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Abstract

In this work 68Ga was produced via the 68Zn(p,n)68Ga nuclear reaction. Since 68Ga is an important
positron emitting radionuclide for positron emission tomography. 68Zn target was irradiated with a proton
beam. The production yield achieved was 6124MBq/pA (165.51Ci/pA) at 12MeV with 0.012% impurity of
67Ga. Stopping power and calculated yields for induced protons to produce Gallium from 68Zinc isotope in
the energy range from threshold energy up to 85 MeV proton energy have been calculated, for 68Zn(p,n)68Ga,
58Zn(p,2n)67Ga, and 68Zn(p,3n)66Ga reactions. Complete energy range starting from threshold energy for
each reaction have been analyzed statistically and the adopted cross sections were reproduced in fine steps of
incident proton energy in 0.01 MeV intervals with their corresponding errors. The stopping power according
to Zeigler formula was used in order to obtain the cross sections and calculated yield for each reaction based
on the complete spectrum of cross sections.

Keywords: induced proton, Zinc-68 target, production yields, Gallium-68, cyclotron

1. Introduction

Among the Gallium radioisotopes 68Ga is of special interest to nuclear medicine as it can be employed
both for medical imaging (via Positron Emission Tomography: PET) and for targeted radio-immunotherapy
of tumors. Its relative short half-life (T;,, = 67.71m; decay scheme: EC(100%), Q-value(2921.1keV),
B+(829.5keV, 88.91%, 0.7334MBq/nA) [1]. The benefit of its half-life that it is short enough to limit the
patient’s exposure during these studies [2] Several research centers have already investigated its production
routes via proton induced nuclear reactions on highly enriched 68Zn (stable isotopic with abundance 18.45%,
Q-value(-5462.1keV) solid target [1]. Nowadays, many nuclear reaction processes are used in practice
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providing the purest form of both radionuclide and chemical in very high yield. Due to the relative high price
of the enriched materials, however, alternative production methods were studied in recent years. As a result
of these detailed studies, proton induced reactions on highly enriched 68Zn target have been suggested as
candidates for this purpose. The investigated 68Zn(p,n)68Ga, 68Zn(p,2n)67Ga, 68Zn(p,3n)66Ga nuclear
reactions were follows in the present work. Compilation and evaluation of these production routes of Gallium
was already the subject of an IAEA’s Coordinated Research Project [3]. Furthermore, Alves et al. [4] have
also published a comprehensive evaluation of these production related cross section data. Additionally, the
limited number of higher energy proton accelerators in research centers could also limit the widespread
application of the proton ways. Surveying the information on cross section data of all Gallium producing from
68Zn+p reactions, it was found one process that could be useful even at low energies, namely the 68Zn(p,n)
68Ga (EC(Q = 2921.1keV)) reaction [5]. The excitation function of this reaction was studied by different
authors in the past, published in IAEA libraries. To evaluate the practical production circumstances of 68Ga
(i.e. production energy range, activation yield, contamination level, etc.) at a biomedical cyclotron via the
68Zn(p,n)68Ga reaction, it is important to have regular cross section databases of all 68Zn+p reactions that
form 66,67,68Ga radioisotopes below 18 MeV. From the point of view of 68Ga, the presence of
66Ga(T; /,=9.49h, EC(Q=5175keV), 0.97MBqg/nA) and 67Ga(Ty /,= 3.2617day, EC(Q=1001.3keV), 4.16E-
7MBgq/pA) [1] at EOB means the major radio-Gallium contaminations. The presence of 67Ga at EOB may
limit the length of the application period of the compounds. These reactions seem to be well measured and
can be used for calculating the thick target yields of the above reactions with the required precision. We
discuss here in detail the actual production possibility of 68Ga via irradiations with three different energy
proton beams.

The cross sections evaluation for calculated yields for induced proton on Zinc to produce Gallium, Zinc target
elements are calculated according to the available International Atomic Energy Agency (IAEA) libraries and
other experimental published data. The stopping power depends on the type and energy of the incident particle
and on the properties of the materials it passes. In passing through matter, fast charged particles ionize the
atoms or molecules which they encounter. The yield for a target having any thickness can be defined as the
ratio of the number of nuclei formed in the nuclear reaction to the number of particles incident on the target.
Thick target yield is defined for a fixed macroscopic energy loss, Ein-Eaut, in a thick target. Integral yield is
defined for a finite energy loss down to the threshold of the reaction, Ein-Et. The recommended cross sections
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discussed in the present work and the target stopping powers of Ziegler [6,7] and SRIM program (2003) were
used to Evaluation the calculated yields for a target of significant thickness. The cross sections of calculated
yields for induced proton on Zinc to produce Copper published by different authors [8-25] in the energy range
3.766— 85.0MeV. Adopted values have been calculated, the cross sections were reproduced in fine steps of
incident proton energy in 0.01 MeV intervals with the corresponding errors. In this study the stopping power
have been calculated using SRIM program and Ziegler formulae [6,7] corpuscle to three regions based on the
velocity of the incident proton (V). The calculated adopted cross sections for these reactions have been
evaluated and systematic behaviors of calculated yields with proton energy and target numbers (Z) have been

observed throughout the studied isotopes.
2. Theretical part
a. Stopping Power

Incident protons with certain energy will lose all their energies in a definite distance in a medium before
it stopped completely. The mechanism for the stopping power of ions penetrating condensed matter depends
on the charge and velocity of the incident corpuscle and the nature of the matter, for that reason one can be
compilation the energy loss of the charge corpuscle to three regions (high, intermediate and low energy). The
behavior of ions in each region can be explained as the following [26]:

i. The high energy region

This region can occurs when the velocity of the incident corpuscle (V) is (V>2VoZ1) where (Z1) is the
atomic number of ion and (Vo) represents the Bohr velocity (Vo= 2.18x108 m/s) and this is about the velocity
of the conduction electrons in solid. lons with velocity below (Vo) have adiabatic collisions with target
electrons and hence small stopping power. The stopping power increases with decreasing ion-velocity [27].

The electronic stopping power (Se) is to prevail with Bethe (1933) equation applies in this region [28]:

2,452 2
_9E _\s :MNZ{In(ZmIV J—In(l—ﬂz)—ﬂz} ...(1) Where N is the

dx ¢ mV 2

atomic density of the medium [N=Na (p/A)], Nais the Avogadro’s number (N,=6.022x10%mole™?), p is the
density of matter, A is the mass number, e,m are the

charge and mass of the electron respectively, Z1, Z». are the atomic numbers of ion and target respectively,
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is the ratio between incident corpuscle velocity and the velocity of light, I is the mean ionization and excitation

potential, K is the coulomb constant K = = 8.99x10°Nm?2C2.

4re,

ii. The Intermediate Energy Region

The intermediate energy region occurs when the velocity (V) of the incident corpuscle is in the range
(2V0Z1>V>VZ1%%); it includes the maximum stopping power. In this region the effect of effective charge is
clear and that is because of loss its energy which is mean decrease of corpuscle velocity and charge Z;
decreased too, and that because of loss or acquire electrons and there will be elastic collision with the nuclei
of atoms occur. Thus equation (1) was modified, and its express electronic stopping power as Bethe-Bloch
(1933) [28].

(;—I)E(:Nse WNZ L .. (2)

Where L is the stopping atomic number and depends on the velocity of incident corpuscle and the medium of

the target.
L=Lo+Z1 L1+ Z:% Lo .3
Where Lo-=In(2wv? /1) —C/Z, ..(4)

C/Z, is the shell correction, Z1 L1 is the Barkas effect correction from the polarization, Z1? L; is Bloch-

correction to transform from quantum to classical form.
iii. The Low energy region

It occurs when the incident corpuscle velocity (V) (V<V0Z1%®) in this region, to calculate the cross section
for electronic stopping on the Thomas-Fermi potential as a function of velocity. The equation for this region
is given by [29,30]:

2%z, (Vv
S —87Z'e aO?[VO (5)
Where 2%* =27 17%° ... (6)
h? °
and ao represents the Bohr radius, a, = el 5.29x10™ A (7
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In the scope of this work, the electronic stopping powers were programmed and using the empirical
formulae given by Ziegler as follows [31]:

1- Energy range (1-10)x10° MeV

_dE

12
o = AE .. (8)

2- Energy range (10-999)x10° MeV
[ dEj =( dEj +[ dEj O
dx dx ) ow dX Jigh

[ ‘;ij = AE" ... (10)

(2] (2l

3- Energy range (1000-100.000)x10% MeV

(5|l et -

Where E is the proton energy in (MeV), Ai are the coefficients given by Ziegler [31,32] , and B is the ratio
between incident corpuscle velocity and the velocity of light.

b. Calculated Yield

The Yield of calculated detected per incident particle, Y, for an ideal, thin, and uniform target and mono-

energetic particles beam of incident energy E}, is given by [33].

Y = (nt)o(E, )e(E, ) .. (13)

Where n is the number of target atoms per unit volume, t is the target thickness, o is the reaction cross section,
and ¢ is the proton-detection efficiency. For target which is not infinitesimally thin, the beam loses energy as
it passes through the target, and the Yield is then given by [34,35].

v _ EI no(E)s(E)fdE

. (14)
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In which (Ewnr =Eb-AE). Where Ew: is the reaction threshold energy, AE is the energy loss of the beam in the

dE
target, T is the number of target atoms in each target molecule, —&(E) IS the stopping power of the medium

as a function of the beam energy.

If the target is sufficiently thick, and there exist one atom per each molecule (i.e., f =1) and taking the

efficiency g(E)zl, then the resulting calculated yield is called the thick-target yield which is given by [23]:

E
* no(E)dE
Y(E)=| ——— .. (15)
() E{r—(dE/dx)
The thick target yield can be calculated from the following expression [36,37]:
NgH (Eoue (dE\™ L
= i [ (55)  oB)dE ... (16)

where N4 is Avogadro’s number, z is the projectile’s atomic number and ge is the electron’s charge. The
integral is carried out over the beam’s energy range, from the incoming energy E;, to the outgoing energy
E,.:, and the integrand is the inverse of the medium’s stopping power multiplied by the cross-section for the
corresponding value of the energy. The typical units for the thick target yield in radioisotopes production
practice is the MBq /uA.

3. Data Reduction and Analysis

Method used to obtain the adopted cross sections is as the following:

a. The sets of experimental cross sections data with their corresponding errors were collected for
different authors with different energy intervals. The data was re-arranged with energy interval
0.01MeV.

b. The normalization for the statistical distribution of cross sections errors to the corresponding cross
section values for each author has been done.

c. The interpolation of the nearest data for each energy interval as a function of cross sections and
their corresponding errors, have been done using Matlab-8.0.

d. The interpolated values were calculated to obtain the adopted cross section which is based on the

weighted average calculation according to the following expressions [38]:
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F(a0y) .. (17)

= (a0,)
Where the standard deviation error is:

SD——_ > ... (18)

N 1
2 (6o

i=1

Where oi: is the cross section value.

A oi: is the corresponding error for each cross section value.
4. Results and Discussion

The production of 68Ge via nuclear reaction has studied in which three potential nuclear reaction routes were
presented and discussed. 68Ge can be produced via the 68Zn(p,n)68Ga; 68Zn(p,2n)67Ga or 68Zn(p,3n)66Ga
nuclear reactions. However, the nuclear reaction consists in proton bombardment of enriched solid Zinc target
nuclear reactions. The results required lower energies to provide significantly higher yields. Table 1 presents
theoretical production yields obtained from three distinct nuclear reactions using solid enriched Zinc target.
The available measuring data of proton energies and their associated cross sections were collected from the
International Atomic Energy Agency (IAEA), using EXFOR library [39]. The available were evaluated in the
present work in order to calculate the adopted cross sections using adopt.m program, which is written in the
present work using Matlab-8.0. The adopted evaluated cross sections are plotted as a function of incident
proton energy starting from threshold energy for each reaction. The results of calculated yields are discussed

as follows:
1. 8zn,(p.n)$¥Ga,, Reaction

The cross sections data from EXFOR library measured by Mcgee et al.(1970) [8], Hille et al. (1972) [9],
Barrandon et al.(1975) [10], Kotelnikova et al.(1980) [11], Esat et al. (1981) [12], Tarkanyi et al.(1990) [13],
Levkovskij (1991) [14], Hermanne et al.(1991) [15], Vinogradov et al.(1993) [16] and Zhuravlev et al. (1995)
[17] have been plotted, interpolated, and recalculated in steps of 0.01MeV from threshold energy 3.766MeV

up to 85MeV of the incident proton energy in order to obtain the adopted cross sections of this reaction. The
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results of adopted cross sections and the experimental results for the authors mentioned above are shown in

figure 1.
2. $87Zng(p,2n)5Ga,, Reaction

The cross sections data from EXFOR library measured by Mcgee et al.(1970) [8], Litte and Lagunas-Solar
(1983) [18], Tarkanyi et al.(1989) [19], Levkovskij (1991) [14], Hermanne et al. (1991) [15], Szelecsenyi et
al.(1994) [20], Hermanne (1997) [21], and Szelecsenyi et al. (1998) [22] have been plotted, interpolated, and
recalculated in steps of 0.01MeV from threshold energy 3.766MeV up to 85MeV of the incident proton energy
in order to obtain the adopted cross sections of this reaction. The results of adopted cross sections and the

experimental results for the authors mentioned above are shown in figure 1.
3. 8Zns,(p3n)S2Ga,, Reaction

The cross sections data from EXFOR library measured by Mcgee et al. (1970) [8], Levkovskij (1991) [14],
Hermanne et al.(1991) [15], Szelecsenyi et al.(1994) [20], Hermanne (1997) [21], Szelecsenyi et al.(1998)
[22], Hermanne et al.(1999) [23], Stoll et al.(2002) [24], and Szelecsenyi et al.(2005) [25] have been plotted,
interpolated, and recalculated in steps of 0.01MeV from threshold energy 3.766MeV up to 85MeV of the
incident proton energy in order to obtain the adopted cross sections of this reaction. The results of adopted

cross sections and the experimental results for the authors mentioned above are shown in figure 1.
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Table 1. Proton-induced nuclear reactions occur in 68Zn enriched Zinc and theoretical

productions yield for irradiation with protons.

Zinc Abunda | Nuclear | Half | Decay [1] Theo. Exp. Theo.
nuclide | nce % | reaction | -life Bt EC |y-rays | Yield Yield Yield
(abund | [1] [1] | (MeV) | (%) (MBg/p | (MBg/u | (atom
ance in A) A) *
natzZn) at EOB 1.0E-
9)
(pw)
68Zn 99.5 68zn(p, | 67.8 | 1.899 | 11.1 |511(178 | 599.0 5032[40] | 3094
(18.8% n)68Ga | min | (88.9% %) [4] 6124 at
[1]) ) 1077(3. | 657.1(p | (pw) 12Me
24%) w) \%
1883(0.
142%)
68Zn(p, | 3.26 100 | 93.3(70. | 23.2[4] | 3.94E- 8956
2n)67G | days 6%) 34.4 2[40] at
a 184.6(2 | (pw) 7.34E- | 25Me
1.3%) 1(pw) V
300.2(1
6.67%)
68Zn(p, | 9.49 |4.153 |44 [511(114 | 9.31E- | ------ 5485
3n)66G | h (56%) %) 03[4] at
a 833(5.9 | 11.6E- 38Me
%) 3(pw) \Y/
1039(37
%)
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2190(5.
3%)
2751(22
7%)

In analyzing for induced proton on Zinc to produce, the discrete nuclear states that are populated in ordinary
decays have discrete separations, widths, and lifetimes. Thus, to calculate the cross sections at a given incident
proton energy of a nuclear state, it is very unlikely that the overlap of the energy distributions of two different
states could cause confusion as to the stationary state resulting from the decay. The states are overlap and
strongly mixed, these states do not have distinctly observable wave functions because the widths of unstable
states are small compared with their separation the states are distinct and observable. Thus the instability of
the compound nucleus, results in an uncertainty in the energy of these states.
The stopping power of Zinc target element induced by proton-particles has been calculated in the
present work using two methods:
1- SRIM (2003), as experimental results where SRIM is a program build by Ziegler empirical formulae
[41].
2- Ziegler empirical formulae as a theoretical calculation results. Using Ziegler coefficients [31,32].
For these calculations, the (stop.m) program has been written in Matlab-8.0 for this purpose. The calculated
yields for induced proton on Zinc to produce Gallium are very important quantity as well as the cross sections
in analyzing problems of diagnosis, physical therapy, and medicine treatments as the following:
Gallium-68 radionuclide finds significant widely applications used in nuclear medical field. The production
possibility in different energy region via different nuclear reactions is clarified in the following discussion:
1- For diagnosing tumors, Gallium-68 tracers are being in many neuroendocrine tumor studies in human.
2- Gallium-68 decays principally by positron emission and it used in conjunction with positron emission
tomography (PET) scanners for imaging various organs and their physiological functions. This is an
economical source in hospitals.
3- Gallium-68 finds significant application in assessment to detect blood-brain barrier defect to image
tumor.
Therefore, the calculated yield for Zinc target was calculated. The main aim of this study is to increase

calculated yields for induced proton on Zinc to produce Gallium with low impurity by decreasing the energy

10
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of proton beams to avoid producing different targets. Figure 2 illustrates the stopping power and calculated
yields for induced proton on 68Zn to produce 68Ga. In figure 2, the calculated yields seem to depend strongly
on the structure of the individual nucleus, the incident proton energy, and stopping power of the target element.
In general, the stopping power behavior decreases with the increased calculated yields. This behavior was
agreed with the reference [32,33]. It is clear from the calculated results shown in these figures that for the
calculated yield values for 20-100% abundance target element, and follow the trend in the asymmetry
parameter of proton excess (N-Z)/A so that by increasing this parameter the maximum calculated yields will
be decrease. This increment may be attributed to the fact that by decrease the numbers of neutrons the outer
shells are populated by an excess calculated which increases the occurrence probability for induced proton on
Zinc to produce Gallium.

As generators are expensive and deliver limited activities of 68Ga, the latter can also be produced directly.
Among several possible nuclear reactions the irradiation of Zn by protons is the preferred nuclear reaction as
it leads to a larger production yield and uses protons is the simplest of all cyclotron projectiles [42]. Since
several radioisotopes of gallium with longer half-lives are also produced when irradiating natural Zn, it is
necessary to bombard enriched 68Zn. However, the irradiation of 68Zn by protons also leads to the production
of the undesired long-lived 67Ga radioisotopic impurity through the 68Zn(p,2n)67Ga reaction for protons
with energy higher than 12MeV, and the 66Ga impurity through the 68Zn(p,3n)66Ga reaction for protons
with energy higher than 20MeV. This compels us to select the energy beam wisely to achieve high purity
radionuclide and be suitable for human use. Therefore, producing 68Ga by using the solid 68Zn target can
produce yields of about 6124MBq/pA (165.51Ci/pA) at 12MeV. However, such large activities of 68Ga are
achieved at the expense of several important technical difficulties. This process requires significant
optimization studies and even additional quality control prior irradiation in order to guarantee that it is suitable

for production and to avoid product contamination from the backing layer.
5. Conclusions

In the case of incident proton on Zinc for the production of Gallium, a comparison of all experimental and
theoretical results showed that cross section theory was successful in reproducing most experimental data.
The recommended excitation functions and calculated integral yields help to optimize the energy range for
each nuclear reaction for the production of Gallium seem to be the most useful.

11
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Eventually 68 Zn(p,n)68Ga nuclear reaction requires lower energies to provide significantly higher yields. It
provides the use of the enriched material and mainly because facilities with 66Ga and 67Ga at low energy
protons are scarce.

We have examined and recommended the excitation function of the 68Zn(p,n)68GA, 68Zn(p,2n)67Ga, and
68Zn(p,3n)66Ga nuclear reactions up to 85 MeV. Our new data showed good agreement with the updated
values of the only data set available in the literature. Practical production possibilities up 12MeV were
investigated in detail for (p,n) reaction for highly enriched 68Zn target with no impurity of 66Ga and 0.012%
67Ga. It could be concluded that the above reaction can be employed for practical purposes at biomedical
cyclotrons, however. The available yields are not only large at 12 MeV, but it has no background of 66Ga and
a very low contamination of 67Ga. The production was at high energy of irradiation 12MeV which could
provide enough activities 6124MBg/pA (165.51Ci/pA).
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cross section of incident proton on 68Zn reaction.
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Abstract

In this paper, different modulation techniques with the polarization-interleaving design are examine and
compared to improve the spectral efficiency of the high capacity Wavelength Division Multiplexing (WDM)

systems.

The system is simulated with channel at a bit rate of 40 Gb/s to evaluate the performance with no Stimulated
Raman Scattering (SRS), Cross Phase Modulation (XPM) and Four Wave Mixing (FWM) effects.

In order to evaluate the modulation formats performance, Q factor verses lunched power curves and the eye
diagrams are presented. A reference Q factor to evaluate the performance of the formats is taken as 17 dB,
which corresponds to a BER of 1x107*2, The communication system is simulated by the (Optisystem v 7.0)

simulation package.

Keywords: Wavelength Division Multiplexing (WDM) systems Stimulated Raman Scattering (SRS), Cross
Phase Modulation (XPM) and Four Wave Mixing (FWM)

1. Introduction

In order to meet the ever-increasing demand in telecommunication capacity, fiber optic
communication systems have been evolving dramatically over the past decade. The fiber optic
communication traffic growth has been at a rate of about 2 dB per year, representing a traffic
increase of a factor of 100 in 10 years. The capacity increase in fiber optic communication systems
has been achieved mainly by deploying more fiber links, populating more wavelength channels per
fiber link through dense wavelength-division-multiplexing (DWDM), and increasing the data rate per

wavelength channel [1].
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Transmission through optical fiber cables plays an important role in the communication networks of
nowadays. The main motivation for this is the enormous potential bandwidth of optical fiber (>100
THz), which contains several orders of magnitude larger than the bandwidth of copper media like
coaxial cables or twisted wire pairs [2].

Fig.(1) compares the most widely used radio frequency (RF) and optical communication technologies
for wireline and wireless communications, based on this metric. Fig.(1) shows clearly that optical
communication systems can support Th/s capacities over many thousand kilometers, which makes them the
ideal technology base for high-capacity wireline networking [3].

i o bt ™y al e i | vy ™ ol

10,000km 3 Satellites E
(Microwave links) 3

1,000km f Optical communications
(Fiber, Free-space)

100km

—
E  Fixed wirelesg 3C®
s

10km

1km .

Regeneration-free transmission distance

10m EEt : 2
1kbit/s 1Mbit/s 1Gbitis 1Tbit/s

Data rate
Figure. 1 Regeneration- free transmission distance versus data rate for various wireless and wireline
communication technologies [3].
However, this project is aimed to improve the spectral efficiency of the optical fiber communication
systems by using various amplitude and phase modulation formats. The performance and robustness of the
following modulation formats against channel impairments are tested using (Optisystem v.70) software

package. The tested modulation formats are:

Non-Return to Zero On-Off Keying (NRZ-OOK).

Return to Zero On-Off Keying (33% RZ-OOK and 67% RZ-OOK).

Return to Zero Duobinary (RZ-DUO).

Return to Zero Alternate Mark Inversion (RZ-AMI).

Non-Return to Zero Differential Phase Shift Keying (NRZ-DPSK).

Return to Zero Differential Phase Shift Keying (33% RZ-DPSK and 67% RZ-DPSK).
Non-Return to Zero Differential Quadrature Phase Shift Keying (NRZ-DPSK).

N g s~ w Dbh e
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This paper is organized as follows: In section I, the evaluation of optical fiber communication
systems is presented. Section Ill, shows the system capacity and spectral efficiency. The
performance analysis of the new proposed system is presented, and finally, conclusions are given
in section V.

2. Evolution of optical fiber communication
The evolution of optical fiber communication systems can be divided into several generations. The first

generation of lightwave systems operated near 0.8 pm and used Gallium Arsenide (GaAs) semiconductor
lasers. After several field trials during the years 1977-79, such systems became available commercially in
1980. They operated at a bit rate of 45 Mb/s and allowed repeater spacing of up to 10 km. The larger repeater
spacing compared with 1-km spacing of coaxial systems was an important motivation for system designers
because it decreased the installation and maintenance costs associated with each repeater.

It was clear during the 1970s that the repeater spacing could be increased considerably by operating the
lightwave system in the wavelength region near 1.3 um, where fiber loss is below 1 dB/km. Furthermore,
optical fibers exhibit minimum dispersion in this wavelength region.

This realization led to a worldwide effort for the development of Indium Gallium Arsenide Phosphide
(InGaAsP) semiconductor lasers and detectors operating near 1.3 um [4].

The second generation of fiber-optic communication systems became available in the early 1980s, but
the bit rate of early systems was limited to below 100 Mb/s because of dispersion in multimode fibers. This
limitation was overcomed by the use of single-mode fibers. In 1987, the second-generation lightwave systems,
operating at bit rates of up to 1.7 Gb/s with a repeater spacing of about 50 km, were commercially available.
The repeater spacing of the second-generation lightwave systems was limited by the fiber losses at the
operating wavelength of 1.3 um (typically 0.5 dB/km). Losses of silica fibers became minimum near 1.55 pum.
Indeed, a 0.2 dB/km loss was realized in 1979 in this spectral region.

However, the introduction of third generation lightwave systems operating at 1.55 um was considerably
delayed by large fiber dispersion near 1.55 um. Conventional InGaAsP semiconductor lasers could not be
used because of pulse spreading occurring as a result of simultaneous oscillation of several longitudinal
modes. The dispersion problem can be overcomed either by using dispersion-shifted fibers designed to have
minimum dispersion near 1.55 um or by limiting the laser spectrum to a single longitudinal mode. Both

approaches were followed during the 1980s [4].
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The third generation lightwave systems operating at 2.5 Gb/s became available commercially in 1990.
Such systems are capable of operating at a bit rate of up to 10 Gb/s. The best performance is achieved by using
dispersion-shifted fibers combined with lasers oscillating in a single longitudinal mode. A drawback of the
third-generation 1.55 um systems is that the signal is regenerated periodically by using electronic repeaters
spaced apart typically by 60-70 km. The spacing of the repeaters can be increased by making use of a
homodyne or heterodyne detection scheme because its use improves the receiver sensitivity. Such systems are
referred to as coherent lightwave systems. Coherent systems were under worldwide development during the
1980s, and their potential benefits were demonstrated in many system experiments. However, commercial
introduction of such systems was postponed with the advent of fiber amplifiers in 1989.

The fourth generation of lightwave systems makes use of optical amplification for increasing the
repeater spacing and of wavelength-division multiplexing (WDM) for increasing the bit rate. In most WDM
systems, fiber losses are compensated periodically by using Erbium-Doped Fiber Amplifiers (EDFA) spaced
60-80 km apart. Such amplifiers were developed after 1985 and became available commercially in 1990. This
performance indicated that an amplifier-based, all-optical, submarine transmission system was feasible for
intercontinental communication. By 1996, not only transmission over 11,300 km at a bit rate of 5 Gb/s had
been demonstrated by using actual submarine cables, but commercial transatlantic and transpacific cable
systems also became available. Since then, a large number of submarine lightwave systems have been
deployed world widely [4].

3. System Capacity and Spectral Efficiency
The use of WDM can increase the system capacity because it transmits multiple bit streams over the

same fiber simultaneously. When N channels at bit rates By, Bz, ... Bn are transmitted simultaneously over a
fiber of length L, the total bit rate of the WDM link becomes:

BT=B1+B2+"‘BN (11)

For equal bit rates, the system capacity is enhanced by a factor of N. The most relevant design parameters
for a WDM system are the number of channels N, the bit rate B at which each channel operates, and the
frequency spacing Aveh between two neighboring channels.

The product NB denotes the system capacity and the product NAven represents the total bandwidth
occupied by a WDM system [4].
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The spectral efficiency (#s) is defined as [4]:
_ B
B Avch

(1.2)

Where B is the single-channel bit rate and Avch is the channel spacing. The units of the spectral

Ns

efficiency is (b/s/Hz). The throughput of a Dense Wavelength Division Multiplexing (DWDM)
transmission system can be increased in many ways by using a wider optical bandwidth, by
increasing spectral efficiency, or by some combination of the two. Utilizing a wider bandwidth
typically requires additional amplifiers and other optical components, therefore; raising spectral

efficiency is often the more economical alternative [5].

4. 1x40 Gb/s System Design and Description
The performance of the single channel system where there are no SRS, XPM or FWM effects analyzed.

In this section, a description of the single channel system is presented. The system is simulated at 40 Gb/s

data rate and the number of samples per bit is 64.

A

The transmitter section is shown in fig.(2):

on F———

PRBS Generator
Bit rate = 40 Gbits/s

v *;
]
EDFA
CW Laser Gain = 20 dB

Modulator i 3 —
Frequency = 192.9 Thz Noise figure = 4 dB

Linewidth = 1 Mhz
initial phase = 0 deg

Figure. 2 The transmitter section of the simulated single channel system.

A laser source is used, which has a narrow beam width. The parameters of the simulated CW laser are
shown in table (1).
Table (1) Simulation parameters of the CW laser.
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Parameter Value
Frequency 192.9 THz
Power (-5) dBm to 10 dBm
Linewidth 1 MHz
Initial phase 0

The optical signal is then applied to the modulator, which is used to modulate the electrical data with
the optical carrier generated by the CW laser.

The Mach-Zehnder modulator is an intensity modulator based on an interferometric principle. In order
to decrease the chirp induced in the optical signal to increase the transmission distance, a chirp free MZM
structure is used in the modulation process. The value of the switching bias voltage is taken as 4 V for all the
modulation formats. The value of the bias voltage of the two-modulator arms differs from modulation format
to another.

After the modulation of the electrical data with the optical signal, an EDFA amplifier is used as a booster
amplifier to compensate the losses incurred in the transmitter and then boosts the signal in the optical fiber

channel. The EDFA is operated in the power control mode with a gain of 20 dB and a noise figure of 4 dB.

Then the signal is lunched in the optical fiber channel. An ITU-T G.652 optical fiber is used. In order
to decrease the pulse broadening resulting from the chromatic dispersion effects, a dispersion compensating
fiber (DCF) is used in the simulation of the fiber channel.

The simulation parameters of the optical fibers channel are listed in table (2).

Table (2) Simulation parameters of the SMF, the DCF, and the system losses.
ITU-T G.652 Fiber, 60 km span length
a (dB/km) 0.2

Dispersion parameter D (ps/(nm.km)) 17
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Dispersion slope S (ps/(km.nm2)) 0.075
Effective area (um2) 70
DGD parameter (pslm) 0.1
n2 (m2/W) 2.6e (-20)
SBS Threshold -7 dBm
SRS Threshold 32dBm
DCF parameters
a (dB/km) 0.5
Dispersion parameter D (ps/(nm.km)) -85
Dispersion slope S (ps/(km.nm2)) -0.3
Effective area (um2) 22
DGD parameter (ps/\/ﬁ) 0.1
n2 (m2/W) 2.6e (-20)
SBS Threshold -8 dBm
SRS Threshold 31dBm
System losses
Connecter loss 0.25dB
Splicer loss 0.15dB
Insertion loss 4 dB
Number of connectors 4
Number of splicers 1
Number of multiplexers 3
Margin loss 6
Total system loss 34.15B
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After the propagation in the optical fiber channel, the signal is then applied to the receiver to detect it
and convert it into an electrical signal. In general, there are two connection types of the optical receiver
depending on the type of the modulation format used in the simulation. For the amplitude and the pseudo
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multilevel modulation formats, a direct detection scheme is used in the detection process. The block diagram

of the direct detection scheme is shown in fig.(3).

)

Bessel Optical Fiter
Frequency = 192.9 The
Bandwidth = 80 Ghz
Insertion loss = 4 dB
Order=2

o

BERAnalyzer

Photodetector APD
Gain=5

Responsivty = 1 AW
lonization ratio = 0.9

Dark current =10 nA
Therml noise = 1e-22 WiHz

Low Pass Bessel iter R Regenerato

Cutofffrequency = 0.7 * Bitrate Hz
Order=4

Fig.(3) Block diagram of the direct detection scheme.

An optical band pass Bessel filter of a second order with a center frequency of 192.9 THz and 80 GHz

bandwidth is used in front of the photodetector to decrease the noise and the crosstalk in the received signal.

Then an Avalanche Photodiode (APD) is use in to convert the optical signal into electrical signal. The

simulation parameters of the direct detection scheme are listed in table (3).

Table (3) Simulation parameters of the receiver system diagram.

Parameter Value

Optical band pass filter 2rd order Bessel filter
Center frequency 192.9

Optical bandwidth 80 GHz

Insertion loss 4 dB

Photodetector type APD

Gain 5

Responsivity 1 AW

lonization rate 0.9

Dark current 10 nA

Thermal noise 1e-22 W/Hz
Electrical low pass filter 4th order Bessel filter
Cutoff frequency 28 GHz
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Photodetector APD
Gain=5
Responsivity = 1 AW
lonization ratio = 0.9
— Dark current = 10 nA
— 1 Thermal noise = 1e-22 W/Hz
Bessel Optical Filter MZ Interferometer p== ]
Frequency = 192.9 Thz Coupling coefficient = 0.5 = == H
Bandwidth = 80 Ghz Additional loss = 0 dB ﬂﬂ — Ber( i
Insertion loss = 4 dB —
Order =2 )
Y Electrical Substractor Low Pass Bessel Fier 3R Regenerator BERAnalyzer
* Cutoff frequency = 0.7 * Bit rate Hz
A Order=4
Photodetector APD

Gain=5

Optical Null Responsivity = 1 AW
onization ratio = 0.9
Dark current = 10 nA
Thermal noise = 1e-22 WiHz

For the phase modulation formats, a balanced detector is used to correlate each bit with a delayed version
of it is used in the detection process. Its block diagram is shown in fig.(4).The received signal is first applied
to an optical band pass Bessel filter which is the same as the one used in the direct detection scheme. Then an
MZI is used to split the received signal into two equal parts. Two APDs and then low pass Bessel optical filter
with the same simulation parameters of the one used in the direct detection scheme are used in the balanced

scheme. This scheme is used to make a correlation between every bit and a 1-bit delayed version of it.

5. Performance Analysis

Fig.(5) shows the optical spectrum and waveform of the various modulation formats considered in the
simulations at 40 Gb/s. Table (4) shows the (SE) of the modulation formats considered. It shows that in general
DQPSK formats have the highest values of the (SE) among the compared modulation formats because of their

reduced bandwidth.
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Table (4) Spectral Efficiency (SE) of the simulated modulation formats.

Modulation Format | SE (b/s/Hz) Modulation Format | SE (b/s/Hz)
NRZ-OOK 0.5 33% RZ-DPSK 0.25

33% RZ-O0K 0.27 67% RZ-DPSK 0.4

67% RZ-O0OK 0.33 NRZ-DQPSK 1

RZ-DUO 0.33 33% RZ-DQPSK 0.5
RZ-AMI 0.5 67% RZ-DQPSK 0.8
NRZ-DPSK 0.5

Fig.(6) Optical eye diagrams of the simulated modulation formats at the input (to the left) and at the
output of the single channel (to the right).

A complete description of the eye diagram is presented in appendix D. Now a comparison of
the modulation formats at the single channel system is presented. Fig.(7) shows a comparison of the
amplitude modulation formats for the single channel system at five spans. The results are summarized
in table (5).

15 # NRZ-00K
B 33% RZ-00K
&% RT-C0K

RZ-DUD
M i RT-AM

S5 4 3 2 4 0 1 2 3 4 5 6 7T 8 % 10
Pin|d8m]

Fig.(7) Comparison between amplitude modulation formats for single channel system.
Table (5) Maximum Q factor, Power range and the spectral efficiency of amplitude modulation

formats at single channel system.

Modulation format | Max. Q (dB) P (dBm) SE (b/s/Hz)
NRZ-OOK 18.6 0.5-4 0.5

33% RZ-O0K 22.6 (-1.4)-84 0.27

67% RZ-OOK 22 (-1.4)-8.4 0.33
RZ-DUO 21.4 (-1.4)-8.4 0.33
RZ-AMI 22.2 (-0.6)-8.4 0.5
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Fig (8) shows a comparison of the phase modulation formats for the single channel system at

five spans. The results are summarized in table (6).

n

# NRZ-DFSK
W 33% R2-DPSK
A BT%RI-DPSK
NRZ-DOPSY
33% RT-DOPSK
@ 673 RI-DOPSE

5 4 3 2 4 0 1 2 3 4 5 6 T B 5 10
Pin{dEm)

Fig.(8) Comparison between phase modulation formats for single channel system.

Table (6) Maximum Q factor, Power range and the spectral efficiency of phase modulation formats

at single channel system.

Modulation format | Max. Q (dB) P (dBm) SE (b/s/Hz)
NRZ-DPSK 21.8 (-1)-9.8 0.5

33% RZ-DPSK 24 (-2.8)-... 0.25

67% RZ-DPSK 23 (-2.4)-10 0.4
NRZ-DQPSK 18.8 0.8-7.2 1

33% RZ-DQPSK 22.6 (-2.6)-9.6 0.5

67% RZ-DQPSK 21.8 (-1.4)-10 0.8

Fig.(9) shows a comparison between the NRZ modulation formats in single channel system and

five spans.

15 & NRZ-00%
B NRZ-DPSK
NRZ-DIOPSE

20

afde)

15

5 4 -3 2 10 1 2 3 4 05 6 7 B %10
Pin[dBm)

Fig.(9) Comparison between NRZ modulation formats for single channel system.
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Fig.(10) shows a comparison between the 33% RZ and the pseudo multilevel modulation

formats in single channel system at five spans.

& I3%RE-00K
B 323 RZ-DPSK
33%RE-DOPSK

clde)

RZ-DI0
RZ-AMI

-5 -3 | 1 3 5 7 ]
P dBm|

Fig.(10) Comparison between 33% RZ and the pseudo multilevel modulation formats at single

channel system.

