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Abstract :

This Study aims basicly to introduce one of the most
important short- range financial formulas that have the finance
and investment dimension in the field of banking that is " lease
ended with possession "

Wherever the study showed multifold illustration scientific
application , and the accompanying legitimate of controls
must be considered in the cases of passport and prevention .
The study also tried to offer and discuss what is being said on
this formula of problematic. Finally a statement issued by
( Accounting and Auditing organization for Islamic Financial
institutions accounting treatments ) and that the users of this
formula must be guided by them .
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Abstract :

Since ancient times ceramic commonly used for
manufacturing dishes or pots for preparing food. Many people
prefer to use ceramic vessels in the cooking process. Because
these vessels or pots earn the food especial pleasant flavor.
The surface of these vessels polished until become smooth
texture, and sometimes placed inscriptions and decorations on
it to give the pots attractive form. Some kinds of paints and
pigments contained dangerous chemical compounds like lead ,
cadmium , ect. Using of these paints or pigments for coating
and decoration of these pots may cause liberation of amounts
of lead to the acetic acid solution. Liberation of lead to the
food could result poisoning and dangerous deseases to the
humen. This is the main reason for this study. The amount of
lead released from the ceramic pots to the acid solution
obtained from experiment is found to be more than domestic
and international standard specification which is not more than
1.00 ppm.
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Abstract :

Transport sector is responsible for a total of two thirds
of oil consumption and a third of world carbon emissions. A
light weight automobile and spare parts is a strategy followed
by car manufacturers in the world to reduce oil consumption
and carbon emissions. In this study, it is suggested to produce
automobiles spare parts in Arab countries using reinforced
composite materials. It is suggested to build small plants of
about one million dollar cost production line. It consists of
Extruder, Injection molding machine with several molds to
produce Automobile spare parts using thermoplastic materials
such as polypropylene reinforced by fiber glass or carbon fiber.
These projects can be financed by Industrial Ministries and
Islamic Development Bank and World Automobiles
Manufacturers.A reduction of carbon emissions of 15 to 20 % is

possible.
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Abstract :

In this paper, we will shed light on the impact of
ultrasound waves on air bubbles formed within the media,
including so-called radiated pressure, where the voice of the
tsunami working to make air bubbles in a certain way when
exposed to it. This behavior depends on the radius of bubbles.
These phenomena have been studied theoretically. Laws and
theories under which aerobic bubbles were concluded since the
fifties of the last century by scientists Kawashima, Yosioka and
Hirano. In the beginning of the century, this subject received
attention of many scientists in different countries in order to
confirm the theories that have been reached and approved them
by experiments. One of those experiments will be presented in
this research concerned with behavior of air bubbles when
exposed to radiation from ultrasound waves. Small bubbles
which have a radius smaller than the radius resonant gathered in
groups toward the trough of sound waves and large bubbles in
the opposite direction where this behavior studied in case of
ongoing and suspended waves.
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Abstract:

The main objective of digital image processing is to
extract information from them and which are not easily
phenomenon or that it is not available in the original visible
shape. . And it is being studied and analyzed and interpreted
through the use of computers to extract quantitative information
as a kind of application areas of earth sciences. Digital visual
processing system is a group of computer components and
software visual material handling. Takes the use of computers
in the space corresponding measures and many areas and
extensive treatment can summarize the four cases are:

1- Preprocessing of Satellite Digital Data.

2- Image Enhancement.

3- Image Classification.

4-Dynamic Link of Information Layers.
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Abstract :

Nanotechnology is the science and creation of materials
at a molecular level. Nanotechnology applications are used in
medicine, chemistry, the environment, energy companies, and
communication. Whether it is through nanotechnology
education or nanotechnology application, this science continues
to evolve and find more uses in everyday life.The use of
nanotechnologies in medicine has provided many medical
breakthroughs.Someof the medical nanotechnology applications
are for diagnostics. These are used to assist in identifying DNA
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and helping detect genetic sequences.Other uses of
nanotechnology in medicine are in drug delivery and tissue
engineering. Drug delivery can help in cancer treatments by
administering drugs via implant versus the traditional injections.
Tissue engineering is a new nanotechnology and involves
repairing or artificially reproducing damaged tissues.Using
molecular nanotechnology in chemistry and the environment
has already resulted in positive benefits. Chemical catalysis is a
process of reducing pollutants using a reagent or catalyst. This
can be especially helpful if used in vehicle fuel cells or catalytic
converters to reduce car emissions.Filtration is another field of
nanotechnology applications that can help the environment.
Extremely small holes in the filtration, known as nanofiltration,
remove ions for wastewater treatment or air purification. [1] .

The main objective of the filter is the ability to hold
dust filter so efficiency is a key factor in its choice, especially in
the ability to hold a very small particle filter as well as the age
factor and the environment on the other. There are many
sources of dust including dust resulting frommanufacturing
processes of cement that harmful to workers and the
surrounding environment. Technology is the use of filters of
effective techniques in the types of dust collectors, known
especially after the use of nanotechnology in various fields and
applications to achieve the advantages of saving energy and
costs. This paper discusses the process of manufacturing
nanofibers, and the performance of the filter in terms of
efficiency and design specifications and variables. The primary
function of filtration systems is to reduce the rate of emissions,
both gaseous or solids where the greatest possible efficiency
standards by adding materials such as carbon, glass, and Kevlar
fibers to the polymer composed of composite materials that
have superior structural characteristics of the most important
high modulus and strength to weight ratios and mechanical
properties. In this paper the use of reinforced materials using
nanocarbon fiber is investigated where improvement of the
efficiency of nanofilters by more than 20 % is achieved.
Keywords—Nano Technology, filter efficiency, nanofiber filter
media, dust collectors, high modulus and strength.
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. INTRODUCTION :

The growth of using nanotechnology is expected to grow in the
World at high rate as indicated in Fig (1). The opportunity of
reaching mass market production is expected to reach the
maximum level of production on 2020.

The growth of nanotechnology

Basic Applied Early Rapid Mass
research research adopters advancement market

2
£
&
a
Q

1990 2000 2005

Fig 1 The growth of Nano Technology .

Cement industry is one of the most important industries in
urban life to benefit from nanotechnology. Dust is one of the
most important source of air pollution. Cement is made by
blending different raw materials and exposure to high
temperatures for configure the precise chemical proportions of
lime, silica, alumina and iron in the final product, and known as
(Cement Clinker). Dust produced carries with it a lot of risk to
the environment and human.This dust has many flaws,
especially on the atmosphere and the neighborhoods
surrounding the plant, both in terms of its spread air or
penetration by rain surface water due to the softness of this dust.
The particles have a range in size from (20-100microns). Dust
collectors are used in many processes to either recover valuable
granular solid or powder from process streams or to remove



granular solid pollutants from exhaust gases prior to venting to

the atmosphere.

Dust collectors may be of single unit construction, or a
collection of devices used to separate particulate matter from
the process air streams from many industrial processes.

Fabric collectors use filtration to separate dust particulates
from dusty gases. They are one of the most efficient and cost
effective types of dust collectors available and can achieve a
collection efficiency of more than 99% for very fine
particulates. Nanotechnology is the engineering of functional
systems at the molecular scale. This covers both current work
and concepts that are more advanced. In its original sense,
nanotechnology refers to the projected ability to construct items
from the bottom up, using technigques and tools being developed
today to make complete, high performance products.

II. MANUFACTURING OF NANO FIBERS BY
ELECTOSPINNING
ZhengMing, Huang and etc. [3] present a comprehensive

review of research and developments of Nano fibers. The most
important effective methods for the production of Nano fibers is
Electrospinning rolled research on how to develop for the
formation of fibers with diameters infinitesimal. Beginning in
1980, especially in the last ten years, there have been actual
attempts to improve and develop the way electrospinning due to
the high use of nanotechnology, and features flexibility
mechanical properties on the other. The idea is to work the way
to use of electrostatic force for polymers dissolved and pushed
it between two poles carry opposite electric charges, and
developed one of the electrodes in polymer dissolved and the
other on the collector. Voltage difference here depends on the
particular properties of the polymer viscosity and molecular
weight. There are basically three elements to achieve the
electrospinning process are: provide a source of high voltage,
capillary tube with a pipette or needle diameter is small, metal
screen to collect the formed constituents. Polymer melt is in
some solvents and appropriate quantity before dealing with it in
the electrospinning to be in the form of a liquid polymer
solution is then entered in the pipeline. Electrospinning may



emit some polymers smells, so it should be conducted
operations inside the rooms with a good ventilation system. In
addition, there are several criteria affect the process of
transformation of the polymer to the nanofibers including
properties of polymer solution such as viscosity, flexibility,
conductivity and surface tension or the characteristics of the
changes, including the hydraulic pressure in the capillary tubes
or the distance between the tip and the surface of the complex,
and the standards of the surrounding circumstances, including
temperature, humidity and speed of air in the room. Production
of fibers have very small diameters measured in nano is done to
control the viscosity of the polymer solution for being the main
factor. The diameter increases with increasing concentration of
the polymer. High voltage also increases the diameter of the
fiber that is highly elastic. This defect for electro spinning add
to that the non-uniform diameters may be overcome by
controlling the temperature. As well as the interface of this
method are problems such as grains and pores of the fiber to be
overcomed to control the polymer concentrations and
temperatures and proportions of the solvent used.

Tadeusz, jaroszczyk and etc .[4]discussed the research which is

still ongoing to develop this technology for nanofibers for use in
Systems demobilization because it gives the dust cake a
homogeneous distribution of dust to achieve high efficiency.
Good quality nanofiber layering results in uniform dust cake
distribution resulting in high efficiency.  The basic
understanding of the filtration mechanisms are not well known
at the nanofiber scale.  The classical fluid dynamics
mathematical models used in the Continuum region of the
filtration process do not apply to the slip flow that takes place
around nanofibers. This region, described by large Knudsen
numbers, requires a different approach such as the lattice-
Boltzmann method. Table (1) describes the major parameters of
engine air filtration. The ratio of nanofiber diameter to cellulose
fiber diameter is approx. equal to 1:130. Fiber diameter is the
main variable responsible for filter efficiency and pressure drop.
The efficiency would increase even more drastically when nano
fibers are utilized.Pressure drastically increases with decreasing
fiber diameter in the classical region of filtration that can be
described by the Navier- Stokes equation. Media with



nanofibers provides significantly higher efficiency, especially in
the initial stage of the filtration. Efficiency increases rapidly
with decreasing fiber diameter. Pressure drop significantly
increases with decreasing fiber diameter since it is a function of
1/d#, in this region, until the free molecule regime is reached
where pressure drop is a function of 1/d¢,the larger the Knudsen
number, the lower the pressure drop. When dust deposits form
on nanofibers, this benefit of low-pressure drop diminishes with
increasing amounts of deposited dust. Moreover, nanofibers
capture very fine particles. The pressure drop increases more
rapidly for this compacted dust cake. Nanofibers are very good
collectors of small particles, a very dense dust would be formed
them resulting in drastic pressure drop increase. Therefore, a
careful analysis of filter dust operational conditions is necessary
before any decision concerning the filter media is made. There
are several theoretical models that are useful in making this
decision.L&ffler [5] predicted the increase of pressure drop with

time.

1.t c.E
= L (1)

(1—24) pakpc

AP, = AP, +

Where : APy = pressure drop of dust- loaded filter element,
AP, = media pressure drop , Ef = filter efficiency , pu =air
dynamic viscosity, v =air velocity, t =filtration time, C=dust
concentration, kpc = dust cake permeability, Ad= dust density
,&¢ = porosity of the dust cake.Pressure drop, in this case,
increases linearly with time and dust concentration and with the
square of velocity. Because the air permeability decreases for
dust cakes formed by fine dusts, pressure drop should increase
for these dusts.



Table (1) MEDIA SPECIFICATIONSFORMINIING
CABSTUDY

Filter Basis Weight Permeability Thickness

Cellulose 67 Ib/3ooofe. | 28 Tt/ mv:/”gat 0.51n 0.013"

Cellulose+ 67 /3000 | 40 Tt/minat0.5in 0.013"
Nanofibers w.g.

I11. THE USE OF FIBER IN INDUSTRIAL
ENVIRONMENTS :
Kristine, Graham and etc.[6]discuss the theoretical filtration

benefits of small fibers in air filtration applications, a process
for making nanofibers, and real-world applications that
demonstrate the practical usage of nanofiber based filter media.
Filters containing three different media varieties were tested: a
cellulose media, a cellulose/synthetic blended media, and a
cellulose media with a nanofiber treatment. The nano
fiber/cellulose composite media maintains a lower pressure
drop as compared to the other two media varieties tested.

IV Improvement of Filters Dust Collection Systems :

Polymeric materials exhibit mechanical properties which come
somewhere between viscous and elastic and hence they are
termed viscoelastic. In addition when the applied stress is
removed the materials have the ability to "recover” slowly over
a period of time these effects can also be observed in metals but
the difference is that in plastic they occur at room temperature
whereas in metals they only occur at very high temperature.
Fiber glass and Carbon fiber as material of improved
mechanical properties are added to polypropylene to produce
reinforced materials used in filter manufacture. This process
will create a composite material that can tolerate high stresses
and pressure for a long time before damaged and before
stopping to work. It is proposed in this work to use nano carbon



fiber with a concentration of 1 %. Carbon fibers, which are a
new breed of high strength materials,are mainly used as
reinforced in composite materials such as carbon fiber
reinforced plastic.Carbon fiber offer the highest specific
modulus and highest specific strength of all reinforcing fibers,
the strength and modulus are outstanding compared to other
materials, and compressive strength of carbon fibers is lower
than of inorganic fibers but still higher than that of polymeric
fibers. Compressive properties dictate the use of carbon
composites in many structural applications. Recently a lot of
research has been done on compressive properties and
morphology of carbon fibers. Carbon fiber composites are
ideally suited to applications where strength, stiffness,lower
weight, and outstanding fatigue characteristics are critical
requirements. Carbon fibers also have good electrical
conductivity, thermal conductivity,and low linear coefficient of
thermal expansion . The two main sectors of carbon fiber
applications are high technology sector, which includes
aerospace and nuclear engineering, and the general engineering
and transportation sector, which includes engineering
components such as bearings ,gears, cams ,etc,and automobile
bodies . However, the requirements of two sectors are
fundamentally different. The large scale use of carbon fibers in
aircraft and aerospace is driven by maximum performance and
fuel efficiency, while the cost factor and the production
requirements are not critical. The use of carbon fibers in general
engineering and surface transportation is dominated by cost
constraints, high production rate requirements, and generally
less critical performance needs.

