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ABSTRACT

The present work focuses on the upper Cretaceous (Cenomanian-early Campanian)
carbonate successions in selected wells from northwestern Iraq. These successions are
represented by Gir Bir (Cenomanian-early Turonian), Wajna (late Santonian) and Mushorah
(early Campanian) Formations. The succession has affected by early burial near-surface,
unconformity-related and deep burial diagenesis represented by cementation, neomorphism,
dolomitization, dedolomitization, silicification, authigenesis of glauconite and pyrite,
compaction, micritization, solution and porosity formation. The common porosity types are
intergranular, fenestral, intercrystalline, moldic, vuggy, channel and fracture. Three porosity
zones (1, I, and I11) are identified depending on variation in gamma ray which reflects their
shale content. The upper part of zone (Il) is highly porous and regarded on the main
reservoir unit in the middle and upper parts of the Gir Bir Formation. Fracture and moldic
and vuggy dissolution features in addition to karstic and fissure features are responsible for

the porosity increase in the fractured reservoir unit.
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1. Introduction

The Mesozoic carbonate system of the Arabian Plate is one of richest hydrocarbon
provinces of the world. This is mostly due to combination of their large-scale dimensions

and the presence of source and seal rocks within the same depositional system [1].

Irag's largest hydrocarbon reserves are hosted in the Cretaceous sediments, particularly in
the Mesopotamian Basin [2]. The Cretaceous succession in Iraq is up to 3000 m thick [3]
and comprises megasequences AP8 and AP9 of Sharland et al., 2001, [4]

The Cretaceous succession has been extensively studied because it contains abundant
reservoir intervals. It is the most productive interval in Iraq and contains about 80% of the

country’s oil reserves [2].

The present work focuses on the upper Cretaceous (Cenomanian-early Campanian)
successions in selected wells from northwestern Irag. These successions are represented by
Gir Bir (Cenomanian-early Turonian), Wajna (late Santonian) and Mushorah (early
Campanian) formations. Carbonate rocks of the Gir Bir Formation are represented by
limestones (mostly recrystalized), marly limestone and fractured dolomite. Limestones
(locally silicified), thinly laminated dolomite with occasional anhydrite nodules and
fractured limestones form the main lithology of the Wajna Formation. Whereas, Limestone
and marly limestone dominate the lithology of the Mushorah Formation. The Mushorah
carbonates are based on conglomerate and brecciate bed, poorly sorted with subrounded-

subangular rock fragments in a green marl matrix.

Several microfacies were distinguished in each formation, they were grouped into facies
belts and the depositional environment were identified [5]. The Gir Bir carbonates were
deposited in outer shelf, slope/shoal, rudist build-ups, back-reef/shoal and protected lagoons
in a regressive shallowing upward sequence. Shallow marine environment with facies belts;

supratidal, protected lagoons and outer lagoonal (shoal) are distinguished for the Wajna

Web Site: www.Kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig
o
3




KJ P S AFKjtab Journal for Pure Science
Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

rocks. The succession of the Mushorah Formation is considered to be deposited in a

relatively deep marine environments ranging from outer shelf to upper bathyal [5].

Mosul

Fig. 1 Location map showing the studied wells from northwestern Iraq

The correlative rock successions in the north and eastern parts of Iraq were studied by
Haddad and Ameen (2007), [6] who concluded that the Gulneri, Kometan and Mushorah
formations (mid-Turonian- early Campanian) have been deposited in a flat-topped ramp that

formed because of extensional tectonism.

The present work is conducted on several wells from northwestern (Figure 1) aiming to

investigate the linking between diagenesis and porosity evolution of the studied formations.

2. Geologic Setting
The paleolatitudinal location of the Arabian Plate influenced Cretaceous stratigraphy
in Irag. Progressive northward drift placed the Arabian plate in equatorial tropical
latitudes [7]. Carbonates rocks forming the main lithologies in the Cretaceous
successions of Irag and most of the Middle East region due to prevalence of warm

equatorial climates [8].
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The upper Cretaceous successions in northwestern part of Iraq have been affected by
several phases of tectonic movements [9], therefore, they are not completely
documented from this part of the country. The study area was a part of the shelf
during Cenomanian- early

Turonian and was separated from the main basin by the Mosul and Khleisia uplifts
[10]. Prevailed warm and equatorial conditions on the Arabian Plate [11] promote the
deposition of reefal and lagoonal facies of the Gir Bir Formation in the area. During
Turonian- early Campanian, the area was still affected by uplifting with
discontinuous and local subsidence that permit deposition of shallow lagoonal facies
of the Wajna Formation. Transgression in the early Campanian led to deposition of
shallow marine facies of the Mushorah Formation in the studied area.

According to Sharland et al. (2001), [4] , the studied formations present in two of the
Arabian Plate Megasequences, Gir Bir Formation of the Cenomanian-early Turonian
sequence which represents the upper part of the late Tithonian-early Turonian
megasequence AP8 whereas, Wajna and Mushorah formations exist in the late
Turonian-early Campanian sequence that represents the lower part of late Turonian-
Danian AP9 megasequence. The studied formations and their correlative succession

in other parts of Iraq and neighboring countries is illustrated in Figure (2).
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Fig. 2 Stratigraphic correlation of the studied formations within Iraq and some of the
neighboring countries (modified from Al-Nagib, 1967), [12]
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3. Materials and Methods

60 samples from the three studied formations Gir Bir, Wajna and Mushorah were
investigated. Petrographic study is carried out for identification of the main
components of the studied lithologies and to distinguish the main diagenetic events.
Scanning electron microscopy is conducted at Steinman Institute of Bonn University,
Germany and the Earth Sciences Department, Royall Holloway, University of
London, UK for selected samples.

Pore types are identified according to Choquette and Pray (1970), [13] classification
that based on the texture of rock matrix, visible pore structure, and typical
petrophysical behavior that would be associated with the rock. The ages of the
studied formations was considered according to biostratigraphic works of [14, 15].
For the study of porosity evolution, the studied successions are divided according to
shale volume (V-Sh; [16]) into three porosity zones (A, B and C). Primary, total and
effective porosities are measured from FDC, CNL and BHC logs of the three selected

wells.

4. Results
Petrographic component
The main components of the studied carbonate successions are represented by
skeletal and non-skeletal grains, micritic groundmass, sparry calcite cement and
various types of pores (discussed separately).
The skeletal grains of the Gir Bir Formation are dominated by benthic foraminifera
(Miliolids, Alveolina, and Orbitolina) and rudist while the non-skeletal constituents
are represented by pelloids and lithoclasts. In the Wajna Formation, ostracoda,
benthic foraminifera (Miliolids and Glomospira) and pelloids are the main
constituents. Whereas, calcispheres, planktonic and benthic foraminifera and
Inoceramus form the main constituents of the Mushorah Formation.
These components are distributed in a micritic groundmass that is composed mostly

of calcite in addition to clay minerals that are dominated by kaolinite, illite,
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palygorskite and glauconite [5]. The micritic groundmass has been affected by
dolomitization and recrystallization. The sparry calcite cement is dominated in most
of the studied carbonates either as intergranular cement or as filling of voids and
fractures

.Diagenetic processes

Carbonates of the studied formations have been affected by both early-and late-stage
diagenesis. The observed diagenetic events can be divided into constructive
(isochemical and allochemical constructive diagenesis) and destructive diagenesis
(sensu Milliman, 1974), [17]

Isochemical constructive events (without modifications in chemical composition of
the rocks) are represented by cementation and neomophism. Cementation has led to
occlusion of primary porosity in carbonates. The following cement types were
recognized; blocky, syntaxial rim, drusy mosaic, radiaxial fibrous, fibrous and
granular filling inter-and intragranular pores and fractures (Figure 3 A-H). These
cements are believed to be of later diagenetic origin, although the mosaic cement
may have formed during two or more phases

.Neomorphism is the dominant diagenetic event affecting on the carbonate rocks of
the Gir Bir and the upper parts of the Wajna formations, whereas, it is slightly
affected on the Mushorah carbonates. This process is divided into recrystallization
and inversion (Figure 3 I-K).

Allochemical constructive events (that show some modification in chemical
composition of the rocks) are represented by dolomitization, dedolomitization,
silicification and authigenesis. Aphanotopic, fine-grained dolomite rhombs, floating
and contact rhombs, spotted, sieve and sutured Mosaic dolomite textures were
recognized (Figure 4 A-F) according to classification of Randazzo and Zachos
(1984), [18].

Dolomitization has slightly enhanced the reservoir quality particularly with the
formation secondary intercrystalline micropores. Dedolomitization is observed in
poikilotopic, composite calcite rhombs and rhombic pores textures (Figure 4 G). This

event is commonly recorded in the Mushorah Formation. Silicification in the form of
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chert nodules and beds are sporadically exists in the lower part of the Mushorah
Formation and in distinctive zones in the Gir Bir and Wajna formations. The process
is diminished in the highly dolomitized beds and near stylolites rich in organic matter
(Figure 4 H).

The authigenic minerals in the studied carbonates include glauconite and pyrite.
Galuconite is observed as green rounded grains (Figure 4 1) in the upper part of the
Mushorah Formation near the contact with Shiranish and Hartha formations and
rarely occur in the lower and middle part of the formation. Pyrite occurs in various
forms in all the studied formations. It exists either in planktonic foraminifera
chambers or in calcispheres or in the pores of the micritic groundmass of the
Mushorah Formation. Pyrite also found as euhedral cubics or in stylolites or in
mollusca fragments of the the Gir Bir and Wajna formations (Figure 4 J)

.Destructive events include; compaction, micritization, bioturbation, dissolution and
porosity formation (discussed separately).

Compaction generally decreases porosity due to the heavy sedimentary cover (>1000
m thickness) which gave the orientation property in their internal structure of the
sediments [19]. The compaction has indirect relationship with the original primary
cementation. It occurs in the studied carbonates in mechanical and chemical
compaction. Mechanical compaction is observed by breakage in inoceramus shells
(Figure 4 K) whereas, chemical compaction is recorded from various types of
pressure solution or stylolitic textures (Figure 4 L and 5 A- B). Pressure solution has
resulted in the formation of dissolution surfaces, clay seams, and stylolites Organic
material and other relatively insoluble particles (dolomite rhombs, early calcite-
cemented grains, and clay particles) commonly occur on the stylolite surfaces,
indicating a late-diagenetic origin.

Micritization is an early diagenetic process that occurs in marine phreatic
environments [20], and skeletal grains were micritized shortly after deposition due to
fungi action and micritic envelops construction. In the present study, it seen in the
successions of the Gir Bir and Wajna formations. Bioturbation is distinguished in

mottled textures due to boring activities that lead to accumulation of organic matters
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and give darker color for the bioturbated zones. It is recorded in distinctive areas
where dolomitization and pyritization dominate (Figure 4 J).

Dissolution is a more effective diagenetic process than cementation in most of the
reservoir beds that improved the carbonates porosity. This process acts to destroy the
internal structures for the skeletal grains, leaving the micritic envelope to form the
moldic porosity, vuggy porosity or enlarging the presenting vugs to form cavern
porosity or channel porosity, and sometimes, there are open space structures due to
the effect of the selective dissolution. In the present work, dissolution is recorded as
karst and fissures in the upper part of the Gir Bir Formation where conglomerate and
breccias dominate or in different forms throughout the studied carbonates
(Figure 5 C).

Porosity types

The following types of the porosities have been distinguished according to Choquette

and Pray (1970), [13]

1. Solution enhanced inter-granular that form as a result of dissolution of the cement
between carbonate grains and this pores is enlarged by dissolution processes and
cementation between grains is further removed (Figure 5 D).

2. Fenestral porosity which is formed as a result of dissolution of evaporite grains
and organic matter and is commonly distinguished in the middle part of the
Wajna Formation (Figure 5E). The aforementioned porosity types are considered
as primary porosity types that have insignificant contribution to overall porosity.

The following types of porosity are considered as secondary porosities with most

significant contributors to overall pore volume in the studied carbonates .

3. Intercrystallline: This type of pores are associated with recrystallized and/or
dolomitized beds. It is observed between dolomite crystals in the Gir Bir and
Mushorah formations (Figure 5F and 4E).

4. Moldic: Molds and incomplete molds are formed from the diagenetic dissolution
of metastable grains. Moldic pores exhibit sharp and distinctive outlines of

leached grains, while incomplete moldic pore boundaries are less distinctive and
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adjacent to recrystallized remnants of the original grain. Moldic and incomplete
moldic pores (Figure 5G) dominate the skeletal grains of most of the studied
carbonates specially in the upper part of the Gir Bir Formation.

5. Vuggy: Vuggy pores occur as enlarged solution enhanced intra-matrix pores
(Figure 5H and ). Pore outlines are irregular and pore shapes are typically blocky
in nature. Vugs are fabric selective and do not resemble preexisting component
grain shapes or sizes. Vugs may contribute to overall effective porosity when
interconnected by sufficient intra-matrix porosity.

6. Channel: This porosity is distinguished as elongate vugs mostly filled with
hydrocarbons in the upper parts of the Gir Bir and the lower part of the Mushorah
formations (Figure 5J).

7. Fracture: It is the most effective and important secondary porosity generated by
tectonic fracturing of the rocks and play as conduits for hydrocarbons in
carbonate reservoirs. It is observed as an oblique fractures including sliken sides
or as isolated or group of fractures (Figure 5 K and L) in various portions of the
studied carbonates but commonly seen in the upper part of the Gir Bir Formation

below the unconformity surface with the overlying Mushorah Formation.
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Fig. 3 Diagenetic features of the studied rocks, A, blocky cement in micritic groundmass, Gir Bir
Formation. B, syntaxial rim cement around echinoderm fragment, Gir Bir Formation. C, fibrous cement in rim
graded to drusy mosaic in center of ostracoda shell. Mushorah Formation. D, drusy mosaic cement in micritic
groundmass, Gir Bir Formation. E, drusy cement in conical rudist shell, Gir Bir Formation. F, radaxial fibrous
cement that develop to drusy cement in the center of a shell, Mushorah Formation. G, Scanning electron
microscopic image (SEM) of radaxial fibrous cement with dissolution features and small pores (arrows), note
calcispheres (C) and planktonic forams (P). Mushorah Formation. H, granular cement in Nezzazata benthic
forams and vein filled with calcite, Gir Bir Formation. I, recrystallization of the micritic groundmass in the
Mushorah Formation. J, SEM of recrystallization and microspar neomorphism, Gir Bir Formation. K, inversion

of aragonite to calcite on a bioclast, Gir Bir Formation.
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Fig. 4 Diagenetic features of the studied rocks. A, floating dolomite texture, Gir Bir Formation. B,

contact rhomb fabric, Gir Bir Formation. C, drusy mosaic dolomite texture, Gir Bir Formation. D, SEM image
of drusy mosaic dolomite texture, Gir Bir Formation. E, sieve mosaic texture with intercrystalline porosity
(arrows), Mushorah Formation. F, zoned dolomite in contact rhomb structure, Gir Bir Formation. G,
poikilotopic dedolomite texture, Mushorah Formation. H, silicification with growth of coarse quartz crystals,
note inhabitation of silicification in the organic rich and dolomitized laminas (arrows refer to dolomite
rhombs), Mushorah Formation. |, authigenic glauconite (arrows), Mushorah Formation. J, concentration of
pyrite in bioturbated bed, Gir Bir Formation, K, mechanical compaction and breakage in Inoceramus shell,
Mushorah Formation. L, low-amplitude stylolite filled with organic and clayey matters, Gir Bir Formation.
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Fig.
5 Compaction features and porosity types in the studied rocks. A, SEM image of stylolite with enlarged view
showing partial calcite growth in stylolite, Gir Bir Formation. B, irregular anastomosing stylolite, Gir Bir
Formation. C, karstification in the upper surface of Gir Bir Formation, core sample. D, intergranular porosity in
peloidal lime grainstone of Gir Bir Formation. E, fenestral porosity in lime mudstone that includes anhydrite
nodules, Wajna Formation. F, SEM image of sieve mosaic dolomite with intercrystalline porosity (arrows),
Mushorah Formation. G, moldic porosity after dissolution of skeletal grains and rimmed dolomite formation,
Gir Bir Formation. H, vuggy porosity, Mushorah Formation. I, SEM image of differential dissolution in
recrystallized limestone leaving micro-vuggy pores, Gir Bir Formation. J, channel porosity filled by organic
matter, Mushorah Formation. K, high amplitude stylolite and fractures filled by hydrocarbons, core samples of
Gir Bir Formation. L, micro-fracture porosity in SEM image of Gir Bir Formation.
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Porosity Evolution

The studied succession was divided into three zones (A, B, and C) depending on
variations in Gamma ray, which reflects their shale content (Figure 6).

The A zone is recorded in well Bh-1 only and has a funnel shape (Figure 6) with 103
meter thick and high shale content. This zone is represented by stratigraphic sequence A and
the TST from sequence B (the lower and middle parts of the Gir Bir Formation).

Zone B is of bell shape (Figure 6) and low content of shale. It has approximately 109
meter and appears in BH-1 well and continues in the upper parts of wells Sf-16 and 41. It is
revealed that the upper part of zone (B) which coincides with (HST) of sequence (B) is
highly porous and regarded on the main reservoir in the middle and upper parts of the Gir
Bir Formation.

The funnel shape is also observed for the zone C (Figure 6) with high thickness in Sf-
16 and 41 whereas, while it decreases to 34 meter thick in Bh-1 well. It has high shale
content as compared with other zones and is represented by sequence C (Mushorah
Formation).

The primary, total and effective porosities are calculated from the well logs (BHC,
CNL, and FDC). The values are plotted with depth for selected wells (Figure 7) to show
distribution of porosity with depth and to delineate the locations of the effective porosity that
reflect the fluid direction and the reservoir zones in the studied successions.

In zone A, the total porosity is 2-15% (see Figure 7), the effective porosity is
generally low, while primary porosity is high in some levels due to effect of dolomitization.
This zone is composed of limestone and dolomitic limestone that are highly affected by
recrystallization, in general, it is of poor reservoir characteristics.

The total porosity in the zone B range between 5-25% but increases in the upper part
of the zone (in the upper surface of Gir Bir Formation). The primary porosity increases also
in the upper part of the zone reaching 30% in Bh-1 well and 10% in Sf-16 and 41 wells
(Figure 7). This increase may reflect the effect of fracture porosity [21], or it due to
hydrocarbon effect [22].

A Fracturing and dissolution feature in the upper part of the Gir Bir Formation is the

cause of increase in primary porosity. The upper part of zone B could be regarded as a
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reservoir unit with total porosity (10-25%) and an effective porosity of 10% in addition to
low shale content. This reservoir unit is of fracture reservoir type, which is formed of

shallow marine facies with mud dominance.

In the zone C, the porosity is 3-5% with high shale content in the three studied wells
except lower parts of the zone in Sf-41 where total porosity is relatively high (15%) and
effective porosity of 10%. Core and petrographic investigations show that the studied rocks
include intercrystalline porosity (Figures 4E and 5F) and saturated with hydrocarbons [5].

Bh-1

Sf-41 Sf-16
V-Shale G.R V-Shale GR V-Shale G.R

e

2 o
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Fig. 6 Porosity zones based on gamma readings and shale volume.
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Fig. 7 Depth relation with total porosity (green), effective (red) and primary (yellow)
in the wells Bh-1, Sf-16 and Sf-41.

5. Discussion and conclusions
The studied succession of the upper Cretaceous (Cenomanian-early Campanian)

represented by Gir Bir, Wajna, and Mushorah formations of northwestern Iraq has affected
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by three types of diagenetic stages; early burial, unconformity-related, and deep burial
diagenesis .

Early diagenesis is represented by precipitation of fibrous cement on the inner rims
of skeletal grains (primary porosity). Secondary porosity could be formed during this stage
through dissolution of aragonite and calcite precipitation, which has unequal distribution
leaving intergranular secondary porosity. In general, this stage has little effect on the studied
rocks.

The unconformity-related diagenesis dominates in the upper parts of the Gir Bir
Formation near the unconformity with Mushorah Formation where dissolution features are
common as indicated from dissolution of rudist and bioclasts leaving vuggy and moldic
porosity and other karstic and fissure structures. The effect of cementation on porosity is
mostly limited during this stage. The absence of meniscus cement may refer to phreatic and
vadose conditions, whereas, presence of syntaxial rim cement around echinoderm and
common dissolution refer to the effect of meteoric water on the limestone of the Gir Bir
Formation. This stage is considered as the main reservoir unit in the area under study.

In the deep burial diagenesis, various processes have affected on the studied rocks
that decrease porosity such as cementation (mostly drusy mosaic and blocky),
recrystallization and compaction (stylolite formation). Dolomitization enhanced the reservoir
characteristics by formation of intercrystalline porosity as indicated from increasing of
porosity in the lower part of the Gir Bir Formation (see Figures 6 and 7) and the lower part
of the Mushorah Formation where dolomites and dolomitic limestone dominate.

The Gir Bir Formation is formed of shallowing upward succession. The reservoir
characteristics are low in the lower part of the formation where slope and outer shelf
environments dominate while they improve toward upper part of the formation where rudist
build-ups and other bioclasts are common (Figure 7). Although the upper part was deposited
in back reef shoal environment, it is regarded as the main reservoir in the studied succession
due to fracturing and common vuggy and moldic porosities. Fracturing porosity is also
dominated in the lagoonal facies of the correlative Mishrif Formation in the Arabian Gulf
region [23].
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ABSTRACT

The necessity for stable DC voltage in both removable and non-removable systems has been
considerably desired recently. These systems have to be implemented efficiently in order to
be responding rapidly based voltage variations. Under this act, the efficient power can
extend the lifetime of the employed batteries in such systems. The presented efficiency can
be realized with respect to buck and boost components that were implemented to generate
what is called positive Buck-Boost converter circuits. The main functions of the positive
Buck-Boost converter are identified by announcing the unchanged situation of output
voltage polarity and indicating the level of the voltage rationally between the input and the
output. It is worth mention, the positive Buck-Boost converter circuit was simulated based
Proteus software, and the hardware components were connected in reality. Finally, the
microcontroller type that employed in the proposed system is PIC_16F877A, which realizes
the input voltage sensitively to generate Pulse Width Modulation (PWM) signals in order to
feed the employed MOSFET element.

Keywords: Converter Circuits, Inverting and Non inverting Converters, Positive Buck and

Boost Converters.
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1. Introduction

The modern technologies have fascinated the universe by developing and enhancing the
devices especially the portable devices that are massively needed nowadays. These portable
devices need to be under the domination of great power providers. Lithium-ion batteries are
considered the most applicable item in these devices. Hereby, the question is: how to design

a power system capable of providing these devices by the required power in an efficient way
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without wasting. That would be one of the applications of positive Buck-Boost converter
that magnifies — reduce the input voltage based DC-DC conversion principle. There are
many typologies were used for converting of DC-DC voltage. They have been commonly
used in power supply applications for the majority of electronic systems. The most popular
kind of converters are identified by [1, 2]:

1. Individual Buck converter.

2. Individual Boost converter.

3. Buck-Boost converter.
The basic principle of DC to DC positive Buck-Boost converter converts DC output
voltages. The output voltage can be less than input, which is during Buck converter (step
down), higher than the input during Boost converter (step-up) converter. It also could be
same as the input. Recently, DC to DC converters is developed to be a popular subject
matter, which has many requirements for best specification such as less costly, smaller size,
lighter in weight and fewer power losses towards a highly efficient power conversion.
Moreover, pulse width modulation (PWM) has been grown of DC electronic devices. Buck-
Boost converter adapts an unstable input voltage into a fixed output voltage. The output

voltage of the circuit can be dominated by utilizing a duty cycle.

1.1. DC-DC Converters

The basic typologies widely employed in DC-DC conversions are Buck
converter, the Boost converter, and Buck-Boost converters. The Buck converter
that is known as step-down the output voltage, regulates the output voltage to
be less than the input. Besides, the Boost converter or what is called the step-up
converter is utilized to regulate the output voltage, which could be higher -
equal to the input voltage. Additionally, the Buck-Boost converter is used for
both conversion issues, which could operate as a step-down and step up. There

are a couple of different typologies of Buck-Boost converter in same circuit
topology.
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I.  Buck-Boost inverting converter: The output voltage is reverse polarity.
1.  Buck-Boost non-inverting converter. The output voltage is a similar
polarity as the input voltage.

There are many different types of a single step up or step down DC-DC
switching converters. For example of these converters topologies as Buck-
Boost inverting converter, SEPIC- Single Ended Primary Inductance
Converter, and Cuk converter that match the similar functionality. Nonetheless,
some types of converters include drawback in terms as Buck-Boost inverting
converter and Cuk converter where the output voltage is reversed in polarity
[3].

On the other hands, the combination of positive Buck and Boost converter by a
single circuit, which is by combining Buck and Boost converter circuits with
independently controllable switches, which are a common choice for these
types of applications requiring conversion capability. In this review paper,
several different types of Buck-Boost with positive output voltage will be
discussed. There are numerous approaches to provide a controlled the output
voltage (without change polarity of the output voltage). The basic Buck-Boost
inverting converter and Cuk converter are excluded, due to the output voltages
that are reversed in polarity to the input.

In this review paper, the kind of Buck-Boost converter with a positive output
voltage reviewed and analyzed by other researchers. In these days, the
applications of DC-DC converters have been improved and expanded
drastically since they commonly utilized as a part of sustainable power source
frameworks, for example, fuel cells, hybrid electric vehicles, battery chargers,
and solar systems [4, 5]. The hybrid energy such as solar energy and wind

energy are categorized as varied voltage due to the fact that solar power is
e —
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dependent on sunlight and the wind energy depends on the wind. For that
reason, DC-DC converter is used to regulate the output voltage to step-up or
step-down the output voltage to supplied steady levels, the range of the input

voltage is a between (6-18) V and need to get 12V output at steady.

1.2. Single Ended Primary Inductor Converter (SEPIC)

SEPIC is certainly the simplest circuit is a kind of DC-DC converter, the
electrical power potential voltage at the output could be higher, lower or same
as the input voltage. The SEPIC is regulated by the duty cycle [6]. A SEPIC
converter generally is the same as a classic of Buck-Boost inverting converter.
However, SEPIC has an advantage of getting Non-inverted output voltage,
which can be identified as the output voltage that is similar to polarity voltage
[7]. The conventional SEPIC converter has two inductors, two capacitances,

one switching and one diode as shown in Fig. 1.

Fig. 1 SEPIC circuit diagram

It is clearly understood that the (switch Q) is connected parallel with the input
voltage, and L2 is joined together in parallel to the load. Capacitance Co is

connected in parallel with switch Q and the resonant inductor L1 is connected
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in series with Cs [8]. The operation of SEPIC has happened during two states.
When switch Q is closed, the current of I, is increased in a positive direction
and the Iy, is increasing in the negative direction. The energy power required to
raise Iy ,, which is come from the input supply. When the switch is closed the
voltage of Vg is roughly equal to Vi, the voltage Vi, is also roughly to Viy.
Thus, the capacitor Vg provides the power to improve the magnitude field of
the current in I, for growing the energy stored in I;,. Additionally, the diode
works as a reverse as open circuit [9]. When (switch Q) is open, the current Ig
becomes equal to I;; because the inductors do not enable on immediate
changes in the current. I, keeps in the negative path, in reality, it certainly not
reverses path. I;,and I, leads to increase the current delivered to the load [10].
There are some researchers were discussed about the model of SEPIC
converters [11, 12, 13], which was the extremely popular Buck-Boost
converter. However, it needs additional components. SEPIC, used a couple of
inductors and capacitors. Thus, including occupy extra space lead to be
increasing the size and the price. Extra components lead to increase the losses,
and the efficacy of converter will be lower. However, the SEPIC include some
advantages which the output voltage is actually having a similar polarity of the
input voltage. Additionally, it could be regulated fixed output voltage

regardless of the input voltage is lower or higher than the required.

1.3.  Combination Circuit Converters

There are two types of the most popular combination converters, which is Boost-Buck
converter and Buck-Boost converter. The characteristics of the proposed converters are
obtained by connection a couple of general converters with positive output voltage [5]. At

the first type of converter, which is Boost-Buck converter, the Boost converter stage could

o
Web Site: www.Kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig

25




KJ P S AFKjtab Journal for Pure Science

Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

be located at the first then Buck converter is connected by series with it. At second the type
of Buck-Boost converter, the Buck converter could be located at the first stage and followed

by the Boost converter. Both of converters will be explained, discussed and compared.

1.4. Positive Boost-Buck Converter

The topology that achieved by separated devices includes two DC-DC converters. In these
types of converter, the output voltage could be greater or smaller than the input voltage. The
output voltage of Boost-Buck converter is a positive. During a Buck or a Boost converter, 2
switches are turned on and off per every period [14, 15]. This type of circuit is required two

inductors, a couple of MOSFETS, two diodes and two capacitors as shown in Fig. 2.

Fig. 2 Circuit of positive Boost-Buck converter

In spite of the fact that the circuit works with respect to drive the two switches concurrently,
as well as Pulse Width Modulation (PWM) control is used to drive S1 and S2. When the
Boost function is needed, the S1 is driven by PWM and S2 is adjusted through the output
voltage as shown in Figure 2. Besides that when the Buck function is required as a
(Vin>Vout) MOSFET S2 will be operated by controlled PWM while S1 hold off [8].

The researchers were combined a circuit of positive Boost-Buck converter by used two
switches to regulate the output voltage. This work was applied by using two DC-DC
converters that are combined Boost converter and followed by Buck converter [16, 17]. The
advantage of this converter was the output voltage always-positive direction. Whereas the

limitations of this converter are, the losses are high, which leads to lowers on efficiency
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because the amount of the components as twice of capacitors, inductors, and compensation
network required for both of controllers is more. More equipment, additional space is
engaged, which leads to increase [18, 19] the cost. Furthermore, the control system of the

two PWM loop is difficulty according to [20].

1.5. Positive Buck-Boost Converter

This converter circuit has similar functions previous circuit of positive Boost-Buck
converter, which is explained before and shown in Figure 2. In this case, of positive Buck-
Boost converter is basically a combination of a Buck section converter concatenated by the
Boost section. This topology has two MOSFETSs switches, two diodes one output capacitor

and one inductor [21] as shown in Fig. 3.

Fig. 3 A circuit of positive Buck-Boost converter [19]

In addition this circuit of positive Buck-Boost converter or what is called Buck-Boost Non-
inverting converter could be used as step-up or step-down DC-DC converters [22], it is
permitted to connect a Buck with Boost converter in one topology to lead a single inductor
in order to be employed with high fulfillment in Buck-Boost converter [23, 24]. This type of
converter could be used as a Buck converter only by controlling switch Q1, diode D1, Q2
will be turned OFF and D2 will be conducted. Besides, it could work like a Boost converter
by dominating switch Q2 and diode D2, during the Q1 conducts, While D1 not conducts.
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The operation of Buck converter occurs in two cases, the first case when MOSFET of Buck
converter S1 is closed and the second case when S1 is opened. In the first case, the current
flow through the source Vin from the inductor to the load that charges the inductor by rising
the magnetic field, when the Diode of Buck converter D1 is reverse bias. Simultaneously,
the current flow from the inductor, causes energy amplification. When V,,; reached to the
required value, switch S1 opens and diode D1 turns ON in the second case of the operation
in Buck converter. When the MOSFET1 (S1) is open, the inductor works as the main source
to preserve the current over the load resistor. The current goes on streaming over the
inductor from the diode D1 and waits for magnetic field break down operation and the
inductor discharges. Before discharge operation, D1 is opened, S1 is closed, and the period
is repeated.