Fig (11) shows a comparison between the 67% RZ modulation formats in single channel system

at five spans.

25

20

% RZ-DOK

/ ' W67% RZ-DPSK \

15

=
=
o
Ik F.O00
10 67% BZ-DOPSK ‘s
5
5 3 ’1 1 3 5 7 9
Fin{dBm)

Fig.(11) Comparison between 67% RZ modulation formats at single channel system.

From the obtained results, it is shown that 33% RZ-OOK, 67% RZ-OOK and RZ-AMI nearly
have the same Q factor. Among these formats, RZ-AMI gives the maximum (SE) of 0.5 (b/s/Hz) and
the optimum performance because of the decreased bandwidth and the m phase shift between the
alternate 1-bit. Although NRZ-OOK format has a (SE) of 0.5 (b/s/Hz) it has the worst performance.

Its reduced bandwidth comes at the cost of the increased chirp in the signal.
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So, that DPSK formats perform better than DQPSK formats. This is because the Euclidean
distance for DPSK formats larger than that of the DQPSK formats, which makes them perform better
with respect to the noise and they require less OSNR.

As well, the 33% RZ-DPSK gives the optimal performance as it gives the highest Q factor and
power range. A disadvantage of 33% RZ-DPSK is its small value of the (SE) with only 0.25 b/s/Hz.

The performance of the 67% RZ-DPSK has a higher Q factor than 67% RZ-DQPSK with an
(SE) of 0.4 b/s/Hz, but after 6 dBm, its performance is nearly the same as that of 67% RZ-DQPSK

with only 1 dB difference because of the nonlinear effects that begin to rise at the high power region.

Conclusion

The conclusion can be summarized as following points:

1. The eye diagrams shown in the last chapter shows the effectiveness of using the
polarization interleaving in reducing the nonlinear effects and the crosstalk especially at

low channel spacing.

2. The modulation formats with the highest spectral efficiency has the least value of Q factor.
For example, by looking at table (2.8), it is shown that among the DQPSK formats, NRZ-
DQPSK has the highest (SE) of 1 b/s/Hz followed by 67% RZ-DQPSK with 0.8
b/s/Hz and then 33% RZ-DQPSK with 0.5 b/s/Hz while the maximum Q factor is in a

reversed order.

3. RZ formats are found to give a better performance than their corresponding NRZ formats
due to their reduced pulse duration, which leads to increase their robustness to CD and the

nonlinear effects but with a reduced spectral efficiency because of their wider spectrum.

4. DPSK formats are found to be highly affected by decreasing the channel spacing from 100
GHz to 50 GHz. For example, the optimum format between them is 33% RZ-DPSK has a
maximum Q factor of 24 dB in the single channel system with a power range from (-2.8)
dBm and continues above 20 dB. At 100 GHz channel spacing, its Q factor is decreased to
19.7 dB with a power range from 8.1 dBm to 16.5 dBm while at 50 GHz, its Q factor is
decreased to 15 dB and does not reached the 17 dB (BER = 1x107'?). In addition, DPSK
formats have a small values of the (SE) as shown in table (2-8).
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Abstract

In this paper, the Developed Model of balancing allocated subchannels between
subscriber stations is presented. According to the requirement of the Quality of Service (QoS)
included the solutions of the unbalancing allocated of the subchannels between the subscriber
stations SS, the Orthogonal Frequency Division Multiplexing Access (OFDMA) techniques is
proposed. Two simulation designs based on the Full Usage Subchannel (FUSC) mode which is
the one mode of the OFDMA consist of 8 and 16 subchannels as example, to investigate and
offer the guaranteed for providing throughput for subscriber stations. Matlab version r2014b is
used as a software simulation.

Keywords: WiMAX, Subchannel, OFDMA, Scheduling blocks, resource balancing.
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1. Introduction

Presently, the latest info communication services in terms of improving their mobility and
availability is directly related to further deployment of wireless telecommunication technologies.
However, the limiting factor in this case is low performance provided by wireless technologies in
comparison with the wired solutions.
WIMAX (Worldwide Interoperability for Microwave Access) technology, which surely takes one of
the leading places in the market of wireless solutions, the main resource unit is a subchannel which
is result of splitting the original frequency downlink. The number of such channels is entirely
determined by the channel bandwidth (1.25 + 20 MHz) and selected operating mode and may vary
from 2 to 32 for the DL FUSC mode, and from 3 to 60 for DL PUSC mode. It should be noted that
the level of satisfaction of the Quality of Service requirement requests of a particular user station
(Subscriber Station, SS) is determined by the number of subchannels allocated and modulation and
coding scheme (Modulation and Coding Scheme, MCS) used [1].
In this regard, there is an actual problem associated with improvement of frequency and time resource
allocation methods in WiMAX technology. Currently there are known several approaches to
optimization the process of frequency and time resource allocation in WiMAX technology [1-4].
Special attention should be paid to solutions based on balancing the number of subchannels and slots

[2-4] allocated to particular subscriber station within generated bursts.

1. Model for Subchannels Balancing in Wireless Network of IEEE 802.16 Standard
In the method of balancing the number of subchannels allocated to subscriber station it is
assumed that there are known the following inputs [5-6]:
e Bandwidth of used frequency channel is from the range of 1.25 MHz to 20 MHz; selected
mode of usage of the subchannels (FUSC, PUSC, OPUSC, OFUSC,and TUSC);
e N is the total number of the SSs in the network;
e K is the number of subchannels used depending on the selected channel bandwidth (for
ex-ample, using the mode of DownLink FUSC the number of subchannels can take values
2, 8, 16, 32; while for DownLink PUSC they are 3, 15, 30, 60);

o R"\gq is the required transmission rate for service of the n-th SS (Mbps) ;

e R™Kjs the bandwidth of k -th subchannel allocated to the n -th SS.

In the WiMAX technology the duration of frame can vary and take values equal to 2, 2.5, 4, 5, 8, 10,

12.5, and 20 ms. Taking into account that the useful part of the symbol has a fixed duration Th= 89,6
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s, the number of symbols in frame will take values 19, 24, 39, 49, 79, 99, 124, 198 according to the
indicated size of frame [5].
Moreover, between the symbols there is a guard interval Tg , which can take four values concerning

the length of the useful part of symbol (Table 1).

Table 1

Guard Interval T /4 T /8 T 116 T /30

Values

Ty (us) 224 11.2 5.6 28
OFDMA Symhoal

Duration, 112 100.8 952 924
Iy + Tg (us)

The capacity of the k -th subchannel allocated to the n-th SS (R™) represents the number of

transmitted bits per time unit (second) and can be calculated according to the formula [5, 6]:

koo-nk o-
n_k:R: i; K (1-BLER)
Tb-f—rg-f—rkrg-f—TTRG

(1)

Where R™ is the speed of the code used at coding of a signal of the n-th SS; K™ is the bit load of
the symbol of the n-th SS; K is the number of subcarriers for the data transmission in one subchannel
(for the Downlink FUSC submode Ks=48 and for Downlink PUSC Ks=24); Trre= 105 pus is the
duration of the interval of switching from receiving to transmission (receive/transmit transition gap,
RTG); Ttre=60 ps is the duration of the interval of switching from transmission to receiving
(transmit/receive transition gap, TRG); BLER is the probability of the block error obtained at the
expense of the Hybrid Automatic Repeat Request mechanism (HARQ) [1].

While solving a problem of subchannels allocation within the framework of the represented model it
is necessary to provide calculation of the control variable (X»¥), defining the order of subchannels
allocation. According to the physics of solved problem the following limitation should be over the

control variables:

xe{0l, (n=1N, k=1K), 2)

Xy =

r |1, 1f k—th subchannel allocated to the »—th SS;
0, otherwise .

Total number of control variables depends on amount of subscriber stations in the network and used
subchannels respectively defined by the expression N. K. When calculating the required variables

(Xn¥), it is necessary to meet a number of important conditions limitations.
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Condition of fixing one subchannel only for one subscriber station is defined according to the

expression:

N 1
Yxp <1, (k=1K). 3)

n=1
Condition of scheduling the transmission rate for the n-th subscriber station on the k-th subchannel

not exceeding the capacity of subchannel is defined by the expression

S nk .k n o
ZR Xy szqbue “
k=1

1. if for n—th SS service guarantee necessary;

( n - . .
0, otherwise.

For optimal balancing the number of subchannels allocated to each SS, the system introduced

additional conditions limitations to the control variables XX :

=1 > B.m=LN) (5)

Where f is a control variable too, characterizing lower bound of satisfaction level of QoS
requirements to access rate. In general g =0.

To improve the quality of service in WiMAX network in solving the problem of balancing the number
of subchannels allocated to SS it is needed to maximize the lower bound meeting QoS requirements
to access rate, i.e.

f — max . (6)

Thus, the model of balancing the number of subchannels allocated to subscriber station in WiMAX
network based on solution of optimization problem associated with maximizing the lower level
allocated bandwidth to each subscriber station (6) according to its QoS requirements for ac-cess rate.
As the constraints stated in solving the optimization problem are conditions (1)-(5). For-mulated
optimization problem belongs to class of mixed-integer linear programming, because some variables
of (6) are Boolean, balancing variable (6) is a positive real variable, and objective function (6) and

constraints (2)-(5) are linear.

2. Research of balancing process the subchannels number with guarantee of access rate
for some subscriber stations (channel bandwidth 5 MHz, number of subscriber stations
is 3)
For the second case, when guaranties of access rate provided just for some subscriber stations,

considered the same input data as for the first. But guaranties provided only to first subscriber station:
38
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d1=1, 82=0, 63= 0. Then, on Fig. 6 shown how adaptively changed the lower bound of satisfaction

level of QoS requirements to access rate depending on the growth requirements of the first station to

access rate ( Rreq1= 1 + 3, step 0.18 Mbps). As it can be seen from Fig. 5, with Rreq1<2 Mbps each SS

also received the required QoS level, because (> 1).

With growth of Rreq1 presented method due to limited volume of available channel resource adaptively

reduced level of quality of service for each station in dependence on their requirements for access

rate (Fig. 1). However, the first station always got required level of service for access rate (Fig. 2),

and for second (Fig. 3) and third (Fig. 4) stations as expected QoS requirements were not satisfied

W|th Rreql > 2

beta

bandwidth allocated to 2-nd S8

0.9F

0.8

0.7

0.6

0.5

0.4

_______

1

12 1.4 1.6 18 2 2.2 24 26 2.8

required transmission rate for service of the 1-st SS, Mbps

Fig. 1

- | == allocated handwidth

required rate

0.8

0.6

1

12 1.4 1.6 18 2 2.2 2.4 2.6 2.8
required transmission rate for service of the 1-st S, Mbps

Fig. 3

3

39

bandwidth allocated to 1-st SS

bandwidth allocated to 3-d §S

1.8

1.6

1.4

12

1

————— allocated bandwidth
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1

1.5

12 14 18 18 2 22 24 26 28
required transmission rate for service of the 1-st SS, Mbps

Fig. 2
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Fig. 4
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SS: Subscriber Station
BS: base station

B=07333 SC: sub-channel

-

BS

SC1 | SC2 | SC3 | sC4 | SC5 | SC6 | SCT | SC8

03] 05 035 09 0.6 0.6 08 0.3

y

-
-

v 2.8 Mbps l 1.1 Mbps 0.8 Mbps l
R, =1.5Mbps

R. =28 Mbps Ryog=1Mbps

g

Fig. 5

Fig. 5 shows an example of solving the problem of subchannel allocation between the three

SSs during the next initial data: Rreqr = 2.8 Mbps, Rreqz = 1.5 Mbps, Rreqz =1 Mbps (fig. 6); service
disciplines are with guaranties for 1-st SS, and best effort service for 2-nd and 3-d SSs. Within the
whole solution it was provided a balanced allocation (5 = 0.7333) of eight subchannels between the
three SSs, while the first station provides guaranties with respect to the increasing demands of
Bandwidth (fig. 2).

The results of numerous calculations showed that the cause of these problems is the fact that with a
relatively small number of subchannels, which are provided the discrete allocated bandwidth for each
SS, ensuring the ideal fair balancing of resources is difficult. This is especially true for the case where
the number of subscriber stations or QoS-demands grow, and channel bandwidth and number of

formed subchannels remain unchanged or even reduced.

3 Research of Balancing Process the Subchannels Number without Guarantee of Access

Rate (channel bandwidth 10 MHz, number of subscriber stations is 3)

Within research considered the following input data:

e number of subscriber stations is 3 (N=3);

e number of available subchannels is 16 (K =16);
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e access rates required for each station: Rreqi= 1+7 Mbps (step 0.45 Mbps), Rreqz = 2.5 Mbps, Rreqa=
3 Mbps; matrix of bandwidths:
0.3 05 02 09 06 03 04 05 03 05 0209 06 03 04 05

Rin 0507 05 08 01 06 05 03 0507 0508 01 06 05 03|

0.6 03 06 05 03 02 08 01 06 03 06 05 03 02 08 01

As an example, consider the case when the process of balancing the number of subchannels to
subscriber stations makes guaranties for access rate: 2= 1, n = 1,3. In analogy with Fig. 1- 4 on Fig.
11 + 14 it was shown the effect on the process of balancing channel resource use with increasing QoS
demands on the bandwidth, for example, of the first subscriber station. As was shown on Fig. 6-9,
with Rreqr > 4.3 all stations have received a satisfactory quality of service (5 =1), while with further
increase of QoS demands of the first station available network resources are allocated in accordance
with the requirements of the stations to their allocated downlink bandwidth. Increasing the amount of
available for allocation frequency subchannels (8 to 13), while maintaining the same number of
subscriber stations (N= 3), it is possible to achieve almost ideal balancing of the frequency resource

(Fig. 6) which in the limit should be a linear dependence [5,6].

Fig. & Fig. T
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Fig. 10

On the Fig. 10 it was shown an example of solving the problem of subchannels allocation between the
three SSs according to following initial data: ~ Rreqi= 5.05 Mbps, Rreqz = 2.5 Mbps, Rreqs= 3 Mbps
(fig. 6); service discipline for this example is best effort service for all SSs. Within the obtained
solution provided balanced allocation (5 = 0.9333) of sixteen subchannels between three SSs according

to their QoS requirements on bandwidth.

Conclusion

The tasks of ensuring the quality of service in WiMAX networks are very important with
the basic QoS indicator access rate. Depending on the type of provided service the required
access rate can differentiate and, in some cases, even be guaranteed.
Research of proposed model confirmed the adequacy of the model (1)-(5) and effectiveness of
solutions as a whole in terms of providing different types of service level (with and without

guaranties) to subscriber stations. Results showed that in balancing the number of subchannels
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allocated to SSs with a deficit of network resource adaptive reduction of provided level of
quality of service performed dependently on the type of possible guaranties and requirements
regarding the access rate. Furthermore, increasing the amount available for allocation
frequency subchannels (from 8 to 16), while maintaining the same number of subscriber
stations (N = 3), it is possible to achieve almost ideal balancing of the frequency resource which
in the limit should be a linear dependence.
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Abstract
The biometric identification systems are increasingly used because of their advantages in
secure access control and prevention of fraud. Exchanging and storing biometric information
(such as iris images) needs protection against attacks (i.e, theft, deleterious modification ...).
One of the methods that are widely used to protect digital images is image watermarking. This
paper presents an iris image watermarking technigue that can be used to ensure the safety of
the images in addition to data hiding. The proposed watermarking algorithm hides the
watermark and other important information into the iris image without affecting the quality of
the iris region and thus the watermarked image can be used for the recognition and
identification purposes.
Keywords: Biometric watermarking, reversible watermarking, discrete wavelet transform,
histogram shifting.
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1- Introduction

Biometric identification systems are increasingly used nowadays which depend on
collecting the personal traits data and saving that data for authentication purposes. There are
different personal traits such as the features of the face, fingerprint, voice, and iris images [1]-

[4]. The biometric systems provide considerable avail in comparison with the traditional
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authentication techniques, however, protecting the biometric data form unauthorized
modifications is a critical issue. The receiver of the biometric data should guarantee that the
data have been received from an authorized person [5].

Iris-based biometric systems [6] are highly recommended because of their security and
ease of use [7]. storing iris images or exchanging them through unsecured channel such as
internet will increase the threat of modifying the images or stealing the important information
related to these images by unauthorized persons. Therefore, iris images and their related
information should be saved and exchanged in a secure manner. One of the techniques that
have been applied to protect this kind of images is image watermarking.

Image watermarking is a technique used to protect images either by hiding watermarks
(such as text, logo, voice, ...) in the original image or by hiding the original image in a cover
media. A number of watermarking schemes are available to protect iris images such as the
schemes in [5], [7]-[10]. In [5], the iris image has been protected by transforming the image
using discrete cosine transform (DCT) and embedding a demographic text in the DCT
coefficients. The watermark embedding method depends on interchanging three middle band
DCT coefficients pairs. In [7], the iris image template has been extracted using DCT and
converted to a binary code. Another image has been used as host image which is transformed
using discrete wavelet transform (DWT) and the singular values of the DWT coefficients are
modified to carry the binary code. In [8], two iris image watermarking scenarios have been
investigated to study the effect of watermarking on iris image recognition. In the first scenario
the iris template is extracted and embedded in a cover image (i.e., iris watermarks); in the
second scenario the iris image watermarking is applied by embedding owner’s information in
the image. The results of this work proved that the second scenario (i.e., iris image
watermarking) performs better than the first scenario in terms of recognition performance,
however, the watermarking process produce distortion in the watermarked iris image. In [9],
the iris image template has been embedded in a cover face image using watermarking technique
based on parallel-bit stream method. The bits embedding process is performed by applying the
XOR operation between the bit and the pixel value of the image. In [10], the iris image template
has been extracted and the Bose—Chaudhuri-Hocquenghem codes (BCH) have been calculated.
The BCH codes are embedded in the singular values of DCT coefficients for a cover image.
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As explained previously, the watermarking techniques in [5], [7]-[10] are performed
either by calculating the iris templates and using these templates as watermarks or by
watermarking the iris image using owner’s watermarks. These techniques have been
successfully applied to protect iris images, however, they suffer from some limitations. In the
case of using the iris image template as a watermark the recognition process will be affected
especially when the image undergoes some attacks. In the case of watermarking the iris image
the performance is better in terms of recognition but this process will introduce some
distortions in the iris image. Therefore, an iris image watermarking technique that can recover
the original iris image after extracting the embedded watermark is required. This process can
be obtained using reversible image watermarking technique.

This paper presents a reversible iris image watermarking technique that can embed a
watermark and other important information in the image using histogram shifting process of
the discrete wavelet transform coefficients. At the watermark-extraction side, the original iris
image can be recovered without any loss and thus the watermarking process will not produce
distortions in the iris image and therefore will not affect the image recognition process. The
rest of the paper is organized as follows: section 2, presents the proposed technique for iris
image watermarking; section 3, explains the experiments that have been conducted and their
results; and section 4, contains the conclusions.

2- The proposed technique for iris image watermarking

This section contains a demonstration of the proposed watermarking technique for iris
images. The first subsection contains a general description of the proposed technique, the
second subsection contains the details of the watermark embedding and extraction algorithms,
and the third subsection contains the flow charts for the abovementioned algorithms.

2.1 General description of the proposed technique

As explained in section 1, the previous iris image watermarking techniques suffer from
the problem of distortions that are generated in the iris image after the watermark embedding
process which may affect the iris image recognition process and thus may lead to incorrect
recognition. To solve this problem, we suggested the use of reversible (i.e., lossless) image
watermarking technique in order to ensure the integrity of iris image by recovering the original
iris image after the watermark extraction process. To ensure the security while saving and

exchanging iris images and their related information (such as the personal information about
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the owner of the iris image), the information is embedded in the iris image and thus it will not
be a clear text to a reader (only authorized person can extract and read that information).

2.2 The proposed algorithms

The proposed technique for iris image watermarking includes two algorithms that are
the watermark embedding and the watermark extraction algorithms that are explained in the
following subsections.

A) Watermark embedding algorithm

In the watermark embedding process, the secret information (i.e., text watermark with
some other important data) are inserted in iris images to provide security when saving these
images and to ensure the integrity when exchanging them. This process can be summarized in
the following steps.

Step 1: Read the original iris image and the text file of the secret information. The text
file contains a text watermark and some other important data such as the personal information
about the owner of the iris image.

Step 2: Convert the text file to a binary sequence (Bseq) and read the length (i.e., the
total number of bits) of the resulting binary sequence (Lseq).

Step 3: Read the size of the iris image (MxN pixels) and choose the side length of the
image block (Bs).

Step 4: Divide the iris image into non-overlapping blocks of size (BsxBs pixels) and
apply wavelet transform (wname) to obtain the wavelet coefficients. The resultant coefficients
are divided into four subbands (i.e., CA, CH, CV, and CD) as shown in Figure (1).

CA: Approximation Coefficients
CH: Horizontal Coefficients CA | CH
CV: Vertical Coefficients L Bs

CD: Details Coefficients
CVv | CD

|

Bs

Figure (1): Wavelet coefficients for an image block of size (BsxBs).

Step 5: choose the horizontal and vertical subbands (i.e., CH and CV) to carry the binary
bits (Bseq). The binary bit embedding algorithm can be explained as follows:

Input: binary bit (b), horizontal subband (CH), and vertical subband (CV).
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Output: Watermarked CH (WCH), and watermarked CV (WCV).

1. Calculate the average of the coefficients in CH and CV (AvCH, and AvCV).

2. Calculate the differences values (d1= AvCH - AvCV) and (d2= AvCV - AvCH).

3. Set a threshold value (Thr) and shift the histogram of the subbands using the
following rules:
If (d1< Thr) and b=1 then increase CH and decrease CV by the value ((Thr-
d1)/2).
If (d2 < Thr) and b=0 then decrease CH and increase CV by the value ((Thr-
d2)/2).
Else keep the block unchanged.

4. Save dl1 and d2 as side information which are necessary for the extraction
process. The resultant CH and CV subbands after modification process are the
watermarked subbands (WCH and WCV).

Step 6: Replace the original CH and CV subbands with (WCH and WCV) respectively,
then apply inverse wavelet transform to obtain the watermarked block.

Step 7: Repeat the binary bit embedding process until finish the binary sequence
(Bseq).

Step 8: Replace the original blocks with the watermarked blocks to obtain the

watermarked iris image.

B) Watermark extraction algorithm

In the watermark extraction process, the secret information is extracted from the iris
image and the original iris image is recovered to ensure its safety from any distortions and thus
the watermarking process will not affect the iris image recognition. This process can be
summarized in the following steps.

Step 1: Read the watermarked iris image and its side information that have been
generated during the watermark embedding process.

Step 2: Read the size of the watermarked iris image (MxN) and divide the image into
non-overlapping blocks of size (BsxBs pixels).

Step 3: Apply wavelet transform (wname) to obtain the wavelet coefficients (i.e., CA,
WCH, WCV, and CD).
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Step 4: Choose the horizontal and vertical subbands (i.e., WCH and WCV) to extract
the binary bits (Bseq). The binary bit extraction and block recovery algorithm can be explained
as follows:

Input: WCH and WCV.
Output: binary bit (b), recovered block.
1. Calculate the average of the coefficients in WCH and WCV (AvWCH, and
AVWCV).
2. Extract the binary bit and recover the original CH and CV subbands by applying
the following rules:
If (AVWCH > AVWCV) then set the extracted bit (i.e., b=1); decrease WCH and
increase WCV by the value ((Thr-d1)/2).
If (AVWWCH < AvVWCYV) then reset the extracted bit (i.e., b=0); increase WCH
and decrease WCV by the value ((Thr-d2)/2).

Step 5: Replace WCH and WCV with the recovered CH and CV subbands, then apply
inverse wavelet transform to obtain the recovered block.

Step 6: Repeat the binary bit extraction and block recovery procedure until finish
extracting the binary sequence (Bseq).

Step 7: Replace the watermarked blocks with the recovered blocks to obtain the original
iris image.

2.3 Flow charts for the proposed algorithms

The steps of the watermark embedding and extraction algorithms can be summarized
in the flow charts shown in Figures (2) and (3). Figure (2) shows the flow chart for the
watermark embedding process and Figure (3) shows the flow chart for the watermark extraction

process.
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A

Input: iris image (1), text (T), Bs, and
wname

A

/ Convert text (T) to Bseq

Lseq = Length (Bseq)

I

/ M= height (1), N= Width (1)

A

Divide | into blocks of size (Bs * Bs) and apply
wavelet transform for each block

A

For i=1to Lseq
v

—»/ Embed Bseq(i) /

No

End of
Bseq

Yes

Replace the original image blocks with
the watermarked blocks

v

Output: watermarked image & side
information

Figure (2): The proposed watermark embedding algorithm.
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A

Input: Watermarked iris image (WI) &
side info.

.

/ M= height (W1), N= Width (WI) /

A

Divide WI into blocks of size (Bs * Bs) and
apply wavelet transform for each block

A

For i=1to Lseq

4>/ Extract Bseq(i) and recover image block /

No End of
Bseq

Yes

Replace the watermarked image blocks
with the recovered blocks

/ Convert extracted Bseq to text /

Output: embedded text and recovered
iris image

Figure (3): The proposed watermark extraction algorithm.

3- Experiments and Results

This section introduces the experiments that have been conducted to evaluate the
performance of the proposed iris image watermarking technique. Two factors in the proposed
technique are studied to obtain the best performance. The first factor is the wavelet family type

(wname) and the second factor is the size of image block (BsxBs). In these experiments, we
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used ten different iris images from IIT Delhi iris database [11] as shown in Figure (4). A sample
text file (shown in Figure (5)) has been used in the experiments which contains a text watermark
(Al-Rasheed University College) and sample personal information about the owner of the iris

image.

! s Ll 5
R - ST
17

Figure (4): Test iris images [11].

| Text - Notepad - | X

File Edit Format View Help

hl—Rasheed University cCollege
Mame: Ahmed Jabbar

Age: 20 years

Address: Iraqg-Baghdad-Al Mansur st
ID no.: ©88901191

Phone: @79019019

Figure (5): Sample text file.
3.1 Wavelet family type (wname) experiments
In these experiments, 16 different wavelet families have been tested to check their effect
on the following:
1- The extracted binary sequence (Bseq) by calculating the bit error rate (BER). When the
watermark extracted correctly the BER=0.
2- The reversibility of iris images by calculating the images similarity (IR). When the iris
image recovered correctly the IR=1.
3- The visual quality of the watermarked images by calculating the peak signal to noise
ratio (PSNR). The higher the PSNR the better the visual quality of the watermarked iris
image.
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The experiments have been conducted at Bs=8 for the 16 different types of (wname); In
Table (1) and Table (2), samples of the experimental results are presented. Figure (6) shows
the average BER for ten test images at each (wname), Figure (7) shows the average IR for ten
test images at each (wname), and Figure (8) shows the average PSNR for ten test images at
each (wname).

Table (1): Experimental Results for wname= ‘haar’

Iris Image PSNR(dB) IR BER

11.gif 37.84798 1 0

12.gif 38.55284 1 0

13.gif 38.28459 1 0

14.gif 37.81775 1 0

15.gif 37.96416 1 0

16.gif 38.32527 1 0

17.gif 37.91788 1 0

18.gif 36.87863 1 0

19.gif 37.99909 1 0

110.gif 38.95256 1 0

Average 38.05407 1 0

Table (2): Experimental Results for wname= ‘coifl’

Iris Image PSNR(dB) IR BER
11.gif 39.6321886 1 0.031021898
12.gif 39.57092191 1 0.002737226
13.gif 39.50981607 0 0.009124088
14.gif 39.50573964 1 0.026459854
15.gif 39.47032362 0 0.020985401
16.gif 39.4421254 1 0.028284672
17.gif 39.29384924 1 0.048357664
18.gif 39.15950324 1 0.04379562
19.gif 39.65246724 0 0.030109489
110.gif 39.91069863 1 0.006386861
Average 39.51476336 0.7 0.024726277
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wavelet family name

Figure (6): Average BER for test images at different wavelet families

Average IR for different wavelet families

09

Average IR
© o o o o o
w £ [3,] » ~ (=]

e
)

01

1 1 1 1
haar db2 db4 db6 db8 sym2 sym4 symb6 sym8  coift coif2 coif3  dmey bior1.1 bior4.4 bior5.5
wavelet family name

Figure (7): Average IR for test images at different wavelet families
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Figure (8): Average PSNR for test images at different wavelet families

The results proved that the wavelet families ‘haar’ and ‘biorl.1’ obtained the best results
in terms of BER and IR at the cost of lower visual quality in comparison with other wavelet
families.

In the other wavelet families, the watermark cannot be extracted correctly and the image in
some cases is not completely reversible. Therefore, the wname ‘haar’ and ‘bior1.1” are the best
choices for the proposed technique.

3.2 Block size effect experiments

The experiments in this section have been conducted to evaluate the performance of the
proposed technique at different block size (BsxBs). The wname = ‘haar’ and different block
sizes have been applied (i.e., 2x2, 4x4, and 8x8); the results are shown in Table (3), Table (4),
and Table (5), respectively. As illustrated by the experimental results, the best block size for
the proposed technique is 8x8.

Table (3): Experimental Results for block size (2x2)

Iris Image PSNR(dB) IR BER
11.gif 47.4789175257647 0 0
12.gif 48.7654829278841 0 0
13.gif 42.4183265375851 0 0
14.gif 48.674169121663 1 0
15.gif 49.9280875578606 1 0
16.gif 41.8425123892404 1 0
17.gif 42.2970592262592 0 0
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18.gif 44.6881604440366 1 0
19.gif 40.5870813197162 0 0
110.gif 50.5780116360988 0 0

Table (4): Experimental Results for block size (4x4)

Iris Image PSNR(dB) IR BER
11.gif 43.1847469856641 0 0
12.gif 44.3276310317094 0 0
13.gif 41.4362303928099 1 0
14.gif 42.0259764189976 0 0
15.gif 41.7522855754857 1 0
16.gif 41.3632008834701 1 0
17.gif 39.6010505391117 1 0
18.gif 39.8753930119007 0 0
19.gif 39.5720565355737 0 0
110.gif 45.1186379437444 1 0
Table (5): Experimental Results for block size (8x8)
Iris Image PSNR(dB) IR BER
11.gif 37.8479777220166 1 0
12.gif 38.5528358016813 1 0
13.gif 38.284587121697 1 0
14.gif 37.8177501171335 1 0
15.gif 37.9641583254588 1 0
16.gif 38.3252724524041 1 0
17.gif 37.9178767065788 1 0
18.gif 36.8786264574888 1 0
19.gif 37.9990891339057 1 0
110.gif 38.9525564252083 1 0

4- Conclusions

In this paper, a reversible iris image watermarking technique has been presented to
ensure the safety and integrity of iris images when saving and exchanging them. The proposed
technique depends on dividing the image into non-overlapping blocks and transforming the
blocks using discrete wavelet transform. The watermark embedding process depends on
shifting the histogram of the horizontal and vertical subbands of the wavelet coefficients. The

experimental results proved that the wavelet family types ‘haar’ and ‘biorl.1” obtained the best
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results and the best block size is (8x8). Since the iris image can be recovered correctly after the
watermark extraction process, its recognition process will not be affected.
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Abstract:

OSPF is an important internal gateway protocol which used in internet layer of TCP/IP

model and in network layer in OSI model. OSPF is used in application of current networks like
ad hoc wireless and mobile communication systems, in ISP, enterprise networks in schools,
hospitals...etc. it also used in control plane of SDN. OSPF will control on decision of which
have the shortest path of network branches depending on their weights. Principle work of OSPF
protocol determine the shortest path by checking link state of network. Also, principle of this
protocol, it divides the same network into areas (sub networks).
In this paper, OSPF network has one area called (area 0), which has 6- Routers distributed
among cities on Iraq’s map. MATLAB (2017b) and GNS-3 (2.1.3) softwares are used to
calculate theoretical and experimental results respectively. The results proved that the best path
which has the low weights and running time. These results also proved that if the shortest path
is down, it can be used the other link (back up) in the network.

Keywordss: ospf, GNS-3, Matlab, SDN.
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1. Introduction
With the expansion of the existing wireless nets and the emergence of new
applications that require a real time communication with low cost, higher efficiency and less
complexity; routing protocols become one of the most important decisions in the design of

these networks [1].
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OSPF is a dynamic routing protocol. It is a link-state routing protocol and is a part of the interior
gateway protocols group. OSPF keeps track of the complete network topology and all the
routers and connections within that network [2]. Each router will calculate a mathematical data
structure called “shortest path tree“that describes the shortest path to the destination address.
This is where OSPF gets its name, it will try to open the shortest path first [3].

OSPF routing protocol is very important protocol to consider when setting up routing
instructions on the network. As OSPF gives the routers the ability to learn the most optimal
(shortest) paths, it can definitely speed up data transmission from source to destination [4].

Dijkestra algorithm is described as greedy algorithm. It is a graph search algorithm
that solves the single-source shortest path problem [5]. It can also be used for finding weights
of the shortest path, from a single vertex to a single destination vertex. For example, if the
vertices of the graph represent driving distances between pairs of cities connected by a direct
road, dijkestra algorithm can be used to find the shortest path first is widely used in network
routing protocols. Most notably OSPF (open shortest path first) [6].

In this paper, OSPF network has one area called (area 0), which has 6- Routers distributed
among cities on Iraq’s map. MATLAB (2017b) and GNS-3 (2.1.3) softwares are used to
calculate theoretical and experimental results respectively. The results proved that the best and
shortest path which has the low weights and low time complexity. These results also proved
that if the shortest path is down, it can be used the other link as a backup in the network in spite

of it has high weights.

Design of OSPF area network:

OSPF network is designed in some of cities in Iraq. It consists of 6-vertices
(routers) and 6-edges which is connected between the vertices collected in one area called (area
0). The 6-routers are distributed among cities on Iraq’s map. The first single source router begin
from Arbil city which directly connected with neighbor router exists in Baghdad city with
weight of 20. The router of Baghdad connected to two paths with router neighbors exist in
Wasit city by weight of 11 and in Anbar city by weight of 20. The two paths that come from
routers of Wasit and Anbar cities collected in neighbor router exists in Najaf city with weights
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of 21 and 30 respectively. The router of Najaf city is directly connected to a single destination

router of Basrah city with weight of 22.

Design of OSPF area network is shown in figure (1.1);

Fig.(1) OSPF area net in Iraq’s map.

Weight means cost of route path from one path to another in network.

Theoretical analysis and calculations:

Dijkestra algorithm used in calculations to find the shortest path of OSPF area

design network [7,8].
Input: a weighted graph G=(V,E),
when V ; no. of the vertices (routers) in network.

E; no. of the edges (paths) in network.
Output: the path between two given routers s, t that minimizes the total weight (cost).
when s; the source router in network.

t; the destination router of network.
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A graph of network must be connected to calculate the shortest path as shown in the following
table;

Name of paths (vertices) Edges(s,t) weights
Arbil — baghdad (1,2) 20
Baghdad — Wasit (2,4) 11
Baghdad —Anbar (2,3) 20
Wasit — Najaf (4,5) 21
Anbar — Najaf (3,5) 30
Najaf — Basrah (5,6) 22

The shortest path from Arbil to Basrah is come from Baghdad through Wasit to Najaf because
the weight from Arbil to Basrah through Wasit equal to 74, but from Arbil to Basrah through
Anbar equal to 92.
Simulation Results for theoretical calculation:

By using MATLAB software; when OSPF protocol is implemented The OSPF

network for routers of cities in Iraq is drawn as shown in figure (2);

4 Figures - Figure 2
File Edit View Inset Tools Debug Desktop Window Help FIERY
DSHdS | MARKRKOUDEL-2|0B om@ BOBFO

Figure 2

wasit

21

11

-~ »| basrah

najaf | 22

arbil [ERER »-{ baghdad 7

20
30

anbar

Fig (2) Shortest path of OSPF area net.
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The shortest path of OSPF network for routers after implementation is drawn in figure (3);

4] Figures - Figure 2

File Edit View Inset Tools Debug Desktop Window Help

AELE N EER R P AREEEL

Figure 2 |

¥ |2 x

BODB&0O

anbar

Fig.(2) Shortest path of OSPF area net.

A graph of the best path indicates in red color.

The command that used in MATLAB program to find and draw the shortest path is

[dist,path,pred]=graphshortestpath(cm,1,6)

Emulation Results for practical measurements:

To emulate design the network after implementation OSPF protocol, it used GNS-3 software;

The OSPF network ( area 0) for routers of cities in Irag is drawn as shown in figure (4);

. GNS3 - C:\Users\user\Desktop\gns
File Edit View Control Device
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Emulation results show the IP addresses of networks that represent the paths from Arbil router

to Basrah router. IP addresses paths are illustrate in the following table;

Routers Names IP address Weights
R1—R2 Arbil— Baghdad 12.12.12.0 20
R2—R3 Baghdad— Anbar 23.23.23.0 20
R2—R4 Baghdad— Wasit 24.24.24.0 11
R3—R5 Anbar— Najaf 35.35.35.0 30
R4—RS5 Wasit —Najaf 45.45.45.0 21
R5—R6 Najaf— Basrah 56.56.56.0 22

From table; it indicates the following ;
The shortest path comes from (R1-R2), (R2-R4), (R4-R5) to (R5-R6), when the weights are 20
+ 11+ 21 422 =74. 74 is a no. of the total weights for the shortest path.
The total weights for the other path are 20 + 20 + 30 + 22 = 92.
Then; the shortest path has low weights rather than the other path.

If one of edges of the shortest path is down, it can be used the other path which is called a back

up path as shown below

63



2018 /5 /6-5 5 4l dealal) gl S A gl el gl el

Vol: 4 Year: 2018
4 Figures - Figure 4
File Edit View Insert Tools Debug Desktop Window Help
DEdL B ARROVEL- S |0E | o@
7! Figure 2 | Figure3 | Figured
wasit
21
11
20
0
3

22

Figure(6); backup path using ip address.