V- Calculations and Results :

In More Complex Models to simulate creep curves of
reinforced materials, it may be seen that the simple Kelvin
model given an acceptable first approximation to creep and
recovery behavior but does not account for relaxation .The
Maxwell model can account for relaxation but was poor in
relation to creep and recovery . It is clear therefore that some
compromise may be achieved by combining the two models.lIt
can be seen that although the exponential response predicted in
these models are not a true representation of the complex
viscoelastic response of polymeric materials, the overall picture



s , for many purposes, an acceptable approximation to the
actual behavior .As more and more elements are added to the
model then simulation becomes complex model (Maxwell
model with Kelvin model). In this work the combined model is
used to simulate the stress strain time correlation to generate the
tensile strength data needed in the design of dust filter
collectors. Calculations are made for composite materials of
concentration of 1%CF and 99%PP. In this case the stress —
strain relation are given by equations:[7]

6. Gt G g,

E(t]=—°+—°+—°.(1—exp('—‘t]) (2)

E E
=1 Tll =1 Tll

From this the strain rate may be obtained as :-

3
=— -I- —.ex 3
M M p(??ﬂ tj (3)
where ., &, & are the model constants .
The creep curve and isochronous graphs are plotted to find the
model constants and applying mathematical model equations
(2, 3).
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Fig (2) Creep curve for composite 1%CF and 99%PP



For composite material 1%CF and 99%Pp : The creep curve is
plotted in Fig ( 2).

Stress 31 86 (MHN/m?)

Slope = ¢ = 4. 55E-7 (sec’'h)

5000 10000 15000

Tune, (s)

Fig (3 ) Calculation of modeling constants.

€1=1.62%,62=0.88%,51=1966.67(MN/m?).(n1=7.02exp(+07)
(MN.s/m?),£2=3620(MN/m?),n2=4.90exp(+08) (MN.S/m?). The
stress four constant composite materials have been increased
drastically to the levels reaching to the value of the stress more
than 30MN/m?2,so the 1%CF and 99%PP. Composite material
tensile strength produced in this work is satisfactory for
producing filters needed in Cement industries.

VI . CONCLUSION

Nano technology have wide future applications in medicine and
industries. Utilization of nano reinforced materials using nano
carbon fibers are discussed in this paper to improve the
performance of filters used to reduce dust in cement factories.
Improvement of dust collection system of 20 % is achieved
using electro spinning nano reinforced fibers.
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Abstract:

The satphone is a kind of mobile phone system which
creates a communication channel via two kinds of satellites
geostationary and low earth orbit which is completely different
from global system for the mobile (GSM). Satellite phone
networks are not controlled by local authorities of countries, so
the communication service can be available in all areas where
the GSM services are unavailable such as remote areas, deserts,
and submarines. It can also be used in destroyed areas due to
wars or natural phenomena such as Earthquakes, Hurricanes
and Volcanoes.

The aim of this article is to provide a simple overview
of the current satphone in terms of technology and quality of
service compared with conventional wireless or cable
telecommunications.
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1. Introduction:

A satellite telephone, satellite phone, or satphone is a type
of mobile phone that connects to orbiting satellites instead of
terrestrial cell sites. They provide similar functionality to
terrestrial mobile telephones; voice, short messaging service
and low-bandwidth internet access are supported through most
systems [1].

Satphones are complicated radio transmitters. Radios and

cell phones use antennas on earth to send out a signal, either a
radio broadcast or phone calls. Satphones send the signal to a
satellite in orbit around the earth. The satellite then broadcasts
the signal back to earth, to a “Ground Earth Station” or GES.
From the GES the signal is sent to the proper communications
service provider and to its destination, the receiver of the call.
The GES acts as a gateway between your satphone, traditional
cellular mobile phone networks, landline networks, and other
satphones.
Transmitting information to the satellite in orbit is the “uplink.”
Receiving information from the satellite is the “downlink.” This
information can be data or voice. A phone’s signal can be
intercepted anytime it has an active connection with the
satellite: during the uplink or the downlink [1].

1- Cellular vs. Satellite :

The Sat-phone differs from cellular phone in many aspects
including the used technology, handsets, service coverage and
service cost.

a- Technology :

Cell phones are essentially two-way radios, communicating
with a local tower that forms a "cell" which is a region of space
covered by the transmitters on that tower. A "cellular network™
consists of a wide range of these cells. Problematically, though,
cell phone radios are relatively short range, and expansive
networks require large numbers of these towers, which may be



prohibitively expensive or may require infrastructure that's not
available.

A
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Figurel. Cellular Phone Technology .

Satellite phones communicate directly with a satellite
orbiting the Earth. This allows satellite phones to receive a
communications signal over a much wider area. A satellite
phone can connect anywhere as long as it is covered by the
satellite beam. The signal from the satellite phone transmits
directly to the satellite, which then sends the signal to the
nearest land-based earth station or teleport, which then
transmits the signal to the receiving phone. The receiving phone
can be a land line, cell phone or another satellite phone [2].

y \t" Satellite

/ N,

/Eart Station ™

Satelite Phone Landline Celluiar Saleliite Phone
Phone Phone

Figure 2. Satellite Phones Technology.



b- Handsets :

Satellite phone handsets tend to be larger than their cellular
counterparts, and may have prominent antennas designed to
improve communication with the satellite. In the early days of
satellite phones, this difference was pronounced , the first
satellite phones weighed up to 16 ounces, and this bulk
provided only 2 hours of talk time. Later phones, like their
cellular counterparts, have grown smaller; modern satellite
phones may be nearly indistinguishable from short-range cell
devices. In other respects, using a satellite phone is relatively
similar to using a cell phone, which means newer phones
support Internet connectivity, and many satellite services
support "text messaging," or SMS [2].

c- Global Coverage and Applications :

An issue with cellular networks is that a tower cell has a
relatively short range, and wide cellular networks require a
large number of towers to cover cities, which may be very
expensive or require infrastructure that is not readily available.
It is not cost effective for the cellular providers to put up cell
towers in rural areas or in many third world countries where
there is low usage. It is also impossible to place towers out in
the ocean or in very remote or mountainous regions, making
your cellular phone worthless for communications when not
close to a cell tower. Although most cities and urban areas now
have access to cellular networks, this still represents only a
fraction of the Earth’s surface. Figure 3 shows the area covered
by a cellular network. The areas not covered by the tower cells
do not have cellular signal, and cellular phones cannot be used
to communicate in these areas without coverage.
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Figure 3 Cellular Phone Coverage Area.

Unlike cellular phones, Satellite signals are transmitted
far above the earth and do not rely on towers, making them very
useful in remote areas. This is why satellite phones are more
useful than cellular phones to those who are travelling to
isolated and remote areas. Figure 4 shows satellite coverage
beams over very wide areas. Any satellite phone located
anywhere inside a satellite coverage beam can communicate
with other phones, regardless of how remote the location,
whether at land, air, or sea.

Figure 4 Satphone Coverage Area.



d- Cost:

The primary downside of satellite phones is their cost, both
to acquire the phone and to use it. Satellite phone companies
have to deploy their own expensive technology; each satellite
costs tens of millions of dollars. Initially, the cost of making
voice calls from a satellite phone varies from around $0.15 to
$2 per minute, while calling them from landlines and regular
mobile phones is more expensive. Costs for data transmissions
(particularly broadband data) can be much higher. Rates from
landlines and mobile phones range from $3 to $14 per minute
with Iridium, Thuraya and Immersed being some of the most
expensive networks to call. The receiver of the call pays
nothing, unless they are being called via a special reverse-
charge service.

Making calls between different satellite phone networks is
often similarly expensive, with calling rates of up to $15 per
minute. Calls from satellite phones to landlines are usually
around $0.80 to $1.50 per minute unless special offers are used.
Such promotions are usually bound to a particular geographic
area where traffic is low. Despite the high cost of calls, it is
very important to consider the purpose of a satellite phone and
its usefulness in an emergency situation compared to cellular
phones. In an emergency situation or when you have no other
means of staying in touch, a satellite phone is the most viable
option.

2- Satellite phone networks :

When the user initiates a call on a satellite capable handset, the
nearest satellite picks up the call and authenticates the users
through the nearest gateway on the earth. If the destination
phone is part of the public switched telephone network (PSTN),
the call is routed to the nearest gateway and consecutive PSTN.
If the destination phone is another satellite handset, the call
routing occurs through satellites only, which increases
transmission efficiency and quality.
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There are three types of satellite communication systems which
differ in terms of orbit and signal strength. These satellite
systems are Low earth orbit (LEO) satellites, Medium earth
orbit (MEO) satellites, and geosynchronous earth orbit (GEO)
satellites.

a. Geosynchronous satellites :

Geostationary Earth Orbit (GEO) satellites are deployed
35,786 km above the equator line [10]. These satellites are
called geostationary as, at this altitude, the satellites move
synchronously with earth (i.e., a GEO satellite completes a
circular movement around the earth in 24 hours). Consequently,
the satellite position and coverage area are stationary relative to
a fixed location or observer on earth. At this altitude, a GEO
satellite covers almost one-third of the earth’s surface (not
including the polar area), requiring only three satellites to cover
the whole earth (Fig. 1). Although a small number of GEO
satellites are needed for global coverage. The amount of
bandwidth available on these systems is substantially higher
than that of the low Earth orbit (LEO) systems [3]. GEO
systems  exhibit some significant disadvantages for
communication networks. The user terminals and satellites
consume alot of power, and the propagation delay for real-time
communications is very high in these systems[3].

GEO satellite

Figure 5 GEO Satellite Coverage.
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Another disadvantage of geostationary satellite systems is
that in many areas—even where a large amount of open sky is
present—the line-of-sight between the phone and the satellite is
broken by obstacles such as steep hills and forest. The user will
need to find an area with line-of-sight before using the phone.
This is not the case with LEO services: even if the signal is
blocked by an obstacle, one can wait few minutes until another
satellite passes overhead, but a moving LEO may drop a call
when line of sight is lost[3].

e ACeS: This small regional operator provides voice and
data services in East Asia, South Asia, and Southeast
Asia using a single satellite.

e Inmarsat: The oldest satellite phone operator, founded
in 1979. It originally provided large fixed installations
for ships, but has recently entered the market of hand-
held phones in a joint venture with ACeS. The company
operates eleven satellites. Coverage is available on most
of the Earth, except Polar Regions.

e Thuraya: Established in 1997, Thuraya’s satellites
provide coverage across Europe, Africa, the Middle
East, Asia and Australia.

e MSAT / SkyTerra: An American satellite phone
company that uses equipment similar to Inmarsat, but
plans to launch a service using hand-held devices in the
Americas similar to Thuraya's.

o Terrestar: Satellite phone system for North America

e 1CO Global Communications: A satellite phone
company which has launched a single geosynchronous
satellite which is not yet active.

b. Low Earth Orbit :

LEO telephones utilize LEO (low Earth orbit) satellite
technology. The advantages include providing worldwide
wireless coverage with no gaps. LEO satellites orbit the Earth in
high speed, low altitude orbits with an orbital time of 70-100
minutes, an altitude of 640 to 1120 kilometers (400 to 700
miles), and provide coverage cells of about (at a 100-minute
orbital period) 2800 km in radius (about 1740 mi). Since the
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satellites are not geostationary, they move with respect to the
ground. At least one satellite must have line-of-sight to every
coverage area at all times to guarantee coverage [3].

A number of LEO satellite systems (like Iridium, and
Globalstar) [2] have been proposed to overcome the
disadvantages of GEO systems in high-speed data and voice
communications. In contrast to GEO systems, LEO satellite
systems have a number of advantages, such as efficient
bandwidth usage, lower propagation delays, and lower power
consumption in the user terminals and satellites [2].

However, in contrast to GEO satellite systems, the coverage
area of a LEO satellite is not stationary. This is due to the
asynchronous movement of the satellite relative to Earth,
resulting in the handing over of a satellite between ground
stations as it passes over different areas of the Earth. The
mobility management in LEO satellite systems is thus more
challenging than in GEO systems.[4],[5]

Depending on the positions of both the satellite and
terminal, a usable pass of an individual LEO satellite will
typically last 4-15 minutes on average; thus, a constellation of
satellites is required to maintain coverage (as is done with
Iridium, Globalstar, and others).

Two such systems both based in the United States, started
in the late 1990s, but soon went into bank rupcy after failing to
gain enough subscribers to fund launch costs. They are now
operated by new owners who bought the assets for a fraction of
their original cost and are now both planning to launch
replacement constellations supporting higher bandwidth. Data
speeds for current networks are between 2200 bit/s and 9600
bit/s using a satellite handset.

e Globalstar: A network covering most of the world's
landmass using 44 active satellites. However, many
areas are left without coverage since a satellite must be
in range of an Earth station. Satellites fly in an inclined
orbit of 52 degrees, so polar regions cannot be covered.
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The network went into limited commercial service at
the end of 1999.

e Iridium: A network operating 66 satellites in a polar
orbit that claims coverage everywhere on Earth.
Commercial service started in November 1998. In
2001, service was re-established by Iridium_Satellite
LLC. Radio cross-links are used between satellites to
relay data to the nearest satellite with a connection to an
Earth station.

In some LEO satellite systems (for example, Iridium), satellites
communicate among themselves using Inter Satellite Links
(ISL). As shown in Figure 1, ISLs are of two types: intraplane
ISLs, which connect satellites within the same orbit; and
interplane ISLs, which connect satellites in adjacent orbits .

c. Medium Earth orbit (MEO) :

Sometimes called intermediate circular orbit (ICO), is the

region of space around the Earth above low Earth orbit (altitude
of 2,000 kilometres (1,243 mi)) and below geostationary orbit
(altitude of 35,786 kilometers (22,236 mi)).
The most common use for satellites in this region is for
navigation, communication, and geodetic/space environment
science. The most common altitude is approximately 20,200
kilometers (12,552 mi)), which yields an orbital period of 12
hours, as used, for example, by the Global Positioning System
(GPS). Other satellites in Medium Earth Orbit include Glonass
(with an altitude of 19,100 kilometers (11,868 mi)) and Galileo
(with an altitude of 23,222 kilometers (14,429 mi))
constellations. Communications satellites that cover the North
and South Pole are also put in MEO.

d. Comparison Between Satellite Systems ;

The Major differences between LEO, MEO & GEO satellite
systems can be summarized as follows:
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Table 1 A Comparison between Satellite Systems.

