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Abstract— In this study, Zn- substituted Mg-Zn ferrites 

with composition Mg1-xZnxFe2O4 (x = 0.0, 0.1, 0.2. 0.3, 0.4, 

0.5 and 0.6) was prepared by solid state reaction technique. 

These compositions were then subjected to detailed study 

for structural and magnetic properties. The X-ray pattern 

of the sample provides evidence of single phase formation 

of spinal structure with cubic symmetry whose lattice 

constant ‘a’ increases linearly with increasing Zn content 

obeying Vegard’s law. In this work, some extrinsic 

magnetic properties such as initial permeability, complex 

permeability and quality factor of the samples have been 

studied. The onset of resonance frequency is found to be 

greater than 10 MHz except for the sample of x = 0.6. So, 

the present ferrite samples would be used as soft magnetic 

materials at high frequency applications. 

Keywords- Solid state reaction technique, Mg-Zn ferrites, 

X-ray Diffraction, Magnetic properties. 

I.  INTRODUCTION 

Ferrite materials technology has now reached a very 
advanced stage, in which the design engineer control the 
properties to a large extent, to suit the particular device. 
The mixed spinal ferrites have attracted large scientific 
interest in the recent years because of their outstanding 
magneto-transport properties [1]. Amongst ferrites, Mg-
Zn ferrites have achieved greater importance in 
applications such as in computer memory and logic 
devices, cores of transformers, recording heads, antenna 
rods, sensors, loading coil and microwave devices. It is 
well established that properties of ferrites are very 
strongly dependent on composition, method of synthesis, 
temperature, frequency and sintering conditions and the 
amount of substitutions. Small amount of foreign ions or 
cations substitution in the ferrite have very strong effect 
on the properties. Ferrites are ferrimagnetic oxides with 
their magnetic cations forming two sublattices, namely 
the tetrahedral (A) and the octahedral [B] 
crystallographic sites. The magnesium ferrite MgFe2O4 
has a predominantly inverse structure with the Mg

2+
 ions 

mainly on B-sites and the Fe
3+

 ions distributed between 
the A- and B-sites. On the other hand, the zinc ferrite 
MgFe2O4 has the normal spinel structure, in which the 
Zn

2+
 ions occupy the A-sites where the B-sites are 

occupied by the Fe
3+

 ions [2]. Therefore, substitution of 

Mg by Zn in Mg1xZnxFe2O4 is expected to increase the 

magnetic moment up to a certain limit, thereafter it 
decreases for the canting of spins in B-sites. The system 
ZnxMg1-xFe2O4 has been the subject of many 
investigations under different treatments and different 
techniques. Joshi et al [3]. Sawant et al [4], and El Hiti et 
al [5,6] have studied the lattice parameters of the system. 
It was found that the lattice parameter increases with 
increasing the Zn concentration. The structural and 
magnetic characteristics of MgFe2O4 with nonmagnetic 
substitution such as Zn

2+ 
[7], Cd

2+
 [8], Ti

4+
 [9], and Al

3+
 

[10] have been investigated by means of X-ray 
diffraction (XRD) and magnetic measurement technique. 
The purpose of this research is to investigate the effect of 
varying concentration of Zn (x = 0.0, 0.1, 0.2, 0.3 0.4, 
0.5, 0.6) on the density, permeability, Curie temperature, 
resistivity and dielectric constant of the system Mg1-

xZnxFe2O4 ferrites.  

II. EXPERIMENTAL  

A series of Mg- ferrite substituted by Zn, Mg1-

xZnxFe2O4 were prepared using the standard solid-state 

reaction technique, in which powders of high purity 

MgO, ZnO and Fe2O3 oxides were mixed in required 

proportions in agate mortar. The detailed procedure of 

sample preparation is described elsewhere [11, 12]. The 

pellet and toroid-shaped samples were sintered at1375˚C 

for 12 h in air and cooled inside the furnace. At the end 

stage, the final products were heated slowly in the 

Thermolyne high-temperature furnace at the rate of 

1˚C/min to avoid cracking in the samples and kept at the 

firing temperature for 12 h. The cooling was done in the 

furnace at the same rate of heating. The samples were 

polished in order to remove any oxide layer formed 

during the process of sintering. The weight and 

dimensions of the pellets were measured to determine 

bulk densities. Structural identification and phase 

analysis of Mg-Zn ferrites were carried out by XRD 

studies using Phillips X’Pert PRO X-ray (PW3040) 

diffractometer [13-15]. XRD measurements were 

performed by Cu-Kα radiation (λ = 1.54 Å) with a 

primary beam of 40 kV and 30 mA with a sampling 

pitch of 0.02° and time for each step data collection was 

1.0 sec. Frequency and temperature dependence of real, 
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, and imaginary part,  of complex initial 

permeability of the as cast and annealed ferrites have 

been measured using a laboratory built furnace and 

Wayne Kerr 3255 B inductance and HP 4192A 

impedance analyzer. The initial permeability as a 

function of temperature for both the heating and cooling 

cycle at 100 kHz was measured in the temperature range 

from room temperature to 300°C using a HP 4291A 

impedance analyzer. Field dependence of magnetization 

at room temperature was measured using a vibrating 

sample magnetometer (VSM 02, Hirstlab, England). 

 

 

 

I. RESULTS AND DISCUSSION  

3.1. Structural Properties  

The phase identification and lattice constant 

determination was performed on a X-ray diffraction 

pattern (XRD). The XRD patterns for all the samples 

were indexed for FCC spinel structure and the Bragg 

planes are shown in the patterns. Figs (1-2) show the X-

ray diffraction (XRD) patterns of the samples 

Mg1xZnxFe2O4 (x = 0.0, 0.1, 0.5 and 0.6) sintered at 

1375 °C respectively. The XRD patterns exhibited that 

all the samples were identified as a single phase of cubic 

spinel structure with no extra lines corresponding to any 

other crystallographic phase or unreacted ingredient. 

The peaks (220), (311), (222), (400), (422), (511) and 

(440) correspond to spinel phase. The lattice parameter 

was determined by using the Nelson-Riley extrapolation 

method. The values of the lattice constant obtained from 

each reflected plane were plotted against Nelson-Riley 

function [16]. The variation of the lattice constant ‘a’ as 

a function of Zn content is presented in Fig. 3. A linear 

increase in the lattice parameter is observed with 

increasing zinc content (x) in the lattice. The lattice 

constant increases linearly with zinc content which 

indicates that the present system obeys the Vegard’s law 

[17]. This increase can be attributed to the ionic size 

differences since the unit cell has to expand when 

substituted by ions with large ionic size. Zn
2+

 ions have 

larger ionic radius (0.82 Å) [18] than that of Mg
2+ 

ions 

(0.66 Å) [19], which when substituted resides on A-site 

and displaces small Fe
3+

 ions from A-site to B-site. 

Similar results for Zn-Mg ferrite system have been 

reported by Mazen et. al [20], Joshi et. al [21] and 

Ladgaonkar et. al [22]. 

 

 

 

 

3.2. Complex permeability spectra of Mg1-xZnxFe2O4 

ferrites 

The complex permeability spectrum is shown in Figs (4-

6). The complex permeability is given by * =  

where,  and  are the real and imaginary part of 

initial permeability. The real part  describes the stored 

energy expressing the component of magnetic induction 

B in phase with the alternating magnetic field H. The 

imaginary permeability  describes the dissipation of 

energy expressing the component of B 90° out of phase 

with the alternating magnetic field H. It is observed 

from the Fig. 4 that the real component of permeability 

 is fairly constant with frequency up to certain low 

frequencies, rises slightly to reach a maximum and then 

falls rather rapidly to very low value at a high 

frequency. The imaginary component  first rises 

slowly and then increases quite abruptly making a peak 
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Fig. 1.  XRD patterns of x=0.0 and 0.1 samples of Mg1-xZnxFe2O4 

ferrites. 

2 

Fig. 2. XRD patterns of x=0.5 and 0.6 samples of Mg1-xZnxFe2O4 

ferrites. 
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at a certain frequency (called resonance frequency, fr), 

where the real component  is falling sharply. This 

phenomenon is attributed to the ferrimagnetic resonance 

[23].  The resonance frequency peaks are the results of 

the absorption of energy due to matching of the 

oscillation frequency of the magnetic dipoles and the 

applied frequency. Resonance frequency (fr) was 

determined from the maximum of imaginary 

permeability of the samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is observed from the Fig. 4 and Table 1 that the 
higher the permeability of the material, the lower the 
frequency of the onset of ferrimagnetic resonance. This 
is in conformity with the Snoek’s limit in which Snoek 
found a relation between the resonance frequency and 

the initial permeability as: fr = constant [24]. This 
means that there is an effective limit to the product of 
resonance frequency and permeability. Since the onset of 
resonance frequency determines the upper limit of the 
operational frequency of any device, it infers that the 
operational frequency range of the samples is greater 
than 10 MHz except for the sample of x = 0.6. The 
resonance frequencies along with the permeability of the 

samples are listed in Table 1. The initial permeability  
increases with increasing Zn content which is consistent 
with the increase in density. The initial permeability is 
closely correlated to the densification of the samples. An 
increase in the density of ferrites not only results in the 
reduction of demagnetizing field due to the presence of 
pores but also raise the spin rotational contribution, 
which in turn increases the permeability [25]. 

Table 1.  Data of the Curie temperature (Tc), initial   permeability 

() and resonance frequency (fr), Relative quality factor (RQF) of Mg1-

xZnxFe2O4 ferrites sintered at 1275 °C. 