The running time for the shortest path has 19.02 msec., but the running time of the other path

has 21.87 msec. so the shortest path has low running time compared with the other path.

Theoretically when use (e log v),the running time is

Shown below;
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Figure(7), The running time for the shortest path

The full scanning for the routers in Irag country shows the shortest path between arbil and

basrah as in figure (8);

4] Figures - Figure 1 5 X
File Edit View Insert Tools Debug Desktop Window Help ¥ AX
DEds|h|A809ELA- 30 0@ BODES&O

| Figure1 3|
o o ]

All Shortest Paths for Oscillator Model

70
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130 g

20

Figure(8); the full scanning for routers in Iraq.
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Conclusion:

Theoretical analysis and practical measurements indicate a good results to choose the best
path for Irag network when implementing OSPF protocol. The results show that the best path
from Arbil to Basrah roads through Baghadad ,Wasit and Najaf roads with low weight of 74
compare with the other path that come from Baghdad, Anbar and Najaf roads with weight of
92. The best path has also low running time with 19.02 msec. compare with the other path with
running time of 21.87 msec. one of feature of OSPF protocol, if one of edges in the shortest
path is down, it can be used the other path as a back up in network.

Then, the desired paths of networks which that have low weights and low running time that
make their CPU routers is intensive.
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Abstract

Facilitating the process of learning in real life by employing of available communication
techniques (mostly by internet) is termed as E-learning. With time advance, education of today
developed with more publicity so then, students from remote venues are getting access to their
course of interest even though far once of courses, with such capability of education, students
start searching the interested courses and teaching style as well, that raised a new concern to
be applied into classical methods of educations. Rural and remote regions can be provided with
quality education through E-learning, the same is proposed in this article to connect student
with remote lecturers and tutors effectively.

Keywords: E-learning, Satellite, GSM, Education, 10T, Orbit, CEC, UGC.

Introduction

Learning is defined in [1] as skills and information that leads to facilitate people’s lives and
given by means of study. Furthermore, all knowledge is a mother of skills and it can be gained
by multiple ways such as practical experience or teaching through a knowledgeable person;
that is termed to the classical means of learning. Form the other hand, E-learning may term as
gaining of knowledge in smarter way with more ease of information and knowledge delivery
irrespective of location and time [2]. Many applications are used with E-learning such that:
virtual classrooms, web learning, computer and mobile based leaning; another definition can
be stated which is the information delivery by utilizing digital electronic and communication
technologies such that internet, satellites, CD-ROM and interactive television [3]. All
electronic learning systems (E-learning) are basically constructing of three functional
components such content (things to be taught), service to be delivered to candidates and
technology to be used for ensuring of those services. Students can be provoked for knowledge

gaining by providing all interested education means such that virtual classrooms, quizzes, etc.
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all those facilities can be accessed distantly, the same had been developed when internet and
communication technologies have been developed.

Countries like India, have developed interested contributions in terms of distance education
and electronic learning, EDUSAT is a unique kind satellite which being used for E-learning
purposed and manufactured by ISRO (Indian space research organization) [4]. This satellite is
connecting of large number of instates which are widely involved in electronic learning.
Since electronic learning is facilitating the efforts of its candidates to travel for attending
classical lectures, it is well known as flexible and far less cost. Many advantages are obvious
for this type of education system which are summarized as:

e Cost effective: if we compared the electronic learning with traditional learning, the first
is lesser cost.

e Rapid and speedy: study that given in [5] has proved that, electronic learning is fifty
present faster that classical learning, the study made one student course completion and
feedbacks.

e Gap less communication learning: it reduces the problem of multiple instructors of the
same subject as in here, every instructor is having own study material and own teaching
methods.

e Mobility education: access is more ease and location independent [6].

e Time independent: candidate can join any time and less time constrains are provided
by electronic learning.

e Upgradable: system content can be upgraded easily and quickly.

Students can be grouped together from different locality and share their knowledge and
thoughts through electronic forums and discussion groups within E-learning system, such
concept will help to construct a reliable community of students with portentous outcomes.
Developing process of electronic learning system at any county is strongly dependable on
internet; so as to we have to study the internet users and population of internet in that particular
region of interest. Statistical and published researched shown that internet users and their
population is widely increased by the end of 2012.

For developing of E-learning system at middle-east region, studies shows a good population of

internet users within this area so that efficient system can be built.
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I E-learning system
Indian satellite for education purposes which is designed and used by some large education
institutes like IGNOU and NIOS will be detailed in this section.

1. EDUSAT

This family of satellite was designed on late time of 2014 as first educational server satellite
from its kind in India. The mail agenda of this satellite was to provide a interactive distance
education across the country; this technology is reflected the contribution of Indian space
organization in education and their commitment to deliver education to those bodies on remote
regions hence, they are maximizing the number of learner. [7] is listing the conceptual structure
of this satellite; video and voice from live lectures and offline lectures are now possible to be
broadcasting throughout all parts of country with help of this satellite which is placed in 74
degree east longitude of Geostationary orbit. Table 2 in below is summarizing the technical
specifications of this satellite.

Table 1: EDUSAT design specifications.

Subject Details

Mass to be lifted of | 1920 Kilo gram

Dimensions 2.4x1.65x1.15 (in
meters)

Power supply Solar panels 2044 w

Life of service 84 month

The link budget of this satellite can be listed as below [7]:
e Six upper extended: 37 dB-watt coverage (national) with C-band transponders.
e Five lower bands: 55dB- watt for beam spot coverage which generates isotropic
radiation of power at Ku-band.
e One deacon band: to control the uplink power and gaining as accurate as possible
positioning of ground antenna.
e One lower band: at Ku-bands for national coverage at 50 dB-watt.

Figure 1, is giving the EDUSAT satellite architecture.
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Figure 1: conceptual structure of EDUSAT.
Engineering education facilities are ensured to be delivered by EDUSAT across India, this
setup is essentially helped to connect large number of facilities and students from different
engineering colleges. The task of this satellite is facilitated by Indian space research
organization (ISRO) by allotting a division for EDUSAT in space. At any particular
university, the Grants Commission (UGC) are in turn communicating the subject syllabus
by special band (channel) called consortium educational communication (CEC) [8]. Toper
universities in India are using the services of EDUSAT such as IIT Chennai, IGNOU, IIT
Kharagput and many others.
2. INSAT
This is multi-purpose satellite orbit that owned by Indian space research organization (ISRO),
it is known as Indian national satellite system, main agenda of this satellite is to enhance
communication services and broadcasting including education services. This satellite is
developed jointly DoT, DoS and IRaD; and considered as largest satellite system in pacific
Asia region. Table 3 is listing the series of INSAT which are recently launched and in service.
Table 2: INSAT satellite family.

SN. Version

1 INSAT-2E
2 INSAT-3B
3 INSAT-3A
4 INSAT-3E
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INSAT-3C
GSAT-2
KALPANA-1
EDUSAT
INSAT-4A
10 EDUSAT-1
11 GSAT-12

12 GSAT-8

Services like disaster alerting, weather forecasting are also provided by this satellite; 175
transponders are provided by his system on C band, EX-C band and Ku band making it a
multipurpose satellite. By this more than 9.5 million people are able to watch television
broadcast also satellite mobile services are being provided by the same. As stated in [9],
telemedicine network is also supported by this system which is capable to link data of 160
hospital across the country.

ii. E-learning Case studies

1. IGNOU
As practice of electronic learning systems, Indira Gandhi National Open University is one good
case that deploying an E-learning system. This organization had established around 30 years
ago and serving around two million local students today; from the other hand, students from
thirty countries are also being provided with education from this university. Very large network
of regional centres and study schools are affiliated under this organization; advance learning
methods and effective technologies of distance learning are being used within this university.
In the domain of E-learning systems, IGNOU has started developing the environments for e-
learners as follow:
e PAN AFRICAN Electronic Network and SAKSHAT: are developed by IGNOU as one of
top portals of education.
e Electronic GyanKosh: is national digitized repository.
Those systems are used as platform for live virtual education, library and information by this

university.
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2. NIOS
The national institute of open schooling which is known formerly as NOS national open
schooling is enrolling a 1.6 million student today. This organization is recognized as largest
schooling institute in the world; NIOS was established on early 1979 by central board of
secondary education (SBSE). This organization is declared globally as sustainable learner
school of centric education and training by open learning and distant education as well.
Following are some facts about NIOS:

e Largest open and distance schooling system in the world and in service since 1979 with
2235000 enrolled students since 1990.

e More than 20000 students are enrolling annually in vocational education and more than
250000 are enrolling in other open courses.

e NIOS is getting in touch with their leaner by more than 900 centres of vocational
around the country and in abroad also.

NIOS is drawn essential participation in education development by providing a self-

instructional print of study material, personal contact program supported by CD-ROM,

moreover, practical sessions of training are also provided. NIOS learning programs are
taking place also by help of radio and TV broadcasting.

Proposed system

Employing of satellite communication to create E-learning system can fill up the gap

between urban large infrastructure learning organizations and others rural educational

organization of less or few resource and infrastructure and hence good outcomes from all
prospection could be yielded. The proposed Electronic learning system is comprised of
three main units as in hereafter.

A. Mobile web applications: centralized educational services such as courses, tutorials
and sessions can be accessed by students and teachers as well with help of smart phone
applications of web facilities. These terminals i.e. mobile phones can be used by
professors to login with their own authentication identity and then all of system
services will be possible for them such as posting an assignment, taking the attendance
report or even starting a quiz. Another service such as sending of feedback or results
to the parents by SMS or email can be embedded with this application. From the other

hand, students can login as well with their allotted authentication information and
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participating the work through this application, they can also download any given
materials by their teachers and attending the quizzes online, the mark can be given as
well according the their performance. This system is expected to increase the interest

of students to learn and hence developing the public ability.

Web Application

—~ -
Student Support
Services Computer
o~ ~ Mobile device
Course %onhnts
. Other materials

Eacu Ity ———> StudenJ Student —> Student Student —>Faculty

Figure 2: Mobile web application structure.

The figure above is detailing the structure of mobile applications that based on web
and expected to provide the mentioned services in the above section. Apart from the
mobile unit, user may login into the centralized system by using personal computers
or laptops;

. Channels of communication: it can be wire or wireless means of transmission, channel
is related to the medium that used to share the data between the centralized system and
candidate. Our proposed system is depending basically on educational satellite such as
INSAT so, the channel of interest in our case will be satellite channel that contains of
two beams: the uplink which is used to transmit the data from ground station to the
satellite and downlink to receive the information by any terminal from satellite.

. Ground station: this unit is performing the multimedia broadcasting such as video and

voice; transition of live lectures or recorded once to the satellite in orbits and also
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performing the control signalling to ensure successful delivery of information between
any pair of communication. One point to be considered is that wider coverage is
assured, that can be achieved by using a satellite station with multiple bands to cover
as larger as possible geographical area.

Practical model

P NS
Sattellite To Send T
& Recieve Data
Lecture emd'fother contents q
broadcasted to university -
! Main centre to
i Broadcast the

programmes to
..‘I Universities

f

Figure 3: practical model of proposed system.

Remote Area

Student equipped with
Pz, Laptop, Mohkile etc.

In our model, lectures or any other educational material can be receded or live broadcasted to
the satellite station which is in turn rerouting this information to the registered receivers
(universities) in different coverage regions, those receivers will be applying this material on
the registered website of every college. A web application can be used over smart phone to
access those courses or it can be done directly by web browsers from any terminal computer to
access college website. Concept of interactive classrooms will provide the facilities of remotely
attending of live lectures and communicating with the subject export by means of voice, the
proposed work of us involves a web application with login facility where student, teachers can
be login and the last can remark any student as absent or present, the event activity can be

displayed also of this virtual classroom. Subject expert can send email to any parents.
Conclusion

In this article, we proposed electronic learning system underlying by satellite to improve

education quality and increase the student ability of leaning. Satellite can help to deliver live
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and interactive information for larger geographical areas. Three functional components are

depended in our system; the data is being accessed by web application or personal computers.
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Abstract

In this paper, a general frame work and for approximating solution ofinfinite dimensional linear

quadratic optimal control problem via simegroup approach was presented.

A new algorithm for solving such problems was presented and applied on some examples that

were solved using this new algorithm to reach the approximate solutions.

Keywords: ODE, linear quadratic, simgroup, operator, Banach space, Riccati

Ladal)

alasiuly dell Lagiadl Ay i) dphaal) Bl 3 jhand) Jiloaal JiaW) Jadl Gy i (3 kil a3 sl 12
A 8 Jall J gea sl Jilusal) @l Jad Basas Ge )l o3 Agd o5 5 e 3l 405 48, Hla

1. Introduction

The theory of one parameter semigroups of linear operators on Banach space started earlier,
acquired its core in 1948 with Hille-Yosida generation theorem, and attained its first apex with
the 1957 edition of" semigroups and functional Analysis™ by E.Hille and Philips. In the 1070's
and 1980's, the theory reached a certain state of perfection.
1. Some basic definitions

Definition 1.1 [Pazy, 78]

Let X be a Banach space. A one parameter family S(t):RT - £(x) 0 <t <

of bounded linear operators from X into X is a simegroup of bounded linear operators

on X if

i) S(0) = I, where I denote the Identity operator on X

i) S(t+s) =5(t).S(s) foreveryt,s =0

Furthermore, the linear operator A defined on the domain

D) = {x €X: }:1_1)1(')1 (S(t):_x) exist}

T S(t)x—x
By Ax—ltl_r)r(}(—t ),xED(A)
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is defined to be the infinitesimal generators of semigroup S(t).
Definition 1.2 [Pazy, 78]
Let X be a Banach space, and let S(t) be a bounded operators on X. S(t)
imlIS(@) = Il = 0
Definition 1.3 [ Balakrishnan, 76]
Let H be a Hilbert space. The infinitesimal generator A is called dissipative if R(<
Ax,x >y) <0 forall x € D(A).
2. Infinite Dimensional Linear Quadratic Regulator Problem [ Klaus, 00]
Consider the dynamic system
x = Ayx(t) + Bu(t)
x(0) is given , let H be real Hilbert space
A:D(Ay) € H — H is infinitesimal generators of C,-semigroup S(t) and A, is closed

linear operator with dense domain such that for all x € D(4,).

S(t)—x

Apx = lim
t—-0

S(t): strongly continuous semigroup of operator 4,

B: bounded linear operatorH,, - H, where H,, stand for Hilbert spaces for control input
(space) and u(.) Is an element of L, ((0,T); H,,) .

The optimal control theory (Known as "the linear quadratic regulator problem (LQR)"

is to find w in L,((0, T); H,,) so as minimize the cost functional:

T

T
q(u) = f {< Qz(t),z(t) > +f < u(t),u(t) >} dt
0 0

Q: Linear bounded nonnegative, definite operator for the Hilbert spaceH to itself.

2. Theorem [ Vurgin, 04]
Suppose A, is the infinitesimal generator of strongly continuous simpgroup S(t) over
a Hilbert space H, and suppose r(t) foreach t,0 < t < T, is a linear bounded operator

on H into H strongly continuous in 0 < t < T. Then the equation
% <x(),y >=<x(t), (4o + n(t))'y > ;v €D(4,) x,(0) isgiven
has a unique continuous solution x(t), 0 <t < T and

x(t) = d(t,s)x(t); t=s=0;
3.1 Optimal control problem in infinite time
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In this section we introduce an optimal control problem with infinite time.

Let H and U be Hilbert spaces endowed with inner product <-,->, and <-,-> , respectively

{< U,V >Sy= fab u(x)v(x)dx}

Let Q:H - H and J: U — Ube bounded linear operators with the following properties:
I ) the operator J is a positive defiite operators on U
i) the operator Q is a positive definite operators on H

Consider the following optimal control problem (LQR) :

Find u € L,((0,); U) such that u minimize

S(zo,w) = [, {< Qz(), z(t) >y +<Ju(), u(t) >y}dt

Subject to
= = Aoz(t) + Bu(t) onH

z(0) = z,
Where A, and B are defined.

4 . Computational algorithm for solving infinite dimensional LQR problem.
Step 1 (main problem)
Let H and U be Hilbert spaces endowed with inner product <-->, and <-,->, ,
respectively {< UV > = f; u(x)v(x)dx}
Let Q:H - H and J: U — Ube bounded linear operators with the following properties:
i) the operator J is a positive definite operators on U
ii) the operator Q is a positive definite operator on H
Consider the following optimal control problem (LQR) :

Find u € L,((0,); U) such that u minimize

S(zo,w) = [{< Qz(), 2(8) >y +< Ju(®), u(t) >y}dt

Subject to
dz(t)

= Aypz(t) + Bu(t) onH
z(0) = z,

Where A, and B, Q and Jare defined as follow
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Ao:D(Ay) € H— H , the closed linear operator4, with dense domain infinitesimal
generators of C,-semigroup S(t)
B: bounded linear operator H, —» H where H,, = Lz((O, ©); U)
Step 2 (Generating of semigroup)
Let VV be a subspace of H such that D(4,) SV € H=H*CSV* S D(4,"). Where *
stand for the dual space. Let S(t) be a C, —semigroup defined on Vwith infinitesimal
generator A,.
Step 3 (choosing the finite dimensional subspaces)
Finite dimensional subspace should be selected such that V,, € V*. Since Vy is finite
dimensional, it is span of a finite number of basis functions in V.
Step 3.1 (choosing the finite dimensional operators)

Define suitable operators that approximate A,B,Q and J of main problem, Let
Ay, By, Qy and ], the approximate operatorsto A, B, Q and J respectively can be selected
such that

1. The operator Ay: Vy — Vy generate a C,-semigroup on Vy
2 The operator By: U — V) is bounded.

3. The operator Qy: Vy — Vy is bounded and semidefinite.
4 The operator Jy: U — U is bounded and positive definite.

Step 3.2 (Define the orthogonal projection)
Let Py denote the orthogonal projection asPy: H — V. By restricting the bilinear form
a(.,.) toVy, we have
Apn:Vy — Vy Such that a(x,y) =< Ayx,y >forall nx,y € V.
To define the operators By, Qy and Jy , we utilize the projection operator Py as
By:U — Vy SuchthatBy = PyB.
Qn:Vy — Vy SuchthatQy = PyQ.
Step 3.3 (matrix approximation of linear operators)
One of most important finite approximation is the matrix approximation of suitable

linear operators, be the basis of Vy defined a N X N matrix to be:
[My] = [< b;, b; >H]Iivj=1; Where the notation [, ] is standing of matrix representation,

and <.,.> is standing for a suitable inner product. Notice that [My] is a symmetric
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matrix. The matrix representation for approximate operators Ay, Ay’, By, Qy can be done
as follow:

Find the suitable basis b; ,i = 1, ..., N from the subspaceVy, My-inner product on R" by

ai] 14 €1 ail 14
< , >=[a; - aN][MN]T[ : ] , for all [ : ][ : ] € RV
anl Ly Cn ayl LCn
1. The matrix representation of the operatorA, with respect to the basis vector

{b;}}L, and My-inner product of the matrix [Ay] defined by

] >yen . for al [ ” ]

<AyIE ab, I, gd; > =< [4y]

2. The matrix representation of [Ay]’ is given by
[Ay] = [My]7 [AN]T [My]
3. The matrix representation of the operatorQ, with respect to the basis vector

{b;}IL, and My-inner product of the matrix [Q,] defined by

ai] 14 ai]l 1a
< Qn Xy aib, X ¢dy > =< [QN][ 5 >yxn » forall [ 5 ][ 5 ] € R
anl LCn anl LCn
4. Note that U is finite dimensional. Thus the operator B: U — H is an operator of

finite rank, this implies that there exist vector f; € H,i = 1,---,m such that

Uy

Um

In this case [By] € R™™

The matrix representation of By is the matrix given by

Uuq U 1 U Cq
<By| i |, XJLicib; > =<[By] >uxn  forall : | eRr™, € RN
um um CN um CN

Furthermore

[BN], = [BN]T[MN]
Step 4 (finite approximate of LQR problem)

Consider the above problem whereU = R™. The main problem is then approximated as

follows:
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Find uy € L?((0, ); U) so that

uy Minimizes the following cost functional

S(ZO,N» UN(-)) = f {<Qnzy (@), zy(t) >p +< Jyuy (@), uy(t) >yldt

Subject the following dynamical control system

dzy(t)
dt

zy(0) = Zo,N

Where Ay, By are defined in step 3

:ANZN(t) +BNuN(t) OnH

So in matrix representation in step 3 for our problem we write the matrix linear quadratic

regular problem ([LQRy])
Find [uy (£)] € L?((0, %0); RM) such that [ wy] minimizes

S([ZO,N]: [UN(-)]) = j- {< [Qn][zy (D], 2y () >y, +< Unlluy @], [uy ()] >U}dt
0
Subject to

[dz:ivt(t)] = [An1[zn (O] + [By][un(®)] on RY

Where [Ay], [By], [Qn], [Jn] are defined in step 3.3

Step 5 (finding the algebraic Riccati equation (ARE))

Theorem (4.1) [Gibson, 81]
Consider the above optimal control problem where the operators are satisfying the
following conditions:
The operator ] is positive definite operator on U. The operator Q is positive
semidefinite operator on H. The closed linear operator A, with dense domain is
infinitesimal generators of C,-semigroup S(t) and the operator B is bounded linear
operator. Suppose the semigroup S(t) is exponentially stable. Then there is a
unique control u,(t) minimizing which has the form

up(t) = —B'm(t)zo(t)
Where
(t)zy(t) = fTS(s —t)]zy(s)ds

t

Where z,(t) is the unique continuous solution of
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< 20(8),y > =<2,(0),y > + [, <zo(s), (4o + 1)y > ds, y € D(A}).
7 1S bounded linear operator mapping (r: H — H) and characterized as the unique
solution of
0 =<Qzy>+<mz,Ayy > +< Ayz,my > —< Brz,] B’y >
The Algebraic Riccati equation for the system () is defined as follows
< Qz,y>+<mz,Ayy > +< Agz,my > —< Briz,] !B’y >= 0
<(Q+Ayn + Ay —nB] 'B'm)z,y >=0
But z and y does not equal to zero. Hence
(Q+AyT+mAy—nB] 'B'm) =0
Or Ay'm + mAy — nBJ~'B'm + Q = 0 (this equation called Algebraic Riccati Equation
(ARE)
Then the optimal control is u(t) = —J~'B'mz(t) and hence is a solution of feedback
Zy = Ayzy + Byuy, 0n using the semigroup
z2=Az+ B(—B'nz) = Az —nz
= Az — ftTS(s —t)'Jz(s)ds
On using the theorem (' ) on the system we get the following ARE
Ay'my + tyAy — Ty ByJy'By'ty + Qy = 0
On using the hypotheses of the theorem () (LQRy) is transformed into solving the

following matrix equation
[MN]_l[AN]T[MN][T[N] + [mn][An] — [T[N][BN]UN]_l[BN]T[MN][T[N] +[Qn] =0

Step 6 (finding the Optimal Control operator)

Define the bounded linear operator K: H — U where K defined as K = J~!'B'rw, such
that A, — BK generates an exponentially stable semigroup on H. We get the optimal
control:

u(t) =—J " 1B'nz(t) 0<t<o

If the system ( ) — () satisfy the hypotheses of theorem ( ). The optimal control uy
is defined as

uy(t) = —Kyzy(t) = —Jy'By'myz(t)

The optimal control u = —J~1B’nz can be approximated by
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uy = —Jy'By'mnz = —Kyzy
The optimal control for [(LQRy])is become:
[un (O] = —[Kn]lzy ()] = —Un*1[By]'[my][z(6)]
= —Un'1[Bn]" [My]lmn][mn][2(2)]
Let [Py] = [My][my]
[An][Py] + [Py][An] = [Py][BN]1UN ] [BN]T[Py] + [My][QN] = O
Then the optimal control () can be rewritten as follows
[uy ()] = =[x 1[By]" [Pu][mn][2n ()]
Where [my] = [My]™*[Py]
Convergence of the Riccati and feedback optimal control operator
In this section we provide the frame work for proving of the Riccati ty -
Let H = 12(0,1), V = H2(0,1) and U = R™
Let A,B,Q and ] satisfy the hypotheses in the theorem( 4.1 ) and consider the following
problem (#)

% = Ay(t) + Bu(t) on H

y(0) =yo

Together with associated performance measure

Sou) = [, {< Qy(0), y(1) >y +< Ju(t), u(t) >y}de

Consider the following optimal control problem(#) minimize S(y,, u) over u € L?((0,%); U)
subjectto ( ) ( ). The problem (#) is approximated by a sequence of approximate problem.
Let Vy,N = 1,2,--- be a sequence of finite dimensional subspace of V € H and Pybe the
orthogonal projection operators Py: H — Vy, under the H inner product. Let Sy (t)be the seq. of
C, —semigroup defined on ¥V, with infinitesimal generator Ay € L(Vy) and Sy (t)' denote the
respective adjoint semigroup. Additionally, let By € L(U,Vy) and Q € L(Vy)

The following approximate optimal control problem (#V) has been considered as follows

Consider the problem (#V): minimize the following objective function

g(}’O,N: uN) = fooo{< Qnyn(®), yn (1) >y, +< Jyuy(t), uy(t) >U}dt

Over uy € L?((0,%); U) subject to

DN = Ayyn(®) + Byuy(t)  on H
yn(0) = Pyyo
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We shall say that the function wy € L2((0, ); U) is admissible control for initial state yy (0)
if 3y (yn(0),uy) is finite. Bancks and Kunish theorem (Vurgin) establishes sufficiency for the
convergences of my — m using the following assumptions:-
H1) for each yy(0) € Vy, there exists a control wuy € L?((0,0); U) for (#V), and any
admissible control for (#") derives the state to zero asymptotically.
H2) i) for eachz € H; Sy(t)Pyz — S(t)z, with convergence uniform in t on bounded
subsets on[0, ).

ii) for each z € H; S'y(t)Pyz — S'(t)z, with convergence uniform in t on bounded
subsets on [0, o).

iii) foreachu € U; ByPyu — Bu

and foreachu € U; B'yPyu— B'u

ivyeachz € H; QyPyz — Qz
C1) each z € V' ; the exist an element z € V), such that e(N) — 0 asN — oo.
C2) the pair (4, B) is stabilizable
C3) There exist a bounded operator K: H — U the stabilizes (A4, B). Furthermore, there exist
an integer N, such that for N > N,, the order (Ay, By) is stabilizable by K.
Theorem ( 3 ) (Banks-Kunich) [Banks, 84]
Suppose (H1) and (H2) and (C1)-(C3) holds and suppose that] > 0,Q > 0,Qy > 0. Thenthere
exit an unique Riccati operator = and my associated with (#) and(#") on H and V), respectively

such that if Py denote the orthogonal projection intoVy then

nyPyz = nz VzeH
Sy(®)Pyz - S(t)z Vz€EH
uy(t) - u(t) Vu€eUu

With these statement holding uniformly in t on compact subsets of [0, ). Here, Sy (t) and
S(t) are the semigroup generated by Ay — PyByJ 'By'Pymy and A — BJ71B'm and wu(t)
and uy (t) are the optimal feedback for (#) and(#") respectively and my is positive definite
Riccati operator that solve ARE

A,NT[N + T[NAN - TI:NBN]ﬁlB,NT[N + Q =0
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Now when we construct (LQRy) , then they will be the feedback gains Ky = Jy!B'yPymy
converge toK = J~1B'm , the resulting feedback gain for (LQR), specially we want
IK — KN”L(H,V) -0

Remark
1. nyPyz - nz VzeH
2. Sy(O)Pyz - S(t)z Vz€EH
3. uy(t) = u(t) Vueu
4, Ayz - Az VzEH
5. Ky =K

The approximate optimal control is uy = —Kyzy = —Jy B NIy 2Zy

The approximate optimal solution is

Zy = Ayzy + Byuy ;2(0) = z,

Zy = Ayzy — ByKyzy

zy = (Ay — ByKy)zy

Hence zy — z

and

S(ZO,N'uN(')) - 3(zo, un(-))

Example: simple problem

Let H and U be a Hilbert spaces endowed with inner product <-->5 and <:,->,
respectively. Let Q: H - H and J: U —» U be a bounded linear operator with the following
properties

)] The operator J is a positive definite operator on.

i) The operator Q is a positive semidefinite operator on.

Consider the following optimal control problem(LQR):

Find uy € L?((0,0); U) such that u minimize

S(zoow) = [ {< Qz(D), 2(8) >y +< Ju(®), u(t) >y}dt

Subject to

v(t) U v(t) P
pm W(t)] = [0 ”W(t) g u®
z(0) = z, In H.
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Where A, B, Q and J are defined as follow:

A:D(A) € H — H ; Theclosed linear closed operator A with dense domain is infinitesimal
generator of C,-semigroupS(t).

B:H, - H Bounded linear operator; where H,, instead ofL?((0,);U) where R >
0,u > 0 and p, g are not both zero.

If we define A = [g _RM] and B = [Z] then the linear system can be written as
ol =4[] -7

Wherep #0andg+0 andR>0,u>0

So we use the theorem (3)

Then the positive definite solution = of ARE

Art+nmnA—-nnBB'n+Q =0

Is given by
Pty ul+p? R
_ p? p?
T[(.Ll, p»R) - i Rz_pz
p? 2up?

As R become large, the matrix A become more non normal

Moreover p 221 lim |lm(u,p, R)|| = oo

Thus, the ARE can become ill-condition for large value of R.

However when R — 0 the matrix A become normal (self-adjoint) and when R = 0

RN
_ p?
T[(‘Ll., pl O) - Rz_pz
2up?
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Breast cancer detection using photoacoustic imaging
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Abstract

This work is about a tumor detection using photoacoustic technique, the photoacoustic
wave’s generation and detection in tissue phantom (liver in chicken breast) which used to
represent the real tissue. The one dimensional photoacoustic signal was generated using
Nd:YAG laser, detected using piezoelectric detector and displayed on a storage oscilloscope,
the experimental work is done at Different depth, thickness and the distance to the detector for
several phantoms and different laser energy 250,400 and 500 mJ.

Keyword :Breast cancer, photoacoustic imaging, PA
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Introduction

Medical imaging is very important for medical diagnostics and research. There are so
many medical imaging techniques, and some of them have weaknesses. For instances, x-ray
computerized tomography is limited by the accumulation of ionizing radiation which are
harmful to human body, ultrasound imaging is limited by its poor contrast and pure optical
imaging techniques are unable to effectively visualize the structures several centimeters deep
in the tissue due to the strong scattering of biological tissue etc[1].
A sound or stress wave is produced because of the thermoelastic expansion by absorption of
short EM pulse that is induced by a slight temperature rise, typically in millikelvin range, as a

result PA signal is emitted. The excited PA signal is locally determined by the EM absorption
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and scattering properties, the thermal properties, including the thermal diffusivity, thermal
expansion coefficient, and the elastic properties of the sample [2].

The experimental work using a phantom to simulate a real tissue.

Theory
EM energy in the optical (from visible (400—700 nm) to near-IR (700-1100 nm)) and
RF regions is used for PA excitation in soft tissues because the waves in these regions are

nonionizing, safe for human and can provide the high contrast and enough penetration depths

[1].
Laser/ _b Thermal_’ Acoustic _bUltrasonic N Image
REF pulse sorplion expansion waves detection formation

Figl: Schematic illustration of PA imaging.

The optical absorption in biological tissues can be due to endogenous molecules such as Hb or
melanin, or exogenously delivered contrast agents (exogenous Hb, for example). Blood usually
has orders of magnitude larger absorption than surrounding tissues, so there is sufficient
endogenous contrast for PA imaging to visualize blood vessels, for imaging in vivo
subcutaneous vasculature (the arrangement or the distribution of blood vessels in an organ or
body part) in small animals and human, monitoring tumor or cancer, mapping blood
oxygenation, imaging functional brain, detecting skin melanoma (a malignant tumor of
melanocytes which are found in skin, also in the bowel and the eye), monitoring of vascular

damage during tumor photodynamic therapy [1].

Laser Tissue Interaction

When the laser light strikes a tissue surface, it can be reflected and refracted, scattered,
absorbed or transmitted. The fractional intensity that goes into these different processes
depends on the optical properties of the tissue like it is reflectivity, scattering and absorption
coefficients, particle size, as well as the laser parameters like wavelength, energy, pulse

duration, operation mode and output spectral profile [3].
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Laser-Tissue Interactions

I/Refecion

Tissue heot

Absorption . photochemistry
Y 3. photoablation
photodisruphon
AN ("bond breaking")
_."' 6. Plasma fluorescence or
formation phosphorescence
Transmission ionization

Scotter

Fig2: Laser-tissue interaction [4].

Two laws are frequently applied; they describe the effect of either the thickness or
concentration on absorption, respectively. They are commonly Lambert's law and Beer's law

(Beer-Lambert's law) and are expressed by:

Iy = lex p(—pq2) 1)
Iz = I exp(—kcz) (2)

Where, z is the optical axis, I is the intensity at a distance z, | is the incident intensity, u, is
the absorption coefficient of medium, c is the concentration of the absorbing agent and k

depends on the internal parameter other than concentration.

Photoacoustic Tissue Interaction

EM-pulse excited pressure acts as an acoustic source and initiates further acoustic wave
propagation in three-dimensional (3D) space. In the low-megahertz frequency range,
ultrasound in soft tissues has the properties of low scattering and deep penetration. The total
attenuation results from the combined losses due to both absorption and scattering, while the

scatter component accounts for about 10%-15% of the total attenuation. The attenuation of all
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tissues is temperature and frequency dependent. The frequency dependency of ultrasonic
attenuation can be represented by the expression p =afb, where p is the ultrasonic attenuation
coefficient, a and b are constants, and f is the frequency of ultrasound. A mean value of
ultrasound attenuation equals ~0.6 dB cm—1 MHz—1 for soft tissues [2].
Acoustic Impedance is the resistance to travel that a sound beam encounters as it passes through
a medium, such as human tissue. Just as velocity is dependent on density, so is acoustic
impedance. The acoustic impedance is directly proportional to tissue density.

In human soft tissue, acoustic impedance is defined as the product of the density and
velocity.
Z=pV @)
Where Z: acoustic impedance, p: density of medium, V: velocity of sound. Slight difference
in acoustic impedance between two tissues create an interface that will cause a portion of the
ultrasound wave to be reflected [5].
This report is concerned with the thermoelestic production of sound in an optically absorbing
medium. Is essence, thermoelestic sound is produced by the transient heating of a restricted
volume by light energy. This condition is referred to as "stress confinement™ and it requires
that the optical irradiance, often done with a laser, occurs over a very short amount of time.
More specifically, the laser pulse duration must be less than the amount of time needed for
acoustic energy to propagate out of the area of absorption.
If the condition for stress confinement is met, and if the fluid is stationary with isotropic
acoustic properties, the wave equation for acoustic pressure,
P, generated within the laser-irradiated volume is [6]:

vrern ) - =2 perey =L Lo @
Ty v2 0t? Ty _cpat T

Where H(r,t) is the heating function defied as the thermal energy deposited by the EM radiation
per time per volume (v-the speed of sound, f is the isobaric volume expansion coefficient, and
¢, Is the specific heat capacity). In general P and H depend on the positive r=(x,y,z) and time
t.

Instantaneous laser irradiation (denoted by the impulse function, §(t), the heating function can
be modeled as:

H(r,t) = H(r) 6(¢) (%)
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Where: H(r) is the volumetric heat density, 6(t) is optical absorption depths.

Experimental work

The work will done using Q-Switch Nd-YAG laser consists of many parts and systems
such as: light route system, power supply, control system and cooling system. The light route
system is installed into the hand piece, while the other systems are installed into the machine
box of power supply. Nd:YAG laser with power supply, control panel and hand piece are
shown in figure 3.
This type of laser is used in medical applications for removing eyebrow and tattoos as is can
penetrate into deep layers of the skin with wavelength 1064 nm, so it is easily absorbed by
blue, black and green color pigment; therefore, it is very suitable to treat the pigment disease
in the dermal layer.
While for wavelength 532 nm it can penetrate into superficial layers of the skin; therefore, it is
very easily absorbed by the brown, red and deep-brown color pigment. For example,
eliminating freckles, pigment spots and other light-color tattoos. Technical Specifications of a
Q-Switched Nd:YAG laser are illustrated in table 1 [7].
Table 1: Nd:YAG laser Technical Specifications

Laser type Q switch Nd: YAG laser
Laser wavelength 1064nm/ 532nm
Maximum pulse
1000 mJ
energy
Pulse width 10 ns
Frequency 1-6 Hz
Display Button Control Screen
) Inner loop water cooling circuit with air cooled external heat
Cooling method
exchanger
Power supply AC220V/5A/ 50Hz
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Fig3: Nd:YAG laser
Piezoelectric detector (LDT1-028K) can be used for detecting physical phenomena such as
vibration or impact, so that it was chosen for detecting the photoacoustic wave which was
resulted from Nd:YAG laser after passing through the phantom. The piezo film element is
laminated by a sheet of polyester (Mylar), and produces a useable electrical signal output when
forces are applied to the sensing area. The dual wire lead attached to the sensor allows a circuit

or monitoring device to process the signal as shown in figure 4 [8].

Fig 4: Piezoelectric Sensor (LDT1-028K) with lead attachment.

The Phantom
To demonstrate the ability of the photoacoustic imaging and provide one dimensional

measurements of the object, several phantoms have been prepared of well-defined absorption
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structure. A sandwich of chicken breast (test sample simulating normal tissue) and piece of

liver (test sample simulating blood vessel or tumor).

The liver was embedded within the chicken breast with different thicknesses and depths as

listed in table 2.