Satellite 500-1500 5000-12000 {| 35,800 km
Height km km
Orbital Period 10-40 2-8 hours 24 hours
minutes
Number of 40-80 8-20 3
Satellites
Satellite Life I Short Long ‘ Long

Propagation Least High Highest
Loss

Gateway Cost Very Expensive Cheap
Expensive

3- Satphone Security :

Although communication between satellites and the user
segment is standardized and documented by ETSI, no details
about the actual cryptographic algorithms used for wvoice
encryption are disclosed. However, when a call is established
after setting up an appropriate channel the satellite initiates
authentication by sending a request to the phone. This request
contains a random number R which is sent to the phone’s SIM
card where a specific secret key S is stored. Given (R, S), the
SIM card derives a session key K and an authentication token.
After authentication, encryption is switched on and all
subsequent frames on the relevant channel are encrypted by a
stream cipher.[6]

5. Satellite Systems :
There are three different types of satellite systems. Which
are described as follows:

a. INTELSAT :

The INTELSAT (International satellite communication
system) Organization was established in 1964 to handle the
myriad of technical and administrative problems associated
with a world wide telecommunication system. The international
regions served by INTELSAT are divided into the Atlantic
Ocean region (AOR), the Pacific Ocean Region (POR), and the
Indian Ocean region (IOR). For each region, satellites are
positioned in geo-stationary orbit above the particular Ocean,



where they provide a transoceanic telecommunication route. In
addition to providing Trans oceanic routes, the INTELSAT
satellites are used for domestic services within any given
country and regional services between countries. Two such
services are vista for telephony and

Intelnet for data exchange

b. DOMSAT :

Domestic satellites are used to provide various
telecommunication services, such as voice, data, and video
transmission (T.V channels), within a country. Satellite cell
phones allow global trevellers and those in remote areas to
avoid landlines and terrestrial cell phone services entirely.
Satellite cell phones relay your call to a satellite and down
through a hub to the end-user. This means that most of the
earth's geographical area is now accessible by a satellite cell
phone! Third party providers of satellite cell include Satcom
Global, Roadpost Satcom, Online Satellite Communications,
and others.

C. SARSAT :

SARSAT (Search and rescue system) is one type of Polar
orbiting satellites. Polar-orbiting satellites orbit the earth in such
a way as to cover the north and south polar-regions. Infinite
number of polar satellite orbits is possible. Polar satellites are
used to provide environmental data and to help locate ships and
aircrafts in distress .

6. Cost of Satellite Phone:

While it is possible to obtain used handsets for the
Thuraya, Iridium, and Globalstar networks for approximately
US$200, the newest handsets are quite expensive. The Iridium
9505A, released in 2001, sold in March 2010 for over
US$1,000. Satellite phones are purpose-built for one particular
network and cannot be switched to other networks, the price of
handsets varies with network performance. If a satellite phone
provider encounters trouble with its network, handset prices
will fall, then increase once new satellites are launched.
Similarly, handset prices will increase when calling rates are
reduced. Among the most expensive satellite phones are BGAN
terminals, often costing several thousand US dollars. These
phones provide broadband Internet and voice communications.



Satellite phones are sometimes subsidized by the provider if one
signs a post-paid contract but subsidies are usually only a few
hundred US dollars or less. Since most satellite phones are built
under license or the manufacturing of handsets is contracted out
to OEMs, operators have a large influence over the selling
price. Satellite networks operate under proprietary protocols,
making it difficult for manufacturers to independently make
handsets

7. The Use of Satellite Phone in Disasters :

Most mobile telephone networks operate close to capacity
during normal times, and large spikes in call volumes caused by
widespread emergencies often overload the systems when they
are needed most. Examples reported in the media where this has
occurred include the 1999 Izmir earthquake, the September 11
attacks, the 2006 Hawaii earthquake, the 2003 Northeast
blackouts, Hurricane Katrina, the 2007 Minnesota bridge
collapse, the 2010 Chile earthquake, the 2010 Haiti Earthquake,
and the Dawson College shooting. Reporters and journalists
have also been using satellite phones to communicate and report
on events in war zones such as Iragq and Syria. Terrestrial cell
antennas and networks can be damaged by natural disasters.
Satellite telephony can avoid this problem and be useful during
natural disasters. Satellite phone networks themselves are prone
to congestion as satellites and spot beams cover a large area
with relatively few voice channels.

8. Conclusion

A comparison between cellular phone system and satellite
phone in terms of the technology, coverage area, and cost is
presented in this review paper, With the success of cellular
phone system was believed that satellite phone system and
technology would be able to provide phone access in area of
world that were not at that time accessible to terrestrial cellular
phone system.

The most common issue of satphone systems compared
with cellular phone systems is the high cost of calls and low
security system, as a result, the developments, researches and
work on satphones will continue for their positive point for
providing communication facility in any location on the earth at
reasonable cost. The world countries will continue dealing with



both systems satphone and cellular one, and continue work to
reduce the cost of satphone systems like what has happened to
the TV broadcasting via satellites service.
Despite high cost call, it is very important to consider the
purpose of a satellite phone and its usefulness in an
emergency situation compared to cellular phones. In an
emergency situation or when you have no other means of
staying in touch, a satellite phone is the most viable option.
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Abstract:

The heat treatment and carburization has been acknowledged
by some means of improving the various properties of metals
and alloys. In the present investigation the mechanical and
microstructure of mild steels carburized at different temperature
range of 850, 900 and 950 C° at different times of 1,2,3 and 4
hours have been studied before water quenching,the chemical
composition and the microstructures of these samples were
characterized by spectrometry and optical microscopy. The
microhardness of the surface of each sample was measured and
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preliminary tensile testing was conducted. The results showed
the formation of a significant hardened case due to the
formation of martensite, while the core retained its original
ferrite-carbide microstructure and was softer and tougher.
Tempering was carried out at 200C°, 400C° and 600C° in order
to stress relieve the quenched samples and to increase the
toughness of the steel case with an acceptable reduction in
hardness.

Keywords: case carburizing, low carbon steel, Case depth,
Tensile strength, Quenching and Tempering.

1. Introduction:

The carburization provides a gradual change in carbon
content and carbide volume from the surface to the bulk,
resulting in a gradual alteration of mechanical and wear
properties. The heat treatment and carburization increases the
mechanical and wear resistance. Carburizing is the addition of
carbon to the surface of low-carbon steels at temperatures
generally between 850 and 950°C (1560 and 1740°F), at which
austenite, with its high solubility for carbon, is the stable crystal
structure. Hardening is accomplished when the high-carbon
surface layer is quenched to form martensite so that a high-
carbon martensitic case with good wear and fatigue resistance is
superimposed on a tough, low-carbon steel core. Carburizing
steels for case hardening usually have base-carbon contents of
about 0.2%, with the carbon content of the carburized layer
generally being controlled at between 0.8 and 1% C. However,
surface carbon is often limited to 0.9% because too high carbon
content can result in retained austenite and brittle martensite.
Carburizing is one of the most widely used surface hardening
processes. The process involves diffusing carbon into a low
carbon steel alloy to form a high carbon steel surface.
Carburizing steel is widely used as a material of automobiles,
form implements, machines, gears, springs and high strength
wires etc. which are required to have the excellent strength,
toughness, hardness and wear resistance, etc.because these parts
are generally subjected to high load and impact. Such
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mechanical properties and wear resistance can be obtained from
the carburization and quenching processes. This manufacturing
process can be characterized by the key points such as: it is
applied to low carbon workpieces, workpieces are in contact
with high carbon gas, liquid or solid, it produces hard
workpiece surface, workpiece cores retain soft.

2. Experimental Method:
Case hardening

The carburization of low carbon steel was carried out in the
Heat Treatment Department of the Research and development
center Tripoli Libya. The carburizing was conducted using case
hardening temperatures of 850C°, 900C° and 950C° with a
heating time of 1, 2 3 and 4 hours at each temperature, followed
by water quenching for 60 s. The details of the carburizing
process are carried out by using iron pipe closed form lift side
and open from the other side the dimensions of the mold are
50cm length, 5cm diameter and 3mm thickness. The sample
used was a rod of 10 mm diameter and 170 mm length.

Tempering

After the hardening process, tempering was carried out
temperature of 200C° for 30 minutes in a tempering oven,
followed by air cooling.

Characterization of low carbon steel

The initial hardness measurement for the raw material was
conducted using a Rockwell hardness testing machine with a
load of 150 kg. Then micro hardness measurements were made
at intervals of 0.50 mm through the surface layer of carburizing
low carbon steel using a Rockwell hardness testing machine
with a load of 5 kg. Cross-section samples of the rod were then
mechanically polished and etched in a 2% nital solution to
reveal the microstructure by optical microscopy.

3. Results:

48



Nominal Composition

The composition of the low carbon steel was determined by
spectrometry, Table 1.

Table 1 Nominal compositions (wt%o) of the low carbon steel

elements | C Si Mn S P Ni Cu Cr

Fe

%wt [0.16 | 0.03 | 0.32]0.05]0.02]0.01]0.01]0.01

Bal

Optical Microscopy of low carbon steel

The microstructure on the low carbon steel substrate

had a ferrite-pearlite appearance, while the surface layer
consisted of a martensitic structure. Fig. 1(a) shows the
microstructures resulting from hardening without tempering and
the other microstructures represent tempering at 200C°, Fig.
1(b); tempering at 400C°, Fig. 1(c); and tempering at 600C°,
Fig. 1(d).
Fig. 1(a) shows an acicular structure that is due to the formation
of martensite with mixed plate and lath morphologies. With
increasing tempering temperature the acicular structure
becomes less evident as the martensite progressively
decomposes to a mixture of ferrite and carbide, Figs. 1(b-d).

Micro hardness of Surface Layer of Hardened Low Carbon
Steel

The micro hardness of the surface layer of low carbon steel
subjected to a carburizing hardening temperature of 850C° was
about 462 HV. This hardness level is consistent with that of
untempered martensite in steel containing 0.16 % C. In
comparison, 618 HV was measured for a hardening temperature
950C°. In this case the peak temperature did not produce a fully
austenitic structure and therefore a limited volume fraction of
martensite was produced on quenching with the untransformed
matrix consisting of coarsened grains of ferrite and carbide.

The micro hardness of the surface layer of low carbon steel
after tempering at 200C° was about 206.7 HV for a hardening
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temperature of 950C° compared with 256.7 HV after tempering
at 400C° and 312.7 HV after tempering at 600C°.

(b)
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Fig.1 Optical micrographs of samples of low carbon steel
subjected to a hardening temperature of 950C°, followed by
water quenching. (a) Untampered, (b) tempered at 200C°,
(c) tempered at 400C° and (d) tempered at 600C°.
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Hardening and Tempering Treatments

Fig. 2 shows that the surface hardness increased steeply with
increasing hardening temperature, but flattened out above about
950C°. The effect of tempering is shown by Fig. 3, the surface
hardness decreased with increasing tempering temperature. The
effect of tempering on the tensile strength is recorded in Fig. 4.
The tensile strength decreased as the tempering temperature
increased from 200C° to 600C°.

Case Depth

Fig. 5 shows that the case depth increased with hardening
temperature.

4, Discussion

The results from the tests conducted for carburizing hardened
low carbon steel showed that a lower hardening temperature
resulted in incomplete martensite formation and a reduced
surface hardness. A completely martensitic structure was
obtained for the tests conducted at 900C° as shown in Fig. 1(a).
Well as 950C° a completely martensitic structure was obtained
For hardening temperatures of 850C° to 950C° the surface
hardness increased consistently from 462 HV to 618 HV. It is
likely that an increasing amount of martensitic structure formed
as the hardening temperature was increased up to 900C° and for
this temperature as when the induction heated and water
guenched samples were tempered, the martensite structure
decomposed to a carbide-ferrite mixture. The martensite
progressively lost its tetragonality by precipitation of carbide
from solid solution. The carbide forms as a series of transition
phases, starting with epsilon carbide and then transforming
eventually to cementite dispersed in a ferrite matrix. As these
structural transitions became more marked with increasing
tempering temperature the surface hardness decreased, as
shown by Fig. 3.

Fig. 5 shows that case depth was influenced by the hardening
temperature. For treatment at 950C°, the hardened layer is much
deeper than at the lowest hardening temperature, 850C°. For
tempered samples, the apparent thickness of the hardened layer
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decreased with increasing tempering temperature. However,
quenching from a given temperature, say 950C°, should produce
hardening to the same depth regardless of the subsequent
tempering temperature. The apparent decrease shown in Fig. 5
is probably due to difficulty in defining the extent of the
hardened layer as the overall hardness deceases towards the
hardness of the as received steel

600 /
500

400

hardening Hv

850 900 950
hardening temperature c®

Fig.2 Graph of case carburizing as a function of hardening

temperature
450
400 /,—/‘
350
z 300 — /.
£ 250 s /
E 200 = 4./ —#—Series1
E 150 — =i Series2
100 Series3
50
0
200 400 600
Tempering temperuture C°

Fig.3 Graph of case carburizing as a function of tempering
temperature
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Fig.5 Graph of case depth as a function of hardening
temperature

As Fig. 4 shows, the tensile strength decreased with
increased of tempering temperature. At a hardening temperature
of 850C° and tempering temperature 200C°, the tensile strength
was 848 N/mm’. For the same hardening temperature and a
tempering temperature of 400C°, the tensile strength was lower
762 N/mm* Moreover, with the same hardening temperature
and the higher tempering temperature of 600C° the tensile
strength was much lower 623 N/mm” . The tensile strength
before case carburizing was only 410 N/mm®. Therefore,
tempering significantly lowered the strength of the hardened
steel. However, tempering is necessary to reduce internal
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stresses and to produce a microstructure of ferrite and dispersed
carbide which greatly increases the toughness.

5. Conclusion

Carburizing hardening of low carbon steel at the highest
temperature investigated (950C°), followed by water quenching,
produced the highest hardness (618 HV), while lower hardness
were obtained for the other temperatures (850C° — 950C°).
Water quenching produced high surface hardness due to the
presence of the hard and brittle martensitic structure. Tempering
caused the decomposition of the martensite into a ferrite-carbide
mixture with higher toughness and lower hardness and strength.
By means of induction hardening, low carbon steel can be
processed to produce a hardened case or surface layer, while the
core of the steel remains soft and tough. However, the case
requires tempering to reduce the risk of cracking and spalling.
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Abstract :

Dust storms are one of the natural hazards whose
incidence has increased in the recent years over Sahara desert,
Australia and northern China. Thus, it is important to know the
causation, movement and radiation effects of dust storms.
Satellite remote sensing is the most common method for
monitoring Dust Storms but its use over sandy ground is still
limited as they have similar characteristics. Many researchers
have studied the detection of dust storms during daytime in a
number of different regions of the world including China,
Australia, America, and North Africa using a variety of satellite
data. However, there have been fewer studies for detecting dust
storms at night. The key elements of this study are to use a
back-propagation artificial neural network with Brightness
Temperature of band 31 and four Brightness Temperature
Differences calculated using data from the Moderate Resolution
Imaging Spectroradiometers on the Terra and Aqua satellites to
develop a method for detecting dust storms during both day and
night. Results have shown that the method can detect dust
storms at both day and night and also over different land
surfaces.

Keywords: Dust Storms; MODIS; Sahara; Brightness
Temperature Difference; Satellite remote sensing.

I. INTRODUCTION :

Dust storms are a type of natural disaster occurring in many
parts of the word, including north Africa, northern China,
Australia, the Arabian desert, and Turkmenistan, which have
worsened during the last decade, affected by changes of climate
[1, 2]. Dust storms increase air pollution, impact on urban areas
and farms as well as affecting ground and air traffic [3]. They
cause damage to human health, reduce the temperature, reduce
visibility [4] and cause damage to communication facilities [5].
Saharan dust storms, for example, caused by a combination of
dry conditions and strong winds, can transport sand over large
areas of the Earth to reach as far as the north of Europe, parts of
Asia and North America [3]. While dust storms are only one of
many natural hazards, monitoring and tracking them has
become very important in recent years to help governments to
alleviate the consequences of these storms. At the present time
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there are only two main methods available for monitoring dust
storms. The first is ground based measurements and the second
is satellite based remote sensing technology, in which interest is
increasing [4]. This is because ground based measurements
cannot meet the requirements of monitoring and tracking dust
storms very well.