Zn 

Content 

(x) 

Tc 

(0C) 

 

(100kHz) 

fr (MHz) RQF 

(peak value) 

0.0 462 50 100 2571 

0.1 399 77 100 1787 

0.2 345 98 63 5545 

0.3 290 123 23 4727 

0.4 226 133 18 4324 

0.5 155 173 14 3694 

0.6 100 209 10 2635 

 
3.3. Relative quality factor of Mg1-xZnxFe2O4 ferrites 

 Fig. 7 shows the frequency dependence of relative 
quality factor (RQF) of the samples sintered at 1375 °C. 
Q-factor increases with an increase of frequency showing 

Fig. 4. Frequency dependence of real permeability of Mg1-xZnxFe2O4   

ferrites sintered at 1375°C. 
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Fig. 5.  Frequency dependence of imaginary permeability of 

Mg1-xZnxFe2O4 ferrites sintered at 1375°C. 
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Fig. 6. Compositional dependence of real permeability of 

Mg1-xZnxFe2O4 ferrites sintered at 1375°C. 
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Fig. 3. Variation of lattice constant as function of Zn content (x) of 

Mg1-xZnxFe2O4 ferrites. 
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a peak and then decreases with further increase of 
frequency. It is seen that RQF deteriorates beyond 10 
MHz i.e., the loss tangent is minimum up to 10 MHz and 
then it rises rapidly. The loss is due to lag of domain wall 
motion with respect to the applied alternating magnetic 
field and is attributed to various domain defects [26], 
which include non-uniform and non-repetitive domain 
wall motion, domain wall bowing, localized variation of 
flux density, and nucleation and annihilation of domain 
walls. This happens at the frequency where the 
permeability begins to drop with frequency. This 
phenomenon is associated with the ferromagnetic 
resonance within the domains and at the resonance 
maximum energy is transferred from the applied 
magnetic field to the lattice resulting in the rapid decrese 
in RQF. The peak corresponding to maxima maxima in 
Q-factor shifts to lower frequency range as zinc content 
increases. Sample with x = 0.2 possesses the maximum 
value of RQF. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

II. CONCLUSION  

XRD pattern shows the cubic phase spinel structure 
of the samples Mg1-xZnxFe2O4 (x = 0.0, 0.1, 0.2, 0.3, 0.4, 
0.5 and 0.6) ferrites. The lattice constant increases with 
increasing Zn content obeying Vegard’s law. An increase 
in initial permeability has been found with increasing 

zinc content. This increase in µ is consistent with the 
increase of density of the samples. It is observed that 
higher the permeability of the material, the lower the 
frequency of the onset of ferrimagnetic resonance which 
is in conformity with the Snoek’s limit. Since the onset 
of resonance frequency determines the upper limit of the 
operational frequency of any device, it infers that the 
operational frequency range of the present samples is 
found to be greater than 10 MHz except for the sample of 
x = 0.6. In conclusion, it can be said that the substitutions 
of ZnO have great influence on the structural 
characterization, densification and improves the 

magnetic properties of MgZn ferrite. 
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Fig. 7. Frequency dependence of relative quality factor (RQF) of 

Mg1-xZnxFe2O4 ferrites sintered at 1375°C. 
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Abstract— In today’s world, renewable energy has become 

the most vital resources for producing carbon free 

sustainable electric power. The global energy demand is 

expected to rise with the rapid increase of urbanization 

and industrialization. The environmental problems are 

related to the conventional energy source based power 

supply system. Green/renewable energy sources like solar, 

wind, wave, geothermal, tidal and hydro based energies 

are available, universal and environment friendly. 

Compared to the single use of green energy sources, the 

combined utilization of such system can provide a more 

economic, reliable and environmental friendly electricity 

supply in all load demands. A renewable hybrid energy 

system consists of two or more green power sources, a 

hybrid voltage controller, a power-conditioning unit and 

an optimal storage device. Many researches have taken 

place over the last three decades in the hybrid green 

energy systems, this area of research can evolve even 

further. The main objective of this study is to highlight the 

research on the development of hybrid system design, 

configuration, components modeling, unit-sizing, 

optimization. A modified hybrid renewable power supply 

system composed of photovoltaic system and wind system 

has been analyzed in this paper. 

Keywords- Hybrid Energy System; Renewable Energy; 

Modeling; Optimization;Power Management. 

I.  INTRODUCTION 

      As days goes by, the whole world faces a great 

challenge to overcome the energy crisis. Furthermore, 

Conventional resources of energy are reducing at a great 

rate and these sources are also emitting CO2 at a 

concerning rate to meet current demand. Since resources 

of conventional power plant are finite therefore it 

becomes a threat to maintain the balance of future energy 

generation and demand. In Rural areas people also use 

conventional sources hence fuel cost also increases. 

Renewable or green energies (solar &wind) are 

promoted in order to achieve the solution of the above 

mentioned problems. They are considered as one of the 

most promising environmental friendly   energy 

generating sources. But these systems also face a 

concerning drawback as high generation of power 

depends on weather conditions. At bad weather they may 

not completely satisfy the load demand at each instant 

[1]. This problem can be solved by combining the 

mentioned green energy sources in an appropriate hybrid 

power supply framework, which is able to fulfill the peak 

load demand at all times by ensuring higher system 

efficiency and reliability [2]. Hybrid power supply 

system are those systems that supply electric power by 

the combination of more than one power generation 

sources with/without energy storage backup. If one of 

these power generation sources is renewable, then it is 

called hybrid renewable power supply system and this 

system works in either grid -parallel or stand-alone 

modes [3]. The first research work on renewable source 

based hybrid system was reported in mid of 1980’s [4]. 

The installed renewable sources in hybrid system may be 

solar, wave, wind, fuel cells, biomass etc. Fig.1 

illustrated a generalized model of hybrid renewable 

power supply system (HRPSS) with a block diagram, in 

which two renewable energy sources (PV/Wind) 

combination can be used with energy storage back up 

devices (such as batteries bank and super capacitors). 

 
Figure 1.  Generalized block diagram of renewable (PV/wind) hybrid 

power supply system. 

In order to overcome this intermittent power generation 

nature, secondary sources (back up energy storage 

devices) are needed for integrating with the system to 

care the transient load demands and to deliver the 

shortage power. The primary (renewable) and secondary 

(storage devices) power sources are connected with dc-

link through the dc-dc bi-directional converter to 

maintain the dc-link voltage constant on the dc bus and 

to obtain the appropriate power management between the 

power sources and storages. The battery bank and super 

capacitors are tied to the dc-link through the dc-dc bi-

directional converters for effective discharging and 

charging [5]. The whole hybrid power supply system has 

single centralized controller and numerous local 

controllers for individual power sources and energy 
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storages. The centralized controller acts as an energy 

supervisor for all the power sources, storages and local 

controllers. Its control the power electronic interfacing 

circuits switching actions between the primary and 

secondary sources based on all measured signals, power 

availability and prior set control logic. The local 

controller controls the current and voltage of individual 

power sources and storages, and sends the control signals 

to the centralized controller at each instant of sampling. 

The solid arrow lines show the energy flow from the 

primary and secondary sources to the dc-link and from 

the dc-link to loads. Dotted arrow lines shown the flow 

of information between the controllers and sources, and 

control actions. This HRPSS ensure the efficient and 

uninterrupted supply of power to the loads. In this review 

paper development of hybrid system design, 

configuration, components modeling, unit sizing, 

optimization and energy resources are discussed. 

II. HYBRID SYSTEM CONFIGURATION 

      To form a productive renewable hybrid system, it is 

important to connect the renewable energy (RE) sources 

correctly because different RE sources have different 

characteristics. Many integration techniques are used to 

establishing hybrid system utilizing different RE sources. 

Technically integration configurations can be classified 

into three categories according to the bus voltage: dc-

coupled bus, ac-coupled bus and ac/dc-coupled bus [6]. 

The ac-coupled bus system can further be divided into 

ac-coupled low frequency bus (LFACB) and ac-coupled 

high frequency bus (HFACB) [6]. 

A. DC-Coupled bus system: 

      A schematic model of dc-coupled bus system is 

shown in Fig. 2. In this system, all the power generation 

sources and energy storage devices are connected to a dc 

bus through proper interfacing units. In this case, the 

sources can be ac/dc/combination of ac and dc. 

 
Figure 2.  Schematic model of dc-coupled hybrid power supply 
system[7]. 

The dc power generation source can be directly tied to 

the dc bus line if suitable, or through dc-dc power 

converter to achieve suitable dc voltage. If there are any 

available dc loads, they can also be directly tied to the dc 

bus. In addition, bidirectional power flow controlled 

inverter is used if the system is connected to the ac loads 

(60 or 50 Hz) or utility grid. 

B. AC-Coupled bus system: 

      Ac-coupled bus system can be divided into two 

subsections: LFACB system and HFACB systems. The 

schematic view of a LFACB model is shown in Fig. 3, 

where the different power generation sources are 

incorporated with this through their own interfacing 

units. It can be either single phase or three phases and 

can be connected to the main grid or other independent 

bus. In this configuration, inductor coupling is required 

between the LFACB and interfacing units to achieve the 

desired hybrid system power flow management. In 

HFACB configuration different power generation 

sources are connected with this bus where high 

frequency ac loads are also connected. The generated 

voltages from power generation sources are converted to 

higher frequency alternate voltage of 400Hz to 20 kHz 

frequency range. The generated voltage waveforms can 

be normally square or sinusoidal with null intervals [7]. 
The HFACB schematic model is shown in Fig. 4. 

 
Figure 3.  Schematic model of LFACB hybrid power supply 

system[7]. 

 
Figure 4.  Schematic model of HFACB hybrid power supply 

system[7]. 

C. Hybrid bus system: 

      Various power generation sources are tied to the 

hybrid system ac/dc buses. This system is considered 

highly efficient and less costly than the other two-bus 

systems because of some power sources and this bus 

system is directly connected without any power 

electronic interfacing circuits. However, power 

management strategy and control scheme in this bus 

system are more complex than others. 
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III. UNIT SIZING AND OPTIMIZATION OF HYBRID SYSTEM 

        The power generated by the green energy sources 

shows intermittent behavior and it’s difficult to have an 

accurate prediction on it, because green energy sources 

highly depend on weather conditions. Basically, unit-

sizing and optimization is a way of estimating the 

HRPSS components sized by maintaining its efficiency 

and reliability while minimizing its cost. So proper unit 

sizing and optimization in HRPSS plays an important 

role. There are various procedures of unit-sizing. This 

classification is based on the weather data (such as wave 

height, wave period, wind speed, solar irradiance and 

clearness index) availability and non-availability. 

Conventional sizing approaches are used when the 

weather data are available and it is classified based on 

the energy balance concept and the reliability of energy 

supply. The conventional sizing techniques that are 

being used for over the three decades gives a correct 

result only when real meteorological data is available. 