Table 2: Different depth, thickness and the distance to the detector for several phantoms

Phantom Depth Thickness Distance to
(cm) (cm) detector (cm)
No.1l 0.2 0.3 0.8
No.2 1 0.4 1.2
No.3 0.5 0.65 0.8
No.4 0.8 0.8 0.3
No.5 0.7 0.9 1.1
No.6 0.8 1.3 0.6

The distance between the phantom and the detector was varied with changing the thickness and

the depth of the liver. The phantom which is used in the present work is shown in figure 5.

Figure 5: Phantom with liver inside it.
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Storage Oscilloscope
Storage oscilloscope type PDS5022S (Portable Color Digital Storage Oscilloscope) has

been used in this experiment to save the signal detected from the piezoelectric detector.

Photoacoustic Experimental Arrangement

In this arrangement, Nd: Y AG laser with wavelength 1064 nm and different energies of
250, 400 and 500mJ was used to provide a photoacoustic wave which is consisted when the
laser radiation is incident perpendicular to the bulk phantom and detector. The generated wave
was detected using piezoelectric detector and the signal was displayed on the screen of the
storage oscilloscope
3 Experimental Results

This part presents the experimental results of the phantom shown in table 2 signals
collected from the PA experiments performed on the phantoms explained in chapter3. These
signals are time-domain voltage amplitude detected by the piezoelectric transducer that
represents the acoustic pressure waves induced by the phantom.
Figure 6, 7 and 8 show a photoacoustic voltage signal with time of phantom no.1 which has
0.2 cm depth of target, 0.3 cm thickness of target and 0.8 cm distance to the detector at 500,
400 and 250mJ pulse energy respectively.

The peak amplitude of positive photoacoustic signal is 180mV, 150mV and 110mV

respectively, the thickness measured from the signal is 0.4125 cm, 0.45cm and 0.4875cm.

—— —

Fig 6: Voltage waveform resulting experimentally at 500mJ pulse energy of phantom no.1.
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Fig 8: Voltage waveform resulting experimentally at 250mJ pulse energy of phantom no.1.
Figure 9, 10 and 11 show a photoacoustic voltage signal with time of phantom no.2 which
has 1 cm depth of target, 0.4 cm thickness of target and 1.2 cm distance to the detector at 500,
400 and 250mJ pulse energy respectively.

The peak amplitude of positive photoacoustic signal is 200mV, 170mV and 160mV
respectively, the thickness measured from the signal is 0.4875 cm and 0.56¢cm.
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Fig 9: Voltage waveform resulting experimentally at 500mJ pulse energy of phantom no.2.

Fig 10: Voltage waveform resulting experimentally at 400mJ pulse energy.
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Fig 11: Voltage waveform resulting experimentally at 250mJ pulse energy.

Figure 12, 13 and 14 show a photoacoustic voltage signal with time of phantom no.3 which
has 0.5 cm depth of target, 0.65 cm diameter of target and 0.8 cm distance to the detector at

500, 400 and 250mJ pulse energy respectively.

The peak amplitude of positive photoacoustic signal is 200mV, 110mV and 90mV respectively,

the thickness measured from the signal is 0.45 cm, 0.675cm and 0.45cm.
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Fig 12: Voltage waveform resulting experimentally at 500mJ pulse energy.

Fig 13: Voltage waveform resulting experimentally at 400mJ pulse energy.
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Fig 13: Voltage waveform resulting experimentally at 250mJ pulse energy.

Figure 14, 15 and 16 show a photoacoustic voltage signal with time of phantom no.4 which
has 0.8 cm depth of target, 0.8 cm thickness of target and 0.3 cm distance to the detector at

500, 400 and 250mJ pulse energy respectively.

The peak amplitude of positive photoacoustic signal is 120mV, 90mV and 70mV respectively,

the thickness measured from the signal is 0.675 cm, 0.405cm and 0.45cm.

100



Year: 2018

Fig 14: Voltage waveform resulting experimentally at 500mJ pulse energy.

Fig 15: Voltage waveform resulting experimentally at 400mJ pulse energy.
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Fig 16: Voltage waveform resulting experimentally at 250mJ pulse energy.

Figure 17 and 18 shows a photoacoustic voltage signal with time of phantom no.5 which has
0.7cm depth of target, 0.9 cm diameter of target and 1.1 cm distance to the detector at 500 and

400mJ pulse energy respectively.

The peak amplitude of positive photoacoustic signal is 250mV and 180mV respectively, the

thickness measured from the signal is 0.375 cm and 0.4125cm.
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Figl7: Voltage waveform resulting experimentally at 500mJ pulse energy.

Figl18: Voltage waveform resulting experimentally at 400mJ pulse energy.

Figures 19, 20 and 21 show a photoacoustic voltage signal with time of phantom no.6 which
has 0.8 cm depth of target, 1.3 cm thickness of target and 0.6 cm distance to the detector at

500, 400 and 250mJ pulse energy respectively.
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The peak amplitude of positive photoacoustic signal is 170mV, 140mV and 120mV

respectively, the thickness measured from the signal is 0.5625 cm, 0.5625cm and 0.525cm.

—————

Fig 19: Voltage waveform resulting experimentally at 500 mJ pulse energy.

———— TR

Fig 20: Voltage waveform resulting experimentally at 400mJ pulse energy.
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Fig 21: Voltage waveform resulting experimentally at 250mJ pulse energy.

The amplitude of photoacoustic signal is linearly proportional to the laser pulse energy so the
amplitude of signal has reduced when the pulse energy has decreased as shown in the results
above.

The positive peak of the experimental results represents the absorption properties of the target
and its amplitude is much larger than the negative peak which represents the acoustic wave
generated from a short laser pulse which is must be shorter than the stress confinement time.
The second small positive peak in the figures represents reflection of acoustic wave by the
walls of sample and it can be considered as noise. There are many noise sources which may
affect the photoacoustic signal, the vibration of Nd:YAG laser, the noise from a digital
oscilloscope and the noise comes from the coupling of the wire between the piezoelectric
detector and the oscilloscope.

The photoacoustic signal amplitude as a function of depth can be used to measure the light
attenuation, the effective attenuation coefficient of chicken breast tissue was fitted to 1.2 cm™
based on Beer-Lambert's law. This light attenuation in chicken breast muscle is similar to that

in some human tissues.
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A long wavelength allows light to penetrate deeply with less attenuation, but it is not absorbed
as great a degree as light with a shorter wavelength.

Conclusions

The acoustic signal in the experimental results has a larger amplitude for the positive
peaks than the negative peaks. The time between the maximum positive peak and minimum
negative peak is measured as the one-dimensional size of the liver piece. No consistent
correlation has been done between the actual thickness and the measured from the experiment
results for many reasons as that could be related to use a slab sample not a spherical one which
is difficult to build and coupling in the breast chicken tissue, the coupling of the liver piece
with the surrounding tissue, the coupling of the piezoelectric detector with the phantom, noise
from the surrounding tissue (breast chicken) and other noise from laser, detector and

oscilloscope.
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Abstract

In the Mechanical Engineering Department / University of Technology, it was completed
the final preparations and procedures for teaching, evaluation and examination without the use
of any paper either in the lectures or in the exams for CAD and CAE using the SolidWorks and
ANSYS programs for the third and fourth stages respectively. This type of learning was called
Paperless Learning. The computer is only used in teaching and evaluation of students and
conducting all the term and final exams for the purpose of involving the student in the
application of the material interactively and thus applying the theoretical material practically
on the computer, which enables the student to complete the simulation to solve all engineering
issues using the computer. The results show that students have shown interest in these
materials. The use of the paperless learning method enables students to develop professional
skills in computer design and engineering software, as well as enhance their capabilities in
other programs and computers to suit the requirements of the labor market. This method can
be applied to any other material that contains programming or computer use such as computer

engineering, science or any computer-aided material.
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1. Introduction

Technology has become an important educational tool, and the competition among
technology companies to provide advanced materials and learning devices has assisted
university professors and lecturers in enhancing the educational process. To date, the world is
undergoing enormous changes in various fields, including in education in which the
conventional methods of learning and teaching are going through a transitional stage. For
example, the US, the UK, and several European countries have already made huge
advancements in the field of e-learning [1]. Several educational institutions in the Middle East,
such as Isra University, Petra University, and Hashimate University in Jordan, are also offering
e-learning classes [2]. Evidently, many calls have been made to pursue learning without using
papers and without the actual presence of teachers and physical libraries. Consequently, these
calls make us rethink about the teaching methods which use, as well as enriching these
methods, by using novel and beneficial resources for a promising and improved learning
process. This endeavor may result in immense developments and benefits for learners, as well
as the environment by reducing the use of papers (thereby preventing deforestation) [3].
Evidently, the ease of using computers and printers in printing various types of documents has
resulted in the massive use of paper. Thus, creating a paperless environment requires electronic
documentation through a word processing document or a digital image, and submitting or
uploading it directly either in its original form or in the previously printed form [4]. Meanwhile,
education development is one of the important goals of developed countries [1] with a
particular focus on developing a well-educated generation. Thus, these countries utilize their
human and financial resources in prioritizing and pursuing human development through high-
quality education. Consequently, achieving high standards in education necessitates altering
the conventional learning process through interactive, learning-based methods using personal

computers (PCs) or tablets [5, 6]. At the University of Technology, a novel paperless learning
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(PLL) method is introduced to replace the conventional method of learning. The PLL method
is applied successfully in the CAD and CAE classes of third and fourth year students,

respectively.

2. Reasons

Through teaching more than one subject during the past 20 years, it was noticed that the
level of the student began to decrease and their interest in the curricula materials decreased and
their understanding of the scientific subjects became weak and did not rise to the required level
because of many things including the general situation of the country and the abnormal
conditions that passed in Iraq as well as some old teaching methods, education, training or
learning, which are incompatible with the great scientific development that has occurred in the
basic education sectors and university education. Thus, it has noticed that the level of student
understanding, the extent of its application and its efficiency in the use of computer, software
and computer aided engineering materials has become very low. Therefore the group - a group
of professors - and with the help of the department and the university to develop a five-year
plan to modify the curricula in these materials as well as the mechanism and methods of
learning and the preparation of new lectures in line with the global evolution of these materials
and arranged a lot of logistics to achieve this purpose that is increasing the interest of the
student to study more and give the scientific material to him better and create the appropriate

atmosphere for him to create again.

3. Details of the Method
The details of paperless learning are explained as follows:

1- The staff of teachers is fixed for each material and decide by the senior of the material at
a rate of one for every eight students to answer questions and queries of students and
training them to use engineering programs. As teaching these materials using computers
requires more than one teacher of the division because the teaching of CAD and CAE
requires the involvement of a group of teachers to provide the opportunity to answer
questions to students equally based on the total number of students in the division, ensuring
the access of the information and knowledge to all students at an equal time depending on

the type of lecture delivered, whether class or tutorial or quiz, etc., as well as their
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discussion in assignments and projects and give them grades and evaluation in each
lecture. Where the teacher of the material presents the lecture on the smart board using the
computer or (tablet) and then answer the questions of students and discussed with the help
of staff of professors with specialization where the distribution of students in the form of
groups and each group of students have one professor.

The duties of each teacher are determined in advance. The senior will give the lecture in
the first half hour of the lecture. All the teachers in the next hour will answer the students'
questions and solve all the problems in their weekly classroom duties or computer
problems related to the various programs used by the student during the course -
SolidWorks, ANSYS, image or text files browsing programs - or problems in the hardware
of the computers. The last half hour of the lecture is intended to receive the weekly
homework and evaluate it on the computer and give the degree at same time after
reviewing the files and date, as the student is documenting everything that was done on
the computer in a manner of film recorded all the steps of the exercise and save in a movie
file to eliminate the cheating phenomenon and cloning duties among students.

The duties of teaching staff are not limited to answer and discuss students only but include
modification and correction of the program or project presented by the student, whether
H.W. or seminar or project interactively on the computer to solve the problems faced by
the student during his/her work and assess his/her performance.

Communicate through the media of social communication -Facebook-: The notifications
and updates on the grades, absences and quick answer to the inquiries of students in their
homes are completing their duties or preparation for the next lecture will be on Facebook
where the staff of the department open a special account of these two materials, it is similar
to that in the western universities of the Black Board.

Each student saves the homework and classwork on his/her computer in the laboratory,
which has its number in the list of attendance list, on the hard disk (D) in a folder bearing
the number and the name of the student and be within the folder of the stage and
specialization and the division in English, and this is the context in the quiz and
examination too.

Homework & Classwork, called laboratory activity, is collected and divided on the number

of duties and delivered every week. The delay is not accepted except with a formal excuse.
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Without an excuse, the compensated duty is assessed from 50% instead of 100%. It has an
additional duty set by the supervising professor and is usually from previous years'
questions or chooses duties specially prepared for the late ones.

7- Students are taught how to use the computer screen by dividing it into more than one
window, starting with two main windows one for the main program and one for the
homework or text file. The student uses one of these two windows to insert the picture of
the lecture or exam question (instead of the paper) at the same time, the question is solved
using the second window of the program on the same screen. A large number of windows
can be used if the question or exercise contains many parts, such as a 10-part machine.

8- Exams and sudden examinations (quizzes) are done in the same context for continuous
evaluation and the final exam is done on computers only, and in the case of secret exam,
student saves solution files which include design and drawing files or design, drawing and
simulation files, in the same form of duties and in the same method of saving except that
the student information (name and division. etc.) can only be on the main folder without
the subfolders and save the name of the Project or Exam sub files. Where the examination
committee save these answers and copping it from computers to external hard and then the
members of the examination committee give a code for each student and change the name
of the main folder and then give these confidential answers to the professors of the material
to check the answers and deliver grades to the committee again and then members
examination committee return to the secret code and restore the student's degree.

9- The grades are presented on the Facebook site of the two materials. The objections are
received on the grade and the students' observations and the objections on the grade are
recorded. The senior study the solution and the degree immediately after the exams and at
the end of the first lecture after the exam - in the case of the exam is not secret - or after
handing over the files of the objectors by examinations committee after exams - in case of
secret exam.

10- It is customary to grades and assessment of classwork or homework or projects putted by
the teacher to the student and be final, but one thing unique to this updated method also is
that the student puts the degree for himself/herself and all according to his/her effort. In
the event that the student wishes to obtain a high degree and did not receive it because of

the delay in the delivery of the duty or absence without a legitimate excuse or handing us
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a duty containing shortages or was unable to answer the questions of teaching staff fully
or for other reasons, he can improve or maximize the degree by donning additional one
or more duty at any time or during the holidays to improve the degree and this opportunity
will be granted to all students within the conditions determined by the teaching staff. In
this way it is easy to ensure that the student does not waste his/her extra time or repeated
holidays, but rather learns and improves himself in the use of programs and improve
his/her grades. And there are many exercises and duties prepared for this purpose in
advance and be more difficult than the original duty - as mentioned - and the degree to be
a few for each additional exercise in order to depend on the student to deliver duties
(classwork/homework) or understand the material on time, and that delay or compelling
reason is an exceptional circumstance and not a general case.

11- For the final projects of both materials, the student chooses between taking one or more of
the projects that are presented - in the first lecture at the beginning of the year - and be
from global sites in these disciplines or to search for a project in which a more complex
engineering problem on the internet to ensure that the degree is higher in evaluation or
devising a problem and finding solutions to it. In these projects, the group encourage
students to solve more realistic issues whose subjects are the same engineering subjects
taught by students (mechanics, materials, fluids, heat transfer, vibrations, etc.) and they
think about them and find solutions, thus stimulating the student to search for information
and harness to solve the problem by retrieving all the information gained during his/her

study.

4. Results and Discussion

1- Some of the most important results are that the students have shown their interest and
passion in these subjects and some of them are coming to the teaching staff and ask them
to give the subject of the forth year so they can solve the duties and learn the material for
the coming year in the summer vacation. It have also noticed a remarkable improvement
in the level of students and their understanding of many things and topics as they not only
study them but apply them and research in the details that increase their capabilities and

thus review and see the results of science and the work of animation for engineering cases
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are closer to understanding and more entrenched in the imagination of the student form
listening or paper solution of equations.

The staff develop the lectures always according to what was obtained and observed during
the previous year or the reactions of students (feedback) and thus the curriculum is a
constant development even during the one year to accommodate the development of these
materials in the developed western universities.

Things that have also been observed for this type of teaching - through our experience as
teachers and teaching more than a material - that the control of teaching on the lecture is
much easier and that students rioters - if they find - cannot talk about things that do not
belong to the lecture or do not pay attention to teaching or lecture or preoccupied with
other things do not belong to the material, because any busyness for the student, even for
a limited seconds causes him to lose certain information or important step and this in turn
reduces the performance and thus the degree of classwork. It has find that the students are
very integrated with the lecture and for the whole two hours and this fact did not find
previously and even some students pre-teaching to solve some things and this confirms
that students are studying the material before entering the new lecture because the group
give students all the lectures at the beginning of the academic year.

The results obtained also that students learn to use the computer and solve problems
(Hardware & Software) better than they were in the past because of the need to install and
use the computer and its general and engineering programs.

Most students deliver tasks and projects quickly and ahead of time due to them because
the project that delivers quickly is a higher degree, and even some students began to pursue
the staff of the subjects in the squares and corridors and during their exit after the end of
working hours to ask to solve some of the problems facing them in the design and
simulation engineering issues, some of which are somewhat complex and above the level
of primary studies students, but insist on delivering such projects to ensure a high degree.
Also, one of the important results that the students cannot cheat even one of them looked
at the computer of the other for many logical reasons, including: the different scientific
possibilities of students and their thinking where to start and any part of the system and

any orders and any view begin drawing and design and simulation, speed of use the
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computer , mouse, keyboard and even the speed of computers to execute different
commands because the computers are slightly different from each other and so on.
Figures (1) and (2) show some of the work of the students in the use of software design
using computer and computer programming as a final project image without mentioning
the exact scientific details or parts constituent of these systems and projects. Figure (1)
shows the student outputs in CAD software (SolidWorks). Figure (2) shows the student
outputs in CAE software (ANSYS Workbench).
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Figure (2) student outputs in CAE software (ANSYS Workbench).

5. Student survey
The following table and chart present a student questionnaire assessment that lists
students’ answers as percentages (yes, neutral, and no) of selected evaluation elements for
a random sample. The survey shows that students tend to be positive in evaluating
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materials and professors and understand lectures greatly and are disciplined to a large
extent during the lecture.

Table (1): The views of the mechanical engineering student's questionnaire on the

curriculum and teaching methods in CAD.

Yes Neutral No
No. Item
% % %
The student is provided with a class
1. syllabus (content, goals, references, and | 100 0 0
grade distribution).
The materials are beneficial and
2 94 6 0

meaningful.

The professor attends the lectures during

the specified lecture time.

The professor marks the absent students

for each class.

The professor encourages the students to
5. practice college traditions and directs them | 78 18 4

to engage in various activities.

The professor has various scientific

approaches in evaluating the students.

The professor has the ability to manage
7. the class and encourage students to learn the | 88 4 8

practical side of the scientific materials.

The  students can  substantially

understand the scientific materials.

The content of the class materials is

acceptable.

Practical applications and follow-ups are
10. ] _ 84 16 0
connected with the class materials.

116



/:.‘»‘:«-:;"1\ 5 # il g
2018/5/6-5 5 il dnalall gl S 201 gl palel] gl ety ' \g
Bl P

\

Vol: 4 Year: 2018 el 15

The lectures start and end according to
11. ) 88 12 0
the academic calendar.

The professor provides illustrative
12. ) ) 84 12 4
examples during the lecture sessions.

The professor’s voice can be heard and
13. | 66 20 14
clear.

The teaching language wused is
14. 82 18 0
understandable.

Students are following up with the
15. 72 28 0
professor.

The professor agrees to meet students
16. _ _ 80 20 0
outside the lecture time.

The professor assigns homework and
17. ) ) 80 16 4
tests outside the lecture time.

The professor returns homework and
18. ) 72 12 16
tests to students after grading them.

The professor compensates for missed
19. _ _ 72 18 10
lectures in case of his/her absences.

The professor uses a variety of teaching
20. methods to deliver the scientific materials to | 60 30 10

the students.

Textbooks and references are available in

21. 56 24 20
the library.
References are available outside the
22. ) 64 20 16
library.

The students use the library to read
23. 44 12 44
lecture references.

The students use the library to read the
24. 52 20 28
material thumbnails only.

The class professor is highly qualified to
25. ) ) 74 26 0
teach this subject.
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The professor is committed to teaching
26. _ 96 4 0
the class subject.

The professor has acceptable and positive
27. personality, decent looking, and cooperate | 92 8 0
with others.

The professor exudes honesty and
28. ) o 94 6 0
integrity inside the campus.

CAE

20
10
i i i i - iea -x' . : : B :

Figure (3) The views of the mechanical engineering students' questionnaire on the curricula

and methods of teaching in CAE.

6. Conclusions
The following are the main conclusions drawn from this novel approach:
1- Students showed interest in materials that are of a distinctive nature and also the procedures
that followed.
2- Using the paperless learning method enables students to develop professional skills in

computer design and engineering software, as well as enhance their capabilities in other
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programs and computers to suit the requirements of the labor market. It has been noted that
companies and the labor market need students who are proficient in computers, and simulation,
and this has made it clear to some students after graduation that the preference to appoint
graduates who are good at computer and design.

3- This method can be applied to any other materials that contain programming or computer
use such as computer engineering, science or any computer-aided material.

4- Students learn how to connect many scientific topics interactively.

5- In the survey, students tend to be positive in the evaluation of materials and teachers, as this
behavior was not observed in other material as far as it knows.
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Design an Acceleration Fuzzy Logic Controller (AFLC) for Speed DC

Servo Motor

Assist. Prof. Muna Hadi Saleh
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Abstract:

Fuzzy logic is well suited to the control of non-linear, time varying and /or any system
for which it is difficult to obtain an exact mathematical model. To design a good fuzzy
controller, through understanding of the desired process behavior is required. Many papers
have designed fuzzy algorithm by using the deviation from the set point and its rate of change.
In this research the variables can be replaced to a change in rate change in error term (CCE)
and the effect of acceleration on the system performance has been considered. The quantitative
and qualitative study of Acceleration Fuzzy Logic Controller (AFLC) is made. The result
showed there is an efficient method for speed control of a separately excited D.C motor by

using this new controller.

Keywords: Generalized Modus Ponens, Acceleration Fuzzy Logic Controller (AFLC), DC

Servo motor.
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1. Introduction

Modern control theory has success in area where the system is well defined, but it has
failed to cope with the practicalities of many industrial process despite the development of the
huge body of mathematical knowledge technique from the field of artificial intelligent may be
usefully employed to control a complex, non-linear dynamic plant. Although such plants may
be difficult to control manually, it may be possible to control them by means of a suitable
heuristic program. The effectiveness of such programs has been demonstrated in chess playing
and theorem proving etc. These programs may be very complex and hence difficult to
construct, and may also take a long time to evaluate decisions. Thus, they have not often been
applied to control algorithmic plant [1].

Although in theory it should be possible to do so. Fuzzy control algorithm is used to
implement linguistically expressed heuristic control policy directly to automating those
processes which are complex and poorly-defined where modeling difficulties and lack of
suitable measurements, non-linear process. The problem of control and decision-making in
fuzzy environment presents one of the most fundamental and challenging issues measure-our
in ability to design and analysis of man-machine systems, [2].

In a large measurer to design such machines systems from a fundamental difference
between human intelligence on the one hand, and machine intelligence on the other. The
difference lies in the ability of the human brain-inability which present day digital computers
do not possess to think and reason in imprecise, non quantitative, fuzzy terms. It is this ability
that makes it possible for humans to decipher sloppy hand writing understand distorted speech,
and focus on that information which is relevant to decision [3, 4].

It is the lack of this ability that makes even the most sophisticated large scale computers
incapable of communicating with humans in natural-rather than artificially-constructed-
languages. The first implementation of a rule-based controller was to control a laboratory steam
engine, which was a two inputs-two outputs process [5]. In most previous studies a consistent
control the authors applied fuzzy logic techniques to design a fuzzy controller with two inputs
and one output. In this research the acceleration fuzzy controller designed by including
acceleration as a new variable replacing the ordinary term (velocity) or the rate of error. The
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robustness of this controller was demonstrated using a digital simulation to study its
performance in response to various changes in the process parameters [6, 7].

2. Related Works

The field of application of fuzzy logic in designing controllers for industrial
plants is widely. It should be noted that fuzzy logic is a minor an aspects of the whole field of
fuzzy mathematics and perhaps little related to the majority of the rest of the literature on the
subject. Vague logical statements can be used to construct computational algorithms which
may be used to drive inferences from vague data, this method is useful in the treatment of
complex humanistic systems. This method could be applied to "hard" systems such as industrial
plant controllers. In such cases where a linguistic control protocol can be obtained from a
skilled operator of a plant, fuzzy logic, can be used to synthesis this protocol.

In order to realize precise speed control of driving motor, an adaptive fuzzy
Proportional-Integral-Derivative (PID)control strategy for motors was established based on
the existing PID control theory. The motor speed control model is built by simplifying the
parameters of a brushless DC motor used the Sim Power Systems toolbox in
MATLAB/Simulink environment, which involves the simulation of motor speed control
including low speed, high speed, and road bump situations in city traffic environment. Simulink
environment, which involves the simulation of motor [8].

A comparative study on DC motor using different types of controllers was presented
with optimization techniques and literature review on speed control of DC motor [9].
Shreekantl Dr. M. S. Aspalli used PWM for speed control of a DC motor is generated using
ATMEGAL6 microcontroller. DC motor is driven by a driver IC IR2100. The H-bridge
MOSFET Chopper is driven by a driver IC IR2100 through PWM signal generated by the
microcontroller. A practical one and high feasible according to economic point of view and
accuracy and it had been tested on 0.5HP DC motor. [10].

The position control scheme of DC servo motor drive had been presented. The Fuzzy
Logic Controller (FLC) is developed for controlling the position of DC servo motor drive.
The DC servo motors are highly preferred because of high power rating and speed of the motor.

The fuzzy input variable (error) has seven membership functions, the fuzzy input variable

122



2018 /5 /6-5 5 dll dealall gl 0SS N Lga) bt gl g l ,\ﬁ \y
| %

Vol: 4 Year: 2018 el 15

(change of error) has five membership functions, and the fuzzy output variable represented by
applied voltage has five membership functions [11].

3. Fuzzy Logic

During the past dozen years, the seminal work of Zadeh has stirred widespread interest
in the modeling of human reasoning through the use of fuzzy logic, leading to many important
contributions from a word wide community of scholars and scientists In growing numbers-
investigating a wide variety of fields ranging from psychology, philosophy and economics to
natural sciences and engineering-are exploring this new path to the understanding of human
reasoning and cognition, and developing novel methods for dealing with systems that are too

complex for analysis by conventional quantitative techniques [11].

Fuzzy logic is a logic that is much closer in spirit to human thought and language than
the conventional logical systems. But, the goal of science and objective knowledge is to
construct models that are closer and closer approximations to reality, [12]. Considering that
human thinking is articulated by an internal language that is implicit and an external language
that is explicit in nature. General form of a fuzzy rule is "IF X is A THEN Y is B", where X
and Y are fuzzy variables and A, B are fuzzy sets. The inference, based on the fuzzy rule-has
the same form of fuzzy rule, Zadeh proposed a compositional rule of inference, also called the
Generalized Modus Ponens (GMP) [13].

4. Mathematical Modeling of D. C. Servo Motor System [14, 15]

A DC motor is used in a control system where an appreciable amount of shaft power is
required. The DC motors are either armature-controlled with fixed field, or field-controlled
with fixed armature current. DC motors used in instrument employ a fixed permanent-magnet
field, and the control signal is applied to the armature terminals. Figure (1) represented the
servo motor model. Let’s consider:-

E, (t) =Input voltage
i, (t) =Armature current

Ra: Armature resistance

La = Armature inductance
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E, (t) =Back e.m.f
T_= Developed Torque
o _=Motor angular velocity

J = Motor moment of inertia
B =Viscous friction coefficient
Kb:Back e.m.f constant

KT:Torq ue constant

Figure (1): DC servo motor model
Here, the differential equation of armature circuit is:

E,()=R.i ()+L.di 0+E, () (D)

The Torque equation is:

T (=)do O+Bo (O ... Q)

The torque developed by motor is proportional to the product of the armature current and field
current i.e.

T (1) =K., C)

Where, K. is constant. In armature — controlled D.C. motor the field current (i) is kept constant

T =K_j )

Where, K= K_iis torque constant. The back e.m.f. of motor is proportional to the speed i.e.

E, =K. o ee5)
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Where, K is back e.m.f. constant. In order to create the block diagram of system initial

conditions are zero and Laplace transform is implemented to the equations. i.e.

E.()=R_.1L(s)+sL.l.()+E ()l (s)=Ea(s)-E (s) ....(6)
sL+R T _(s)=slo (5)+Bo_(5)o (=T (5 7
SI+BT (5)=K.L(s) (8)
E, () =K, o (s) .....(9)

The block diagram of DC servo motor is shown in Figure (2).

Fafs) (tys)
— L > Ky > 1 >
+ sLy + R sJ+B
Eg, [ Ej

E"
Figure (2): Block diagram of separately excited DC servo motor

The motor used in this experiment is a 25V D.C. motor with no load speed of 4050 rpm. The
parameter values are

R-resistance 1 Q

L-inductance 29.79 mH
J-moment of inertia 0.01 kg.m2
Kt ,-torque constant 0.052 Nm/A

K-electromotive force constant 0.1 V/rad/s

B-viscous friction coefficient 0.004 N.m/rad/s.
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5. The Proposed Design of an Acceleration Fuzzy Logic Controller (AFLC)

There is to-date no generalized method for the formulation of fuzzy control strategies,
and design remains an ad hoc trial-and-error exercise. Recently, the relay feedback test has
received a great deal of attention in low-order modeling and controllers tuning. The purpose of
any plant controller is first to relate the state a variables to action variables i.e., to periodically
look at the values of the state variables and from the expressed relationships to compute the
value of the action variable. Now the controller of a physical system need not itself be physical
but may be purely logical. Furthermore, where the known relationships are vague and
qualitative a acceleration fuzzy logic controller is constructed to implement the known
heuristics. Thus, in such a controller the variables are equated to non-fuzzy universes giving
the possible range of measurement or action magnitudes. These variables, however, take on
linguistic values which are expressed as fuzzy subsets of the universes. Figure (3) gives the

block diagram of control system after applying the acceleration fuzzy controller.

Fuzzy Controller

-
Reference 5
Input r () d“/dt Inference Output
Mechanism Input  — y(t)

4,@7_, ﬁ 1 Plant
error (t) > —

A
Knowledge-Base

Figure (3): Control system with fuzzy logic controller

Fuzzy controller is in fact a collection of linguistic rules which describes the control policy.
These rules are represented by IF and THEN statements suchas : "' If E is PL AND CCE
is NL then Action PucL "*Where E is error, CCE the change in rate change of error and
PucL (Positive Large) is the control action (UC) to the process. These rules are expressed as

fuzzy sets of the respective universe of discourse by corresponding membership functions, as
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shown in Figure(4), triangle shape. Then the fuzzy set definition for (E), (CCE) and control
action (CV) are five fuzzy sets are:

Operator Variables Fuzzy Variables
Positive Large PL
Negative large NL
Zero z
Positive Small PS
Negative Small NS
1_NL MS £ PsS F'L_

a.B8r

0. Gp ﬁf H\

0.4

D-E;f!f K&\

n.g i

Figure (4): Five Fuzzy Sets (Triangles Shape)

S SR T - i i L x
-1 -0.B -D.6 -0.4 -D.2 ] b.2 0.4 0.5

While Table (1) shows the 25-rules used in the design of acceleration fuzzy controller.

Table (1) 25-rules used in the design of acceleration
fuzzy controller.
E | NL NS V4 PS PL

NL PucL | PucL PucL PucS Zuc
NS PucS | PucS PucS Zuc NucL
Z PucS | PucS Zuc NucS NucL
PS PucS | Zuc NucS NucL | NucS
PL Zuc | NucS | NucL NucL | NucL

The complete design procedure for this controller is described as follows:-

1) Calculate the error (E) and its rate of change (CE) from the set point R and measured output

(C), then calculate the change in change of error (CCE), at instant (i);
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E()=R- C(i) --------m---- (10)
CE(®) =E(@) - E(i-1) ----------- (11)
CCE(i)= CE(i) - CE(i-1) ------- (12)

2) Convert the real numbers of E and CCE to their fuzzy variables by mapping the
corresponding membership values.

3) Find the degree of fulfillment (DOF) for all the rules in acceleration fuzzy controller, the
truth values of each rule are obtained by ANDing E(i) and CCE(i) e.g.

Rule (1) =E1 N CCE1
Rule (2) =E2 N CCE»
And so on for Rule (i) = Ei N CCEi .

4) By another ANDing operation between DOF degree of fulfillment control action of subset

(Cn) element which calculated by
Rule(1) = DOF1 N Uy
Rule(2) = DOF2 N U2

Rule(n) = DOF, N Un

5) The overall fuzzy output C, is calculated as the union of output control action related to each

rule.

6) In final stage, calculate the scalar control action Uc, by using center of gravity method as

bellow: -
>
I W '(x)
Uc — n=1 " vV (x <05 P — (13)
N
2 W/ ()
n=1

Where W, is the weight represents the elements (membership) of the net control action vector

and | represents value on interval n.
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6. Controller Evaluation

The fuzzy control algorithm is used to implement linguistically expressed heuristic
control policies directly. The fuzzy algorithm have used in the majority of control applications.
Control system has taken the form of continuous systems. Since digital implementations of the
fuzzy logic controllers have by necessity been discrete system. Using acceleration as an input
to fuzzy controllers the controller become more adaptive that is mean acceleration term an
estimate, the previous behavior of the system better than rate in error change (velocity).

This capability gives the more powerful to fuzzy controller. The results illustrate the
powerful, adaptively and excellent tracking to follow the output response of the system when
the system have sudden change in step input. For simplicity the rules are evaluated at regular
intervals. The choice of sampling interval depends on the process being controlled and should
be selected so that at cheats twice the largest frequency in continuous signal as Shannon
sampling theorem said. Figure (5) shows the simulated results of applying the
acceleration fuzzy controller to the digital plant (2/S(S+1)) with unit step input. Eq. (14) is first
decomposed into a first-order model, a time delay element with a fuzzy logic controller and
predictor are designed separately for the two processes. Consider a normalized first-order
process with the delay removed and having unit gain and unit time constant

1
Gs)=—— ... (14)

System G(s) is then converted to a sampled data process with sampling interval equal to (5 sec)
of the system time constant such that the sampled data process can capture the original system
characteristic. With a sampling interval equal to (5sec) of the time constant of the process, the

sampled data process obtained from the z-transform of Eq. (15) with a zero order hold is given

by;

1-— -0.2

G(z) = e (15)

7z — e—0.2

The effect of different interval of universe of discourse has been shown in both Figures
(6, 7). One of the most important advantages for use acceleration instead of velocity (rate of
change) is the good estimation for the future change in the system's response, which give the

controller a good resolution and ability to track the signal carefully in step by step in order to
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examine this ability of acceleration fuzzy controller. In this research the new acceleration fuzzy

controller gives a very good response when insert this controller with unstable system.

ScopeS
]
‘I pm to rad
Step- /XX\ ‘ i in1
out1 » |:||
Fuzzy Logic
Controller” DC motor Scope
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Figure (6): Acceleration fuzzy controller with Ts-0.4 sec, and different time intervals.
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Figure (7): Acceleration fuzzy controller with Ts-0.2 sec, and different time intervals.

7. Conclusion

In practice, acceleration fuzzy controllers have shown themselves to be useful in those
domains where a good process model was not available, but human operators could perform
adequately. The installation of acceleration fuzzy controller rules has for some of the process
industries been the first time when a result of the consistent, automatically applied control
strategy was feasible. As a result of the consistency, the management of the plant has been able
to observe its long term behavior with only natural plant disturbances to cope with, freed from
the variations created by the different control strategies of the shift operators. As a result of

consistency of approach, two benefits may be obtained.

1) The organization benefits from a more consistent product, providinga  marketing edge

over their competitors.

