 0,50 28 G23 queenl4_14* 196 8372 0,44 16

G6 DSJC250.9* 250 27897 0,03 72 G24 queenl5_15* 225 10360 0,41 16

G7 rl251 125 209 0,03 5 G25 flat300_20 300 21375 0,48 20
G8 rl25.1c 125 7501 0,97 46 G26 flat300_26 300 21633 0,48 26
G9 rl1255 125 3838 0,50 36 G27 flat300_28 300 21695 0,48 28
G10 r250.1 250 867 0,03 8 G28 le450_5¢c 450 9803 0,10 5
G11 r250.1c 250 30227 0,97 64 G29 le450_5d 450 9757 0,10 5
G12 miles750 128 2113 0,26 31 G30 le450_15b 450 8169 15 15

G13 miles1000 128 3216 0,40 42 G31 le450_25a 450 8260 0,08 25

G14 miles1500 128 5198 0,64 73 G32 le450_25b 450 8263 0,08 25

G15 queen6_6 36 290 0,4 7 G33 fpsol2.il 496 11654 0,09 65
G16 queen7_7 49 476 0,40 7 G34 fpsol2.i2 451 8691 0,09 30
G17 queen8_8 96 1368 0,30 9 G35 fpsol2.i3 425 8688 0,10 30

G18 queen9_9 81 1056 0,33 10

O "YOs@ries graphs created by David Johnson are known difficult Benchmark ¢t2phs
The O"Yp @ & graph is an example of a random graph. The first parameter (125) of this
graph is indicatethe number of vertices number, and the second value (5) indicates that the
edge density is 50%p ¢ andi ¢ v graphs are random geometric graphs created by Michael
Trick [25]. OnD 'Q"®'@ graphs, the number of vertices is equal to 450¢ai2b Tois a one
of thed Q@@ graph. The first paraeter of this graph shows the number of vertices and the
second parameter shows the chromatic number of this t@phd Q& @@ephs were created
by Donald Knuth to show cities within a specific area of the US mdd §dphs were
created by drawing an edge between two cities located at a castaince[26, 27]. 0 6 QQ ¢
graphs are known chessboard graphs. OntheQ'Qgraphs, the selected vertex is adjacent
with the vertex in same row, column or diagonal. So selected vertex can not take the color of
the vertex in same row, column or diagof#d]. The™Qn i graphs are graphs of the retgir
allocation problem that created by Gary Lewandowgk]. "Od dgtaphs are created by
Culberson and in flat graphs, the first parameter is the number of vertices and the second
parameter is the chromatic numipee].
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Table 3. The number of minimum colors found by the algorithms

Graph y(G) PA RLF DSATUR WP IDO LDO FF  Graph x(G) PA RLF DSATUR WP IDO LDO FF

Gl 5 6 6 6 77 7 8 G199 11 13 13 14 17 17 17 16

G2 17 20 21 22 23 25 23 26 G20 11 14 14 15 17 18 17 17

G3 44 47 49 51 53 54 53 56 G21 13 15 15 16 19 20 19 20

G4 8 10 10 10 11 12 11 13 G22 13 16 16 17 23 22 23 21

G5 28 34 35 37 41 40 41 43 G23 16 17 17 19 25 24 25 23

G6 72 83 84 92 93 95 93 99 G24 16 18 18 21 25 26 25 25

G7 5 5 5 5 5 5 5 5 G25 20 37 38 42 44 45 44 47

G8 46 47 47 46 47 48 47 51 G26 26 38 39 41 45 48 45 45

G9 36 39 38 38 39 39 39 44 G27 28 39 38 42 45 48 45 46

Glo 8 8 8 8 8 8 8 9 G28 5 5 5 10 12 12 12 17

Gll 64 65 67 65 68 67 68 76 G29 5 5 6 12 14 13 14 18

Glz 31 31 31 31 32 31 32 34 G30 15 16 17 16 18 18 18 22

G13 42 42 42 42 43 43 43 44 G31 25 25 25 25 26 25 26 28

Gl4 73 73 73 73 73 73 73 76 G32 25 25 25 25 25 25 25 27

G15 7 8 8 9 9 10 9 11 G33 65 65 65 65 65 65 65 65

Gl6 7 9 9 11 12 12 12 10 G34 30 30 30 30 30 30 30 30

G17 9 10 11 12 13 15 13 13 G35 30 30 30 30 30 30 30 30

G18 10 12 12 13 15 15 15 16

The number of colors that the algorithms find for each graph are given in Table 3 and
computation time in seconds for this algorithm are given in Table 4. All algorithms reach
chromatic numbers fof2r) i ¢andi p ¢ graphs. When Table 4 is examineiseen that WP
algorithm is the fastest algorithm that finds the results. However, it is seen that WP algorithm
has not found the chromatic number for many graphs. 35 benchmark graphs were used in the
experiments. But, Wp algorithm just finds the chromatumber of 7 graphs which used in

the experiments. The second fastest algorithm is the FF algorithm. Yet, the most inefficient
algorithm among these algorithms is the FF algorithm. It has found the chromatic numbers for
just 4 graphs. For other graphs, iBFyenerally found the number of color far from chromatic
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numbers. The LDO algorithm is also one of the algorithms that find the results quickly.