The energy balance concept is the simplest conventional 

way of sizing the hybrid system components. The 

average daily power from the green energy sources and 

average daily total load demands are composed to 

determine the number of the green sources units needed. 

The power available from the green sources can be 

determined from the collected meteorological data. The 

reliability of electric power supply is another way of 

sizing components of hybrid systems. In the literature, 

some sizing methods consider the electric power supply 

reliability as a key factor.  This energy supply reliability 

is determined by calculating the loss of load probability 

(LOLP) which is expressed as the ratio of approximated 

power shortages and the power demand over the total 

operation time of the system. In isolated unreachable 

areas, weather data collection is quite difficult. In that 

case, the researchers developed AI based methods to 

hybrid system components sizing. Erdinc et al. [8] and 

Mellit et al. [9] discussed various artificial intelligence 

techniques such as Artificial Neural Network (ANN), 

Particle Swarm Optimization (PSO), Genetic Algorithm 

(GA), Fuzzy System (FS) or a hybrid combination of 

such techniques to hybrid system components sizing. 

IV. modeling of hybrid renewable power supply system 

A. Modelling of Solar Photovoltaic System: 

      Solar PV systems produce electric power by means 

of converting solar photon energy into electrical energy 

in the form of direct current utilizing solar cell or PV 

cell. Crystalline or polycrystalline are two commonly 

used materials for solar cell [10]. Around 0.5V is 

generated by each PV cell which is the smallest unit of 

solar PV system. Cells are further connected in series 

or/and parallel combination to form a PV array. Fig. 5 

shows widely used one diode PV cell equivalent circuit 

model.  PV cell equivalent circuit model consists of a 

diode with a parallel current source and through the 

shunt and series resistor the output terminals of the 

circuit are connected with the load. 

Voltage and current relation is given by [11]: 

                  

          *   (
 

   (         )
)   +

 
        

   

       

where Ipv is PV cell output current, Iph   photocurrent, 

ID diode current.  The output power from solar PV array 

is given by  

                                                              

Where conv  is the DC-DC converter efficiency 

(typically 90-95%). 
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Figure 5.  Equivalent circuit diagram of a single-diode PV model 
[11]. 

B. Modelling of Wind Energy System: 

      Wind turbine extracts the kinetic energy from the 

wind, and then converts it into mechanical energy that is 

further fed to the electric power generator through a 

shaft for generating electricity. The mechanical power 

developed by a wind turbine [12] can be formulated as 

   
 

 
                                                        

And the mechanical torque and the mechanical power 

relation can be expressed as following 

   
  

  
                                                               

   Where pm is the mechanical power(W), Tm is the 

mechanical torque developed by wind turbine (Nm), Cp 

the power efficiency,  the tip speed ratio, the wind 

turbine swept area (m2), V the wind speed (ms-1) and 


the density of air Kg/m3. The relationship between 

tip speed ration and the angular rotor speed can be 

expressed as 

  
   

 
                                                                

   Where 
m  is the turbine rotor angular speed in rads

-1 

and R the wind turbine rotor radius (m) . With the swept 

area, air density and constant wind speed the output 

power of the wind turbine is called function of power 
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coefficient of the turbine. Many research works on wind 

turbines have been reported in the literature [13]. 

V. MODELING OF ENERGY STORAGE SYSTEM 

A. Battery Modelling: 

      Battery is the most capable energy storage device 

essential for maximum utilization of intermittent green 

resources by storing electrical energy. Among all types 

of battery, recently researchers found that flow battery is 

most promising capacity oriented energy storage 

technology. Recently flow batteries are used in many 

HRPSS because they have a number of advantages 

when compared to the conventional battery [14]. The 

operating principle of the Vanadium redox flow battery 

(VRB) shows in Fig. 6.  

 
Figure 6.  VRB operating principle[14]. 

The equations of simplified electrode with the reversible 

reaction as follows [14]: 

For the positive electrode, it is 

V
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For the negative electrode, it is
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                                     (7) 

The VRB equivalent circuit parameters calculation is 

based on the 21% losses, where 15% loss due to the 

internal resistance and 6% loss due to the parasitic 

resistance. With these losses the cell stack output power 

should be [14]: 

       
  

     
                                                      

And single cell stack voltage is related to the SOC as 

follows: 

                        (
   

     
)                         

Where k is the constant that affect the VRB operation 

and is related to the temperature, Vequilibrium the standard 

potential difference of each cell, PN the rated power 

(W), Pstack the output cell stack power and Vcell the cell 

stack voltage. In terms of days of autonomy, capacity of 

the battery can be calculated according to the following 

equation- 

   
           

            

                                                      

Where Eacload is the total ac load on system (Ah), Bc the 

battery bank capacity, i the inverter efficiency, NDC 

the nominal days of storage of the battery bank (days), ct 

the temperature correction factor and DODmax the 

maximum allowable depth of discharge. 

B. Modeling of Super-Capacitor: 

      The super-capacitor is an electrochemical double 

layer capacitor without any conventional solid 

dielectric; it is also called ultra-capacitor or electric 

double layer capacitor. Super capacitor has lower series 

resistance, high energy density, large 

charging/discharging capacity, high efficiency and 

lower heating losses [15]. Due to its fastest response, 

super capacitor is mainly used to improve the hybrid 

system and dynamic behavior when the load variations 

occurred. It also helps to reduce the system initial cost 

by decreasing the battery size and saving peak power. It 

consists of three components: a) the capacitance which 

is produced by the double layer effect, b) the equivalent 

series resistance (ESR) which represents the internal 

heating losses and the voltage drop during the 

discharging/ charging time and c) the equivalent parallel 

resistance (EPR) which represents the self-charging and 

the effect of the leakage current. Fig. 7 shows the 

classical equivalent circuit model of a super-capacitor.  

 
Figure 7.  Super capacitor equivalent circuit [16] 

Following equations are used to express the terminal 

voltage, ESR, EPR and total useable energy of the super 

capacitor [16]. 
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Where V1 is the self-discharge initial voltage at t1,  V2 the 

self-discharge initial voltage at t2, C the rated 

capacitance, V the voltage change at turn on of load, I 
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the current change at turn on of load, Vc_init the 

capacitor initial voltage, ic the capacitor current, ns the 

number of series connected super capacitor in each 

string, np the number of parallel connected super 

capacitor in each string, Euse the total useable energy 

from a super capacitor,  Vi the capacitor bank terminal 

voltage at rated SOC and Vf the minimum obtainable 

voltage after discharging the capacitor limit. 

VI. COMPARATIVE ADVANTAGES OF PV/WIND BASED 

HRPSS 

       There are many advantages of adapting PV/wind 

based HRPSS. Ocean wave power mainly depends on 

height and period of the sea wave, the sea gives 

abundant power when wave height and period are large 

enough, so energy storage devices are not being used 

often enough. On the other hand, lower wave height and 

period conditions can discharge the power from the 

storage devices. Therefore, the number of ocean wave 

power device to be installed, the size of the energy 

storage devices and the total amount of the load are 

needed to be estimated carefully considering all the 

extreme/serious conditions of the sea. But in PV and 

wind system such kind of unpredictable nature is rare. 

VII. COMPARISON BETWEEN CSBPSS AND HRPSS 

      Environmental problems are related with the 

conventional source based power supply 

system(CSBPSS) because as generation increases with 

the demand, CO2 emission rate also increases in 

CSBPSS. But with the help of HRPSS, it is possible to 

reduce the CO2 emission rate. On the other hand, in 

HRPSS if the demand exceeds the generation level, it is 

possible to maintain continuation of power supply by 

the backup storage device. But again in unusual 

condition if the generation exceeds the demand level, 

storage device discharges rapidly, hence prevents 

equipment damage and maintain continuation of power 

supply. But in CSBPSS such kind of option is not 

available which makes it less stable than HRPSS. 

VIII. CONCLUSION  

      A comprehensive summary of the HRPSS’s with 

emphasizes on various important aspects of HRPSS’s 

such as configurations, unit-sizing, optimization, 

modeling of hybrid system components, control, optimal 

power management strategies are provided by this 

study. Now globally private organizations of many 

countries, federals and state governments are 

significantly encouraged in the research and 

developments of the hybrid renewable power system to 

boost up the renewable energy markets because of the 

cost and environmental impact of the conventional 

resources increasing day by day. Hybrid renewable 

system bears good potential to fulfill the total load 

demand of isolated/remote areas, island or coastal 

communities at all times. It can significantly contribute 

to the welfare of people of both urban and rural 

development. This may finally be concluded that the 

extensive efficient use of renewable energy sources in 

hybrid framework will not only reduce global energy 

crisis but also guarantee a sustainable and green globe. 
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Abstract— A modified square lattice photonic crystal fiber 

(SLPCF) has been proposed to compensate the dispersion 

property in optical communication system. The 

modification has been designed with the help of     , 

where in previous used as     . This paper mainly focuses 

on some of the important comparisons between      and 

     in terms of easy and optimal design of dispersion 

compensating fiber.      has significantly improved the 

dispersion compensation property of SLPCF more than 

that of     . The proposed modification has provided the 

optimal dispersion and operating bandwidth better than 

that of     . 

Keywords—     , GeO2, SLPCF (square lattice photonic 
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(dispersion compensating fiber), Dispersion. 