2) The consistency of process input means that experiments may be performed showing up

behavior of the process that was previously masked by the variations in performance.
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Abstract

This work aims to study experimentally the effect of different acceptance angles for the
compound parabolic concentrator (CPC) on the performance of solar collector. The effect of
three values of acceptance angles of (30°, 45°, 60°) for the solar collector has been studied. The
diameter of the absorbing tube for the solar collectors of (1.5 inches) has been used with the
different values of the acceptance angles. A halogen light of (1000) Watt has been used as an
energy source. The relationship between the time with the readings of water temperature inside
the absorber tube of the solar collector and shows three regions of variation for all the three
collectors. Where in the first region, it varied sharply, in the second region, it varied gradually
and in the third region it remained constant. Comparing the performance results between the
different solar collectors with different acceptance angles show that the collector with an
acceptance angle of 45° gives the best performance. Where the percentage increase in the water
temperature difference for the collector with an acceptance angle of 45° comparing with the
other acceptance angles (30°, 60°) is (10.67 and 45.33) respectively. While in the case of heat
energy are (10.66 and 45.33) and for the solar collector efficiency are (36.74 and 36.77) at the
time of 120 min.
Key words: CPC, solar collector, compound parabolic concentrator, acceptance angles and

diameter of absorbing tube.
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1. Introduction

Solar energy collector is a special kind of heat exchanger which transforms solar radiation
energy to useful heat energy. The solar collector is the main component of any solar system
[1,2]. A. Rabl, et. al. [3], analyzed the design parameters of solar collectors with (CPC). They
studied the effect of the type of the receiver, the optimum gap between the reflector and the
receiver to reduce thermal and optical losses, and also the effect of receiver with envelope of
glass. Also, they studied the effect of misalignment between the mirror and the receiver, and
the effect of the difference between fluid temperature and absorber plate temperature. Los
Alamos [4] analyzed and compared the arc-Lengths of reflector and the ability to reflect of
non-direct radiation and absorb by the absorber tube of the solar collectors with simple
parabolic concentrator and with compound parabolic concentrator. In the case of simple
parabolic concentrator the absorber tube diameter can make larger to intercept some defocused
radiation... B.Norton, et. al. [5] described the thermal performance and design of modified solar
collectors with (CPC). The modified collector with (CPC) give a better performance than the
convectional collector with (CPC) by eliminating and or reducing the gab optical losses and
heat losses, which enhancement of the thermal efficiency and optical efficiency. D. Suresh, et.
al. [6] evaluated the characteristics of performance (optical and thermal) of a truncated CPC
by using two-stage solar collector systems. The 5:1 cones with CPC with an acceptance angle

of 25° and ratio of concentrator of 5.6x and untruncated. They tested cones have the same
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dimensions but with different reflector surface, shell materials and employing different
methods to heat removal. The experimental results show that the CPC with higher reflectivity
surface have a higher optical efficiencies. S senthilkumar et.al [7] studied theoretically and
experimentally the performance of the collectors of two dimensional and three dimensional
(CPC). They found the performance of the thermal and optical efficiencies of the three
dimensional (CPC) better than that of the two dimensional (CPC) due to greater concentration
ratio. Rene Tchinda [8] presented a mathematical model to calculate the thermal performance
of solar air heater with a truncated CPC having a flat absorber. The effected parameters as the
flow rate of air mass, the length of the collector and wind speed on the solar collector
performance of the air heater was investigated. The predication results show a good agreement
with experimental results. GAO Hong-yu, et. al. [9] Predicted and analyzed the performance
of solar collector with CPC and evacuated tube as absorb tube and also without and with top
cover of glass. The comparative results without and with glass top cover show that for low
operating temperature the collector without cover had a higher thermal efficiency, while in the
case of the high operating temperature the collector with top glass cover had a higher thermal
efficiency. Mansi G. Sheth and Dr. P. K. Shah [10] designed and developed a solar collector
with CPC and absorber of flat plate. A. Borah, et. al. [11] Studied experimentally the
performance of solar collector with CPC and the solar collector with flat plate having the same
size for drying product. They observed that the mean temperature rise in the solar collector
with CPC of 9.5 °C greater than the mean temperature in solar collector with flat without
tracking, while in the case of manual tracking the mean temperature rise about 11.2 °C.

This paper presents a system of test rig of solar collectors with the CPC have been designed
and tested experimentally to study the performance, namely (heat energy and solar collector
efficiency) for the solar collector with different acceptance angle of (30°, 45°, 60°).

2. Experimental work

The experimental work was carried to study the performance of different solar collectors with
different compound parabolic concentrators (CPCs). Figure (1) shows the experimental rig
arrangement with the major parts of it. They are the halogen light (1000 Watt) as an energy
source, solar collector and thermometers. Figure (2) shows the solar collector which consists
of an external structure, reflector plate of a compound parabolic concentrator and absorber

tube. Figure (3) shows the collectors CPC with different acceptance angles. Table (1) shows
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the area of different solar collector with CPC with different acceptance angles. The reflector
plate made from the stainless steel . The absorber tube made from copper with thermal
conductivity of (k=385 W/m.K) and painted by black paint. The CPC's external structure is
made from rigid polyurethane foam with (1 cm) thickness. A halogen light has been used as an
energy source which consumes (1000) Watt. A thermometer with (-10~+110C) range has been
used to measure the temperature inside the absorber tube with a high accuracy. To ensure the
accuracy of manufactured of a compound parabolic concentrator so, a laser beam projected to
the surface of CPC plate and reflected to the absorber tube as shown in figure (4).

Table (1) the area of solar collector with CPC with different acceptance angles

Acceptance

Angle (deg) Length (cm) Wide (cm) Area (cm?)
300 24.4 22 536.8

450 17.3 22 380.6

60° 14.7 22 323.4

Figure (1): The test rig
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(a): 60° (b): 45° (c): 30°
Figure (3): CPC with difference, acceptance angle (30¢, 45¢, 60°)

Figure (4): laser test
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3. Compound parabolic concentrator design:

The surface curvature of the compound parabolic concentrator constructs from two curves
[12], the first one from A to B and the second one from B to C as shown in figure (5). Three
independent variables (r ,6,. and 9),

Where
R="1(r,0, .,9)
For a certain surface of the compound parabolic shape the values of radius of the absorber

tube (r) and the acceptance angle (8,.) kept constant and the value of the angle (6), which it's
values change from zero to the (37" — 6,.) on the y-axis.

The curves of the CPC are symmetric about the y-axis and can obtained from the following
equations [13].
a) The equation of first part of the curve from Ato B is :
R=r.0 for|0|<64y+m/2 . (1) b) The equation of
the second part of the curve fromBto C is :

0+64c+m/2—cos(0—04¢)

R=r
1+sin(6—-64¢)

for (Bac+2<101 <2 —65) ... )

Where R is the distance from point D on the absorber tube to point S on the surface of CPC.
The concentration ratio of the CPC is a function of the acceptance angle given by following

equation [13]
1

R=—— 3)

o
Sln(ggac)
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Figure (5): The CPC shape [13]
The calculations the performance of the solar collector are :
a) Mass of water (m,,)
my,, = py .T.T%.L (4
Where:
m,,: mass of water (kg/sec)
pw: Water density (kg/m?3)
r: The radius of the absorber tube (m)
b) Useful heat energy (Q,,)
Quwater = My - (Cwater - AT/ (5)
Where:
(Cp)water: Specific heat capacity of water (J/kg.K)
AT: Temperature difference between temperatures inside the absorber tube with respect to time
(°C).
t: time (sec)
Qu)water : heat energy (W)

c) Efficiency solar collector ()

Qu)wa er
p=fwte (6)

Where:
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A: Area of the collector (m?)
I;= Halogen lamp intensity(W/m?)
d) Percentage in prove in the performance
The percentage in the performance between (45° and 30°) the accuracy is calculated, as

following

AT45 —AT30
ATys

AT% =

Q45—0Q30
0 = Ls-%o
Q 0 Q45

% = N4s — Neo
N4s

4. Results and Discussion

Figure (6) shows the reading values of the water temperature difference inside the absorbing
tube with respect to time of heating by the halogen light of 1000 Watt as an energy source, for
different values of acceptance angles (30°, 45°, 60°) of CPC solar collectors. The figure shows
that the water temperature difference of the solar collector with an acceptance angle of 45° of
CPC is increasing more than the others due to the higher concentration ratio. Also the figure
shows there are three different regions of variation of increasing of water temperature
difference with respect to the time for all different solar collectors. The first one is a sharp
increasing, the second region is a gradually increasing and the third one is an approximately
constant. These are due to the cold bodies gained heat quickly and the hot bodies gained heat
slowly.

Figure (7) shows the relationship between the heat energy and the time for different solar
collectors. The heat energy for different collectors have higher values at the lower time and
decrease when the time increase, because the heat energy function of water temperature
difference and the time and in this case the water temperature difference it's has a higher value
in the first than other regions as shown in figure (6). Also figure (7) shows that the collector
with an acceptance angle of 45° has a higher value of heat energy due to high heat temperature
difference than the other collectors.

Figure (8) shows the comparison between the solar collector efficiency and the time for
different collectors. In this study the solar collector efficiency is a function of heat energy and

the area of the collector when the heat intensity is kept constant. The efficiency of the collector
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with a CPC of the acceptance angle of 45° has a higher value than the others due to the high
value of heat energy. The efficiency of the collector with a CPC of the acceptance angle of 60°

is a higher than the collector with an acceptance angle of 30° due to a smaller area of the
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collector with an acceptance angle of 60° as shown in table (1).

The figures (6,7 and 8) show that the solar collector with a CPC of the acceptance angle of
45° give better performance than the other collectors. The figures (9,10 and 11) show the
percentage increase in the water temperature difference for the collector with an acceptance
angle of 45° comparing with the other acceptance angles (30°, 60°) is (10.67 and 45.33)
respectively. While in the case of heat energy are (10.66 and 45.33) and for the solar collector
efficiency are (36.74 and 36.77) at the time of 120 min.
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Figure (6): The relationship between the difference of water temperatures and time for different

acceptance angles
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Figure (7): The relationship between the heat energy and time for different acceptance angles
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Figure (8): The relationship between the solar collector efficiency and time for different
acceptance angles
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Figure (9): The relationship between the percentage increases in temperature difference and
time.
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Figure (10): The relationship between the percentage increase in heat energy and time
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Figure (11): The relationship between the percentage increase in solar collector efficiency and

time

5. Conclusion

This section shows some of the important conclusions of this work:
1- The best value of acceptance angle is (45°) and it is considered the ideal value for absorbing
the maximum amount of solar radiation.
2-The heat energy increases with increasing of water temperature difference.
3- The efficiency of the CPC solar collector depends on heat energy and cross sectional area
of the CPC, so the collector with an acceptance angle of 30° gives a lower value of thermal
solar collector efficiency because of the large-sectional area of acceptance angle of 30° and the
smaller sectional area at acceptance angle 60°.
4- the percentage increase in the water temperature difference for the collector with an
acceptance angle of 45° comparing with the other acceptance angles (30°, 60°) are (10.67 and
45.33) respectively. While in the case of heat energy are (10.66 and 45.33) and for the solar
collector efficiency are (36.74 and 36.77) at the time of 120 min.
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Abstract

Congestion in emergency departments is an overall issue. Triaging includes an
underlying arranging of patients who arrive at the Emergency Department (ED), keeping in
mind the end goal is to organize the most emergency patients and to guarantee giving them the
proper and quick healthcare needed. This study plans to survey the models, guidelines,
advancement of the electronic triage procedures of the triaging frameworks. Likewise, the
goals of this investigation are to experimentally investigate and show the huge of utilizing
triaging in various healthcare environment, to highlight the fundamental issues in the triage
framework and to open research issues that guide the researches to improve the efficiency of
remote healthcare monitoring frameworks by enhancing triaging processes.

Keywords: Triage, Guidelines and Standard of Triage, E-Triage

Introduction
Triage is an important task in an emergency department (ED). Triage is viewed as the

rating of patient’s clinical urgency (Farrohknia et al., 2011a). Rating is important to recognize
the order in which patients ought to be given care in an ED when demand is high. Triage scales
mean to streamline the time of patients as per the seriousness of their health condition, keeping
in mind to treat the most extraordinary symptoms as fast as necessary and to decrease the
negative effect on the visualization of a drawn out postponement before treatment. ED triage
is a relatively modern phenomenon, introduced in the 1950s in the United States (Gilboy et al.,
1999). Triage is a complex decision-making process, and several triage scales have been
designed as decision Sport systems (Bullard et al., 2008) to guide the triage nurse to a correct
decision. To ensure patient safety and provide quality services, hospitals should be certain that

each patient entering the ED relives appropriate care at the right time. Triaging is important for
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patients' appraisal to appropriately anticipate the information’s required for every patient and
perceive abnormal vital signs.

Triage is originally from the French word trier signifying 'to sort, is a procedure of
prioritization (Bottrill et al., 2008). Indeed, it is utilized to distinguish the level of urgency of
care and to treat patients in light of their triage level (Farrohknia et al., 2011b). Triage is the
arrangement of arranging patients by order of treatment need in extensive scale emergencies
(Jentsch et al., 2013).1t is likewise the way toward surveying and organizing look after all
patients present in the ED (Innes et al., 2011). Triage protocols are helpful to decide the need
of patient’s treatments in light of the seriousness of their conditions (Niswar et al., 2013). An
important goal of triage in the ED is to recognize patients who can safely wait and the
individuals who can't (Brown and Clarke, 2014). Nurses who are experienced can examine
patient’s health condition as well as takes note of any progressions, and decides the patient's

priority for admission to the ED and the essential treatment (Seising and Tabacchi, 2013).

Evaluation of the Medical Guidelines

Guidelines are verified on the basis of environment and type of disease, as shown in Tab 1.

Table 1: Review of Evaluation Studies for Medical Guidelines

Ref/year Aim Conclusion

@ Compare the Canadian Triage and The Australian Emergency Mental
aé,\ Acuity Scale (CTAS) protocol with the Health  Scale  provides less
S %} Australian Emergency Mental Health ambiguous mental health-specific
= 8 Triage System protocol to evaluate triage guidelines compared with the
= =  psychiatric patients in the ED. CTAS.

E Measure and compare the

g _ effectiveness of nursing triage before .

EY  and after the introduction of the Hfsin J:;ﬁse ar?gs;g:a\éeilcﬁl C::;eas
%8 Japanese Triage and Acuity Scale gtrag '
= (TAS).
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Ref/lyear Aim Conclusion
@ Conduct a systematic review to check The quality of reporting in

the level of validity and reliability of the

reliability and validity studies of

g __ Manchester Triage System (MTS). the MTS is good.

£

— N

= Evaluate the German version of the The German version of the MTS is

o MTS with the English version with a reliable and valid instrument for a

= respect to presentation diagrams and first assessment of emergency

8 & change indicators, which significantly patients in the ED.

©. g  affect the assigned category.

= CTAS exhibits better

© Compare the prioritization and discrimination in ED patient triage

= resource usage of the four-level Taiwan and shows greater validity when
_. Triage System and the standardized predicting hospitalization

c»g five-level CTAS among ED patients. compared with the Taiwan Triage

£R System.

The main finding of this section is that researchers continue to improve existing guidelines and
that numerous studies were already conducted to demonstrate the evaluation of certain
guidelines in different hospitals and cities. These studies aim to improve the performance of
the guidelines. No restricted guidelines should be used, and the guidelines can be improved.
Review of Triage System Standards

In this section, different triage systems are reviewed. Those systems are being used in
the ED in different countries and different hospitals. The reviewed systems are demonstrated
in Tab 2.

Table 0: State of the art triaging systems

Triage System Type Description

E(?orll‘)e/car d W?éc\'/nsg Paper- A simple scoring system for bedside monitoring to
(Christensen et al Baged serve as a clinical add-on using routinely collected
2011b) / 2011 N vital sign data.
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Triage System Type  Description

Modified Early

Warning Scorecard Paper- MEWS is a modified version of EWS.

(MEWS) (Zarabzadeh Based Vital sign data is manually sampled and recorded.
etal., 2013)

Electronic Modified

(eMEWS) represents a shift from paper-based
warning Scorecard (eMEWS) systems to electronic

g?ggcard Warning Digital systems.
(eMEWS) (Zarabzadeh eMEWS is often designed and developed around
etal., 2013) the paper-based MEWS guidelines and associated

protocols.

Emergency Severity
Index (ESI) (Seising
and Tabacchi, 2013)

Paper-  Designed for use in ED triage by the US
Based Department of Health & Human Services.

Developed in 1994 by a group of professionals

Manchester triage specializing in triage. Classifies risks into five

system (MTS) (Pinto Ezzgg categories: immediate (red); very urgent (orange),

Janior et al., 2012) urgent (yellow), standard (green) and non-urgent
(blue).

Bispebjerg Early BEWS used by the triage nurses inside ED to

Warning Score (BEWS) Paper- identify critically ill and severely injured patients
(Christensen et al., Based who should be received by an Emergency or
2011a) Trauma Call (TC).

Simple triage and rapid
treatment (START)
(Sakanushi et al., 2013)

Paper- It is widely used since it classifies casualties into
Based  four categories without medical equipment.

According to Tab 2 s six out of seven triage system that has been reviewed used paper triage,
while only one used digital triage. Furthermore, the majority of these systems has been used
inside ED department. The main conclusion in the section is there is a remarkable trend toward
digitalization the triage system. The significance of the Emergency Department triage
assessment has lead researchers to study and developed digital triage procedures based on
medical guidelines. According to Krupinski and Bernard (2014), the advancement of rules and
standards for telemedicine is a vital and important process that guarantees viable and safe
conveyance of value healthcare. Associations, for example, the American Telemedicine
Affiliation (ATA) organize the advancement of standards and rules and demonstrate that
telemedicine will keep on growing as a vital and suitable strategy for enhancing access to

medicinal services all through the world. In an ideal world, rules for giving healthcare services
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in the traditional manner and telemedicine should be standardized. However, the current
guidelines serve an assortment of valuable capacities and will keep on being perceived in
telemedicine. A critical part of triage is the consistency in triage basic leadership and the
utilization of triage classifications.

Several factors contribute to consistency in triage decision-making (Innes et al., 2011). One of
the main factors is “the number of vital signs (features) of the patient” used in triaging. Certain
guidelines are also used in the ED to triage patients, as demonstrated by (Godfrey et al., 2000).
The guidelines differ from one disease to another, thus indicating that no unique guidelines
exist in triaging patients for all diseases. Another factor called “type of disease” also affects the
accuracy of triage decision.

Electronic Triage Technique

Remote triage is a process of triaging patients using electronic devices, medical sensors,
and computing algorithms based on medical guidelines (Sakanushi et al., 2013; Salman et al.,
2017). Many studies were conducted on this topic. The study by Gao and White (2006)
developed a triage system to develop the efficiency of emergency response. The proposed
system comprises E-triage tags, base stations laptops, wearable vital sign sensors, pervasive
tracking software, and personal digital assistants (PDAs) to help documentation and
correspondence. Their investigation condensed designing contemplations for advances that
ought to work under limitations of medicinal emergencies. Despite the advantages in the study
by Gao and White (2006), several drawbacks are notable; firstly, the triage process depends on
only one feature, which affecting triaging accuracy. In most cases, a patient may have two
levels of simultaneous priorities. Secondly, the system does not address the scalability
challenge. The ability of the server to respond to all patients’ requests was not made clear.
Thirdly, the algorithm, model design, and implementation of their method were not analyzed
mathematically or logically. Finally, no evaluation and validation method was presented.
In the study by Jorma et al. (2013), one mobile triage system called “mTriage” was proposed
to determine the applicability of the radio frequency identification technology and a “mobile
triage” system in a simulated multi-casualty situation. The mobile triage exhibited the potential
to contribute for the management of mass casualty situations. However, one limitation of this

study is its focus on the medical personnel’s opinion. The main limitation in the study by
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Cameron et al. (2014) is that this research was conducted in a hospital, not in a telemedicine
environment. Therefore, this study is beyond the scope of our study. The study by Xiong et al.
(2012), presents a general model of the application of telemedicine. The proposal of the new
tele medical triage system overcomes many limitations of the current paper triage tags. The
authors acknowledged that the use of telemedicine for triage in future form casualty incidents
is expected to grow considerably. Nevertheless, the study has some limitations, such as; firstly,
the study investigated the scope of potential use of telemedicine in disaster response, however
the authors did not propose a telemedicine model. Secondly, the study lacked an efficient
algorithm to extract patients’ vital data, as well as a triaging algorithm. Thirdly, the
implementation of the model requires various suspicions about arrival patterns in local
facilities, injury types, and portrayal of different treatment procedures and time-subordinate
mortality.

Finally, although the simulation was able to describe the overall medical response process
(Sequence of events and resource requirements), increasingly complex models are necessary
to represent complicated issues arising in reality, such as the priority issue.

the model requires various suspicions about patients' entry designs in nearby offices, injury
types, and portrayal of different treatment procedures and time-subordinate mortality. In the
study by Mercadal et al. (2012), a double multi-agent architecture was suggested that
empowers the triage of casualties in emergency situations and the programmed updating of
their health condition. The proposed scheme combines Wireless Sensor Network (WSN), an
electronic triage tag, and a double multi-agent system to accomplish low cost and efficiency of
the system that is not infrastructure based. Initial results of the WSN roaming by agents are
presented. However, the configuration of the triage tag based on the vital signs was not
addressed. Moreover, the study focuses on routing among wireless nodes, the implementation
includes many assumptions.

As shown above, several techniques have been used to triage patients out of the hospital.
However, the latest and the most efficient one is the electronic triage technique (E-triage).
According to the technical vision of the remote triage algorithm, the required triage algorithm
should have the following specifications; firstly, triage patients remotely, wherever they are.
Secondly, use new symptoms and features for triaging users. Thirdly, improve the guideline

scores for chronic diseases through the use of sensory data and text. Finally, improve the
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accuracy of triaging through an efficient mathematical theory so that the triaging level is
selected by an efficient algorithm and not by human opinion.

Triage System Problems and Challenges

According to the description on the triaging process explained in the previous sections,
triaging systems face many challenges. Rising number of patients in Emergency departments
can lead to overcrowding, which frequently results an organizational problems. Triage aims to
predict the severity of disease and organize patient flow (Azeredo et al., 2015). Moreover,
triaging is a complex decision-making process. Thus, several triage scales were designed to
correspond to decision support systems (Seising and Tabacchi, 2013) and direct the triage nurse
to a accurate decision. EDs around the world face continuous increases in patient visits (Seising
and Tabacchi, 2013). Reducing the number of patients in the ED with NSCs leads to the
effective management of medical resources. As the aging population will increase further,
providing quality cost-efficiency care for these patients with several and complex medical
conditions (Alemdar and Ersoy, 2010; Momani and Abualkishik, 2014; Seising and Tabacchi,
2013; Zughoul et al.). In the ED, the limited number of medical professionals requires the
efficient exploitation of human resources to make the right decisions and leads to the need for
develop automatic decision-making systems, such as those in the ED triaging process (Meri
and Hasan, 2017; Seising and Tabacchi, 2013). Moreover, the number of triage nurses affects
the number of patients that can be concurrently serviced at the triage desk (Yuan and Herbert,
2014).
Furthermore, Experts had argued that waiting patients should be reassessed occasionally
(Claudio et al., 2014; Derlet, 2002). Since, it has been recorded that patient’s situation can be
changed over time, which may lead changes in patient’s triage status (Claudio et al., 2011,
Wolf et al., 2006). Nevertheless, this may be impossible in an understaffed or an overcrowded
ED (Derlet, 2002). In fact, many hospitals and HealthCare centers only have a verbal policy
on patient reassessment however nurses do not act on it because, in many cases, overcrowding
keeps them busy with new patients (Claudio et al., 2011).
Conclusion

This paper provide a comprehensive insights on patient triaging systems, processes,

standards, and guidelines. Besides, this paper shows the issues and challenges surround the

152



2018 /5 /6-5 5 dll dealall gl 0SS N Lga) bt gl g l ,\ﬁ \y
| %

Vol: 4 Year: 2018 el 15

triaging process inside and outside the hospital. Furthermore, this review highlighted the use
of electronic triage, which is a process of triaging patients using electronic devices, medical
sensors, and computing algorithms based on medical guidelines. A state of the art of electronic
triage systems were provided in order to show the current trends and the related problems.
Some researchers made suggestions towards improving the present triage systems, however,
the major drawback continues to revolve around its dependency on the vital indicators
originally measured by ED staff that are not followed up periodically over the critical waiting
period.
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Abstract

In this research a new design for planar robot used for lower limb rehabilitation
submitted to people who suffered from stroke. First the mechanical design is presented and
discussed also the mathematical model of the planar surface is placed (torque and angle of
planar). Then the control system build on ATM mega 250 (arduino ) all data collected are
processed on neural network which it was built based on number of patients' data . The results

shows great flexibility for both treat stroked people and therapist

Keywords: artificial neural network, lower limb, brain stork, rehabilitation, BP neural network
Introduction

The concept of Neural Networks was inspired from biological nervous systems of
human being Artificial Neural Networks (ANN) are calculative models for pattern
recognition and machine learning. It is simple way for operate parallel elements that
introduced to the Networks. The functions of ANN Artificial Neural Networks are greatly
depended on the connections between parallel elements so anyone can adjust the
connections of elements to accomplish a particular function. The process of modifying of
connections is called learning of Artificial Neural Networks. so that a specific input/targets
the Artificial Neural Networks can be trained to get outputs of the network that match or
equal the targets.. The NN will be already trained for comparing the output and target and

supplying information during that until output and target will be matched.
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between Neurons) \ )

[ Adjust Weights J

Fig.1: Neural Network block diagram

Literature review

Abdul-Basset A. AL-Hussein (2017) A composite PD and sliding mode neural network
(NN)-based adaptive controller, for robotic manipulator trajectory tracking, is presented in this
paper. The designed neural networks are utilized to sacrificial the robotics nonlinearities , also
make more it effective this will improve the functionality of filtering errors depending on
PD and sliding controller of neural system . the theorem used to establish system stability was
Lyapunov theorem the pursuing error limitedness. The enhance Lyapunov tool is used to derive
the neural network weights updating law. Erhan AKDOGAN (2016). a lower limb
rehabilitation robot was modeled and controlled for upper limbs. The ret rotted robot system is
able to do, active, active-assistive and passive curative exercises. On the other side, it works as
active-assistive exercises by muscular activation. A network —established on human machine
interface, which can support self-care, was created to control the robotic system. The robotics
system interface contains valuation unit, are not able to use only torque and ROM, but also
muscular activation of patients for the estimation results. The, estimation and therapy can be
perceived by a system for both lower and upper limbs using parameters such as ROM,
generated muscular activation, and torque of the limbs]. Erhan Akdog™an & etal (2011). They
use three degrees of freedom therapeutic exercise robot and demonstrate design and control of
robot used in therapy for patient that required rehabilitation after a muscle disorder , spinal
cord injury stroke , a surgical operation, or SCI. for controlling robot, a ‘‘Human—Machine
Interface’ with a rule-based control structure was developed. The robot can perform all passive
and active exercises as well as learning ability of specific exercise without the physiotherapist
by using Human—Machine Interface. Further, if a patient interact against robot's manipulator

during exercises, the flexibility of manipulator change the position depend on feedback data.
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This benefit of manipulator flexibility will serve therapeutic exercise and physiotherapist in
terms of motion capability. Chen JIA (2015) in This study feasibility of new a model to
characterize nonlinearity of mechanical impedance of the ankle within a particular range of
frequency and the root mean square (RMS) value of the Electromyography of muscles of ankle
by using ANN. A lower limb rehabilitation robot Ankle bot was used to apply dummy -random
mechanical disturbance to the ankle and explore the angular displacement of ankle to
assessment data of mechanical impedance for ankle. Meanwhile, the surface Electromyography
signals from the chosen muscles were observed and recorded. in this research final ANN
models are built or constructed for two degrees of freedom. The results of analysis of the ANN
model showed the feasibility of developing models with adequate accuracy and to define the
mechanical impedance of the human ankle in terms of lower extremity muscles’ EMG

statistical properties.

Strategy physical therapy

The training are the backbone of treatment for people had foot drop caused by stoke.
The benefit of training contain decrease spasticity, and increasing ability of muscle. The
training are classified according to foot motion Kazem & etal :
class 1 & 2 : the patient will sit and contacting heel's edge to the table then trying rotate the
ankle CW or CCW (roll motion) angle and then back to neutral position as shown in Figure

(2). Do it ten times and then revers the operation Figure (2).

P
/}E

ﬁ Meutral "
Poaition

Fig.2: Exercises 1 and 2
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class 3 & 4 : the patient will sit and contacting heel's edge to the table “then trying translate
the ankle up or down angle and then back to neutral position as shown in Figure (3) Do it ten

times and then revers the operation

." \\ A
Dorsifiexion \ e i
N =

Neutral
Position

Plantarflexion -

Fig.3: Exercises 3 and 4

Class 5 & 6: the patient will sit and contacting heel's edge to the table then trying rotate the
ankle CW or CCW (yaw motion) angle and then back to neutral position as shown in Figure

(4). Do it ten times and then revers the operation. Do this exercise ten times a day.

Fig.4: Exercise 5, 6

A base Cartesian coordinate frame XYZ is fixed at the center of the base platform with the Z-

axis pointing vertically upward and the X- axis pointing towards the ball joint B;. Similarly, a

coordinate
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frame xyz is assigned to the center of the upper platform, with the z- axis normal to the platform
and the x-axis pointing towards the ball joint Pi. Hence, the coordinates of the pin joints in

XYZ frame are

-1 -1
R > R > R
d]_ = [0] dz = ﬁR d3 = __\/ER ............. (1)
0 2 2
0 0

The position of the center of moving platform is

0
o o
0

when h is the hight of moving platform respect to the base

Surface Motion of proposed Robot .

Mafr radus ~ Minor radius

Fig. 5 : shows Cartesian coordination of
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Suppose any point on surface of robot the parametric equation which represents the

movement of the lower limb for patient Cartesian equation for a torus takes the form

(if any of x, y and z are interchanged, a similar, rotated torus plate will result). It can be obtain
the parametric equation by setting z=csinv as in the diagram above The Cartesian equation

becomes  as Joel R. Hass-Thomas (2017) .

(b—\"Ixz+y2)2:C2—C25i{12V:CZ(_l—CUSZV):CZCUSZV ...... 3)

c’sin’v+(b— ~.-"xz+y2)2:f:2
Square rooting both sides gives b—vVx’+y’=ccos2v . . (5)

Hence Vx*+y’=b—ccos2v  Now recognize that for constantv, this equation defines a circle

around the Z — axis of radius b—ccosv, so set X=(b—ccos2v)cosu gnd y=(b—ccos2v)sinu,

Tablel: The practical actuated length with exercises

mld1 d2 d3
>
=
S ocreoOfPTrrO|locr e
n D b 3 @
"1 &1 8L g/8| 32 &
0 030 - 0.302 | - 0.30 |-
27 7 27
(11030 |0 0.335 |33 | 0.26 | -33
) |27 7 97
(21030 |0 0.278 | - 032 | 24
) |27 7 24 | 67
022 |-73 0338 |36 |0.33 |36
(3 |97 7 87
)
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(41034 |46 |0.279 |- 0.27 | -23
) |87 7 23 | 97

Differentiating the expression gives the velocity relations as Schilling, R. J. (1996)

diw; X s;+ d,s; = wp X p; We can get linear velocity by multiplying dot product with

Si as:

. a . a
[D] = (p:ixS) H N (9) [D]= /1 H )
0 0

Where «, f is the angular velocity about x and y axis respectively as Figure (5) The linear
d,

velocities of link can be represented as :[D] = |d,| ....... (8)
ds

Training robotics systems BP neural network algorithm analysis

The aim behind controlling BP algorithm is to make plate of upper robotics system to do
all exercise to be by the therapist in the same time with all constraint. The training of neural
network, lots of keep scenes constructed in middle size match platform, data, totally 400 groups
successful pass samples data recorded to BP neural network training; before training,
normalization handling of samples data should be done, from which initial value of weight
adopt random other learning parameters a = 0.5 = 7, through nearly 1 hour learning, network
tends to convergence state, the errors of network error is roughly equal to 0.001, its

convergence process

Results

Figure (6) shows the training error of a network with one hidden layer trained on a small
data segment. The network has properly learned how to produce steering angles that match the
targets (Figure 6-a). However, notice the paths in Figure (6-b) and (6-c). The blue paths show
the simulated result of a robotics during using our neural network to produce desired velocity

and angles of platform commands. After 1000 iterations, the network has learned a reasonable
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concept of obstacle avoidance for this situation. After 200 iterations, though, the network is
over fitted to the target line

Gradlent = 4.3415e-06, at epoch 1000

o9 - Best Training Performance is 363 at epoch 1000
5
B " \_~¥ —
-4
10 5
Mu = 1e-07, at epoch 1000 E
5"
2 i i)
g 10 n ] D)
5
s
2
Validation Checks = 0, at epoch 1000 = 1
- =
F
500 600 300 400 500 600
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Fig.6: training results of Neural Network

Conclusion

In this study, a therapy training robot was presented and controlled for lower-limb
rehabilitation. The robot manipulator was controlled through a (Arduino card). Manual and
self-assistance training performed by the patient and also all other active and passive trainer
can be supported by this devices with this interface. It was explained through experiments done
hospital subjects that the RM can perform the necessary training as well as mimic manually

exercises performed by the patience .
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Abstract

Wireless networks have gained popularity, providing users flexibility and mobility in
accessing information. The IEEE 802.11 Wireless Local Area Network (WLAN) standard has
become the dominant architecture in practice. In this paper IEEE 802.11 standard implemented
in Mat lab Simulink, where Allowing to modify beacon frame parameters such as beacon
interval, SSID, supported rates, etc. also include or exclude the CF parameter set element from
the generated beacon frame, DBPSK and DQPSK modulation techniques BER performance
included in this paper to illustrate the performance of the model in AWGN and Rayleigh
channels.
Keywords: IEEE stander, IEEE 802.11, MAC layer, DBPSK, DQPSK.
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Introduction

Wireless networks are emerging as a significant aspect of networking; wireless local
area networks WLANS, Bluetooth, and cellular systems have become increasingly popular in
the business and computer industry, with consequent security issues. WLANS, especially the
Institute of Electrical and Electronics Engineers (IEEE) 802.11 networks, are becoming

common access networks in private and public environments. The freedom of movement and
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simplicity in its implementation have made WLANSs popular in the home and businesses
sectors, as well as hotspots 1 such as airports and cafes. The increasing availability of, and
therefore increasing reliance on, wireless networks makes it extremely important to maintain
reliable and secure communications in the wake of network component failures or security
breaches. However, recent news reports on a number of attacks against wireless networks,
especially WLANS, have alarmed wireless adopters, developers, and intended users. The
broadcast nature of wireless communication links makes them unique in their vulnerability to
security attacks and their susceptibility to intentional threats. Organizations that want to deploy
a secured WLAN infrastructure are challenged by the flaws in the existing wireless mechanism
design, such as the wired equivalent privacy (WEP) protocol. WLANS provide greater
flexibility and scalability than traditional LANs. Unlike a wired LAN, which requires a wire to
access the network, a WLAN facilitates network transmissions of data from computers and
other components through an access point (AP). An AP typically provides a range (cell or area
coverage) of 100 metres. IEEE 802.11 is an international standard providing transmission
speeds ranging from 1 Mbps to 54 Mbps in either the 2.4 GHz or 5 GHz frequency bands. The
802.11b is the dominant WLAN technology at present [WECA, 2001b], and provides an
expected data throughput of 5.5 Mbps . High performance radio LAN is a European
Telecommunications Standards Institute (ETSI) standard operating in the 5 GHz frequency
band; Hiper LAN/1 has a transmission speed of 19 Mbps, while Hiper LAN/2 operates at 54
Mbps. Hiper LAN/2 supports quality of service (QoS) and is based on an infrastructure
topology, whereas Hiper LAN/1 is more suitable for forming ad-hoc networks.

IEEE 802.11 Standard

The standard provides three physical (PHY) layers and one medium access control
(MAC) layer for deploying wireless communication in local networks (Fig. 1). As for the
logical link control (LLC) layer, there is no difference between wireless (802.11) and wired
(802) LANS, such as the IEEE 802.3 Ethernet network. The MAC protocol provides two
service types: asynchronous using the distributed coordination function (DCF), and

synchronous using the point coordination function (PCF) that is contention-free.[1]
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Fig.1: The 802.11 Protocol Stack
The 802.11 standard is a family of specifications originally providing a 1 to 2 Mbps
data transmission rate using either the frequency-hopping spread spectrum (FHSS) or
direct sequence spread spectrum (DSSS), After revisions, the standard includes 802.11a,
operating in a 5 GHz frequency band at 54 Mbps, and 802.11b and IEEE 802.11g, operating in
a 2.4 GHz frequency band at speeds of 11 Mbps and 54 Mbps, respectively. [2,4]
The 802.11 standard takes advantage of radio spectrum technologies, allowing multiple users
to share the radio frequencies without end- user licenses. Specifically, it makes uses of the 2.4
GHz Industrial, Scientific, and Medical band (ISM) band for
802.11 and 802.11b networks, and the 5 GHz Unlicensed National Information Infrastructure
(UNII) band for 802.11a-based networks. The International Telecommunication Union (ITU)
defines both bands. However, interference issues remain, especially in the 2.4 GHz band; if the
technology interferes with an authorised

operation such as an airline radio frequency, it will cease to operate. In addition, there
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is no protection from other technologies, such as Bluetooth, accessing 802.11 frequencies.A
portal is a logical point, which is required to integrate the 802.11 architecture with existing
wired LANS facilitating the transmission. An AP with software implementation can offer the

portal service. [5,6]

MAC Layer

The 802.11 specifications provide asynchronous (DCF) and contention-free (PCF)
services. The asynchronous service is always available whereas the contention-free service is
optional. DCF implements the basic access method of the 802.11 MAC protocol, or path
sharing. The PCF provides contention- free service, which implements a polling access method.
It uses a point coordinator (PC), usually the AP,
which cyclically polls stations, giving them the opportunity to transmit. Thus the access priority
provided by a PCF may be utilized to create a contention-free access method. The PC controls
the frame transmissions of the stations in order to eliminate contention for a limited period of
time. Unlike the DCF, the implementation of the PCF is not mandatory. Furthermore, the PCF
itself relies on the asynchronous service
provided by the DCF (Fig.1). All physical layers support one common MAC layer. Task Group
802.11e focuses on enhancing the MAC layer for QoS.[7,8]

Physical Layers
The physical layer processes data to and from radio signals over the airwave. In other

words, it handles the transmission of the frame via the air interface. The standards define three
alternative physical layers (Figure 2-2):

1. Frequency-hopping spread spectrum (FHSS)

2. Direct sequence spread spectrum (DSSS)

3. Infrared (IR)

The first three physical layers belong to radio spread spectrum technology that
operates in the 2.4 GHz band, while OFDM operates in the 5 GHz band. IR operates
in the 300-428 GHz band and operates at a slow speed with line-of-sight connection.
IR has become a legacy protocol thus will not be addressed in this discussion [8].
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1. FHSS

FHSS modulates data signals with a carrier signal that hops from one frequency to
another, using time as its measurement, over a wide range of frequencies. The carrier frequency
(between 2.4 and 2.483 GHz) is changed periodically to avoid collisions. A collision occurs
only when both a narrowband system and the spread spectrum signalsare transmitting at the
same frequency simultaneously. A hopping code is used to decide the order of data
transmission and which frequency to hop to. FHSS provides a maximum data transmission
speed of 2 Mbps [9].