The operation of the Boost converter also occurs in two cases. As well as, in Buck converter.
During the first case, the MOSFET2 S2 is closed. The current through the switch MOSFET2
S2 conducts, therefore current flows between the positive and negative source terminals
throughout the inductor, which can store electrical energy by generating a magnetic field.
There is certainly no current streaming in the other parts of the circuit as diode D2 or
capacitor C. The MOSFET is quickly turned OFF (during S2 open). It causes a drop in
current and eventually derives the inductor to generate a back electromagnetic field (e.m.f),
in a reversed polarity with respect the voltage across the inductor. While on period, to
continue current streaming which leads to a couple of voltages, the given supply voltage
Vi, and the generated back (e.m.f). The higher voltage comes from voltage supply and
inductor. There is absolutely no current through the MOSFET 2. Lastly, the current through
D2 charges up the capacitor to V supply +VL with a small forward voltage drop across D2,
then supplied to the load.

In the work of researchers [3, 24, 25] an identification technique was presented for soft
transitions in positive Buck-Boost converter. The circuit is chosen because it has an
individual inductor, which is used for both of converters, Buck and Boost. It is a well-known
decision for applications requiring bidirectional conversion capability, high efficiency and
less component stressed. The researchers found reduced conduction losses and decreased

inductor stress as compared to the Boost converter. In Addition, the characteristic of this
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arrangement includes the capacity to select the output DC voltage. Moreover, the researchers
in [19, 26] stated the perfect techniques requires an exchange among the costs, lesser output
noise and lesser ripple factor. This type of converter techniques could regulate the output
voltage into lower, higher or equivalent voltage. The extra benefit of the converter circuit is

the output voltage of the converter in a positive direction.

2. Positive Buck-Boost Technique Implementation

The models of different converter topologies are discussed in this review paper. The
operation of different circuits of Buck-Boot converters, which were supplied positive output
voltage, were explained in details. The advantages and disadvantages in the converters, was
addressed. The techniques theory of combination of DC-DC converters was presented. The
SEPTIC is a simple circuit, however not considered functional. A converter topology named
positive Buck-Boost converters, which can work with both converter (step-down), and (step-
up) was chosen, because it has, many advantages compared with another type of Buck-Boost
converter. The main difference between configurations converters that have explained the
positive Buck-Boost converter was utilized less number of components electrical devices
compared with other converters. The circuit of positive Buck-Boost converter has been
simulated by Proteus simulation software and fabrication in hardware to get the result as

shown in Fig. 4, 5.
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Fig. 4 Design circuit connection of positive Buck-Boost Converter

Fig. 5 Hardware implementation of positive Buck-Boost converter.
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3. Results And Discussions

3.1. PWM Waveform Result

PIC Microcontroller (16F877A) generates PWM waveform, which is the frequency that has
been used is 50 KHz. The duty cycles of PWM are not constant. It is dependent on the input
voltage supply. Fig. 6 shows the PWM waveform in software simulation during different

duty cycle value.

2!] us

Fig.6 PWM on simulation software at 80% of the duty cycle.

3.2.  The result of Buck Converter Simulation

Consequently, the following results were obtained from the simulation. The outcomes were
found in accordance with the result than expected. The output voltage is the main part of this
project. The output of Buck circuit is always lower than the input. The input voltage is not
constant which is a variable. The range of input voltage for Buck converter is from 13-18
and the output is 12VDC. Table 1 shows a several different input value through Buck
converter. Despite the input voltage is varied, the output voltage still virtually regulated at
approximately 12VDC. The difference of the duty cycle as the assignment of the output
voltage is shown in Table 1, which exposes a linear relationship between the duty cycle and

the Vout/Vin ratio for a larger scope of output voltages.
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Table 1 Output voltage during Buck converter on simulation.

Vi Vout Duty Cycle (%)
13 11.97 93.2

14 12.08 85.7

15 12.02 80

16 12.04 75

17 12.05 70.5

18 12.05 66

3.3.  The result of Boost Converter Simulation

Table 2 shows the output voltage through the Boost converter, which indicates that the
output voltage is greater than the input. Table 2 shows the indicates a fairly constant output
of approximately 12 VDC. Even the input voltage for Boost converter is varied from 6V to

11V, the output voltage remained virtually at 12VVDC.

Table 2 Output voltage during Boost converter on simulation.

V; Vout Duty Cycle (%)
6 12.16 50
7 11.99 41.6
8 12.07 33.3
9 11.96 25
10 11.98 16.6
11 11.98 8.3
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4. Hardware Implementation Result

4.1. The result of Buck Converter on Experimental

The results of Buck converter were presented in Table 3. The input voltage of this project
was a variable with a range from 13V to 18V. The output voltages of Buck converter was
roughly constant at 12V. The correlation between the output voltage and the duty cycle is a
positive relationship, which that means; when the duty cycle increased the output will be

increased.

Table 3 Output voltage during Buck converter on hardware.

v Vout Duty Cycle (%)
13 11.85 92.3
14 11.83 85.7
15 11.90 80
16 11.88 75
17 11.86 70.5
18 11.92 66

4.2. The result of Boost Converter on Experimental

The results from the Boost converter were presented in Table 4. The Boost converter is an
operation with a different input voltage also and the output voltage was kept at around 12V.
The relationship between the output voltage and the duty cycle is a positive relationship also,

which that means; when the duty cycle increased the output will be increased.
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Table 4 Output voltages during Boost converter on hardware.

Vi Vout Duty Cycle (%)
6 11.87 50
7 11.93 41.6
8 12 333
9 11.93 25
10 11.95 16.6
11 11.9 8.3

From the results, there are two sections; simulation software results and hardware
implementation. The values of Buck converter and Boost converter from the simulation
software were almost the same as the value of the experimental fabrication result. The result
values from the simulation were quite high compared with the values from hardware
fabrication. The hardware implementation has higher losses because of the electrical power
losses such as conduction losses and switching losses. Conduction losses were those voltage
drops and currents of the elements that happen when the MOSFET is conducting. Switching
losses were included in both of equipment as MOSFETs and diodes. The frequency of
switching was high, the switching operations change quickly. This includes rise time and fall
time for each switching change. Besides what was mentioned, the components sometimes,
do not give the exact value that required because of other effects as temperature. The

accuracy voltage for experimental are not very different and still under the limit.

5. Conclusions

The analysis has been done for the control signals. PWM waveform generated by using PIC
Microcontroller 16F877A to drive the MOSFETs. PWM waveform connected to the gate
driver provides a greater amplitude of the waveform. The converter was checked and tested
with variable input voltages. The circuit has achieved output voltage at 12VVDC that means

the Buck-Boost DC-DC converter circuit was able to step-up or step-down the output
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voltage. The output voltage could be controlled by fixing at 12V even though the input
voltage keeps changing from 6V to 18V. The important part for this circuit was achieved by
working without changing the polarity of the output voltage. This kind of converter has
found more compact, with high efficiency. Analog - Digital Converter ADC on the
PIC16F877A was used to sense the input voltage to generate the PWM as required. From the
data collected of the input and output power, it has been found the overall efficiency of

positive Buck-Boost converter is 82%.
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ABSTRACT

This paper presents a model of Environment Representation Architecture for Intelligent
Robot. The model consists of a vehicle, an environment, and landmarks. The proposed
method is based on using SLAM based on ANN, back propagation algorithm, to be trained
on predefined datasets on some environment. In this paper dun Using Artificial Neural on
the Simultaneous Localization and Mapping enhances the obtained maps of the robot.
Limitation of this paper to test the proposed system, different maps with different datasets
are required, however, these datasets, need expensive sensors, vehicles and GPS receivers to
be built. Use this information to build their decisions. The systematic error was solved by the
proposed approach using ANN, depends only on the initial values that were used during the
training phase, it considers previous landmarks in order to build the next route, but on the

other hand, it does not accumulate the previous error.

Keywords: Simultaneous Localization and Mapping (SLAM), Artificial Neural Network
(ANN).
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1. Introduction
Many natural systems of most creatures in the world are very rich topics for the scientific
researchers, since that a simple individual behavior can cooperate to create a system able to
solve a real complex problem and perform very sophisticated tasks [1] "SLAM has been
performed theoretically in different forms; it is also implemented in different domains, such
as, indoor, outdoor and underwater environments. Probabilistic SLAM problem was first
proposed at the IEEE Robotics and Automation Conference on 1986. Many researchers had

been working on applying estimation-theoretic methods to environment mapping and
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localization problems. A few years later a new statistical method was established by Smith,
Cheesman and Durrant-White" [2]. "This statistical based for measuring the relationships
between landmarks in addition to manipulating geometric uncertainty. They showed in their
work that there must be a high degree of correlation between the estimation of different

landmark locations in the map, which grows with successive observations".

Zhan et al [3], "focused on visual methods to find solutions to this problem, using sensor
fusion navigation, resulted in enhancing the landmark representation of the environment,
other researches based on visual methods allowed a mobile robot to move through an
unknown environment taking relative observations of landmarks” [4] [5]. "The high
correlation between the estimates of these landmarks was due to the margin of error in the

estimated vehicle location” [6].

"The landmarks positions in addition to the vehicle situations shape a full solution to the
localization and mapping combined problem. However, a huge state vector required to be
implemented scaling the number of landmarks in the map. Thus, the researchers considered
the complexity of the mapping problem computations only, regardless of its convergence,
they focused their attention on a sequence of approximations to the solution of the
localization and mapping problem. Their method considered minimizing the high correlation
between the landmarks, resulted in reducing the usage of the filter to a series of decupled
landmark to vehicle filter" [7] [8].

"SLAM problem structure and the results of the convergence was first presented. Recently,
several kinds of research and approaches were proposed on the theory of convergence, such
as [9] [10] [11]. Also on localization and mapping”, such as [12] [13] [14] [15] [16] [17],

"working on indoor, outdoor and underwater environments" [18].

Modeling of environment for use in robotic systems has, in fact, become a major focus of
contemporary autonomous robotic research. There are many researchers have done research
in this area, but are considering the specific environment and this research considering the
general environment. There are problems related to the development of a model for general

environments, such as; How to build a robotic system capable of building map proximity
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form the original environment by identifying the characteristics of the environment and work
in any environment. How to identify the relationships between required information for a
robot related to an environment with the robot tasks. Simultaneous Localization and
Mapping (SLAM) algorithm, is an algorithm used by robots for map building, this work will
be based on SLAM algorithm calculations to produce the mapped datasets and landmark. On
the other hand, Artificial Neural Network (ANN) algorithms are very important for modern
systems, which it can be trained and work without pre-requests. While SLAM requires pre-
requests in order to build the robots landmarks and map. The proposed system in this work
uses ANN to allow the robots to build its own map without pre-requests. Moreover, ANN

enhances SLAM and allows the robot to map any environment.

2. Methodology
The proposed model for the environment representation architecture consists of
five parts; these are Organize Object in environment, landmark, localization,
algorithm SLAM, and Apply of ANN form the environment, as seen in figure
1.

Figure 1: Flow chart of Development Representation an Environment for Robot
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2.1 The Environment
In this paper will be considered one types of environment that is static. The static
environment is the environment that does not change and can be easily dealt with by an

intelligent agent [20].

Using SLAM for construction of a map for the environment for a priori data or put the
update on a given map in a known environment using vehicle without forgetting to keep its
track of the position [20].

In the following subsections are the brief descriptions for SLAM objectives, building a map

and locating the vehicle simultaneously.

SLAM makes a vehicle capable to move in an environment with an unknown location,
moreover [21]. It allows the vehicle to map this environment simultaneously, and use this
map to calculate vehicle location. Figure 2 presents how to do SLAM using internal
representations for the positions of landmarks (map) and the vehicle parameters, always

takes the zero starting position.

Figure 2: SLAM Behavior [23]

Localization and mapping are coupled, each has a relationship with the other For this reason,

been getting better results [23].

2.2 Modeling Vehicle Coordinated System
To position the used vehicle several parameters as shown in Figure 4. "In Figure 4 explain
vehicle navigation in the environment, that means the robot's ability to determine the
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position in the environment and then to plan a path towards goal location. Navigation can be
defined as the combination of the three fundamental competencies: localization, path
planning, map-building. Robot localization denotes the robot's ability to determine its
position and orientation in the environment. Path planning is effectively an extension of
localization, in that it requires the determination of the robot's current position and a position
of a goal location. Map building can be in the shape of a metric map or any way. In this
study use, steering control alpha is defined in vehicle coordinate frame; the laser sensor is
located in the front of the vehicle and returns range and bearing related to objects at
distances of up to 50 meters, high-intensity reflection can be obtained by placing high
reflectivity beacons in the area of operation”.

In this study use "steering control alpha is defined in vehicle coordinate frame as shown in
Figure 4; the laser sensor is located in the front of the vehicle and returns range and bearing
related to objects at distances of up to 50 meters, high-intensity reflection can be obtained by

placing high reflectivity beacons in the area of operation”.

"The landmarks are labeled as Bi(i=1..n) and measured with respect to the vehicle
coordinates (x;,y,), that is z(k) = (r, b, 1), where r is the distance from the beacon to the
laser, b is the sensor bearing measured with respect to the vehicle coordinate frame and 1 is

the intensity information™.

Figure 3: Vehicle Coordinated System

Figure 5 shows the kinematic parameters of the vehicle. This figure does not change (fixed)
explains measurements between the landmarks of the environment and the landmarks of the

vehicle and between measurements components of the vehicle.
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Encoder Laser

Figure 4 Kinematics parameters

"Suppose that the vehicle is controlled through the vehicle velocity Vc and the steering angle
a. Then to predict the trajectory of the back axle center C, the below equation should be
followed. Because the laser is located in the front of the vehicle, the translation of the center
of the back axle, the transformation data is defined by the orientation angle, the velocity is

generated by the encoder and translated to the center of the axle".

2.4 Artificial Neural Networks

A neural network "consists of a set of neurons connected together by weighted connections.
It is characterized mainly by the type of units used and by its topology. There are two types
of specific neurons in a network: neurons receiving input data from the outside world (the
situation) and the output neurons providing the result of the performed treatment (the

evaluation)"[26].
2.4.1 Architecture of ANN

Input layer represents the raw information that is fed into the network that consists of 16
layers. This part of the network is never changing its values. Every single input to the
network is duplicated and sends down to the nodes in the hidden layer. Hidden Layer accepts
data from the input layer. It uses input values and modules them using some weighted value,
this new value is then sent to the output layer but it will also be modified by some weight
from the connection between hidden and the output layer. Output layer consist of 16 layer

process information received from the hidden layer and produces an output [26].
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2.5 Back Propagation (BP) Algorithm
One of the most popular NN algorithms is "backpropagation algorithm. Claimed that BP
algorithm could be broken down to four main steps. After choosing the weights of the
network randomly, the backpropagation algorithm is used to compute the necessary
corrections. The basic formula for BP algorithm™. "The algorithm can be decomposed in the
following four steps"[27]:

- Feed-forward computation.

- Backpropagation to the output layer.

- Backpropagation to the hidden layer.
3. Implementation of the Model to Build Map
The evaluated of this algorithm by using MATLAB® R2013a. The systematic error found in
Nebot’s work was solved by the proposed approach, because, using ANN, depends only on
the initial values that were used during the training phase, it considers previous landmarks in

order to build the next route, but it does not accumulate the previous error.

<« N

Figure 5: a Flow chart for Implementation the model to build a map
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4. Results and Discussion

The navigation system was tested with a utility vehicle retrofitted with the described sensors.

The utility car used for the experiment is shown in Figure 9.

Figure 6: Utility car used for the experiments (Nebot 2000)

In the experiment,” using the dataset contains the true landmarks and GPS coordinates for
his map were taken from Drexel Autonomous System Lab datasets, which were scanned
using a SICK scanner (Drexel), in this study used the vehicle model and sensor pose,
mentioned earlier". The "stars in the map represent potential natural landmarks and the
"circles" are the artificial reflective beacons. Although this environment is very rich with
respect to the number of natural landmarks, the data association becomes very difficult since
most of the landmarks are very close together". The evaluation of the model was using
MATLAB® R2013a. After explaining the proposed approach and methodology, in addition
to the experiment and evaluation of this approach, in the next section, the result showing for
SLAM and ANN as seen in figure 7,8:
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Figure 7: The Result Map from ANN Figure 8: Building Map Using SLAM

To improve results and reduce the error in the artificial neural network by giving you a
number of examples of (input) in order to give better results and working principle of this

artificial neural network

The resulted map is shown in the below Figure 9.

True Robot Position
Mapped Ropat Position

- +  True Landmarks
10 P Mapped Landmarks

y [meters]

&
x [meters]

Figure 9: True and Robot Maps

As it is shown in Figure 5 above, you have reached a relatively good result in mapping the
landmarks and the environment, the robot followed the same direction, but with small error

margin.

The ANN error histogram is shown in the below Figure 10.
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Figure 10: ANN Model Error Histogram

The performance plot is shown in Figure 11, below.

Best Training Performance is 0.00037364 at epoch 21

Train |}

Mean Squared Error {mse)

. \ . . . . . . . .
0 2 4 6 8 10 12 14 16 18 20
21 Epochs

Figure 11: Performance Plot

From the error histogram and the plots above, "it is noticed that good results of landmarks
mapping are reached, which is very close to the true landmarks position. Based on that, very
good results of environment mapping have been obtained, as shown in Figure 9 above; the

model mapped line is very close to the true line".

It can be noticed from the figures above, that very good results in comparison to the previous
works are reached, some of them discussed previously. Using Artificial Neural Network
(ANN) enhanced the accuracy of the map, which is noticed in figure 8 where the mapped
landmarks and routes are almost the same. Moreover, using ANN enhanced the speed of
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map building which is a very important achievement especially in real-time applications, or

in robots that use this information to build their decisions.

The systematic error found in Nebot’s work (Nebot 2000), "was solved by the proposed
approach, because, using ANN, depends only on the initial values that were used during the
training phase, it considers previous landmarks in order to build the next route, but on the
other hand, it does not accumulate the previous error. The table show of the compression
between the work of SLAM and ANN".

4.1The Developed Application
In this section, work is enhanced SLAM algorithm based on ANN. In this method, using

Back-propagation ANN to make the robot estimate the locations of landmarks accurately.

In this algorithm "used the equations of the SLAM landmark equations to train a neural
network; a landmark dataset is also used from Drexel Autonomous System Lab datasets,

which were scanned using a SICK scanner (Drexel)" as seen below:
The original landmark — SLAM algorithm ——» result of SLAM (build map using
(Input) SLAM)

In this works has been trained the ANN on the SLAM landmark equation results as seen

below:

The result of SLAM —— operation ANN——> result of ANN (build map using ANN)

(Input)

The evaluated of this algorithm by using MATLAB® R2013a. The systematic error found in
Nebot’s work was solved by the proposed approach, because, using ANN, depends only on
the initial values that were used during the training phase, it considers previous landmarks in

order to build the next route, but it does not accumulate the previous error.
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5. Conclusions

The proposed solution for this book concerns the localization of a vehicle and an
environmental mapping simultaneously. The design of this algorithm, in addition to the
modeling aspects, is presented with an implementation of it. Modeling SLAM using

landmarks does not require any landmarks surveying.
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ABSTRACT

This study has been carried out in Erbil City -Irag, 30 patients were diagnosis by flow

cytometry as AML which they were admitted to Nanakaly Hospital for Blood Disease and
submitted to chemotherapy. Number of adults/children 22 (73.3%) / 8 (26.7%), female /
male 13 (43.3%) / 17(56.7%). Only 20 (66.7%) patients were smoker. The highest number
was subtyping M4 10 (33.3%) patients, followed by M1 7(23.3%), M3 6(20%), M2 were
3(10%) patients. M5 and M6 were 2 (6.7%). Ten candida spp isolates before induction phase
chemotherapy show 9(90%) C.albicans, 1(10%) C. lusitaniae, and from 32 isolates after
induction phase chemotherapy, 17(53.1%) C.albicans, 7(21.9%) C. lusitaniae, and 8(25%)
C.famata. According to the site of infection, before starting chemotherapy 8(88.9%) C.
albicans isolates were in the oral cavity and 1(11.1%) on the skin, while C. lusitaniae was 1
(100%) in oral cavity only. While after chemotherapy 12(70.6%) C.albicans in the oral
cavity and 5(29.4%) on the skin, C. lusitaniae was 2 (28.6%) in the oral cavity and 5(71.4%)
on the skin, while all C. famata was 8 (100%) on the skin.
The immunophenotype shows that the number and percentage of patients which the myeloid
cells expressed cyMPO was 27(90) with mean percentage of positivity 59.38, while all
patients expressed CD33 and CD13 on their blast cell 30(100) with a mean percentage of
positivity 59.81 and 30.83 respectively.

Keywords: Blood cancer, flow cytometry, candida spp, chemotherapy.
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1. Introduction

Blood cancer or leukemia is a type of blood or bone marrow (BM) cancer
characterized by an abnormal increase of cells called "blasts" [1]. All hematopoietic
neoplasms can be classified to acute and chronic leukemia. Acute leukemia which is
characterized by a rapid and uncontrolled proliferation of hematopoietic precursor cells, with
a loss of maturation and differentiation was classified to acute lymphoid leukemia (ALL)
and acute myeloid leukemia (AML) [2][3]. AML is a hematological malignancy resulting
from the proliferation of a clone of myeloid stem cells that show defective or absent
maturation. The French-American-British (FAB) classification system divided AML into 8
subtypes( M0- M7) based on the type of cell from which leukemia developed and the degree
of its maturity [4][5]. The AML occurs at all ages, but it is predominantly a disease of adults.
The incidence rises progressively with age, reaching 12.6 per 100,000 in adult >65 years.
Approximately 85% of acute leukemia in adults are AML, compared to 15% of acute

leukemia in children [6].

In AML the blast cells often differ from more mature cells by expressing markers of
immaturity and lacking antigens expressed by more mature cells. Immunophenotype by flow
cytometry is most useful in identifying myeloid lineage and distinguishing between AML
and ALL. Myeloid lineage—associated markers include CD13, CD15, and CD33.CD7 is
often found on AMLs (MO and M1) [7].

Infectious complications Infections are an important cause of morbidity and mortality
in leukemia patients, which are at high risk of infection, likely related to the intensity of their

induction phase chemotherapy resulting in repeated episodes of prolonged and profound
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neutropenia. Infections also prolong hospitalization, compromise chemotherapy delivery,
affect the quality of life, and increase health care utilization. Furthermore, protracted empiric
and therapeutic use of broad-spectrum antibiotics may contribute to the evolution of resistant
microbiologic flora (Lange et al., 2004). Fungal infections with Candida albicans C.

tropicalis C. krusei C. glabrata are a threat to patients who have prolonged neutropenia [8].

Systemic fungal infections including those by C. albicans have emerged as important
causes of morbidity and mortality in immunocompromised patients. Nosocomial candidemia
occurs predominately in patients who have hematological malignancies and/or have
undergone stem cell transplantation and is associated with a high mortality rate [9]. In
addition, hospital-acquired infections by C. albicans have become a cause of major health
concerns. Patients with AML developed cervical lymphadenitis and chronic disseminated
infection due to C. albicans [10]. C.albicans appendicitis was reported in a neutropenic
patient after induction chemotherapy [11]. Candida lusitaniae was first identified as a human
pathogen in 1979. There has been a marked increase in the number of recognized cases of
candidemia due to this organism in the last two decades, bone marrow transplantation and
high dose cytoreductive chemotherapy have both been identified as risk factors for infections
with this organism [12]. Candida Famata is a hemiascomycetous yeast commonly found in
natural substrates and in cheese [13]. It has been described in human infections [14][15]. C.
famata has been reported in the patient undergoing chemotherapy for Hodgkin's disease and
caused bloodstream infections [16][17].

2. Material and Methods
A- Patients
This study included 30 newly diagnosed blood cancer patients type AML before
treatment and after the first induction phase chemotherapy, they admitted to the" Nanacally
Hospital for Blood Disease" in Erbil province A questionnaire form was provided to each
patient which included age, sex, family degree, education level, smoking, residence

(geographical area).
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B- Sample collection

1-Bone marrow aspiration

Two ml bone marrow samples (BM) were collected aseptically in collaboration with
senior hematopathologists at Nanakaly Hospital. (BM) from patients with newly diagnosed
blood cancer were studied with flow cytometry FC500 with a battery of monoclonal
antibodies. For the FC evaluation, the BM was diluted with phosphate buffered saline (PBS)
to maintain cells in vitro for brief periods. The immunophenotyping staining procedures are:

A-Surface membrane staining of the blast cells

1- The combination of fluorochrome-conjugated antibodies for each panel designed for an

FC study was added to 12x75 mm plastic test tubes supplied by Beckman Coulter.

2- Then 100 pL of single-cell BM suspension was pipetted into the tubes and incubated at
room temperature (18-25°C) for 15-20 minutes in the dark.

3- Two ml VersaLysisR lysing solution was added to each tube to destroy RBCs in the
sample. The samples were gently vortexed and incubated for 10 minutes in the dark

at room temperature.

4- The mixture was then centrifuged for 5 minutes at 150 rpm and the supernatant

discarded.

5- The cell pellet was washed by re-adding 2 ml of PBS to each tube and centrifuged at
150 rpm for 5 minutes. The supernatant was discarded and the cell pellet resuspended
with 0.5 ml of PBS to each tube. The sample will be ready for FC study within 2

hours.
b- Intracytoplasmic and nuclear staining procedures

1- Hundred pl of reagent 1IntraPrepR (fixative reagent) was added to a 50ul BM sample
to fix the cells. The specimen was then incubated for 15 minutes in the dark.

Web Site: www.Kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig

58




KJ P S AFKjtab Journal for Pure Science

Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

2- Four ml PBS solution was added and centrifuged for 5 minutes at 300 rpm, and then

the supernatant was discarded.

3- Hundred pl of reagent 2 (IntraPrepR permeabilization solution) was added to the
separated cell pellet and incubated for 5 minutes in the dark. This procedure creates
holes in the cytoplasmic and nuclear membrane that allowed monoclonal antibodies

(MoADbs) to enter the internal structures of the cell.

4- The fluorescent-conjugated monoclonal antibodies for cytoplasmic and nuclear antigen
detection were added and allowed to incubate for 15-20 minutes in the dark. In this

step, antibodies diffuse into the interior of the cell.

5- Four ml PBS solution was added for washing. After 5 minutes centrifugation at 300
rpm, the cell pellet was suspended in 0.5 to 1 ml PBS. The sample was ready for FC
study. After FC was completed, the cases were given a blast lineage assignment as

myeloid or lymphoid classification based upon antigen expression.
2- Skin and abscess swabs

The swab tip was moistened with normal saline and was rotated in the center of the
skin or abscess for 30 seconds. Then the swab was placed in the appropriate container and

cultured on Sabuorate agar media.

3- Oral cavity swabs
The cotton tip of the swab was typically rubbed on the inside of the oral cavity for

several seconds then placed into a sterile container to cultured on Sabuorate agar media.

Skin or abscess swabs and oral cavity swabs were streaked on Sabouraud agar plates
gently. plates were incubated at 25°C for 5-7days and identified by VITEK 2 directly in
which a sterile swab on applicator stick was used to transfer a sufficient number of pure
culture and to suspend the microorganism in 3 ml of sterile saline (aqueous 0.45% to 0.50%
NaCl, pH 4.5 to 7.0) in a 12 x 75 mm clear plastic polystyrene test tube. The turbidity was

measured using a turbidity meter (Denis Chekw. Suspension turbidities used for card
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inoculation (McFarland Turbidity Range) for fungi were 1.80 - 2.20. For Card Sealing and
Incubation, the inoculated cards were passed by a mechanism, which cut off the transfer tube
and seals the card prior to loading into the carousel incubator. Identification levels of
unknown biopattern were compared to the database of reactions for each taxon, and a
numerical probability calculation was performed. Various qualitative levels of identification
were assigned based on the numerical probability calculation. The different levels were
Excellence 96-99%, Very good 93 -95%.

3. Results and Discussion

Tablel shows the distribution of patients according to some risk factors. Most of the
AML patients were adults 22 (73.3) and children were 8 (26.7). Another study on the
prevalence of acute leukemia among a group of lraqi patients with acute leukemia
registered and treated in Oncology Department attached to the Al-Yarmuk Teaching
Hospital and Child Central Hospital in Baghdad were showed that the incidence with
AML in adults was 27.5% (Mohammad et al., 2009). The result shows that the number
of female to male patients was 13 (43.3)/17(56.7). In another study included 115 Iraqi
patients with AML, there were 63 males and 52 females with a median age of 35 years
[18]. Prevalence and comparison of male and female patients with different types of
leukemia during 2001-2010 in the multiethnic population of North Karnataka, there were
122,000 males 78,000 female in AML [19]. [20] found 8/22 females to male in AML
patients. [21] found 14 females and 25 males AML patients. Most of the patients were
without family relationship 15 (50%). Most of AML patients10 (33.3) were of a bachelor
level. 20 (66.7) of AML patients were a cigarette smoker. This result agrees with [22]
who found that among the 161 males and 119 females with AML, 101 (36.1%) had never

smoked and 179 (63.9%) were ever smokers.
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Table 1 showed the distribution of patients according to some risk factors.

Risk factors

Child(< 18 years)
Adult(>18 years)

Male
Female

Family relationship
First degree
Second degree
Third degree

None

Education level
Primary
Secondary
Diploma
Bachelor

None

Smoking

Non smoker
Smoker

Total

Exposure to ionizing radiation such as the atomic bombings of Hiroshima and
Nagasaki had an increased rate of AML [23]. Alkylating agents and inhibitors of DNA
topoisomerase Il enzyme, increase the risk of leukemia both in children and adults. The
disease occurs mostly as AML, in some cases also as ALL [24][25]. The chemical classes
most commonly associated with childhood leukemia are hydrocarbons and pesticides. The
most widely recognized hydrocarbon is benzene which has a strong relationship with
leukemia [26]. On the other hand, [27] suggested a link between pesticides exposure and
childhood leukemia. Chronic exposure to certain chemicals such as benzene, embalming
fluids, ethylene oxides, and herbicides also appears to be at increased risk [28]. Workers
exposed to benzene were found to have increased levels of cytogenetic abnormalities

associated with AML [29]. Smoking has been increased risk of developing AML
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especially in those persons aged 60—75 [30]. Smoking increases the risk of AML blood
cancer and causes around 6% of all leukemia cases in the United Kingdom [31].