I. INTRODUCTION  

In a SMF (Single Mode Fiber) optical pulses are 
widening and limit the data transmission rate in 
broadband wavelength division multiplexing (WDM) 
systems, which leads to broadening of pulses. This 
unwanted phenomenon is known as Chromatic 
Dispersion (CD) which decreases the system 
performance and makes the system more costly. It 
consists of two components - material dispersion and 
waveguide dispersion. Material dispersion, which is 
positive for silica glass at telecom wavelengths, is 
related to material properties, fiber length and the width 
of spectrum of an optical source [1]. Waveguide 
dispersion depends on the geometry of fiber. It is 
possible to obtain overall negative CD of the fiber 
through high negative waveguide dispersion [1]. The 
properties of the SLPCFs have been accurately analyzed 
through a full vectorial solver based on the Finite 
Element Method (FEM). The premature technique is 
based on regular SLPCF with all the air-hole of same 
uniform diameter and the effective size of the air-holes 
are modified with a selective infiltration of the air-holes 
with liquids [2]. But in this paper, by doping the 
SLPCF’s core, as well as by introducing small doped 
holes as      the proposed work has been done. Sub 
micrometer holes have to be avoided, since their 
fabrication with the desired accuracy is impossible [3]. 
A fabrication problem arises between previously used 
doped core (    ) and background material (fused 
silica), which is insufferable due to some basic rule of 
physics, since the molecules of doping material diffuse 
from its original location to adjacent undoped areas [4]. 
A problem of fabrication may also remain if      is 
used as doping material because of its some chemical 

properties shown in Table-1. The accuracy of 
fabrication of an ideal dispersion compensating SLPCF 
must be necessary to compensate the dispersion, which 
can be ensured by     . Because      is a high 
translucent material and has lower melting point 
(840 °C) and lower density (2.94 g/cm

3
) and many other 

important properties have shown in Table-1. The 
different diameters of holes in a fiber or varying pitch 
complicate the manufacturing process [5]. The 
complication of variation of pitch or different hole 
diameter can be more easily solved by SLPCF modified 
by      than that of SLPCF modified by     . 
Therefore, the desired properties should be achieved by 
simpler fiber modifications, which have been discussed 
in this paper. That is      is used as modified doped 
core instead of     . In this paper the design of a DCF 
(dispersion compensating fiber) is SLPCF with a 
monoclinic or mP36 crystal lattice core of      inserted 
into it, whereas in previously used      small hole 
hexagonal lattice [6]. Doped hole diameter is less than 
that of adjacent hole diameter of cladding     . The 
little central      doped air hole can flexibly control the 
dispersion properties of this kind of SLPCF more than 
that of     . The proposed square lattice photonic 
crystal fiber with      doped will be suitable for 
broadband dispersion compensation in wavelength 
division multiplexing (WDM) optical communication 
systems and will help to meet the increasing demand of 
users. Also the proposed modification will make the 
system more cost effective, increase the system 
performance than that of     . 

II. CHEMICAL PROPERTIES 

TABLE I.  COMPARISON TABLE 

Topic           

Appearance White crystals White powder or 
colorless crystals 

Translucency Power More translucent Less translucent 

Melting point 840 °C (1,540 °F; 
1,110 K) 

1,115 °C 
(2,039 °F; 
1,388 K) 

Density 2.94 g/cm3 4.228 g/cm3 

Refractive index (n) at 
1550 nm 

2.11 
 

1.650 

Crystal structure Monoclinic, mP36 Hexagonal 

Negative value of 
dispersion coefficient, D 

More than      Less than      

Core concentricity error 0.3 µm 0.5 µm 

Proof stress [GPa] 0.83 0.77 

Outside Deposition 
Process (ODP) 

Follow Doesn’t follow 
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The above informations are collected from [7], [8], the 

refractive index for      is collected from [9]. The 

influence of the geometric parameters Ʌ and   /Ʌ of 

     has been investigated considering SLPCFs with 

five rings core holes in the cross-section. For fibers with 

low Ʌ values, a FEM solver with Perfectly Matched 

Layers (PMLs) as boundary. Five values of the pitch 

(hole-to-hole spacing), Λ that is 1.1, 1.2, 1.3, 1.4 and 1.5 

µm have been chosen from the chemical properties of 

     and     . The value of   /Ʌ has been varied with 

respect to Λ and   . 

 

Figure 1.  Cross section of proposed SLPCF with     . 

III. NUMERICAL METHODS 

If the effective refractive index is, neff, obtained by 

solving an Eigen value problem came from Maxwell 

equations, chromatic dispersion and effective area of 

PCF can be easily calculated. Chromatic dispersion D 

can be obtained using the following relation [10]: 

D (λ) = - (λ/c) × (  Re [neff]/   )                              (1) 

Where Re [    ] is the real part of effective refractive 

index     , λ is the wavelength, c is the velocity of light 

in vacuum.  

The effective area of      modified central core,      is 

calculated as follows [10]: 

  




























 dxdyEdxdyEAeff

4

2

2
        (2) 

Where, E is the electric field derived from the Maxwell 

equations. The Sellmeier equation is an empirical 

relationship between refractive index and wavelength 

for      modified transparent medium [11]. This 

equation is used to determine the chromatic dispersion 

of light in the medium and the formula for fused silica 

glass is as follows [11]: 

n
2
=  

             

                   
 

             

                   
 

             

             
                                                                 (3)                

The relative dispersion slope (RDS) is calculated by [11]: 

RDS= SSMF (λ)/DSMF (λ) = SDCF (λ)/DDCF(λ)    (4)       

Where, SSMF (λ) and SDCF (λ) is the dispersion slope 

of the SMF and DCF (Dispersion Compensation Fiber) 

respectively. 

General equation of refractive index is [12] 

n = 
                            

                              
                                      (5) 

The equation of critical angle is [12] 

  =   
   

  

  
                                                               (6) 

Where   = Critical angle,   = refractive index within 

material (for     =2.1, for     =1.650),   = refractive 

index outside material i.e. background material fused 

silica=1.45 [13]. It is known that the refractive index of 

the core,   , is always greater than the index of the 

cladding,   . Light is guided through the core, and the 

SLPCF acts as an optical waveguide due to total internal 

reflection. Since refractive index of      is more than 

that of      , therefore     will increase the refractive 

index property within the core of SLPCF, as a result of a 

suitable critical angle which provide a better more total 

internal reflection and enhance the light propagation 

property than that of      . 

IV. SIMULATION RESULTS 

The modified SLPCF is simulated by finite element 

method (FEM) with perfectly matched layer (PML). The 

FEM directly solves by using the COMSOL 

MULTIPHYSICS 5.0 and MATLAB 14.0. 

The waveguide dispersion of SLPCF modified with 

     and      is depicted in Fig. 2 below: 

 
Figure 2.  Comparison of SLPCF with a      core and SLPCF with 

modified      core. 

From Fig. 2. SLPCF modified by      shows a 

relatively positive dispersion whereas SLPCF modified 

by      shows higher negative dispersion at the 

wavelength range 1050 nm to 1850 nm. 

 

 

Figure 3.  Dispersion with respect to wavelength with various 

diameter including diameter of modified core. 
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Dispersion variations with respect to wavelength are 

illustrated in Fig. 3. Here      modified hole diameter 

should be considered. Different diameter show the 

different dispersion as depicted in Fig. 3. Lower most 

diameter, 0.6 µm (SLPCF modified by     ) shows a 

convex shape dispersion curve. Due to the diameter of 

0.6 µm, the curve has shown a positive value of 

dispersion at wavelengths above 1600nm, which gives 

unsuitable condition for compensation of chromatic 

dispersion. Upper most diameters (such as 1.0 µm) has 

shown a concave shape dispersion curve. The diameter 

0.8 µm (SLPCF modified by     ) shows 

approximately linear curve with respect to perfectly 

matched layer and gives a high negative dispersion 

coefficient.  

 
Figure 4.  Chromatic dispersion on wavelength with respect to 

normalized hole diameter of the      core insertion. 

Fig. 4. has shown the chromatic dispersion with respect 

to normalized hole diameter of the core inclusion,   /Ʌ. 

This shows the correlation between size of the SLPCF 

modified by      core and      core with the mode 

field operation, which influences the waveguide 

dispersion properties of SLPCF. An intersection of 

dispersion curves at a wavelength 1850 for   /Ʌ = 0.7 

and   /Ʌ = 0.8 has been occurred due to propagation of 

different modes with the same waveguide dispersion. 

Then, the numbers of doped parameters of the SLPCF 

core modification design for this wavelength are 

significantly decreased. At   /Ʌ = 0.6 SLPCF modified 

by      has shown the perfectly matched linear higher 

negative dispersion curve, whereas at   /Ʌ = 0.4 SLPCF 

modified by      has shown a convex curve with some 

small positive dispersion, which is limits the dispersion 

properties of SLPCF. 

 
Figure 5.  Chromatic dispersion vs. wavelength with respect to 

variation of  pitch value. 

From Fig. 5. non-linearity effect on dispersion on 

wavelength with respect to various pitch values in the 

range of 1.1 µm to 1.5 µm can be founded. From Fig. 5. 

it has been cleared that a higher negative value of 

dispersion can be gained for  a smaller value of pitch, Ʌ. 

At Ʌ=1.3 µm (SLPCF modified by     ), 1.4 µm 

(SLPCF modified by     )  and 1.5µm Fig. 5 has given 

three approximately linear dispersion curve. But SLPCF 

modified by      at Ʌ=1.3 µm has been provided more 

negative dispersion curve than that of SLPCF modified 

by      (at Ʌ=1.4 µm), which is another important term 

to use modified core as      instead of     . Now the 

comparative parameters are shown in Table-2 below: 

TABLE II.  COMPARATIVE PARAMETERS 

Topic           

Hole diameter,    [ µm] 0.8 0.6 

Pitch, Ʌ [µm] 1.3 1.4 

Normalized hole diameter 

of the core inclusion,   /Ʌ 

0.6 0.4 

Number of rings, Nr 5 5 

The results are used in C-band optical communication 

system as input. According to the Table-1 the special 

better properties of      dispersion compensation is 

more potential than instead of using      as modified 

core.       follow the Outside Deposition Process 

(ODP), which produces a totally synthetic ultra-pure 

fiber and fulfill the manufacturing condition of Corning 

SMF-28 fiber. But      doesn’t follow ODP.  

According to ITU-T G.652 recommendation at 1550 nm 

wavelength a single mode fiber has RDS as 0.0036 nm
-1  

and dispersion value as 17 ps·km
-1

·nm
-1 

.RDS can be 

computed using equation (4) and dispersion can be 

computed by using equation (1) and equation  (3). Also 

the effective area of      modified central core of 

SLPCF can compute by using equation (2). 

 
Figure 6.  RDS of SLPCF modified by      and SLPCF modified by 

    . 