Satellite remote sensing is likely to become the primary
approach for the detection of dust storms [1], because there are
many potential advantages to using this technology, including
flexible coverage of wide areas and continuous or frequent
monitoring of the earth. At the same time, satellite remote
sensing is indirect, and the uses of true-colour images, aerosol
optical thickness (AOT), and deep blue algorithm, for example,
are limited. However, in principle, the severity of dust storms,
the areas they affect and changes in intensities can be monitored
using remotely sensed images [4]. This is why many researchers
have proposed methods to distinguish dust storms from clouds,
ground and water surfaces using images in many different
spectral bands from instruments, such as MODIS, MERIS,
AVHRR, TOMS, SeaWiFsS [1, 2, 4-6]. However, the detection
of dust storms is complicated because they share some
characteristics with clouds, which can make it very difficult to
distinguish them in some spectral bands [2]. Furthermore, the
characteristics of dust storms and ground sand are similar,
which makes it difficult to discriminate between them.

In this study we have concentrated on MODIS (Moderate
Resolution Imaging Spectroradiometer) data provided by the
NASA Terra and Aqua satellites (passing north to south across
the equator in the morning and south to north across the equator
in the afternoon, respectively) because these provide data in 36
spectral bands. This potentially provides more opportunities for
developing techniques for the detection of dust storms than data
from some other satellites. The following paragraphs discuss
previous work and its limitations.

Qu et al. [1] proposed a method for dust storm detection
based on the Normalised Difference Dust Index (NDDI) defined
in equation (1).

NDDI = (b7 —b3)/(b7+ b3) ().
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Where b7and b3 are the reflectances in MODIS bands
7 and 3 (2.13um and 0.469um), respectively. Even though, this
method was useful for the detection of dust storms over non
sandy ground, it did not provide good results over sandy ground
like the Sahara desert, when it was implemented by authors of
this paper even when enhanced using the brightness temperature
from band 31 (11.03um). It seems to successfully use this
technique over surfaces like the Sahara it is likely that extra
bands will need to be included. Mei et al. [4] have used the
BTD between bands 31 (11.03um) and 32 (12.02um) and a 0K
threshold for dust storm detection during both day and night in
the north west of China in 2006. However this did not provide
the desired performance because some clouds were still
detected. Hence they used an NDDI technique to remove clouds
during the day. At the same time the Brightness Temperature of
band 31 was used to separate dust storm and cloud during the
night using thresholds greater than 263K and less than 280K.
Although, this method was very effective for the detection of
dust storms over north western China, it was less effective for
the detection of dust storms over the Sahara desert when this
was tried by the present authors.

The MODIS bands 20, 25, 29, 31 and 32 (3.7um,
4.6um, 8.6um, 1lum and 12um) are the thermal infrared
channels most commonly used for dust storm detection. The
brightness temperature differences between pairs of these bands
can be used to identify dust storm from other objects in MODIS
images. The brightness temperature difference between 11um
and 12 um have been employed in many dust storm detection
schemes [7]. Since, for the same radiance, the brightness
temperature of a dust storm at 12um is normally higher than the
brightness temperature at 11um, the values of dust storm in the
brightness temperature difference between 11um and 12pm will
be negative and most of the other objects will be around zero or
positive [8]. Also the water vapour absorption at 8.6um is
higher than at 1lpum [2]. For this reason the brightness
temperature difference between 8.6um and 1lum will be
positive, the BTD (11-12) < 0 and BTD (8.6-11) > threshold
for detection dust storms at both day and night times [2]. The
three brightness temperature differences BTD (3.7-11), BTD
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(8.6-11) and BTD (12-11) from four MODIS bands are used to
develop the Thermal Infrared Integrated Dust Index (TIIDI)
technique to detect a dust storm over sandy, vegetation, or water
surfaces [8]. Furthermore, the two brightness temperature
differences BTD (4.6-11) and BTD (11-12um) from three
MODIS bands and the NDDI technique are used to detect dust
storms over the Sahara desert [9].

Neural Networks have been widely used to classify
data for vegetation and other land cover obtained from
satellites. Rivas-Perea et al. [10] made a comparison between
Probabilistic Neural Network (PNN) and Maximum Likelihood
(ML) based methods for Dust Aerosol Detection using MODIS
multispectral data. Five selected features were used for both
methods: individual bands 1 (0.645um), 4 (0.555um) and 3,
BTDs from bands 32 and 31, and from bands 20 (3.75um) and
29 (8.55um). The results of this comparison showed better
detection of the dust storm using the PNN than the ML with
PNN detecting 77% of dust compared with 52% with ML.
However, when the Neural Network method with the same
features was implemented on data from the Sahara it was less
effective. The aim of this work is to apply a back propagation
artificial neural network approach to attempt to generate an
automated system that can detect dust storm at both day and
night over different earth surfaces.

Section Il summarises the data used in this study, Section IlI
explains the methodology used in this work for dust storm
detection and section 1V shows results from the implementation
of this work over different surface for both day and night.

I1. DATA:

MODIS levellB data obtained from both Terra and Aqua
satellites were used for training and testing the dust storm
detection algorithm. Both satellites provide data from 36
channels divided into three groups according to its resolution.
Bands 1 (0.645um) and 2 (0.856um) have 250m resolution,
bands 3 to 7 have 500m resolution, and bands 8 (0.413um) to
36 (14.24pm) have 1km resolution. Furthermore, bands 1 to 19
(0.94um) and 26 (1.38um) are solar reflectance bands (SRBs)
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whereas the others are emissive bands. The MODIS satellites
can make a complete orbit in 24 hours and provide one MODIS
image every five minutes [1, 4, 11].

A number of MODIS recorded dust storm events were
selected from the NASA Earth Observatory (NEO) for
investigation in this paper, captured by either Terra or Aqua
satellites for different regions of the earth at the dates and times
listed in Table I. The first 25 rows of Table | are described as
images containing dust storms by the NEO. The final two rows
in Table | are included to provide vegetation and snow
references and do not contain dust storm data.

These data were downloaded from Level 1 and Atmosphere
Archive and Distribution system website. Then regions
containing dust storms were identified and used at later stages
for subjective comparison with the NN output.

table I, the image data sets used in this study .

Time(GMT)

Location

10/11/2001 Algeria

Satellite

02/02/2003

Mediterranean
see

28/05/2004

Sahara

12/02/2005

Atlantic
Ocean

01/03/2005

Libya

12/05/2005

Saudi Arabia

13/05/2005

Saudi Arabia

13/05/2005

North of
Saudi Arabia

18/07/2005

Sahara

19/07/2005

Sahara

14/12/2005

Sahara

23/02/2006

Libya

24/02/2006

Sahara

24/02/2006

Egypt

01/01/2008

Morocco

07/01/2008
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08/06/2008

Sahara

03/08/2008

Spain

22/04/2010

Sahara

24/07/2010

Red Sea

11/11/2010

Eastern China

28/02/2011

North west of
China

02/03/2011

North west of
China

26/03/2011

South of
Saudi Arabia

08/04/2011

South west
UK

26/05/2011

Red sea

25/07/2011

China

Il. METHOD :

A. THE FEATURE EXTRACTION METHOD :

The brightness temperature difference of BTD (3.7-11),
BTD (4.6-11), BTD (8.6-11), BTD (11-12) and the brightness
temperature of band 31 (BT31) were generated for all the
downloaded images shown in Table I.

Windows of size 40x40 are used to extract pixel values for
regions representing dust storms and non-dust storms. For each
image different windows could be used to represent weak and
strong dust storms, also dust storms over land or sea. For each
window used a feature vector of size 1600 is used. The total
number of windows used in this research is 100 (19 for dust
storm, 20 for cloud, 16 for vegetation, 17 for Land, 18 for water
and 10 for snow).

A feature vector is generated from the objects were extracted
from the four BTD and BT31 to generate a feature vector. Table
Il illustrate some examples of trained data.

A feed-forward back propagation Neural Network technique
is used for training and testing these data to identify pixel
values of dust storms over different surfaces during both day
and night. A total of 160000 samples, each comprising four
BTD and one BT31 valued which were generated from all the

34



data listed in Table 1. This comprises MODIS data chosen from
different surface regions and for both day and night. These
samples were randomly divided into two sets, the first 80%
were used for training and the second 20% were used for testing
the neural network performance. After completion of training,
the neural network was applied to the test data with 100%
accuracy. Further tests were carried out including an additional
90 sets with clearly visible dust storm boundaries, obtained in
2011. These were manually selected from the 150 classified as
dusty data on NASA Earth Observatory.

table 11 sample of date uesd for training neural network .

BTD(3.7- | BTD(4.6- | BTD(8.6- | BTD(11-
11 11 11 12

I 4.8 2.1 -5.2 -0. 275.0 I

MODIS BTDs images contain regions of cloud, dust storm,
land, water, snow, and vegetation. Ground truth data for dust
storm and no dust storm were obtained by manual inspection of
the true colour bands at day and band 31 at night because no
other source of ground truth date was available. The
performance of the neural network was evaluated using the
performance metrics: ‘True Positive Rate’ (TPR), ‘False
Positive Rate’ (FPR), ‘Accuracy’ (ACC), ‘True Negative Rate’
(TNR) and ‘False Detective Rate (FDR).Figure 1 illustrates the
structure of using feed-forward back propagation Neural
Network technique. After the satisfaction of trained feed-
forward back propagation Neural Network, the new technique
was applied for hole dusty images comparing with manually
dust stormdetection.

35



[ Training Data ][ Testing Data ][ NeWMODISData]
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Calculate classification ]

performance
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[ Dust storm detection ]
[ Comparing output with manual dust storm detection ]

[ Dust storm Binary Image ]

figure 1structure of using feed-forward back propagation
neural network technique

Il . RESULTS AND DISCUSSION :

The Neural Network based approach has been applied to the
MODIS data listed in Table 1 and MODIS data of dust storms
occurred on 2011. This includes data captured of dust storms
over land, ocean and vegetation surfaces and during both day
night. In the subsections which follow, the results obtained have
been divided according to the four categories of surface: desert;
vegetation; ocean water; and desert at night.

A. Desert Surfaces Results :

The trained neural network was applied to MODIS data in table
I as well as all dust storms events occurred on 2011 and
obtained over all desert surfaces and was found to detect over

36



all about 80% of the manually detected dust storm pixels. Table
Il illustrate the average result of detection dust storm over
desert.
Table 111 the result of trained neural network over desert
surface.

TPR FPR ACC TNR FDR
Average | 0.80 0.06 0.93 0.94 0.4

Figure 2a shows the true colour image of a dust storm event
which occurred over Sahara on 18" of July 2005 captured by
the Aqua satellite. Figure 3a shows the true colour image of a
huge dust storm over the north of Saudi Arabia and south of
Jordan on 13™ of May 2005, also captured by the Aqua satellite.
Figures 2b and 3b show the results from the dust storm
detection algorithm for both events shown in figures 2a and 3a
respectively, which illustrate the discrimination between dust
storm and both cloud and desert and other land surfaces.

IGC O oYL w16

Sahara desert (b) shows in green the region classified as
dust storm by the trained neural network.
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Dust

figure 3 (a) is a true colour image of a dust storm over
northern Saudi Arabia (b) shows in green the region
classified as dust storm by the trained neural network

B. Vegetation Surfaces Results :

To evaluate the performance of this technique for detecting dust
storms over vegetation covered surfaces it was applied to data
from China and Afghanistan where it was found to detect 88%
of manually observed dust storms. Table IV illustrate the
average result of detection dust storm over vegetation surfaces

table 1V the result of trained neural network over
vegetation surfaces.

TPR FPR ACC TNR FDR
Average | 0.85 0.10 0.90 0.90 0.70

Figure 4a shows a heavy dust storm on 11" of November 2010
over north eastern China captured by the Terra satellite. Figure
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5a shows a heavy dust storm over northern Afghanistan on 5"
of October 2011 captured by the Aqua satellite. Figures 4b and
5b illustrate the ability of the method to discriminate dust storm
from vegetation surfaces and cloud.

figure 4 (a) is a true colour image of a dust storm over north
eastern china (b) shows in green the region classified as dust
storm by the trained neural network.

39



Figure 5 (a) is a true colour image of a dust storm over

northern Afghanistan (b) shows in green the region

classified as dust storm by the trained neural network.
C. Ocean surfaces :

To evaluate the performance of this technique for detecting dust
storms over ocean surfaces it was applied to data from the
North Atlantic where it was found to detect over all about 72%
of manually observed dust storms pixels over sea and ocean
surface. Table V illustrate the average result of detection dust
storm over water surface.

table V the result of trained neural network over water
surfaces.

TPR FPR ACC TNR FDR
Average | 0.72 0.06 0.91 0.94 0.40

The algorithm detects thick dust storm over water but some
weaker dust storm is not detected. Figures 6a and 7a show true
colour images of dust storms over the Atlantic Ocean on 12" of
February 2005 captured by the Terra and Aqua satellites
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respectively. Figures 6b and 7b illustrate the ability of the
method to discriminate between dust storm and water. It can
clearly be seen that some of the dust is not detected and that is
because the temperature of ocean surface is lower than land and
does not affected with weak dust storm. So the BTD of weak
dust storm and ocean surface are similar. For this season, there
is a need of finding a way to subtract the ocean surface before
classification or probably the using of multiple classifications
could be more affective for detection dust storms over ocean
surface.

figure 6(a) is a true colour image a of a dust storm blown
from the Sahara over the Atlantic ocean(b) shows in green
the region classified as dust storm by the trained neural
network .
D. Night Time :

To evaluate the performance of the algorithm to dust storms
observed at night it was applied to data from Jordan and Saudi
Arabia where it was found to detect over all 86% of manually
observed dust storms pixels. Table VI illustrate the average
result of detection dust storm during night over desert surface.
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table VI the result of trained neural network over water
surface.

TPR FPR ACC TNR FDR
Average | 0.86 0.10 0.89 0.89 0.60

Figures 8a and 9a show false colour images produced by the
combination of bands 20, 31 and 32 where dust storms appear
light purple in colour. Figure 8a show the beginning of a dust
storm over the south of Jordan captured by the Aqua satellite on
12 of May 2005 at night time. Figure 9a shows the same dust
storm on 13 of May 2005 moving to the south. A true colour
image of this dust storm during the day is shown in Figure 3a.
Figures 8b and 9b illustrate the ability of this algorithm to
discriminate dust at night. Some of the weaker dust storm over
water is missed.