Table2 describes the immunophenotype or the CD marker of AML leukemia. The number
and percentage of patients which the myeloid cells expressed cyMPO 27(90) with mean
percentage of positivity 59.38,while all patients expressed CD33 and CD13 on their blast
cell 30(100) with mean percentage of positivity 59.81 and 30.83 respectively, while CD
117,CD15, CD34, CD64, CD36 and CD14 positivity were 21(70), 13(43.33), 8(26.67),
10(33.33), 11(36.67) and 11(36.67) respectively, with mean percentage of positivity
48.33, 24.66, 45.11, 56.22, 43.14 and 23. Fig.1 shows the passivity of AML case to some
CD markers by flow cytometry.
Table 2 Immunophenotype and CD marker of AML leukemia.

CD marker of AML | N(%) of positive | Mean of Rang of conjugated

Leukemia case positivity positivity fluorochromes
cyMPO 27(90) 59.38 24-92 FITC
CD 33 30(100) 59.81 21-94 FITC
CD 13 30(100) 30.83 20-45 PC5
CD 117 21(70) 48.33 20-70 PE
CD 15 13(43.33) 24.66 20-30 PC5
CD 34 8(26.67) 45.11 20- 69 ECD
CD 64 10(33.33) 56.22 25-90 PE
CD 36 11(36.67) 43.14 20-88 FITC
CD14 11(36.67) 23 21-25 ECD

Acute Myeloid Leukemia without maturation (M1) subtype usually presents with
blasts expressing cyMPO and one or more of myeloid-associated antigens such as CD13,
CD33, and CD117. CD34 is positive in approximately 70% of cases. There is generally
no expression of markers associated with granulocytic maturation such as CD15 and
CD65 or monocytic markers such as CD14 and CD64. In AML with maturation (M2) the
blast cells usually express one or more of the myeloid-associated antigens (CD13, CD33,
and CD15). There is often an expression of CD34 and/or CD117, which may be present
only in a fraction of blasts. Monocytic markers such as CD14 and CD64 are usually
absent. While in acute promyelocytic leukemia (M3) the FC immunophenotyping shows a
lack of expression of CD34, with positive CD33, cytoplasmic MPO, and variable
expression of CD13. CD15 is typically absent [32].Acute Myelomonocytic Leukemia
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(M4) generally show several populations of blasts variably an expressing myeloid
antigens CD13, CD33, and CD15; and others expressing markers characteristic of
monocytic differentiation such as CD14and CD36, CD64[33].
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Fig. 1 Immunophenotype and CD marker of AML patients .(a)FS.Forward Scatter ,SS. Side
Scatter distribution of the blast cells.(b) is CD45 and SSC,(c) is CD cMPO ,(d) is CD13,(e)
is CD64,(f) is CD15, (g) is CD13 ,(h) is CD117 were positive .(i),(j) and (k) for CD4,CD34
and CD79 were negative.
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Fig. 2 showed that the highest number was M4 10 (33.3%) patients, followed
by M1 7(23.3%), M3 6(20%), M2 was accounted for 3(10%) of all AML
patients. M5 and M6 were 2 (6.7%) patients which are the lowest number of
AML subtypes. While there was no case of MO and M7 in this study.

4 )
40 33.3%
X 30 - 23.3%
2 20%
g 20 -
.g 10% o o
310 - 6.7% 6.7%
: B :
0 T T T T T - T - T
MO M1 M2 M3 M4 M5 M6 M7
AML subtypes
\_ Y,

Fig.2 The percentages of AML subtype according to FAB classification.

A study done by [34] supports the results of our study. They found that the percentage of
patients with M4 was the most frequent subtype 40%. Of the overall 1686 evaluable cases,
400 (23.7%) were diagnosed AML-M4 [35]. Numeric differences between the AML
subtypes showed that M4 number was 68/300 which was the second number after M2 (73),
while M1 49, M3 22, MO0 18, M5 12, M6 7 and M7 6, although 45 cases were unclassified
[36]. Other researchers demonstrated that the most common subtype was M1 (35%)
followed by M3, M4, M2, M6 31%, 15%, 15%, and 4%, respectively. None of the patients
were diagnosed as M5, M7 or MO subtype [37].

Identification of several cytogenetic subgroups of AML, characterized by more or
less distinct and specific clinical and morphologic features, has proved its great importance
in the classification, understanding, and clinical management of this complex and
heterogeneous disorder [38]. According to FAB classification patient with inversion (16)
and translocation (16;16), translocations of chromosome 16 have been identified in AML
subtype M4, and translocation (8;21) occurs most commonly in subtypes M1 and M3, and
M4 has a high correlation with t(15;17) while M2 has a correlation with t(8;21). High
frequency of M4, M1 and M3 subtype in our study may be related to environmental

predisposing factors such as carcinogen in weather, diet, soil and industrial products as a
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second event for the subsequent development of these subtypes, in addition to the genetic
alteration to the occurrence of these subtypes in our community [39].

Table 3 shows distribution of total 10 candida spp isolates before induction phase
chemotherapy shows that 9(90%)isolates were C.albicans,1(10%) was C. lusitaniae, and
from 32 isolates after induction phase chemotherapy,17(53.1%) isolates were C.albicans,
7(21.9%) was C. lusitaniae,and 8(25%) was C.famata. According to the site of infection,
before starting chemotherapy 8(88.9%) C. albicans isolates were in the oral cavity and
1(11.1%) on the skin, while C. lusitaniae was 1 (100%) in oral cavity only. While after
induction phase chemotherapy 12(70.6%) C.albicans in the oral cavity and 5(29.4%) on the
skin, C. lusitaniae was 2 (28.6%) in the oral cavity and 5(71.4%) on the skin, while all C.
famata was 8 (100%) on the skin.

Table 3 Distribution of Candida Spp. isolates before and after chemotherapy according to
the site of infection.

Candida albicans Candida lusitaniae

Before

Oral Oral Oral Oral cavity
cavity cavity cavity

N | % N N | % %

8 . 1 010 90

10(100)

After

Blood
cancer

type

Oral Oral Oral Oral cavity
cavity cavity cavity

N [% |N N | % N % N

AML

12 [ 706 |5 . 2 . . 0 43.7 18

Total

17(53.1) 32(100)
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Candida spp. is the most common cause of invasive fungal infection in humans. Candida
infection in immunocompromised hosts was frequently life-threatening [40]. Fungal
infections were also observed in AML patients by [41]. C. albicans, other Candida spp.
Aspergillus, Fusarium, and Mucor species were reported in the skin of Children with acute
leukemia by [42]. There were 16 isolates of Candida, C. albicans 13 and other Candida spp.
was 3. Nineteen of 22 fungal isolates were detected in the induction phase of chemotherapy
as compared to 3 in the intensification/consolidation phase versus none in the maintenance
chemotherapy [43]. The epidemiology of fungal infections in patients with hematologic
malignancies was described by [44] who found candidemia in patients with hematologic
malignancies. [45] represent to appendicitis in a neutropenic patient by C. albicans after

induction chemotherapy.

Conclusions

Most of patients AML were adults in our community and M4 subtype was more prevalent
when compared to another subtype. The number of Candida spp isolates increased after induction
phase chemotherapy. The immunophenotype shows that most patients’ myeloid cells

expressed cyMPO.
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ABSTRACT

Cellular mobile communication technology has grown exponentially in the last
decade resulting in large number of base stations in areas at which people are living or
working. All over the world, the electromagnetic pollution produced from cellular base
stations erected in residential areas and its effect on the environment and human body is a

problem that has been concerning the society for many years.

This paper, introduces the effects of electromagnetic energy emitted by cellular base
stations on the biological systems of the human body. The induced electromagnetic fields
(EMF), and specific absorption rate (SAR) were calculated in close proximity to cellular

mobile base stations.

The calculated values of SAR were compared with the most commonly used
international limits. The results show that the electromagnetic radiation (EMR) exposure
levels at a distance of several meters from the base station towers can cause hazardous

effects to the public.

Keywords: Electromagnetic radiation (EMR), Electromagnetic pollution, Cellular mobile

communication systems, SAR, Mobile effects on human health.
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1. Introduction
The Global System for Mobile communications (GSM) are second-generation (2G)
systems were adopted in many countries all over the world. Base station antennas transmit in
the frequency range of 935 to 960 MHz (GSM-900), 1810 to 1880 MHz (GSM-1800). 3G
cellular system has been adopted in many countries, in which base station antennas transmit
in the frequency range of 2110-2170 MHz [1] [2].

Base station antennas are usually mounted on the roofs of buildings or on free-

standing masts, and down-tilted, so that the signals are directed towards ground level.
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Cellular mobile communication system operates via base stations, and each base
station covers a limited region(cell) [3]. The widespread use of cellular phones requires more
base stations to provide good coverage, as sitting base stations far from the user will result in
poor quality link, and causes the phones to increase their output power to sustain the

connection. Therefore, many base stations were erected in areas of high population density.

The presence of base station towers in residential areas is certainly discomforting and
a cause of serious concern regarding the potential hazardous effects on people, particularly
for those living or working in the vicinity of these base stations [2] [4].

Exposure of the general public to non-ionizing radiations from mobile base stations,
TV /radio broadcasting transmitters, and other wireless networks is almost continuous.
Exposure guidelines are always based on the thermal effects of the radio frequency (RF)
energy which can be evaluated in terms of specific absorption rate (SAR), and RF field

intensities [4].

The objective of this paper is to develop a simplified theoretical method to
assess the effect of RF radiation on people living nearby GSM base station, depending on the
prediction of the induced electric field around the base station transmitting antenna,
calculation of the penetrated electric field and (SAR) inside the human body tissues. Finally,
compliance of the calculated values of SAR has been evaluated with the guidelines given by

the most known authorities.

2. Material And Methods
a. RF Field — Power Density Variation

As the human body consists of 70% liquid, the main effect of exposure to microwave
is the heating of body tissues in a way that is similar to cooking in microwave ovens, leading
to increase in body temperature. The effect of microwave (MW) radiations on biological
systems depends on the radiation frequency, power level, dielectric constant, conductivity of

the tissue, and exposure time[3] [5].
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Radiation from base station in the far-field region is usually defined by the power

density, or field intensities. The power density (S) and field components in air are relating by
the equations [6]:

El¢ C R, G,
0% Lo _ 1
2 4rr? @

/ PG PG
E = L R VR (2)
dre,C, r r

Where E, is the electric field intensity in free space, P; is the transmitted power, G; is

S:

the transmitting antenna gain, r is the distance between the RF source and the exposed point,

&0 1S the free space permittivity, and c, is the radio wave speed.

The geometry illustrated in Figure 1, shown below will be used to determine the
power density on each point of the exposed body that receives the RF power from the base
station as a monopole antenna.
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Fig. 1: Power Density and Electric Field Calculations Geometry.

b. Penetration Depth Estimation

When electromagnetic radiations are penetrated inside the human body, the incident
power density will be reduced by a factor of e®. The depth at which the induced field is

reduced to 1/e (about 0.367) compared to its magnitude at the surface of any material is
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called the (skin depth). Therefore, the field (E;) at a depth distance, z, due to the incident
field E,, on the surface is given as [5]

E, =E, e’ ©)

where 9, is the skin depth in any material that can be given by [7]:

-05
2
5=1 /—2 1+(iJ -1 (4)
o\ ue W e

o=2rxf, u=p,u, €=¢,¢ (5)

where o is the angular frequency, f is the frequency, o is the conductivity, p is the
permeability, p, is the permeability of vacuum, p, is the relative permeability, € is the

permittivity, &, iS permittivity of vacuum, and &, is the relative permittivity.

c. SAR Calculation

When a human body is exposed to electromagnetic radiations, it absorbs radiation
and results in heating of biological tissue. The amount of heat required to change a unit mass
of a substance by one unit of temperature is called the specific heat; its unit is J/(kg.K) or
J/(kg.°C). The average specific heat that has been used for the human body is 3470 J/(kg.°C).
Hence, the relationship between heat quantity absorbed by the human body, and temperature

change is given as [8] [5]

AQ =3470 m (AT) (6)

where Q is the heat energy absorbed or dissipated in joule (J), m is the mass of the

substance(kg), AT is the change in temperature(°C).

Exposure to RF energy can be determined by the Specific Absorption Rate (SAR) that is a
measure of the absorbed power per mass of tissue when exposed to radiofrequency measured
in watts per kilogram (W/kg). SAR is the time derivative of the incremental energy absorbed
by or dissipated in an incremental mass (0m) contained in a volume element (0V) of a
density (p). Therefore, SAR is given as [8] [9]
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SAR:%(347O AT):—347? AT (8)
2
sar = 2 Ei (9)
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where E; is the field inside that material (induced in tissue) (V/m), and p is the tissue density
(kg/m®). This relation implies that the SAR value of tissue depends on the intensity of the

internal electric field, and tissue properties that are presented in Table 1.

Table 1 The Human Head-Body Tissue Properties [10].

Head Body
Frequency (MHz) | (u= o, p = 1000 kg/m®) | (n= p,, p = 1000 kg/m®)
¢ S/m 6 S/m er €
835 41.5 0.90 55.2 0.97
900 41.5 0.98 55.0 1.05
915 41.5 0.98 55.0 1.06
1000-2000 40.0 1.40 53.2 1.52

d. RF Exposure Standards

Many international authorities provide protection for the public exposed to RF and
microwave radiations through setting the permitted maximum exposure (PME) levels. The
most respected standard levels are those recommended by the International Commission on
Non-lonizing Radiation Protection (ICNIRP), and those developed by American National

Standards Institute and the Institute of Electrical and Electronics Engineers (ANSI/IEEE)
[4].

According to the ICNIRP, the admissible power density limit in W/m2 for the public

in the frequency range between (400-2000 MHz) can be calculated as ( f(MHz)/ 200) [3][5].
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The ANSI/IEEE standard C95.1-1992 RF Safety Guideline suggests that the
admissible power density limit in W/m2 for the public in the frequency range between (400-

2000 MHz) can be calculated as ( f(MHZ)/15O) [8][12].

3. Results And Discussion

Most of the cellular base station radiates a power of 20 watt, through an antenna of
18dBi gain (63.095), therefore, the maximum power density (S) will be in an area near the
base station antenna, and is inversely proportional to the square of the distance (r) as can be
noticed from equation 1. For different heights of base station antenna (H), the power density
(S) in W/m? is plotted for different exposed body heights (h) when it is located at different
distances (d) from the radiating source. Figure 2, shows that the power density has no
considerable variation with the height of the exposed body while it decreases as the distance
(d) and transmitting antenna height (H) is increased. Therefore, increasing the base station
antenna height can be used as one of the main technique for RF pollution reduction.
Furthermore, the power density at a distance of 30 m from the base station doesn’t exceed

0.9 W/m? which is below the permissible limits.
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Figure 2: Power Density Variation with Exposed Body Height and Distance

The median transmits frequency of GSM-900 and GSM-1800 can be calculated to be
947.5 MHz and 1845 MHz respectively. The depth by which the electric field caused by
base station radiation penetrates human body can be calculated by using equation (4) with
the help of the human biological tissue characteristics given in Table 1. The penetration
depth for GSM-900 was calculated to be 3.77 cm for a human body, and 3.57 cm in a human
head. The penetration depth for GSM-1800 was calculated to be 2.57 cm for a human body,

and 2.43 cm for a human head.

The variation of the induced field inside the human tissues is calculated by applying
equation 3. Figure 3 illustrates the variation of the electric field inside the human body for
different distances from GSM-900 and GSM-1800 base stations, and for different depth
distances (z). It can be noticed that as depth distance increased, the field will be decreased,
and the induced field in human body exposed to GSM-900 radiations is more than that
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induced due to the effect of GSM-1800 base station radiation at the same depth distance
when the effective radiated powers are equal.

Figure 4, shows the variation of the electric field inside the human head and body
due to the radiation emitted by GSM-900 and GSM-1800 base stations respectively at 1 cm
depth distance. From Figure 4, it can be seen that the induced field in the human body is
more than that induced in the human head because the human body has more penetration
depth due to higher conductivity and permittivity. Furthermore, the induced electric field due
to GSM-900 base station radiation is more that of GSM-1800 base station radiation, because
of higher frequency results in less penetration depth.

Field Induced in Human Body GSM-900 Base Stations
F F

Field Induced in Human Body GSM-1800 Base Stations
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Figure 3. Induced Field inside Human Body For GSM Base Stations
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Figure 4. Field-Induced in Human Body-Head over 1 cm Penetration Distance
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By using equation 9, and Table 1, the value of SAR in the human body and head
were calculated for different distances from the base station tower at different depth
distances. The calculated values of SAR due to GSM-900 and GSM-1800 base stations are

given in Tables 2, and 3 respectively.

From these tables, it can be noticed that the amount of the absorbed RF energy
decreases rapidly with increasing distance from the base station antenna. As a result, the
level of exposure to radio waves at ground level is very low compared to the level close to
the base station antenna. The values of SAR at a distance of 5 meters away from the GSM
base station is below the safe value of SAR set by international agencies(less than 1.6 W/kg),
and this implies that it is unsafe to be at a distance less than 5 meters from the base station

tower for the recommended exposure time.

Table 2 The Calculated Values of SAR for GSM-900 Base Stations.

. SAR in Human Body (W/kg) SAR in Human Head (W/kg)
Bg;setg?g;;:;o(rpn) Depth Distance (z) Depth Distance (z)

1.0cm | 2.0cm 2.0cm 1.0cm 2.0cm 3.0cm
0.5 94.28 94.28 55.993 111.973 | 84.618 | 63.945
1.0 23.57 23.57 13.998 27.9934 | 21.154 | 15.986
2.0 5.89 5.89 3.4995 6.9983 5.2886 | 3.9965
3.0 2.61 2.61 1.555 3.1103 2.3504 1.776
4.0 1.47 1.47 0.874 1.749 1.3006 | 0.9991
5.0 0.94 0.94 0.5599 1.1197 0.8461 | 0.6394
6.0 0.65 0.65 0.3888 0.7775 0.5876 | 0.4440
7.0 0.485 0.485 0.285 0.5712 0.4317 0.326
8.0 0.36 0.36 0.2187 0.4373 0.3305 | 0.2497
9.0 0.29 0.29 0.1728 0.3455 0.2611 | 0.1973
10 0.23 0.23 0.1399 0.2799 0.2115 | 0.1598
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Table 3 The Calculated Values of SAR for GSM-1800 Base Stations.

. SAR in Human Body (W/kg) SAR in Human Head (W/kg)
Bgésetg?;;;rzo(rr?]) Depth Distance (z) Depth Distance (z)

1.0cm 2.0cm 1.0cm 20cm
05 105.33 48.460 140.264 92.944
1.0 26.333 12.115 35.066 23.236
2.0 6.583 3.028 8.7665 5.809
3.0 2.925 1.346 3.8962 2.5817
4.0 1.645 0.7517 2.1915 1.4522
5.0 1.053 0.4846 1.4026 0.9294
6.0 0.7314 0.3365 0.9740 0.6454
7.0 0.5374 0.2472 0.7156 0.474
8.0 04114 0.1892 0.5478 0.3630
9.0 0.3250 0.1495 0.4329 0.2868
10 0.2633 0.1211 0.3506 0.2323

According to the ICNIRP, the admissible power density for GSM-900 base stations
will be equal to (4.737 W/m?). For the case of 20 W transmitted power through an antenna of

(18 dBi) gain, the safety distance can be calculated as:

_ f(MHz) 9475 PG,

L= 4.6m
200 200 A4zxr

S

P G, _\/20x63.095 B

4737 W/m*> = r= = =
478 Arx4.737

At this distance, and for 0.01m depth distance; the value of SAR can be calculated to
be 1.139 W/kg which is less than the limit has set by many organizations that are 1.6 W/kg
for the whole body.

With the use of the ANSI/IEEE standard, the admissible power density for GSM-900
base stations will be equal to (6.316 W/m?). For the case of 20W transmitted power through

an antenna of (18 dBi) gain, the safety distance can be calculated as:

_ f(MHz) 9475 PG,

150 150 4zxr

S

6.316 W /m? = r:\/Pth _\/20><63-095

4rS \ 47x6.316
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At this distance, and for 0.01 m penetration distance; the value of SAR can be
calculated to be 1.482 W/kg which is also less than 1.6 W/kg.

These results show that the calculated values of SAR agree with the power density
standard limits have set by many international agencies.

4. Conclusions

The values of SAR inside the human body tissues due to exposure to non- ionizing
radiation can be evaluated using a simplified theoretical approach to assess the effect of RF
radiation on people living nearby GSM cellular base stations. Theoretical results show that
when cellular base stations are mounted on houses rooftops, it is possible that a person at a
distance less than 5.0 m or very close to the base station could be exposed to high RF levels
greater than the maximum permissible exposure (MPE) limits. Hence, exposure levels
exceeding the safety limits are likely to be found very close to and directly in front of the
base station antennas, and at this hazardous distance, access should be limited, and should

not be reached by the public.

Comparing the calculated values of SAR with ICNIRP, and ANSI/IEEE exposure
limits, an idea for the compliance distance where the radiation level is safe for public

exposures was estimated.
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ABSTRACT

The potential of adaptive antennas to optimize the wireless network performance
make it one of the promising technologies that can face the increased demand for wireless
communications services with the limited available bandwidth. Adaptive antennas have the
ability to steer their main lobe in the direction of interest and placing nulls in the direction of
interference. This can result in co-channel interference minimization, maximizing Signal to

Interference Ratio (SIR) and then improve the receiver sensitivity.

In this paper, the base-station sensitivity improvement and its effect on the mobile
transmit power were investigated at different scenarios. Results show that using adaptive

antenna yields in RF pollution reduction.

Keywords: RF pollution reduction; cellular communication networks; SIR.
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1. Introduction
Base stations in conventional cellular communication networks use either omnidirectional
antennas or sectored antennas. In these networks, most of the power is radiated in other
directions than toward the desired user as there is no information about mobile units (users)
locations. The power radiated in other directions can be regarded as a waste of power, and
experienced as interference by users in co-cells, i.e. those cells using the same set of radio
channels [1] [2].

Widespread utilization of cellular mobile communications services results in the
concentration of more base stations installed in populated and commercial areas to provide
good coverage. Cellular base stations use directional antennas to transmit through several
carrier frequencies, resulting in a power of several kilowatts may be transmitted in the main

beam direction. This increases the public concern about the effects of electromagnetic
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radiation on the exposed biological tissues and may result in many electromagnetic
compatibility (EMC) problems [3].

This study concentrates on the benefits regarding the RF radiation reduction obtained
through the use of adaptive antennas.

The paper is organized as follows: A brief concept of the adaptive antenna system and its
benefit is described in Section Il. Section 111 describes the mathematical derivation of the
signal to noise ratio (SNR). The impact of RF radiation reduction on RF pollution mitigation
is given by simulation in section IV. Conclusions and future work are mentioned in Section
V.

2. Adaptive Antenna Technology

The adaptive antenna is an array of antennas with a digital signal processing unit. The whole
system can be viewed as a single antenna with a flexible radiation pattern that dynamically
varies in response to the radio environment. The transmitted signal is directed toward the
intended or the desired user, and nulls are placed in the direction of interferers [1-3]. The
signals received at the array elements are multiplied by the complex weights and then
summed up to obtain the desired radiation pattern. The complex weights that are determined
by the processing unit are continuously adjusted by the signal processing unit which uses the
available properties of the desired signal to calculate the weights [4]. Utilizing the initial
information about the signal characteristics such as a direction of arrival (DOA), adaptive
algorithms can adjust the array weights dynamically with respect to signal environment and
perform the desired radiation pattern [5]. Uniform linear array with N antenna elements is
assumed to receive uncorrelated signals from K sources. The input signal vector x(t)can be

expressed as:

K

x(©) = ) a0 Si(®

k=1

+ n(t) €y
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wherey(t) is K x1 vector concerning to the k-th source located at direction 0 from the array,

a (0y) is the Nx1 steering vector of the array for the direction of 6y that can be written as:

a(Qk) — [1 e—jﬁdsineke—jZﬁdsian e—j(N—l)Bdsian] (2)
where is the inter-element spacing that is assumed to be equal to (A/2), and f=27/A.

The array output y(t) can be generated through the adjustment of the complex weight

vectors as shown in Figure 1.

y(t)

N

= Z x(t) wh (t) (3)

m=1
where (W™)denotes the transposition of the complex conjugate vector.

Many algorithms are used in many papers such as [4], [5], and [6] to determine and
update the uplink weight vectors for performing beamforming on the received signals. In this
study, Normalized Least Mean Square (NLMS) algorithm is employed due to its reliable

results in stability.

— 1
o)
7]
.

v (1)

Fig. 1. Adaptive Antenna Construction.
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3. Derivation of Signal to Noise Ratio (SNR)
The output at each antenna element in the adaptive array is phase shifted by multiplication
with the weight coefficients, and these outputs will be positively combined to increase the

signal amplitude increases N times.

In the uplink, the amplitude of the received signal from the i-th user at any cell and the noise

at the base station will be given as:

N
Signal received by basestation = Z T = N,

m=1

Noise =n=n;+ n, +nz +--+ny =N,

GNR = (Nr)?  N?r?
~ Nn?  Nn?
2

In the worst-case scenario when the signal power and noise power are the same (r=n),

the signal to noise ratio (SNR) can be given as:
SNR =N (5)

The base station receiver sensitivity S can be given in terms of the carrier power C, and the

total interference l;as (S = C/I;)

Adaptive antenna usage at the base station can be characterized by a reduction in C/I ratio or
the sensitivity required by the receiver. If the receiver sensitivity is reduced from S1to S2, a

capacity increase of () and a power reduction of (8) can be obtained, as follows [3]:
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where C is the carrier power, It is the sum of multiple access interference (Iya)) from the

same cell (intra-cell) and other cells (inter-cell), and n is the noise power.

8 C S, C@l-a)l, +86 al

S, = — = t t

2 @-a)l, +B 8 al, S, | 5C

so__1-@ (6)
(5,/5,)-Ba

where a is the cell load that is equal to the ratio of active users to the maximum allowable

number of users expressed in terms of percentage of capacity.

A.Receiver Sensitivity Improvement

As can be noticed from equation 6, the use of adaptive antenna has the ability to decrease the
base station receiver sensitivity by a magnitude that is equivalent to the additional diversity
gain obtained in up-link without capacity extension. Figure 2 shows the obtained power
reduction (a) due to adaptive antenna usage at different load factors. It can be seen that in a
40% loaded system, a 6.0 dB receiver sensitivity improvement could lead to a 7.75 dB
power reduction. The same receiver sensitivity could lead to about 9.27 dB in 60% loaded
system, and 12.0 dB in 80% loaded system. This can allow the receiver to receive a weaker
signal from the cell phones and can be translated into cellphone battery life extension and
radiated power density reduction around the head of the cell phone user.

20

(ct=0.4 B) (a=0.6 ¢IB) (a=0.8 dB)

—a—|Power Reduction| Power Reductior Power Reduction
16

12

8
a
(=]
1 2 3 4 5

o

Power Reduction (dB)

(=) 7 8 9 10
s/5 (dB)

Figure 2: Power Reduction Effects on Receiver Sensitivity
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The adaptive antenna with ten elements at the base station would need (1/10) the
power transmitted by the cell phone to produce the equivalent radiation of a single antenna
base station. On the other hand, when the power transmitted by the mobile phone remains
the same as the adaptive antenna array of N elements at the base station, the cost of the

amplifier required at the base station will reduce.

Therefore, the use of adaptive antenna has the ability to decrease the base station
receiver sensitivity by a magnitude that is equivalent to the additional diversity gain
obtained. This can allow the receiver to receive a weaker signal from the cell phones, and
this can be translated into cell phone battery life extension and capacity improvement.

B.RF Pollution Reduction
Keeping the size of the area covered by a base station, the adaptive antenna can be
used to reduce the actual power transmitted by the base station. Replacing an antenna with a
gain of (G;) by another antenna with a gain of (G2) allows reducing the actual transmitting

power from (P,) to (P.), with the same effective transmitted power (ERP).
(ERP), =R G, , (ERP),=PF, G,

G,

NG )

PZ:PI%:Pl =P
2

1
N
Equation (8) implies that the transmitted power of the base station can be reduced by
a factor of (1/N).

The power density (Py) at any distanced from the base station antenna can be given

as:

PG
P= —— 8
‘ 47d? (8)
Where P is the power transmitted by the base station through an antenna with a gain

of G is an antenna gain.
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PG P, G
(Py), = 4ird12 (Py), = 4jrd22
(Pd)Z :i (9)
(P), N

This implies that the exposer of any object to the electromagnetic radiation emitted
by the base station antenna will be reduced by (1/N).

Figure 3 shows the power density against the number of antenna elements used at the
base station when a power of ten watts is transmitted through an antenna of 18 dBi gain. It
can be noticed that the power density at a distance of 20m from the base station antenna is
equal to 1.255mW/cm? when one antenna is used, while it decreases to 0.627mW/cm? when
an array of two elements is used, a value of 0.313 mW/cm? with a base station of four
elements, the use of eight elements array produces a 0.016mW/cm?, and a 16-elements array

gives 0.785 pw/cm?.

] I

: ; j : ‘ : ‘ o | |-Aotenmas
| LAt Ay |
—4-Anfemas Array |
o | B-Antermas Ammay
) = 16-nteas Ay |

power density (wfcm2)

distance fom the base station ()

Figure 3: Power density vs adaptive array elements
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C.Base Stations Density Reduction
With adaptive antenna application, the excessive gain that is equivalent to the number of
antenna array Nwill increase the highest allowable path loss level. With the adaptive
antenna, the maximum path loss will be achieved at a distance (d,) that is greater than the
distance (d;) obtained with the use of the single antenna element.

h?h ?
Pr(d):Pth Gr bd4m

2 2
path loss :% =P (d)=G, G, hdem

t

[P (d))];s =G, +G, +20log(h, h,)—40 log(d,)

[P.(d,)];s =G, +10log(M ) +G, + 20 log(h, h,,)—40 log(d,)

For range extension without power reduction: [PL (dl)]dB - [PL (dl)]dB

G, +101log(N,,)+G, +20log(h, h,,)—40log(d,) =G, +20log(h, h,)—40 log(d,)
101log(N,,) =—40 log(d,) + 40 log(d,)

10log(N,,)=40log (d, /d,)

(d,/d,) = Range Extension =4/ N = N"*

Assuming circular cell, the area covered by a base station with a single antenna will

2 2
be (7 d.") , the area covered by a base station with an adaptive array will be (7 d;") , and the

coverage extension will be

@)’ ()
Coverage Extension = ——"—=| N* | = JIN 10)
z(d,)

If the total area required to be covered by the cellular network is assumed to be A and the

system base stations are distributed uniformly, the required base station for full coverage
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2 2
will be reduced by (A7 di7) with single antenna base station against (A7 d3") with the

use of the adaptive antenna. This will reduce the required number of base stations.

2
Base Station reduction = Ldzz =1/JN (11)
Alrd,

This means that the required number of the base station will be reduced (WAN) , and this, in

turn, will reduce the number of electromagnetic radiation sources.