However, the LDO algorithm has reached the chromatic number for only 7 graphs. The IDO
algorithm has reachecthromatic numbers for 9 graphs. But, when running times in seconds

are examined it is slower than Wp, RLF, FF and LDO algorithms. When Table 3 is analysed,
it is seen that the DSATUR algorithm obtained quite successful results for 16 graphs. On the
other fand, when Table 4 is analysed, it is understood that DSATUR algorithm is the slowest
algorithm among these algorithms if the algorithms compared each other about competition
times. Forip ¢gdgr aph ,
evaluated in terms of competition times and performance, the RLF algorithm is quite

successful. RLF generally finds the chromatic numbers or near to chromatic numbers for test

graphs. RLF has found successful results for 24 test graphs. No algbathriound the
chromatic number for thg 6 Q fraphs. However, if Table 3 is analyzed it is realized that

only

DSATUR al

gor i

t hns ale a s

r

RLF algorithm and PA generally find out the best results. According to Table 3, it is

understood that the PA finds out the best results for 32jtaphs if PA is compared with the

other graph coloring algorithms. PA is not very fast algorithm when it's competition time is

analyzed according to the Table 4. In additiBA, just only faster than DSATUR algorithm.
The main reason why PA running slowhen it is compared the other graph coloring

algorithms is due to need more calculations for the process of determining the vertex to be
ected

s el

for

t he

col or i ngn o MRk Bat] RAdsrobtainkdn
the best results amorajf the algorithms which used in this study. According to Table 3, the

h a

best results fox 1Qu graphs are obtained from the PA. When all experimental results are
evaluated together, it is seen that the most successful algorithm among these algoritams is th

proposed algorithm in this study.

Table 4. The competition time in seconds for algorithms

Graph PA RELF DSATUR WP D LDO FF Graph PA ELF DSATUR WP mo LDO FF
Gl 00355 00006 00435 00008 00200 00051 00018 GIJ 00423 00056 02358 00004 01585 00034 0,0030
G2 01000 0.0004 03795 00006 02797 00070 00064 G20 00700 00067 03790 00005 03438 00032 0.0051
G3 03238 00001 02916 00014 06657 00122 00110 G21 01101 00095 05768 00006 04772 0.0073 0.0063
G4 01400 00319 02815 00006 02198 00093 00074 G22 01470 00133 02133 00008 0.6626 00110 00103
G3 06842 00257 30125 00014 21033 00277 00280 G23 02170 00197 12280 00010 09793 00138 00122
G6 25448 00100 7.7768 00024 38030 00391 00578 G24 03105 00251 15767 00014 13685 0.0163 00161
G7 00827 00110 00223 00003 00165 00036 00022 G253 13339 00357 43681 00021 3.5845 00405 0.0416
GS 03792 00112 00070 00010 08333 00110 00127 G226 14203 00350 50414 00018 37282 00404 0.0404
GO 01700 0.0040 036096 00008 03175 00077 00075 G27 14154 00357 50572 00018 3.6030 00465 0.0407
G10 01519 00380 00524 00010 00326 00053 00033 G28 08128 01240 14364 00018 09637 0.0267 00263
GI1 23824 00067 98824 00010 20142 00405 00522 G29 08110 01103 14355 00028 09814 00287 0.0260
G12 01161 00081 04490 00003 02073 00067 00062 G30 06575 00024 11130 00010 07351 00300 00240
G13 02215 00064 08157 00012 05640 00093 00094 G31 07528 00753 11708 00017 07743 00313 00250
G14 (5738 00067 16821 00025 12087 00160 00166 G32 08231 00855 11462 00018 07805 00282 00268
G153 00082 0.0015 00366 00002 00169 00007 00007 G33 49318 01171 19623 00032 13161 00434 00377
Gl6 00105 00016 00602 00003 00310 00011 00010 G34 20015 00651 12621 00015 08170 00332 00311
G17 00187 00033 00804 00003 00638 00018 00012 G353 10530 00334 12676 00018 08601 00337 00206
G18 00350 00035 01495 00005 00926 00028 00024
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5. CONCLUSION AND DISCUSSION

The obtained results showed that the proposed algorithm finds out acceptable results for the
solution of benchmark grapimsesented by DIMACS. According to the experimental results,

the proposed algorithm is a feasible approach for the GCP. PA is more successful than the
other algorithms when the performance of greedy algorithms is evaluated about the find the
minimum colorsfor graphs. According to the experimental results, it is understood that PA is
quite successful in terms of competition times and performance. However, the disadvantage
of PA is run slower when compared to RLF. When PA's results for Benchmark graphs are
evaluated, it can be concluded that PA can be applied to real world problems. PA generally is
found the chromatic numbers for test graphs. The performance of the PA can be improved in
subsequent studies.
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ABSTRACT

In this study, the relationship between the surface roughness and the wettability of adhesive
were investigated at room temperature on wood substrates (Pine, Beech aniob).

substrates was prepared (longitudinal, radial amtbential surface directig). All the
substratesver e condit Cameé d6 a5 %0 Ne ITeheasure théhsurfaced i t

roughness of wood substrates, the Mitutoyo SJ301 surface roughness measuring device was
used. Contact angles of adhesive were measured by using asike sirop method. As a

result, it was observed that the wetting angle decreased with increasing surface roughness.
Thus, the wettability of surfaces observed that strongly affected by surface roughness.

Keywords: Wettability, Contact angle, Surface rougiss, Wood substrate, Surface direction
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1. INTRODUCTION

It is very important to relate to the surface of the materials used for adhesive and top surface
treatment for joining and protecting the wood materials used in the industry. Wood material
has hygroscopic and anisotropic structure. Due to its anisotropic structure, the behaviors it
shows in the direction of longitudinal, radial and tangent are different. Wetting and surface
roughness are among the most important factors affecting propertressefrelated materials

such as adhesion, inggnation and surface treatment.