Figure 7 (a) is a false colour image of a dust storm over
southern Jordan captured at night (b) shows in cyan the
region classified as dust storm by the trained neural
network.
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figure 8 (a) is a false colour image of the dust storm shown
in figure 7 the next day when it is over northern Saudi
Arabia (b) shows in cyan the region classified as dust storm
by the trained neural network.

V. CONCLUSIONS AND FUTURE WORK :

In this study we demonstrate the application of a new dust
storm detection approach, based on a neural network binary
classifier with a feature vector comprising four brightness
temperature differences and brightness temperature of band 31
calculated, using MODIS data from the Terra and Aqua
satellites in bands 20, 23, 29, 31, and 32. The trained neural
network was able to discriminate dust storms from cloud and
desert land surfaces with similar characteristics with an
accuracy of about 80% in the day and 86% at night. The
detection accuracies over vegetation and water surfaces were
about 85% and 72% respectively. This technique can detect
weak and strong dust storms over both sandy and non sandy
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surface for both day and night. However, the detection of weak
dust storms over water surfaces during both day and night is the
area which shows poorest performance. It is intended in future
to develop the neural network approach by considering groups
of pixels rather than individual pixels and with additional output
classes including land, dust storm, vegetation, water and cloud
instead of the binary classification dust or no-dust.
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Abstract :

Dust storms are one of the natural hazards whose
incidence has increased in the recent years over Sahara desert,
Australia and northern China. Thus, it is important to know the
causation, movement and radiation effects of dust storms.
Satellite remote sensing is the most common method for
monitoring Dust Storms but its use over sandy ground is still
limited as they have similar characteristics. Many researchers
have studied the detection of dust storms during daytime in a
number of different regions of the world including China,
Australia, America, and North Africa using a variety of satellite
data. However, there have been fewer studies for detecting dust
storms at night. The key elements of this study are to use a
back-propagation artificial neural network with Brightness
Temperature of band 31 and four Brightness Temperature
Differences calculated using data from the Moderate Resolution
Imaging Spectroradiometers on the Terra and Aqua satellites to
develop a method for detecting dust storms during both day and
night. Results have shown that the method can detect dust
storms at both day and night and also over different land
surfaces.

Keywords: Dust Storms; MODIS; Sahara; Brightness
Temperature Difference; Satellite remote sensing.

I. INTRODUCTION :

Dust storms are a type of natural disaster occurring in many
parts of the word, including north Africa, northern China,
Australia, the Arabian desert, and Turkmenistan, which have
worsened during the last decade, affected by changes of climate
[1, 2]. Dust storms increase air pollution, impact on urban areas
and farms as well as affecting ground and air traffic [3]. They
cause damage to human health, reduce the temperature, reduce
visibility [4] and cause damage to communication facilities [5].
Saharan dust storms, for example, caused by a combination of
dry conditions and strong winds, can transport sand over large
areas of the Earth to reach as far as the north of Europe, parts of
Asia and North America [3]. While dust storms are only one of
many natural hazards, monitoring and tracking them has
become very important in recent years to help governments to
alleviate the consequences of these storms. At the present time
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there are only two main methods available for monitoring dust
storms. The first is ground based measurements and the second
is satellite based remote sensing technology, in which interest is
increasing [4]. This is because ground based measurements
cannot meet the requirements of monitoring and tracking dust
storms very well.

Satellite remote sensing is likely to become the primary
approach for the detection of dust storms [1], because there are
many potential advantages to using this technology, including
flexible coverage of wide areas and continuous or frequent
monitoring of the earth. At the same time, satellite remote
sensing is indirect, and the uses of true-colour images, aerosol
optical thickness (AOT), and deep blue algorithm, for example,
are limited. However, in principle, the severity of dust storms,
the areas they affect and changes in intensities can be monitored
using remotely sensed images [4]. This is why many researchers
have proposed methods to distinguish dust storms from clouds,
ground and water surfaces using images in many different
spectral bands from instruments, such as MODIS, MERIS,
AVHRR, TOMS, SeaWiFsS [1, 2, 4-6]. However, the detection
of dust storms is complicated because they share some
characteristics with clouds, which can make it very difficult to
distinguish them in some spectral bands [2]. Furthermore, the
characteristics of dust storms and ground sand are similar,
which makes it difficult to discriminate between them.

In this study we have concentrated on MODIS (Moderate
Resolution Imaging Spectroradiometer) data provided by the
NASA Terra and Aqua satellites (passing north to south across
the equator in the morning and south to north across the equator
in the afternoon, respectively) because these provide data in 36
spectral bands. This potentially provides more opportunities for
developing techniques for the detection of dust storms than data
from some other satellites. The following paragraphs discuss
previous work and its limitations.

Qu et al. [1] proposed a method for dust storm detection
based on the Normalised Difference Dust Index (NDDI) defined
in equation (1).

NDDI = (b7 —b3)/(b7+ b3) ().
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Where b7and b3 are the reflectances in MODIS bands
7 and 3 (2.13um and 0.469um), respectively. Even though, this
method was useful for the detection of dust storms over non
sandy ground, it did not provide good results over sandy ground
like the Sahara desert, when it was implemented by authors of
this paper even when enhanced using the brightness temperature
from band 31 (11.03um). It seems to successfully use this
technique over surfaces like the Sahara it is likely that extra
bands will need to be included. Mei et al. [4] have used the
BTD between bands 31 (11.03um) and 32 (12.02um) and a 0K
threshold for dust storm detection during both day and night in
the north west of China in 2006. However this did not provide
the desired performance because some clouds were still
detected. Hence they used an NDDI technique to remove clouds
during the day. At the same time the Brightness Temperature of
band 31 was used to separate dust storm and cloud during the
night using thresholds greater than 263K and less than 280K.
Although, this method was very effective for the detection of
dust storms over north western China, it was less effective for
the detection of dust storms over the Sahara desert when this
was tried by the present authors.

The MODIS bands 20, 25, 29, 31 and 32 (3.7um,
4.6um, 8.6um, 1lum and 12um) are the thermal infrared
channels most commonly used for dust storm detection. The
brightness temperature differences between pairs of these bands
can be used to identify dust storm from other objects in MODIS
images. The brightness temperature difference between 11um
and 12 um have been employed in many dust storm detection
schemes [7]. Since, for the same radiance, the brightness
temperature of a dust storm at 12um is normally higher than the
brightness temperature at 11um, the values of dust storm in the
brightness temperature difference between 11um and 12pm will
be negative and most of the other objects will be around zero or
positive [8]. Also the water vapour absorption at 8.6um is
higher than at 1lpum [2]. For this reason the brightness
temperature difference between 8.6um and 1lum will be
positive, the BTD (11-12) < 0 and BTD (8.6-11) > threshold
for detection dust storms at both day and night times [2]. The
three brightness temperature differences BTD (3.7-11), BTD
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(8.6-11) and BTD (12-11) from four MODIS bands are used to
develop the Thermal Infrared Integrated Dust Index (TIIDI)
technique to detect a dust storm over sandy, vegetation, or water
surfaces [8]. Furthermore, the two brightness temperature
differences BTD (4.6-11) and BTD (11-12um) from three
MODIS bands and the NDDI technique are used to detect dust
storms over the Sahara desert [9].

Neural Networks have been widely used to classify
data for vegetation and other land cover obtained from
satellites. Rivas-Perea et al. [10] made a comparison between
Probabilistic Neural Network (PNN) and Maximum Likelihood
(ML) based methods for Dust Aerosol Detection using MODIS
multispectral data. Five selected features were used for both
methods: individual bands 1 (0.645um), 4 (0.555um) and 3,
BTDs from bands 32 and 31, and from bands 20 (3.75um) and
29 (8.55um). The results of this comparison showed better
detection of the dust storm using the PNN than the ML with
PNN detecting 77% of dust compared with 52% with ML.
However, when the Neural Network method with the same
features was implemented on data from the Sahara it was less
effective. The aim of this work is to apply a back propagation
artificial neural network approach to attempt to generate an
automated system that can detect dust storm at both day and
night over different earth surfaces.

Section Il summarises the data used in this study, Section IlI
explains the methodology used in this work for dust storm
detection and section 1V shows results from the implementation
of this work over different surface for both day and night.

I1. DATA:

MODIS levellB data obtained from both Terra and Aqua
satellites were used for training and testing the dust storm
detection algorithm. Both satellites provide data from 36
channels divided into three groups according to its resolution.
Bands 1 (0.645um) and 2 (0.856um) have 250m resolution,
bands 3 to 7 have 500m resolution, and bands 8 (0.413um) to
36 (14.24pm) have 1km resolution. Furthermore, bands 1 to 19
(0.94um) and 26 (1.38um) are solar reflectance bands (SRBs)
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whereas the others are emissive bands. The MODIS satellites
can make a complete orbit in 24 hours and provide one MODIS
image every five minutes [1, 4, 11].

A number of MODIS recorded dust storm events were
selected from the NASA Earth Observatory (NEO) for
investigation in this paper, captured by either Terra or Aqua
satellites for different regions of the earth at the dates and times
listed in Table I. The first 25 rows of Table | are described as
images containing dust storms by the NEO. The final two rows
in Table | are included to provide vegetation and snow
references and do not contain dust storm data.

These data were downloaded from Level 1 and Atmosphere
Archive and Distribution system website. Then regions
containing dust storms were identified and used at later stages
for subjective comparison with the NN output.

table I, the image data sets used in this study .

Time(GMT)

Location

10/11/2001 Algeria

Satellite

02/02/2003

Mediterranean
see

28/05/2004

Sahara

12/02/2005

Atlantic
Ocean

01/03/2005

Libya

12/05/2005

Saudi Arabia

13/05/2005

Saudi Arabia

13/05/2005

North of
Saudi Arabia

18/07/2005

Sahara

19/07/2005

Sahara

14/12/2005

Sahara

23/02/2006

Libya

24/02/2006

Sahara

24/02/2006

Egypt

01/01/2008

Morocco

07/01/2008
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08/06/2008

Sahara

03/08/2008

Spain

22/04/2010

Sahara

24/07/2010

Red Sea

11/11/2010

Eastern China

28/02/2011

North west of
China

02/03/2011

North west of
China

26/03/2011

South of
Saudi Arabia

08/04/2011

South west
UK

26/05/2011

Red sea

25/07/2011

China

Il. METHOD :

A. THE FEATURE EXTRACTION METHOD :

The brightness temperature difference of BTD (3.7-11),
BTD (4.6-11), BTD (8.6-11), BTD (11-12) and the brightness
temperature of band 31 (BT31) were generated for all the
downloaded images shown in Table I.

Windows of size 40x40 are used to extract pixel values for
regions representing dust storms and non-dust storms. For each
image different windows could be used to represent weak and
strong dust storms, also dust storms over land or sea. For each
window used a feature vector of size 1600 is used. The total
number of windows used in this research is 100 (19 for dust
storm, 20 for cloud, 16 for vegetation, 17 for Land, 18 for water
and 10 for snow).

A feature vector is generated from the objects were extracted
from the four BTD and BT31 to generate a feature vector. Table
Il illustrate some examples of trained data.

A feed-forward back propagation Neural Network technique
is used for training and testing these data to identify pixel
values of dust storms over different surfaces during both day
and night. A total of 160000 samples, each comprising four
BTD and one BT31 valued which were generated from all the
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data listed in Table 1. This comprises MODIS data chosen from
different surface regions and for both day and night. These
samples were randomly divided into two sets, the first 80%
were used for training and the second 20% were used for testing
the neural network performance. After completion of training,
the neural network was applied to the test data with 100%
accuracy. Further tests were carried out including an additional
90 sets with clearly visible dust storm boundaries, obtained in
2011. These were manually selected from the 150 classified as
dusty data on NASA Earth Observatory.

table 11 sample of date uesd for training neural network .

BTD(3.7- | BTD(4.6- | BTD(8.6- | BTD(11-
11 11 11 12

I 4.8 2.1 -5.2 -0. 275.0 I

MODIS BTDs images contain regions of cloud, dust storm,
land, water, snow, and vegetation. Ground truth data for dust
storm and no dust storm were obtained by manual inspection of
the true colour bands at day and band 31 at night because no
other source of ground truth date was available. The
performance of the neural network was evaluated using the
performance metrics: ‘True Positive Rate’ (TPR), ‘False
Positive Rate’ (FPR), ‘Accuracy’ (ACC), ‘True Negative Rate’
(TNR) and ‘False Detective Rate (FDR).Figure 1 illustrates the
structure of using feed-forward back propagation Neural
Network technique. After the satisfaction of trained feed-
forward back propagation Neural Network, the new technique
was applied for hole dusty images comparing with manually
dust stormdetection.
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[ Training Data ][ Testing Data ][ NeWMODISData]

A\ A 4
Calculate classification ]

performance

No
[ Dust storm detection ]
[ Comparing output with manual dust storm detection ]

[ Dust storm Binary Image ]

figure 1structure of using feed-forward back propagation
neural network technique

Il . RESULTS AND DISCUSSION :

The Neural Network based approach has been applied to the
MODIS data listed in Table 1 and MODIS data of dust storms
occurred on 2011. This includes data captured of dust storms
over land, ocean and vegetation surfaces and during both day
night. In the subsections which follow, the results obtained have
been divided according to the four categories of surface: desert;
vegetation; ocean water; and desert at night.

A. Desert Surfaces Results :

The trained neural network was applied to MODIS data in table
I as well as all dust storms events occurred on 2011 and
obtained over all desert surfaces and was found to detect over
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all about 80% of the manually detected dust storm pixels. Table
Il illustrate the average result of detection dust storm over
desert.
Table 111 the result of trained neural network over desert
surface.

TPR FPR ACC TNR FDR
Average | 0.80 0.06 0.93 0.94 0.4

Figure 2a shows the true colour image of a dust storm event
which occurred over Sahara on 18" of July 2005 captured by
the Aqua satellite. Figure 3a shows the true colour image of a
huge dust storm over the north of Saudi Arabia and south of
Jordan on 13™ of May 2005, also captured by the Aqua satellite.
Figures 2b and 3b show the results from the dust storm
detection algorithm for both events shown in figures 2a and 3a
respectively, which illustrate the discrimination between dust
storm and both cloud and desert and other land surfaces.

IGC O oYL w16

Sahara desert (b) shows in green the region classified as
dust storm by the trained neural network.
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Dust

figure 3 (a) is a true colour image of a dust storm over
northern Saudi Arabia (b) shows in green the region
classified as dust storm by the trained neural network

B. Vegetation Surfaces Results :

To evaluate the performance of this technique for detecting dust
storms over vegetation covered surfaces it was applied to data
from China and Afghanistan where it was found to detect 88%
of manually observed dust storms. Table IV illustrate the
average result of detection dust storm over vegetation surfaces

table 1V the result of trained neural network over
vegetation surfaces.