D.Frequency Reuse Efficiency Improvement
The interference is one of the main limiting factors in cellular network capacity. The
frequency reuse efficiency f has defined the ratio of the other-cell interference power Iy to
the same-cell interference power Ig. Interference level reduction can increase the maximum

number of supportable users in a cellular system.

f oo 12)

Assuming omnidirectional base stations network of a total coverage area of a radius R, and
the users are uniformly distributed in each network cell. The distance between any user at
any cell and the serving base station denoted r,. The power received by mobile at distance r,
from its serving base station will represent the user contribution in same cell interference

(Isc). It can be given as

PI’U = F)t K (ru)_y = ISC (13)
where K is a constant that depends on the antenna heights, the antenna gains, and the

operating frequency, y is the power exponent value, Py, is the power received by the mobile
phone, and P; is the power transmitted by the serving base station. Each elementary surface
(z dzdf) at a distance z from the desired user contains (pBSzdzd#) base stations which

contribute in other cell interference as shown in Figure 6.

2r R
lo = [ [PesP K27 2dzd0 (14)

0 2R,
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2t R

lo= KPipgs [ [ 27 dzdo

Figure 4: frequency reuse

4. Conclusions

For wireless communications, a smart antenna system offers several advantages over
conventional antennas. These include range extension, capacity increasing lower power
consumption. The impact on power reduction at mobile base station has been presented. It
has been noticed that gain obtained by using smart antenna leads to reduce the cellular phone
transmitted power and its effect on the human brain, which means the reduction of Pollution
caused by RF radiation. The power reduction will contribute to cellular base-station network

reduction.
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Abstract

Heat cure denture base is the most commonly used material for fabrication of removable
prosthesis to the present day. However difficulties persist in fabrication of satisfactory
prosthesis due to poor mechanical properties which have resulted in frequent repairs in
dental practice. The present study is aimed to investigate the effect of Zirconium oxide
nanoparticles (ZrO,NPs) on flexural strength and porosity of denture base and its correlation.
X-ray diffraction (XRD) was used to check the purity of NPs. NPs was dispersed at 1%, 3%
and 5% by weight to the monomer of methyl methacrylate with aid of probe sonicator. In
addition, Scanning Electron Microscope (SEM) was used to observe agglomeration of
particles within the acrylic. The results revealed significant flexural strength difference
(p<0.05) between each concentration of ZrO,NPs. The analysis showed 17% and 11%
reduction for 1% and 3% ZrO,NPs respectively while 5% caused a drastic reduction by 32%
in reference to control. In regards to porosity, the results present no statistically significant
difference among the concentrations in contrast to control. Pearson correlation showed
strong and a negative relation (-0.83) between flexural strength and porosity. However, the
results was not statistically significant (p=0.369). Within the limitations of this study, it can
be concluded that the addition of ZrO, caused reduction in flexural strength for all
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concentrations added. While it caused non-significant effect on porosity of acrylic.
Considering the negative effect it had on mechanical strength it won’t be considered a

suitable additive to enhance the properties of PMMA.

Keywords: Zirconium oxide nanoparticle, flexural strength, porosity, planimeter.
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1. Introduction

Throughout the years, researchers are trying to improve the quality of biomaterials for
fabrication of denture base because of increase in life expectancy of human beings and
increasing demand of patients for better aesthetics, function and comfort. [1] Complete and
partial dentures that are made from acrylic considered the most popular method because it
provides a much affordable option for reconstruction than other available prosthesis. [2]
Numerous materials with their modifications have been put to the market with enhanced
mechanical and biological properties; despite this, there is still no single material that can

fulfil the ideal requirements for denture base material. [3]

Polymethyl methacrylate (PMMA\) is a derivative of acrylic acid, which related to as acrylic
resin [4] that was introduced in 1937, by Walter Bauer, which gradually took the place of the
traditional metal base and became most widely used material in clinical practice [5,6]
because of its good biocompatibility, dimensional stability, the absence of taste and odour,
good tissue response and outstanding toxicity profile.[7] Despite those excellent properties,
PMMA demonstrates high porosity [8] and frequent fracture under load due to fatigue and
chemical degradation.[9,10] Fracture resistance of PMMA does not show satisfactory
results.[11] According to a survey, 68% of dentures had broken within 3 years of their

construction. [12]

Due to their unsatisfactory properties, PMMA remain as an active material for research.[7]
Generally speaking, there are three methods manufacture uses to enhance mechanical
properties of denture base: discovery or development of new material to PMMA; chemical
alteration of PMMA to fabricate high impact resin; and reinforcement of PMMA by other
materials (e.g. nanoparticles). [13—15] Addition of nanoparticles (NPs) to the polymer matrix
will result in alteration of mechanical properties by providing resistance against stress
causing cracking. [14, 16, 17] Depending on the way the material will be enhanced it would
be based on the size, shape, type and concentration of the added material. [17]

Alveolar ridge resorption is a continuous and irregular operation that causes uneven

prosthesis support [18] with perpetual chewing cycles will result in generation of micro-
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cracks in the material and continual application of force will cause propagation of cracks and
flexural fatigue that commonly manifest itself as midline fracture. [15, 19] Studies had tried
to improve the flexural properties of the material to overcome the consequence of fracturing
and enhancing patient’s satisfaction. [20] Study by Xin-jing et al. [21] that added nano
Zirconium oxide (ZrO;) NPs to acrylic at seven different concentrations (0.5%, 1%, 1.5%,
2%, 2.5%, 3% and 3.5%). Out off all the proportions 1.5% showed the highest mean value.
On the same year, Al,O; and ZrO, particles were incorporated to PMMA at 5% that
improved flexural property. [22] Also, elevation of flexural value was demonstrated in
another study that used 1.5%, 3%, 5% and 7% ZrO, in PMMA; the results revealed a direct
relation between concentrations and strength value.[23] Furthermore, 10% and 20% ZrO,
showed a statistically significant effect on increase of flexural mean of high impact acrylic
by 32% and 23% respectively when compared to control.[24] Gad and his colleagues in
2016 [17] showed a raise in flexural strength at 2% only, while opposite effect was seen for
5%. Recently, Ergun et al.[25] added ZrO, NPs to heat cure PMMA at 5%, 10% and 20%.
Results showed inverse relation with statistically significant effect for all concentrations.

Porosity considered as a quality of solid that is related to their structure and is expressed in
the presence of voids between separate grains, layers, crystals, and other elements of a
coarse structure of solid. [26] Porosity of PMMA is one of the most unfavourable
characteristics because it causes high internal stress and increase susceptibility to distortion
and warpage. [27] It has been attributed to variety of factors that include: monomer
contraction during polymerization; air entrapment during mixing; monomer vaporization
associated with exothermic reaction; presence of residual monomer; inadequate pressure on
the flask and processing temperature higher than 74 °C. [28,29] It has been declared that
11% porosity in acrylic resin is linked to poor esthetic and reduction in mechanical
properties. [30] The main concerns with the spongy areas is the harbour microorganisms and
retain fluids which cause calculus deposition and staining that does not follow the definition
of hygienically acceptable prosthesis.[9, 14]

Several methods have been utilized to calculate porosity of acrylic samples which are the

classical, [31] photographical method that uses microscope [27] and mercury
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porosimetry.[32] In this study, photographical method with aid of planimeter was used. To
this date the influence of NPs on porosity of acrylic resin is very much restrained by the
limitation of literatures available. A research by Acosta- Torres and his colleagues[33] that
used classical method to measure the effect of TiO, and iron oxide (Fe,O3) NPs at 0.0150g
and 0.009g respectively on porosity of PMMA. The result showed reduction in porosity of
acrylic by 5.9% in contrast to unmodified. The findings suggested that metal oxide NPs can
be a suitable additive for improvement of PMMA since high porosity considered as a critical
drawback in Prosthodontic applications. [34] Furthermore, impregnated ZrO, NPs at 3%, 5%
and 7% to heat cure PMMA revealed decrease in porosity by 18%, 38% and 55% for 3%,
5% and 7% ZrO, respectively. [35]

This study is attempted to investigate the effect of ZrO, NPs on flexural strength and

porosity as well as it is correlation on conventional heat cure acrylic.

2. Materials and Methods

The ZrO, NPs were characterized using X-ray diffraction (PANalytical X ’pert powder) with
Cu-Ka X-ray source at a wavelength of A= 1.54060A4. Diffraction data was recorded at 20
range from 10° to 79.9950° with step size 0.0100° per 0.5s. Low scan speed was elected to
provide higher sensitivity for detection of impurities. [36] The PANalytical software was
then used to compare X-ray patterns to identify the nanoparticle.

In addition, SEM was used to check for agglomeration of ZrO, NPs within acrylic. The
samples had dimensions of 30x10x2.5 mm (Length x width x thickness) and were cut in the
middle, width wise. The specimens were cleaned for 10 minutes using ultra-sound cleaning
device and then dried.[37] Looking at nonconductive material such as acrylic causes
negative charge accumulation. [38] To overcome this, gold was sputter coated at a thickness
of 300 A for 300s. Planetary rotation was used during coating process to provide a more
uniform thickness. [39] Scanning was done using Quanta 450 SEM. Photographs were taken

at 15,000x at accelerated voltage 15.00kV [40] using high vacuum mode.
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The NPs was bought from Richest Group Company in China with 50nm in size and surface
treated with saline coupling agent. The saline agent will provide a better bond between
particles and acrylic [41] and minimizes agglomeration. [17,30] In order to reduce
agglomeration of NPs, they were added to acrylic monomer first and then mixed with
powder [23,25,29] with aid of probe sonicator (Biosafer 900-02) using the settings provided
below:

Power Rate: 80%

Power: 900w

Probe size: 12 ®

o ®

o o

Processing time: 1-minute

e. Pulse on: 8s

f. Pulse off: 2s

g. Temperature warning: 37 °C.
Sonication was started with 8s on and 3s off to keep the temperature within the set range.
After the sonication time was over, polymer powder was added immediately to the
suspension (within 10s) to prevent re-agglomeration of NPs. [16] The mix was polymerized
using conventional flasking and pressure packing technique. After polymerization was over,
de-flasking was done and samples with gross porosity were divorced according to revised
ADA specification number 12 for denture base polymer.[42]

3. Flexural strength test

For flexure strength test, 5 samples were prepared for each concentration of ZrO, making a
total of 20 samples including the unmodified group. Each sample had a dimension of 65 mm
length x 20mm width x 3mm thickness and were stored in distilled water at 37 + 1 °C for 50
+ 2 hours, in compliance with International Standard Organization (1SO) 1567:1999 Denture
Base Polymers. [43] The flexural value was obtained by doing a three-point bending test
using universal testing machine. The samples were placed on circular supports (3.2mm in
diameter and 10.5mm in length) that are 50 mm apart (Figure 1). Then force was applied

perpendicular to the centre of the specimen using the loading nose at a crosshead speed of
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5.00 = 1 mm/ min until it breaks.[43] The maximum load required to fracture the specimen

was recorded.

3Fl
2bh?

Then flexural strength was calculated using the formula: § =

Where: F: is the maximum load, in Newton, exerted on the specimen; I: is the distance, in
millimetre, between the supports, accurate to £0.01; b: is the width, in millimetre, of the
specimen measured immediately prior to water storage and h: is the height, in millimetre, of

the specimen measured immediately prior to water storage.

Loading=—>

Plunger
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4. Porosity test

For this test, five samples were prepared for each concentration in addition to five samples
for control group. Each sample had dimensions of 40 x 10 x 3mm [44] (Figure 2a). Each
specimen was cut in three parts to produce three cross-sectional areas (Figure 2b). First cut
was 1mm from the start of the sample; second and third cuts were 13mm apart. The surfaces
were polished and observed under Maozua Digital Microscope under 8x magnifications and
an image of the sample was captured and printed. Area of each pore evident on the
photographs was outlined using a fine pen then perimeter of each pore was measured using a
planimeter (Figure 3). Then total areas of pores on each surface were calculated using the
formula:

Total porous area of specimen (mm?)

X 100 = Area (%)

Cross sectional area of specimen (mm?2)
After that, the average of the three cross sectional areas was taken to be considered as a total

porous area for a single sample.

Original

40 mm

A
rd. i nd
3rd e 3 25 e 2

i) cu cross

b

sectio Soctio

]
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The results were analyzed using Statistical Package for Social Sciences (SPSS, version 23).
One-way ANOVA with Tukey’s Honest Significant Difference (HSD) was performed to
determine if there is a statistically significant difference between each concentration of ZrO,
when compared to control. In addition, Pearson correlation coefficient (PCC) was used to
measure and describe the relation between flexural strength and porosity. For statistical

analysis, significant level o = 0.05 was considered.
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5. Results

ZrO, NPs was analyzed using XRD. The PANalytical software was used to compare the
XRD pattern. The Sample was identified as ZrO, NPs and it is diffraction pattern is shown in
Figure 4.

The data that was obtained from flexural strength and porosity test were analysed using one
way ANOVA with HSD to find out the effect of addition of NPs at the three concentrations
(1, 3, and 5%). The flexural strength results, revealed statistically significant differences (p<
0.05) between each concentration of ZrO, in reference to control. The results for 1% and
3%, revealed 17% and 11% reduction in flexural mean respectively, while 5% showed a
drastic reduction by 32%. Is worth mentioning that the flexural mean for 1% and 3% ZrO,
NPs did not jeopardize the strength beyond the standard requirement (65 MPa) that has been
set for Type 1 denture base polymer [43] except for 5% (59.43 MPa) that did not exceed the
minimal limit. The highest value is registered for control group (87.205 MPa) that presented
in Table 1.

zzzzzzzzzzzz ide 1912 2017 1 7S

Position [2Theta] (Copper (Cul)

Figure 4: XRD pattern for Zirconium oxide nanoparticle
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Table 1: Descriptive statistics and comparisons of each concentration of ZrO, NPs with

control group for flexural strength

Zirconium 72.278 1.492
oxide
3 77.281 0.874 0.00
5 59.425 1.943 0.00
Control 87.205 2.499

In regards to porosity test, all the concentrations did not show statistically significant
difference when compared to control because their p values were greater than 0.05. 1% and
3% addition of ZrO, showed 11% and 6% reduction respectively however 5% caused a 4%
increase in porosity in regard to control. The summary for porosity values is illustrated in
Table 2. As the table shows the highest porosity mean was for 5% (13.30%) while 1%

(11.34%) showed the lowest value among the group.

Table 2: Descriptive statistics and comparisons of each concentration of ZrO,with

control group for porosity test.

Zirconium 11.338 2.688 0.450
oxide 3 11.942 0.598 0.817
5 13.300 0.982 0.940

Control 12.766 0.550
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With regards to correlation, PCC test showed strong and a negative relation (-0.83) between
flexural and porosity for ZrO,. However, the results did not show statistically significant
because their p values were greater than 0.05 (p=0.369).

Based upon the data obtained from flexural strength test, ZrO, 3% and 5% was sent for
scanning to check for dispersion and agglomeration of NPs within the matrix of heat cure
PMMA. SEM images were taken at 15,000x magnification for all samples. SEM image of
3% (Figure 5) and 5% (Figure 6) of ZrO, showed drastically different agglomeration state.
The 5% revealed a very high agglomeration within the acrylic in contrast to 3%.
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Figure 5: SEM image represents agglomeration of ZrO, NPs at 3%.
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Figure 6: SEM image represents agglomeration of ZrO, NPs at 5%.
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6. Discussion

Acrylic resin is the most commonly used material in fabrication of dental prosthesis [45] due
to its aesthetics, good tissue response and ease of manipulation [9] but its mechanical
properties is not satisfactory. [46] The occurrence of denture fracture has been reported in
the literature with high rate which compromises the longevity of the prosthesis. [23]
Movement and distortion of the denture during mastication with gradual bone resorption will
result in unsupported prosthesis which in turn cause stress formation. [47] This commonly
termed as flexural fatigue that manifest itself as midline fracture. [48] To mimic the clinical

condition the material faces during their use, flexural strength was conducted.

The results of this study showed when ZrO, NPs were dispersed in acrylic at 1%, 3% and
5% caused a drastic reduction in flexural strength by 17%, 13%, and 32% respectively. The
findings are in disagreement with Xin-jing et al. [21], Alhareb [22] and Ahmed et al.’s[23]
research that revealed enhancement in flexural value. As it can be seen from the bending
test, the values decreases progressively with increase in NPs concentration which is in
agreement with Gad et al.’s [17] and Ergun et al.’s [25] findings. This effect can be linked to
many factors. One of the causes is dispersion of NPs which had shown to play an important
role in reinforcing material; increasing the filler content in addition to poor dispersion will
results in suspending resin matrix continuity and creating defect in the material which
weakens it in the outcome. [24] It will also interfere with the reaction of methylmethacrylate
which causes an increase in uncreative monomer that behaves as a plasticizer.[34,49] The
plasticizer capable in getting between polymer chains which induces the separate chains to
become more tenuous and reduce the attraction force between molecules as a consequence

the acrylic will be more flexible but brittle. [50]

Another consequence of improper dispersion is agglomeration which causes reduction in
strength [51] since too many fillers will act as a stress concentrating point [12,51-53] that
will alter the modulus of elasticity of the resin and mode of crack propagation through the
polymerized specimen as well as hindering integrity of polymer matrix. [17,54] This concurs
with our flexural strength data that showed 5% ZrO, had the lowest value (59.43 MPa) in
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contrast to 3% (77.28 MPa) which revealed a superior effect that can be linked to a better
dispersion with less agglomeration. This can clearly be seen in SEM findings (Figure 5 and
6). Furthermore, agglomeration will brings about micro-cracks and micro-pores as a
structural defect which endangers mechanical properties of the polymer.[34] Another reason,
is the polymer has reached to a saturation point and the resin cannot incorporate further
more filler particles any effort after reaching this point will cause suspending in matrix
continuity and compromising the flexural strength of reinforced material in the outcome.
[24] In addition to this, NPs might have acted as impurities within the PMMA which led to
unfavourable decrease in mechanical strength [55, 56] due to lack of chemical bond will

result in poor adhesion between particles and acrylic resin. [51, 57]

Porosity is complex phenomena of multifactorial origin.[32] Several factors have contributed
to porosity that includes; polymerization method, thickness and the material of chose, air
entrapment during mixing; monomer vaporization associated with exothermic reaction and
presence of residual monomer. [28,29] Porosity in a material considered unfavourable
condition that can weaken the denture and cause high internal stress which result in a greater

vulnerability to distortion.[31]

Based on the results of this study, ZrO, NPs at 1% and 3% caused no significant reduction in
porosity by 11% and 6% respectively. The obtained results are in consistence with Acosta-
Torres et al.’s [33] and Hameed and Rahman’s [35] that showed reduction in porosity when
NPs were added to acrylic. This is due to well dispersion nano-sized particles that is capable
of entering between linear macromolecular chains of the polymer and occupy the spaces
between them in the result will decrease the porosity by increasing the density of acrylic
without changing the basic structure of PMMA chains. [35,53] Another reason is the fillers
will occupy the space inside material leading to a decrease in the number of pores that open
up to the external surface. [35] While, 5% caused a 4% increase with the same statistical
effect as the other concentrations in reference to control. It has been stated that the
concentration of benzoyl peroxide is linked to porosity in an inverse manner.[30,58] Since,
5% ZrO, were added to acrylic without reduction in monomer this might increased in the

amount of unreacted monomer that will raise the chance for porosity. In addition, NPs in
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high concentration will also act as impurity that will interfere with the polymerization
reaction thus acting as a plasticizer leading to increase in amount of residual unreacted
monomer. [52, 54] This explains the direct proportional relation of NPs concentrations with

porosity.

In regards to the relation between flexural strength and porosity, 5% ZrO, showed highest
porosity as well as lowest flexural value because excessive addition of NPs will affect the
polymerization of PMMA resulting in an increase in porosity as well as making the polymer
more brittle as a result it will be more prone to breakage during bending test. [50, 59] It is
noticeable that all concentrations of NPs had caused porosity of heat cure acrylic to be more
than 11%; this would cause unsatisfactory aesthetic and inferior mechanical properties

according to the literature. [30]
7. Conclusions

Within the limitations of this study, it can be concluded that the addition of Zirconium oxide
caused a reduction in flexural strength for all concentrations added. While it result in a non-
significant effect on porosity of acrylic. Considering the negative effect it had on mechanical

strength it won’t be considered a suitable additive to enhance the properties of PMMA.
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Abstract

Background: Despite the development of many denture base material like chrome-cobalt,
fluid and plastic material but the heat cure polymethylmethacrylate considered as the most
widely used denture base material. The aims of this study to evaluate and compare the
impact strength and surface roughness of heat cured denture base resin after immersing in
coca-cola drink for two and four weeks. Methods: A total number of 40 samples were
prepared, 30 samples for impact strength test and 10 samples for surface roughness test. The
samples were divided into three group; A (control), B (2 weeks immersed in coca cola
drink), and C (4 weeks immersed in coca cola drink). Result: Data analyzed by using SPSS
software with ANOVA test indicated a non significant differences between the different
tested groups, however the samples that were immersed in coca cola drink for 4 weeks
revealed non dramatic increase in surface roughness, while the samples that were immersed
for 2 weeks showed a non dramatic decrease in the impact strength. Conclusions: The coca
cola drink non significantly caused dropping in the tested properties in comparison to the
control group.

Key Words: Impact strength, surface roughness, heat cured resins, coca-cola.
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1. INTRODUCTION

In 1937 polymethyl methacrylate was introduced by Dr. Walter, Wright1 and the Vernon
brothers. but the material at that time was lacking to good esthetic, mechanical strength and
other physical properties, thanks to the chemical properties of the PMMA and its ease of
processing that allows huge modifications to take place and changes several properties of
this material to reach acceptable esthetics, mechanical and physical properties. [8, 11] Since
that time polymethyl methacrylate resin polymers undergo several modifications to improve
the construction of denture bases, now a day 95% of all dentures are made from polymethyl
methacrylate polymers. [8, 9] The presence of Saliva and Oral fluids and the oral
consumption of the individuals have their effect on the denture base and teeth. Variations of

PH and temperature of fluids and foods have been considered to change some properties of
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the denture base materials . These fluids have a tendency to interfere or weakened the chains

which are already formed by means of polymerization. [8]

The phenomena that responsible for the soluble substances leached out during storage in
water and in the oral fluids termed solubility. This phenomena cause deleterious changes in
the denture base material. These changes may include mechanical and physical changes such
as swelling and plasticization consequently and softening, and chemical changes such as
oxidation and hydrolysis. [7, 8, 13] The carbonated drinks like Pepsi and coca cola are the
most newly produces popular drinks with consumers drinking more than 1.8 billion beverage
servings each day . [2] The effect of these various beverages has not been studied in detail

in the past. Keeping this as a background this in vitro study is proposed

2. MATERIALS AMD METHODS

2.1. PREPARATION OF TEST SAMPLES
For impact strength test thirty samples were prepared, each sample had dimensions of 80 £ 2
x 10 £ 0.2 x 4 £ 0.2 mm (Figure 2.6) according to ISO 179-1: 2010. The specimens were
conditioned at least 16 hours at 23 + 2 °C and 50 + 5 % relative humidity according to ISO
291:2008 Plastics - Standard atmospheres for conditioning and testing. Figure 1

Direction of blow

Figure 1: Specimen dimensions for impact strength test

For surface roughness test, ten samples were prepared in total. Each square sample had

dimensions of 50 x 50 x 3 mm. The excessive flash was cut using a cutting disk then
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tungsten carbide bur was used to bring the samples to the required dimensions. The samples
then finished with stone bur until no sharp edges nor irregularities were detected, after that
they were polished with 900 grade sand paper for 15 minutes then with 1200 grade sand

paper for the same time to get a well polished surface.

After that the samples were polished and placed for 300s in an ultrasonic cleaner that is filled
with distilled water to allow removal of impurities that was created during finish and

polishing before starting the test.

=

Figure 2: Surface roughness sample

Metal mold with former dimensions were used to make impact strength and surface
roughness samples. These molds were flasked in a bronze mold, after that the powder and
liquid of acrylic resin were mixed in a ratio of 3:1 by volume according to manufacturer’s
instructions. Then the mixed PMMA was packed into the molds by compression molding
technique with 2 bar/pressure. Samples of resin inside the flasks were placed in a water
bath, the temperature of the water was 25 C, the automatic water bath heater turned on until
it reached 70 degree centigrade, the flasks remain immersed at that temperature for 45
minutes, after that the heater turned off. Once the water cooled and it’s temperature reached

25C the flasks removed and opened and the samples were removed from the flasks.
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2.2 Testing procedure

A total number of 30 samples were prepared from heat cured PMMA for impact strength
test. And 10 sample from same material for surface roughness test. These impact strength
samples were subgrouped in to three groups; group A the control group (10 samples), group
B the number of samples were same as group A and were immersed in coca cola drink for
two weeks, and the last one group C with same sample quantity as former groups but were
immersed in coca cola drink for one month. Regarding surface roughness samples they were
first place in distilled water for 24 hours, after that they were tested for surface roughness
then the same samples immersed in coca cola drink for two weeks and tested again and
replaced in the drink for another two weeks, finally the same samples were removed from

the drink and tested lastly for the surface roughness

The samples were immersed in coca-cola drink for the mentioned times and kept in a tight

seal plastic jar, the drink was daily replaced to keep it’s freshness.

For impact strength test a Charpy type digital impact tester was used to determine the
impact strength figure 3. For testing the acrylic samples, a pendulum of one joule was
installed on impact tester. Before starting the procedure, a test was performed without the
sample to check for air frication. The air friction value was reduced from impact strength
value for each sample. The procedure was followed according to ISO 179-1:2010 for the un

notched specimen. After that, the sample was fractured and reading was recorded.
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Figure 3: Charpy type digital impact tester

The Charpy impact strength of un notched specimens was calculated in KJ/m? using the

below formula:

E

Ay = ﬁx 103 (1SO 179-1:2010)
Where:

Ec is the corrected energy, in joules, absorbed by breaking the test specimen;
h is the thickness, in millimeters, of the test specimen;
b is the width, in millimeters, of the test specimen.

For surface roughness test a portable contact profilometer (Qualitest TR-200) (Figure 4) was
used to measure arithmetical average (Ra) of the samples, measured in pm. Surface
roughness was measured in three different areas in the same direction for each sample then
the average was taken to be used for statistical analysis.
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The samples for group B and C before testing were conditioned in distilled water for 24

hours to remove any residue of the drink

Figure 4: Portable surface roughness tester

3. RESULTS

The results were analyzed using Statistical Package for Social Sciences (SPSS, version 23).
One-way ANOVA with Tukey’s Honest Significant Difference (HSD) was performed to
determine if there is a statistically significant difference between the two groups when

compared to control. . For statistical analysis, significant level a = 0.05 was considered.

The results for surface roughness test showed that the specimens immersed in coca-cola
drink for different periods did not revealed a statistically significant difference as illustrated
in Table 1, however the samples that were immersed in coca cola drink for 4 weeks showed

increase in the surface roughness by about 5% as shown in Figure 5.
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Table 1: Descriptive statistics and comparisons of each group with control group for
surface roughness.

2 weeks 4 weeks 9.963 0.982 0.395
Control 0.848
4 weeks 2 weeks 10.412 0.861 0.395
Control 0.300
Control 2 weeks 9.863 1.533 0.848
4 weeks 0.300

Surface Roughness
10.6
+5.57
10.4
10.2
10 +1.02
B mean

9.8
9.6 .
9.4 T T

2weeks 4weeks control

Figure 5: Mean values for Surface roughness

Regarding impact strength test similar to the former test also did not reveal statistically
significant difference among the tested groups, however the samples that immersed in the
coca cola drink for 4 weeks showed higher value in contra verse to those which immersed

for 2 weeks showed the lowest Impact strength Figure 6.
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Table 2: Descriptive statistics and comparisons of each group with control group for

impact strength
2 weeks 4 weeks 20.703 5.746 0.574
control 0.873
4 weeks 2 weeks 21.995 6.338 0.574
control 0.688
Control 2 weeks 21.071 3.504 0.873
4 weeks 0.688
Impact Strength
2255
+4.39
22
21.5
B mean
21
-1.75
20.5 -
20 -
2weeks Aweeks control

Figure 5: Mean values for Impact strength
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4. CONCLUSIONS

When artificial acrylic teeth and denture base are exposed to the oral cavity, they will be in
contact with saliva, beverages, and cleaning agents, and such materials are prone to the

absorption and adsorption processes to denture base resins. [5, 10,12,15]

It has been shown that certain kinds of foods that are routinely ingested in a human diet can
promote surface degradation and changes in other properties of the polymers.[4, 6] However
the result showed a nonsignificant difference in the statistical analysis for the tested groups,
but there was a slight drop in the impact strength and surface roughness parameters recorded
that indicates the influence of carbonated beverage solutions on the denture base resin. The
most probably factors is the PH of coca cola which is 2.74 because this drink contains
phosphoric acid. [16] The presence of phosphoric acid in the coca cola drink may have to be
considered as a causative factor which acts as a plasticizer and causes the changes in the

impact strength and surface roughness. [1, 14]

Another possible reason for this drop in the mentioned mechanical properties was may be to
the hydrolysis of the bond between molecules by the beverage. The development of stress
concentration and entrap of air at the bond interface area weaken the impact strength. This
result may be attributed to the acidic nature and basic composition of beverage which cause
the hydrolysis of polymethyl methacrylate. [7] The PMMA contain ester group which easily
hydrolyze in acidic pH which converts methacrylate to carboxylate and alcohol. The first
step in the reaction involves the attachment of oxygen atom of carbonyl group with the
proton (acidic hydrogen), in this step, there will be an increase in the electrophilicity of the
carbon of the carbonyl group then the attachment of nucleophile (HO) group form carboxylic

acid and alcohol. This could be attributed to the decrease in the impact strength.

While the data for the tested properties for group C showed a nonsignificant difference with
compare to the group B that immersed in coca-cola for two weeks, this is probably due to
that the dissolved surface particles precipitated on the underlying layer and provided more

resistance against the acid.
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It is known that the composition pH, and polarity of the liquid medium to which the
polymers are subjected, as well as the immersion time, are factors that can change its
solubility and cause polymer degradation. [4, 6]
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ABSTRACT

Duhok University has two main campuses. The first is the Malta campus located at
the western part of the city and consists of seven colleges. The second one is the Duhok
center which is located in the city center, it comprises six colleges in addition to the
university chancellor office. This research paper proposes a network design for Duhok
University to enable student and academic staff exchanges their academic and administrative
information efficiently. The proposed IP Network design is made of three layers of which
the core layer consists of two Cisco SONET 12012 which is connected by dual links. One of
the SONETS is assigned to the Malta Campus and the other to Duhok center campus. The
minimum spanning tree is calculated for the proposed IP network by using real distances
between university colleges. At the distribution layer, a hierarchical topology is used to
connect the college campus to its nearest main campus. The network is attached to the two
main FTP and HTTP servers. The data stream of each college is forwarded to Cisco router
4700. The user layer in each department is implemented using star topology through a Cisco
switch 2924. Mobility access is added to the proposed design to support wireless devices.
The design is implemented using OPNET 14.5 modular. Network performance and server's
quality are tested by calculating (packet/second), delays, traffic send, traffic receives utility,
and throughput in case of heavy load the network performance and server's quality. The
results show that the proposed Duhok University IP network fulfills the network

requirements and future expansion.