Wettability is often evaluated by measuring the contact angle of a droplet on various
substrates [1]. The wettability of a liquid in contact with a surface material plays d coleia

in many industrial implement, such as adhesion, coating and painting. To evaluate the
wettability, the simplest and most common method is contact angle measurements on
substrates [2]. The wettability can be influenced by various parameters suchnoagyp
surface roughness, heterogeneity and wood surface direction, etc. [3]. The effect of surface
roughness on wettability have been studied by many researchers;Maresnis, Piao,

Buy ukl[4,&br6, 7]. Thus, the measurement of contact angel gives a prediction on wetting
behavior. To determine the wettability of wood substrates by PVAc glue, youngtoagsa
conventionally is used;

— — @)

wh e gegan ¢aretheintdraci al tensions,d is contact

; Contact angle
(2]
i ( Drop profile

/
7 DO A
X _\-:(’» M55
ARG,

¥ WEIHS

Liquid drop
SRR RS D
e T R G M A o

IR

R RIS
Wood substrate

Figure 1. Profile of drop

Figure 1. Liquid drop section [4]
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Youngbdés equation is suitable for an i deal
chemically homogeneous [9]. For a rough and nonideal surface (Fig 2), the true wetting area
is greater than its geometric area, and wetting properties of the surfacdireoty
proportional to surface roughness [10Jhe relationship between surface roughness and
wettability was described already in 1936 by Wenzel who specified that adding surface
roughness will increase the wettability caused by the chemistry of tiaees({10].

gas

Figure 2. Apparent or measured contact angterough (Wenzel) surface [11]

Consequently, contact angle on a rough surface is different from the contact angle on an ideal
surface, it is called the apparent contact angle. According to be hydroph{k€@) or
hydrophobicity(>90), the apparent contact angle of a rough solid sarfa either smaller or
greater than the contact angle of the ideal system®2h hydrophilic surface such as wood,
more roughness often means a larger surface area for liquid to spread [6].

2. MATERIAL AND METHODS

In this study, PVAc basis glue (Cardration: 1.1 g / cma3, viscosity: 13,0007,000 mPa.s,

pH value at 2 0 A C65% elati®e) hunaiditydand ecitat vadous seirtace
direction (Longitudinal, tangential and radial) wood substrate (Scotch Pine, Oriental Beech
and Ul ud ajchosen to measuee rthe contact angle with sessile drop technique. By
means of this technique, PVAc basis glue was dropped on wood substrate at room
temperatures. Dynamic contact angle measurements were maldeomvit0(width) x
50(length) x 1(height) mm amples of wood. Casio Pro BXL (1200 fps) Model camera

used to catch views of drops at the 5th, 10th, 15th, 30th, 60th, 90th, 120th, and 150th seconds
and these images were transferred into AutoCAD 2010 to measure contact angles of each
drop from the rigt and left profiles. As a result of these processes repeated three times for
room temperature, mean angle values were calculated and new diagrams were drawn through
the Sigma Plot 12.0 Software. For measuring the surface roughness of wood substrates,
accading to DIN 4768 standard [13] by using stylus type profilometer the Mitutoy80%J

surface roughness measuridgvice was used. For the surface roughness measurement, the
219
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needle scanning length was selected as 4 mm thedscanning speed as 0.5 mm/s.
Measurements were applied perpendicular to the fiber direction. Ten samples were used from
each group for the Surface roughness measurements. The arithmetical average of surface

roughness(Ra) and maximum rougbsi&y) values were determined.

3. RESULTS AND DISCUSSION

Experimental investigation of the wettability of wood surfaces has been performed by sessile
drop technique. Surface roughness influence on the wetting properties has been evaluated by
contact angle measurement analydalues of measured contact angle can be strongly
affected by the surface roughness [14].

20 s
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Figure 3. Time dependence of the contact angle of PVAc glue on wood substrates at various surface
directions for (a) Tangential, (b) Radial andl(ohgitudinal.
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According to the contact angle measurement results; Figc3 éxhibit the relationship
between the contact angle and the time at room temperature that the contact angle decreases
with time exponentially for all surface directions and statses. The values of contact angle

show the degree of wettability [15]. Figure 4 shows the relationship between contact angle
surface roughness for three surface directions andriadd wood substrates which are Fir,

Beech and Pine.

70 0
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68 4 @ PINUS
—+¥— BEECH

68 4

66 4
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52 4 64 4
60 62

68 4
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60 5,

56 - N
58 - 5 o
54

56

52 4

50 T T T T 54 T T T T T
1 2 3 4 5 G 2 3 4 5 6 7 8

Surface Roughness surface Roughness

Figure 4. The change in the contact angle values with the surface rouganhessious surface
directions for (a) Tangential, (b) Radial.

For all directions in wood surface, a decrease in contact angle was observed with increasing
surface roughness. According tieese results, the effect of the surface roughness on the
contact angle was determined.

5. CONCLUSION

6.

Accordingly, the contact angle values decrease while the surface roughness values increase.
From the presented studies, the following conclusions carmodeqed,;

1- Roughness has a strong influence on wettability of wood surface.

2-Similar influence of surface roughness has been found for different tested wood substrate
(Pine, Beech and Fir).
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3-The data obtained from experimental studies were testedsbdtte direction (Tangential,
Radial and Longitudinal) and wood type (Pine, Beech and Fir) and a strong agreement was
observed between the results.

ACKNOWLEDGMENT

(This work was supported by Scientific Re:
University. Project NumbeK B | / BIA-FD-349).

REFERENCES

[1] S.Q. Shi, D.J. Gardner, 2001. Dynamic adhesive wettability of wood. Wood Fiber Sci
33(1):5668.

[2] K.L. Mittal, (Ed.) 2006 Contact angle, wettability and adhesi@/ol. 4). CRC Press.

[3] T.F. Shupe, C.Y. Hse, E.T. Choong, L.H. Groom, 1998. Effect of wood grain and veneer
side on loblolly pine veneer wettability. Forest Prod J 48(69B5

[4] A.M. Erer, 2011 Investigations of the wetting properties of bineary lead free solider
alloy(SnAg) system on Cu substraihD Thesis, Department of Physics, Graduate School of
Nat ur al and A plent BcewidUnigecsityeTarkeg.s , B¢

[5] G. I. Mantanis, R.A. Young, 1997. Wetting of wooWood science and Technology
31(5), 33€-353.