2. DSSS

DSSS combines a data signal at the sending station with a higher data rate bit
sequence, known as the chipping code or processing gain. This chipping code reduces
interferences by dividing the user data according to a spreading ratio, enabling a faster
data transmission rate of 11 Mbps. It sets a specific string of bits to be sent for each
data bit. A redundant bit pattern is included in the chipping code to increase resistance

to interference.

WLAN IEEE 802.11 Simulink Model
IEEE 802.11 have been implemented with Matlab Simulink as shown in fig.2, where

the model has three main parts: Model Parameters, where the information can be selected and
sent within the beacon frame and the channel parameters, 802.11 System, which is formed of
the transmitter, channel, and the receiver, Results, where there is a viewing to the most
important received information, such as CRC flags, packet type, and received SSID.

IEEE 802.11 WLAN

FLCF CRC Flag —n-

erl i

R Signal MPDU CRC Fisg -—#-<_ [MPDU_ERR]|
EMNo=0dB MPDU Hesder [— < [MPDUHeader]
Frequency offset =100 Hz

Delay= 108 s MPDU » [MPDU]

80211 Transmiter 20211 Receiver

¥
¥

Tx Signal Channel

Fig. 2: IEEE 802.11 Simulink model
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The transmitter implements a lightweight MAC sublayer and physical layer that constructs the
PHY layer frame as shown in fig. 3. It transmits each PHY frame using several consecutive

channel frames.

n —
To
AFDH
MPDU { MPDU teSamples " SEmpIE_b
Channel Frames
PHY Framer and Modulator Fl —\/\;‘_

startTx ] S > D
[0 mo Square root Tx Signal

Rate Transition Rased Cosine

MAC Sublayer - Transmit Filter

AllZeros » A B

Transmitted
Chips

Fig. 3: the transmitter block in the IEEE 802.11 Simulink Model.
The MAC sublayer constructs the beacon frame, which is a type of a management frame. Fig.4
shows the management frame format. This frame is also called a MAC protocol data unit
(MPDU).

Octets: 2 2 6 6 ] 2 0-2312 4
Frama . Addrass 1 Sequence
Control Duration {DA) SA BSSID Conirol Frame Body FCS
) MAC Header -

Fig. 4: MAC sublayer beacon frame

The implements a beacon frame with a frame body that contains the following fields:
Timestamp, Beacon interval, Capability, SSID elements, Supported rates element, Direct
sequence (DS) parameter set element, Contention Free (CF) parameter set element (optional)
The transmitter turns on periodically to transmit a beacon frame. The beacon interval parameter

determines the transmission period.

The PHY Framer and Modulator creates as shown in figure 5 and 6, the PLCP protocol data
unit (PPDU) by adding the physical layer convergence procedure (PLCP) preamble and header
to the MPDU. The PLCP preamble contains 128 bits of ones (SYNC), which are later
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scrambled. The receiver determines the presence of a PPDU frame using this SYNC signal.
The LENGTH field of the PLCP header determines the MPDU frame length. PLCP header also

contains a 16-bit CRC.
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Fig. 5: PHY Framer and Modulator block
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Fig.6: 1Mbps Mod block

The transmitter scrambles the PPDU frame, modulates using differential binary phase shift

keying (DBPSK or DQPSK) at a rate of 1 Mbps, and applies spreading using a length 11 Barker

code. This subsystem also pads extra chips to the spread symbols to reach a 1024-bit maximum

PPDU length. This way, the system forces the MAC layer to work at a period of 1024

microseconds, which is a time unit (TU).

The transmitter emits 128 modulated symbols (1408 chips), which is a channel frame, at a time.

Modulated symbols pass through a square root raised cosine pulse shaping filter. Pulse shaped

symbols are sent through an AWGN channel that also applies a frequency offset and delay.

A Barker code or Barker sequence is a finite sequence of N values of +1 and —1, with the

ideal autocorrelation property, such that the off-peak (non-cyclic) autocorrelation coefficients
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Fig. 7: Graphical representation of a Barker-7 code

f N/IN/N

Fig. 8: Autocorrelation function of a Barker-7 code

A Barker code has a maximum autocorrelation sequence which has side lobes no larger than 1.
It is generally accepted that no other perfect binary phase codes exist [3]. (It has been proven
that there are no further odd-length codes [3], nor even-length codes of N < 10%2) [3,4].

Barker codes of lengthNequal to 11 and 13 are used in direct-sequence spread
spectrum and pulse compression radar systems because of their low autocorrelation properties
(The side lobe level of amplitude of the Barker codes is 1/N that of the peak signal).[3,4] A
Barker code resembles a discrete version of a continuous chirp, another low-autocorrelation

signal used in other pulse compression radars.

The positive and negative amplitudes of the pulses forming the Barker codes imply the use of
bi-phase modulation or binary phase-shift keying; that is, the change of phase in the carrier
wave is 180 degrees.
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For each single input bit, there are two possible 11 chip sequences that can be transmitted

«l, =1, o1, +1, =1, &1, *1, +1, -1, =1, =1
=1, *1. =1, =1. +1, =1, =1. =1, ¢1, +1, *1

One sequence is simply the inverse of the other

Barker sequence
41, =1, #1, +1, -1, 41, +1, #1, -1, -1, -1

+ BPSK
1 bitin —»| Map _-.®—> 11 complex chips out

DBPSK

Data |Phase change (deg)

0 0
1 180

Fig. 9: Barker code used in BPSK modulation

Similar to the Barker codes are the complementary sequences, which cancel side lobes exactly
when summed; the even-length Barker code pairs are also complementary pairs. There is a

simple constructive method to create arbitrarily long complementary sequences.

For the case of cyclic autocorrelation, other sequences have the same property of having
perfect (and uniform) side lobes, such as prime length Legendre sequences and maximum
length sequences (MLS). Arbitrarily long cyclic sequences can be constructed.

In wireless communications, sequences are usually chosen for their spectral properties and for
low cross correlation with other sequences likely to interfere. In the 802.11b standard, an 11-
chip Barker sequence is used for the 1 and 2 Mbit/sec rates. The value of the autocorrelation
function for the Barker sequence is 0 or —1 at all offsets except zero, where it is +11. This

makes for a more uniform spectrum, and better performance in the receivers [3,4].
Results

Simulink model that implemented in this paper allowing to modify beacon frame
parameters such as beacon interval, SSID, supported rates, etc. also include or exclude the CF
parameter set element from the generated beacon frame as shown in table 1. seting the noise

level (Es/No), delay, and frequency offset introduced by the channel.
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Table 1: Received MPDU

Received MPDU

Time stamp (usec): 1052672
Beacon interval (TU): 2
SSID: MathWWorks SDR team

Supported Rates (Mbps): [12]
'S Parameters: Received

Channel number: 11
CF Parameters: Received

CFP Count: 2
CFP Period: 20
CFP MaxDuration (TU}: 10
CFP DurRemaining (TU}: 5

The simulation also displays the scatter plots of transmitted and received chips, and the
despread symbols as shown in figure 10-12 respectively. You can see the rotating scatter plot
due to the frequency offset. The differential demodulator is able to track the phase change and

correctly demodulate the symbols.
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Fig. 10: Scatter plot of transmitted chip

Quadrature Amplitude

Received Chips

In-phase Amplitude

Fig. 11: Scatter plot of received chip
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Fig. 12: the despread symbols.
Modulation techniques that used in the Simulink model which are DBPSK and DQPSK are
tested under AWGN channel, figure 13 shown BER parameter of both modulation techniques
where DBPSK shows butter BER with 2dB gain in En/No. while in Rayliegh channel both

technique shows same BER as shown in figure 13.
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Fig. 12: DBPSK and DQPSK in AWGN channel
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Fig.13: DBPSK and DQPSK in Rayliegh channel

Conclusion

In this paper IEEE 802.11 standard implemented in Mat lab Simulink where transmitter,
channel and receiver designed. Allowing to modify beacon frame parameters such as beacon
interval, SSID, supported rates, etc. also include or exclude the CF parameter set element from
the generated beacon frame and displaying the scatter plots of transmitted and received chips,
and the despread symbols, Modulation techniques that used in the Simulink model which are
DBPSK and DQPSK are tested under AWGN channel and Rayliegh channel, DBPSK shows
butter BER with 2dB gain in En/No. while in Rayliegh channel both technique, Wireless
networks have gained popularity, providing users flexibility and mobility in accessing
information. IEEE) 802.11 networks, are becoming common access networks in private and

public environments.
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Abstract

The telecommunication industries development have focused on an intenive use
of broadband systems, whicheareecharacterizedebyehighequalityefeatures. So a new
technologies with high transmission abilities have been designed. Base on
WiMAXeconcept. a wireless transmission infrastructure that allows a fast deployment as
well as low maintenance costs. Based on the IEEE 802.16-2004 standard, in this paper
an end -to-end baseband model of the physical layer of a wireless metropolitan area
network (WMAN) have been implemented using MATALB Simulink, based on IEEE®
802.16-2004 standard. Supporting all of the mandatory coding and modulation options. As
will as illustrates Space -Time Block Coding (STBC), an optional transmit diversity scheme
specified for use on the downlink . it illustrates the use of digital pre-distortion , a
technique for extending the linear range of a nonlinear amplifier. The modulation sets have
been changed and tested in the model to reduce running time and power consumption. Finally,
measurements of Error vector magnitude EVM and modulation error ratio MER were
performed.
Keywords: IEEE 802.16-2004 standard, WiMAX, WMAN, wireless communication,
broadband systems.
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1.Introduction
The broadband wireless access has become the
best way to meet escalating business demand for rapid internet connection
and integrated “triple play"services . In addition to not only topographic but also
technological limitations, wireless solution alternatives have been found. That is the very
base of the WIMAX concept :a wireless transmission infrastructure that allows a fast
deployment as well as low maintenance costs. Based on the IEEE 802.16 - 2004 standard,
WIMAX allows for an efficient use of bandwidth in a wide frequency range, and can
be used as a last mile solution for broadband internet access [1, 2].
WIMAX vs. Wi-Fi and UMTS
Wi-Fi is a technology for wireless local area networking with devices based on
the IEEE 802.11 standards provides which is provides a high data rate, only on a short
range distances and with a slow user movementwhile , UMTS which is
(Universal Mobile Telecommunications System (UMTS) athird generation mobile
cellular system for networks based on the GSM standard) that is offers larger ranges
and vehicular mobility with lower data rate, it provides lower data rates, and requires high
investments for its deployment. WiMAX tries to balance Wi-Fi and UMTS as shown in
figure (1), thus providing vehicular mobility (included in IEEE 802.16e),and high
service areas and data rates. While WiIMAX will complement Wi-Fi and UMTS in some
of the possible scenarios where these systems are not sufficiently developed, i.e. they
face several problems in the deployment and they do not offer enough capacity to
servee for all possible users, WiMAX will compete with Wi-Fi and UMTS , in other
possible scenarios, where, in general, the costs in the deployment, maintenance , or just

the supply of the service would not be profitable.
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WiIiMAX
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Fig. (1): WIMAX position between Wi-Fi and UMTS

l. WiMAX Model

This model as shown in fig. (2) shows an end -to- end baseband model of the physical
layer of a wireless metropolitan area network (WMAN), according to the IEEE ®
802.16 - 2004 standard [ 1]. More specifically , it models the OFDM -based physical
layer, called Wireless MAN - OFDM, supporting all of the mandatory coding and
modulation options. It also illustrates Space-Time Block Coding (STBC), an optional

transmit diversity scheme specified for use onthe downlink. Finally, it illustrates the use of

digital pre-distortion , a technique for extending the linear range of a non-linear amplifier.

Binary -
— Modulator Bank

Souwce

Digital

_ oFDM Presmble Pre-Distortion and
Padking Nenlinear

Pilot Amplifier

BER |
o Bit Emor Rat MiMO
[atelD] Calculation [ #Emors o Channel
X Spectrum
» =Bits
Bit Error Rate l
Display

Double-click to set AWGH
AWGN variance Channel

@
o

39
=
L

Est. SN (dE)

Fig. (2): WIMAX Simulink model
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In fig. 2 a random bit data will be generated and mapped to a Forward Error Correction
(FEC), consisting of a Reed - Solomon (RS) outer code concatenated with a rate -
compatible inner convolutional code (CC) and data interleaving ( Interleaver block
permutes the symbols in the input signal, interleaver accepts a set of symbols and
rearranges them, without repeating or omitting any of the symbols in the set), Modulation,
using one of the BPSK, QPSK, 16-QAM or 64-QAM constellations specified. The model also
use an adaptive - rate control scheme based on SNR estimates at the receiver to vary the
data rate dynamically based on the channel conditions. The models use the standard -
specified set of seven rates for OFDM - PHY, each corresponding to  a
specific modulation and RS - CC code rate as denoted by rate _ ID (see the following
tableasper [ 11]).

Rate ID Modulation
R3-CC rate
BPSK 1.2
QPSK 1/2
QPSK 1/2
16-CAM 142
64 QAM 3/4
G4 QAM 2/3
64 QAM 3/4

F LIy | S P ]

(B3]

(s 7]

While [9] gives the block sizes and code rates used for the different modulations.

Table 2: WiMAX modulation and coding schemes [9]

Rate ID Modulation RS code CC code rate Overall code
rate

0 2-PAM (12,12, 0) 1/2 1/2

1 4 QAM (32, 24, 4) 2/3 1/2

2 4 QAM (40, 36, 2) 5/6 3/4

3 16 QAM (64, 48, 4) 2/3 1/2

4 16 OAM (80,48, 4) 5/6 3/4

5 64 QAM (108,96,6) 3/4 2/3

6 64 QAM (120,108,6) 5/6 3/4

FEC and modulator bank block in Simulink model detail illustrated in figure 3, where seven
rates for OFDM - PHY, each corresponding to a specific modulation, each modulation

block in Simulink model details shown in figure 4 and 5 where rate IDO and rate 1D1-6
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respectively illustrated in those figures. If any changing in the modulation sets of table 1 and 2

only the block of specified type of modulator will changed [2,3].
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Fig. (3): FEC and modulator bank Simulink block.
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Fig. (5): Rate ID1 - BPSK 1/2

Space - Time Block Coding using an Alamouti code [ 3]. This implementation uses the
OSTBC Encoder and Combiner blocks in the Communications System Toolbox™,
Orthogonal Frequency Division Multiplexed (OFDM) transmission using 256-point
FFTs and a variable cyclic prefix length. Among the 256 subcarriers, 192 are for data, 8 are
for pilots, 28 are left guard band, 27 are right guard band and 1 is DC null. A single
OFDM symbol length preamble that is used as the burst preamble. For the STBC model,
both antennas transmit the single symbol preamble [4,5]. An optional memoryless
nonlinearity that can be driven at several back off levels. An optional digital pre -
distortion capability that corrects for the nonlinearity. A Multiple - Input - Single -
Output (MISO) fading channel with AWGN for the STBC model. You can choose anon -
fading, flat - fading, or dispersive multipath fading channel forthe non - STBC model.
[6.8]

OFDM receiver followed by channel estimation using the inserted preambles. For the
STBC model, this implies diversity combining as per [ 3,6, 9, 10]. Hard - decision
demodulation followed by DE interleaving (recovers a signal that was interleaved using
the Interleaver block), Viterbi decoding (The Viterbi Decoder block decodes
convolutional encoded input data input symbols to produce binary output symbols), and
Reed-Solomon decoding as shown in figures 6, 7 and 8.
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Fig. 6: demodulator and FEC bank Simulink block.
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BER equations of modulation type used in the model
1. BER equation of M-PAM in AWGN channel [4-6].

— (M1 6 KkEp
PS_Z(M )Q( M2—11v0)

P, = 2
b_MlngM

log;M  (1-27%)M-1 St

X kz=1 ; (- 1)liT] (zk—l

izk—l
_l a

6log,M E,
M?2-1N,

|>Q 2i+1)

Where:
Ps: Symbol error rate (SER)
Po: Bit error rate (BER)
M : Size of modulation constellation
K : Number of bits per symbol — k=1log, M

%: Energy per bit - to - noise power - spectral - density ratio
0

. 1 0 —t2
Q function : Q(x) = Efx exp(-) dt
2. BER equation of M-QAM in AWGN channel [4, 5, 6].

P, =4

VM -1 3 kE, 4m-12 , 3 KkE,
Niva M -1N, v M -1N,
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3. BER equation of BPSK in AWGN channel [4].

2E,
N,

P =P}=Q

4. BER equation of QPSK in AWGN channel [4].

) 2E, 1 2E,
s =20 N, 2 N,
p 2E,

b =10 N,

Simulation results

Modulation sets that chosen in model either table 1 or tow examined under AWGN channel

with Ex/No from 0 to 30 dB as shown in figure 9 for table 1 and figure 10 for table 3
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Fig. 9: BER of modulation sets in table 1
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Fig. 10: BER of modulation sets in table 2

From figure 9 BER of both 2PAM and 4QAM are identical while figure 10 shows BPSK and

QPSK same BER results in AWGN channel.

Power Spectral Density (PSD) which is simply the average noise power per unit of bandwidth,
spectrum of transmitted signal in term of PSD is illustrated in figure 11 and 12, where figure

11 shows PSD of transmitted signal of 2 antennas in OFDM block without using raised cosine

windowing between OFDM symbols, while figure 12 shows the spectrum with raised cosine
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Fig. 12: transmitted spectrum with raised cosine windowing between OFDM symbols
Multi input single output power spectral density spectrum is shown in figure 13, while figure
14, 15 shows the received constellation and Received signal trajectory with EVM and MER

measurement.
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Fig. 13: MISO channel spectrum
The Constellation Diagram block plots constellation diagrams, signal trajectory, and
provides the ability to perform Error vector magnitude EVM and modulation error ratio

MER measurements.
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Fig. 14: Received constellation with EVM and MER measurement
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Fig. 15: Received signal trajectory with EVM and MER measurement

Conclusion

IEEE® 802.16-2004 standard have been implemented using MATLAB Simulink,
where the model supporting all of the mandatory coding and modulation options. It
also illustrates Space - Time Block Coding (STBC), an optional transmit diversity
scheme specified for use on the downlink. it illustrates the use of digital pre-distortion, a
technique for extending the linear range of a nonlinear amplifier. Also modulation sets have
been changed and tested in the model to reduce running time and power consumption. Finally,
measurements of Error vector magnitude EVM and modulation error ratio MER were
performed, the results shows good performance in term of BER and power spectral density of

both transmitted signal and received signal.
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Abstract

The results present the mathematical model for scheduling blocks allocation in
the downlink of the LTE technology with support of different types of quality of service,
organized according to RAT 0. The basis of the proposed solution is a model described.
The novelty of the improved model consists in ensuring the balanced allocation of
scheduling blocks among user equipment’s taking into account requests priority and
channel quality indicator (CQI). This allowed facilitating the differentiated quality of
service for users both with consideration of their priorities and features of the signal-to-

noise conditions.

Keywords: LTE, channel gquality indicator, RAT 0, Scheduling blocks, time-frequency
resource, radio resource management.
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1. Introduction

In this regard, improving theoretical principles of technological mechanisms of networks
resources management is one of the effective ways to improve indicators of quality of service of
users’ requests. In the analytical technology, such resources traditionally include symbols (time
resource); frequency subcarriers (frequency resource); resource elements, resource blocks and
scheduling blocks (time-frequency resource). To organize the access of user equipment’s to the
frequency and time resources of the downlink, the technology of Orthogonal Frequency-Division
Multiplexing (OFDM) is used in the LTE technology [1,2]. However, the mechanisms for
resource management in the downlink from the eNodeB side in the LTE technology, as well as
in WiMAX networks, are not standardized, which allows developers of network equipment and
appropriate protocols to offer their solutions in this area. At the eNodeB of the LTE network, the
Radio Resource Management (RRM) system is responsible for allocation of network resources.
It is practically realized as a scheduler of requests for service coming from UEs [2, 3]. The goal
of the RRM is to provide prompt response to a change in the signal-to-noise conditions, as well
as structural and functional parameters of the LTE network itself: the number and allocation of
user equipment’s, requirements of users’ requests to the level of QoS, types of provided services,
characteristics of provided traffic, etc.
Adaptation to the changes of parameters in the signal-to-noise conditions means that the
eNodeB collects information on radio channel parameters from a UE as values of the
Channel Quality Indicator (CQI) [3]. However, each UE transmits a CQI to eNodeB
formed on the basis of the analysis of SNR values (Fig. 1) near any eNodeB [1, 4]. In its
turn, the choice of scheme of the used Adaptive Modulation and Coding (AMC) depends
on values of CQI (Table 1) [1, 11].
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Fig. 1. The model of CQI-SNR ratio [1, 4]
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Table 1: Correspondence of schemes of adaptive modulation and codingto CQlI
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Symb .
.CQI Modulation ol bit Code Effegtwene
index load rate ss, bit/s/Hz
1 QPSK 2 78/102 0.1523
4
2 QPSK 2 120/10 0.2344
24
3 QPSK 2 193/10 0.3770
24
4 QPSK 2 308/10 0.6016
24
5 QPSK 2 449/10 0.8770
24
6 QPSK 2 602/10 1.1758
24
7 16 4 378/10 1.4766
QAM 24
8 16 4 490/10 1.9141
QAM 24
9 16 4 616/10 2.4063
QAM 24
10 64 6 466/10 2.7305
QAM 24
11 64 6 567/10 3.3223
QAM 24
12 64 6 666/10 3.9023
QAM 24
13 64 6 772/10 45234
QAM 24
14 64 6 873/10 5.1152
QAM 24
15 64 6 948/10 5.5547
QAM 24
2. Analysis of specifics of quality of service ensuring in LTE network

The 3GPP LTE technology has been initially designed as a multiservice solution aimed
at providing users with a set of info-communication services, which have a certain level of
quality of service. The traditional solution of QoS ensuring problems is based on the

classification and labeling (prioritization) of flows. Then, on the basis on the identified type of
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traffic and assigned priority values, in the LTE network the solution for the problems of
management of the available in the downlink time-frequency resource should be performed.
In order to provide ensuring of QoS requirements to a set of application, different Evolved
Packet Core (EPS) flows of the transport network are formed. All possible EPS flows can be
divided into two groups: flows with Minimum Guaranteed Bit Rate (GBR) and flows with
Non-Guaranteed Bit Rate (Non-GBR). Let us consider the basic features of these types of
flows:

1. GBR flows. The flows of this type have a certain value of the Minimum Bit Rate,
which is set during the procedures of flow formation or its change. Therefore, transmission
with the rate, which is higher than the set one, under a free radius is possible. In addition,
there could be established a limitation on Maximum Bit Rate (MBR). The flows of this type
are used, for example, in VolP traffic transmission.

2. Non-GBR flows. The flows of this type do not guarantee the Minimum Bit Rate.
These flows are used, for example, to transmit data traffic (FTP, e-mail).

At the section between the eNodeB and UE, QoS parameters ensuring is performed by the
eNodeB. To do this, each flow is assigned with a QoS Class Identifier (QCI). Each QCI
determines values for the following QoS parameters: the priority, allowed delay and number
of lost packets. All the possible QCI values, as well as QoS parameters, related to a particular
QCI, are determined in [97, 98], which should provide similar processing of flows of the same
type at the equipment of different vendors. (Table 2) shows the standardized CQI values and
their characteristics.

It should be noted that the value of the allowed delay at the section between P-GW and UE is
determined [5]. In realization of data transmission with the guaranteed bit rate, the eNodeB
must manage the resources in the dynamic mode. Services of classes QCI 1, 2, 3 and 7 are
the services provided to the user in real time over the UDP/IP protocols. The main limiting
factor for their realization is the allowed packet delay.

Table 2: Standardized characteristics of QoS Class Identifier (QCI)

Type Pri Allowed Qgg Exampl
of orit value of ossi es of
QCI servi y average Eilit services
ce val packet of y provide
ue delay d
error
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d Bit Streami
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TCP
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g
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Mission
55 200 ms 10 Critical
Data

The PERL (Packet Error Loss Rate) value shows reliability of packet
transmission, which is evaluated according to the relative value of rejected
packets. The value of PERL < 10 is achieved in packet delivery using the
TCP/IP protocol. Signal traffic has the highest priority. Class 9 is applied by
default in delivery of TCP/IP traffic (reading files from the Internet, E-mail,
video) to nonprivileged users.

As a rule, values of priority and allowed delay determine in which way the
scheduler at the eNodeB will process data packets. If the value of allowed

losses will be 10, then the acknowledged transmission is used.
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The transmission of a service flow of a particular service is performed due to
a bearer channel of the appropriate QCI. However, the basic parameters, which
characterize the bearer, are:

— for GBR classes the guaranteed and maximum bit rate, which cannot be
exceed;

— set and saved priority.
The total bit rate of flows over all the channels is set up for bearers with non-
guaranteed bit rate. At the same time, the bearers of the GBR classes are
allocated links.
The dynamic allocation of the channel resource is performed by the scheduler
of the eNodeB, which should operate considering the following parameters:

— state of radio channels with the corresponding user equipment’s;

— bearer attributes;

— characteristics of transmission process over bearers;

— signal-to-noise ratio.
When transferring data over the network, user flows must undergo several
interfaces (LTE-Uu, S1, S5/S8) before they will be transmitted to the external
network or UE. At each EPS interface, flows are displayed on the flows of
lower layers, which have their own IDs. Each node provides matching of
identifiers of the flow at the various interfaces (to which the node is relevant).
Note that on the interfaces S1 and S5/S8, the flow is determined by the identity
of the GTP tunnel. Packets belonging to the same flow of EPS are always
processed in the same way.
The classification of incoming packets in order to determine the flow, to which
they belong, is performed using the TFT (Traffic Flow Template). These
templates use such IP header information as IP-addresses of a sender and
receiver, and the TCP-port number.

3. Initial data, input terms and definitions
The developed model is aimed at the use of RAT 0, which implies combining

RBs into the so-called resource block groups (RBGs) allocated to UE. The
number of RBs included into one RBG ( p ) depends on the used frequency
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and bandwidth. If the division of the number of RBs by the parameter p does
not give integer values, the extreme RBG will have a size smaller than p .

In the proposed model, in accordance with the features of LTE technology, the
following initial data assumed to be known [1, 5, 11]:
— N is the number of UEs;

— K is the number of RBs formed during the transmission of a single time slot.
In the LTE technology the number of RBs depends on the bandwidth of the
frequency channel and it can have values: 6, 15, 25, 50, 75, 100;

— Ky is the number of subcarriers for data transmission in a single RB in a
Scheduling Block (SB). The given parameter of the frequency diversity
between subcarriers Af and it must satisfy the condition K Af =180 KHz.

Ky can take the values of 12 and 24, which correspond to the frequency

diversity between subcarriers Af of 15 KHz and 7,5 KHz;

Ng/?nb is the number of symbols, which form a single resource block. The

parameter Ng/l?nb =7 in case of using a normal cyclic prefix (CP). The length

of the normal CP of the first OFDM symbol is Tép =5,2 ps, and from the

second to sixth OFDM symbol — Té;6 =4,7 ps (Fig. 2). When the extended

CPis used (T, =16,7 ps), the RB consists of six OFDM-symbols (N &5, =6);
— Trg=0,5 ms is the transmission time of a single RB;
— Tgg =1 ms is the transmission time of a single SB;

— Tsg=1ms is the time of one subframe transmission;

- N SRE =2 is the number of RBs, which are formed at the same subcarriers and

allocated to a UE during the transmission of one subframe;

Rg,m is the code rate used in the coding of a signal of the N-th UE at the

subcarriers of the m-th SB;
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- ktr)" M is the bit load of the N -th UE symbol at the subcarriers of the M -th SB;
— channel division type — FDD or TDD and the used frame configuration;
Rpeq is the bit rate, which must be allocated to the N -th UE;

— M s the number of subframes used to transmit data in the LTE downlink;

— p isthe number of RBs included into a single RBG.
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Fig. 2: The LTE resource grid under the standard step of subcarriers of 15 KHz

4. Mathematical model for allocation of scheduling blocks in LTE downlink

organized according to RAT 0.
It is important to consider that according to the RAT 0 of the LTE technology,

allocation of resource blocks to user equipment can be performed only during all the
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length of a subframe. Then the resource blocks, which correspond to identical
subcarriers, form the so-called scheduling block, and the problem of time-frequency
resource allocation in the downlink of the LTE technology can be formulated as a
problem of scheduling blocks (SBs) allocation [1,5, 11].

To consider the structure of a frame or subframes, as well as the number of subframe,
allocated to transmit data by UEs in the downlink, the notion of downlink configuration
matrix is introduced into the mathematical model [1]. In the given rectangular matrix
H , the number of lines corresponds to the number of possible configurations of the
frame ( L), and the number of columns is equal to the appropriate number of subframes

(M) in the frame as a whole. Then

H =hy [, (1=0,L-1; m=0,M -1), L
where

1, if the mth subframeis used to transmit the information in the downlink
h, , =< under the Ith configuration;

0, otherwise.

The configuration matrix of the downlink is as follows

1 00001O0O0O0O
1 0001100 01
1001 110011
H:1000011 1 1 1. @
1 000111111
1001 111T1T11
1 000 01O0O0 01
1111111111

In the proposed model, a set of Boolean variables will be used as control variables,

which regulate the process of scheduling blocks allocation among user equipment’s:
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1if the kth scheduling block at the mth subframe
Xm =19 is allocated to the nth UE; (3)
0, otherwise.

According to the physical sense of the introduced variables and on the basis of specifics

of the LTE network functioning during calculation of the control variables xl? m’ itis

important to fulfill several key conditions, which will further act as existing restrictions
imposed to these variables in solving the optimization problem. To provide the
allocation of the k-th SB of the downlink during the transmission of the m-th subframe

to not more than one UE, the control variables are imposed with the restrictions of the

type:

N
Y X <1, (k=0,K-1;m=0,M -1), @
n=1 '

The fulfillment of the given condition guarantees that at the physical OSI layer the same
frequencies will not be used for data transmission to different UEs at the same period
of time. The condition of allocating only downlink scheduling blocks to the user

equipment in accordance with the used frame configuration, configuration matrix (1.1)

k=0”;/|1 <hm. (M=0,M —1), (5)

The most important condition of the proposed improved model is the condition of
balanced allocation of scheduling blocks to the nth UE in such a quantity, which will
ensure the required transmission rate in the downlink under the used modulation and

coding scheme:

205



2018 /5 /6-55 il Axalal i) 48 2 g ) jaizal il ' V :

Vol: 4 Year: 2018 ey
(P 1) l;+2 E+2 5—4
M+ 0-9,n
TS R§Xig+ Z R Xe 5 + Z Rsg "Xk 0 +
(CQL, +D| |, ¥, W o
2 2
’2_4
0-9,n 0-9,n
+ Z R9g Xk0+kz Reg Xk 5+ Z Reg Xk 5+
k=K.3 =0 k=43
2 2
K-1 4 0-9 K-1M -1 0-9
+Z ZRSB hImka"'z ZRSB hImka >ﬂ Rreq
k=0m=0 k=0m=6
(6)
when nzl,_N.

In expression (6), the following parameters have been used [1]:

(( NsF){/‘ranb N RB -N PDCCH — N PSS,S8S N PBCH ) Ks -N piIothle ) Rg'kk;'k
KTSF

RSB =
Is the bandwidth of SBs formed on the zero subframe and transmitting Primary

Synchronization Signals (PSSs), Secondary Synchronization Signal (SSSs)
and Physical Broadcast Channel (PBCH) using Npgs s55=2 and NpgcH

=4 symbols accordingly;
( ( Ngﬁwb N RB - N PDCCH N PSS,SSS ) Ks - N pilotNgFB ) Rg'kkt;]'k
KTse
is the bandwidth of SBs formed at the fifth subframe and transmitting PSSs and SSSs;

((N;ibN - NPDCCH)KS - NpilothRFB)R:’kkt?'k
KTSF

5
RSB_

0-9 _
RSB =

is the bandwidth of SBs formed at all the subframes and containing only the Physical

Downlink Control Channel (PDCCH) out of all the service information; N PDCCH =3

is the number of symbols in each subframe allocated to transmit the PDCCH,;
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N pilot=4 is resource elements allocated to transmit pilot signals in a single

RB. Besides, to form a single RE, one subcarrier and one OFDM-symbol are used.
/3 is a control variable, which characterizes the lower bound of the required

QoS level for requests of users regarding the bit rate;
Prn is the priority of service requests coming from the n-th user equipment

(Table 2); CQI,, is the numerical value of the channel quality indicator toward the n-

th user equipment’s.

The calculation of the desired variables (3) according to the above introduced
limiting conditions (4) -(6) is reasonably to perform during solving the optimization
problem, which is oriented at ensuring the maximum of the lower bound of meeting

UEs’ requirements to the bandwidth allocated to them in the LTE downlink:

max f . @)
X, B

The novelty of the proposed improvement of the model is that during balancing of the

number of scheduling blocks allocated to UEs, both request priority (Pr,) and

parameters of signal-to-noise ratio (CQIp) are explicitly taken into account (6).
According to the performed improvement, a large amount of the time-frequency
resource will be allocated to UEs, which has higher priority (lesser value of Pry), as
well as better value of CQI,,. On the one hand, this allows providing multiservice nature

of solutions for differentiated quality of service, and on the other hand, excluding the
situation, when UEs with high QoS requirements but low SINR/CQI practically block
the performance of the LTE network by monopolizing practically all the available time-
frequency resource.

The number of control variables determines the scalability of the optimization
problem solved and fully depends on the number of UEs in the LTE network, the
number of subframes in a frame, as well as the number of scheduling blocks, which are

formed during the transmission of one subframe. Considering this, the number of

control variables (XE m) corresponds to N x M x K. As a result of determining the
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numerical values of variables (3), allocation of scheduling blocks and assignment of
subframes to user equipment’s, during which data will be transmitted from eNodeB to

UE in the downlink, is performed.

Given that the introduced control variables XI? m (3) are Boolean and the variable /3

is real-valued, then the formulated optimization problem, which is connected with the
maximization of the objective function (7) under linear restrictions (4)-(6), is related to
the class of Mixed Integer Linear Programming (MILP). To solve this problem
Rounding-off, Branch-and-bound, simulated annealing methods [6, 12] can be used. In
the thesis the modified method, which is the basis of the intlinprog function included

into the Optimization Toolbox package of the Matlab system, has been used [7].

5. Analysis of methods for solution of problem of scheduling blocks allocation

represented by optimization problem of mixed integer linear programming

As it is said in the previous Subchapter, the solution of the problem of resource
block allocation is narrowed down to the solution of mixed integer linear programming
(MILP), for which the MatLab «Optimization Toolbox» has been used [7] (version 14
and higher), which is represented by the «intlinprog» subprogram.

In solving the problems of the mixed integer linear programming, it is necessary to

minimize the objective function in the linear form

m)i(n F te , (8)

under fulfillment of a number of conditions of linear restrictions, which are represented

as equalities and inequalities
g I — —
A-Qﬁb;Aeq-)?zbeq;and Ib<x<ub, (9)

where X is the vector of control variables, and the number of its coordinates is
determined by the number of scheduling blocks, subframes and user equipment’s,

including variable £z, and it is respectively equal K -M - N +1; Matrix A and vector

}J
b are formed from the inequalities (4)-(6);
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IJ
Matrix Aeq and vector beq are not determined (Aeq=[] or beg=[]) because there are

no conditions in the form of equalities in the proposed model;
Ib and ub are column-vectors of bounds, namely b consists of zeros corresponding

to the lower bound of the control variables values, and UD has all unit values, except

for the explicitly undetermined higher bound of the variable /3 («inf).

Moreover, F Is a weight vector, in which there is only one non-zero element, which
corresponds to the variable /2, equal to -1 as a result of the need for maximization of

the objective function (7).

Let us consider the features of the used algorithm. The subprogram «intlinprog» uses
the following base strategy to solve the problem of the MILP. In addition, the
«intlinprog» can obtain the solution of the problem at any of the represented stages. In
case when the problem is solved at one of the stages, the «intlinprog» does not perform
the following ones.

Thus, among the stages we can point out the following:

1. Reducing the scalability using pre-processing method of the linear
programming.

2. Solution of the initial problem with weakened restrictions (non-integer) using
methods of linear programming.

3. Performance of pre-processing by the method of integer linear programming,
limiting solution under weakened restrictions, obtained by the method of linear
programming for solving mixed integer problem.

4. Further tightening of the method of linear programming by Cut Generation
restrictions for solving the mixed integer problem.

5. Determination of integer solutions using heuristics.

6. Use of the Branch-and-Bound algorithm for the systematic search of optimal
solutions. This algorithm solves the simplified linear programming problem
with a limited range of possible values of integer variables. At the same time, it
is trying to create a sequence of updated bounds under the optimal value of the

objective function.
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In turn, the Branch-an-Bound method consists of a sequence of subproblems
that are trying to converge to the solution of MILP. The solution of these subproblems

make it possible to obtain the sequence of the upper and lower bounds of solution Ft)‘()

. The first upper bound is any feasible solution, and the first lower bound of is the

solution to the problem with the weakened restrictions.

Conclusions

1. The framework of the LTE technology provides several resource allocation types that
use certain procedures, while one of the types is the RAT 0. However, the known
models describing the allocation according to RAT 0 do not take into account the
mutual influence of requests’ priorities and the channel quality, which is evaluated, for
example, by the value of the CQI toward the user equipment.

2.Thus, the mathematical model for the allocation of scheduling blocks in the LTE
downlink with support of various types of quality of service, organized within RAT 0,
the novelty of the model is in ensuring balanced allocation of scheduling blocks among
user equipment’s based on the priority of requests and channel quality indicator (CQI).
This allowed ensuring differentiated quality of service of users taking into account both
the priority of their requests and characteristics of signal-to-noise ratio.