Keywords: IP-Networks, Cisco, Minimum Spanning tree, OPNET
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1. Introduction

Information technology is important to sustain the progress and facilitate task
implementation in business and academic enterprises. Universities encounter increasing
challenges to provide faster communication services and enhance the individual's
capabilities and skills. University IP-Network helps universities to be more collaborative
centers. It helps them achieve and implement efficient academic programs. There are four
important components in the proposed architecture, which are: Services like HTTP protocol,
Network Control, Core Switching and Edge Access [1]. The present research proposes an
easily upgraded, reliable and robust design for Duhok University campus Duhok University.
It is also possible for the model to be expanded in case of an increase in the number of
colleges which eventually leads to an increase in the number of students and staff. The
Minimum Spanning Tree (MST) is calculated for the proposed network based on real
distances between colleges and university to minimize the costs of additional links. Duhok
university campus is divided into three layers: the access, distribution and core layers
respectively with the core network layer providing the backbone for the network while the
distribution layer aggregates multiple technologies from the access layer. Many kinds of
research and projects have been conducted to network modeling, simulation, and
verification: Junaid Ahmed Zubairi et al [2]. Their proposed campus design has recently
shifted to switched Ethernet subnets and Gigabit Ethernet backbone and has studied the
performance of the time-sensitive applications on campus network under varying load
conditions using OPNET. A model of SUNY Fredonia university campus network was
developed in OPNET. The Ethernet delay, traffic statistics, and other interesting data were
calculated and a new innovative algorithm for handling real-time speech traffic over the
existing IPv4 network was tested via OPNET simulation. Theunis et al [3] came up with an
OPNET based design for the educational network which led to an improvement in the
practical skills of future network engineers. V. Hnatyshin et al [4], examined the student and
faculty usage of network applications and their impact on the Rowan university network
design model. D. Akbas [5], on the other hand, studied the influence of Firewall and VPN

(Virtual Private Network) on typical enterprise network performance. Thus both the real
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enterprise network prototype and virtual OPNET simulation models were constructed and
compared. Ibikunle Frank et al[6]proposed a means of improving campus network
performance by presenting a network model based on Multiprotocol Label Switching-Virtual
Private Networks (MPLS-VPNS), a technique basically used by network service providers.
Tush et al, [7] used many routing and switching protocols like OSPF, BGP, EIGRP, STP,
HSRP, VTP, to design industry standard hierarchical layout of a campus network. Malek N.
Algabri et al [8] presented two scenarios for designing a campus network for Sanaa
University which was in lack for efficient campus network which would connect its remote
campuses such as Arhab, Mahaweet, Khawlan, Medicine colleges, and the Old University
campus. The first scenario is based on IPV6 protocol over MPLS and the second one is
based on IPV6. protocol over MPLS -VPN techniques. Dhirendra Sharma et al, [9] presented
a campus network design for six universities in the Western Himalayan region of India with
three phases. In the first, the efficiency of different campus networks was calculated. In the
second phase is data handling capacity per user in the networks was calculated in terms of
network throughput of core-switch. then the segment/ component- wise efficiency for the
real network system was found. Agueda Sofia Tavares, [10] studied reference model
architecture of the university campus network in China that could be followed or adapted to
build a robust yet flexible network. Bagus Mulyawan et al, [11] presented an IP-network
design for the campus of Tarumanagara University based on the hierarchical structure at the
core layer with redundant devices at both the distribution and access layers. Baek-Young
Choi et al. [12] Made failure analysis of a university campus network using a huge set of
both node outage and link failure data. Modhar A. Hammoudi [13] also built a model for
Mosul University campus made up of two routers cisco 2600, core switch, Cisco 6509, two
servers with IP32 cloud, and 37 VLANSs. He discussed the application of VoIP on the
proposed design. Meanwhile, Potemans et al, [14] proposed a student network design project
for the Katholieke Universiteit Leuven with the VolIP services. B. Rodgers, [15], on their
part, built a model with ring-like SONET backbone at the K.U. Leuven University in
Belgium.
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2. Theory

The suggested model for Duhok University IP-network is initiated by selecting a suitable
network layout which is a very important factor to be considered in endpoints (nodes)
connection via communication lines

The objective is to find the least network connection cost. Such problems can be handled
by constructing the minimum spanning tree throughout the network. The prim algorithm
[16]: can be used to solve this problem. The Prims Algorithm is described by the pseudo

code below:

Algorithm 1 Prime’s Algorithm

Input: A weighted connected graph G with n vertices and
m edges
G with n vertices and m edges
Output: A minimum spanning tree 7" for G
() = new heap-based priority queue
s = a vertex of G pick up any vertex s of G
Initialize 7" to null
VIvle G.vertices()
if (v = s) then
setDistance(v, 0) set the key to zero
else
setDistance(v, 0o )
setParent(v, ¢)parent edge of each vertex is null
end if
Initialize the @ with an item (u,null), D[u] for each vertex
u where (u,null) is the element and DJu]| is the key.
DJu] is the distance of u
while —Q.isEmpty() do
(u,e) + [Q.removeMin()]
Add vertex u and edge e to T’
Vlele G.incident Edges(u)
z «+—G.opposite(u,e)
for each vertex z adjacent to u such that z is in Q
r < weight(e) [= w(u, 2)]
if 7 < getDistance(z) then
setDistance(z,r)update theD|z] in Q
setParent(z,e)update the parent of z in @
end if
end while
return the tree I’

—_—
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The resultant minimum spanning tree of the proposed IP-is depicted network is illustrated
in the (see figurel), where the distances marked between colleges are real. Java applet is
used to construct the minimum spanning tree in which the blue and red lines indicate the
shortest paths with each link marking the distance. The gray lines indicate the canceled
links while the red lines indicate that the college is connected via a single path, as is the
case with the colleges of science, medicine, and dentistry. In proposed design required the
technical institutes are also included. The design should be expanded so as to include all
academic institutions in Duhok city. (Fig2) shows the distribution of Duhok university
colleges in both campuses (Malta and Duhok-center) based on the real map. In the design,

a SONET for each campus is dedicated.
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Fig. 1. The prim algorithm on the backbone.
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Fig. 2. Marking colleges and campuses on a real map of Duhok city.

The proposed design at the core layer is illustrated in fig 3. The university two sub-campuses
are connected to Cisco SONET of type 12012 individually, then both of the SONETS are
mounted in a ring-like topology to the PopSONET7650 this device can be used in case of
network future extension or expansion of the proposed design. Dual Ring topology based
DWDM (Dense Wavelength division multiplexing) is used in this layer to interconnect
devices using the optical cable of type OC-48 with transmission speed up to 2488.32 Mbit/s
(payload: 2405.376 Mbit/s (2.405376 Gbit/s); overhead: 82.944 Mbit/s) [ 17].
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Fig. 3. Core layer for Duhok University IP-Network.

Figure 4 shows the Distribution layers for Duhok University IP-Network. A group of Cisco
access points of type 4700 is used to connect each college access point to the nearest
SONET. The network topology at this level is hybrid topology between (bus and star)
typologies each college access point is connected through dedicated optical link of type
OC-12 to the nearest campus center, which ensure a transmission speeds of up to 622.08
Mbit/s (payload: 601.344 Mbit/s; overhead: 20.736 Mbit/s)[17]. The bus topology can be
seen between colleges access points this type of connection increases the cost with the
benefit of increasing network reliability and availability. Hence any failure may happen at
any direct link of the SONET the auxiliary line with the nearest college can replace it such
that the data stream can be directed to the SONET through this auxiliary link then after
through college dedicated link. Two data servers were attached to the proposed network the
FTP-server and HTTP server.
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Fig. 4. Core and Distribution layers for Duhok University IP-Network

For the campus of Duhok center, two additional networks were added the mobile network
and the chancellor and university administrative network, to facilitate the job of university
admiration. The mobile network is depicted in fig5 below:

Fig. 5. Mobility server of Duhok University IP-Network
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fig 4 shows the Distribution layers for Duhok University IP-Network. A group of Cisco
access points of type 4700 is used to connect each college access point to the nearest
SONET. The network topology at this level is hybrid topology between (bus and star)
typologies each college access point is connected through dedicated optical link of type OC-
12 to the nearest campus center, which ensure a transmission speeds of up to 622.08 Mbit/s
(payload: 601.344 Mbit/s; overhead: 20.736 Mbit/s)[17]. The bus topology can be seen
between access layer the network is divided into two sublayers, each sublayer is based on a
star topology. The switch used at this level is the cisco 2924 and the links are all UTP of
type 100baseT. A local server is added here to give each college an additional opportunity to
add new servers to its clients. The number of computers which can access the network at a

time is limited to 14 computers. Fig.6 shows the design at the access layer.
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Fig. 6. One college LAN Heretical design for Duhok University IP-Network.
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3. Results and Calculations

This section presents the performance of the proposed model by calculating the standard

statistics monitoring characteristics such as bit error rate or delay and throughput.

A. Mobility server client simulation
The mobility server load, server traffic sends, server traffic received, and task processing
time for HTTP protocol are illustrated in fig7. The first three quantities were measured in
Byte/seconds, while the last quantity is measured in second. It is clear that the maximum

task processing time is about 0.006 sec.
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Fig. 7. Mobility server statistical results.

In another place, the average server task processing time is about 2825 sec. The TCP
connection aborts, TCP delay, and TCP retransmission for mobility are illustrated in
fig8. The maximum TCP delay is 0.045 msec whereas the maximum re-transmission

during the simulation time is 7msec.
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Fig. 8. Mobility TCP Task Network.

B. Ethernet Network Statistical Measurements

The simulation results for the local Ethernet server contains the point-to-point queuing
delay, server task, and server HTTP application loading and task processing. All these
measurements were computed during a 4000sec network operating time. fig.9 describes
server HTTP task in this figure the server HTTP load is given in session/second while the
server HTTP task processing time with TCP delay is in second. There is the time of halting
starts after the sec 900 until approximately 2500th sec in which the server received no load.

It is clear that the maximum TCP delay is about 0.0004sec.
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Fig. 9. HTTP server tasks

In fig.10 the point-to-point task analysis provides the queuing delay received and

transmitted with received and transmitted throughput: also, a very short queuing delay

between transmitted and received was detected (about 3.93 sec queuing delay difference is

detected between sender and receiver points). There are two scenarios in designing campus

level network. The first scenario is to connect different LANs with hubs and connect these

child hubs to the parent access point. The other one depends on the child switches connected

to the parent access point.
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Fig. 10 Point-to-point task analyses.

To investigate the advantages of each of the proposed scenarios using OPNET package
network performance is calculated in term of point to point throughput between two extreme
points in campus network as illustrated in fig.11, in this figure it is clear that the throughput
of hub-based design is higher than switch-based design and that led to reduce network
performance and increase network utilization. The switch-based network has an average
throughput of 0.031945 packet/sec with a max of 0.111 packet/sec, while in the hub-based
network the average throughput is 1.6833 packet/sec with a max of 3.8889 packet/sec.
Hence, the throughput increases in the hub-based network as compared to a switch-based
network in spite of the fact that the delay in the first scenario is reduced. The Ethernet load
(bit/sec) on campus network based on switch and hub is plotted in fig.12 for 4000 sec of

network operation.
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Fig. 11. Point to point throughput plotting.

Ethernet load for the switch-based network is averaged on 97.89 bit/sec with a peak of
394bit/sec. While in hub-based a campus, the average is 104.507 bit/sec with a peak of

657.778 bit/sec which means employing hub reduces the network performance approximatel

Fig. 12. Point to point throughput plotting

For comparison, the proposed Network utilizes network presented in [15] for K.U.L in
Queuing delay by about (246 sec) due to employing optical technology (SONET).
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4. CONCLUSIONS

The performance results for the proposed Duhok University IP-network using OPNET package
showed that the proposed design can fit multimedia transmission and (voice over IP) because of
its high reliability and its low delay due to its dependency on the optical communication
technology and proposed hybrid and hierarchical typologies The proposed design takes into
consideration the future expansion in the university atmosphere when the scientific establishment
and institution numbers | expands both horizontally and vertically As depicted in simulation
results, the switch utilized hub and improved the network performance by reducing delay, load,
and throughput. Employing hub reduces the network performance approximately to half. The

increment in Ethernet delay using switch can tolerate in term of increasing reliability.
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Abstract
Background and objectives: Adequate retention is a basic requirement for the acceptance of
complete denture. The aim of this study was to evaluate the retention quality of fluid denture
base materials and compare it with conventional acrylic denture base materials
Method: Sixteen edentulous male patients with an age 45-60 years participated in the study.
For each patient two denture bases were constructed, one of them made from fluid denture base
materials and the other made from hot acrylic denture base materials. A specially designed
strain gauge measuring device was used to measure the force required to dislodge the two
dentures from basal seats. Six measurements of retention of newly inserted denture base were
recorded for each patient (three for maxillary acrylic denture base and three for maxillary fluid
denture base).
Results: The results of the retention test showed that the fluid denture base materials required
more force in order to dislodge denture than the heat cure denture base materials, which means
a significant improvement in retention quality obtained by fluid denture base materials.
Conclusions: It has appeared that the fluid acrylic denture base materials produce denture base
material with excellent retentive efficiency to the underlying tissue when compared to
conventional denture base materials.

Keywords: Fluid acrylic, Heat cures acrylic, Retention test.
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1. Introduction

Polymethyl methacrylate (PMMA\) is the most commonly used denture base resin, and its
polymerization process may take place by different mechanisms”. PMMA was introduced
in the 1930s, these resins are easy to handle, have reduced cost, and allow satisfactory
clinical outcomes®. Several alternative methods to conventional compression-molding
processing for denture base have been developed to increase the adaptation of the denture
base, such as injection molding®, and fluid resin® techniques. Later on, many
manufacturers have introduced newer denture processing systems using light-curable and
microwave-curing resins®. Therefore, the adaptation accuracy or dimensional changes in the
denture bases has become a focus of many studies in removal prosthodontics.

Fluid resin technique employs a pourable, chemically activated resin for the fabrication of

denture bases. The resin is supplied in the form of powder and liquid components. When
P,
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mixed in the proper proportions, these components yield a low viscosity resin. This resin is
poured into a mold cavity, subjected to increase atmospheric pressure, and allowed to
polymerize®.
The pouring method of denture base resin was developed in the 1960s using agar
hydrocolloids as investment material®”, and has been one of the most popular polymerization
techniques because of three merits: It is simple to use, less time consuming, and it offers
better adaptation accuracy than the heat polymerization method® ®.
The chemical composition of the pour type of denture resin is similar to the polymethyl
methacrylate materials. The principal difference is that pour type of denture resins have
higher molecular weight powder particles that are much smaller and when they are mixed
with the monomer, the resulting mix is very fluid. Therefore, they are referred to as fluid
resins. They are used with a significantly lower powder-liquid ratio.

The accurate fit of the denture base is a principal criterion in the physical
mechanisms of complete denture retention “% ™. It is widely accepted that the successful

12) Denture base

function of a complete denture is dependent upon its accuracy of fit
adaptation depends upon a number of factors, both clinical and laboratory in nature, as well
as the dimensional accuracy of the material from which it is constructed®®.

The aim of this study is to the evaluation of the retention, denture adaptation and
dimensional changes of maxillary denture base made from fluid denture base materials and
compare it with maxillary denture base made from conventional heat-cure acrylic denture

base materials.

2.
3. Method

This study was designed to compare the amount of retention provided by two types of
acrylic resin denture bases materials, the first group was 16 conventional heat cure acrylic
denture base resin and the second group was 16 fluid acrylic denture base resins. The first
group of dentures constructed using conventional heat cure technique and the second group

of denture bases was processed using the fluid resin technique (Castlevania, Netherland).
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4. Fluid acrylic resin system:
These systems of acrylic resin are generally composed of fluid acrylic resin, specially
designed flask, agar-agar duplicating material and curing chamber machine. Fluid resin
poured in to a mold prepared by wax elimination of a wax pattern invested by a gel material
in to a special flask that possesses 3 openings, from one opening the fluid resin is poured and
the air exuded through the other openings and when the fluid resin exude through these
opening means that the mold has been filled. For curing, the flask will be placed in a
chamber containing warm water and the pressure applies into the chamber.
2.3.1. Fluid acrylic resin (Castavaria):
This type of acrylic resin is composed of powder and liquid, the main components are
methyl methacrylate, crosslinker accelerator one, accelerator two and an ultraviolet absorber.
It is chemical composition monomer based on methyl methacrylate (CH2= (CH3) COOH3).
Fluid acrylic resin is mixed according to manufacturer instruction in a mixing ratio by
volume/parts by weight are 1 ml / 0.95 g liquid (monomer) 1.7 g powder (polymer), It needs
up to 4.5 minutes till reach to the working time, Itis working time is still 13 minutes and the

curing time 30 minutes at 55 °C under a pressure of 2.5 bar.

5. Retention test

Patient selection criteria
Sixteen edentulous male patients aged from 45-60 years old participated for treatment with
new dentures from the clinical Prosthodontics Department, College of Dentistry, Hawler

Medical University.

6. Measuring of dislodging force
For the purpose of this study, retention has been expressed in terms of the force required to
vertically dislodge a maxillary denture using a specially designed strain gauge force
transducer in order to measure the force values required to dislodge the maxillary denture™®®.

The constructed experimental apparatus was consisting of the parts as shown in (Fig.1.1):
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Load
application
screw
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measuring

Strain gauge P
3
cantilever beam =

Figure (1.1): Force measuring device

7. Clinical testing

After completing the setting and calibration for the retention force measuring device, the
measurement of retention force was followed by clinical testing regimen according to the
following steps:

1.A string of about 1 inch length made from stainless steel was secured on the polished
palatal surface of the maxillary denture in the region relating to the second premolar and
first molar*?, with auto-polymerize acrylic resin so as to serve as a mean of connection for
the hook assembly, as shown in Fig.(1.2).
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Figure (1.2): String attached to denture bases
2.Each patient asked to sit on the dental chair and to rinse his mouth by water, the denture
was inserted into the mouth and held in position on the ridge by hand.
3. The patient's head was held firmly on the headrest by using two adjoining tornica and
additional commercial headrest. The dental chair and headrest adjusted in such away

occlusal plane of the maxillary teeth parallel to the floor, as shown in Figs. (1.3and 1.4).

The wire attached to the
denture in the mouth
engaged by hook
assembly

Figure (1.3): Hook assembly engages strings in his patient’s mouth.

Figure (1.4): Patients head was held firmly on the headrest with occlusal

the plane of maxillary teeth parallel to the floor.

e —
Web Site: www.Kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig

155




K P S AFKjtab Journal for Pure Science
Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

4. The device was then carried anteriorly till the hook assembly engages the string and
properly centered in position in the patient's mouth in such a way it could travel freely

to dislodge the denture from the palate, as shown in Fig. (1.5).

AN

i

Figure (1.5): Position of the cantilever beam in relation to the patient's
mouth.

5. In the same visit, the retention of the two dentures was evaluated for the patient. The
conventional denture withdraws vertically at steadily increasing force until it was
completely dislodged from the palate. Immediately following completion of registering
the force values for the conventional maxillary complete denture, the retention of fluid

denture base was recorded by using strain gauge measuring force device.

8. Method of calculation
Two measurements were made for all the patients who received new dentures. The first one
was for the conventional maxillary complete dentures. The force values that required to
dislodging the conventional maxillary complete denture calculated during the clinical testing
and the reading were obtained by the strain-measuring device. The mean values of three

readings at five-minute intervals were made for every patient, these reading served as
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baseline data. The same procedure was followed for the same patients with fluid denture

base materials.

9. Statistical analysis
The data were recorded into specially designed forms containing the following information:
Code name, age, gender, type of denture base, and retention forces in. To facilitate the
analysis and presentation of data in tables, numerical codes were assigned for each variable.
Data were analyzed using Statistical Package for Social Sciences SPSS (SPSS Inc., Chicago,
USA) version 23.0. Using descriptive statistics and independent-test was used for two
independent samples and paired t-test (comparing one sample but in two occasions) using
statistical analysis at a significance level of P<0.05 to compare variables between groups. All

data regarding patient identification and medical history were kept confidential.

10. Results
Retention test

The retention forces for 32 maxillary denture bases (heat curing and fluid acrylic resin) s
were studied on 16 patients. For each patient two dentures constructed, one fluid acrylic
maxillary denture and one hot cure acrylic maxillary denture, 16 of them made from hot
curing acrylic resins while the other 16 made from fluid acrylic resins.

The means of retention forces that were recorded for conventional maxillary complete
denture and fluid denture base for individual patients are shown in Table (1.1). In this

repeated measures study and with the purpose of eliminating possible differences in
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retention capacity attributable to the sequence in which the force was applied, calculations
were made of the arithmetic means of the three retention force measurements.

There were substantial variations in the forces, both between patients and within patients
for all measurements. The higher value among patients in conventional maxillary complete
denture was 240.8 gm, while the lowest value was 155.8 gm.

The maximum reading among patients in conventional complete denture obtained for the
patient among the three reading was 258.4 gm while the lowest reading recorded for the
patient was 142.7 gm.

Regarding the fluid denture base, the highest value among patients was 268.9 gm, while the
lower value was 170 gm.

The maximum reading of retention force among patients in fluid denture bases was 288.8
gm, while the lowest reading was 160 gm.

Table (1.1): The mean retention forces in (gm) for the conventional maxillary complete

dentures and fluid maxillary denture base.

No Mean of retention test of fluid Mean of retention test of conventional
maxillary denture base in (gm) maxillary denture base in (gm)

1 210 200.5

2 200 180

3 2215 240.8

4 185 155.8

5 219 190.3

6 180.43 158.5

7 2155 200.2

8 200.6 156.7

9 170 160.9

10 239.8 200.3

11 175.6 160
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12 240.5 178.4
13 250.8 210.9
14 268.9 230.3
15 214 210.8
16 198.8 200
Total
211.9 189.65
mean

Note: 1gm =0.0098newton
The variables in this study were dependent to each other so paired samples t-test was used
to indicate the difference between retention forces of the two groups of denture bases (fluid
and hot), the results showed a significant difference in the mean retention when (p=0.001)
as shown in Table(1.2). The mean retention forces for conventional heat cured and fluid
acrylic maxillary denture base were based on 3 measurements at 3 times intervals for 16
patients. For fluid denture bases, the mean retention forces for the whole group was
211.902 gm, while for conventional acrylic maxillary complete dentures the mean retention
force was 189.650 gm, retention means of fluid denture base for the whole patients were

higher than retention mean of acrylic denture base made from hot curing acrylic resin.

Table (1.2): Paired t-test samples statistics comparing the mean of the retention forces
exerted by two types of denture bases (fluid and heat cure).

Mea Maximu
Material n N Minimum m SD SE p Significant
(gm)
Fluid 211.9 16 170.00 268.90 2798 6.997
group
Heat 0.001 HS
cure 189.6 16 155.80 240.80 26.76 6.691
group
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11. Discussion
In the present study two types of denture bases were constructed for each patient (heat curing

and fluid acrylic denture base), the fluid denture bases had shown more resistance to the
displaced forces and an increase in the mean of the retention forces in comparison with
conventional heat curing acrylic denture base, this increase in retention mean was
statistically significant (Table 1.2).

One of the causes may be due to the fluid acrylic resins did not require the application of
thermal energy to initiate material polymerization. Instead of heat, chemical activators are
added to the material and polymerization can be completed at room temperature, the
processing is similar to that for heat cured resins, except that the flask is left at room
temperature®V.

On the other hand, another factor which makes the fluid acrylic to show higher
retention force may be due to the type of the investment material that had been used
in this study; the agar-agar investment material used for the fluid denture bases and
dental stone investment material used for the heat cured denture bases. Denture
produced by agar-agar investment material may produce a surface with less
porosity, more accurate and, more adaptable.

Another causative factor that made fluid acrylic denture bases provide more retention quality
may be due to the simplicity in the procedure of finishing and polishing, which was only
needed ground away the pouring channel with a metal bur and less finishing time and no
warpage formed when compared to the heat cured denture bases, that means less heat
generation produced during finished time, less dimensional change occurred and more
adaptable denture base produced.

On the other hand, another factor may be due to the internal strain during produced packing
procedure, when the acrylic resin flashing procedure is performed under routine laboratory
conditions, the flask is placed in traditional clamps after final pressing in a hydraulic press.
This condition may lead to a release of residual internal stresses from the acrylic resin dough
before polymerization. The release of residual internal stress along with polymerization
shrinkage, thermal contraction during flask cooling and strain accompanying stress release

during deflasking may cause diminished adaptation of the denture to the tissues*®, the
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amount of strain in a denture will depend upon the shape and size of the samples, the types
of separating medium used, the rate of heat application, the temperature range attained
during polymerization, the rate of cooling after processing and the type of treatment during
finishing and polishing™®, while the fluid denture base poured in to the sprue holes directly
without any press, therefore there was not produce internal strain, less polymerization
shrinkage, during cooling there was no produce strain, and finally produce denture with
more adaptable and retentive quality when compared to the conventional heat curing denture

base.

12. Conclusions
Fluid denture base has more retention than heat-cure denture base in the static state.
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Abstract

Background and Objectives: Denture cleanser is the most widely used method by the
patients to maintain clean and healthy dentures but the prolonged use of such cleansers
may affect the properties of the denture. The present study was carried out to evaluate the
effect of three prepared denture cleansers which were the 4% citric acid, 4% tartaric acid,
and 4% oxalic acid in addition to the Protefix a commercially available denture cleansers,
on some mechanical and physical properties (color stability, water sorption, and
solubility) of acrylic resin (Stellon QC-20) and flexible nylon (Vaplast) denture base
materials after immersion in tea solution. Methods: One hundred specimens (100) were
prepared in two equal major groups: acrylic resin and Valplast. For each test of the
physical and mechanical properties, 50 specimens were prepared, 25 from acrylic resin
and 25 from Valplast. Later on, divided into five groups, one group used as a control and
immersed in distilled water, and remaining 4 groups used as test groups; by immersing in
one of the denture cleansers after staining in tea solutions for 10 days. The effect of
denture cleansers on the properties was studied and compared with the control group.
Results: Visual examination method showed no color changes for acrylic and slight color
change for valplast specimens. Valplast specimens showed higher water sorption and
solubility than acrylic. Conclusions: The findings showed that the 4 denture cleansers
were equally effective, and did not cause significant alteration in the tested properties.
Except acrylic specimens immersed in oxalic acid showed less color stability.

Key words: Denture cleansers, Acrylic resin, Valplast, Color stability, Water sorption and
Solubility.
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Introduction

Various materials have been used to construct dentures. Acrylic resin is now the material of
choice: this material has a required aesthetic quality and is cheap and easy to process using
inexpensive techniques ™ Thermoplastic materials for dental prostheses, Valplast and
Flexiplast, were introduced in the 1950s. Both materials were similar grades of polyamides
2l The chief advantage of nylon lies in its resistance to shock and repeated stressing = 1t
could be extremely useful in the treatment of patients who demonstrate repeated fracture of
dentures and those that show tissue reactions of a proven allergic nature [

The maintenance of clean denture prostheses is important for the health of a patient, to
maintain an aesthetic, odor free prosthesis, and to reduce the number of the microorganisms
on the dentures ' Dentures can be cleaned mechanically (brushing), chemically
(immersion), or through a combination of both " The immersion cleansers are preferred by
patients because they are easy to prepare and effective in removing deposits if used regularly
[71.

Most immersion cleansers can be divided into three classes; alkaline peroxide, alkaline
hypochlorite, and dilute mineral acid. Protefix Active cleanser is a peroxide type of denture
cleanser. It has sufficient oxygen to clean the denture independently, thoroughly and quickly
without attacking the denture material. It removes food remains, coffee, tea, and nicotine

thoroughly.

2. Materials & Methods

Experimental design: One hundred specimens (100) were prepared in two equal major
groups: acrylic resin and Valplast. They were evaluated for changes in color stability,
sorption and solubility after immersion in four denture cleansers (4% Oxalic acid, 4%
Tartaric acid & 4% Citric acid and Prefix tablets) in addition to distilled water. For each test
of the physical and mechanical properties, 50 specimens were prepared, 25 from acrylic
resin and 25 from Valplast. Later on, divided into five groups, one group used as a control
and remaining 4 groups used as test groups as follow:

Group 1: specimens were immersed in 4% citric acid denture cleanser solution.
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Group 2: specimens were immersed in 4% tartaric acid denture cleanser solution.

Group 3: specimens were immersed in 4% oxalic acid denture cleanser solution.

Group 4: specimens were immersed in Protefix denture cleanser solution.

Group 5: specimens were immersed in distilled water (control group).

All groups except group 5 were immersed in tea solution for 10 days for staining before they
were immersed in denture cleansers.

Metal pattern preparation: Metal disk specimens of (50 £ 1 mm in diameter and 0.5 £ 0.1
mm in thickness) were constructed for sorption and solubility tests. Concerning the color
stability test rectangular metal specimens were constructed with the dimension of (25 x 4 x
0.5) mm length, width and thickness respectively to fit into the cuvette of the
spectrophotometer.

Preparation of the specimens: The specimens were constructed by preparing molds by
investing the metal patterns prepared with mentioned dimensions. The acrylic resin
specimens were prepared by conventional compression mold technique, while the nylon
specimens were prepared by injection mold technique.

After finishing and polishing, all the specimens were conditioned in distilled water at 37°C +
2°C for 50 % 2 hours before they were tested according to ADA specification No. 12 (1999)
[8].

3. Preparation of the solutions

1. Tea solution: A standard solution of tea was prepared from 4 grams of dry tea which
boiled in 500 ml of distilled water for 4 minutes and allowed to cool at room temperature,
and then the solution was decanted from tea leaves " This solution was used for staining the
test specimens. (A fresh tea solution was prepared prior to use).

2. Protefix solution: The Protefix solution was prepared according to the manufactures
instructions (1 tablet of Protefix added to 150 ml of lukewarm water).

3. The experimental denture cleanser solutions: A fresh denture cleanser solutions
prepared by dissolving each of the citric acid, tartaric acid and oxalic acid in the isopropyl
alcohol (the isopropyl alcohol was chosen as a solvent for the acid powder due to the
antiseptic effect) ™ as follow:
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4 gm of each acid powder + 100 ml. of isopropyl alcohol — 4% w/v of acid denture
cleanser solution

Then, prior to the use, each prepared denture cleanser solutions was diluted with an
equivalent volume of distilled water, as follow:

50 ml. of distilled water + 50 ml. of prepared denture cleanser solutions — 100 ml. of
fresh diluted denture cleanser solution

The prepared denture cleanser solutions were stored in a closed container and inside the
refrigerator to prevent evaporation, changes in concentration or any deterioration.
Mechanical and physical tests which were used in this study:

1. Water sorption and solubility test: The specimens’ preparation and testing procedure
were done according to the ADA specification No. 12 for denture base resin (1999) ! The
specimens were dried in a desiccator containing freshly dried silica gel arranged according to
their specific group separated by filter paper. The desiccator was stored in an incubator at a
37°C + 2°C for 24 hours. After 24 hours, the specimens were removed to a similar desiccator
at room temperature for one hour then weighed with a digital balance on the precision of
0.0001 mg. This cycle was repeated until a constant mass (M) “conditioned mass” was
reached. (Weight loss for each disk should not more than 0.5 mg in 24 hours period). Then
the discs of a group (1, 2, 3, and 4) were immersed in fresh tea solution for 10 days, followed
by 24 hours in denture cleanser solutions, while group 5 were immersed in distilled water at
37°C £ 2°C for 11 days. After that the discs in all groups were removed from the solutions
with tweezers, they were wiped by a clean dry hand towel until they became free from
moisture. The discs were then waved in the air for 15 seconds and weighed one minute after
removal from the solutions. This mass was recorded as (M,). After that to obtain the value
of solubility test, the discs were reconditioned to a constant mass in the desiccator at 37°C +
2°C as done previously for sorption test and the constant reconditioned mass was recorded as
(M).