[6] C. Piao, J.E Winandy, T.F. Shupe, 2010. From hydrophilicity to hydrophobicity: A critical
review: Part |. Wettability and surface behaviood and Fiber Sciencé2(4), 490510.

[ 7] b B¢e¢yeéeksar é, T. Akbul ut , C. Gul er, N.
natural and plantatiegrown narrowmeaved ash (Fraxinus angustifolia Vahl.) wood.
BioResource$(4), 47214730.

[8] H.Y. Erbil, 2006. Surface chemistof solid and liquid interfaces. Blackwell, Oxford.

222



enonSolonco, g

5, 3 International Conference on Science, Ecology and Technology

s,

ternatig,,

)
ABojou®®

g

Rome, ITALY
ICONSETE'2017

Rome, ITALY « August 14-16, 2017

14-16 August 2017

[91 A. Marmur, 2009. Solisurface characterization by wetting. Annu Rev Mater Res
39:4734809.

[ 10] R. N. Wenzel, 1936. AResi stance of s o
engineering chmaistry 28 988.

[11] A. Marmur, 2006. #ASoft contact: Measur
Matter 2 12.

[12] T. Onda, S. Shibuichi, N. Satoh, K. Tsujii, 1996. Supaterrepellent fractal surfaces.
Langmuir, 12(9), 2122127.

[ 13] Dée n DBe®wnbhationbfv@lues of surface roughness parameters Ra, Rz, Rmax
using electrical contact instruments, concepts and measuring condibDengsches Institu
fé¢r Norming, Berlin, Germany.

[14] K.J. Kubiak, M.C.T Wilson, T. GMathia, P. Carval, 2011. Wettability versus roughness
of engineering wrfaces. Wear, 271(3), 5Z28.

[15] L. Zang, Z. Yuan, H. Xu, and B. Xu, 2011. Wetting process and interfacial characteristic
of Sri 3.0 Ag 0.5 Cu on different substrates at temperatuaeging from 503K to 673K.
Applied Surface Science, 257(11), 48¥384.

223



enonSolonco, g

5, 3 International Conference on Science, Ecology and Technology

s,

ternatig,,

%
=
ABojou®®

g

Rome, ITALY
ICONSETE'2017

Rome, ITALY « August 14-16, 2017

14-16 August 2017

Classification of Bread and Durum Wheat Using ELM and ANN

K. Sabanci*, M. F. Aslan, E. Yigit, A. Kayabasi, A. Toktas, H. Duysak

Karamanoj |l u Mehmet be yFadulty,Depantnment of Electridalraigdi ne e r
Electronics Engineering, TURKEY

(kadirsabanci@kmu.edu,tnfatihaslan@kmu.edu,tenesyigit@kmu.edu.tr
ahmetkayabasi@kmu.edy atoktas@kmu.edu,thuseyinduysak@kmu.edy.tr

Corr es pondi-maj: kaslinsalbdanci@ksiu.edu.tr

ABSTRACT

Wheat is the most important food soumethe worldwide. Classification of wheajrainsis

very important in terms of quality, health and cost. In this study, classification diypee

wheat grains intobread and durum was carried out. Number of the wheats used in
classification is 200. The spesief wheagrainsin this dataset are bread and duramd these

species have equal samples in the dataset as 100 instances. Seven features, including width,
height, area, perimeter, roundness, width and perimeter/area, were extracted from each wheat
grains For training and testg data, these seven features were used as input. Classification
was conductedby Artifici al Neural Network ANN) and Extreme Learning Machine (ELM)
artificial intelligencetechniquesThen the performances nfodelsare compared. fle dataset

was divided into two group as training and itegtwith the ratio of 70% and 30%. The
program is written in Matlab GUI environment. High accuracy values were obtained with
both thesemethods. As a result of the study, the accuracy of training eadculated as
97.14% for training, 1.3 seconds for training duration and 97.89% fargesicuracy. These

values were calculated for ELM, the training accuracy rate was 93.57%, the training duration
was 0.0575 seconds and theiteghccuracy rate wad6.79%. As it is clear from the values,

the accuracy values of batmodelsare close to each other.

Keywords: Artificial Neural Network, Classification Extreme Learning MachineWheat
Grains
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1. INTRODUCTION

Wheat is the most important food source around the worldwide. It is a basic nutrient used in
the production of flour and fodder. It is one of the most basic foodstuffs for people to feed.
And it is the raw material of bread and macaroni. In terms of plgrarea and production
amount in Turkey, wheat is the most prevalent feeder [1]. On average 40% of Turkey's daily
food needs are covered by wheat products [2]. Therefore, wheat is an important food source in
terms of production and consumption. Studieghmn quality and cost of wheat are of great
importance. For the production of bread and macaroni bread and durum wheat varieties are
used. Because, the quality of wheat affect the quality of the flour used in bread and macaroni.
The mixing of wheatgrass cees both the quality of the macaroni to decrease and the cost of
the seed to increase. Therefore, both wheat varieties need to be classified precisely. At this
point, quality and cost for bread and macareach the desired level [3].

It is very importantto determine the quality of the products in the marketing of wheat
products. Protein is the most important factor affecting the quality of wheat varieties. For this
reason, it is necessary to classify wheat varieties and to use each wheat varietidsd® pro
suitable crops. Therefore, the classification of wheat varieties is important both for producers
and consumers due to the quality of the crop. Traditional classification methods are both slow
and difficult. Furthermore, the results obtained from tlassification are not at the desired
level. For this reason, such classification processes have been carried out automatically by
computeraided systems in recent years. In this way, faster and moableetesults are
obtained [4].