From Fig. 6. it has shown that the SLPCF modified by 

     shows RDS as 0.0034 nm
-1 

but SLPCF modified 

by      shows RDS as 0.0031 nm
-1

. But the target of 

the modification is to achieve the same value of RDS for 

both DCF and SMF at the 1550 nm wavelength that is 
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0.0036 nm
-1 

. Here the RDS of SLPCF modified by 

     is closer than that of SLPCF modified by 

    .This approximately similar RDS refers that both 

dispersion and dispersion slope are effectively 

compensated. 

 
Figure 7.  Chromatic dispersion of SLPCF modified by     . 

The proposed SLPCF modified by       has dispersion 

value of -150 ps·km
-1

·nm
-1

 at the 1550 nm wavelength, 

which enables to compensate for chromatic dispersion 

of approximately nine-times longer SMF than is the 

length of DCF SLPCF modified by     whereas 

SLPCF modified by      provides the dispersion value 

of -100 ps·km
-1

·nm
-1

 at the 1550 nm wavelength, which 

enables to compensate for chromatic dispersion of 

approximately nine-times longer SMF than is the length 

of DCF. Therefore SLPCF modified by      shows the 

better performance in compensation of chromatic 

dispersion more than that of SLPCF modified by      . 
Now for better understanding the RDS and dispersion 

values of proposed modification are mentioned in Table-

3 below:  

TABLE III.  COMPARATIVE OUTPUTS 

Topic SLPCF 

modified 

by      

SLPCF 

modified 

by      

Single Mode 

Fiber (SMF) 

[According to 

ITU-T G.652 

recommendation] 

RDS at 1550 

nm 

wavelength 

[nm-1] 

0.0034 0.0031 0.0036 

Dispersion 

Value at the 

1550 nm 

wavelength 

[ps·km-1·nm-1] 

-150 -100 17 

V. CONCLUSIONS 

The proposed modification of SLPCF by      can be 

applicable in compensation of chromatic dispersion not 

only at 1550 nm wavelength, but also a long wavelength 

range in long haul optical communication system. 

SLPCF modified by      makes the optical 

communication system more cost effective and provides 

better performance than that of SLPCF modified by 

    . The future research would focus on fiber’s 

attenuation loss, confinement loss properties, cause 

these losses are important factor in optical 

communication system. 

ACKNOWLEDGMENT 

First of all, we thank the Almighty Allah, who gave me 

the opportunity and strength to carry out this work. We 

would like to express our sincere gratitude and profound 

indebtedness to our honourable supervisor Md. 

Monjurul Islam, Assistant Professor, Dept. of CSE, for 

constant guidance, insightful advice, helpful criticism, 

valuable suggestions, commendable support, and 

endless patience towards the completion of this thesis. 

We feel very proud to have worked with him. Without 

his inspiring enthusiasm and encouragement, this work 

could not have been completed. We thank all the 

colleague, staffs and friends at the department of 

Electrical and Electronic Engineering, Mymensingh 

Engineering College (affiliated by University of Dhaka), 

Mymensingh for their support and encouragement. We 

wish to express our gratitude to Mymensingh 

Engineering College, Mymensingh for providing an 

excellent environment for research. The support we 

have received from Mymensingh Engineering College 

in terms of approving study leave is gratefully 

acknowledged. Last but not least we would like to thank 

our parents, who taught us the value of hard work by 

their own example. They rendered us enormous support 

during the whole tenure of our study. 

REFERENCES 

[1] DISPERSION COMPENSATING PHOTONIC CRYSTAL 

FIBER WITH ENHANCED PROPERTIES ACHIEVED BY 

MODIFIED CORE GEOMETRY Stanislav KRAUS1, Michal 
LUCKI1 1Department of Telecommunications Engineering, 

Faculty of Electrical Engineering, Czech Technical University in 
Technicka 2, 166 27 Prague, Czech Republic 

kraussta@fel.cvut.cz, lucki@fel.cvut.cz 

[2] FUJISAWA, T., K. SAITOH, K. WADA and M. KOSHIBA. 
Chromatic dispersion profile optimization of dual-concentric-

core photonic crystal fibers for broadband dispersion 

compensation. Optics Express. 2006, vol. 14, iss. 2, pp. 893-900. 
ISSN 1094-4087. 

[3] YANG, S., Y. ZHANG, L. HE, S. XIE, J. LI, W. CHEN, Z. 

JIANG, J. PENG AND HAIQING LI. Experimental 
demonstration of very high negative chromatic dispersion dual-

core photonic crystal fiber. In: Optical Fiber Communication 

and the National Fiber Optic Engineers Conference 
(OFC/NFOEC). Anaheim: IEEE, 2007, pp. 1-3. ISBN 1-55752-

831-4.  

[4] YAO, L., S. LOU, H. FANG, T. GUO AND H. LI. High 
negative dispersion and low confinement loss photonic crystal 

fiber. In: Proceedings of Optical Fiber Communication and 

Optoelectronics Conference. Shanghai: IEEE, 2007, pp. 373-
375. ISBN 978-0-9789217-2-9. 

[5] BEGUM, F., Y. NAMIHIRA, S. F. KAIJAGE, M. A. RAZZAK, 

N. H. HAI, T. KINJO, K. MIYAGI and N. ZOU. Design of 
broadband dispersion compensating photonic crystal fibers for 



International Conference on Computer, Communication, Chemical, Materials and Electronic Engineering  
IC4ME2-2017, 26-27 January, 2017 

 
 

ISBN: 978-984-34-2030-5   37 
 

high speed transmission systems. In: Conference on Optical 

Fiber Communication (OFC). San Diego: IEEE, 2009. pp. 1-3. 
ISBN 978-1-4244-2606-5. 

[6] MOHAMMADNEJAD, S. and N. EHTESHAMI. Novel design 

to compensate dispersion for index-guiding photonic crystal 
fiber with defected core. In: 2010 Proceedings of International 

Conference on Mechanical and Electronics Engineering 

(ICMEE 2010). Kyoto: IEEE, 2010, vol.2, pp. V2-417-V2-421. 
ISBN 978-1-4244-7479-0.  

[7] https://en.wikipedia.org/wiki/Germanium_disulfide 

[8] https://en.wikipedia.org/wiki/Germanium_dioxide 

[9] Linear and non-linear optical properties of GeS2 doped with the 

elements from III and group of the periodic table. Tasseva, V. 

Lozanova, R. Todorov*Institute of Optical Materials and 
Technologies ―Acad. J. Malinowski‖, Bulgarian Academy of 

Sciences, Acad. G.Bonchev Str., bl. 109, 1113 Sofia, 

Bulgaria.Received October 17, 2013; Revised November 25, 
2013. 

[10] K. Saitoh, M. Koshiba, T. Hasegawa, and E. Sasaoka, 

―Chromatic Dispersion control in photonic crystal fibers: 
Application to ultra flattened dispersion,‖Opt. Express, vol. 11, 

pp. 843–852, 2003. 

[11] https://en.wikipedia.org/wiki/Sellmeier_equation 

[12] https://en.wikipedia.org/wiki/Total_internal_reflection 

[13] Surface Plasmon Resonance Refractive Index Sensor Based on 

Active Photonic Crystal Fiber Volume 5, Number 6, December 
2013C. J. Hao Y. Lu M. T. Wang B. Q Wu L. C. Duan, J. Q. 

Yao. 

https://en.wikipedia.org/wiki/Germanium_disulfide
https://en.wikipedia.org/wiki/Germanium_dioxide
https://en.wikipedia.org/wiki/Sellmeier_equation
https://en.wikipedia.org/wiki/Total_internal_reflection


International Conference on Computer, Communication, Chemical, Materials and Electronic Engineering  
IC4ME2-2017, 26-27 January, 2017 

 
 

ISBN: 978-984-34-2030-5   38 
 

Paper ID: 12 

Graphene-Oxide for Efficient Photocatalytic Degradation of Methylene Blue 

under Sunlight and Its Kinetic Study 
M.  Bakhtiar  Azim*,  Intaqer  Arafat  Tanim,  Riad  Morshed  Rezaul,  M.  Mozammal  Hosen,  Fahmida  Gulshan and  

A.S.W  Kurny 

Department of Materials and Metallurgical Engineering 

Department of Chemistry 

Bangladesh University of Engineering and Technology, Dhaka-1000, Bangladesh 

e-mail:  bakhtiar31.mme@gmail.com*

Abstract— In  this  work,  photocatalytic  activity  of  

graphene  oxide  (GO),  graphene  oxide  (GO)  along  with  

hydrogen  peroxide  (H2O2)  were  tested  by  

photodegrading  Methylene  Blue  (MB)  in  aqueous  

solution.  The  resulted  GO  nanoparticles  were  

characterized  by  X-ray  powder  diffraction  (XRD),  

Scanning  Electron  Microscopy  (SEM)  and  Energy  

Dispersive  Spectroscopy  (EDX).  The  XRD  data  

confirms  the  sharp  peak  centered  at  210.44  

corresponding  to  (002)  reflection  of  GO.  Based  on  our  

results,  it  was  found  that  the  resulted  GO  

nanoparticles  along  with    H2O2  achieved  ~92%  

photodecolorization  of  MB  compared  to  ~63%  for  

H2O2  under  natural  sunlight  irradiation  at  pH~7  in  60  

min.  The  kinetics  was  also  studied  for  

photodegradation  using  both  GO  and  GO  with  H2O2. 

Keywords— Graphene  Oxide,  Hydrogen  Peroxide,  

Methylene Blue,  dye,  photodecolorization,  sunlight. 