The values for sorption and solubility were calculated for each disc from the following
equations. (The final value for sorption should be rounded to the nearest 0.1 mg/cm?, and for
the solubility was determined to the nearest 0.01 mg/cm?).

WSP =M;-M;/S WSL =M;-M3/ S
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Where:

WSP = Sorption mg/cm? WSL = Solubility (mg/cm?)

M; = the mass of the disc before immersion (conditioned mass, Constant mass) (mg).

M, = the mass of the disc after immersion (mg), M3 = the reconditioned mass (mg)

S = Surface areas of the disc (cm?).

2. Color stability test: The color stability test was measured by two methods:

Objective method (spectroscopic study) and Subjective method (visual examination).

A spectrophotometer device was used to measure the light absorption of each specimen at
500 nm (nanometer). For all groups, the light absorption for each specimen was measured
before immersion of the specimens in the solutions.

Following immersion of tested groups in tea solution for 10 days, they were immersed in the
denture cleansing solution for 24 hours. While the control group immersed only in the
distilled water for 11 days. Light absorption of the specimens was measured before and after
the immersion procedure by using a spectrophotometer at 500 nm and the difference
between the two readings was measured.

The visual examination of staining removal was assessed by 10 independent observers
(dentist). Each observer read the samples after their removal from the solutions. The samples
were evaluated visually for stain removal by comparing the tested samples with the control
group by placing the specimens on a white background and they were graded for the amount
of staining on a scale of (No = 0, Slight = 1, Mild = 2, Moderate = 3, Severe = 4) I The
reading of the samples should not be delayed more than 3 days because with time the color
of the samples will be affected.

The Statistical Package for Social Sciences (SPSS, version 15) was used for data entry and
analysis, using ANOVA test, Dunnett test for multiple comparisons within the groups, and t-
test for comparison between the groups.

If P-value <0.01 statistically was regarded as highly significant (HS).

If 0.01 < P-value < 0.05 statistically was regarded as significant (S).

If P-value > 0.05 statistically was regarded as nonsignificant (NS).
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4.Results

Color stability: by visual examination, one way ANOVA for both acrylic resin and Valplast
statistically revealed a significant difference between the groups. (P=0.024 for acrylic, and
P=0.031 for Valplast). The Dunnett test for acrylic reveals no significant difference between
oxalic acid and Protefix, and significant difference between citric and tartaric acid compared
with the control group. For Valplast it reveals a significant difference between citric acid,
tartaric acid, and oxalic acid as compared with the control group, while Protefix showed no
significant difference with a control group. The independent t-test statistically revealed no
significant difference between citric acid and oxalic acid and significant difference between

tartaric acid and Protefix solution, Fig (1).

18 BAcrylic BValplast]

Citric acid Tartaric acid Oxalic acid Protefix

Denture Cleansers

Fig (1): Bar chart of color stability test; visual examination method.

By the use of spectrophotometer device, the result of ANOVA test revealed a highly
significant difference between the groups of the acrylic resin (P = 0.001) and no significant
difference between the groups of Valplast (P = 0.057). The Dunnett test for the acrylic
reveals that statistically citric acid, tartaric acid, and Protefix showed no significant
difference, while, oxalic acid shows high significant difference comparing with control

group. While for Valplast it reveals no significant difference. Finally, the independent t-test
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revealed no significant difference between citric acid, tartaric acid, Protefix, and distilled

water, while oxalic acid shows a significant difference, Fig (2).

BAcrylic @Valplast

Light
Absorption (nm)

Denture Cleansers

Fig (2): Bar chart of color stability test; objective method.

Water sorption: The sorption values for all groups of both denture base materials are within
the ADA specification limit No. 12 for denture base polymers (the uptake should not be
more than 0.8 mg/ cm?). ANOVA test revealed that statistically there was a highly
significant difference between the five groups for both types of denture base materials. (P =
0.000 for acrylic) and (P = 0.000 for Valplast). The result of the Dunnett test for both acrylic
resin and valplast statistically revealed a highly significant difference between citric acid,
tartaric acid, and oxalic acid with the control group and no significant difference between
Protefix and distilled water. Finally, the result of t-test revealed that statistically there was a
highly significant difference between two denture bases materials immersed in three
prepared denture cleanser solutions, and no significant difference between two types of

materials immersed in Protefix and distilled water, Fig (3).
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BAcrylic
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B Valplast

0.7
0.6
0.5
Sorption (mg/cm?)
0.4~

0.3+

0.2+

0.1+

0 T T
Citric acid Tartaric acid Oxalic acid Protefix Control

Denture Cleansers

Fig (3): Bar chart of sorption test

Water solubility: The solubility values for both denture base materials have complied with
the ADA specification limit No. 12 for denture base polymers (the loss in weight should not
be more than 0.04 mg/ cm?. ANOVA test for acrylic resin and Valplast materials
statistically revealed no significant difference between the groups (P = 0.634 for acrylic, and
P = 0.237 for Valplast). The result of the Dunnett test statistically revealed no significant
difference for both acrylic resin and Valplast. Finally, the independent t-test showed a highly
significant difference between two denture base materials, and acrylic specimens showed a
lower value than Valplast, Fig (4).
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Fig (4): Bar chart of solubility test

5. Discussion

Color stability: In this study, color stability was measured by using two methods, visual
examination, and spectrophotometer study.

In visual examination, there was no significant difference in color change of both acrylic
resin and Valplast materials after immersion in citric and oxalic acids and significant color
change after immersion in tartaric acid and Protefix. The mean values for acrylic specimens
showed no color change (mean value < 1) among the tested groups. For Valplast it reveals a
slight color change in all tested groups (mean value >1) comparing with control. These
findings are in agreement with Goiato et al % when they found that Valplast presented the
greatest chromatic alteration after accelerated aging, which was significantly different from
Triplex (heat-cure acrylic). Also, Al-khafaji ! 'Y used the same denture cleansers and
found no color change by visual examination in acrylic samples after immersion in the
denture cleanser solutions and in the distilled water. However, Visual shade matching and
color perception is a psychophysical phenomenon with variations, both between individuals
and within an individual at different times so it is not more dependable and instrumental

measurement has the advantage of obviating the subjective errors of color assessment %
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The use of spectrophotometer method is an objective study, the result of this study revealed
no significant color change at 500 nm levels between the acrylic resin and Valplast materials
after immersion in distilled water and denture cleansers. Except for specimens immersed in
oxalic acid which show a significant difference. These results are in agreement with Sato et
al 1 Al-khafaji ! ™ and Kortrakulkij " The oxalic acid has a greater effect on the color
of acrylic resin specimens; this may be due to that the oxalic acid absorbs at the same
wavelength (500 nm), or it may react with our material (QC-20) and give a product which
absorbs at the same wavelength and increasing the color intensity. Although no significant
difference was observed concerning the same materials when the visual examination method
was used.

Water sorption: The results of sorption test show that statistically there is a highly
significant difference between acrylic and Valplast immersed in prepared denture cleanser
solutions, Valplast specimens exhibited higher values of water sorption. This finding is in
agreement with Lai et al *® and Takabayashi “®" This phenomenon is explained by the
water absorption occurring among the molecular chains due to the high hydrophilicity of the
numerous amide bonds forming the main chains of the polyamide resin. It is also thought
that the higher the amide group concentration, the greater the water absorption. For both
materials regarding the sorption test statistically, there is a highly significant difference
among the tested samples that were immersed in prepared denture cleansers compared to that
immersed in distilled water. This is disagreeing with Al-khafaji " Y used the same
prepared denture cleansers. She found that the denture cleanser solution caused no effect on
the sorption of light-cured acrylic resin and those cured by water bath and microwave.
Water solubility: The results of the solubility test shows that statistically there is a highly
significant difference between acrylic and Valplast immersed in denture cleanser solutions
and distilled water.Valplast specimens exhibited higher values of solubility, but, all have
complied with ADA specification limit which stated that the loss of weight should not be
more than 0.04 mg/cm?. Regarding the effect of denture cleanser, the result reveals no
significant difference between tested groups with a control group; this is in agreement with
Al-khafaji [t
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ABSTRACT

This paper presents a novel image encryption scheme based on extended large-
scale randomization key-stream generator. The basic form of the key-stream generator is
presented, and employed in digital image ciphering. The modification of the basic form also,
presented, and gives encouraging results in image encryption as compared with classical
non-linear stream cipher generators and the basic form. Pixel shuffling is performed via
vertical and horizontal permutation. Shuffling is used to expand diffusion in the image and
dissipate high correlation among image pixels the sequences generated from all presented
generators are introduced to five well-known statistical tests of randomness to judge their
randomness characteristic. The ciphered images are tested for their residual intelligibility
subjectively. The measures applied to images ciphered by one of the classical key-stream
cipher generators (Threshold generator) for the purpose of comparison with the presented
key-stream algorithms. Experiments results show that the proposed algorithm achieves the
image security. In order to evaluate performance, the proposed algorithm was measured
through a series of tests. Experimental results illustrate that the proposed scheme shows a

good resistance against brute-force and statistical attacks.

Keywords: image encryption, stream cipher, data security
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INTRODUCTION

As computer —networks widely adapted by societies, network security issue becomes
essential in this century. Many people need data privacy and feeling it is necessary when
they sending or receiving information against unauthorized people [2]. Consequently, digital
images represent one of the important information, transmitted through communication

networks; hence there must be some techniques to conceal them. The most reliable way is by
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employing ciphering algorithm to convert the digital image to unintelligible information.
Image coding such as (Huffman code), can be also considered as one of the ways of image
data concealment, but coding gives constant (codebook)[3], to each image to be ciphered. On
other hand ciphering provides many cipher text to each image, through different
transformation keys employing. Fortunately, security algorithms do not have to be expensive
or complicated. Such as, stream cipher algorithms that will be focused during the work of
this paper and will be applied for image ciphering because of such generators simplicity and

perfection (close to one-time-pad) [2],[3],[4]and fast implementation of ciphering process .

2. Image Encryption Using Large-Scale Randomization Stream Cipher

Scheme

The Large —Scale Randomization algorithm is composed of mainly two parts as shown in
figure (1).

The driving sub-system. The non-linear combining subsystem.

> K —l—b= .
Drivin ’ ! Nonlinear v
Subsvstégm | Combing
‘ ! Subsystem
> X7 —
LK K

Figure (1) Block diagram of proposed stream cipher generator.

According to deriving sub-system design there are two forms for the presented key-stream
generator that will be introduced in the next stage.
Basic Form of the Presented Algorithm

The deriving sub-system for the basic form of the presented algorithm consist of also
Two parts as illustrated in figure (2). the first part is the deriving sub-system that involves

single group of (LFSRs), this group is called choosing group that illustrated in figure (3).
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These five bits generate an address to any cell in the g” container that consist of 32 locations
(Session-key). These contents should be selected randomly in other word the container
should include random combination of ones and zeros. Ruppel key-stream generator can be

used to generate this key.

G
LK 247 bit X
Choosing Group X,
oI T
Xy
Driving Subsystem Non-linear Combiner
Figure (2) proposed system components
Xo
» as¢ [------—-—-———1 ag f-———--- as - a | a ——»
CGy
1 } P
Xi
P 847 oo as [~ mmmmmmees a >
CGa l l
<=
Xe
L as a4 a3 p------o a —»
R I !
<=
X3
B Q27 [rmemmmmmemmmmees A5 prememmmmeemes @ | & >
R ¢ I
< 4=
X4
L R T az a ——mm»
CGs l i
<4

Figure (3) Driving subsystem (Basic form)

Developed Form of the Presented Algorithm

The developed form of the presented algorithm can be considered as an extended form of
that presented previously. The extension here applied for driving sub-system and non-
linear sub-system. The driving subsystem consists of three groups LFSRs:
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1-Choosing group (CG): consists of five LFSRs (CG1 — CGb5).

2-Rotation group (RG): consists of two LFSRs (RG1, RG2).

3- Directives registers (DR). The deriving sub-system is illustrated in figure (2).

Where, registers of each group have relatively different prime lengths. The content of each
LFSR is filled with the sequence of bits derived from the secret key (LK) that will be
discussed later. In the design of the non-linear combining sub-system (G) the following
requirements have been considered [10],

(1) (G) must transfer the statistical properties of the periodic driving sequences to the
generated running key in the sense that, when the input sequences have good properties, so is
the output sequence.

(2) (G) must be maximizing the complexity of the running key relative to the complexities of

the driving system generators. Linear methods to reliably predict future key stream digits

G: Binary> — Binary
from any observed part of the key stream is made unfeasible. In the suggested stream
cipher generator, the non-linear part assumed is a Boolean function (G) of type:

Which is given in the form:

yj :(gAj (Xoj, Xij, X5, X3j, X4j,SAj (X5j, X6j),PAj( X7 ) <+> Xaj <> XKg; <+>X7j)

1)
Where:
S’} (Xsj, Xej)= (Xsj+ Xgj)<< 1 )
And:

H
o

d:
ROTR (¢",8") if X,
(X7j)=

P,
’ ROTL (g,S") if Xy = O

@)
Where, yj is the output of the function at time j, (Xo;, ...X7;) are the output bits of the driving

stage at time(j) g”j is a 5-bit combining function, it works as a 32-bit container whose
contents are initialized by the secret session key (Sg).
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The input to the function is three groups, where the first group (i.e. Xoj, Xj, ...X4j) is
considered as address, to a certain location (cell) in the container. The second group (Xs;,
Xej) pass through the operator (S), whose output will specify the amount of rotation (i.e. the
bits length of the rotation). Finally, (X7) bit which is pushed to the operator (P*) whose
output bit will specify the direction of the rotation. The importance of the (S) and (P*)
functions is to increase the immunity that will be illustrated. Figure (4) shows the complete
structure of previously presented scheme.

cor [ e e e [
3 1 i Ly
CG- ’—’{ aﬂlf 7777777777777777777 { 1i f 777777777777777 { a —
e N e s
3 I
cor [ N oo
1 1 ! 1

CGs ’—'{ ajlf ””””””””””””””””””””””””” | flz a

}_
RG, ’—>< as> | I az as 1 | a> | a: }_;
o3 1 I

Figure (4) proposed system internal structure

Key Structure

Two different secret keys are involved with the suggested generator these  keys are:
Session key (SK): 32 bits that should be generated randomly (by the user) with correlation
rate equal (0.5). The random generator selected to construct this key is the Reuppel-
generator. The value of this generator initial key is:
(1011,0101,1100,0100,0110,1101,0111,1010) b (0Xb5C46d7A) H. Linear key (LK): (343)
bits are used to initialize the contents of LFSRs with the driving subsystem. Three keys are

used; thus, the adopted three keys contain different levels of redundancies, and randomness
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which will be considered as a weak randomness (key 1) to the good randomness (key 3).

Figure (5) below shows Complete system components

LK 343 birs SK 32 bifs
Xo
X
Choosing Group x>
CG
¢ ) X3
Xa
: Xs
Rotation Group
RG) X6
v
N S
Directive Register X< _|_|> ~
(DR) =[ l P
<4>
Driving Sub-system Non-linear Combiner

Figure (5) Complete system components

Initialization and Operation

The initialization operation is done by first loading the (LK) (343) bit, to initialize the
registers starting from (CGI1...CG5) then RG1, RG2, and finally DR receptively. The
operation of bits stream generation is started by producing five bits from CG as an address to
the session key that is resident in the (g") container, and then the content of (g”) will be
rotated before producing its value. The rotation operation depends on the output of the
function (S) which decide how many positions can be rotated, but the direction of rotation
decided by direction operation (P* ) ( when(X;7=0) to be rotated container content (g") right
and when (X7; =1) the content is rotated to the left ). The output bit of generator produced
by XORing of the output of (g”) function and output of three registers (CG5, RG2, and DR).
XORed together. This operation can be repeated to generate a key sequence [7]. The outline
of generator operations can be shown in the following pseudo code, which written in C++
notation:

Stepl: Input = SK, LK, no. of cycles.
Step2: Initial LFSRs with LK.
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Initial (") with SK.
Step3: 1=1
Step4: If I>no. of cycles then go to step 12.
Step5: Shifting of LFSRs, and producing Xg, Xy, ..., X7.
Step6: Address = 0.
Step7: For j=0;j <5; j ++
Address = Address @ X <<]
End for.
Step8: No. of rotations = Xg+Xg << 1;
Step9: For K = 0; K < no. of rotations; K ++
IF X;= =0 the rotate (g") to the left
Else
Rotate (g") to the right
End for
Step10: Output = (g [Address] + X, +Xg +X7) mod (2);
Stepll: | = 1+1, Goto step 4.
Stepl2: Stop
Expected Sequence Period
The architecture of this algorithm is chosen so that the size of period (L) is
such that the system is computationally secure against linearization attacking
i.e. L =2%° This value is derived by the fact that the period (Li) of the sub-
generators (i) is given by:

N
L=IT L (4
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Where N = number of sub-generators. Then it can be show that, the period of sub-

He

L, =

IT (2Y —1) = 2% bits
generators: 1

1

On the other hand, the period of the non-linear part is the period of three functions (g"), (S"),
(P”) which can be computed as:

3 .
L,=1 ol 2 9lx02x932 _ 535 e
|

Therefore, the overall period (L) of the system becomes :

L, =(L)*(L,)~2"® bits.
The size of period makes attack becomes unfeasible and suitable for huge data (such as
image information) ciphering the different (LFSRs)[5].0One of the classical Non-linear
stream cipher generators is threshold generator in which the combination function checks the
majority of ones ,thus if more than half the output bits from each sub-
generator(X1,X2,X3...).Includes ‘1’more than ‘0’ then the output of generator is ‘0’.The

output of generator can be written as[1 ]:
Y=(X <> Xp) <> (X <> X3) <> (X< > Xs) ...(5)

Where vy is the output of generator and <*>denotes logical AND.

3. Image Ciphering by Presented Algorithm

To cipher digital images by the proposed algorithm .The following procedure must be
followed .If M represents whole image pixel values M is divided in to successive parts mij
j.e.,mll ml2,....mnl n2 where 1<i, j <nl, n2 ,then if ml1 ,ml12,....mnl n2 €M ,and
mij stands for one image data pixel (8-bit for gray-scale images) with in a set of whole
images pixels M .The encryption engine enciphers mij (8-bit) at a time with the Key-stream
element kl (where kl €K) , kil is the entire Key-Stream and 1< | < nln2 . The process of

encryption is as follows [ 2]:
Equation (a):
Tk(M) ‘M ->C =t (mll) tkz(mlz) ........ tk|(mn1 ng) .
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Where T (M) and t,(m,.n,) are the encryption of whole message and a single
pixel in image respectively .
Equation (b):

T H(C) 1 C > M1t (€ ) (€gp) o i (Cgnz) -

=) .t o) . . .
Where and 'k and K VM2’ are the encryption of whole message and a single pixel
in image respectively. Equation (a) is applied to each pixel in image frame in row-wise
manner, until the final row in image. Then the same key-stream is applied to the previously
resulted image frame in column- wise to deals with image data as a two-dimensional
message. The same procedure is applied by equation (b) to decipher the images and
reconstruct the original image without loss in image quality (recovered image). Image

encryption scheme illustrated in figure (5).

cij,row =kij <+> mij , row

v

\

M;J'[!:) <> [!)I = anIOD'!!:)

Figure (5) Image ciphering scheme

4. Residual Intelligibility and Regularity of Digital image

When ciphering systems are constructed, there must be some techniques to show the
amount of residual intelligibility in ciphered images, and the quality of the reconstructed
images. The ciphered image must be considered nearly as a white noise (chaotic) with low
residual intelligibility and low quality, on other side the reconstructed (deciphered) image,
must give high intelligibility and high quality with high level of regularity.
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Subjective Fidelity Criteria

Human are good at identifying geometric objects (such as circles, rectangles, triangles, and
lines) and shapes in general. Images, which contain-mostly recognizable shapes, are called
regular images. If an image is not regular, i.e. does not contain identifiable objects or
patterns, or its too chaotic (such as white noise), it is difficult for humans to compare or
recall it [9]. Thus, for image ciphering systems it is suitable that the ciphered image To have
bad subjective quality, (low visual quality), and the deciphered image to have high visual
quality. The histogram of an image is a plot of gray-level values, versus the number of pixels
at that value. The shape of histogram provides information about the nature of image. The
histogram measures are statistically based features, where the histogram is used as model of

the probability distribution of gray levels. The first order histogram probability P(g) can be

defined as:
_N(@)
P(9) = Mp ...(6)

(Mp) is the number of pixels in the image or sub-image, and N(g) is the number of pixels at
gray level g. The statistical measure based on histogram probability used to measure image
regularity is the entropy which is a measure of randomness achieving is highest value when

all gray levels of image are equal so, it is given by [10]:
N, -1

H=—2 P(g)log,[P(0)] ()
g=0

As, the pixel values in the image are distributed among more gray levels, the entropy
increase [5]. Hence, the ciphered image must have maximum entropy, but the deciphered
image must have less amount of entropy (flat histogram distribution).
Objective Fidelity Criteria

The objective fidelity criteria provide equations that can be used to measure the amount of
error in the reconstructed (deciphered) images or to measure the amount of error between
pure image and ciphered image. Commonly used objective measures are the root-mean-

square error (erms), and the peak signal-to-noise ratio (PSNR) [10]. The root-mean-square
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error is found by taking the square root of the total error divided by the total number of

pixels in the image of size (N> N):

erms=\/ Xg yg 1 0ey) - 1) .(8)

Hence, the smaller the value of erms metrics, the better the deciphered image represents the
original image and the larger the value of error metrics. The better the ciphered image
conceal pure image information. Alternatively, with (PSNR) metrics, a larger number
implies a better deciphered image, and smaller number implies better image concealment of

original image is obtained. the peak signal-to—noise ratio, is defined as:
(N_-1)°

PSNR =1OIog10 el
Z[l X y) = 1(x,y)I’

.09

N-1

X=0

Where NL = number of gray levels (for 8-bits NL = 256) . Also, as a useful indicator for
intelligibility losses in deciphered or residual intelligibility in ciphered image, because all
pixel in spectral domain represents a contribution of all image pixels in spatial domain [10].

The spectral signal-to—noise ratio for the digital image can be defined as:

N-1N-1 2
PIONIICRY
SSNR =101l0g,, 7=0=0 - ...(10)
> \lf(u,v)—l“f(u,v)\

u=0 v=
Where If(u,v) is the two-dimensional Discrete Fourier Transform (2DDFT) of original image
and If (u,v) is the (2DDFT) for ciphered image equation (19) is defined in [8] for one-

dimensional discrete signal as a scrambled signal quality measure as:

> Jif (u)

SNR=10log,, —= ..(11)

N

Z\lf (u)—1F"(u)]
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Similarity Measure

The most common form of the similarity measure can be interpreted in two given

- Al Bii e : N N
matrices and .The inner product can be definedas Y, 3 a;:b.

i Alternatively; each
i=1j=1

element in the matrix is subtracted from the image mean value as illustrated below:

N i=N,j=N
L ..(12
[aij = a; _ngp(g)] (12)
g=0 i=0,j=0
N, i=N,j=N
[bij =b; _Zg X p(g)J
9=0 i=0,j=0
Then, the similarity test finally is given by (after normalization) [5]:
N N
Z Z 8P
CORR2 (A;j, Bj) =————1= .(14)
NN o->» NN 5
2 2 aij 2 2 bij
I=1)=1 I=1j=1

By considering Aij and Bij as two image matrices. The similarity measure shows the
amount of correlation between Aij and Bij. Therefore, when the similarity between the
ciphered image and the original image, is small, then good concealment to the original image
IS obtained. The similarity between any two-image matrices gives its maximum value of (1)
if the two images are perfectly similar.

Statistical Tests of Randomness

Numerous statistical tests can be applied to a sequence. In the current work, five

particular tests will be described and some remarks about their usefulness will be presented

to give an indication of their usefulness. The five tests are:
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Frequency Test
This is perhaps the most obvious test in comparison with other tests, occurred in the
sequence and it is applied to ensure that there is roughly the same number of ‘0Os’ and ‘1s’.

Let n0O zeros and nl ones be in a sample of (nt =n0 + nl) bits. Then[6] :

%2= (o ny)’/ny ..(15)

2
Clearly if n0 = n1 then X = 0. To decide if the value obtained is good enough for the
2
sequence to pass, the value of test can be compared with a table of X distribution

(Appendix (B)), for one degree of freedom (DOF). It is obvious that the value of X2 for 5%
significant level is (3.84). So, simply, if the test value is no greater than (3.84) the sequence
passes, otherwise it is rejected.
Serial Test

The serial test is used to check that the number of bit transitions of the binary sections
(01,10,00,11) in the stream of length nt are occurred roughly (the same number of times). If
a sample passes this test it suggests that each bit is independent of its predecessors. If n00
represents the frequency of the section 00, Ng; the frequency of the section 01, n10 is the
frequency of the section 10, and nl11 is the frequency of the section 11, then the following

equations will always hold

n00 + n01 = nlornl-1 ...(16)
nl0 + nll =nlornl-1 ...(17)
n10-n01=0or1 ...(18)
n00 + n01 + n10 + n11 = nt-1 ...(19)

(Note the (1) occur because for a section of length L there are only L-1 transitions).
Ideally:
n, -1

n01=n10=n00=n1l 4
as showed by [12], and,[30],[31] ,hence the serial test ST is given by:
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4 1 1 2 1
St = 5 X225 ()21 ...(20)

2
Is approximately, distributed with two degrees of freedom. From X distribution table.

2
Thus, the value of X corresponding to a 5% significant level is 5.99. It is becoming clear

that for this test any sequence for which the value is greater than 5.99 must be rejected.

Auto-correlation Test

X1, X0, Xq, ... Xp
If the binary stream to be tested is 1723 t then:
nt—d

nt nt
A 2 2
c(0)= El(xi) =HN M

If the stream contains n0 of ‘0s’ nl of ‘Is’, then the expected value for A (d) where d #

0is:

n?(n, -d

_n=d) ..(26)
nt
2 2

The test will be successful if X < 3.841 for all d, whereX can be calculated as

follows:
(A (d)—p)?

= ...(27)

1}
This test enables to decide whether the sequence under test is believed to have

‘random’ distribution or not [8] [9]
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The Run Test

For this test, the sequence is divided into runs of zeros and ones, a run of zeros is defined as

a consecutive string of zeros preceded and followed by ones a run of ones is defined

similarly.
The (i) successive 0-bits preceded and followed by a ‘1’ are called a 0-run of
length (i): 10000001
——
Length -i

The successive 1-bits preceded and followed by a ‘0’ are called a 1-run of length i:

01111110

H_J

Length -i
For example, the sequence 011000101101 contains:

3 of 0-runs of length 1

1 of O-runs of length 3

2 of 1-runs of length 1

2 of 1-runs of length 2

n0i = number of O-runs of length i.

nli = number of 1-runs of length i.

The expected number of runs of length i (both 0-runs and 1-runs TO, T1) is :

2
N
K [r‘Oi_ ZiJ 08)
T = _— R
07 ng
2i
2
n—t
k]c 1i o
T = .29
1 El N 29)
2i

2
Which is approximately X  distribution with (kf -1) degree of freedom.
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Results and conclusions
The results for Image regularity and residual intelligibility are all illustrated in Table

(1) for the image beach. The ciphered images are all shown in figure (6)

Figure:(6) Image called beach ciphered using presented algorithn
(a)&(b): original image with histogram
(c)&(d): ciphered image from preseuted Algorithm with histogram.
(e)&(f): deciphered image with histogram.

for the proposed non-linear key-stream generator and traditional Non-linear key-stream
generator which is called Threshold generator for sake of comparison. The results of testing

randomness of LFSRs are shown by tables (2) and table (3) below

e —
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Table (1) Regularity and Residual Ineligibility Measures for ciphered images

Image Entropy of o
) Entropy Similarity | SSNR (dB) | PSNR (dB) €rms
name pure image

The results of residual intelligibility for presented stream cipher generator

7.4504 7.9023 -0.0431 ‘ 0.6225 1.9258 204.367
The results of residual intelligibility for Threshold stream cipher generator
7.0144 7.4289 0.4843 ‘ 5.3219 7.1756 118.017

The requirements of the proposed algorithm are:

Both the sender and receivers need to have the identical functioning programs for
enciphering and deciphering.

(2) The receivers must have obtained the randomization key string K(l) and the scheme
description before the receipt of ciphertext from the senders. Therefore, a good key exchange
protocol, like Diffie-Hellman scheme, must be performed. This may have employed in future
as further development for the presented algorithm.

(3) The results of residual intelligibility that have been applied for image called Bridge
and image called Fighter shows that the residual intelligibility for images ciphered by the
presented algorithm is lower than the values obtained from the same images encrypted by
Threshold non-linear stream cipher generator (see table (1)). Furthermore, the subjective
quality for ciphered images by the presented algorithm is very close to the white noise
(chaotic with flat histogram) as compared by the same results obtained from Threshold non-
linear stream cipher generator.