Many works have beetlone up to now to automatically classify gramoducts. In the study

of Olgun et al., the Dense Scale Invariant Features (DSIFT) method was used for feature
extraction. The features obtained from this feature detector are classified by Support Vector
Machines (SVM). In this study there are 40 classes and 160 properties of each class are
obtained. As a result, an accuracy rate of 88.3% was obtained [5]. In a study by Taner et al.,
An ANN model was developed to classify durum wheat varieties. As the inpamneters,
thousand kernel weight, geometric mean diameter, sphericity, grain volume, surface area,
volume weight, specific gravity, porosity and color output parameter were used. Forlthe M
model, the R2 value was found to be 99.99%, the RMSE value ®387@. and the mean
relative error value was 0.009%. All the results obtained with tierivbdel were found to be
compatible with the actual data [1]. Béilbeet al. have worked on determining the vitreous of
durum wheat using image processing technigépsHernandez and Gilsed discriminative
analysis and Knearest neighborhood algorithms in the classification of wheat and barley
seeds and obtained successful results [7]. Pazoki et al. used adaptive networks based on fuzzy
neural networks and fuzzy loggystems, which are artificial intelligence techniques, in the

classification of rice grain. The morphological and morphological characteristics of the rice
225
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grains were applied as an input to the net and they made five kinds of rice classification [8]. In
the application of Abdullah and Quteishat, the proposed system aims to classify three
different wheat seeds. The proposed system uses Multilayer Artificial Neural Networks for
classification. Features given as input to ANN system are area, minor axis, leagn axis

length, equivalent diameter, environment and entropy. The features obtained from image
processing. Experimental results show that the proposed classification system is able to
classify wheat seeds with a test accuracy of approximately 959 e study performed by

Yasar et al., the types of wheat seeds were classified by ANN approach. The ANN system
used 7 inputs, 10 hidden neurons and one output. Kama, Rosa and Canadian wheat varieties
were analyzed by measuring the geometrical propeoti¢gined by Xray technique. The
properties obtained are area, environment, core length, asymmetry coefficient, compactness.
As a result of the ANN, the train result was 99.99% and the test result was 99.78% in the
regression process of 210 data [10]. dilyy Bagheri and Nikparast mentioned the
significance of computebased seed identification in the revision study and the various
studies made in this subject. For artificial learning, they describe the use of morphological
features such as shape, sizeloc and texture in the identification of seeds, as well as the
approaches ugeor seed identification [11].

The aboveamentioned studies were performed by using imageqgssing. Computer aided
systemswere used in this study. Classification of two diier wheat species was performed

by using image processing techniques. The classification process was performed with a
program prepared in the Matlab GUI interface. 200 wigeainswere usedn classification
process. With the help of image processing heaques, seven features were extracted from
each wheagirains Width, height, area, perimeter, roundness, width//height and perimeter/area
were used as input for training and testi@gassificationof wheat grainsvascarried outthe

ANN and ELM models.Then the performances tfiese methodare comparedvith each

other

2. MATERIAL AND METHODS

Obtaining Data and Production of Pictures

Within the scope of the project bread and durum wheat varieties grown in Konya region have
been provided. A mechanishas been established to obtain the shape characteristics of these
wheat grains (width, height, area, perimeter, roundness, width//height and perimeter/area).
Computer, camera, box and lighting system are used in this system. The computer has an Intel
Corei7 CPU with 3.1 GHz and 8 GB DDR3 RAM. The camera is full HD with 15 MP
resolutions. The designed apparatus is shown in Fig. 1.
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Figure 1. System designed to produce images

Image Processingnd Future Extraction

Using the apparatus shown in Fig. 1, RGB images of 200 wheat grains (100 for bread and 100

for durum) were obtained. These images were then digitized.

Image features were obtained using image processing techniques. For this reason, each image
obtained isconverted from RGB color space to gray color space. Then, the threshold value
was determined with the Otsu method [12] to obtain a black and white image. Thus, each
wheat image is transformed into binary values (black -(@yhite (1)). Morphological
operaions [13] were applied to these images to reduce noise. Then, each wheat grain was
counted and the properties of each of these wheat grains were extracted. These features are
given as input to ANN and ELMmethods The images obtained by image processing

techniques are shown in Fig. 2.
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Figure 2. Steps of image processing techniques

Matlab Graphical Interface (GUI)

Matlab is a software development tool designed for the analysis and solution of technical
calculations and mathematical problems. Matlab @Uan interface that allows the user to
interact with the program by using visual objects (button, edit text, static text, etc.). In this
study, the accuracy values of ANN and Elohbdelswere obtained using a GUI interfacedan

graphically plotted. fie prgpared GUI interface is shown Fig. 3
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Figure 3. Designed @I interface

Artificial Neural Network

ANN is a research field of artificial intelligentechnique Processing of information in ANN

iIs performed through neurons. The neurons are connected to each othexighyed
connections (see Fig).4An ANN basically consists of an input layer, a hidden layer, and an
output layer. Input data is applied directty the input layer, that is, the number of input
neurons must be equal to the number of each different input sample. Then, this data passes
from operations such as addition, multiplication and activation function reaching the output
layer. Finally, theseata are given directly to the output layer. More than one hidden layer can

be used in ANN depending on transaction complexity. One hidden layer was used in our
work. The basic structa of ANN is presented in Fig. 4 ardch circle represents a cell.
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Inputs

Input layer Hidden layer OQuput layer

Figure 4. ANN structure

In our study, as input data, the width, height, area, perimeter, roundness, width//height, and
perimeter/area properties obtained from each bucket were used. For training ingal&tat

these seven features were used as input. 70% of the wheat dataset were used as training date
and 30% were used as fagtdata. As a target data, each kind of wheat was used.

Extreme Learning Machines
In this article ELM, which is the supervisddarning method, iased for wheat classification.

This section will briefly discuss thELM method introduced by Huang et §4]. This

method is used in classification and regression processes. It is a method that allows extremely
fast training and telstg operations. It does not have limitations like learning rate, local
minimum, moment coefficient, as ANN. It has advantages over other methods in terms of
fastness and high accuracy.