3. Implementation of the model (1) - (7) optimizes the allocation of scheduling blocks
in the LTE downlink with support of various types of quality of service under RAT 0

on the basis of the calculation of the control variables that determine the order of

scheduling blocks allocation. Given that the input control variables me (3) are

Boolean, and the variable /3 is real-valued, then the formulated optimization problem

related to the maximization of the objective function (7) in the presence of linear
constraints (4)-(6) belongs to the class of mixed integer linear programming (MILP).
The model (1) -(7) is linear, which makes its use quite effective in terms of
computational realization.

4. To solve the optimization problem of scheduling blocks allocation in the LTE
downlink on the basis of RAT 0, the Optimization Toolbox has been used, which is

widely tested and well-proven in practice tool of the MatLab system. In order to solve
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the problem of mixed integer linear programming, the «intlinprog» subprogram has
been used; it is based on the combined use of a number of computational methods
(Rounding-off, heuristic method, method of Branch-and-bound) at various stages of the
program performance.

5. The proposed model can be used directly in solving the problem of scheduling blocks
allocation in the LTE downlink with support of various types of QoS organized within
RAT 0 and under the mathematical description of more complex management processes
of time-frequency resource in the LTE network, for example, associated with designing

and planning of a wireless communication system.
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Abstract

This paper presents the design and simulation of a Spiking Neural Network (SNN) to
control the joints position for seven degrees of freedom rehabilitation robot. The design of SNN
is performed using Spike Response Model (SRM). The Back- Prop algorithm is applied for
learning the SNN. The coding and decoding is applied for converting real numbers into spikes.
The controller is designed so that the rehabilitation robot follows position medical trajectory
paths in the rehabilitation process with minimum error in position. The designed structure of
SNNs is single input-single output. The PI controllers are also simulated on the same structure

to approve that SNNs controllers works correctly.

Keywords: Rehabilitation Robot, SNNs Controller, PI Controller.
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1. Introduction
Biological neurons process input information and transform them into output through
sequences of spikes. The transmission of information through the neurons is carried out by the
use of their electrical and chemical properties. To model the input-output relation of biological

neurons, a number of mathematical models known as artificial neuron models are proposed [1].
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Neuron models of the first two generations do not employ individual spikes, but their output
can be seen as normalized firing rates of the neuron within a certain period of time. This type
of coding is called rate coding.

The Spiking Neuron (SN) models are considered to be the third generation of the Artificial
Neural Networks, which have a better resemblance to the biological neuron than the earlier
models. Similar to their biological counterparts, in SN models, the magnitude of the spikes
contains no information; rather, all information is encoded in the timing of the individual spikes
[2]. This coding scheme is called pulse encoding.

One of the major works in the region of SNNs [3] has shown that they can approximate any
continuous function using individual spike times. The same work has explained that SN are
computationally more powerful than neurons with sigmoid activation function. Furthermore,
SNNs have the ability of fast adaptation [4]. The abovementioned advantages and an increasing
interest in temporal computation have encouraged the use of SNNs for many different
applications.

The training of SNNs has been considered in many research projects [5]. A Back Propagation
(BP)-based learning algorithm, called Spike Prop has been presented in [4] Where it is assumed
that the value of the internal state of the neuron increases linearly in the infinitesimal time
around the instant of neuronal firing. To improve the performance of BP, a number of
modifications are suggested to the basic algorithm, such as Back Propagation with momentum,
QuickProp [6].

2. Spiking Neural Networks
The dynamic behavior of a spiking neuron is close to its biological counterpart. Figure 1
demonstrates the structure of the SNN, in which each connection between a presynaptic and a
postsynaptic neuron is modeled by multiple synapses. Each synaptic connection is
characterized by weights that represent the strength of the connection and each synapse has a
different delay. The inputs and outputs of a spiking neuron are described by a series of firing-

times, called a spike-train. Each firing-time describes the time a neuron has sent out a pulse

[6].
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Fig. 1. Structure of Spiking Neural Network: (A) Feed Forward Spiking Neural Network (B)
Connection Consisting of Multiple Delayed Synaptic Terminals [6].

The potential of a spiking neuron is modeled by a dynamic variable and works as a leaky
integrator of the incoming spikes: newer spikes contribute more to the potential than older
spikes. If this sum is higher than a predefined threshold, the neuron fires a spike.

Different models were developed for mathematical formulation of information transmission in
spiking neurons. These are the Integrate-and-Fire Model, 1zhikevich Model, Hodgkin- Huxley
Model, and Spike Response Model [7]. The Spike Response Model (SRM) is the most widely
exploited model because of its mathematical simplicity.

In this paper, the SRM model is used to describe how the sequence of incoming spikes is
processed to produce a new spike train leaving the neuron [8]. It is assumed that any neuron
generates at most one spike during the simulation interval and fires when the internal state
variable reaches a threshold.

Assume that feedforward operation, where each neuron in hidden layer is checked if it is spiked
or not. Each neuron can spike at maximum once only during the time interval, when its
membrane potential (mi) exceeds threshold value (:9). If the neuron (i)is spiked at (t{ ), the
algorithm goes to the next neuron i+1 in the same layer, else SNN algorithm calculates the
membrane potential mi(t) using the following equation:

m; = T TRo wi (De(t — t, — d) 1)

The response function (&) shows the spike effect of the presynaptic on the membrane potential
of the postsynaptic neuron. VVarious mathematical formulations are used as a response function,
but the form of the function is always a short rising part followed by a long decaying part and

e (t) =0 for t < 0 to insure causality, as shown in Figure (2), and is calculated as [9]:

t
e(t) = %e(l_?)for t>0 elsee(t) =0 (2)
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Where, T is the membranes potential decay time constant in second.

&
\\
=
<

t{ t(lnsec)

Fig. 2: The Potential of Postsynaptic Neuron j [9]

Compute the error using the Least Mean Squared Error as in equation

1
E= EZjE](t]f —t)? 3)
Where,t]-cl is the desired spike time for output neuron j
The backward part initiates, where the synapses weights of connection will be adjusted.
Counter to feedforward, the Back-Propagation initiates from output layer and returns to the
hidden layer. The synapses weights of output layer are adjusted according to equations (4) to
(7):
]
o ) = wi(

1 1

—2) (4)

t—t!—aj T

_0
at(yf)

And,y¥represents the spike response function for a single sub-connection terminal.

Where, =0fort< t{ +d;

Tt/
S N SR wE (R ©)
Where, dj is the delta function
The updated weight of the output layer is:
Wl-kj(t +1) = Wikj(t) — Awikj (6)
Where, Awl-kj(R) = n.dj.yik @)

And,n is the learning rate.
The synapses weight between hidden and input layer will be updated using equations (8) to
(20):

d
I 8 3R W (R3O

; 8
EosNE SR wh Rk ®)
wi; (t+ 1) = whi (0 — Awy; )
Where, Aw);(R) = 1. 6;. vk (10)
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3. Coding and Decoding:

When the state of spiking neuron j described by its potential mj (t) crosses a certain
constant threshold value 9, the neuron fires a spike, which is described by its spike time tj.
However, in most engineering problems the computations must be performed on analog data,
which leads to the development of methods for encoding analog signals into spike trains. The
following formula is employed

encoding the data of inputs to spikes time and passes these spikes to hidden layer using equation
(12) [6]:

f_
ty, = tmax — round (tmin +

(Rin—Rpin) (tmax—tmin)
(Rmax_Rmin) ) (11)

Where, Tmax and Tmin are the maximum and minimum time intervals, where they are
different for the input and the desired output, Rmax is larger than the largest value in the input
patterns and the output pattern, Rmin is the smaller than the smallest value in the input patterns
and output patterns, and Rin is the current value of data.

The output from the network must be decoded from time to real information. This can be done
using the following equation [6]:

J (Tmax_Tmin) (12)

J = ((Tmax—t}c —Tmin)(Rmax—Rmin)>
4. Controllers Performance

In this paper the development of the position controls system for rehabilitation robot is
discussed. The robot model has high non-linearity due to Pneumatic Muscle Actuator that used
for the robot movement so that the designed controllers are used to make the robot follows the
medical trajectory with minimum error. Pl controllers are connected with the robot to control
it and explained that the SNNs controllers are given result with minimum tracking error best
than conventional error. The inputs for the controllers are the error of angles and the outputs
are control signals connected with pneumatic muscle actuator of robot to control the high non-
linearity. The general specifications of SNN using Modified Spike-Prop training algorithm
(MSP) are presented in the Table (1).
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Table 1: SNN Specification

Joint No. Controller 9D At | tmax-tmin | tmax-tmin
Network Topology (sec) (sec) | (1/P) (O/P)

1 14,1 1 053 |01 10-1 10-1

2 16,1 1 052 |01 |20-1 20-1

3 14,1 1 053 (01 |10-2 20-1

4 15,1 2 0.7/3 101 |91 20-1

5 1,71 2 053 (01 9-1 9-1

6 151 6 1 3101 15-1 15-1

7 1,71 2 053 (01 |101 10-1

where the network topology represents the number of units in Input/Hidden/Output, is time
constant in(msec), 9 is the threshold value for spiking, D is the time delay of synapses per
connection,At is the Step size in msec and tmax-tmin (i/p) is time range for input spike in

(msec). The structure of the SNN is shown in Figure (3).
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4. Simulation of Controlled System Rehabilitation Robot

In this work, two medical trajectories were applied. The two trajectories axes are
generated by using a cubic interpolation where its trajectory axes are X, y and z.t, is the initial
time and tr is the final time of motion. The trajectory is the time of planning in such a way that
the robot arrives at the final configuration in total time tf = 30 sec. The planned trajectory is
[11]:

Bld(tf) Gld(t ) 0id(tf)—0id(t°)

6(t) = 6:(¢) =

Where, (|:1,2,3,4,5,6 and 7) is the index of the generated angle for the first desired trajectory.

162-2[ 1¢3 (13)

This trajectory is transformed into Cartesian coordinates using the direct kinematics in order to
obtain the desired position trajectory, Xd= [xd yd zd]".This trajectory represents the motion
of knee flexion/extension and ankle flexion/extension joint in a maximum range movement
and its axes equations are:

x=-ab.c0s(q6d) (14)

y=al (15)

z=- (a6.sin(g6d) +d8.sin(g6d+q7d)) (16)

The planned second trajectory is explained below. This trajectory is transformed into Cartesian
coordinates using the direct kinematics in order to obtain the desired position trajectory. This
trajectory represents the motion of hip joint flexion /extension and ankle flexion /extension and

its axes equations are shown below:

x=0 (17)
y=al (18)
z=a3+ (ab+ab). cos (g6d) +d8.cos (q6d+q7d) (19)

where g5d, g6d, and q7d are the desired position for the fifth joint (hip), sixth joint (knee) and
seventh joint (ankle)joint respectively for two trajectories. These types of trajectories are
required and important in rehabilitation training because they give motion for a large number

in muscles of human leg.
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The Simulink of the complete Position controlled system for rehabilitation robot using SNN is
shown in Figure (4). It consists of sub blocks of the dynamic model, PMA, SNN position
controller, inverse kinematic of system, and the reference trajectory and its inverse.

Feed forward Inverse Robot

Kinematic i dynamic
| | :
i TR | e N | S
X el ' Iy
, - Coptrolle 1 4=
In T — =
i S ' 1l e
= I | | E) N - I 4 =
= |
o IF 1 [HE ]
= T 3 ]
Medical 3 - L] I ] Inverse Medical
trajectory . j—l J 5 trajectory
I

Fig. 4: Simulink of position-controlled system for the rehabilitation robot.

The disturbance represented in this work is stated as [12]:

tdis=Axsin(wt) (20)

where the frequency of disturbance is assumed to be w=10xm rad/s and amplitude is A=4 Volt
4.1 First Trajectory without Applying Disturbance

By applying the first reference trajectory with angles initially are: joint 6 is 0°and joint 7is 0°.
The destination angle of joint 6 is -65° and joint 7 is -40°.

In this work, the criterion to measure the error in trajectory is by using Root Mean Squared
Error (RMSE) [11]:

RMSE = %211\’ Vebns + efny + efns + efna t efis + efng + efy (21)

Where,e? ,, €25, 2,3, 2, €ns, €46, €271 the error in trajectory in the first though seventh
joint angles respectively and N is the number of samples. The acceptable gains of Pl controller
are shown in Table (2), and the joint angle response are shown in Figure (5), the joint angle

response using SNN controller are shown in Figure (6).
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Fig.6: Joint angles responses for the first reference trajectory without disturbance (SNN

controller).

4.2 First Trajectory with applying Disturbance

Assuming the disturbance mention equation (21) is applied, the best gains of PI controller are

shown in Table (3). The response for each joint angle using Pl and SNNs controllers are shown

in Figure (7) and (8) respectively.

Table 3: Best Pl Gains for the First Trajectory without Applying Disturbance.

No. of |1 2 3 4 5 6 7
joint
kp 1.25 01 |04 0125 |32 |74 |03
Ki 0.9 05 |08 0.3 0.2 |0.01]0.024
~ angle (2 angle (3)
0 el dw o ol
—and| 9 —actual 5 —actual
—desied] S 20 — desired S —(lesired
2 0 ~
o) 0
0 § 0 £ 0
2 ol §
40 54 5 10 15 2 % p * '400 5 10 15 20 5 30
! : 0 Umeézwnd) a5 4 2.2 i (second) time (secon)



first joint angle (degree)

fourth joint angle (degree)

fourh joint angle (degree)

poletuy,
R Py

(s

X $
2018 5/6:5 5 e il 200 20 g i st iy \V :

Fig.8: Joint angles responses for the first reference trajectory without disturbance (SNN

controller).

223

Vol: 4 Year: 2018 bl
angle (4) agel) gl
40, , 50 ‘\ 40
—actual ~ Ty
—desied) g —actua
? £ - 73?5”[&6‘(1 <, —desired
— s 3
0 5 \\ H §
£ —~— £
2 " T~
4 E -60)
0 5 0 B 2 25 30 1000 5 10 15 20 %5 30 0 5 10 15 20 25 K]
fime (second) fimelsecond) fime (second)
% angle (7)
]
? —actua
) — esired
e 2
o)
c
G 0
£
2
3 -0
c
: 40
570 5 no5 N 5
: . : . fime (sefong{. . . .
Fig.7: Joint angles responses for the first reference trajectory with applying disturbance (Pl
controller).
angle (1 ~ angle (2) angle (3)
40 e 8 4 7 4 _
—desied| & — desired ¢ —Gesired
20 —actudl J 2 —actud 10;':’ 2 —actual
3 1
0 g 0 20
E g
C
-20) % -20) 52
c T
) -0
% 5 w5 o 5w § I R T A T )
time (second) time (second) fime (second)
angle (4) angle (5) angelf)
“ —(esired @ 100 —desired N -
_ o —actual ] —actual
20 actual ﬁ aclua s 50 e
o s
0 g’ 0 %\ g 0
[ ——— -
-20 ; \_\\ E_ \‘\\
S 0 H
s
40 £
0 5 05 2 2% 0= 5 10 15 2 % 20 100, 5 0 5 % 5 0
time (second) time (second) fime (second)
% angle (7)
o 40
% —actual
S 9% —desired
o
o
§ 0
E
220
o “% 5 10 15 20 3 30
time (second)



;ﬂ___:.\ ,-.?)‘“‘w

Vo
2018 565l el 1) 28 20 o st iy ] \V

Vol: 4 Year: 2018 ey

4.3 Second Trajectory Without Applying Disturbance
The parameters of SNNs controllers are tuned as in Table (1). The best gains of PI controller

are shown in Table (4). The response for each joint angle using Pl and SNNs controllers are
shown in Figures (9) and (10) respectively.

Table 4: Best PI gains for the second trajectory without applying disturbance.

No. of | 1 2 3 4 5 6 7
joint
KP 2.2 13 1.5 12 0.25 38 0.04
Kl 0.9 2.5 0.1 0.09 |23 10.4 0.5
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Fig.9: Joint angles responses for the second reference trajectory without applying disturbance
(P1 controller).
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Fig.10: Joint angles responses for the second reference trajectory without disturbance (SNN

controller).

4.4 Second Trajectory with Disturbance

The reasonable disturbance mentioned in equation (21) is applied. The best gains of PI

controller are shown in Table (5). The responses for each joint angle using Pl and SNNs

controller are shown in Figures (11) and (12) respectively.

Table 5: Best PI gains for the Second Trajectory with Disturbance.

No. of |1 2 3 4 5 6 7
joint

KP 9 2.3 2.8 53 |4 21 24
Kl 75 |41 0.34 0.2 |0.23 2.4 0.9

225



2018 /5 /6-55 il Axalal i) 48 2 g ) jaizal il '

Vol: 4 Year: 2018
angle (1) % angle (2) angle (3)
) . o 4 . 24 .
0 — desired ° —(esired 0 — desired
o) _ _ o _
\%, 2 actual % 2 actual ﬁ 2 actual
0 E) 0
2 g0 o
@ t g
- 5 o
s il 50
2 I
E Q - £ .
400 5 n o5 . o 0 5 v LY % %0 " 5 10 15 0 5 0
time (second) fime (second) time (second)
angle (4) angle (5) o angle (6)
7 5 1 940 ,
2 [—desed] ¢ [—desied g —desired
2 —aclal 20 |—actual 3 |—actual
o %0 i) 5
) 9 °
c ] R — c —————
§ N | ] [ ;
e x 5
v = £
3 £ =
o £ X
0 5 10 15 20 % 30 E 40 4
time (second) 0 5 w 5 2 ] 3 ! 0 5 10 15 20 2 30
time (second) {ime (second)
~ angle (7
2 4 ge (7)
2 —(esired
2 —actual
V]
)
c n
o U
g
5 N
E -
H
[
>
[0}
)

N
0 5 10 15 2 % Fl|
time (second)

Fig.11: Joint angles responses for the second reference trajectory with applying disturbance
(P1 controller).
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Fig.12: Joint angles responses for the second reference trajectory with disturbance (SNN
controller).

5. Conclusions

In this paper, it can be shown from the previous results that the PI controller cannot
keep the tracking trajectory, and the controller parameters (KP and KI) must be tuned with
every change in trajectory and changing disturbance. Thus, Spiking Neural Network can solve
this problem by training it to reach the best trajectory tracking performance using the same
weights and strength. The SNN can adopt any trajectory and give the best performance with
minimum error. This Table shows the enhancement in responses for the two trajectories
applied.
The SNN designed was single input —single output which is equal to the conventional Pl
controller and this gives an advantage that the structure of controller is smaller and speedy in
working.
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Cipher
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Abstract

One of the most important application of the secrecy and authenticity of secrete
information is the cryptography. A cryptographic system based on Feistel cipher structure uses
the same algorithm for both encryption and decryption. In each round, half of the input data
goes through unchanged. In the proposed algorithm the left half L and the right half R both are
goes through an operation depends on the round encryption key and L, R thus both L and R
goes through changed in each round, this leads to possibility use one round only to
encrypt/decrypt block of input data.
The proposed algorithm designed according to the second Kerckhoff's principle which is stated
that a cryptographic system should be secure even if everything about the system, except the
key, is public knowledge. virtually all the contemporary encryption algorithms such as DES,
AES, etc. are applied this principle. This principle leads means that message depends solely on
the security of the secret encryption key. In modern era, cryptosystem needs to cater to users
who are connected to the Internet. In such cases, using a secret algorithm is not feasible, hence
Kerckhoff’s principles became essential guidelines for designing algorithms in modern
cryptography.
The Feistel algorithm, such as DES, in real implementation instead of using the whole
encryption key during each round, a round-dependent key a subkey is derived from the
encryption key. This means that each round uses a different key, although all these subkeys are
related to the original key. But in the proposed algorithm each round subkey is independent
and unrelated to another different subkeys, this making the proposed system stronger, more
secure and makes it more difficult to attack.
Keywords: Cryptosystems, Block Cipher, Proposed Algorithm, Encryption, Decryption,

Round, Key, Plaintext, Ciphertext
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Introduction

Fundamentally, there are two types of cryptosystems based on the manner in which
encryption-decryption is carried out in the system, Symmetric Key Encryption and
Asymmetric Key Encryption. A block cipher is one of symmetric cryptographic system, in a
symmetric-key cryptography Figure-1, which involves both sender and receiver using a
common key. Block cipher takes a block of plaintext bits and produce a block of ciphertext
bits, in general both pair has the same size. The strength of block cipher algorithm depends on
the key length and the algorithm complexity [1], while the strength of encryption algorithm
doesn’t directly
affect by that block size [2].

. 1
Sender | Secure Distribution | _ Receiver I
e : Method [t ) e T X
| [ Shored secrettew |4 == e
| | I = v I
' I : !
I . l ciphertext I = lai I
i : ain
|| Pain L) Encrypt f—d Ly Decrypt M text ||
' text 1 Insecure Communicationl |
| Channel i I
' | |
I——_—_—__l n——_—_—_J

Fig.1: The typical block diagram of a block cipher
Feistel Algorithm Structure
Feistel algorithm is a design model from which many different block ciphers are derived

[3]. DES is just one example of a Feistel Cipher.

Encryption Process

The encryption process uses the Feistel structure consisting multiple rounds of
processing of the plaintext. Feistel Structure is shown in Figure-2. The input block to each
round is divided into two halves that can be denoted as L and R for the left half and the right
half. In each round, the right half of the block, R, goes through unchanged. But the left half, L,
goes through an operation that depends on R and the encryption key.
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(Divide mto two halves I and R)
L R Round Keys
K
Roundl _ W y 1
" F(KR) €

(5]

Round

o

Round s

Ciphertext block

Fig. 2: The Feistel Algorithm Structure

First, we apply an encrypting function f that takes two inputs, the key K and R. The function
produces the output fR,K. Then, we XOR (Exclusive OR) the output of the logical function
with L. In implementation of the Feistel Cipher, DES round dependent key a subkey is derived
from the encryption key. This leads that each round uses a different key, although all these
subkeys are related to the original key.

The permutation step at the end of each round swaps the modified L and unmodified R.
Therefore, the L for the next round would be R of the current round, and vice versa. Above
substitution and permutation steps form a round. The number of rounds is specified by the
algorithm design [3]. Once the last round is completed then the two sub blocks, right R and left
L are concatenated in this order to form the ciphertext block. The difficult part of designing a

Feistel Cipher is selection of round function f [4].
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Decryption Process

The process of decryption in Feistel cipher is almost similar. Instead of starting with a
block of plaintext, the ciphertext block is fed into the start of the Feistel structure and then the
process there after is exactly the same as described in the given illustration.
The process is said to be almost similar and not exactly same. In the case of decryption, the
only difference is that the subkeys used in encryption are used in the reverse order. The final
swapping of L and R in last step of the Feistel Cipher is essential. If these are not swapped,

then the resulting ciphertext could not be decrypted using the same algorithm.

Number of Rounds

The number of rounds used in a Feistel Cipher depends on desired security from the
system. More number of rounds provides more secure system. But at the same time, more
rounds mean the inefficient slow encryption and decryption processes. Number of rounds in
the systems thus depends upon efficiency and security tradeoff [3].

Confusion and Diffusion

Shannon suggested the use of confusion and diffusion as two techniques that ciphers
should implement to deter cryptanalysts [5].
Diffusion Dissipate the statistical properties of the plaintext over the whole ciphertext [6].
Concretely, for a block cipher, if each bit of the output block changes with 50% probability for
any flipped bit in the input block, the cipher has good diffusion properties. For good diffusion
properties to exist, the cipher has to employ shuffling or reordering of bits (permutation
operations).
Confusion refers to the property that the ciphertext (and its statistical properties) is not easily
relatable to the key [6]. This Means the Key must involve non-linear substitution algorithms.
the Feistel Cipher structure design combines permutations and substitutions effectively.

The popular Block Cipher Algorithms

There is a various number of block ciphers algorithms that are publically known. Most
popular and prominent block cipher:
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Data Encryption Standard (DES) Algorithm

Now considered as a broken, due primarily to its small key size [7]. The plaintext and
the ciphertext are 64-bit block size, while the secret key is 56 -bit long (eight bytes, in each
byte seven bits are used; the eighth bit can be used as a parity bit). Iterates a round-function16

times in 16 rounds. The round-function mixes the data with the key [8].

Triple DES (3DES) Algorithm

this algorithm based on repeated DES [8,9]. It is still a respected encryption algorithm
but inefficient compared to the new faster block ciphers available [5]. The plaintext and the
ciphertext are 64-bit block size, while the secret key is defined three keying options, firstly all
three keys are independent and key size=3x56=168
bits, secondly K1 and K2 are independent, and K3 = K1 and key size 112 bits. Thirdly all three
keys are identical, i.e. K1 = K2 = K3.

Advanced Encryption Standard (AES) Algorithm

It is a relatively new block cipher based on the encryption algorithm Rijndael [10]
allows many block sizes and key sizes. AES restricts it to Block Size 128 bits and allows 128-
bit, 192-bit, 256-bit keys. AES number of rounds is 10, 12 or 14, for a 128-bit, 192-bit or 256-
bit key, respectively.

IDEA Algorithm, International Data Encryption Algorithm a strong Block cipher
algorithm[11,12] with plaintext and the ciphertext are 64-bit blocks, while the secret key is
128-hit long. IDEA encrypt block in 8 rounds.

Twofish Algorithm, it is based on the Blowfish block cipher algorithm with a block size
of 64 bits. This block cipher algorithm uses block size of 128 bits and accepts keys of any
length, up to 256 bits and round number is 16 [2,13].

Serpent Algorithm, Strong block cipher algorithm. It is slower but has more secure design
than other block cipher [14] uses block size of 128 bits and key size of either 128,192, or 256

bits, it consisting of 32 rounds.
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The Proposed Algorithm

In the Proposed encryption algorithm encrypts the block of plaintext and produce a block of
ciphertext.

We have ¢ = Ex(m) ............... (1)

where:

_ miis the plaintext block

_ ks the secret key

_ E is the encryption function

_ C is the ciphertext

In addition, we have a decryption function D such that:

Encryption Process
Plaintext is divided into blocks of 192-bit fixed length and every block is encrypted one at a
time. The encryption process of a plaintext block depicted in Figure-3

Plaintext block m

Secret key ff' Cipher function e

Ciphertext block c

Fig. 3: The Encryption Process

Round Plaintext Block

The encryption algorithm encrypts block 192 bits of plaintext at a time, plaintext block
is splitted into left and right equal half of 96 bit for each, both halves are divided into three 32
bits (4 bytes), the left half groups Loo, Lo1, Loz and the right half groups Roo, Roi, Ro2.The
plaintext if necessary may need to pad, the length of plaintext is mostly not a multiple of the
block size. For example, a 150-bit plaintext provides two blocks of 64 bits each with third block

of balance 22 bits. The last block of bits needs to be padded up with redundant information so
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that the length of the final block equals to block size of the scheme. In our example, the
remaining 22 bits need to have additional 42 redundant bits added to provide a complete block.
The process of adding bits to the last block is referred to as padding. Too much padding makes
the system inefficient [15]. Also, padding may render the system insecure at times if the
padding is done with same bits always.
Round Key Block

round key or subkey block size 176 bits (22 byte), each byte in the block swapped the

least significant nibble with the most significant nibble as in the Figure-4.

‘ 27 26 25 24 31 30 29 ‘ 191817 162322 21 ‘ 1110981514 1312 ‘ 3210765 ‘
(a

‘ 313029 28 27 26 25 ‘ 23222120191817 ‘ 1514 1312111098 ‘ 7654321 ‘
n

24 1R

Fig.4: Subkey swapping (a) the origirggl subkey (b) the subkey block after swap
First 96 bits (12 byte) grouped into three 32 bits k00, k01, k02, 72 bits (9 byte) as
input to F-Function, the remaining 8 bits are input to G-Function.
Mixing exclusive-or operation between the left half round block input and the round key.
Yij=Lij ® Kij, «.ovevenennnnn. (3)
where i=0, 1, 2, j=0, 1, 2, 3, bitwise XOR denoted @
The encryption key depicted

where n is number of rounds and Kk is a round key

F-Function
It consists of 3 x-box each x-box has 4 s-boxes of 256 random bytes in contents of each, In an

s-box each output byte can be represented as a function of its input bits from eq. (1):

Yij is the address of byte in S-boxi
Keon 72 bits key is splitted into 3 x 24 bits, each block of 24 bits to control in X-box, which is
divided into 4x6 bits Kconoo, Kcono1, Keonoz, Kconoz, Keonijj represented as (w y x ¢ b a) to control

the produced byte from S-box as in table-1
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Tablel: Round SubKey Kcon 6-bit Group

Year: 2018

=

Z=Cc*22+p*2+a

R byte Shift left Z bits

R byte Swap Ln, Mn

R byte Swap Ln, Mn

R byte Shift left Z bits

R byte Swap Ln, Mn

R byte Shift right Z bits

R byte Shift right Z bits

PP RFRPRPRPOOOoO o

R PR OO IR o oK

P IO IO O IOIX

R byte Swap Ln, Mn

*:\\ w"’
\

w.’ syl

F-Function output bits can be represented as a function of its input bits Kcon and from:

Xi=F(Yi,Keoni) voovenvinnnnnn. (6), where i=0, 1, 2
F-Function
Yo (32-bit) Keon (24-bit )
:'________________________Kc;ﬁ\_____‘l
| Xo-BOX |
SHL, SHR and |
I Swap |
I
I 4x256 Byte |
1] &-bit Address SBoxg (multiplicative yes I
T
[ function random NA O, 25 |1 gbit [~ @_. |
| Sy bl
I no |
I 8-bit Add SBoxor (multiplicative T ves |
I - = funetion random N# 0..255) [ &-bit = @_‘ :
I E-bit
_-—‘-TD-_ Swap
| no | Xo(32 bit)
| - i
8-bit Address SBoxg; (multiplicative e l
: function random N# 0..255) N m ! Ton e (shifted ] {C |
8-bit
| |
|| sbit addres, |
I SBoxgs (multiplicative I
function random N# 0..255) [
| aepit |
e - e
EL (32-bit)
[y, T = [ x (32 bit)
- AbeeA M
t;_. (32-bit)
T T T T T T T T T sy T T T T I _
I- X2(32 bit)
| —
l [

Fig.5: F-Function
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G-Function
8 bits round key Kadq is expanded into 9 bits by adding odd parity check bit to the most
Kadda byte, then splitting the produced 9 bits into three 3 bits, G-Function output byte can be

represented as a function of its input bits:

G=F(EKadd,Koo,Ko1,k02) .............. (7)
Kaaa8 -bit
Add odd parity check G-Function
KagaD -bit
Trible
bit Process Process Details
control
000 koo SubKey 00 — 32bit
001 kg, SubKey 01— 32bit
010 ko2 SubKey 02— 32hit
3bit 011 Koo SubKey 00 inversion (1's complement) —32bit L
100 Koz Subkey 02 inversion {1's complement) —32bit 32bit
101 E;J Subkey 00 reverse — 32bit
110 Eon SubKey 01 reverse — 32bit
111 [ SubKey 02 reverse — 32bit
Trible
bit Process Process Details
control
000 koo SubKey 00 — 32bit
) 001 ko SubKey 01 = 32bit
3bit 010 [ SubKey 02 — 32bit Gos
011 %oo SubKey 00 inversion (1's complement] — 32bit 32bit
100 Foa SubKey 02 inversion (1's complement) — 32bit
101 Eom SubKey 00 reverse — 32hit
110 ko, SubKey 01 reverse — 32bit
111 ko SubKey 02 reverse — 32bit
Trible
bit Process Process Details
control
000 koa SubKey 00 = 32bit
3bit 001 ko SubKey 01 — 32bit
010 EE SubKey 02 — 32bit Gos
011 Ko SubkKey 00 inversion (1"s complement) — 32bit —_—
100 Koz SubKey 02 inversion (1's complement) — 32bit 32bit
101 fon SubKey 00 reverse — 32hit
110 f{; SubKey 01 reverse — 32bit
111 f(_;z SubKey 02 reverse — 32bit

Round Encryption Algorithm
Mixing XOR operation between the left half round input and the round key are input to

F-Function, the output Xi from (3) mixing right half round input as in equation (5)
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Toi=Roi D Xoi ....ocovnvnnns (8)

Mixing XOR operation between the left half round input and the resulted output from
G-Function Gi from (4) as in equation (6).

HOi=LO0i @ GOi ............... 9)

Switch the left half result with right half result

L1i=Toi and R1i=Hoi

An iterated block cipher involves repeated use of a round function and dependent on the
number of rounds, for every subkey the round function is designed as invertible; if not
decryption is impossible [16].

192-hit plaintext

() (o) (0) ()
Loy .'.:]Ul) Lg? Ry Ry Ro;
32-hit 39-bit 3bit 32-bit 32-bit 32-bit
K (72 bit
(0)
©) 0) Koz
K B‘ (0)
E}‘_nnl EB«Et e 32t Yoo 32t X gz ©
32-bit 32.hit @ > . — Ea XUI N XE)
© Yo »ot F-Function T a2bi
YDE 32 bt EUJ ( } ()
32 hil (i} i
l‘:m t l":n o 1.{.'5;]) 32 bit
@ Kiae| (@it
32 bit 00
""‘ K
32 bit 01 -
— o | G-Function
37 hit 0z
0 W} j
G[Eﬂ} - GL&E 32 bit
Gé? 32 bit
\}
(1) (1) (1) () 1))
Log Loy L{ulz] Roo R Rz
32 -hit 32-bit 32.bit 32-bit 32bit 32.it
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Round Ciphertext Block

Cipher text is splitted into left and right half of 96 bit for each, both halves bits are
divided into 3 blocks of length 32 bits or 4 bytes (for each block), the left half blocks Loo, Los,
Lo2 and the right half blocks Roo, Ro1, Ro2.
Each plaintext byte in the block the least significant nibble swapped with the most significant
nibble as in the Figure 2 Round F-Function Input
Yo0i=Koi @ Loi @ Goi....vevveenn. (10)

Round Decryption Algorithm
Decryption is given by eq. (2), both sides need to know the key k, but k needs to be
kept secret [16, 17]. Mixing XOR operation between the left half round input and the resulted
output from G-Function Gj as in eq. (11).
Hoi=Loi ®© Goi ............... (11)
Mixing XOR operation between the left half round input and the round key are input
to F-Function, the output Xi mixing right half round input as in eq. (12)
Toi=Roi @ Xoi «.vuvvvnenenen. (12)
Switch the left half result with right half result
Lii=Toiand R1i=Hoi ............... (13)
An iterated block cipher involves repeated use of a round function and depends on the
number of rounds

() () [§23)
LG LG 15y 192-bit ciphertext R R Ry
32 bit 32:bit 32-bit 32-bit 32-bit 32-bit

Gy K& rl7z bits)

T

F-Function

'f,f.‘?.’lliahntl

G-Function

(n—1) (n—1) — (n—1) (n—1) H(n-1)
£y 5 Ji] RSy RETY RGL
32-bit 32-bit 32 bit 32-bit 32-bit 32-bit

Fig.8: Decryption Algorithm Structure
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Iterated Block Ciphers

An iterated block cipher involves repeated use of a round functions. The design makes
a for strong encryption invertible functions easy to implement by repeatedly using it. Each use
of the round function employs a subkey derived from the encryption key k, but unrelated with

other round keys.

Simulation Results

The software implementation of the proposed encryption algorithm are tested and
executed for variable rounds from 1 to 18 in both modes encryption/decryption and the
processes success in all cases, the following sections takes 2 states in case of one round and

two rounds operation modes.