(4) The correlation immunity of the presented generator with high period could be
considered as the most important advantages of the presented algorithm. Finally, the

simulation results show that the proposed algorithm achieves the image secrecy.

o
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Table (2) Statistical Tests of Randomness Results from classical method

2221362

20.540 l‘ 17.4062 I 15.8021

must e =

11.1

5.6026 5.1986 5.45849

must be

= 500

0.84118 1.4407 3.6787

I
Auto — Correlation Shift 1 § 0.20334 0.2739 | 0.32610
test, for first ten bits Shift 2 J 0.69133 [ 0.12747 | 0.08966
Shift 3 § 0.1361% | 0.06515 | 0.01968
Shift 4 § 0.04478 | 0.11389 |/1.21773
Shift 5 § 0.05576 | 0.60407 | 0.02818
Shift 6 | 0.45618 | 0.24653 | 0.2070
Shift 7 § 0.536701 [ 0.54944 J0.2762
Shift § 0.7377 | 0.20560 J0.3818%
Shift @ § 0.04525 0.9558
Shifeld | 0.13752 0.36748

must be

< 348

Maximum Auto — Corr. value
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Table (3) Statistical Tests of Randomness Results from Large-Scale Randomization

AN

stream cipher scheme without (S’ P)

Test Key 1 Keyv 2 Kev 3 Pass value
- _ . must be
Freguency test 0.52711 0.05034 0.2586 )
= 3.84
TO 239218 13,5559 158021 must be
Run test ~
T1 20.80231 || 739101 | 7.27472 = 1362
= must be
Poker test p=5 4.0218 31.627 7.747
= 11.1
R must be
Serial fest 0.3300 0.2567 0.50396
= 599
Shife 1 0.01522 0.4374 0.3217
Shife 2 0.8057 0.7043 1.23908
Shife 3 3 8671 3.5211 0.2597
Shife 4 0.2973 010312 2852
Auto — Correlation Shift 5 0.01610 0G4 4.1525 must be
test, for first ten bits Shift & £ 47603 3.215 0.8121 = 3.48
Shife 7 0.2735 4. 872 0.332413
Shift & 0.0058 00281 1.19550
Shife @ 36902 1216 0.2079
Shiftl0 0.10022 004618 0.03205

vailne

Maximum Anto — Corr I ” I I
£.482 8 2863 2.61902 = 3.48
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Abstract

An important approach of therapy the target gene sequence causes diseases via
repair/recombine the mutated gene (gene transfer) using a restriction enzymes in the
laboratory. This approach will cause multiple problems happening accompany to biological
laboratory if ruled out problems outside of it like the digested DNA ran as a smear on an
agarose gel, incomplete restriction enzyme digestion, extra bands in the gel, etc. The paper
suggested new approach of therapy via repair/replacement mutated gene caused disease by
detecting primers and finding restriction enzymes using bioinformatics tools, software,
packages etc. then achieving the repair/ recombine of mutations before going to the biologic
lab (out-lab) to avoid the problems associated these laboratories. Implement and apply this a
proposed therapy approach on TP53 gene (which caused more than 50% of human cancers)
and after confirming there is mutations on P53 tumor protein shows an effective cost,

friendly therapy methodology and comprehensive.

Keywords — Therapy, Gene Transfer, Target Sequence, Polymerase Chain Reaction,

Primers, Restriction Enzymes, P53 Tumor Protein.
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1. INTRODUCTION

THERAPY of mutated gene caused diseases may be done by replacing the damaged gene
with another non-damaged using restriction enzymes and that needed to scan along a DNA
looking for a particular sequence of bases in general from 4-6 base pairs in length within
laboratory that will take approximately 3 days. The restriction digestion in the lab takes
place overnight and can be kept in the freezer until the next class period when it will be used
for gel electrophoresis, the gels may be stained overnight prior to

photographing or recording results.

n this pargraph will explain briefly some terminologies like DNA template is sample DNA
contains the target sequence (means the gene sequence which needed therapy). DNA
polymerase a type of enzyme, which is synthesizes new strands of DNA complementary to
the target sequence. PCR is based on using the ability of DNA polymerase to synthesize new
strand of DNA complementary to the offered template strand. Primers - short pieces of
single-stranded DNA that are complementary to the target sequence [1].

Process of gene transfer explained in following steps:

o Isolation of gene and vector (by PCR): Fig. 1 shows this task.

Promoter region
(transcription initiation)
Repressor sequence
(in some plasmids only) Recognition site
(for endonuclease)

Replication origin

(plasmid synthesis) A

" Recognition site
(for endonuclease)

Antibiotic resistance gene
(fo select transgenic cells)
Fig. 1. Reveals Isolation of gene and vector.
Digestion of gene and vector (by restriction endonuclease): Both must be cut with restriction

enzymes at specific recognition sites as show in Fig. 2

o
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‘Sticky End’ Restriction Endonucleases ‘Blunt End’ Restriction Endonucleases

I.Ic..:‘r?ff

—
Recognition site

. J m‘:
I— Complementary L Uniform Edges J

Overhangs (No Overhangs)

Fig. 2. Shows Digestion of gene and vector.

o Ligation of Vector and Insert (by DNA ligase): Fig. 3 shows a format of a recombinant

construct.

complementary joins backbone
‘sticky ends’ (sugar-phosphate)
————

Insert
DNA Ligase

Plasmid '

Fig. 3. Reveals Ligation of Vector and Insert.

Many of problems happening accompany to biological laboratory if ruled out problems
outside of it like finding genes, primers, diagnosis and classify mutations, etc. Some of
important problems are [2]:

1) Extra bands in the gel that may cause if larger bands than expected are seen in the gel,
this may indicate binding of the enzyme(s) to the substrate and partial restriction
enzyme digest.

2) No transforming that causes restriction enzyme(s) didn’t cleave completely.

3) Partial restriction enzyme digestion will cause cleavage is blocked by methylation,
Inhibition by PCR components, too few units of enzyme used, addition may lead to

presence of slow sites, DNA is contaminated with an inhibitor, etc.
—_—
Web Site: www.Kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig

199




KJ P S AFKjtab Journal for Pure Science

Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

4) Digested DNA ran as a smear on an agarose gel this causes the restriction enzyme(s) is
bound to the substrate DNA.
So needed to integrate new approach for replacement a mutated gene (which caused
diseases) via candidate restriction enzymes that done by employing programs, online took
and software (supported bioinformatics tools) can produce integrated therapy approach

outside the laboratory to avoid the problems related.

2. RELATED WORK

complementary joins backbone
‘sticky ends’ (sugar-phosphate)
— N ——

Insert
DNA Ligase

Plasmid

Fig. 3. Reveals ligation of Vector and Insert.

Colosimo A, Guida V, Antonucci, and others [2007], reveals gene therapy has been
proposed as a definitive cure for [J-thalassemia applied a gene targeting approach, based on
the introduction of small DNA fragments (SDF) into erythroid progenitor cells, to
specifically modify the [J-globin gene sequence at codon 39. The strategy was first tested in
normal individuals by delivering mutant SDF that were able to produce the [139 (C=>T)
mutation. Secondly, wild-type SDF were electroporated into target cells of [139/(139. [1-
thalassemic patients to correct the endogenous mutation in both cases, gene modification
was assayed by allele-specific polymerase chain reaction of DNA and mRNA, by restriction
fragment length polymorphism analysis and by direct sequencing. Unfortunately, the number
of corrected cells remaining from each experiment was insufficient to carry out protein

studies by MALDI-TOF analysis. More importantly, improvements in delivery approaches
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and/or design of SDF are clearly required to yield sufficient quantities of corrected cells for a
significant therapeutic benefit. [3].

Owen T. M. Chan, MD, PhD, Kenneth D. Westover, and others [2010], suggested methods
that assay hemoglobin B-globin chain variants can have limited clinical sensitivity when
applied techniques identify only a predefined panel of mutations. Even sequence-based
assays may be limited depending on which gene regions are investigated. They sought to
develop a clinically practical yet inclusive molecular assay to identify f-globin mutations in
multicultural populations. The paper highlights the B-globin mutation detection assay (-
GMDA), an extensive gene sequencing assay. The polymerase chain reaction (PCR) primers
are located to encompass virtually all hemoglobin 3 locus (HBB) mutations. In addition, this
assay is able to detect, by gap PCR, a common large deletion (A619 base pair), which would
be missed by sequencing alone. We describe our 5-year experience with the B-GMDA and
indicate its capability for detecting homozygous, heterozygous, and compound heterozygous
sequence changes, including previously unknown HBB variants. The B-GMDA offers
superior sensitivity and ease of use with comprehensive detection of HBB mutations that
result in B-globin chain variants. [4].

The drawbacks of these methods (If you do not take into account the determinants of their
own), implementing the therapy of mutation gene caused diseases done within laboratory
and as referring to in section (1) there are multiple problems associated to the lab. The
motivation overcome those drawbacks in previous techniques to reach a new therapy
methodology, can replacement a mutated gene by predict the restriction enzymes based on
bioinformatics tools and software then later can go to biological laboratory to implement the
plan of replacement mutated gene via CAT methodology after classifying mutations at
protein (not only in its gene) too because “two sequences may have big differences in DNA

sequence but have similar protein” [5, 6].

3. PROPOSED THERAPY APPROACH

The proposed therapy approach started with find the gene (Homology normal gene) using
NCBI (DNA template). after that diagnoses and classify there is mutation, If GC% content

excepted then continue, else return from start to find another DNA Diagnosis and
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Classifying is there mutations at Person's gene and at protein too using ClustalW within

BioEdit. The algorithm for therapy approach as PCR application shows as follow:

4. EXPERIMENTAL RESULTS

The implement and applied of proposed therapy approach (shown in subsection 3) on
mutated TP53 gene and confirm stile there is mutation on the tumor protein P53 (which

caused more than 50% types of human cancers) explained as follow:

Algorithm of Proposed Therapy Approach

Input: DNA template includes sequence of gene target, and
sequence of mutated gene for the Person holds disease.

Output: Recombine gene of the patient holds disease via predicting
of restriction enzymes.

BEGIN
Step 1: Determine the primers of normal gene via package, program, etc
to avoid them when used the restriction enzymes.

Step 2: Predicting restriction enzymes using program of Analyze
Sequence.

Step 3: While (there is mutation) do:

i.  Selecting the adjacent enzymes (around the mutilation
which needed replacement).
ii. Obtaining the foreign (Homology Normal) gene
sequence to replace a mutated gene for Person.
iii. Expected replacement mutated gene using restriction
enzymes which predicted in (a) above.
End While-do
END

Sequence.

A. Tools and Software are Required

The tools and software needed to implement and applied
the proposed therapy approach for replacement/ recombine is summarised in:
1) Searching a NCBI for nucleotide (DNA sequence) via the gene name to obtain the
DNA template (TP53 gene) then saved as FASTA format.
2) Determine unmuted TP53 Gene (Homology Normal Gene) using
COSMIC/GENSCAN Web Server at MIT within the gene sequence which obtained at (1)
above, will paste as shown in Fig. 4, A; this package can be extracted the normal TP53

gene (target sequence) and save it (in FASTA file) as shown in Fig. 4, B [8].

o
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The GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

)

For information about Genscan, click here

Server update, November, 2009: We've been recently upgrading the GENSCAN web
some problems in the output of GENSCAN. We apologize for the inconvenience. Thes

This server provides access to the program Genscan for predicting the locations and exon-infy
sequences from a variety of organisms

This server can accept sequences up to 1 million base pairs (1 Mbp) i length. If you have tro
large number of sequences to process, request a local copy of the program (see instructions at

Organism Suboptimal exon cutoff (optional);

Soqueace e (optona)

Prot opions

Upload your DNA sequence file (upper or lower case, spaces/numbers ignored): [JIIEEES

b : -

Fig.4. Shows extract target TP53 sequence via GENSCAN

3) The FASTA file which obtained in steps (1 and 2) will use in ClustalW to display
result of alignment, i.e. diagnosis there is malignant mutations by comparing the normal
TP53 gene sequence with one sequence (or more than one) TP53 gene sequences for
persons at the same time. That is done using BioEdit by selecting Accessory
Application—> ClustalwW Multiple Alignment-> Run ClustalW, then obtained the result
whether there is malignant mutation or not, and as example will suppose mutation at
codon 349 in TP53 gene for certain Person comparing with normal TP53 gene shown
mutation on that codon.

This classification on (3) above not enough as referring to in section (2) [5, 6], so needed
to transform the normal homology TP53 gene to tumor protein P53 as well as TP53 gene
for the Person transform to the tumor protein P53 then using the same tool ClustalW via
BioEdit package for diagnosis still there is mutation (in level of proteins) or not. In this
experiment shows the mutation at codon 349 (GAA—-> TAA) when transform to tumor

P53 will transformation from (E) to (stop) at Person's P53 gene. This confirm will classify

—_—
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in protein level in this mutation (position, which discovered) may cause lung cancer, head
or neck cancers based on the database (UMD _Cell_line_2010) of TP53 website as
modern and comprehensive database (URL:

http://p53.free.fr/Database/p53 MUT_MAT.html [9]).

B. Applied the Algorithm of Therapy Approach

This subsection applies the algorithm of therapy approach as following using the mutated

TP53 gene (of Person) and the normal TP53 gene as referring to them in (A) above:

1) Step 1: determine the primers at normal TP53 gene (target sequence) that is done using
BioEdit by selecting normal TP53 gene—> BLAST NCBI-> then select Primer-BLAST—>
paste the FASTA sequence of normal TP53 gene, finally will obtain the primers
determines in (10), some of them shown in Fig. 5.

2) Step 2: Predict restriction enzymes via program of Analyze Sequence to select adjacent

enzymes (around each mutation of mutations at TP53 gene), can obtain by open Analyze

Sequence > paste the FASTA sequence.

<, Primer-BLAST

» NCBU Primer-BLAST : results: Job id=JSID_01_108598_130.14.22.10_9002_primertool _more.

Input PCR template P53 (Normal)
Range  1-1182
Speificity of primers  primers may not be specific to the input PCR template as targets were found in selected database:Refseq mRNA (Organism
limited to Homo sapiens)...help on specific primers
Other reports b Search Summary

¥ Detailéd primer réports

Primer pair 1

Sequence (5>3) Template strand Length Start StopTm  GC3% Self complementarity Self 3' complementarity
Forward primer TGTGACTTGCACGTACTCCC Plus 20 263 382 50975500600 100
Reverse primer ACCATCGCTATCTGAGCAGC Minus 20 581 542 50.9755004.00 200
Product length 169
Primer pair 2

Sequence (5->3) Template strand Length Start StopTm  GC% Self complementarity Self 3' complementarity
Forward primer CCATGAGCGCTGCTCAGATA Plus 0 534 553 50.9755.008.00 200

20 060 041 60.0360.003.00 000

Product length 427
Primer pair 3

Sequence (5->3) Template strand Length Start StopTm  GC% Self complementarity Self 3' complementarity
Forward primer GCTGCTCAGATAGCGATGGT Plus 20 542 561 50875500400 000
Reverse primer CTTCAGGTGGCTGGAGTGAG Minus 20 1110109180.0460.004.00 000

Product length 560
Primer pair 4

Sequence (5>3) Template strand Length Start StopTm  GC% Self complementarity Self 3' complementarity
Forward primer TGAAGCTCCCAGAATGCCAG Plus 20 183 202 B0.0355.004.00 100
Reverse primer GCTGCCCTGGTAGGTTTTCT Minus 20 318 200 50.0655.004.00 om0

Product length 135
Primer pair 5

Sequence (5->3) Template strand Length Start StopTm  GC% Self complementarity Self 3' complementarity
Forward primer AGAAAACCTACCAGGGCAGC Plus 20 289 318 50885500400 200
Reverse primer CTCCGTCATGTGCTGTGACT Minus 20 512 484 £00455.00400 100

Product length 215

Fig. 5. Reveals part of extract primers using NCBI-BLAST
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851  cagaggaaga gaatctcege aagaaagggg agcctcacca cgagctgeee 900
9 ct actgcccaac aacaccaget ccteteeeca 950 o
951  gccaaagaag aaaccactgg atggagaata tttcaccctt cagatccgtg 1000
1001  ggcgtgageg cttegagatg ttcegagage tgaatofRps BBtogaacte
1051  aaggatgcec aggctgggaa ggagccaggy gggagcaggg ctcactccag 1100 v
1101  ccacctoaag tecaaaaana atcagtctac cteecaccat aaaaaactca 1150

[ Map and Features I Sequence ] Blast ] Align l Digest l Translate _

Cutters | Linear Digest | Circular Digest

uence: 1182 bp

i 432
HspAll 42
Acl (89) Neol (476) Sspl (979)
1 1 Ll Y I P | - Il
I I | bt o | M I
Al 24 ol (597) Stul (1039
Seileht e {500 Smil mas!
Nepl (711 Aeel (1126}
Pail 70

Feature Options
Restriction Enzymes ¥ Unique []2-cutters [JAIl [Non-cutters
Accl Cuts after 1126 Peil Cuts after 707

Acll Cuts after 89 Pvull Cuts after 432

Apol Cuts after 597 SarAl Cuts after 243
RO uis aeraar i el <_2nd Restriction Enzyme.
Bme15801 Cuts after 656 Smll Cuts after 1048:
MspAll  Cuts after 432 Sspl Cuts after W
1st Restriction Enzyme
Ncol Cuts after 476 Stul Cuts after 103
Nspl Cuts after 711

Fig. 6. Shows part of restriction enzymes at normal TP53 sequence

2) Step 3: Multiple steps required to implement continuity while there is mutation in TP53
gene as follow:

i. Selected the restriction enzymes (using program of analyze sequence), which are around
(adjacent) the mutation at codon 349 in TP53 gene are the Ecol471 (Stul) restriction
enzyme recognizes AGG"CCT sites (Blund end) and cuts best at 37°C in B buffer
(Isoschizomers: Aatl, Pcel, SseBl, Stul). While the second restriction enzyme
recognizes is Smol (Smll), where CA"TYRAG sites (overhang) and cuts best at 55°C in
Tango buffer (Isoschizomers: Smil) [10, 11].

ii. Obtained the foreign TP53 sequence (without mutation and not primer)
(AGGCCTTGGAACTCAAG) will use for replacement the mutated TP53 sequence of
Person (AGGCCTTGTAACTCAAG) as shown the mutation at codon 349 (in red),
while restriction enzymes (in blue).

iii. Fig. 7 reveals an expected procedure in biologic lab (before going to the laboratory) to
replace PT53 gene of Person which has mutation at codon 349 with foreign TP53

sequence (Normal gene).
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C. Discussion the Results

3) Table 1 shows comparing the results of proposed therapy approach of replacement

mutated gene with other methods.

5. CONCLUSIONS

The proposed therapy approach of replacement mutated genes via predicting the restriction

enzymes out-lab shows the following conclusions:

TP53 DNA Strands (Patient with mutation) and Restriction Enzymes

Eco147I (Stul) Smol (Smll)
5'...AGGCCT...3" 167A4 9'+..C4T Y R A G...3'
3'...T CC4G G A...5" ACATT 3'...GA R Y T¢C...5'
TP53 DNA Strands (Patient) T”’m i Forew
[cota7iistal] M= Smol (Smil) fcoa471(5tu1) Smol Smil)
TCCGGA TGTAA CTCAAG: Rl TCCGGA TGGAACTCAAG!:
._'A”GG_QCT‘ACAY GAGTTC M AGGCCT ACC TT GAGTTC W

The enzyme cuts both
DNA Strandsat samesite

lDigesl and Gel Purify

TP53 DNA Strands (Foreign
without i

TP53 DNA Strands (Patient) mutation)

[Eco1471(5tul) Smol (Smil)
T¢C CTCAAG:
AGGCCT c

[Ecoa471(Seul) Smol smil)|
GGA TGGAA

ACCTT GAGTT)

S

DNA fregments join
atsticky ends

Combine and Ligate

“TP53 DNA Strands [Patient
without mutation)

kmlﬂl[sml) Smol{smit)|

TCCGGA TGGAA CYCAAGZ@

AGGCCT: ACC TT GAGTTC

Replacement TP53 Gene
of Patient (without Mutation)

Dq

Fig. 7. Reveals an expected procedure of replacement TP53 gene by foreign sequence in

biologic laboratory.
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TABLE |
SHOWS THE COMPARISON OF PROPOSED THERAPY APPROACH WITH OTHER
TECHNIQUES/METHODS

Proposed Therapy Approach Method of Method of Owen
Colosimo A, and T. M. Chan, and
etal. [3] etal. [4]

Integrity the proposed therapy Focus on doing Focus on doing

approach out the lab starting these these operations
with finding DNA template, operations within lab
target gene, mutations in gene within lab

and its protein, primers; finally
replacement mutated Person's
gene causes disease.

Predict the restriction enzymes Not applicable Not applicable
via bioinformatics tools,
software, programs, etc.

Effective cost for analysis, Doesn't has this  Doesn't has this
predict mutating gene and effective-cost effective-cost
restriction enzymes, etc may
reach about $3000 [6].

The following conclusions:

a) Proposed therapy approach will classify the mutations at Person's TP53 gene and
confirm with its P53 tumor protein, and then start the process of replacement/correction
the mutated gene.

b) The proposed therapy approach offers friendly diagnosis for mutations at gene causes
disease and predicting restriction enzymes, and finally replacement mutated gene for
Person has diseases (e.g. cancer) as referring to in Table 1 Can use this therapy approach
by researcher or any other person interested, who needed to therapy malignant mutations
gene and its' protein caused diseases.

c) That therapy approach reveals the finding of target gene from DNA template, detecting
primers, predict restriction enzymes, etc. before going to biologic lab make reduce to the
problems associative to laboratory which referring to them in section 1.

d) As future works:
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#+ Using the Cas-Analyzer as tool in CRISPR RGEN [12] to simulate the
implementation of the replacement/recombine of mutated gene (as referring to it in
subsection 4; B; 3; iii and shown in Fig. 7) instead of keeping it manually.

+ Create database based on the proposed therapy approach for all mutations (in codons)
of TP53 gene and their TP53 tumor protein caused diseases (50% of human cancers)
addition to any other important genes like breast cancer (BRCA1 and BRCAZ2 genes).
This database will allow mining technique and flexible retrieving the results related in

replacement a mutated gene using predicting restriction enzymes.

REFERENCES

[1] NCBI, " PCR", URL.: http://www.ncbi.nlm.nih.gov/genome/probe/doc/TechPCR.shtml.
[2] New England Biolabs (2014), "Restriction Enzyme Troubleshooting Guide", ©
Copyright. https://www.neb.com/tools-and-resources/troubleshooting-guides/restriction-

enzyme-troubleshooting-guide. Recombinant DNA and Gene  Cloning

http://www.biology-pages.info/R/RecombinantDNA.html

[3] Colosimo A, Guida V, Antonucci, and others (2007), "Sequence-specific modification of
a [I-thalassemia locus by small DNA fragments in human erythroid progenitor cells", the
hematology journal, Haematologica; 92:129-130.

[4] Owen T. M. Chan, MD, PhD, Kenneth D. Westover, and others (2010), " Comprehensive
and Efficient HBB Mutation Analysis for Detection of -Hemoglobinopathies in a Pan-
Ethnic Population ", © American Society for Clinical Pathology, DOI:
10.1309/AJCP7THQ2KWGHECIO. Pages 700-707.

[5] Ayad Ghany Ismaeel, Anar Auda Ablahad (2013), “Novel Method for Mutational
Disease Prediction wusing Bioinformatics Techniques and Backpropopagation
Algorithm”, IRACST- Engineering Science and Technology: An International Journal
Vol. 3, No. 1, (ESTI)), pages 150-156.

[6] Ayad Ghany Ismaeel, Anar Auda Ablahad (2013), “Enhancement of a Novel Method for

Mutational Disease Prediction using Bioinformatics Techniques and Backpropagation

o
Web Site: www.Kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig

208



http://www.ncbi.nlm.nih.gov/genome/probe/doc/TechPCR.shtml
https://www.neb.com/tools-and-resources/troubleshooting-guides/restriction-enzyme-troubleshooting-guide
https://www.neb.com/tools-and-resources/troubleshooting-guides/restriction-enzyme-troubleshooting-guide
http://www.biology-pages.info/R/RecombinantDNA.html
http://www.ncbi.nlm.nih.gov/pubmed?term=Colosimo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17229648
http://www.ncbi.nlm.nih.gov/pubmed?term=Guida%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17229648
http://www.ncbi.nlm.nih.gov/pubmed?term=Antonucci%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17229648

KJ P S AFKjtab Journal for Pure Science
Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

Algorithm”, INTERNATIONAL JOURNAL OF SCIENTIFIC & ENGINEERING
RESEARCH, VOLUME 4, ISSUE 6, JUNE. Pages 1169-1173.

[7] Ayad Ghany Ismaeel (2013), “New Approach for Prediction Pre-cancer via Detecting
Mutated in Tumor Protein P53", INTERNATIONAL JOURNAL OF SCIENTIFIC &
ENGINEERING RESEARCH, VOLUME 4, ISSUE 10, OCT. Pages 463-468.

[8] GENSCAN  Web  Server at MIT to find gene under URL:
http://genes.mit.edu/GENSCAN.html

[9] France database of TP53 gene (2010), can accessed at
URL.:http://p53.free.fr/Database/p53 MUT_MAT.html

[10] Analyze Sequence under addgene web server, the URL:
http://www.addgene.org/tools/analyze/bd572822b12fc8847¢c35e013a0f4989d9e9997d3/d
efault/

[11] Thermo Fisher Scientific Inc, © Copyright 2013 URL.:
http://www.thermoscientificbio.com/.

[12]  “CRISPR RGEN Tools/Cas-Analyzer”, Website is maintained by Center for

Genome Engineering, Institute for Basic Science, Korea. DNA repair systems of several
groups at January 2013, and updated at 2015/02/23. See URL:

http://www.rgenome.net/cas-analyzer/#!

o
Web Site: www.Kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig

209



http://genes.mit.edu/GENSCAN.html
http://p53.free.fr/Database/p53_MUT_MAT.html
http://www.addgene.org/tools/analyze/bd572822b12fc8847c35e013a0f4989d9e9997d3/default/
http://www.addgene.org/tools/analyze/bd572822b12fc8847c35e013a0f4989d9e9997d3/default/
http://www.thermoscientificbio.com/
http://www.rgenome.net/cas-analyzer/

KJ P S AFKjtab Journal for Pure Science
Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

DOI: http://10.32441/kjps.02.02.p14
A Comparison of Mammography and Ultrasonography in the

Evaluation of Breast Masses in Early Stage

Salwa Sadoon Mustafa ~ Muhammed Naseer ~ Samirah Saadoon Mustafa Warqgaa Naseer
salwa_sadoon484@yahoo.com juboryll@yahoo.com samiramustafa77@yahoo.com
dr wargaall22@yahoo.com

Abstract

Breasts are one of the secondary sexual characteristics in females. They are the rout for of

nutrition & growing of infant till 4-6 months of age.

Breast diseases are one of the most common diseases in the females of any society. Multiple
types of benign breast lesions like fibroadenomas, simple cyst, breast abscess, lymph nodes

enlargement and different malignancies are common pathologies of the breast.

Up to 30% of women suffer from benign breast disease at any time of their life and this

compels them to take the treatment.

The prospective clinical study was achieved for 283 women ( age was ranged between 20—
60 years) had palpable breast lesion referred by their managing surgeons to the radiological
department at Azadi Teaching Hospital, for a period of 8 months (from January 2018 to
August of the same year). The study depended firstly in all women on clinical

examination/self-breast examination.

Results:- 283 patients were included in this study with age between 20 _ 60 ys, most of the
patients were diagnosed as fibroadenoma which is most common around 54.9% of the total
cases studied, Fibrocystic diseases (Duct ectasia, cysts, and galactocele ) 19.3 %.Followed
by infection as mastitis 15.4%, and phyllodes tumor less than 1% approximately and finally

carcinoma 9.5%.
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In conclusions, the results of our study are encouraging to applying the US for masses for
differentiating if it pointing to benignant or malignancy status and sonography shouldn't be
generally applied to defer the biopsy of a solid mass.

Keywords— Ultrasonography, Mammography, Breast Masses.
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1. INTRODUCTION

Breasts are one of the secondary sexual characteristics in females. They are the rout for of
nutrition & growing of infant till 4-6  months of age. This tender, sensitive and delicate

complex structure is constantly under the influence of hormones.[1]

Multiple types of benign breast lesions like fibroadenomas, simple cyst, breast abscess,

Ilymph nodes enlargement and different malignancies are common pathologies of the breast.

[2]

Breast cancer is the commonest cause of malignant mortality in women, while this cancer in

males presented only 0.7% of all breast cancer. [3]

Up to 30% of women suffer from benign breast disease at any time of their life and this
compels them to take the treatment. Even though the majority of the breast complaints are
benign breast disease, compared to malignancy it is a neglected entity. So, an in-depth
understanding of its significance and right treatment can be instituted so that long term

follow up can be avoided.

The percentage of occurring of benign breast lesions begins to increase during the second
decades of life and reached the top between 40 — 60 yrs of age, whereas, in malignant type,

the incidence continues to increase after menopause also. [4]
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Screening and diagnostic effort:- Triple assessment, includes clinical examination, imaging,
and histopathology examination is now presented as a gold standard role in the diagnosis of
the breast lump. Early diagnosis and treatment will avoid unnecessary surgery and patient's

anxiety of having breast lump as carcinoma will be relieved.

Diagnosis of breast carcinoma in the earliest possible stage is the ultimate goal in imaging
the breast, and the role of the radiologist is therefore vital. Radiology mainly includes MG
(mammography) and USG (ultrasonography) then the biopsy. The percentage of carcinoma
occulting which leading to deaths can be decreased by 30 % by the routine screening of
healthy women with mammography. Asymmetry, no density, distortion of fibroglandular
content & micro_calcifications are detected earlier than those become clinically palpable, or

which are detected by self-examination. [4,5]

Ultrasonography plays an excellent role in differentiating cystic and solid lumps. It is useful
in the evaluation of palpable masses not visible radiologically in dense breasts, abscesses,
masses that are not completely evaluable with and in a young female who has susception of

radiation damage.[6]

Both mammography and ultrasonography methods have been used in attempts to reduce the

negative to positive biopsy ratio.[7]

Normal breast parenchymal patterns:-

In the young non-lactating one, the parenchyma primarily consists of fibroglandular tissue,
few or no subcutaneous fat. With increasing age and parity, a lot of fat will be deposited in

both the subcutaneous and retromammary tissue.

Common abnormal appearances and lesions of the breast: -

Breast cysts: It is the commonest cause of breast masses in women between thirty-five and
fifty yrs. this lump occurs when fluid accumulated due to obstruction of the extralobular
terminal ducts. It is seen on USG as a well-defined, round or oval, anechoic structure with a

thin wall. It may be solitary or multiple [8]

o
Web Site: www.Kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig

213




KJ P S AFKjtab Journal for Pure Science

Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

Duct ectasia: This lesion has a variable appearance. Typically, duct ectasia may appear as a
single tubular structure filled with fluid or sometimes may show multiple such structures as
well. Old cellular debris may appear as echogenic content. If the debris fills the lumen, it can

be sometimes mistaken for a solid mass, unless the tubular shape is picked up[5][6]

Chronic abscess of the breast: Patients may present with fever, pain, tenderness to touch and

increased white cell count, most commonly located in the central or subareolar area. An
abscess may show an ill-defined or a well-defined outline. It may be anechoic or may reveal

low-level internal echoes and posterior enhancement.

A variety of inflammatory and reactive changes can be seen in the breast. While some of
these changes are a result of infectious agents, others do not have a well-understood etiology
and may represent the local reaction to a systemic disease, or a localized antigen-antibody

reaction, and are classified as idiopathic.

Fibroadenoma: It is an estrogen-induced tumor that forms in adolescence. It is the third most
common breast lesion. It usually presents as a firm, smooth, oval-shaped, freely movable
mass It is rarely tender or painful. The size is usually under 5 cm. Calcifications may occur.
On USG, it appears as a well-defined lesion. The echotexture is usually homogenous and

hypoechoic as compared to the breast parenchyma.[9]

Cystosarcoma phyllodes: It is a big mass or lump which is occurring usually with increasing

females "age. Some consider it as a giant fibroadenoma. It may involve the whole of the
breast. Usually appear as well marginated area & an inhomogeneous echostructure, may

present with variable cystic lesions. The chance of malignant changing is low.