TPR FPR ACC TNR FDR
Average | 0.85 0.10 0.90 0.90 0.70

Figure 4a shows a heavy dust storm on 11" of November 2010
over north eastern China captured by the Terra satellite. Figure
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5a shows a heavy dust storm over northern Afghanistan on 5"
of October 2011 captured by the Aqua satellite. Figures 4b and
5b illustrate the ability of the method to discriminate dust storm
from vegetation surfaces and cloud.

figure 4 (a) is a true colour image of a dust storm over north
eastern china (b) shows in green the region classified as dust
storm by the trained neural network.
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Figure 5 (a) is a true colour image of a dust storm over

northern Afghanistan (b) shows in green the region

classified as dust storm by the trained neural network.
C. Ocean surfaces :

To evaluate the performance of this technique for detecting dust
storms over ocean surfaces it was applied to data from the
North Atlantic where it was found to detect over all about 72%
of manually observed dust storms pixels over sea and ocean
surface. Table V illustrate the average result of detection dust
storm over water surface.

table V the result of trained neural network over water
surfaces.

TPR FPR ACC TNR FDR
Average | 0.72 0.06 0.91 0.94 0.40

The algorithm detects thick dust storm over water but some
weaker dust storm is not detected. Figures 6a and 7a show true
colour images of dust storms over the Atlantic Ocean on 12" of
February 2005 captured by the Terra and Aqua satellites

40



respectively. Figures 6b and 7b illustrate the ability of the
method to discriminate between dust storm and water. It can
clearly be seen that some of the dust is not detected and that is
because the temperature of ocean surface is lower than land and
does not affected with weak dust storm. So the BTD of weak
dust storm and ocean surface are similar. For this season, there
is a need of finding a way to subtract the ocean surface before
classification or probably the using of multiple classifications
could be more affective for detection dust storms over ocean
surface.

figure 6(a) is a true colour image a of a dust storm blown
from the Sahara over the Atlantic ocean(b) shows in green
the region classified as dust storm by the trained neural
network .
D. Night Time :

To evaluate the performance of the algorithm to dust storms
observed at night it was applied to data from Jordan and Saudi
Arabia where it was found to detect over all 86% of manually
observed dust storms pixels. Table VI illustrate the average
result of detection dust storm during night over desert surface.
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table VI the result of trained neural network over water
surface.

TPR FPR ACC TNR FDR
Average | 0.86 0.10 0.89 0.89 0.60

Figures 8a and 9a show false colour images produced by the
combination of bands 20, 31 and 32 where dust storms appear
light purple in colour. Figure 8a show the beginning of a dust
storm over the south of Jordan captured by the Aqua satellite on
12 of May 2005 at night time. Figure 9a shows the same dust
storm on 13 of May 2005 moving to the south. A true colour
image of this dust storm during the day is shown in Figure 3a.
Figures 8b and 9b illustrate the ability of this algorithm to
discriminate dust at night. Some of the weaker dust storm over
water is missed.

Figure 7 (a) is a false colour image of a dust storm over
southern Jordan captured at night (b) shows in cyan the
region classified as dust storm by the trained neural
network.
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figure 8 (a) is a false colour image of the dust storm shown
in figure 7 the next day when it is over northern Saudi
Arabia (b) shows in cyan the region classified as dust storm
by the trained neural network.

V. CONCLUSIONS AND FUTURE WORK :

In this study we demonstrate the application of a new dust
storm detection approach, based on a neural network binary
classifier with a feature vector comprising four brightness
temperature differences and brightness temperature of band 31
calculated, using MODIS data from the Terra and Aqua
satellites in bands 20, 23, 29, 31, and 32. The trained neural
network was able to discriminate dust storms from cloud and
desert land surfaces with similar characteristics with an
accuracy of about 80% in the day and 86% at night. The
detection accuracies over vegetation and water surfaces were
about 85% and 72% respectively. This technique can detect
weak and strong dust storms over both sandy and non sandy
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surface for both day and night. However, the detection of weak
dust storms over water surfaces during both day and night is the
area which shows poorest performance. It is intended in future
to develop the neural network approach by considering groups
of pixels rather than individual pixels and with additional output
classes including land, dust storm, vegetation, water and cloud
instead of the binary classification dust or no-dust.
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Abstract:

The heat treatment and carburization has been acknowledged
by some means of improving the various properties of metals
and alloys. In the present investigation the mechanical and
microstructure of mild steels carburized at different temperature
range of 850, 900 and 950 C° at different times of 1,2,3 and 4
hours have been studied before water quenching,the chemical
composition and the microstructures of these samples were
characterized by spectrometry and optical microscopy. The
microhardness of the surface of each sample was measured and

46



preliminary tensile testing was conducted. The results showed
the formation of a significant hardened case due to the
formation of martensite, while the core retained its original
ferrite-carbide microstructure and was softer and tougher.
Tempering was carried out at 200C°, 400C° and 600C° in order
to stress relieve the quenched samples and to increase the
toughness of the steel case with an acceptable reduction in
hardness.

Keywords: case carburizing, low carbon steel, Case depth,
Tensile strength, Quenching and Tempering.

1. Introduction:

The carburization provides a gradual change in carbon
content and carbide volume from the surface to the bulk,
resulting in a gradual alteration of mechanical and wear
properties. The heat treatment and carburization increases the
mechanical and wear resistance. Carburizing is the addition of
carbon to the surface of low-carbon steels at temperatures
generally between 850 and 950°C (1560 and 1740°F), at which
austenite, with its high solubility for carbon, is the stable crystal
structure. Hardening is accomplished when the high-carbon
surface layer is quenched to form martensite so that a high-
carbon martensitic case with good wear and fatigue resistance is
superimposed on a tough, low-carbon steel core. Carburizing
steels for case hardening usually have base-carbon contents of
about 0.2%, with the carbon content of the carburized layer
generally being controlled at between 0.8 and 1% C. However,
surface carbon is often limited to 0.9% because too high carbon
content can result in retained austenite and brittle martensite.
Carburizing is one of the most widely used surface hardening
processes. The process involves diffusing carbon into a low
carbon steel alloy to form a high carbon steel surface.
Carburizing steel is widely used as a material of automobiles,
form implements, machines, gears, springs and high strength
wires etc. which are required to have the excellent strength,
toughness, hardness and wear resistance, etc.because these parts
are generally subjected to high load and impact. Such
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mechanical properties and wear resistance can be obtained from
the carburization and quenching processes. This manufacturing
process can be characterized by the key points such as: it is
applied to low carbon workpieces, workpieces are in contact
with high carbon gas, liquid or solid, it produces hard
workpiece surface, workpiece cores retain soft.

2. Experimental Method:
Case hardening

The carburization of low carbon steel was carried out in the
Heat Treatment Department of the Research and development
center Tripoli Libya. The carburizing was conducted using case
hardening temperatures of 850C°, 900C° and 950C° with a
heating time of 1, 2 3 and 4 hours at each temperature, followed
by water quenching for 60 s. The details of the carburizing
process are carried out by using iron pipe closed form lift side
and open from the other side the dimensions of the mold are
50cm length, 5cm diameter and 3mm thickness. The sample
used was a rod of 10 mm diameter and 170 mm length.

Tempering

After the hardening process, tempering was carried out
temperature of 200C° for 30 minutes in a tempering oven,
followed by air cooling.

Characterization of low carbon steel

The initial hardness measurement for the raw material was
conducted using a Rockwell hardness testing machine with a
load of 150 kg. Then micro hardness measurements were made
at intervals of 0.50 mm through the surface layer of carburizing
low carbon steel using a Rockwell hardness testing machine
with a load of 5 kg. Cross-section samples of the rod were then
mechanically polished and etched in a 2% nital solution to
reveal the microstructure by optical microscopy.

3. Results:
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Nominal Composition

The composition of the low carbon steel was determined by
spectrometry, Table 1.

Table 1 Nominal compositions (wt%o) of the low carbon steel

elements | C Si Mn S P Ni Cu Cr

Fe

%wt [0.16 | 0.03 | 0.32]0.05]0.02]0.01]0.01]0.01

Bal

Optical Microscopy of low carbon steel

The microstructure on the low carbon steel substrate

had a ferrite-pearlite appearance, while the surface layer
consisted of a martensitic structure. Fig. 1(a) shows the
microstructures resulting from hardening without tempering and
the other microstructures represent tempering at 200C°, Fig.
1(b); tempering at 400C°, Fig. 1(c); and tempering at 600C°,
Fig. 1(d).
Fig. 1(a) shows an acicular structure that is due to the formation
of martensite with mixed plate and lath morphologies. With
increasing tempering temperature the acicular structure
becomes less evident as the martensite progressively
decomposes to a mixture of ferrite and carbide, Figs. 1(b-d).

Micro hardness of Surface Layer of Hardened Low Carbon
Steel

The micro hardness of the surface layer of low carbon steel
subjected to a carburizing hardening temperature of 850C° was
about 462 HV. This hardness level is consistent with that of
untempered martensite in steel containing 0.16 % C. In
comparison, 618 HV was measured for a hardening temperature
950C°. In this case the peak temperature did not produce a fully
austenitic structure and therefore a limited volume fraction of
martensite was produced on quenching with the untransformed
matrix consisting of coarsened grains of ferrite and carbide.

The micro hardness of the surface layer of low carbon steel
after tempering at 200C° was about 206.7 HV for a hardening

49




temperature of 950C° compared with 256.7 HV after tempering
at 400C° and 312.7 HV after tempering at 600C°.

(b)
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Fig.1 Optical micrographs of samples of low carbon steel
subjected to a hardening temperature of 950C°, followed by
water quenching. (a) Untampered, (b) tempered at 200C°,
(c) tempered at 400C° and (d) tempered at 600C°.
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Hardening and Tempering Treatments

Fig. 2 shows that the surface hardness increased steeply with
increasing hardening temperature, but flattened out above about
950C°. The effect of tempering is shown by Fig. 3, the surface
hardness decreased with increasing tempering temperature. The
effect of tempering on the tensile strength is recorded in Fig. 4.
The tensile strength decreased as the tempering temperature
increased from 200C° to 600C°.

Case Depth

Fig. 5 shows that the case depth increased with hardening
temperature.

4, Discussion

The results from the tests conducted for carburizing hardened
low carbon steel showed that a lower hardening temperature
resulted in incomplete martensite formation and a reduced
surface hardness. A completely martensitic structure was
obtained for the tests conducted at 900C° as shown in Fig. 1(a).
Well as 950C° a completely martensitic structure was obtained
For hardening temperatures of 850C° to 950C° the surface
hardness increased consistently from 462 HV to 618 HV. It is
likely that an increasing amount of martensitic structure formed
as the hardening temperature was increased up to 900C° and for
this temperature as when the induction heated and water
guenched samples were tempered, the martensite structure
decomposed to a carbide-ferrite mixture. The martensite
progressively lost its tetragonality by precipitation of carbide
from solid solution. The carbide forms as a series of transition
phases, starting with epsilon carbide and then transforming
eventually to cementite dispersed in a ferrite matrix. As these
structural transitions became more marked with increasing
tempering temperature the surface hardness decreased, as
shown by Fig. 3.

Fig. 5 shows that case depth was influenced by the hardening
temperature. For treatment at 950C°, the hardened layer is much
deeper than at the lowest hardening temperature, 850C°. For
tempered samples, the apparent thickness of the hardened layer
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decreased with increasing tempering temperature. However,
quenching from a given temperature, say 950C°, should produce
hardening to the same depth regardless of the subsequent
tempering temperature. The apparent decrease shown in Fig. 5
is probably due to difficulty in defining the extent of the
hardened layer as the overall hardness deceases towards the
hardness of the as received steel

600 /
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850 900 950
hardening temperature c®

Fig.2 Graph of case carburizing as a function of hardening

temperature
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Fig.3 Graph of case carburizing as a function of tempering
temperature
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As Fig. 4 shows, the tensile strength decreased with
increased of tempering temperature. At a hardening temperature
of 850C° and tempering temperature 200C°, the tensile strength
was 848 N/mm’. For the same hardening temperature and a
tempering temperature of 400C°, the tensile strength was lower
762 N/mm* Moreover, with the same hardening temperature
and the higher tempering temperature of 600C° the tensile
strength was much lower 623 N/mm” . The tensile strength
before case carburizing was only 410 N/mm®. Therefore,
tempering significantly lowered the strength of the hardened
steel. However, tempering is necessary to reduce internal
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stresses and to produce a microstructure of ferrite and dispersed
carbide which greatly increases the toughness.

5. Conclusion

Carburizing hardening of low carbon steel at the highest
temperature investigated (950C°), followed by water quenching,
produced the highest hardness (618 HV), while lower hardness
were obtained for the other temperatures (850C° — 950C°).
Water quenching produced high surface hardness due to the
presence of the hard and brittle martensitic structure. Tempering
caused the decomposition of the martensite into a ferrite-carbide
mixture with higher toughness and lower hardness and strength.
By means of induction hardening, low carbon steel can be
processed to produce a hardened case or surface layer, while the
core of the steel remains soft and tough. However, the case
requires tempering to reduce the risk of cracking and spalling.
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Abstract:

The satphone is a kind of mobile phone system which
creates a communication channel via two kinds of satellites
geostationary and low earth orbit which is completely different
from global system for the mobile (GSM). Satellite phone
networks are not controlled by local authorities of countries, so
the communication service can be available in all areas where
the GSM services are unavailable such as remote areas, deserts,
and submarines. It can also be used in destroyed areas due to
wars or natural phenomena such as Earthquakes, Hurricanes
and Volcanoes.

The aim of this article is to provide a simple overview
of the current satphone in terms of technology and quality of
service compared with conventional wireless or cable
telecommunications.
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1. Introduction:

A satellite telephone, satellite phone, or satphone is a type
of mobile phone that connects to orbiting satellites instead of
terrestrial cell sites. They provide similar functionality to
terrestrial mobile telephones; voice, short messaging service
and low-bandwidth internet access are supported through most
systems [1].

Satphones are complicated radio transmitters. Radios and

cell phones use antennas on earth to send out a signal, either a
radio broadcast or phone calls. Satphones send the signal to a
satellite in orbit around the earth. The satellite then broadcasts
the signal back to earth, to a “Ground Earth Station” or GES.
From the GES the signal is sent to the proper communications
service provider and to its destination, the receiver of the call.
The GES acts as a gateway between your satphone, traditional
cellular mobile phone networks, landline networks, and other
satphones.
Transmitting information to the satellite in orbit is the “uplink.”
Receiving information from the satellite is the “downlink.” This
information can be data or voice. A phone’s signal can be
intercepted anytime it has an active connection with the
satellite: during the uplink or the downlink [1].

1- Cellular vs. Satellite :

The Sat-phone differs from cellular phone in many aspects
including the used technology, handsets, service coverage and
service cost.

a- Technology :

Cell phones are essentially two-way radios, communicating
with a local tower that forms a "cell" which is a region of space
covered by the transmitters on that tower. A "cellular network™
consists of a wide range of these cells. Problematically, though,
cell phone radios are relatively short range, and expansive
networks require large numbers of these towers, which may be



prohibitively expensive or may require infrastructure that's not
available.