I.  INTRODUCTION  

The  discharge  of  azo  dyes, which  are  stable  and  
carcinogenic,  into  water  bodies  are harmful  to  
human  health,  and  cause  such  illness  as  cholera,  
diarrhea,  hypertension,  precordial  pain,  dizziness,  
fever,  nausea,  vomiting,  abdominal  pain,  bladder 
irritation,  staining  of  skin  [1]. Dyes  also  affect  
aquatic  life  by  hindering  the  photosynthesis  process  
of  aquatic  plants,  eutrophication,  and  perturbation  
[2,3].  Therefore,  numerous  techniques  have  been  
applied  to  treat  textile  wastewater,  such  as  activated  
carbon  adsorption  (physical  method),  chlorination 
(chemical  method),  and  aerobic  biodegradation  
(biochemical  method)  [4].  However,  further  
treatments  are  needed, which   create  secondary  
pollution  in  the  environment,  such  as  the  
breakdown  of parent  cationic  dyes  to  Benzene,  NO2,  
CO2  and  SO2  [5].  Advanced oxidation processes  
(AOPs)  are  widely  applied  to  mineralize  dyes  into  
CO2  and   H2O  [6,7].  AOPs  include  ozonation, 
photolysis,  and  photocatalysis  with  the  aid  of  
oxidants,  light,  and  semiconductors.  Photocatalytic 
degradation  was  initiated  when  the  photocatalysts  
absorb  photons  (UV)  to  generate  electron-hole  pairs 
on  the  catalyst  surface.  The  positive  hole  in  the  
valence  band (hVB

+
)  will  react  with  water  to  form 

hydroxyl  radical (*OH),  followed  by  the  oxidization  
of  pollutants  to  CO2  and  H2O  [8]. 
Methylene  Blue  (MB),  also  known  as  Swiss  Blue,  
is  an  azo  dye  (Table  1).  MB  is  widely  used  in  

textile  industries  for  dye  processing,  and  upto  50%  
of  the  dyes  consumed  in  textile  industries  are  azo  
dyes  [8-10].  In  the  past  few  years,  several  catalysts  
have  been  used  to  degrade  MB,  such  as  TiO2  [5],  
BiFeO3  [4],  ZnS  [12]  and  ZnO  [8],  and  the  results  
were  summarized  in  (Table  2). 
 

Table  1.  Properties  of  Methylene  Blue  (MB). 

Properties Cationic Azo Dye 

Synonym  name Swiss  Blue 

Molecular  formula C16H18ClN3S 

Molecular  weight 319.851  g/mol 

Absorbance  

wavelength(max) 

664  nm 

 

 
Molecular  structure 

 

 

Table 2.  The  photocatalytic  degradation  of   MB  using  several  

catalysts. 

Authors

/Year 

Catal

ysts 

Degradat

ion 

efficiency 

(%) 

Conditions Re

fer

en

ces 
Soltani  et  
al.  2014 

BiFeO3 100% MB Time: 80 min; 
Catalyst loading: 

0.5 g/L-1; 

Irradiation: Natural 
Sunlight; pH 2.5 

[4] 

Dariani  et  

al.  2016 

TiO2 100% MB Time: 2 hr;  

Catalyst  loading:  
0.5 g/L-1 ; 

Irradiation: UV 

light; pH 2.5 

[5] 

 

Graphene  oxide  (GO)  has  more  oxygen  functional  

groups  than  reduced  graphene  oxide  (rGO) and a 

surface  area of  736.6  m
2
/g  [29]  compared  to  400  

m
2
/g  [30]  for  graphite.  Numerous  methods  have  

been  used  in  the  synthesis  of  GO,  such  as  

chemical,  thermal, microwave,  and microbial/bacterial  

[14].  Chemical  exfoliation  is  preferable  due  to  its  

large-scale production  and  low  cost.  Chemical  

exfoliation  involves  three  steps,  oxidation  of  

graphite powder, dispersion  of  graphite  oxide  (GTO)  

to  graphene  oxide  (GO)  and  GTO  exfoliation  by  

ultrasonication  to produce  graphene  oxide  (GO)  [15].  
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GO,  with  its  unique  electronic  properties,  large  

surface  area  and  high  transparency,  contributes  to  

facile  charge  separation  and  absorptivity  in  its  

structure.  As  a  potential  photocatalytic  material,  GO  

has  been  used  in  the  decolorization  of  Methylene  

Blue  [19] and  Rhodamine  B  [19].     

In  this  investigation,  a  facile  method  to prepare  GO 

nanoparticles  has been  reported which  were  

synthesized  via  chemical  oxidation.  The  

photocatalytic  performances  of  the  prepared  GO  and  

GO  with  H2O2  were  evaluated  in  the degradation  of  

a  model  organic  dye,  methylene blue  (MB)  in  

aqueous  solution  under  sunlight.  To best  of  our  

knowledge,  detailed  investigations  on  catalyst  

loading,  initial  dye  concentration,  and  initial solution  

pH  are still  lacking.  This  study  aims  to  determine  

the  optimum  experimental  conditions  for  the best  

photodecolorization  performance. 

II. EXPERIMENTAL  SECTION 

A. Chemicals  and  Materials 

Graphite  powder  and  Sodium  Nitrate  were  
purchased  from  Sigma  Aldrich (Steinheim,  
Germany).  Sulfuric acid (98%) was obtained from 
Merck (Darmstadt, Germany).  Potassium  
permanganate, Hydrochloric  acid  (37%) and  
Hydrogen  Peroxide  (30%)  were  also  purchased   
from  Sigma  Aldrich (Steinheim,  Germany).  The 
chemicals were used without further purifications. 
Methylene  Blue (MB)  powder  from  Sigma-Aldrich 
(Steinheim, Germany)  was used  as  the  model  
compound  in  this  study.  Deionized water was used 
throughout the experiments. 

B. Synthesis of Graphene Oxide (GO) 

Graphene  oxide was  produced  by  the  modified  

Hummers’  method  by  oxidizing  the  graphite  powder  

[21].  In  a  typical synthesis, 3g  of  graphite  powder  

and  1.5g   NaNO3  were  mixed  with  69 ml  H2SO4   
(conc.  98%)  in  a  beaker.  Then,  9g  of  KMnO4  was  

slowly  added  and  stirred in  an  ice-bath  for  1 h  

below  20C.  Then  the mixture  was  heated  to  35C  

and kept  stirring  for  2 hrs.  Then  an  oil  bath  was   

maintained  at  a  temperature of  95C~ 98C . After 

that  the  beaker  was placed  in  the  oil bath  for  15  

minutes  and  150  ml  Deionized water  was added  

slowly  while  stirring.  After  cooling  the  mixture  to  

room  temperature,   again an  oil  bath  is   set  at  a 

temperature of  60C   and  maintained  and   the   

beaker  is kept  in   the  oil  bath  for  additional  60  

minutes  at  a constant  temperature  of  60C.  Then  

150  ml  Deionozed  water  is  slowly  addded  in  the  

beaker  while  stirring. Finally,  dropwise  addition  of   

30  ml  (30%)  H2O2  was  made  and  stirred  for  2 hrs.  

Then  washing,  filtration  and centrifugation  were  

performed  until  removal  of  Cl
-
  ions  by  using  

Deionized  water.  Finally,  the  resulting  precipitate  

was  dried  at  70C  for  24  hrs   in  an  oven  giving  

thin  sheets  which  was  Graphite  Oxide  (GTO).  

Graphite  Oxide  was  made  into  a  fine  powder  form  

by  grinding  in  a  crucible  and  then  GTO  powder  

was  finely  dispersed  in  Deionized  Water.  Then,  

ultrasonication  was  carried  out  for  the  complete  

exfoliation  of   GTO  to  GO. 

C. Characterization 

The  X-ray  diffraction  pattern  of  GO  was  recorded  

by  a  Bruker  axs  (Karlsruhe,  Germany)  D8 Advance  

diffractometer  from  5  to  80.  The  sample  was  

scanned  over  Cu K  radiation  source  (  = 1.5406 

A)  at  40  kV  and  30  mA  with  a  scanning  rate  of  

0.01s
-
1.  The  surface  morphology  of  GO  was 

observed  by  HITACHI  (Tokyo,  Japan)  TM3030  

table-top  scanning  electron  microscope  (SEM).  The  

decolorization  percentage  of  MB  was  determined  by  

using  an  ultraviolet-visible  spectrophotometer  

(Agilent Cary-60,  Santa  Clara,  CA,  USA)  at   max =  

664  nm,  a  wavelength  region  between  400  and  800  

nm.  Deionized  water was used as a reference material. 

D. Photocatalytic  Reaction 

Photocatalytic  experiments  were  carried  out  by  

photodegrading  MB  using  UV-Vis  spectroscopy.  A  

96  W  UV-A  lamp  was  used  as  the  irradiation  

source.  The  solution  of  MB  (pH~7)  without  GO  

was  left  in  a  dark  place  for  60  min.  Then,  the  dye  

solution  was  exposed  to  sunlight  irradiation  and  

there  was  no  decrease  in  the  concentration  of  dye.  

In  a  typical  experiment,  7.5  mg  of GO  was  added  

into  a  100  mL  0.05 mM  MB  solution.  Before  

illumination,  the suspensions  were continuously stirred  

at  dark  place  for  60  min  to  reach  an  adsorption-

desorption  equilibrium  between  the  photocatalyst  and  

MB.  Then,  the  suspensions  were  exposed  to  

sunlight  irradiation  for  another  60  mints  and  

samples  were  taken  at  regular  time  intervals  (0  min,  

10  min,  15  min,  30  min,  45  min  and  60 min)  and  

filtered  to  remove  the  GO.  Where required,  the 

initial  pH  of  solution  (pH~7)  was  adjusted  by  small  

amount  of  0.1  M  NaOH  and  0.1  M HCl.  

Photodegradation  was  also  observed  for  0.05  mM  

MB  solution  using  only  H2O2  and  GO  along  with  

H2O2. The decolorization  efficiency  of  MB   was  

determined  by  using  the  equation  shown  below: 
 

Degradation efficiency (%) = [( C0 - Ct) / C0]   100%         (1)  

Where,  C0  is  the  initial  concentration  of   MB,  Ct  is  

the  concentration  of   MB  at  time,  t. 

III. RESULTS AND DISCUSSIONS 

A. Characterization of GO 

The  powder  X-ray  diffraction  pattern  of  GO  shows  

a  broadened  diffraction  peak  (Fig 1(a))  at  around  

210
.
44,  which  corresponds  to  the  (002)  reflection  

of  stacked  GO  sheets. 
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(a) 

 
(b) 

Fig  1:  XRD  pattern  of  (a)  Graphene  Oxide  (GO)  and  (b)  

Graphite  powder. 

SEM  images  of  GO  structure  with  different  

magnifications  are  shown  in  (Fig  2).  SEM  images  

of  GO  shows  the  crumbled  sheet  of  GO  layers. 

 

 
Fig  2:  SEM  Image  of  (a)  Graphite  powder  and  (b)  Graphene  
Oxide (GO). 