One Round Encryption Mode
Round Number (1)

The Original Round Key: 0BCBFD053C448EF365D0F60C67B39A9EDAS477BDFDB4
The Swapped Round Key: BOBCDF50C344E83F560D6FC0763BA9ESADA577DBDF4B
the Left half : 000111222333444555666777

the Right half : 888999AAABBBCCCDDDEEEFFF

G-Function input Parameters: KO= BOBCDF50 K1= C344E83F K2= 560D6FCO
Kadd= 4B

G-Function Output:  TO=560D6FC0 T1=560D6FCO T2=BOBCDF50

F-Function input Parameters : YO0=B0 Y01=BD Y02=CE Y03=72 Y10=EO Y11=77
Y12=AC Y13=7A Y20=03 Y21=6B Y22=08 Y23=B7

Kcon00= 05 Kcon01l= 00 Kcon02=0E Kcon03=09 Kconl0=00 Kconll= 02 Kconl2=
0D Kconl3=05 Kcon20=05 Kcon21=00 Kcon22=0F Kcon23=07

F-Function output : X00= 0F X01=42 X02=80 X03=75 X10=42 X11=C6 X12=04
X13=5A X20=18 X21=09 X22=39 X23=E7

Block Ciphertext:
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87CB19DFE97DC897C5E7D618560C7EE2753E2B85E5DABS
27

One Round Decryption Mode
Round Number (1)

The Original Round Key: 0BCBFD053C448EF365D0F60C67B39A9EDAS477BDFDB4
The Swapped Round Key: BOBCDF50C344E83F560D6FC0763BA9ESAD4577DBDF4B
the Left half : 560C7EE2753E2B85E5DAB827

the Right half : 87CB19DFE97DC897C5E7D618

G-Function input Parameters: KO= BOBCDF50 K1= C344E83F K2= 560D6FCO
Kadd= 4B

G-Function Output:  TO=560D6FC0 T1=560D6FCO T2=BOBCDF50

F-Function input Parameters : YO0=B0 Y01=BD Y02=CE Y03=72 Y10=EO Y11=77
Y12= AC Y13=7A Y20=03 Y21=6B Y22=08 Y23=B7

Kcon00= 05 Kcon01l= 00 Kcon02=0E Kcon03=09 Kconl0=00 Kconll= 02 Kconl2=
0D Kconl3=05 Kcon20=05 Kcon21=00 Kcon22=0F Kcon23=07

F-Function output : X00= 0OF X01=42 X02=80 X03=75 X10=42 X11=C6 X12= 04
X13=5A X20=18 X21=09 X22=39 X23=E7

Block Plaintext:

000111222333444555666777888999AAABBBCCCDDDEEEFF
F

Two Rounds Encryption Mode
Round Number (1)

The Original Round Key: 4A4120DA31402CBCB89314212914A2A0E19D8FB116A7
The Swapped Round Key: A41402AD1304C2CB8B39411292412A0A1EDIF81B617A
the Left half: 000111222333444555666777
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the Right half: 888999AAABBBCCCDDDEEEFFF

G-Function Input Parameters: K0=A41402AD K1=1304C2CB K2=8B394112 Kadd=
A

G-Function Output:  TO=5BEBFD52 T1=8F3F2986 T2= A41402AD

F-Function Input Parameters: Y00= A4 Y01= 15 Y02=13 Y03=8F Y10=30 Y11=37 Y12=
86 Y13=8E Y20= DE Y21=5F Y22= 26 Y23= 65

Kcon00= 00 Kcon01= 00 Kcon02= 04 Kcon03= 0A Kconl1l0= 02 Kconl1ll= 00 Kconl1l2= 00
Kconl13= 01 Kcon20= 00 Kcon21= 01 Kcon22= 0D Kcon23= 00

F-Function output: X00=41 X01= CC X02= 1F X03= C4 X10=40 X11= CD X12=41 X13=
3A X20= 24 X21=CB X22= 01 X23=4A

Round Number (2)

The Original Round Key: 260E01A7726FA606DB5CB5SE53B8DD6E4792CF85BAO7E
The Swapped Round Key: 62E0107A27F66 A60BDC55B5EB3D86D4E97C28FB50AET
the Left half : C945866EEB768DF7F925EEB5S

the Right half : SBEAEC70ACOC6DC3F17265DA

G-Function input Parameters: KO= 62E0107A K1= 27F66A60 K2= BDC55B5E
Kadd=E7

G-Function Output: TO=0CDDA414B T1=27F66A60 T2=62E0107A

F-Function input Parameters : YO0= AB Y01=A5 Y02=96 Y03=14 Y10=CC Y11=80
Y12=E7 Y13=97 Y20=44 Y21=EO Y22=B5 Y23=EB

Kcon00= 0C Kcon01=00 Kcon02=00 Kcon03=0D Kconl10=00 Kconll=09 Kconl2=
07 Kconl3=02 Kcon20=00 Kcon21=00 Kcon22=00 Kcon23=00

F-Function output : X00= C3 X01= C3 X02=0F X03=47 X10=89 X11=7C X12=16
X13=43 X20=49 X21=96 X22=F4 X23=20

Block Ciphertext:

9829E33725707B80B8E491FAC598C725CC80E7979BCS5FEC
F
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Two Rounds Decryption Mode
Round Number (1)

The Original Round Key: 260E01A7726FA606DB5CB5E53B8DD6E4792CF85BAO07E
The Swapped Round Key: 62E0107A27F66A60BDC55B5EB3D86D4E97C28FB50AET
the Left half : C598C725CC80E7979BC5FECF
the Right half : 9829E33725707B80B8E491FA

G-Function input Parameters: KO= 62E0107A K1= 27F66A60 K2= BDC55B5E
Kadd=E7

G-Function Output: TO=0CDD414B T1=27F66A60 T2=62E0107A

F-Function input Parameters : YO0= AB Y01=A5 Y02=96 Y03=14 Y10=CC Y11=80
Y12=E7 Y13=97 Y20=44 Y21=EO0 Y22=B5 Y23=EB

Kcon00= 0C Kcon01= 00 Kcon02=00 Kcon03=0D Kconl0=00 Kconll=09 Kconl2=
07 Kconl3=02 Kcon20=00 Kcon21=00 Kcon22=00 Kcon23=00

F-Function output : X00= C3 X01=C3 X02=0F X03=47 X10=89 X11=7C X12=16
X13=43 X20=49 X21=96 X22=F4 X23=20

Round Number (2)

The Original Round Key: 4A4120DA31402CBCB89314212914A2A0E19D8FB116A7
The Swapped Round Key: A41402AD1304C2CB8B39411292412A0A1EDIF81B617A
the Left half : 5SBEAEC70ACOC6DC3F17265DA

the Right half : C945866EEB768DF7F925EEBS

G-Function input Parameters: K0= A41402AD K1=1304C2CB K2=8B394112 Kadd=
7A

G-Function Output: TO=5BEBFD52 T1=8F3F2986 T2= A41402AD

F-Function input Parameters : Y00= A4 Y01=15 Y02=13 Y03=8F Y10=30 Y11=37
Y12=86 Y13=8E Y20=DE Y21=5F Y22=26 Y23=65
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Kcon00= 00 Kcon01= 00 Kcon02= 04 Kcon03=0A Kconl0=02 Kconll=00 Kconl2=
00 Kconl3=01 Kcon20=00 Kcon21=01 Kcon22=0D Kcon23= 00

F-Function output : X00=41 X01=CC X02=1F X03=C4 X10=40 X11=CD X12=141
X13=3A X20=24 X21=CB X22=01 X23=4A

Block Plaintext:

000111222333444555666777888999AAABBBCCCDDDEEEF
FF

Conclusions

The proposed block cipher algorithm was designed to give the desired security
according to number of rounds. The number of round varies from 1 to the extent that it achieves
the degree of security required. More number of rounds provide more secure system. The use
of two invertible round functions with the left and right half iterates a round-functions n-times
in n-rounds. The round-functions mixed the data with the key n times provided the possibility
of using a variable round. Normally all block size is a multiple of 8 as it is easy for
implementation as most computer processor handle data in multiple of 8 bits.
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Abstract

Human emotion detection is important to improve the interaction humans and
computers, by allowing computers to shape their behavior according to the mood of the human.
This project, present a study of various feature extraction methods called Gabor features,
Histogram of Gradients, Haar-like features, moments coupled with different machine learning
algorithms were Support Vector Machines (SVM), Random Trees (aka Random Forests TM).
The Atrtificial Neural Networks (ANN) to recognize and identify human emotion was using
facial expressions. The classifier on a database of around 5 images of 10 subjects emoting
Anger, Disgust, Fear, Happiness, Neutral, Sadness, and Surprise. Correspondingly, conduct
experiments to test how accurately humans identify emotion. The results show that the best
performance obtained using Gabor features coupled with a linear SVM with an accuracy.
However, the outcome find that humans show an accuracy and outperform of every extractor-
learner combination that implemented.
Keywords: Face detection, Facial expressions, Artificial Neural Networks.
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1. Introduction

In the earlier years have seen computers come into every aspect of our lives. An active
area of research is in improving the interactions between humans and computers. Our project
aims to improve the human computer interaction by providing techniques for a computer to
identify human emotion, and to tailor its behavior accordingly. Detection of human emotion
can improve interactions with machines in everyday life. For instance, a personal robot can
detect the emotions of its user, and respond accordingly. Smart houses can detect the mood of
the residents, and adjust parameters like lighting, air conditioning, power usage of personal
equipment etc. accordingly. Similarly, a smart car can detect when the driver is incensed,
automatically pull over and stop; thereby preventing accidents caused due to road rage.

Some existing applications of emotion detection are nViso [1] which captures and analyzes the
emotional response and visual attention of consumers for applications such as market research
and brand management. Samsung researchers have developed a smart phone that can infer the
user’s emotional state based on how the user operates the phone [1]. In 2013, Cheng, J., Deng,
Y., Meng, H. and Wang, Z propose the GP-GPU acceleration service for continuous face and
emotion detection system [1]. For real-world scenario of continuously monitoring of movie
scene promising results were achieved. The system was initially tested in MATLAB. It was
proven that GPU acceleration can speed up the processing by 80 times comparing to CPU. This
system can provide the detected emotional state every 1.5 second [1]. In 2015, the Microsoft
Oxford API cloud service provides the recognition of emotions based on facial expressions [1].
This API provides the confidence across a set of emotions for each face in the image, as well
as bounding box for the face. The emotions detected are anger, contempt, disgust, fear,
happiness, neutral, sadness, and surprise. These emotions are understood to be cross-culturally
and universally communicated with facial expressions. Recognition is experimental and not
always accurate [1].

2. Basic of Image processing

Image processing involves changing the nature of an image in order to either:

1. Improve its pictorial information for human interpretation,

2. Render it more suitable for autonomous machine perception.

We shall be concerned with digital image processing, which involves using a computer

to change the nature of a digital image (see below). It is necessary to realize that these two
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aspects represent two separate but equally important aspects of image processing. A procedure
which satisfies condition (1)—a procedure which makes an image “look better” may be the
very worst procedure for satisfying condition (2). Humans like their images to be sharp, clear
and detailed; machines prefer their images to be simple and uncluttered.

Examples (1) may include Enhancing the edges of an image to make it appear sharper; an
example is shown in (Figure 1) Note how the second image appears “cleaner”; it is a more
pleasant image. Sharpening edges is a vital component of printing: in order for an image to

appear “at its best” on the printed page; some sharpening is usually performed [2]

(@) The original image (b) result after "sharpening"

Fig.1: Example 1 Image sharpening

Removing “noise” from an image; noise being random errors in the image. An example
is given in (Figure 2) Noise is a very common problem in data transmission: all sorts of
electronic components may affect data passing through them, and the results may be
undesirable. As we shall see in chapter 5 noise may take many different forms; each type of
noise requiring a different method of removal. Removing motion blur from an image. An
example is given in (Figure 3). Note that in the deblurred image (b) it is easier to read the
number plate, and to see the spikes on the fence behind the car, as well as other details not at
all clear in the original image (a). Motion blur may occur when the shutter speed of the camera
is too long for the speed of the object. In photographs of fast moving objects: athletes, vehicles

for example, the problem of blur may be considerable [2].
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(@) The original image (b) after removing noise

Fig.2: removing noise from an image

(a) The original image (b)after removing the blur

Fig.3: image deburring

Examples (2) may include: Obtaining the edges of an image. This may be necessary for
the measurement of objects in an image; an example is shown in (Figures 4). Once we have the
edges we can measure their spread, and the area contained within them. We can also use edge
detection algorithms as a first step in edge enhancement, as we saw above

From the edge result, we see that it may be necessary to enhance the original image

slightly, to make the edges clearer.
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(@) The original image (b) its edge image
Fig. 4: Example 2 finding edge in an image.

3. An Artificial Neural Network
It is a computational system inspired by the Structure Processing Method Learning Ability
of a biological brain Characteristics of Artificial Neural Networks:
1-A large number of very simple processing neuron-like processing elements
2-A large number of weighted connections between the elements
3-Distributed representation of knowledge over the connections Knowledge is acquired
by network through a learning process.as shown in (Figure 5) [3].
O 4 O, O3 Qi

i e fip

Fig. 5: neural network represents
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- Types of artificial Neural Networks:
- Massive Parallelism.

- Distributed representation.

- Learning ability.

- Generalization ability.

- Fault tolerance [3].

4. Literature Review

Human-like robots and machines that are expected to enjoy truly intelligent and

transparent communications with human can be created using automatic facial expression
recognition with a set of specific desired accuracy and performance requirements. Facial
expression recognition deals with the problem of classifying facial images into expression
classes. It has been of interest to a growing number of researchers and much progress has been
made during the last two decades.
Expression recognition involves a variety of subjects such as perceptual recognition, machine
learning, and affective computing etc. One case study uses skin color range of human face to
localize face area. Then high frequency noise is removed by masking with a low pass filter
from the preprocessed image and skin color blocks are detected. After face detection, various
facial features are identified by calculating the ratio of width of multiple regions in human face
[5].

Finally, the test image is partitioned into a set of sub-images and each of these sub-
images is matched against a set of sub-pattern training set [5,6]:

«» Partitioning is done using Aw-SpPCA algorithm. Given as input any emotion of face,
this pattern training set will classify the particular emotion (Md. Zahangir Alom et al.,
2012). Face component extraction by dividing the face region into eye pair and mouth
region and measurement of Euclidean distance among various facial features is also
adopted by a case study.

+«+ Similar study is done by Neha Gupta to detect emotions. This research includes four
steps: pre-processing, edge detection, feature extraction and distance measurement
among the features to classify different emotions This type of approach is classified as

Geometric Approach (DewiAgushinta, 2011).
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¢+ Another research includes Face detection method using segmentation technique. First,
the face area of the test image is detected using skin color detection. RGB color space is
transformed into YCbCr color space in the image and then skin blocks quantization is
done to detect skin color blocks. As next step, a face cropping algorithm is used to
localize the face region. Then, different facial features are extracted using segmentation
of each component region eyes, nose, and mouth). Finally, vertical & angular distances
between various facial features are measured and based on this any unique facial
expression is identified. This approach can be used in any biometric recognition system
(Neha Guptaand, 2013).

% A template matching based facial feature detection technique is used in a different case
study (MRS). Different methods of face detection and their comparative study are done
in another review work.

¢+ Face detection methods are divided into two primary techniques: Feature based & View
based methods (Mrs. Sunita Roy et al., 2012).

¢+ Gabor filters are used to extract facial features in another study. This approach is called
Appearance based approach. This classification based facial expression recognition
method uses a bank of multilayer perceptron neural networks.

¢+ Feature size reduction is done by Principal Component Analysis PCA) (Lajevardi and
Lech, 2008). Another study represents a robust face detection and gender classification
strategy in color images under non-uniform background. This is done by localizing
human face region in the given image and detecting facial features after converting the
given RGB image to YCbCr color space for skin detection. Here, first mouth region is
detected from the localized face region. From this, eye regions and nose regions are
located and they are used as feature points.

¢+ Gender classification is done using these features on images with different sizes. Linear
support vector machine is used as the classifier which gives best classification rate (Liao
and Medioni, 2005; Kanade et al., 2000

5. Mathematical Model of Ideal System for Facial Expression Recognition and Face

Detection

There are three main factors to construct a Facial Expression Recognition system,

namely face detection, facial feature extraction, and emotion classification. An ideal emotion
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analyzer should recognize the subjects regardless of gender, age, and any ethnicity. The system
should be invariant to different lightening conditions and distraction as glasses, changes in
hairstyle, facial hair, moustache, beard, etc. and also should be able to “fill in” missing parts of
the face and construct a whole face. It should also perform robust facial expression analysis
despite large changes in viewing condition, rigid movement, etc. A good reference system is
the human visual system, the current systems are far from ideal and they have a long way to
achieve these goals [6].

Most systems detect face under controlled conditions, such as without facial hair/glasses, any
rigid head movement, the first frame should be a neutral emotion etc., and thus nowadays,
arbitrary face detection has drawn great intention. Normally the face detection is done in 2
ways. In the holistic approach, the face is determined as a whole unit, while in an analytic
approach only some important facial features are detected.

After the face is detected, there are 2 ways to extract the features. In the holistic face model, a
template-based method is used. In the analytic face model, featured-based methods will be use
to track the facial features while people are showing the facial expression. In our system, we
mainly focus on the emotion classification part, not on face detection or on facial feature

extraction. For the extraction of the facial features we

S+ clipped gliem smile.avi — Emotion Fitting

File Video Operations Irack Options Help

Fig.7: A snap shot of the real time face tracker.

254



2018 /5 /6-5 5 dll dealall gl 0SS N Lga) bt gl g l ,\ﬁ \y
| %

Vol: 4 Year: 2018 el 15

On the right side is a wireframe model overlaid on a face being tracked, the example is
from the authentic database we created use the real time facial expression recognition system
developed by Sebe and Cohen (Figure 7). This system is composed of a face tracking part,
which outputs a vector of motion features of certain regions of the face. The features are used
as inputs to a classifier.

This face tracker uses a model-based approach where an explicit 3D-wireframe model of the
face is constructed. In the first frame of the image sequence, landmark facial features such as
the eye corners and mouth corners are selected interactively. The generic face model is then
warped to fit the selected facial features. The face model consists of 16 surface patches
embedded in Bezier volumes. The surface patches defined this way are guaranteed to be
continuous and smooth. Changing the locations of the control points in the Bezier volume can
change the shape of the mesh. Before describing the Bezier volume, we begin with the Bezier
curve. Given a set of control pointshy, b4, ....., by, the corresponding Bezier (or Bernstein-

Bezier curve) is given by
x(u) = Xob; Brw) =3Xkob (1) v (Q—w™? (1)

Where the shape of the curve is controlled by the control points bi and u ranging between [0,1].
As the control points are moved, a new shape is obtained according to the Bernstein
polynomials B, (u)in the above equation. The displacement of a point on the curve can be
described in terms of linear combinations of displacements of the control points.

The Bezier volume is a straightforward extension of the Bezier curve and is defined by V=BD
written in matrix form. In this equation, V is the displacement of the mesh nodes, D is a matrix
whose columns are the control point displacement vectors of the Bezier volume, and B is the
mapping in terms of Bernstein polynomials. In other words, the change in the shape of the face
model can be described in terms of the deformations in D.

Once the model is constructed and fitted, head motion and local deformations of the facial
features such as the eyebrows, eyelids, and mouth can be tracked. First the 2D image motions
are measured using template matching between frames at different resolutions. Image

templates from the previous frame and from the very first frame is both used for more robust
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tracking. The measured 2D image motions are modeled as projections of the true 3D motions
onto the image plane.

From the 2D motions of many points on the mesh, the 3D motion can be estimated by solving
an overdetermined system of equations of the projective motions in the least squared sense.
The recovered motions are represented in terms of magnitudes of some predefined motion of
various facial features. Each feature motion corresponds to a simple deformation on the face,
defined in terms of the Bezier volume control parameters. We refer to these motion vectors as
Motion-Units (MU's). Note that they are similar but not equivalent to Ekman's AU's and are
numeric in nature, Representing not only the activation of a facial region, but also the direction
and intensity of the motion [7].

The MU's used in the face tracker are shown in (Figure 8) and are described in (Table 1).

Fig.8: The 12-facial motion measurement

Table 1: Emotion units used in the face tracker

1 Vertical movement of the center of upper lip

2 Vertical movement of the center of lower lip

3 Horizontal movement of left mouth corner
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Vertical movement of left mouth corner

Horizontal movement of right mouth corner

Vertical movement of right brow

Vertical movement of left brow

4
5
6 Vertical movement of right mouth corner
;
8
9

Lifting of right cheek
10 | Lifting of left cheek
11 | Blinking of right eye
12 | Blinking of left eye

Each facial expression is modeled as a linear combination of the MU's

Py
Py
Py

V =B[Dy Dy ........Dy] = BDP )

Where each of the D corresponds to a MU, and the Pi are the corresponding magnitudes (or

coefficients) of each deformation. The overall motion of the head and face is:

R(Vy 4+ BDP) +T 3
Where R is the 3D-rotation matrix, T is the 3D-translation matrix, and VO is the initial face

model. The MU's are used as the basic features for the classification scheme [7].

6. Testing phase recognizing for different cases of emotions:

This phase can be performed to measure the classification rate. The inputs to this phase
are the models that were built during training phase and the test images for which the emotions
are to be recognized. Here again only the face region is used as rest of the image do not
contribute information about the emotion. In a typical real time scenario, the input image would

be detected face image from an earlier face detection phase, and its shown in (Figures 9,10,11).
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Fig.9: Shows the result for disgust image. Fig.10: Shows the result for
happy image

Fig. 11: Shows result for angry image.

Conclusion

In this research discussed tutorial about image processing and neural Network and how
can use this combination to detect the emotion of human, when talking about emotion research,
its mean the area of psychology, which is researching and provides solutions in the psychiatric
status of the individual. Until recently, this science was based on philosophy, but in recent

years with the increase of technology, a new parameter induced. By the new digital evolution,
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neuroscience enhanced studies related with emotions, by introducing new methods in
investigating brain functions. From another point of view, music is commonly known as an
emotional stimulant that prompts memories, enhances brain activity and stimulates the mind

Future studies can be focused on extending the Data set used in the study. The sample images
of different group of subjects with different ages and races may also be considered. The larger
sample of images would in effect yields a more representative classification emotion model.
Nevertheless, the emotion classification model developed in this study can support the

development of Intelligent Tutoring System in particular, and E-learning System in general.
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Abstract

There is a wide range of techniques for generating pulses with durations of
nanoseconds, picoseconds, or even femto seconds with lasers. Such short durations
make light pulses very interesting for many applications, such as telecommunications or ultra
precise measurements of various kinds soliton waves system basically depend on the
generation of the Gaussian optical pulse generator, which can transfer data to more than 350
Km as in this paper, with very stable system which is designed by optisys software simulation.
The system intended in this paper by means of free space optics (FSO) as the media channel.
Two users in the input channel at frequency 1556nm, and CW laser source transmitted at
frequency 1550 nm. Maximum distance transmit data in this project is 350Km, at 155MHz data

rate, also 200Km maximum distance at 1GHz data rate.

Keywords: Gaussian pulse generator, FSO, Mux, Demux, coupler, Ground, optical null, CW

Laser
1-Introduction

Soliton waves: When both the dispersive and the nonlinear term are present in the equation the
two effects can neutralize each other. If the water wave has a special shape the effects are
exactly counterbalanced and the wave rolls along undistorted. The soliton shape can be found

by direct integration of the KdV equation

U(x,t) = asech?[b(x-vt)] (1)

With b= (a/12)'? and v=3a. The constant a is the only free parameter in the solution. It defines

the amplitude and the width in such a way that a large (tall) soliton will be narrow, while a low
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soliton will be broad. The constant v defines the velocity of the soliton. Since v=3a a tall

soliton will move faster than a low one. [1]

A soliton is a self-reinforcing solitary wave packet that maintains its shape while it propagates
at a constant velocity. Solitons are caused by a cancellation of nonlinear and dispersive
effects in the medium. (The term "dispersive effects” refers to a property of certain systems
where the speed of the waves varies according to frequency.) Solitons are the solutions of a
widespread class of weakly nonlinear dispersive partial differential equations describing
physical systems.

A single, consensus definition of a soliton is difficult to find. Ascribe three properties to

solitons:

1. They are of permanent form;

2. They are localized within a region;

3. They can interact with other solitons, and emerge from the collision unchanged, except
for a phase shift.

More formal definitions exist, but they require substantial mathematics. Moreover, some
scientists use the term soliton for phenomena that do not quite have these three properties (for
instance, the 'light bullets' of nonlinear optics are often called solitons despite losing energy

during interaction).

Fig. 1: Hyperbolic secant (sech) envelope soliton for water waves

A hyperbolic secant (sech) envelope soliton for water waves. The blue line is the carrier signal,
while the red line is the envelope soliton

1-1 Solitons in fiber optics
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Much experimentation has been done using solitons in fiber optics applications.
Solitons in a fiber optic system are described by the Manakov equations. Solitons' inherent
stability makes long-distance transmission possible without the use of repeaters, and could

potentially double transmission capacity as well.

SPM

Transform-limited pulse Spectrally broadened pulse
with negative chirp

Fig. 2: Soliton shape

1-2 Wavelength Division Multiplexing (WDM) Technique

Wavelength Division Multiplexing (WDM) is a technique in which simultaneous
transmission of signals occurs at different optical wavelength. In some applications of this

technique, several optical signals combine, transmit together, and will be separated again based

262


https://en.wikipedia.org/wiki/Manakov_equations
https://en.wikipedia.org/wiki/Repeater

2018 /5 /6-5 8 8l dnalall yguadll L N gl alell gajall ity l ,\% YV
iyt '

Vol: 4 Year: 2018 el 15

on different arrival times. To handle this technique, optical signals from separating lasers can
be combined together or a broadband optical signal from for example a light emitting diode
spectrally be sliced into smaller pulses. The use of multiple channels allows increased overall
data transmission capacities without increasing the data rates of the single channels, where the
time slot per bit must be reduced. Even if the bandwidth of the data modulator is limited, this
can be done by using a train of ultra-short pulses (rather than a continuous optical wave) as the
input of the modulator [2].

1-3 Nonlinear Effect as Self-Phase Modulation (SPM)

In a Kerr effect medium such as fiber optics, high intensity of light causes a phase delay
having the similar temporal shape with the intensity. This nonlinear phenomenon occurs for a
beam is called self phase modulation (SPM) which is generated by its intensity. This effect

refers to nonlinear changes of the refractive index given by

An=n?l (2)

Where, n2 is the nonlinear index and the optical intensity is shown by I. Therefore,
This phase shift is a temporal dependence effect, whereas the transverse dependence
leads to the effect of self-focusing.
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Fig.3: Spectral broadening of a pulse due to SPM [3]

Unlike the way that SPM affects the phase of the propagating pulse such phase changes in
semiconductor lasers do not follow the temporal intensity profile. Therefore, this effect is
declared for the pulse of picoseconds to a few nanoseconds. SPM is very efficient in mode-
locked femto second lasers with the Kerr nonlinearity effect medium. In materials with
negligible or zero dispersion effects, the nonlinear phase shift is unstable, thus soliton pulse
mode is employed which is a result of balancing SPM and dispersion [4, 5]. The intensity of a

Gaussian ultra short pulse at a time (t) can be expressed by
| (t) = 10 EXP (- t¥12) (3)

Where 10 and 7 are the peak intensity and pulse duration. In a Kerr type medium,

The refractive index is given by:

n()=n,+nz | 4

Where, n0 and n2 are the linear and nonlinear refractive indices.

264



e

SN ot

2018 /5 /6-5 8 8l dnalall yguadll L N gl alell gajall ity ’ ’% N4

Vol: 4 Year: 2018 ey

An optical pulse is a flash of light. Lasers and related devices have been found to have an
amazing potential for generating light pulses with very special properties:

There is a wide range of techniques for generating pulses with durations of nanoseconds,
picoseconds, or even femto seconds with lasers. Such short durations make light pulses very
interesting for many applications, such as telecommunications or ultra precise measurements
of various kinds [7].

Scattering Up to 2.5 Gps

oteese%etetele’s
ere i tatetate ot el

Photodetectors

Fig .4: Free Space Optics - FSO Diagram

Free space optical communication systems use an optical carrier signal to transfer information

through the air (free space) between two or more optical receivers or transceivers.

Figure .4. Show free space optical (FSO) transmission. This diagram shows that free space
optical transmission systems lose some of their energy from signal scattering, absorption and
scintillation. Optical signal scattering occurs when light signals are redirected as they pass
through water particles. Optical signal absorption occurs as some optical energy is converted
to heat as it strikes particles (such as smog). Scintillation occurs when heated (such as from
smokestacks) air cause a bending of the optical beam. This example shows that it is possible to
transmit multiple light wave signals on different straightforward method was used in optical
communication in order to convert from electrical to optical binary information. Electrical bit
“1” was associated with a higher optical while bit “O” was associated to a lower optical

intensity [6].
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2- Simulation Setup

The simulation has been carried out by using opt system software version 7.

In this occupation we used optical sech pulse generator as a source to transmit data over 300

km length through one loop control and a traveling wave SOA (0.15 an injection current). The

systems build as figure 7. This figure shows the system design of soliton wave effect in optical

fiber.
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Fig. 5: Gaussian optical pulse generator project layout

For this system the parameters was setting as;

- Multiplexing channel from the transmitter is 1556nm, 1550nm, for the two users.
- FSO channel is setting at 1556nm.

- Demultiplexing channel at the receiver is 1556, 1550, for the two users.

- Coupling coefficient = 0.5.8].
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Fig.6: Two signal spectrum sending from the transmitter channel

The two input signals is prepared to be transmitted in the range of 1550 nm to 1556 nm, time

interval frequency with the same power equal to -18 dBm. Figure referring to the shape of the
signals to be transmitted from the transmitter channel.
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Fig .7: Eye diagram at 350 Km fiber length and 100Km

The eye diagram analyzer is a very good observation device to illustrate the output results
of the designed system. From this diagram it seems clearly that at minimum distance 100Km,
the BER recording the value of 5.1x107* and at maximum distance 350 Km, the value of BER
is 7.1x107.this results is at 1GHz Data Rate. This is a very good results can be achieved by this

system. Parameter relative with bit error ratio or quality of the communication system.
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Fig. 8: Relation between fiber length and BER

This figure referring to the fiber length distance which starting from 50Km and reaching to the
maximum distance at 350 Km at 1GHz, while the distance reach to the 200Km,at data rate
equal to 155MHz.
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Fig 10: Relation between data rates and BER for 100Km distances

In figure 10, we test multi band of data rate can this system operating with high stability one.

The distance of transferring data will be contain constant at value of 100Km,then record the
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values of data rate Vs Bit Error Rate ,to achieve the figure of 10. This high data rate is illustrated
can use more than 5GHz this is the first time using this value of data rate and giving a stable

system, only occurs in fiber optics because of high velocity of laser beam.
Conclusion

As we have discussed that to transfer data (voice, sound and data) through two
buildings, we can use a modified leaser with high data rate up to 2 Gbps using soliton system
in free space with the use of Gaussian optical pulse generators. This will be reducing the width
of the signal to more than 3ps increasing the data rate to be transferred. From the results

optioned at 350 Km distance using free space optics (FSO) to transfer data to the receiver’s.

Meanwhile, the (sech) optical pulse generator which is equal to the square root of Gaussian. is
the perfect solution in Application based on FSO has a great potential to become one of the
optical communication suitable system for OCDMA implemented in FTTH application? And
by using the FSO the OCDMA network will be expanding directly.
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Using Clustering Data Mining for Web Transmission in

Telecommunication Industry
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Abstract
The data mining applications for any industry depend on two factors: the data that are

available and the business problems facing the industry. In this paper we discuss two topics
that contact with these factors: the first is the telecommunication services, including computer
and Web data transmission, mobile service and other data traffic. The second is using data
mining for mobile communication clustering, statistic, optimization, machine learning,
artificial intelligence, and database. Data mining is the process of extract information from
large database and discover knowledge by using statistical analysis and modeling techniques
for discovering patterns and hidden relations in these databases.
The following project are demonstration for which data mining may improve
telecommunication service:
. Multidimensional analysis of telecommunication data;

Fraudulent pattern analysis and the identification of unusual pattern;

Multidimensional association and sequential pattern analysis;

Mobile telecommunication services;

Use of visualization tools in telecommunication data analysis;

Keywords: Data mining, Clustering algorithm, Industries, Web and internet services.
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1. Introduction

The internet has become the largest data repository, facing the problem of information
systems. In the same time, more people use the World Wide Web as their main source of
information. The existence information, in combination with the dynamic and heterogeneous
nature of Web, makes information retrieval a complex process for the average users. Data
mining, Search engines, and Web Directories have been developed in order to help the users
quickly and easily satisfy their information need. One of the techniques that can play an
important role towards the achievement of these objectives is the Clustering Data Mining
(CDM). The increasing importance of CDM and the variety of its applications has led to a wide
range of algorithms with different quality and complexity in field of telecommunication
industry.The contribution of this project is a review and a comparison of the existing CDM

approaches in telecommunication industry.

2. Motivation for Clustering Data Mining

Clustering or cluster analysis is one of the main data analysis techniques and deals with
the organization of partitioning a set of objects in a multidimensional space into groups, called
clusters. Each cluster contains objects that are very similar to each other and very dissimilar to
objects in other clusters [1].
Fig. 1 shows the conceptual structure that we can use to identify the performance of various
prediction models by using data mining techniques. Fig. 2 shows the proposal structure for
creating a predictive model.

273



vivrapt

Data Extraction

Population

\

Vol: 4 Year: 2018 PRCREI

/‘:"L-::t:\ % » el et
2018 /5 /6-5 8 jill Axalall yguudl LS Y gl pale) jaTpall il ' ,\p \
ol P g

Create
Predictive
model

Model
Sorting

B

~_

Data Warehouse
And
Data mining

Data Derivation [

Extract
full

Monitor Results

Reports

Fig. 1: The conceptual structure of predication models by using

data mining technique

274



22

2 N u&‘fv’ g
2018 565l el 1) 28 20 o st iy ] \V
e

Vol: 4 Year: 2018 ot

Jad
el

Exploring | p N DW and DM
Data Analysis 4
Data Preprocess Data

Sample DB

Variable I
Analcic ! I

Customer Create Create
Predictive

Segmentation Predictive
K- Means |:> Model (T Model
) (DT, NN)

Decision Tree
Segmentation Decision Tree

Fig. 2: The proposal structure for creating a predictive model

The most distinct characteristic of data mining is that it deals with very large data set.

This requires the algorithms used in data mining to be scalable because they were initially

275



2018 /5 /6-5 8 8l dnalall yguadll L N gl alell gajall ity l ,\% YV
iyt '

Vol: 4 Year: 2018 el 15

developed for other applications than data mining become a datamining research. In this paper
there is a fast clustering algorithm used to cluster web data transmission in telecom industry.
This algorithm is an extension to the K-means algorithm [ 2]. Compared to other clustering
methods the K-means algorithm and its variants [ 3] are efficient in clustering large data sets,
which is very suitable for data mining. In [ 4] we have an algorithm called K-prototypes,to

cluster large data sets with mixed numeric and categorical values.

3. Mining database on Web

There are various ways to carry out Web information, one way is to integrate mining
tools with database on the web. This approach work well when the data is in relational
databases then SQL- based mining tools could be applied to the virtual relational database. In
Web there are unstructured data like imagery data and video data and using relational interface
to all such database may be difficult. For mining such data this research develops new tools to
mine multimedia data and then focus on developing tools to mine suchd ata on the web.

Fig. 3 illustrates some of the Web mining concepts [ 5]

Mining and
Search
Engines

Mining Usage

Patterns

Semantic
Web Mining

Mining Web
Database

Web Mining
Concepts

Fig.3: Web mining concepts
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4. K-means algorithm

It is a learning algorithm with different data analysis applications widely used for data
mining and machine learning in telecommunication industry. The main goal is to classify data
into groups of information each group is consists of the separation of information of specific
database into k different clusters which combine every data entries. The k-means algorithm [
6] is built upon four basic operations: (1) selection of initial k means for clusters, (2) calculation
of the dissimilarity between an object and the mean of a cluster, (3) allocation of an object to
the cluster whose mean is the nearest to the object, (4) Re-calculation of the mean of a cluster
from the objects allocated to it so that the intra cluster dissimilarity is minimized. The aim of
algorithm is to minimize the cost function:
k n
E=YY YijdXi, Q) .....ccee...... (1)
1=1j=1
Where n is the number of objects in data set X. xi E X, QI is the mean of cluster I,
and Yi,j is an element of a partition matrix Ynxi . d is a dissimilarity measure.
The k-means algorithm has the following important properties:

1. Itis efficient in processing large data sets.

2. It often terminates at local optimum techniques such as genetic algorithm.

3. It works only on numeric values.

4. The clusters have convex shapes so that it is difficult to use with non-convex shapes.
One difficulty in using the K-means algorithm is to specify the number of clusters at the cost

of performance.

5. K-modes algorithm

This algorithm is a similar of the k-means algorithm. In this algorithm there was three major
modifications to the k-means: using different dissimilarity measures, replacing k means with k
modes, and using a frequency based method to update modes. These modifications organized
with following formula [7]:
m
d(X,Y)= Y Oo(Xj,Y]) coerinininnns (2) for Dissimilarity
j=1
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DQ,X) = Y d(Xi,Q) .coevrirrnn. (3) forreplacing
i=1
nck,j
Fr(A] =CkjIX)= —— ............ (4) for frequency update modesN

6. Proposed Algorithm

In this section as we have seen, in applying the k-means method, two main
problems are limitation: the formation of cluster center and the calculation of
dissimilarity between objects and cluster centers. These problems completely solved in
k-modes algorithm by using the simple matching dissimilarity measure, and replacing
the means of clusters by modes. These modifications meet another problem: The
multidimensional analysis
and fraudulent pattern analysis for mobile and visualization tools. In the first problem

following representation of C is defined by Q= (q1,g2,....,qm) with

qi={(Cj,Fj)ICED]) ecvvveernn.... (5)

where Fcj is the relative frequency of class Cj within C . In the second problem, the
dissimilarity d( X , Q) is mainly dependent on the relative frequencies of class values

within cluster. We can seen that:

m
Ad(X, Q=Y (1-FXj) eeererruerrrn. (6)

j=1

The proposed algorithm for clustering large set of data include following steps:
1. Initialize a k-partition of D randomly.

2. Calculate k representation for each cluster.

3. For each Xi, calculate the dissimilarities.
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4. Repeat step 3 until no object has changed clusters after a full cycle test of data set.

7. Experimental Results

The purpose of this experiment was to test scalability of k-means and k-modes algorithms
for clustering large sets of data in telecommunication industry. We selected a large data set
from Telecommunication Company about problems with web transmission. The data set
consists of 100000 records, each being described by 34 categorical attributes in which 4 have
more than 1000 categories each. We tested two scalabilities of the algorithm, the first one is
scalability of the algorithm against the number of clusters for a given numberof objects and the
second is the scalability against the number of objects for a given number of clusters. Figure 4
and 5 show the result produced using a single processor of 4000 computers. The results are
very advantages because they show clearly a liner increase in time as both the number of
clusters and the number of records increase. The algorithm is much faster than its previous

cause it needs many less iterations to converge.

4000
3500
3000
2500
2000
1500
1000
/o/ 500
10 20 30 40 50 60 70 80 90 100 50 100 150 200 250 300 350 400 450
Number of clusters Number of records in
1000
Fig.4: Scalability to the number of Fig.5: Scalability to the number of
Cluster records
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8. Conclusions and future Work

The first advantage of k-means algorithm in data mining applications is its efficiency
in clustering large data sets and Its use is limited to numeric values.The k-modes algorithm has
removed this limitation with preserving its efficiency.In this paper suggest a new algorithm is
a combine of two previous algorithms for remove the limitation with them. The new algorithm

can make the following extensions:

1. Replacing means of clusters with modes.
2. Using new dissimilarity measure to deal with categorical object.

3. Using a frequency based method to update modes of cluster.

The future work plan is to develop and implement a parallel algorithm to clustering data sets
with large number of objects for a number of data mining applications such as heterogeneous

sets of objects.
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