A
Cellular
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Figurel. Cellular Phone Technology .

Satellite phones communicate directly with a satellite
orbiting the Earth. This allows satellite phones to receive a
communications signal over a much wider area. A satellite
phone can connect anywhere as long as it is covered by the
satellite beam. The signal from the satellite phone transmits
directly to the satellite, which then sends the signal to the
nearest land-based earth station or teleport, which then
transmits the signal to the receiving phone. The receiving phone
can be a land line, cell phone or another satellite phone [2].

y \t" Satellite
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Figure 2. Satellite Phones Technology.



b- Handsets :

Satellite phone handsets tend to be larger than their cellular
counterparts, and may have prominent antennas designed to
improve communication with the satellite. In the early days of
satellite phones, this difference was pronounced , the first
satellite phones weighed up to 16 ounces, and this bulk
provided only 2 hours of talk time. Later phones, like their
cellular counterparts, have grown smaller; modern satellite
phones may be nearly indistinguishable from short-range cell
devices. In other respects, using a satellite phone is relatively
similar to using a cell phone, which means newer phones
support Internet connectivity, and many satellite services
support "text messaging," or SMS [2].

c- Global Coverage and Applications :

An issue with cellular networks is that a tower cell has a
relatively short range, and wide cellular networks require a
large number of towers to cover cities, which may be very
expensive or require infrastructure that is not readily available.
It is not cost effective for the cellular providers to put up cell
towers in rural areas or in many third world countries where
there is low usage. It is also impossible to place towers out in
the ocean or in very remote or mountainous regions, making
your cellular phone worthless for communications when not
close to a cell tower. Although most cities and urban areas now
have access to cellular networks, this still represents only a
fraction of the Earth’s surface. Figure 3 shows the area covered
by a cellular network. The areas not covered by the tower cells
do not have cellular signal, and cellular phones cannot be used
to communicate in these areas without coverage.
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Figure 3 Cellular Phone Coverage Area.

Unlike cellular phones, Satellite signals are transmitted
far above the earth and do not rely on towers, making them very
useful in remote areas. This is why satellite phones are more
useful than cellular phones to those who are travelling to
isolated and remote areas. Figure 4 shows satellite coverage
beams over very wide areas. Any satellite phone located
anywhere inside a satellite coverage beam can communicate
with other phones, regardless of how remote the location,
whether at land, air, or sea.

Figure 4 Satphone Coverage Area.



d- Cost:

The primary downside of satellite phones is their cost, both
to acquire the phone and to use it. Satellite phone companies
have to deploy their own expensive technology; each satellite
costs tens of millions of dollars. Initially, the cost of making
voice calls from a satellite phone varies from around $0.15 to
$2 per minute, while calling them from landlines and regular
mobile phones is more expensive. Costs for data transmissions
(particularly broadband data) can be much higher. Rates from
landlines and mobile phones range from $3 to $14 per minute
with Iridium, Thuraya and Immersed being some of the most
expensive networks to call. The receiver of the call pays
nothing, unless they are being called via a special reverse-
charge service.

Making calls between different satellite phone networks is
often similarly expensive, with calling rates of up to $15 per
minute. Calls from satellite phones to landlines are usually
around $0.80 to $1.50 per minute unless special offers are used.
Such promotions are usually bound to a particular geographic
area where traffic is low. Despite the high cost of calls, it is
very important to consider the purpose of a satellite phone and
its usefulness in an emergency situation compared to cellular
phones. In an emergency situation or when you have no other
means of staying in touch, a satellite phone is the most viable
option.

2- Satellite phone networks :

When the user initiates a call on a satellite capable handset, the
nearest satellite picks up the call and authenticates the users
through the nearest gateway on the earth. If the destination
phone is part of the public switched telephone network (PSTN),
the call is routed to the nearest gateway and consecutive PSTN.
If the destination phone is another satellite handset, the call
routing occurs through satellites only, which increases
transmission efficiency and quality.
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There are three types of satellite communication systems which
differ in terms of orbit and signal strength. These satellite
systems are Low earth orbit (LEO) satellites, Medium earth
orbit (MEO) satellites, and geosynchronous earth orbit (GEO)
satellites.

a. Geosynchronous satellites :

Geostationary Earth Orbit (GEO) satellites are deployed
35,786 km above the equator line [10]. These satellites are
called geostationary as, at this altitude, the satellites move
synchronously with earth (i.e., a GEO satellite completes a
circular movement around the earth in 24 hours). Consequently,
the satellite position and coverage area are stationary relative to
a fixed location or observer on earth. At this altitude, a GEO
satellite covers almost one-third of the earth’s surface (not
including the polar area), requiring only three satellites to cover
the whole earth (Fig. 1). Although a small number of GEO
satellites are needed for global coverage. The amount of
bandwidth available on these systems is substantially higher
than that of the low Earth orbit (LEO) systems [3]. GEO
systems  exhibit some significant disadvantages for
communication networks. The user terminals and satellites
consume alot of power, and the propagation delay for real-time
communications is very high in these systems[3].

GEO satellite

Figure 5 GEO Satellite Coverage.
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Another disadvantage of geostationary satellite systems is
that in many areas—even where a large amount of open sky is
present—the line-of-sight between the phone and the satellite is
broken by obstacles such as steep hills and forest. The user will
need to find an area with line-of-sight before using the phone.
This is not the case with LEO services: even if the signal is
blocked by an obstacle, one can wait few minutes until another
satellite passes overhead, but a moving LEO may drop a call
when line of sight is lost[3].

e ACeS: This small regional operator provides voice and
data services in East Asia, South Asia, and Southeast
Asia using a single satellite.

e Inmarsat: The oldest satellite phone operator, founded
in 1979. It originally provided large fixed installations
for ships, but has recently entered the market of hand-
held phones in a joint venture with ACeS. The company
operates eleven satellites. Coverage is available on most
of the Earth, except Polar Regions.

e Thuraya: Established in 1997, Thuraya’s satellites
provide coverage across Europe, Africa, the Middle
East, Asia and Australia.

e MSAT / SkyTerra: An American satellite phone
company that uses equipment similar to Inmarsat, but
plans to launch a service using hand-held devices in the
Americas similar to Thuraya's.

o Terrestar: Satellite phone system for North America

e 1CO Global Communications: A satellite phone
company which has launched a single geosynchronous
satellite which is not yet active.

b. Low Earth Orbit :

LEO telephones utilize LEO (low Earth orbit) satellite
technology. The advantages include providing worldwide
wireless coverage with no gaps. LEO satellites orbit the Earth in
high speed, low altitude orbits with an orbital time of 70-100
minutes, an altitude of 640 to 1120 kilometers (400 to 700
miles), and provide coverage cells of about (at a 100-minute
orbital period) 2800 km in radius (about 1740 mi). Since the
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satellites are not geostationary, they move with respect to the
ground. At least one satellite must have line-of-sight to every
coverage area at all times to guarantee coverage [3].

A number of LEO satellite systems (like Iridium, and
Globalstar) [2] have been proposed to overcome the
disadvantages of GEO systems in high-speed data and voice
communications. In contrast to GEO systems, LEO satellite
systems have a number of advantages, such as efficient
bandwidth usage, lower propagation delays, and lower power
consumption in the user terminals and satellites [2].

However, in contrast to GEO satellite systems, the coverage
area of a LEO satellite is not stationary. This is due to the
asynchronous movement of the satellite relative to Earth,
resulting in the handing over of a satellite between ground
stations as it passes over different areas of the Earth. The
mobility management in LEO satellite systems is thus more
challenging than in GEO systems.[4],[5]

Depending on the positions of both the satellite and
terminal, a usable pass of an individual LEO satellite will
typically last 4-15 minutes on average; thus, a constellation of
satellites is required to maintain coverage (as is done with
Iridium, Globalstar, and others).

Two such systems both based in the United States, started
in the late 1990s, but soon went into bank rupcy after failing to
gain enough subscribers to fund launch costs. They are now
operated by new owners who bought the assets for a fraction of
their original cost and are now both planning to launch
replacement constellations supporting higher bandwidth. Data
speeds for current networks are between 2200 bit/s and 9600
bit/s using a satellite handset.

e Globalstar: A network covering most of the world's
landmass using 44 active satellites. However, many
areas are left without coverage since a satellite must be
in range of an Earth station. Satellites fly in an inclined
orbit of 52 degrees, so polar regions cannot be covered.
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The network went into limited commercial service at
the end of 1999.

e Iridium: A network operating 66 satellites in a polar
orbit that claims coverage everywhere on Earth.
Commercial service started in November 1998. In
2001, service was re-established by Iridium_Satellite
LLC. Radio cross-links are used between satellites to
relay data to the nearest satellite with a connection to an
Earth station.

In some LEO satellite systems (for example, Iridium), satellites
communicate among themselves using Inter Satellite Links
(ISL). As shown in Figure 1, ISLs are of two types: intraplane
ISLs, which connect satellites within the same orbit; and
interplane ISLs, which connect satellites in adjacent orbits .

c. Medium Earth orbit (MEO) :

Sometimes called intermediate circular orbit (ICO), is the

region of space around the Earth above low Earth orbit (altitude
of 2,000 kilometres (1,243 mi)) and below geostationary orbit
(altitude of 35,786 kilometers (22,236 mi)).
The most common use for satellites in this region is for
navigation, communication, and geodetic/space environment
science. The most common altitude is approximately 20,200
kilometers (12,552 mi)), which yields an orbital period of 12
hours, as used, for example, by the Global Positioning System
(GPS). Other satellites in Medium Earth Orbit include Glonass
(with an altitude of 19,100 kilometers (11,868 mi)) and Galileo
(with an altitude of 23,222 kilometers (14,429 mi))
constellations. Communications satellites that cover the North
and South Pole are also put in MEO.

d. Comparison Between Satellite Systems ;

The Major differences between LEO, MEO & GEO satellite
systems can be summarized as follows:
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Table 1 A Comparison between Satellite Systems.

Satellite 500-1500 5000-12000 {| 35,800 km
Height km km
Orbital Period 10-40 2-8 hours 24 hours
minutes
Number of 40-80 8-20 3
Satellites
Satellite Life I Short Long ‘ Long

Propagation Least High Highest
Loss

Gateway Cost Very Expensive Cheap
Expensive

3- Satphone Security :

Although communication between satellites and the user
segment is standardized and documented by ETSI, no details
about the actual cryptographic algorithms used for wvoice
encryption are disclosed. However, when a call is established
after setting up an appropriate channel the satellite initiates
authentication by sending a request to the phone. This request
contains a random number R which is sent to the phone’s SIM
card where a specific secret key S is stored. Given (R, S), the
SIM card derives a session key K and an authentication token.
After authentication, encryption is switched on and all
subsequent frames on the relevant channel are encrypted by a
stream cipher.[6]

5. Satellite Systems :
There are three different types of satellite systems. Which
are described as follows:

a. INTELSAT :

The INTELSAT (International satellite communication
system) Organization was established in 1964 to handle the
myriad of technical and administrative problems associated
with a world wide telecommunication system. The international
regions served by INTELSAT are divided into the Atlantic
Ocean region (AOR), the Pacific Ocean Region (POR), and the
Indian Ocean region (IOR). For each region, satellites are
positioned in geo-stationary orbit above the particular Ocean,



where they provide a transoceanic telecommunication route. In
addition to providing Trans oceanic routes, the INTELSAT
satellites are used for domestic services within any given
country and regional services between countries. Two such
services are vista for telephony and

Intelnet for data exchange

b. DOMSAT :

Domestic satellites are used to provide various
telecommunication services, such as voice, data, and video
transmission (T.V channels), within a country. Satellite cell
phones allow global trevellers and those in remote areas to
avoid landlines and terrestrial cell phone services entirely.
Satellite cell phones relay your call to a satellite and down
through a hub to the end-user. This means that most of the
earth's geographical area is now accessible by a satellite cell
phone! Third party providers of satellite cell include Satcom
Global, Roadpost Satcom, Online Satellite Communications,
and others.

C. SARSAT :

SARSAT (Search and rescue system) is one type of Polar
orbiting satellites. Polar-orbiting satellites orbit the earth in such
a way as to cover the north and south polar-regions. Infinite
number of polar satellite orbits is possible. Polar satellites are
used to provide environmental data and to help locate ships and
aircrafts in distress .

6. Cost of Satellite Phone:

While it is possible to obtain used handsets for the
Thuraya, Iridium, and Globalstar networks for approximately
US$200, the newest handsets are quite expensive. The Iridium
9505A, released in 2001, sold in March 2010 for over
US$1,000. Satellite phones are purpose-built for one particular
network and cannot be switched to other networks, the price of
handsets varies with network performance. If a satellite phone
provider encounters trouble with its network, handset prices
will fall, then increase once new satellites are launched.
Similarly, handset prices will increase when calling rates are
reduced. Among the most expensive satellite phones are BGAN
terminals, often costing several thousand US dollars. These
phones provide broadband Internet and voice communications.



Satellite phones are sometimes subsidized by the provider if one
signs a post-paid contract but subsidies are usually only a few
hundred US dollars or less. Since most satellite phones are built
under license or the manufacturing of handsets is contracted out
to OEMs, operators have a large influence over the selling
price. Satellite networks operate under proprietary protocols,
making it difficult for manufacturers to independently make
handsets

7. The Use of Satellite Phone in Disasters :

Most mobile telephone networks operate close to capacity
during normal times, and large spikes in call volumes caused by
widespread emergencies often overload the systems when they
are needed most. Examples reported in the media where this has
occurred include the 1999 Izmir earthquake, the September 11
attacks, the 2006 Hawaii earthquake, the 2003 Northeast
blackouts, Hurricane Katrina, the 2007 Minnesota bridge
collapse, the 2010 Chile earthquake, the 2010 Haiti Earthquake,
and the Dawson College shooting. Reporters and journalists
have also been using satellite phones to communicate and report
on events in war zones such as Iragq and Syria. Terrestrial cell
antennas and networks can be damaged by natural disasters.
Satellite telephony can avoid this problem and be useful during
natural disasters. Satellite phone networks themselves are prone
to congestion as satellites and spot beams cover a large area
with relatively few voice channels.

8. Conclusion

A comparison between cellular phone system and satellite
phone in terms of the technology, coverage area, and cost is
presented in this review paper, With the success of cellular
phone system was believed that satellite phone system and
technology would be able to provide phone access in area of
world that were not at that time accessible to terrestrial cellular
phone system.