EDX  studies  are  generally  carried  out  to  test  the  

elemental  composition  and  purity  of  the  sample  by  

giving  us  the  details  of  all  the  elements  present  in  

the  given  sample.  The  EDX  spectra  and  elemental  

composition  of  GO  is  shown  in  (Fig  3). 

 
(a) 

 
(b) 

Fig 3: EDX spectra of  (a) Graphite powder and (b) Graphene Oxide 

(GO). 

B. Photocatalytic Activity of GO 

Photocatalytic  activities  of  the  prepared  samples  

were  probed  by  monitoring  the  degradation  of  

methylene  blue  under  sunlight  irradiation.  MB  dye  

(0.05mM)  was  diluted  in  100  ml  DI  water.  The  

photo  catalytic  degradation  of  MB  was  studied  after  

addition  of  7.5  mg  of  GO  in  6  ml  H2O2  to  the  

100  ml  dye  solution  using  sonication.  Irradiation  

was  carried  out  in  volumetric  flask  under  the  

sunlight.  UV-Vis  was  used  to  measure  absorbance  

of  the  dye  solution  at  regular  time  intervals.  

Controlled  experiments  were  also  carried  out  to  

confirm  the  degradation  of  MB  by  UV-Vis.  

Experiments  were  repeated  for  only  H2O2  and  for  

only  GO.  Under  natural  sunlight  irradiation  GO  

along  with  H2O2  showed  92.23%  photo  degradation  

efficiency  after  60  min  whereas  only  GO  and  only  

H2O2  showed  68.68%  and  62.81%  respectively  (Fig  

4).  

 

Fig 4: Photo degradation efficiency of the H2O/MB/GO, 

H2O/MB/H2O2 and H2O/MB/H2O2/GO. 
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(a) 

 
(b) 

Fig  5:  (a)  ln(Co/Ct)  versus  Irradiation  time  and  (b)  Absorbance  

versus  Irradiation  time  curves  illustrating  MB  degradation  by  

H2O/MB/GO,  H2O/MB/H2O2  and  H2O/MB/H2O2/GO. 

It  is  clear  from  Fig  5(a)  and  Fig  5(b)  that,  GO  

along  with  H2O2  as  expected  showed  highest  photo  

catalytic  activity  compared  to  that  of  H2O2.  

However  only   H2O2  and  only  GO  showed  lower  

photo  catalytic  activity.  GO  nanoparticles  is  a  

catalyst  for  MB  degradation  and  also  H2O2  itself  is  

a  catalyst  for  MB  degradation  which  takes  60  min  

for  almost  total  degradation  when  both  were  used  

together.   

The MB  photo  degradation  was  fitted  to  pseudo-first  

order  kinetics  by  referring  to  the  Langmuir-

Hinshelwood  kinetic  model  ((Equation (2))  [17,28]: 

ln(C0/Ct)=kt                      (2)       

 Where C is the concentration of MB at time, t, Co is the 

initial concentration of MB, and k is the pseudo-first 

order rate constant. The k value of respective 

concentrations was determined from knowing the values 

Ct and was listed in Table 3.  The correlation coefficient 

(R2) values are close to 1, which obeys the pseudo-first 

order kinetic model. 

 

 

(a) 

 

(b) 

 

(c) 

Fig  6:  Time-dependent  absorption  spectra  of  MB  solution  during  

natural  sun  light  irradiation  in  the  presence  of  (a) 

H2O/MB/H2O2/GO,  (b)  H2O/MB/GO  and  (c)  H2O/MB/H2O2. 
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Table  3.  Degradation  efficiency  and  pseudo-first  order  rate  

constant  for  photocatalytic  degradation  of   MB by  GO,  H2O2,  GO  
along  with  H2O2. 

Samples Concentration  

of  MB  (mM) 

Degrada-

tion 

efficiency 

(%) 

 

R2 

Rate 

const-

ant 

(min-1) 

H2O/MB/GO 0.05 68.68% 0.9297 0.01935 

H2O/MB/H2O2 

 

0.05 62.81% 0.9064 0.01649 

H2O/MB/H2O2

/GO 

0.05 92.23% 0.8943 0.04258 

IV. CONCLUSION 

Degradation  of  Methylene  Blue  under  sunlight  with  

GO  nanoparticles  as  a  catalyst  takes  around  60  min  

for  almost  total  degradation  when  used  with  H2O2.  

It  may  be  used  either  alone  or  in  combination  with  

H2O2.  H2O2  to  activate  the  GO   may  also  be  used  

to  speed  up  catalytic  reactions  for  complete  

degradation. By increasing the quantity of GO, 

degradation time decreases under sunlight. GO and 

H2O2 can also be used individually for photo catalytic 

degradation of high concentration of Methylene Blue. 
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Abstract—Mg−Cu−Zn ferrites with the addition of Mn- of 

the composition series of Mg0.35Zn0.45Cu0.20Fe1.94-xMnxO4 
(x = 0.0, 0.02, 0.04. 0.06, 0.08 and 0.10) have been 

synthesized by using solid state reaction technique. The 

present work describes the structural characterization and 

electromagnetic properties of MgCuZnMn spinel 

ferrites. X-ray diffraction (XRD) patterns of the samples 

showed single phase cubic spinel structure without any 

detectable impurity phases. The lattice constant is found to 

increase with the increase in Mn3+ ion concentration 

obeying Vegard’s law. Initial permeability(') changes 

appreciably with Mn addition. The sharp decrease of ' at 

T = Tc indicates that the samples have high homogeneity. 

The curie temperature (Tc) of the studied samples was 

determined from the 'T curves where Hopkinson type 

of effect at the Tc has been observed with the 

manifestation of sharp fall of permeability. Tc is found to 

increase slightly with increasing Mn content. Saturation 

magnetization (Ms) is found to increase with increase in 

Mn content up to x=0.06 and then slightly decreases with 

further increase in Mn content. 

Keywords- Mg-Cu-Zn ferrites, lattice constant, real 

permeability. 

I. INTRODUCTION 

Mg-Cu-Zn-Mn ferrite represent a pertinent magnetic 

material for applications owing to their better properties 

at higher frequency and is considered a candidate 

material due to its high electrical resistivity, relatively 

high Curie temperature, low cost, high mechanical 

hardness and environmental stability [1]. Almost every 

item of electronic equipments produced today contains 

some ferrite materials. The electrical and magnetic 

behavior of ferrites considerably depend on the 

preparation conditions such as chemical composition, 

sintering time and temperature, the amount and type of 

additives. Several investigators [1-3] have studied the 

Mg-Cu-Zn mixed spinel ferrites to find out the influence 

of Mn substitution on magnetic and electrical properties. 

It has been reported [3, 4] that in MgCuZn and 

NiCuZn ferrites when Fe
3+

 ions are partially replaced 

by Mn
3+

 ions, the magnetic and electrical properties are 

modified. They have shown that Mn substitution for Fe 

can decrease the magnetostriction constant, resulting in 

the significant increase of permeability. Spinel type 

ferrites are commonly used in many electronic and 

magnetic devices due to their high magnetic 

permeability and low magnetic losses [4,5] and also 

used in electrode materials for high temperature 

applications because of their high thermodynamic 

stability, electrical resistivity, electrolytic activity and 

resistance to corrosion [6,7]. A series of Mn-substituted 

MgCuZn ferrites have been investigated by Xiwei Qi 

et. al. [8]. The effect of Mn content on microstructure 

and magnetic properties were investigated. The result 

shows that low temperature sintered MgCuZn ferrites 

doped with Mn possess higher initial permeability and 

better grain structure than that of low temperature 

sintered NiCuZn ferrites prepared by the same 

method. Therefore, Mn doped MgCuZn ferrites 

should be ideal materials for high inductive multilayer 

chip inductor. In this  investigation, a study of the 

magnetic properties of Mn substituted MgCuZn 

ferrite was undertaken. 

II.       EXPERIMENTAL DETAILS  

The ferrite samples of different compositions of 

Mg0.35Zn0.45Cu0.20Fe1.94-xMnxO4 (x = 0.00, 0.02, 0.04, 

0.06, 0.08, 0.10) have been prepared by the standard 

double sintering ceramic technique at Materials Science 

Division, Atomic Energy Centre, Dhaka, Bangladesh. 

The starting materials for the preparation of the studied 

compositions were in the form of AR grade oxides 

(Fe2O3, MgO, ZnO, CuO, Mn2O3) of E. Mark of 

Germany. The method of sample preparation was 

described elsewhere [10]. The pressed pellet and toroid 

shaped samples were then finally sintered at 1150 °C for 

different holding time in air and then cooled in the 

furnace. The samples were polished in order to remove 

any oxide layer formed during the process of sintering. 

Phase analysis was done by using Phillips (PW3040) X’ 

Pert PRO X-ray diffractometer. The complex 

permeability of the toroid-shaped samples at room 

temperature was measured with the Agilent precision 

impedance analyzer (Agilent, 4294A) in the frequency 

range 1 kHz to 100 MHz. The permeability permeability 

'  was calculated by ' =L/L0, where L is the measured 

sample inductance and L0 is the air core inductance 

calculated using the dimensions of the coil. For these 

measurements an applied. voltage of 5mV was used 

with a 5 turn low inductive coil.    
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III.      RESULTS AND DISCUSSION 

3.1. X-ray diffraction analysis 

The typical X-ray diffraction patterns (XRD) only for 
x=0.04 and 0.06 of the synthesized Mn substituted mixed 
ferrite Mg0.35Cu0.20Zn0.45Fe1.94-xMnxO4 is shown in Fig.1. 

 

Fig. 1. XRD patterns of the samples for x=0.04 and 0.06 of the 

ferrites. 

But all the samples show well-defined reflections 

without any ambiguity, reveals the formation of single-

phase cubic spinel structure and all the peaks observed 

match well with those of Mg-Cu-Zn, Mg-Cu and Zn-Mg 

ferrites reported earlier [9–13].  Generally, for the spinel 

ferrites the peak intensity depends on the concentration 

of magnetic ions in the lattice.  Instrumental broadening 

of the system was determined from -2 scan of standard 

Si. At (311) reflection’s position of the peak, the value of 

instrumental broadening was found to be 0.07
0
. This 

value of instrumental broadening was subtracted from 

the pattern. 