ELM actually has aMNN network structure with aingle hidden laye(see Fig.  Weights
and thresholds are assigned randomly, as in ANN. These weights are not changed afterwards.
Operations are performed according to the initial weights and threshold values.
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Inputs in theELM are features derived from the data avddafhhe data used as the output is

also the target data. Since the weights are also randomly assigned, the main purpose here is to
find the Beta coefficient (see Fig).Beta coefficients are generated during the train phase

and then the same coefficierst used during the test phase. MeBenrose generalized
inverse is used to find beta coefficients [14]. As a result of obtaining the Beta coefficients, the
network becomes trained. That is, there is no iterative calculation ELte For this reason,

it has a great advantage in terms of train speed.

Input layer  Hidden layer

& Output layer

> Y

Figure 5. ELM structure

3. RESULTS AND DISCUSSION

In this study, classification of two different types of wheat, bread and durum wheat were
carried out. The features obtained from image processingisa@ for classification. The
classification process was performed with a program prepared in the Matlab GUI interface.
The wheat grain dataset consists of two equal group as bread and durum and each group has
100 instances. With the help of image procassathniques, seven properties were obtained

from each wheat: width, height, area, perimeter, roundness, width/height and perimeter/area.
For training and testing data, these seven features were used as input. Classification was
performed using ANN and ELMThen the performance of these artificial intelligence
techniques are compared with each other. 70% of the wheat dataset were allocated for training
and 30% for testing. The prepared GUI interface and result values are shown in Fig. 6.
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Figure 6. Desgned GUI andgxccuracyvalues

More than one hidden layer can be used in ANN depending on transaction complexity. One
hidden layer was used in our work. In ANN there are parameters directly affecting the
performance of the system. By changing theaemeters, it is tried to create systems with
least faults. These parameters are learning rate, momentum coefficient, number of hidden
neuron, and iteration number. In our work, the range of these values is entered into the GUI
interface, and the best acacy values are calculated. Then, the average accuracy value is
obtained by taking the average of these accuracy values. Fig. 7 graphically shows the
accuracy values obtained by changing these values within a certain range.
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Figure 7. Accuracy values according to changing parameters for ANN

In the ELM method, there are no parameter limitations as in ANN. Because ELM is not a
method based on iteration. Beta values are calculated directly, without iteration. The number
of hidden neurons is the factor that affects performance in the ELM method. The accuracy
graph obtained by changing the number of hidden neurons within a certain range is shown in
Fig. 8. When the graphs were examined, high accuracy values were obtained with both

learning methods. Then, the average accuracy values were obtained by averaging the accuracy
values.

Accuracy

9.0 i i i i |
2000 3000 4000 5000 6000 7000
Number of hidden neurons

Figure 8. Accuracyvalues according to number of hidden neurons for ELM
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4. CONCLUSION

As a result of the study, in the classification proaeitis ANN, the training accuracy rate was
97.14%, the training duration was 1.3 seconds and the test accuracy rate was 97.89%. These
values were calculated for ELM, with a training accuracy rate of 93.57%, a training time of
0.0575 seconds and a test accynaate of 96.79%. As it is clear from the values, the accuracy
values of both learning algorithms are close to each other. More accurate values were
obtained by ANN method. Nevertheless, ELM has a great advantage over time in terms of
ANN.
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ABSTRACT

A wetsuit is a garment worn by divers, surfers, windsurfers, canoeists, and others engaged in
different water sports. Considering the characteristics, such suits must be soft, elastic, of high
tensile strength, strong tear resistance and with optimal thepmwkction. In this
investigation, thermography is used to measure changes in upper body temperature of divers
wearing thick neoprene diving suit. According to the results, highest body skin temperature
before immersion was recorded in central upper dmedy zone, then in left and right upper
chest. Highest temperature drop was recorded in the first 5 minutes of immersion in water,
especially in a zone of neck. After 25 min of immersion, lowest skin temperature was
recorded in the zone of neck and it ia®6 lower than before immersion. The outcomes of
research will facilitate the process of designing wetsuits in order to increase/decrease thermal
insulation in the zones that are identified and finally to maintain optimal thermal comfort.

Keywords: textile; neoprengthermographycomfort
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1. STRUCTURE AND PROPERTIES OF NEOPRENE MATERIALS

A wetsuit is a garment worn by divers, surfers, windsurfers, canoeists, and others engaged in
water sports. Considering the characteristics of diving suits, it must be soft, elastic, of high
tensile strength, strong tear resistance to protect the divars being hurt by coral and
harmful animals. The material must have strong thermal insulation properties, abrasion
resistance and buoyancy. All these characteristic can be found in neoprene foam. Therefore,
wetsuits are nowadays made by laminating of foapprene and elastic knitted fabric.

Neoprene is a proprietary trade name of DuPont that has become generic; it is a
polychloroprene rubber (CR). It is a synthetic rubber produced by the polymerization of
chloroprene with good geneplirpose properties;olwever, its high cost limits its use to
specialproperties applications. It is one of the first successful synthetic elastomers, first was
prepared in 1930 by Arnold Collins, a ¢ hemi
du Pont. The researcheawvinvestigating byroducts of divinylacetylene. Chloroprene (also
known as Zhlorobutadiene) is a colourless, toxic, flammable liquid with the following
chemical formula (1).