Malignant lesion: It presents clinically with lesion or mass, retracted nipple, pain &
discharge of blood, ulceration over breast skin. these lesions on MG appear irregular lump,
speculated or lobulated margins, focal, asymmetry, the lesion appears longer than wider, the
nipple is retracted, calcification may be linear, granular, clustered with surrounding

architectural distortion.[3]
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Various limitations of mammography (MG) and ultrasonography (USG):- In
mammography, Solid & cystic lesions can't be differentiated, intracystic lesions cannot be
detected in young one has dense fibroglandular tissue with obscure masses, mastitis may
mask the margins of a lump benign lump appears malignant & overlapping structures some

time limit complete visualization of a mass abscess and tuberculosis may mimic carcinoma.

In ultrasonography, Operator dependent, isoechoic masses may be missed mostly when are
small, circumscribed carcinoma may be labeled as benign masses, lesions within large fatty
breasts are difficult to diagnosis.[5]

2. AIM OF WORK

1. To study the accuracy of ultrasonography & mammography separately and in combination
for diagnosis of breast lesions (correlation between them) and association of the age with the

suitable device.

2. To confirm the combining ultrasound with the mammogram to increase the cancer

detection rate in early stages.
3. Patients and methods

The prospective study was achieved for 283 women (age range was 20-60 years) had
palpable breast lesion referred by their managing surgeons to the radiological department at
Azadi Teaching Hospital, for the period of 8 months (from January 2018 to August of the
same year). Study depended firstly in all women on clinical examination/self-breast
examination. All US examinations were performed with the type of ultrasonography,
siemens versa with a 7-MHz linear-array transducer& mammography type BP34 78533
BUC CEDEX-FRANCE.

If we had adopted about any cases, referred to fine needle aspiration and biopsy and wait for

the result to confirm the diagnosis.

Inclusion criteria :

o
Web Site: www.Kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig

215




KJ P S AFKjtab Journal for Pure Science

Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

All patients with clinically palpable lump; no obvious mass on palpation but prominent
axillary nodes and those have signs of redness over the breast, dryness, nipple retraction,
discharge or shape changing.

Exclusion criteria

Cases with any obvious cancer or previous biopsy has proven malignant diseases which had

b treated for malignancy earlier or operated were excluded.

4.RESULTS & DISCUSSION:

A total of 283 patients were included in this study with age between 20 _ 60 ys, most of the
patients were diagnosed a fibroadenoma which is most common around 54.9%of the total
cases studied, Fibrocystic diseases (Duct ectasia, cysts, and galactocele) 19.3 %. Our study
was consistent with the study done by Shilpa N et al[11]and Mallikarjuna et al[12] ;Shilpa N
et al[11] reported 55.68% fibroadenoma followed by fibroadenosis 20.45% cases and
Mallikarjuna et al. [12] reported 72% cases of fibroadenoma with about 13% in Malik MAN
et al.[13] Followed by infection as mastitis15.4%, and phyllodes tumor less than 1%
approximately similar to Malik MAN et al.[13]which was 0.4% and dislike with Dr.
GolamSarwar’s study[14] which was 8%; finally carcinoma 9.5%.
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Table 1 was represented 107 patients between 20 30 ys were most of them had
Fibroadenoma then Infection; Mastitis, a fibrocystic disease similar to Selvakumaran S et al.

[4] study and two cases had carcinoma.

Table 1:- The relation between patients *age and types of lesion.

Type of Age Infection ;  Fibrocystic | Fibroadeno | Phylloids | Carcinoma Total
lesi Group Mastitis disease -ma tumour
esion (years) 44 53 158 2 26 283
No. of 20-30 24 6 75 - 2 107
patients I 30 - 40 I 16 I 23 I 60 I 1 I 6 I 106
40 - 50 4 20 18 1 10 53
50 - 60 - 4 5 - 8 17

While between 30_40 is mainly also had Fibroadenoma but the fibrocystic disease was
more than the first category and less had Infection, our results similar proximity to similar to
Selvakumaran S et al. [4] and Dr. GolamSarwar’s study[14]; with 2& 6 cases of carcinoma
respectively in both age. By age of 30_40, 40 50 & 50 60 ys, this table is shown decrease
incidence of benign masses but unfortunately, the bad news is increasing the incidence of
malignant lesion out of 6, 10 & 8 cases respectively; this gone with Chlebowski et al &
ABMZ Sadik et al'[16]studies.
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Table 2: USG & MG finding in diagnosis various types of breast lesion with

comparative analysis

Types of lesion No. Of USG Mammography = Combined
Cases Alone Alone
infection;mastitis 44 42 (95%) 36 (82%) 44 (100%0)
Fibrocystic disease 53 53(100%) 28(52%0) 53(100%)
Fibroadenoma 158 91(58%) 128(81%) 150(96%b)
Phyllodes a tumor 2 1 (50%0) 2 (100) 2 (100%)
Carcinoma 26 16 (70%) 24 (89%) 25 (96%)
Total 283 247 194 281

In table 2 this study revealed 26 patients diagnosed as carcinoma where the MG detected 24
(89%) like K. TAORI ET AL.%studies who said( Mammography is nearly 87% accurate in
detecting cancer)& USG alone detected only 16(70%), as same as Stavros et al.[17] who
found overall accuracy of 72.9% but dislike with P.K. Tiwari et al" [7]study in which
(22.22%) only diagnosed cancer in USG it may be because ultrasounds are unable to detect
microcalcifications (small mineral deposits in the breast that indicate the possibility of
malignancy)[18], while combined of them missed only one case which confirmed by fine
needle aspiration..Out of 44 cases of fibrocystic mastitis, MG alone picked 36 whereas the
USG missed only 2 and combined way detected 100% of cases. There were 55 cases of the
cyst, which was clearly 100% detected byUSG, but the MG picked up only 28. Of 156 cases
of fibroadenoma, the MG detected 128 and the USG detected 91 with combined test missed
only 6 cases. Finally, 2 cases of phyllodes tumor diagnosed, 1 by USG while both cases
detected by MG successfully

In the general US can diagnose approximately two-thirds of a benign solid breast mass and

distinguish from malignant one, the result goes with dr. Osamah Ayad study. [19]
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All these results make understanding that the value of combined mammographic and
sonographic imaging in symptomatic patients very high which reached 100% in some types
of lesion, but is not 100 % sensitive and specific that similar to P.K. Tiwari et al study. [7]

5. Conclusions and Recommendations

In conclusions, the results of our study are encouraging to applying the US for masses for
differentiating if it pointing to benign or malignancy status and sonography should not be
generally applied to defer the biopsy of a solid mass.

We suggest further studies that include a larger number of cases, a longer period of study.
We recommend making use of biopsies (Fine Needle Aspiration and True-cut ) in adopt
breast mass

Breast imaging inves should be encouraged and make it a routine screen, available

countrywide in order to reduce cancer mortality especially in older women
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Seroprevalence of Human Papilloma Virus in Aborted
Women in Kirkuk City
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ABSTRACT

The aimed of the study was to evaluate the Seroprevalence of human papilloma virus
(HPV) in aborted women. A cross-sectional study was carried out in Kirkuk city from 10"
of March 2017 to 10" of July 2017 . The number of aborted women understudy were 65
women who attended for curettage in Kirkuk general hospital. The control group who were
matched to the patients studied included 30 normal pregnant women at the full term of
pregnancy, women with Toxoplasma gondii, rubella and cytomegalovirus infections were
excluded from the study. Five ml of blood was collected by vein puncture from each woman
in the study, the obtained sera then organized to determine of HPV 16 E7 protein in patients
and control using ELISA technique.

The study showed that the highest rate of HPV infection (35.38%) was recorded
among women with abortion comparing with the control group, with a highly significant
relation. The study showed that 75.38% of women had aborted in the 1% trimester of
pregnancy and the lowest rate of abortion 9.24% was in the 3" trimester. The study showed
that the highest rate of HPV infection was found in women with 1% trimester of abortion
(38.78%) and the lowest rate was in the 3 trimester of abortion. The study showed that the
highest rate of HPV infection was recorded among aborted women who have suffered from

one abortion during their marriage life.

It was concluded that there was a significant relation of HPV with abortion spatially in

women who were aborted in the first trimester of pregnancy.

Keywords: HPV; Seroprevalence; abortion; Kirkuk.
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1. Introduction

Recurrent miscarriage, habitual abortion, or recurrent pregnancy loss (RPL) is three
or more consecutive pregnancy losses [1]. Infertility differs because it is the inability to
conceive. In many cases the cause of RPL is unknown. Recurrent miscarriage (RM) is
defined as the occurrence of three or more consecutive losses of pregnancy. According to
this definition, it affects about 1% of couples trying to have a baby [2]. However, many
clinicians define RM as two or more losses; this increases the percentage of RM from 1% to
5% of all couples trying to conceive [3]. Mammalian pregnancy is thought to be a state of
immunological tolerance. The mechanisms underlying this phenomenon are still poorly
understood, successful mammalian pregnancy depends upon the tolerance of a genetically
incompatible fetus by the maternal immune system. When tolerance is not achieved

pregnancies fail [1].

Human papillomavirus (HPV) is a viral infection that is passed between people
through skin-to-skin contact. There are more than 100 varieties of HPV, 40 of which are
passed through sexual contact and can affect your genitals, mouth, or throat [4]. Human
Papillomavirus (HPV), which is known as a well-established cause for cervical cancer, does
though constitute a candidate. The over 180 known HPV-types are small, double-stranded
DNA viruses with a circular genome of nearly 8,000 base pairs [5]. HPV infections are

common, but about 90% of all infections can be cleared within less than 2 years by unknown
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mechanisms [6]. HPV-6 and HPV-11 are the most common low-risk types and are found to
be causative for genital warts [4]. Cancer associated high-risk types include HPV-16 and
HPV-18 [5] and there is growing evidence of HPV infections playing a relevant role in other
anogenital and head and neck cancers [7]. Worth to mention is also the morbidity of
cutaneous HPV lesions, particularly in immunosuppressed people [8]. There is some
evidence that elevated steroid hormone levels during pregnancy influence the increase of
HPV virus replication by interacting with hormone response elements in the viral genome,
thereby giving another possible explanation for the higher incidence of HPV infection during

pregnancy [9, 10].

2. Material and methods

A cross-sectional study was carried out in Kirkuk city from 10" of March 2017 to 10"
of July 2017 . The number of aborted women understudy were 65 women who attended
for curettage in Kirkuk general hospital). Included 30 normal pregnant women at the full term
of pregnancy, women with Toxoplasma gondii, rubella and cytomegalovirus infections were

excluded from the study.
2.1. Methods

Five ml of blood was collected by vein puncture from each woman in the study, the
obtained sera then organized to determine of HPV 16 E7 protein in patients and control using
ELISA technique.

2.2. Statistical analysis:

Computerized statistically analysis was performed using IBM SPSS ver 23.1 statistic
program. A comparison was carried out using Chi-square (X?). The P. value <0.05 was
considered statistically significant, and for the result which its P. value was less than 0.01 was
considered highly significant, while for those which its P. value was greater than 0.05

considered non-significant statistically.
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3. Results

Table 1 show that the highest rate of HPV infection (35.38%) was recorded among
women with abortion comparing with the control group, with a highly significant relation.

Table 1: Seroprevalence of HPV in aborted and pregnant women.

The control group
HPéillgpl\EY Aborted women (pregnant women) P. value
) No. % No. %
Positive 23 35.38 3 10
Negative 42 64.61 27 90 0.0091
Total 65 100 30 100

Table 2 shows that 75.38% of women had aborted in the 1 trimester of pregnancy and
the lowest rate of abortion 9.24% was in the 3" trimester.

Table 2: Distribution of aborted women according to trimester of pregnancy

Trimester of abortion HPV positive result
No. %
1% trimester 49 75.38
2" trimester 10 15.38
3" trimester 6 9.24
Total 65 100

The study showed that the highest rate of HPV infection was found in women with 1*

trimester of abortion (38.78%) and the lowest rate was in the 3™ trimester of abortion,
Table 3.

Table 3: Distribution of HPV positive result according to trimester of abortion.

Trimester of Total HPV positive result
abortion No. No. %
1% trimester 49 19 38.78
2" trimester 10 3 30
3" trimester 6 1 16.67
o
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Figure 1 shows that the highest rate of HPV infection was recorded among aborted women

who have suffered from one abortion during their marriage life.

45%
40%

40%
36%

35%
30%
25% 24%
20%

15%

Rates of HPV infection

10%
5%

0%
one abortion Two abortion Three and more

No. of previous abortion

Figure 1: Distribution of aborted women according to number of abortions.

4. Discussion:

In comparison to HPV prevalence found in normal pregnancies and spontaneous abortions
and were found to have higher HPV positive detection rates (P < 0.01). Pregnancy has previously
proven to be a state of mild immunosuppression due to the decrease in the number of natural killer
cells [11], possibly making pregnant women more prone to infections with, for example, HPV.
Various immunological theories have been discussed to explain the possibility for pregnancy and
the survival of the “semiallogeneic” fetus. Theories include immunological privilege in the uterus,
antigenic immaturity of the fetus, and maternal Also there is some evidence that elevated steroid
hormone levels during pregnancy influence the increase of HPV virus replication by interacting
with hormone response elements in the viral genome, thereby giving another possible explanation

for the higher incidence of HPV infection during pregnancy [12]. In 2014, Liu et al. [13]
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conducted a systematic review on HPV prevalence in pregnant and nonpregnant women and
reported an increased risk of HPV infection in pregnant women, thereby supporting the debate of
how far HPV may be involved in adverse pregnancy outcomes. Various authors report infection
with HPV during pregnancy to be associated with the risk of spontaneous abortion, spontaneous
preterm delivery, and placental abnormalities [14-16]. However, it can be stated that studies from
the USA consistently report a significantly higher HPV prevalence in spontaneous abortions and
spontaneous preterm deliveries compared to normal pregnancies, in both cervical and placental
tissue [15, 17, 18]. The result of the current study was supported by several studies done earlier.
Carlson et al [19] and Yong et al [20] presented that women who suffer from spontaneous
abortion are in 1st trimester and 2nd trimester while some of the women were multigravida had a
previous stillbirth, preterm birth, multiple birth, and previous miscarriage. Chetty et al [21]
demonstrated a significant relation of abortion number with women investigated with a previous
miscarriage. Strobino et al [22] found that 38% of women with abortion were aborted two times
due to infections. In theory, either fetal or maternal pathology could lead to recurrent spontaneous
abortions [23]. Several studies demonstrated that women with repeated abortion were more likely
to have chromosomally normal rather than chromosomally abnormal losses and the usual causes

were maternal infection [24-26].
5. Conclusions:

It was concluded that there was a significant relation of HPV with abortion spatially in

women who were aborted in the first trimester of pregnancy.
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ABSTRACT

the development in computer fields, especially in the software engineering, emerged the need
to construct intelligence tool for automatic translation from design phase to coding phase, for
producing the source code from the algorithm model represented in pseudo code, and execute
it depending on the constructing expert system which reduces the cost, time and errors that
may occur during the translation process, which has been built the knowledge base, inference
engine, and the user interface. The knowledge bases consist of the facts and the rules for the
automatic transition. The results are compared with a set of neural networks, which are Back
propagation neural network, Cascade-Forward network, and Radial Basis Function network.
The results showed the superiority of the expert system in automatic transition process speed,
as well as easy to add, delete or modify process for rules or data of the pseudo code compared

with previously mentioned neural networks.
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read b.c =
do fori=1to 5

if b greater than i then

b is assigned b remainder c

print "this is the b” b

else b<-b add &

print b

endif

end for
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read b,c - clc .
dofori=1to 5 clear all
if b greater than i then b=input('b=");
b is assigned b remainder c c=input('c=");
print "thisis the b" b fori=1:5
else b<-badd 5 ifb=i
print b b=rem(b,c);
endif display('this is the b');
end for display(b};
=48 g1} 0.0155001 else b=b+5
= display(b};
end
end
omdll AUl gl 4084
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sequence Condition Action
Rulel | If "read" or "enter" or "get" Then input
Rule2 | If "write" or "output” or "print" or "show" Then
display
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Rule3 If "select case" or "case where" or "select” or "case of" | Then switch
Rule4 | If "case else"” or "others"” or "default" Then
otherwise
Rule5 If "do while" Then while
Rules If "do for" or "loop" or "loop for" or "do forever" Then for
Rule7 | If "to" or "down to" or "step" or "down to" or ";" Then:
Rules If “procedure™ or "method" or "subprogram™ or | Then
"subroutine™ function
Rule9 | If "<-"or ™:=" or "set" or "initialize" or "is assigned" Then =
Rulel0 | If "comment” or "//" Then %
Rule11 | If "<>" or "not equal to" Then ~=
Rule12 | If "add" or "addition" Then +
Rule13 | If "sub™ or "subtraction" Then —
Rule14 | If "div" or "division™ or "divide" Then/
Rule15 | If "multiplication” or "multiply” Then *
Rule16 | If "**" or "exponential" Then”
Rule17 | If "not" Then ~
Rule18 | If "less than or equal to" Then <=
Rule19 | If "greater than or equal to" Then >=
Rule20 | If "greater than" Then >
Rule21 | If "less than" Then <
Rule22 | If "and" Then &&
Rule23 | If "or" Then ||
Rule24 | If "equal to" Then ==
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Rule25 | If "exclusive-or" Then xor

Rule26 | If "exit" Then break

If "remainder" or "integer modulo” or "integer | Then rem

remainder" or "modulus"

If "case close" or "end switch" or "end select” or "end | Then end

Rule28 | case” or "end if" or "end while” or “end loop" or

"next" or "end do"
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The Contribution of Double Envelopment to Increase
Energy Efficiency In Residential Building In Kirkuk City

Suad Hassan Danook Kamal Jalal Tofeeq, Ashraf Najmadeen Hussein

Abstract

Using of double envelopment is one of the passive designs processor’s, Which contributed
to increase energy efficiency by get same human comfort with less energy consumption in for
air conditioning in building, In this investigate Was simulation the effect the effect of using
double envelopment by select Existing building at same dimensions of all facade by building
energy simulation program (Ecotect) based on hourly weather data of Kirkuk city, after
conducting the tests was to reach the greatest savings of HVAC annual loat at rate (9.764%)
when using the double envelopment of total savings optimal for situations that have been
reached through the use of double walls which has achieved a rate of savings values (6.822%)
were the western facade best interfaces achieved savings rate (2.822%) and contributed to the
use of ground dead with a ventilated gap East / Western and when using the false ceiling
below the main ceiling rates savings (1.444 and 1.44)%, respectively for the annual loads of

air-conditioning.
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The Impact of Air Gap Width on the Free Thermal Load in the

Trombe Wall Contains a Phase Change Material
Ehsan F. Abbas1, Shayma A. Aziz2

Refrigeration & Air Conditioning Technical Eng. Dept., Kirkuk Technical College, Northern 1,2
Technical University, Kirkuk, Iraq
ehsanfadhil@ntu.edu.igl

ABSTRACT

The objective of the present study is to investigate the effect of the air gap on the amount of
mass flow rate and the ratio of energy storage in the thermal storage system containing a
Trombe wall and that is through conducting experiments inside a room with dimensions of
(1.5*1*1.5) m3, made of PVC sandwich insulation panel. The room contains a thermal wall
of a dimension of (0.96*1.44*0.1) m3 made from a wood frame and contains 99 capsules of
industrial wax of (6) cm diameter and (9.6) cm length, distributed by matrix form of (11*9).
The wall is supported by four iron guides from both sides to move it easily in a distance of
(10 to 35) cm from the glass cover in the south direction. The experiments have been
conducted under real weather conditions of December 2016 for Kirkuk city, and this study
included six widths of the air gap, arranged from (35 to 10) cm with steps of 5cm each. the
results showed that the width of the air gap has a great effect on the mass flow rate through
the air gap and energy incoming to the thermal system, where the best case for both factors
was obtained at (b=35cm), and the max energy storage has been obtained at (b=15cm) and is

about 45% of energy incoming to the system at the experiments of sunny days.
Keywords: Trombe wall, Phase change materials, Thermal storage system.
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Fafiall Y1 8 2 1 sl da shaiall Jals (s _a) el ) (Qin)- a5 cansi (1) Jsta

Width of Air Gap (b cm)
Energu Type
35 30 25 20 15 10
Qs 33% 26% 30% 37% 27% 27%
Qcon 35% 49% 50% 46% 61% 61%
Qven 28% 18% 14% 12% 5% 5%
Qi 4% 7% 6% 5% 7% 7%

8 haaall 5 Al ALY 34 ) jal) A shaial) Jaka g ya) s ) (Qjn)- & st i (2) Jot

Width of Air Gap (b cm)
Energu Type
35 30 25 20 15 10
Qs 84% 79% 87% 95% 97% -
Qcon 7% 15% 5% 1% 0 -
Quven 7% 2% 3% 1% 0 -
Q 2% 4% 5% 3% 3% -

JJL«AAM
[1] Fang X, and Yang T.,"Regression Methodology for Sensitivity Analysis of Solar Heating
Walls", Applied Thermal Engineering, vol. 28,(17-18), pp. 2289-2294 (2008).

[2] Duffie J. and Beckman W., "Solar Engineering of Thermal Processes ", 4™ edition, John

Wiley and Sons, Inc. (2006).

[3] Bare,S., "The Drum wall In proceedings of the Solar Heating and Cooling for Buildings

Workshop", National Science Foundation, Washington, DC, pp.186-187 (1973).

C(17) daal) ¢ A8 A " cuag a7 hta (A s ladl GRS I gaS padlly mOleY) pltiic] " i 5 e Jles [4]
.(2004)117-110 = (1) 22l

o
Web Site: www.kjps.isnra.org E-mail: kjps@uoalkitab.edu.iq

275




KJ P S Al-Kjtab Journal for Pure Science
Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

Lsaddt) bl paiicils (polwa ciag s jlin SIS ALbl) o) Jaadt Lbi daf ' G 2ane (e [5]
. (2008) 150-140 U= 1 22 ¢(2] )alaall ¢ i) ae " Luuledls

[6] Dimassi N. and Dehmani L., ""Natural Convection of a Solar wall in a Test Room Under
Tunisian Climate", ISRN Renewable Energy Volume 2012, Article ID 573176, 9 pages
doi:10.5402/2012/573176 (2012).

[7] Whaib J.H., "Comparative Study of Thermal Performance For Various Heating System
Which are Acting Passively™, Journal of the Iraqi Eng. Research, serial-148, (4), pp.(50-66)
(2001).

[8] Khalifa A.J.N. and Abbas E.F., "A Compartive Performance Study of Some Thermal
Storage Materials Used for Solar Space Heating"”, Energy and Building, Vol 41,(4),pp.407-
415. (2009).

[9] Jaber S.and Ajib S., ""Optimum technical and energy efficiency design of Residential
building in Mediterranean region”, Energy and Buildings, VVol.43 (8), pp.1891-1834 (2011).

[10] Chaichan M. T. and Abbas K. I., "Performance Amelioration of a Trombe Wall by
Using Phase Change Material (PCM)", Engineering and Technology Vol.2, (4), pp 1-6
(2015).

[11] Bansal N. K., Mathur R., Bhandari M.S., "Solar chimney for enhanced stack
ventilation", Building and Environment, VVol.28,(3), pp.373-377. (1993).

[12] Churchill S.W. and Chu H.H.S., "Correlating equations for laminar and turbulent free
convection from a vertical plate”, International Journal of Heat and Transfer, VVol. 18,(11),
pp.1323-1329 (1975).

[13] Abbas E. F. "A Comparative Performance Study of Some Thermal Storage Materials
Used for Solar Space Heating", (Master's thesis, University of Technology, Baghdad, Iraqg).
(1999).

o
Web Site: www.kjps.isnra.org E-mail: kjps@uoalkitab.edu.iq

276




KJ P S Al-Kjtab Journal for Pure Science
Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

DOI: http://10.32441/kjps.02.02.p19
dagn aad iU lug 45l 538 Aasa B dalial) LUl el Gilua

e Ll )

O &) daa oay Aedld Cpn dla S
sibalas Gilla ae Luwa A
& 68 )S/A i) A0l & 6 )S/A i) 40l
almuntezer92@gmail.com telebshebab@yahoo.com

Sl 13 (o), Jadl) ZU b Lie saliial) (Sl Aalal) b ileal) die gy ApeS aaat (mpal tAuaDAl)
Bha dap L Ll A & Cus LAphal) Ssaliall iy Jo¥) sl 2Lyl dabiall d8Ualls 45Ul Clal
Aha) e sin IS s JSS sl 8 Aalid) dUa) pled b sal) gl cun Loppsll o)) e bl
Jaall Cigding 4l ilil) cuiy WS Jamall )a daa 53l e () apsills BLASY) G s sed) Ja La) D0
lea @i LAkl plhall cilayy e el hall Cilagy b ) s datiall Al ilud ol ddesall
(%87)cnnsll b S Aluall JJ GiaY) G b ileall daws culS Cya GlAAY) Cie b dalidl 28l

(%A & ) sl 8 Aalial) B lud el Ly (%9)dsis ¢ lsell Jatlia Ll

@) sl ool Aabial U laa Aalbia) 28l AN el

—_—
Web Site: www.kjps.isnra.org E-mail: kjps@uoalkitab.edu.iq

277



mailto:telebshebab@yahoo.com
mailto:telebshebab@yahoo.com
mailto:almuntezer92@gmail.com

KJ P S Al-Kjtab Journal for Pure Science

Vol.2 (2), ISSN: 2617-1260 (print), 2617-8141(online)
www.Kjps.isnra.org

Exergy destruction calculation in gas turbine power plant

and showing the effect of ambient temperature on it

Dr.Suad Hassan Danook Yahya H. Hussein
Assistant Professor MSc student
Technical College/Kirkuk Technical College/Kirkuk

telebshebab@yahoo.comalmuntezer92@gmail.com

Abstract: The purpose of this paper is to estimate the quantity and quality of the useful
energy that could be converted to work, this analysis was carried out based on the energy and
exergy analysis by using the first and second laws of thermodynamics. This paper study the
effect of varying the ambient temperature on the performance of the turbine. Results showed
increasing in exergy destruction in the turbine solely and in each of its three components(Air
compressor, Combustion chambers and the gas turbine) with increasing in ambient
temperature. Also results showed by keeping the load unchanged, the exergy destruction are
bigger in higher ambient temperatures than in lower ones. The exergy destruction
concentrated in the combustion chambers, where the percent of exergy destruction in the
combustion chambers to the total exergy destruction in the plant was(87%) followed by the

air compressor(9%) and the lower exergy destruction was in the gas turbine(4%).

Key words: Exergy, Exergy Destruction, Gas Turbine Performance
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Effect of some types of oils and Surfactant factors on the production of

carotenoids from the yeast of Rhodotorula glutinis.

Ahmed Ibrahim salih
College of Agriculture, hawija, Kirkuk University , Kirkuk, IRAQ.

ABSTRACT

The study aimed to investigate the effect of some types of oils and Surfactant factors on
the production of carotenoids from the yeast of Rhodotorula glutinis. The results showed that
the highest carotenoids were with Tween 80 with 2056. 53 micrograms / | followed by olive
oil and coconut oil with a quantity of 1956.51 and 1947.45 pg / L respectively. The lowest
values were with black seed oil at 1057.75 pg / L. As for sugar consumed was the highest
values with olive oil as it was 24.475 g/ | and the least with castor oil at 23.9672 g / I. In
terms of efficiency of production was the highest production efficiency using coconut oil with
a value of 89.285 ng / g followed by the treatment containing Tween 80, amounting to 86.725
microgram / g. The lowest percentage of carotenoids to the sugar consumed was with the use
of black seed oil as it was 44.322 micrograms / gram. As for biomass, the highest values of

coconut oil, sunflower and sweet almond were recorded at 10.60 g / | and the lowest was with
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the use of black seed oil as it reached 8.60 g / I. The pH values showed a sharp decrease in all
treatments. The highest level was with black seed oil 2.62 and the lowest with olive oil 2.55.
The pH value of the other treatments ranged between these values.

Key words: Effect of oils, Surfactant factors, carotenoids, Rhodotorula glutinis.
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"Evaluation of the Efficacy of Some Plant Extracts as an
Alternative to Chemical Weedicides in Controlling on
Cyperus rotundus L

Rana.l Khaleel, Ahmad.H.Al-Samarrai, Abdul-Hameed.M. Hamoody,
Department of Biology, College of Education, University of Samarra, Samarra, Iraq
Corresponding author: Ghassan.F. Al-Samarai
E-mail:ghfaat76@gmail.com

Abstract:
Two experiments were carried out during the summer season, 2016, in the green house /

Department of Biology/Collage of Education, Samarra University, to evaluate the activity of
three aqueous extract of leaves of Nerium (Nerium oleander L.),olives (Olea europaea .L) and
castor (Ricinus communis.L), on control of tuber germination and growth of seedling of
Cyperus rotundus L as an alternative for chemical pesticides. Experiments applied according
to the complete randomized design (CRD) with four replicates. The experiments included two
factors: the first factor plant species (three plant species),and the second factor concentration
of plant extracts (2.5%, 5% and 10%) and their impact on germination rate and inhibition of
seedling growth. The results of the first experiment recorded inhibition percentage reached
(90%) at 5% and 10% from Nerium extracts compared with the same concentrations from
Olive and Castor which, recorded inhibitory rate reached (30-40%) respectively. While the
concentration of 2.5% was the lowest inhibition rates for germination ratio of all plant
extracts under study. The second experiment showed effect of the Nerium extract at a
concentration (10%) by recording completely inhibition ratio (100%), compared with the
same concentrations of Castor and Olive extracts, which recorded the lowest mean growth
inhibitory for all extracts. The results of the current study indicate the possibility of using
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natural products of plant origin as alternatives to chemical pesticides as one of the means of
biological control in the management program agricultural sector with further studies of the

future.
Keywords: Cyperus rotundus L, Biochemistry, Plant Extract, Allelopathy
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A Hybrid Algorithm Between the Artificial Immunological
Network and the ANFIS Technique with Application

Omar S.Kasim' Israa Ru.Alkhayyat?
12 College of Computer Science & Mathematics, Mosul University, Mosul, Iraq.

1 omarsaber79.os@gmaiI.com,Zisraaru.alkhayyat@gmail.com

ABSTRACT

In this research, we have taken one of the artificial immune intelligence algorithms,
namely the Artificial Immune Network, was developed using the Adaptive Neuro Fuzzy
Inference System (ANFIS) by using the Immune Memory, The immunological network as an
input to ANFIS technology to increase the chance of training a model based on the pattern of
simulation of data patterns, as the immune memory resulting from the immunological
network makes copies of data with characteristics similar to the original data. The proposed
algorithm proved to have better and more efficient results rack on the patterns compared with
the usual artificial immune system.

Keywords: Artificial Immune Network, Adaptive Neuro Fuzzy Inference System.
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