The most common issue of satphone systems compared
with cellular phone systems is the high cost of calls and low
security system, as a result, the developments, researches and
work on satphones will continue for their positive point for
providing communication facility in any location on the earth at
reasonable cost. The world countries will continue dealing with



both systems satphone and cellular one, and continue work to
reduce the cost of satphone systems like what has happened to
the TV broadcasting via satellites service.
Despite high cost call, it is very important to consider the
purpose of a satellite phone and its usefulness in an
emergency situation compared to cellular phones. In an
emergency situation or when you have no other means of
staying in touch, a satellite phone is the most viable option.
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Abstract :

Nanotechnology is the science and creation of materials
at a molecular level. Nanotechnology applications are used in
medicine, chemistry, the environment, energy companies, and
communication. Whether it is through nanotechnology
education or nanotechnology application, this science continues
to evolve and find more uses in everyday life.The use of
nanotechnologies in medicine has provided many medical
breakthroughs.Someof the medical nanotechnology applications
are for diagnostics. These are used to assist in identifying DNA

3
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and helping detect genetic sequences.Other uses of
nanotechnology in medicine are in drug delivery and tissue
engineering. Drug delivery can help in cancer treatments by
administering drugs via implant versus the traditional injections.
Tissue engineering is a new nanotechnology and involves
repairing or artificially reproducing damaged tissues.Using
molecular nanotechnology in chemistry and the environment
has already resulted in positive benefits. Chemical catalysis is a
process of reducing pollutants using a reagent or catalyst. This
can be especially helpful if used in vehicle fuel cells or catalytic
converters to reduce car emissions.Filtration is another field of
nanotechnology applications that can help the environment.
Extremely small holes in the filtration, known as nanofiltration,
remove ions for wastewater treatment or air purification. [1] .

The main objective of the filter is the ability to hold
dust filter so efficiency is a key factor in its choice, especially in
the ability to hold a very small particle filter as well as the age
factor and the environment on the other. There are many
sources of dust including dust resulting frommanufacturing
processes of cement that harmful to workers and the
surrounding environment. Technology is the use of filters of
effective techniques in the types of dust collectors, known
especially after the use of nanotechnology in various fields and
applications to achieve the advantages of saving energy and
costs. This paper discusses the process of manufacturing
nanofibers, and the performance of the filter in terms of
efficiency and design specifications and variables. The primary
function of filtration systems is to reduce the rate of emissions,
both gaseous or solids where the greatest possible efficiency
standards by adding materials such as carbon, glass, and Kevlar
fibers to the polymer composed of composite materials that
have superior structural characteristics of the most important
high modulus and strength to weight ratios and mechanical
properties. In this paper the use of reinforced materials using
nanocarbon fiber is investigated where improvement of the
efficiency of nanofilters by more than 20 % is achieved.
Keywords—Nano Technology, filter efficiency, nanofiber filter
media, dust collectors, high modulus and strength.
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. INTRODUCTION :

The growth of using nanotechnology is expected to grow in the
World at high rate as indicated in Fig (1). The opportunity of
reaching mass market production is expected to reach the
maximum level of production on 2020.

The growth of nanotechnology

Basic Applied Early Rapid Mass
research research adopters advancement market

2
£
&
a
Q

1990 2000 2005

Fig 1 The growth of Nano Technology .

Cement industry is one of the most important industries in
urban life to benefit from nanotechnology. Dust is one of the
most important source of air pollution. Cement is made by
blending different raw materials and exposure to high
temperatures for configure the precise chemical proportions of
lime, silica, alumina and iron in the final product, and known as
(Cement Clinker). Dust produced carries with it a lot of risk to
the environment and human.This dust has many flaws,
especially on the atmosphere and the neighborhoods
surrounding the plant, both in terms of its spread air or
penetration by rain surface water due to the softness of this dust.
The particles have a range in size from (20-100microns). Dust
collectors are used in many processes to either recover valuable
granular solid or powder from process streams or to remove



granular solid pollutants from exhaust gases prior to venting to

the atmosphere.

Dust collectors may be of single unit construction, or a
collection of devices used to separate particulate matter from
the process air streams from many industrial processes.

Fabric collectors use filtration to separate dust particulates
from dusty gases. They are one of the most efficient and cost
effective types of dust collectors available and can achieve a
collection efficiency of more than 99% for very fine
particulates. Nanotechnology is the engineering of functional
systems at the molecular scale. This covers both current work
and concepts that are more advanced. In its original sense,
nanotechnology refers to the projected ability to construct items
from the bottom up, using technigques and tools being developed
today to make complete, high performance products.

II. MANUFACTURING OF NANO FIBERS BY
ELECTOSPINNING
ZhengMing, Huang and etc. [3] present a comprehensive

review of research and developments of Nano fibers. The most
important effective methods for the production of Nano fibers is
Electrospinning rolled research on how to develop for the
formation of fibers with diameters infinitesimal. Beginning in
1980, especially in the last ten years, there have been actual
attempts to improve and develop the way electrospinning due to
the high use of nanotechnology, and features flexibility
mechanical properties on the other. The idea is to work the way
to use of electrostatic force for polymers dissolved and pushed
it between two poles carry opposite electric charges, and
developed one of the electrodes in polymer dissolved and the
other on the collector. Voltage difference here depends on the
particular properties of the polymer viscosity and molecular
weight. There are basically three elements to achieve the
electrospinning process are: provide a source of high voltage,
capillary tube with a pipette or needle diameter is small, metal
screen to collect the formed constituents. Polymer melt is in
some solvents and appropriate quantity before dealing with it in
the electrospinning to be in the form of a liquid polymer
solution is then entered in the pipeline. Electrospinning may



emit some polymers smells, so it should be conducted
operations inside the rooms with a good ventilation system. In
addition, there are several criteria affect the process of
transformation of the polymer to the nanofibers including
properties of polymer solution such as viscosity, flexibility,
conductivity and surface tension or the characteristics of the
changes, including the hydraulic pressure in the capillary tubes
or the distance between the tip and the surface of the complex,
and the standards of the surrounding circumstances, including
temperature, humidity and speed of air in the room. Production
of fibers have very small diameters measured in nano is done to
control the viscosity of the polymer solution for being the main
factor. The diameter increases with increasing concentration of
the polymer. High voltage also increases the diameter of the
fiber that is highly elastic. This defect for electro spinning add
to that the non-uniform diameters may be overcome by
controlling the temperature. As well as the interface of this
method are problems such as grains and pores of the fiber to be
overcomed to control the polymer concentrations and
temperatures and proportions of the solvent used.

Tadeusz, jaroszczyk and etc .[4]discussed the research which is

still ongoing to develop this technology for nanofibers for use in
Systems demobilization because it gives the dust cake a
homogeneous distribution of dust to achieve high efficiency.
Good quality nanofiber layering results in uniform dust cake
distribution resulting in high efficiency.  The basic
understanding of the filtration mechanisms are not well known
at the nanofiber scale.  The classical fluid dynamics
mathematical models used in the Continuum region of the
filtration process do not apply to the slip flow that takes place
around nanofibers. This region, described by large Knudsen
numbers, requires a different approach such as the lattice-
Boltzmann method. Table (1) describes the major parameters of
engine air filtration. The ratio of nanofiber diameter to cellulose
fiber diameter is approx. equal to 1:130. Fiber diameter is the
main variable responsible for filter efficiency and pressure drop.
The efficiency would increase even more drastically when nano
fibers are utilized.Pressure drastically increases with decreasing
fiber diameter in the classical region of filtration that can be
described by the Navier- Stokes equation. Media with



nanofibers provides significantly higher efficiency, especially in
the initial stage of the filtration. Efficiency increases rapidly
with decreasing fiber diameter. Pressure drop significantly
increases with decreasing fiber diameter since it is a function of
1/d#, in this region, until the free molecule regime is reached
where pressure drop is a function of 1/d¢,the larger the Knudsen
number, the lower the pressure drop. When dust deposits form
on nanofibers, this benefit of low-pressure drop diminishes with
increasing amounts of deposited dust. Moreover, nanofibers
capture very fine particles. The pressure drop increases more
rapidly for this compacted dust cake. Nanofibers are very good
collectors of small particles, a very dense dust would be formed
them resulting in drastic pressure drop increase. Therefore, a
careful analysis of filter dust operational conditions is necessary
before any decision concerning the filter media is made. There
are several theoretical models that are useful in making this
decision.L&ffler [5] predicted the increase of pressure drop with

time.

1.t c.E
= L (1)

(1—24) pakpc

AP, = AP, +

Where : APy = pressure drop of dust- loaded filter element,
AP, = media pressure drop , Ef = filter efficiency , pu =air
dynamic viscosity, v =air velocity, t =filtration time, C=dust
concentration, kpc = dust cake permeability, Ad= dust density
,&¢ = porosity of the dust cake.Pressure drop, in this case,
increases linearly with time and dust concentration and with the
square of velocity. Because the air permeability decreases for
dust cakes formed by fine dusts, pressure drop should increase
for these dusts.



Table (1) MEDIA SPECIFICATIONSFORMINIING
CABSTUDY

Filter Basis Weight Permeability Thickness

Cellulose 67 Ib/3ooofe. | 28 Tt/ mv:/”gat 0.51n 0.013"

Cellulose+ 67 /3000 | 40 Tt/minat0.5in 0.013"
Nanofibers w.g.

I11. THE USE OF FIBER IN INDUSTRIAL
ENVIRONMENTS :
Kristine, Graham and etc.[6]discuss the theoretical filtration

benefits of small fibers in air filtration applications, a process
for making nanofibers, and real-world applications that
demonstrate the practical usage of nanofiber based filter media.
Filters containing three different media varieties were tested: a
cellulose media, a cellulose/synthetic blended media, and a
cellulose media with a nanofiber treatment. The nano
fiber/cellulose composite media maintains a lower pressure
drop as compared to the other two media varieties tested.

IV Improvement of Filters Dust Collection Systems :

Polymeric materials exhibit mechanical properties which come
somewhere between viscous and elastic and hence they are
termed viscoelastic. In addition when the applied stress is
removed the materials have the ability to "recover” slowly over
a period of time these effects can also be observed in metals but
the difference is that in plastic they occur at room temperature
whereas in metals they only occur at very high temperature.
Fiber glass and Carbon fiber as material of improved
mechanical properties are added to polypropylene to produce
reinforced materials used in filter manufacture. This process
will create a composite material that can tolerate high stresses
and pressure for a long time before damaged and before
stopping to work. It is proposed in this work to use nano carbon



fiber with a concentration of 1 %. Carbon fibers, which are a
new breed of high strength materials,are mainly used as
reinforced in composite materials such as carbon fiber
reinforced plastic.Carbon fiber offer the highest specific
modulus and highest specific strength of all reinforcing fibers,
the strength and modulus are outstanding compared to other
materials, and compressive strength of carbon fibers is lower
than of inorganic fibers but still higher than that of polymeric
fibers. Compressive properties dictate the use of carbon
composites in many structural applications. Recently a lot of
research has been done on compressive properties and
morphology of carbon fibers. Carbon fiber composites are
ideally suited to applications where strength, stiffness,lower
weight, and outstanding fatigue characteristics are critical
requirements. Carbon fibers also have good electrical
conductivity, thermal conductivity,and low linear coefficient of
thermal expansion . The two main sectors of carbon fiber
applications are high technology sector, which includes
aerospace and nuclear engineering, and the general engineering
and transportation sector, which includes engineering
components such as bearings ,gears, cams ,etc,and automobile
bodies . However, the requirements of two sectors are
fundamentally different. The large scale use of carbon fibers in
aircraft and aerospace is driven by maximum performance and
fuel efficiency, while the cost factor and the production
requirements are not critical. The use of carbon fibers in general
engineering and surface transportation is dominated by cost
constraints, high production rate requirements, and generally
less critical performance needs.

V- Calculations and Results :

In More Complex Models to simulate creep curves of
reinforced materials, it may be seen that the simple Kelvin
model given an acceptable first approximation to creep and
recovery behavior but does not account for relaxation .The
Maxwell model can account for relaxation but was poor in
relation to creep and recovery . It is clear therefore that some
compromise may be achieved by combining the two models.lIt
can be seen that although the exponential response predicted in
these models are not a true representation of the complex
viscoelastic response of polymeric materials, the overall picture



s , for many purposes, an acceptable approximation to the
actual behavior .As more and more elements are added to the
model then simulation becomes complex model (Maxwell
model with Kelvin model). In this work the combined model is
used to simulate the stress strain time correlation to generate the
tensile strength data needed in the design of dust filter
collectors. Calculations are made for composite materials of
concentration of 1%CF and 99%PP. In this case the stress —
strain relation are given by equations:[7]

6. Gt G g,

E(t]=—°+—°+—°.(1—exp('—‘t]) (2)

E E
=1 Tll =1 Tll

From this the strain rate may be obtained as :-

3
=— -I- —.ex 3
M M p(??ﬂ tj (3)
where ., &, & are the model constants .
The creep curve and isochronous graphs are plotted to find the
model constants and applying mathematical model equations
(2, 3).
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Fig (2) Creep curve for composite 1%CF and 99%PP



For composite material 1%CF and 99%Pp : The creep curve is
plotted in Fig ( 2).

Stress 31 86 (MHN/m?)

Slope = ¢ = 4. 55E-7 (sec’'h)

5000 10000 15000

Tune, (s)

Fig (3 ) Calculation of modeling constants.

€1=1.62%,62=0.88%,51=1966.67(MN/m?).(n1=7.02exp(+07)
(MN.s/m?),£2=3620(MN/m?),n2=4.90exp(+08) (MN.S/m?). The
stress four constant composite materials have been increased
drastically to the levels reaching to the value of the stress more
than 30MN/m?2,so the 1%CF and 99%PP. Composite material
tensile strength produced in this work is satisfactory for
producing filters needed in Cement industries.

VI . CONCLUSION

Nano technology have wide future applications in medicine and
industries. Utilization of nano reinforced materials using nano
carbon fibers are discussed in this paper to improve the
performance of filters used to reduce dust in cement factories.
Improvement of dust collection system of 20 % is achieved
using electro spinning nano reinforced fibers.

REFERENCES :

1-Thomas, G. Using nanotechnology for more efficient dust
collection, United Air Specialists Inc. copyright, CSC
Publishing ,2011

2- Walter H. Duda-cement Data Book (BaurerlagGmb H.
wiesbaden and Berlin(2007).



3- ZZheng-Ming Huanga.A review on polymer nanofibers by
electrospinning and their applications in nanocomposites.
AnnualTechnical Conference & Expo of the American
Filtration & Separations Society, Galveston, Texas, USA.

4- TTadeuszJaroszczyk. Development of High Dust Capacity,
High Efficiency Engine Air Filter WithNano Fibers. Keynote
paper presented at the 34th International Congress on
Powertrain and Transport Means KONES 2008, Stare Jabtonki,
Poland, September 7-10, 2008, published on the internet:
http://www.ilot.edu.pl/STRANG/kones2008

5- LOFFLER

6- Kristine G.PolymericNanofibers in  Air Filtration
Applications Fifteenth AnnualTechnical Conference & Expo of
the American Filtration & Separations Society, Galveston,
Texas, 2002

7- Crawford R.J Plastics engineering, Third Edition,
Woolworth, 2007



Gharyan Journal of Technology

Annual, Reviewed and Academic Journa:

Issued By
Higher Institute of Comprehensive Vocations, Gharyan.

Gharyan - Libya