(|:1
CH,=C—CH=CH,

(1)

Polyclorophene is obtainday the chlorination of butadiene or isoprene. In order to process
chloroprene into rubber, it is emulsified in water and then polymerized through the action of
free-radical initiators. Of the several structures adopted by the chloroprene repeatingeunit, t
most common israns-1,4 polychloroprene, which can be represented as follows [1]:

+CH, H
No=c
e N
cl CH, ¥

(2)

Apart from use for wetsuits, inertness of neoprene makes it well suited for demanding

applications where resistance to oil, heat, flame, and abrasion are required, such as gaskets,

hoses, belts, springs, flexible mounts and corresisistant coatings. Ne@rene has

outstanding physical toughness, a wider operating temperature range than general purpose

hydrocarbon elastomers and excellent resistance to ozone, sun and general weather conditions
237



o o0 S6kence, %%.
;f %
i

ICONSETE'2017

Rome, ITALY + August 14-16, 2017

8" International Conference on Science, Ecology and Technology

(Bojout>®’

Rome, ITALY

)

14-16 August 2017

[ 2] . Neoprene's burn poi nt ardis skia contacn b toRi6 0 A C
effects are known, it is stable under normal temperature und pressures.

It was widely used in aircraft and automobile parts, sports equipment, thermal insulation
materials, biomedical materials and the insulating layer ofa®iectronic circuits and other
areas [4]. Neoprene foam can be produced in either ctmdkedr opercell form. The closed

cell form is waterproof, less compressible and more expensive. Thecelpdarm can be
breathable. The insulation properties depen bubbles of nitrogen gas enclosed within the
material, which reduce its ability to conduct heat (fig. 1).

Figure 1. Bubbles enclosed within the neoprene material

The bubbles also give the wetsuit a low density, providing buoyancy in water. Regular
neoprene foam is soft and stretchable, ozone resistant. Neoprene developed for deep sea
diving is more compression resistant. Neoprene foam with heaviest density, haaddes
higher strength is used for boots, orthopaedic and sport support products. Fire retardant
neoprene is used for life jackets. Lighter and more stretchable than regular neoprene is used
for surfing and triathlon suits [2]. Therefore neoprene sheendetd for wetsuit can have
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density of 0,15 to 0,25 g/cin tensile strength of 0,5 to 13,0 MPa and elongation fror100
up to 800%.

2. DIVING SUITS AND HEAT TRANSFER

Wetsuits are designed to protect divers from underwater environment and to reduce the
themal shock that may happen during the stay in the cold water. The clothing plays important
role in the maintenance of heat balance because it modifies the heat loss from the skin surface
[5]. Normally, heat transfer between the human body and environmeagutated by the
following mechanisms: conduction, convection, radiation and evaporation. When the human
body is in the water, two among defined mechanisms play the most important role
conduction and convection. Conduction is probably the most commaohamem of heat
transfer that regularly occurs in the nature and appears between objects that are in direct
contact. When the body is immersed, the heat transfer by conduction occurs between the and
surrounding water. In comparison to the air, the themoalductivity of water is 25 times
greater. Water also has ability to absorb body heat approximately 3500 times greater than air
of the same volume [6]. In the water, the heat transfer trough convection is caused by currents
or due to movements through thater. It also needs to be pointed out that the heat transfer
by convection is significantly higher in windy conditions and when waves are intensive.
Finally, evaporation also contributes as a mass transfer by convection [6].

The normal temperature die human body, that is maintained trough the mechanism of

t hermoregul ati on, i's in the range 36.5 to
normal for divers, the human body dissipates more heat than it absorbs. When the core
temperature dms bel ow 35.0 AC, the of the body i
Such condition should be treated with warm clothing, physical activity and warm drinks. The
following stage of hypothermia is called moderate hypothermia and it should be treaged us
intravenous fluid. The most complicated type of hypothermia is called severe and it requires
cardiopulmonary resuscitation, extracorporeal membrane oxygenation and even use of
cardiopulmonary bypass [7].

Wetsuits are typically worn where the temperatof water is in the range 205 A C . They
provide thermal protection that depends of the level of fit, meaning that suit that is too loose
on the body may not be thermally efficient. Such suits have some additional limitations
among which should be pointedt the fact that water can enter the suit and increase the level

of thermal discomfort. Wetsuits are made of neoprene in different thicknesses. There is a
number of different wetsuits suits, but generally, suits can be divided into the following
groups:

- Semkidry suits and
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- Hot water suits. ]
The temperature range for sedmy suitsiswithin 12 0 AC. The advantage o

fact that suits are equipped with seals that limit the volume of water that enters into the suit
and retain it for a while étween the body and suit. The retained water is warmed, so diver,
although in wet condition, does not suffer from cold. Sdngi suit is produced of thick
neoprene.

Hot water suits are similar to wetsuits, but they do not fit perfectly, as the wetsuailly aulsu
Normally, they are produced of foamed neoprene.

Additionally, during the immersion, divers may also use the dry suites and dive skins. For the
most extreme conditions, dry suits are recommended. The temperature range for such suits is
between2and + 15 AC. The construction of neopi
even if the suit floods completely [8].

Dive skins are normally used where the wa:
comparison to other suits, they provide restridtegtrmal protection. For some divers, it is
common to wear such suit under a wetsuit what provides additional wear comfort and
maintains optimal thermal protection [9]. Dive skin suits are produced of elastane yarns.

Taking all into account, there is a sifigant challenge for engineers and designers to design
diving suit that will be at the same time waterproof, with optimal fit and thermal comfort.

3. PERFORMANCE OF DIVING SUITS: THERMAL PROTECTION
MEASUREMENTS

For the last decades, different testingtmoes for measurement of wetsuits and their thermal
characteristics have been studied by scientists. Generally, the methods can be divided into two
main groups:

a) method for measurement using thermal manikins (i.e. objective method)
b) wear trials usinuman participants.

Due to the fact that the measurements of wetsuits should be performedlife reahditions,

the use of thermal manikins has certain advantage. Namely, when compared with human
trials, the most important advantage is the fact thatrthemanikins can be used in extreme
conditions that can harm participants and are considered to be unethical to use in human trials.
Among these conditions are exposure to toxic and corrosive chemical environments, flash
fires, hot liquids and hot wateextremely cold water and extreme weather conditions, etc
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[10]. Among other advantages, it should be pointed out that thermal manikin can act as a
standardized subject [10]. The table 1 gives overview of some main characteristics of two
thermal maniking submersible thermal manikin NEMO and thermal manikin TIM.

Recently, a number of investigations focused at the differences between manikin and humans
have been conducted. Still, there is very limited research that will make attempt to address
inter-manikin differences and manikihuman correlation in order to help to understand
measurement differences and provide appropriate recommendation for the development of
applicable standards for suits [11]. Among such investigations should be pointed out the pilot
study that made the comparison of measurements using two manikins (NEMO and TIM) and
wear trials. In the study, the heat losses (expressed as local heat transfer coefficients or local
insulation values) were compared for two manikins and two human subjeasng
immersion suits with three different levels of closed cell foam insulation in two floatation
positions. The results of study indicated that the variation in local heat transfer coefficients
was likely due to the effects of differences in fit, folwrswrinkles in the suit materials, and

was essentially random. According to the authors, these random differences then tended to
average out in the calculation of the overall resistance. Finally, it is concluded that the heat
loss from the manikins wasgood representation of the heat loss from humans [11]. Other
investigations were focused on human trials wearing wetsuits. Hall et al. compared
performance and body temperature of triathletes swimming in watef@with and without
wetsuit. Four athleteout of ten were unable to complete swimming without wetsuit. Also,
there was a significant difference in linear temperature rate change and total temperature rate
change between swimming without and with wetsuit [13].

Table 1. Comparison of thermal manikins [11, 12]

NEMO TIM

Surface area 1.86 1.80

2
m
Height, mm 1770 1778
Weight, kg 70.0 94.5
Number of 23 15
zones
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Shell material Aluminium Aluminium

Power 60Hz AC -
electrical
power

Producer Measurement CORD Group
Technology
Northwest
(USA)

(Canada)

Pavlik et al. also tested wetsuits on triathletes. They claim that wearing a wetsuits improves
the swimmer performance [14]. The results of Tomakawa et al. suggest that wearing of
wetsuit improve swimming performan@nd propulsion efficiency and, at the same time
reduces energy consumption in swimming portion [15]. Prado et al. investigated the effects of
wearing a wetsuit on resting cardiovascular measures. They observed that mean arterial
pressure was greatest whitne@ smallest wetsuits was worn (compared to swimming without
wetsuit), [16]. Maraboti et al. also evaluated the possible cardiovascular and respiratory effect
but in dry conditions. They observed a significant decrease in heart rate and cardiac output
anda significant increase in total peripheral resistances [17].

Some researchers investigated wearer satisfaction when wearing diving suits. Kim et al.
analyzed 15 items measuring importance of wetsuits and concluded that for female and older
divers functiomal performance of wetsuits is more important thamiate and younger divers

[18].

4. METHODE USED IN STUDY

Infrared thermography is gaining popularity among the researchers in various fields. In the
field of textiles, the potential of thermography is used to observe the production process,
material properties, clothing comfort, failure and product developria&nep].

In this investigation, thermography is used to observe the changes in body temperature of
divers wearing neoprene diving suit immersed in sea water. For the measurement is used
thermal camera FLIR E5 [21]. The specifications of used cameravare igithe Table 1.
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Table 2. IR camera specificatiorf20]

Imaging and Optical Data

IR Resolution 120 | 90

MSX 320 I 240
Resolution

Thermal <0.10AC

Sensitivity

FieldofView 45A | 34A
Detector Uncooled Microbolometer
Screen 3.0 in. 32aDI1

Frame Rate 9 Hz

Analysis

Image Modes IR image, visual image, MSX
thumbnail gallery

(MSX) IR image with enhanced det
presentation

Temperature 0 A t o

Range (Standard Range 82 0 AC
+250/AAF( to +4

Emissivity Variable from 0.1 to 1.0

Correction

The observed body zones of divers are neck, right shoulder, right upper chest, central upper
chest, left upper chest and left shoulder. The zones are defined on the basis of body mapping
proposed by Smith & Havenith [22] and shtoon the figure 2. The temperature of skin for
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Intornagi

each observed body zone is recorded after different intervals of immersion in water, i.e. 5, 10,
15 and 25 minutes.

Figure 2. Observed body zones

5. RESULTS AND DISCUSSION

In the results section are presented results of measurement on male diver who was wearing 7
mm thick neoprene diving suit. Temperature of water during all cycles of immersion was 18,4
AC. The thermogram of diver's wpipgvenibfgdy t
3.

The figure 4 gives the overview of temperatures recorded after 5, 10, 15 and 25 min of
immersion in the water, for each observed body zone.
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Figure 3. Thermal image of diver

zone 6 -, Zone 2

=0 min
=5 min
10 min
15 min

75 min

one 5

Figure 4. Distribution of temperatures
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6. CONCLUSION

Before immersion, highest body skin temperature was recorded in a central upper chest body
zone, then in left and right upper chest, neck, while lower temperatures were recorded in left
and right shoulders (fig.4).

Highest temperature drop wescorded in a first 5 minutes of immersion in water, especially

in a zone of neck. It has to be noted that neck was the only zone uncovered by diving suit.
After 25 minutes of immersion, the lowest skin temperature was recorded in the zone of neck

- 273 AC, what i s 17% | ower t han before i mm
temperature, after 25 min of immersion in the water, was recorded in a central upper chest
body zone3 0, 7 AC, what is 9,4 % | ower than befo

The outcones of research will facilitate the process of designing wetsuits in order to
increase/decrease thermal insulation in the zones that are identified and finally to maintain
optimal thermal comfort.

Future investigations will include measurement of tempegativop in observed body zones
caused by immersions in different water temperatures and by wearing neoprene wetsuits of
different thicknesses.
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