3.2. Lattice constant  

Using the X-ray data, the lattice constant (a0) and 

hence the X-ray density were calculated using Nelson-

Rilay extrapolation method.  The values of the lattice 

constant obtained from each reflected plane are plotted 

against Nelson-Rilay function [14]     

         F() = ½[cos
2
/sin + cos

2
/]                          (1.1) 

where  is the Bragg’s angle and straight lines are 

obtained. The actual values of lattice constant, a0 were 

estimated from the extrapolation of these lines to F() = 

0 or  = 90
0
.    

 

 

 

 

 

 

 

 

 

 

Fig. 2. Variation of lattice constant as a function of Mn-content (x) of 

Mg0.35Cu0.20Zn0.45Fe1.94-xMnxO4 ferrites. 

Fig.2 shows the variation of lattice constant with Mn 

concentration. An increase was evidenced in the lattice 

constant with increasing Mn2+ ion concentration from 

8.4094Å for Mg-Cu-Zn ferrite for x = 0.0 to 8.4181Å for 

x = 0.10. The increase in lattice constant with manganese 

content indicates that the present system obeys the 

Vegard’s law [15]. An increase in lattice constant with 

an increase in the content of manganese can be attributed 

to the ionic size differences since the unit cell has to 

expand when substituted by ions with large ionic size. 

The similar variation has also been observed in Mg-Cu-

Zn-Mn [10], Zn-Mg-Cu [18]; Zn-Mg [19]; and Li-Cd 

[20] ferrites. 

3.3. Frequency Dependence of Initial Permeability 

The measurements of the initial permeability of 
ferrites as a function of frequency are performed and the 
values at 10 kHz are given in table 1.1.  

Table 1. Data of Lattice constant (a), Curie temperature (TC), 

Permeability(), saturation magnetization (MS) of the system. 

Mn-content (x) a (Å) 
 

Tc (K)  
(at 10 kHz) 

Ms 
(emu/g) 

0.00 8.4094 147 424 59 

0.02 8.4104 154 564 62 

0.04 8.4119 156 657 61 

0.06 8.4138 155 758 69 

0.08 8.4164 158 829 58 

0.10 8.4181 160 796 59 

 

2θ 

0.00 0.02 0.04 0.06 0.08 0.10
8.408

8.410

8.412

8.414

8.416

8.418

a
 (

Å
)

Mn Content (x)
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Fig. 3 shows the frequency dependent permeability 
dispersion of ferrites sintered at 1150 0C in the 
frequency range of 1 kHz to 13 MHz at room 
temperature. Initial permeability shows flat profile from 
1 kHz to 2 MHz indicating good low frequency stability 
for the samples with x = 0.0, 0.02 and 0.04 and its 
dispersion occurs slightly above 2 MHz frequency. Table 
1. Data of Lattice constant (a), Curie temperature (TC), 

Permeability (), saturation magnetization (MS) of the 
system. 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Frequency dependence of real permeability of 
Mg0.35Cu0.20Zn0.45Fe1.94-xMnxO4   ferrites sintered at 1150°C. 

But the compositions with values of x  0.06 obviously 

showed relaxation with real permeability ' decreasing 
gradually with frequency, because the spin rotation plays 
a relatively more important role when the domain wall 
motion reduces. This type of frequency dispersion 
matches well with that reported in MgCuZn ferrite [21]; 
NiCuZn ferrite [22]; NiZnCu ferrite [23]. It is clearly 
seen from Fig.3 that the low frequency permeability 
increases as Mn content is increased from 0 to 0.08 and 
may be attributed to the decrease of magnetostriction. 
Similar results of permeability also reported on Mn 
substituted Mg-Cu-Zn ferrites [24] and Ni-Cu-Zn ferrite 
[25]. 

3.4. Temperature Dependence of initial Permeability 

        Fig. 4. Shows the variation of the initial permeability 

' with temperature for the system 

Mg0.35Cu0.20Zn0.45Fe1.94-xMnxO4. It can be seen 

that '  increases with increasing temperature and then it 

drops to a very low value at the Curie temperature T c. 

The behavior of ' –T indicates that all the samples may 

contain predominantly single domains [16, 26-29] where 

the initial magnetic permeability increases with 

increasing temperature and makes a crest near Curie 

point after which it falls sharply to a minimum value. 

The present ferrites show good homogeneity according 

to Globus [25, 30] (in Fig. 4), where an abrupt drop in 

permeability occurs within the temperature range less 

than 5 °C near Curie point.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Temperature dependence of initial permeability of 

Mg0.35Cu0.20Zn0.45Fe1.94-xMnxO4. 

The Curie temperatures of the samples were determined 

from the plots of initial permeability versus temperature 

curves. Curie temperature Tc of the samples is presented 

in Table 1. By increasing Mn ion concentration, the 

maximum value of '  shifts toward higher temperature. 

That is, the Curie Temperature Tc shows the increasing 

trend with increasing Mn concentration. 

3.5 Field Dependence of Magnetization 

The room temperature magnetic hysteresis loop of 
the samples has been measured and the result of the 
samples x = 0.0 and 0.10 is presented in Fig. 5. 
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Fig. 5. Room temperature hysteresis loop of the samples x = 0.0 and 
0.10. 

The hysteresis loops do not show any noticeable 

hysteresis effect. All samples exhibited low coercivity 

values indicating that all the samples belong to the 

family of soft ferrites [17, 21]. The room temperature 

complete magnetic hysteresis loops of the samples have 

been measured, but for clarity the only first quadrant 

magnetization curve as a function of field is displayed in 

Fig. 6. 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Field dependence of Magnetization of 

Mg0.35Cu0.20Zn0.45Fe1.94-xMnxO4. 

The saturation magnetizations Ms for all samples at 

room temperature are shown in Table 1.  It is observed 

that saturation magnetization increases with increase in 

Mn content up to x = 0.06 and then slightly decreases 

with further increase in Mn content. The variation of the 

saturation magnetization with different Mn concentration 

is possibly due to the rearrangement of the cation 

distribution between the A and B sublattices in this multi 

cationic complex system. The saturation magnetization 

attains a maximum value of 69 emu/g for x = 0.06 of the 

Mg-Cu-Zn-Mn ferrites.  

IV.      CONCLUSIONS 

Mn-substituted Mg0.35Cu0.20Zn0.45Fe1.94-xMnxO4 

(x=0.0, 0.02, 0.04, 0.06, 0.08 and 0.10) ferrites have been 

synthesized by using solid state reaction method. All the 

samples synthesized have single phase of pure cubic 

spinel structure. The lattice constant is found to increase 

with increasing manganese content. Initial permeability 

changes appreciably with Mn addition, which is 

attributed to the reduction of magnetostriction constant 

due to Mn addition. The sharp fall of ' at T = Tc 

indicates that the samples have high homogeneity 

according to Globus. The Curie temperatures show 

increasing trend with the Mn
3+

 ions substitution for Fe
3+

 

ions, which is ascribed to a strengthening of the A-B 

exchange interaction of the type FeA
3+

-O-FeB
3+

. 

Saturation magnetization (Ms) is found to increase with 

increase in Mn content up to x=0.06 and then slightly 

decreases with further increase in Mn. In conclusion, it 

can be said that the substitutions of MnO have great 

influence on the structural characterization and magnetic  

properties of MgCuZn ferrites. 

ACKNOWLEDGMENT 

The authors are indebted to Material Science 

Division (MSD) of Atomic Energy Centre (AECD), 

Dhaka-1000, Bangladesh for allowing to preparation of 

samples and to utilize the laboratory facilities with all-

out cooperation. 

REFERENCES 
[1] Reslescu E, Reslescu N and Popa P D 2005 j. Megn. Magn. 

Mater 290-291 1001. 

[2] Xiwei Qi, Ji Zhou, Zhenxing Yue, Zhilun Gui, longtu Li, J. 
Magn. Magn.Mater. 251 (2002) 316 

[3] Zhenxing Yue, JI Zhou, Longtu Li and Zhilun Gui, J. Magn. 
Magn. Mater. 233 (2001) 224. 

[4] Toshiyuki Suzuki, Termitsu Tanaka, Kaoru Ikemizu, J. Magn. 
Magn. Mater. 235 (2001)159. 

[5] T. Giannakopoulou, L. Kompotiatis, A. Kontogeorgakos, G. 
Kordas, J. Magn. Magn. Mater. 246 (2002) 360. 

[6] E. Olsen, J. Thonstad, J. Appl. Electrochem. 29 (1999) 293. 

[7] C.O. Augustin, D. Prabhakaran. L.K. Srinivasan, J. Mater. Sci. 
Lett. 12 (1993) 383. 

[8] Xiwei Qi, Ji Zhou, Zhenxing Yue, Zhilun Gui  and Longtu Li,  J. 
Magn. Magn. Mater. 251 (2002) 316. 

[9] M. Manjurul Haque,   M. Huq and M. A. Hakim, J. Magn. Magn. 
Mater. 320 (2008) 2792-2799 

[10] M. Manjurul Haque, M. Huq and M. A. Hakim, Journal of 
Physics D: Applied Physics 41(2008) 055007 (10pp). 

[11] A. Bhaskar, B. Rajini Kanth, S. R. Murthy, J. Magn. Magn. Mat. 
283, 109 (2004).  

[12] N. Reslescu, E. Reslescu, C.L. Sava, F. Tudorache, P.D. Popa, 
Cryst. Res. Technol. 39, No. 6, 548 (2004). 

[13] M. Manjurul Haque, M. Huq and M.A. Hakim,  Physica B 404 
(2009) 3915–3921. 

[14] J. B. Nelson, D. P. Riley, Proc. Phys. Soc. London 57, 160 
(1945). 

[15] L. Vegard,  Z. Phys. 5, 17 (1921) 

[16] Goldman, A., “Hand Book of Modern Ferromagnetic Materials”, 
Kluwer Academic publisher, Norwell, page-210, (1999). 

[17] H. Z. Wang and L. G. Dong, Proc. 2nd Int. Symp. Phys. Mang. 
Mat., p-211, (1992).  

[18] S.M. Yunus, H.S.Shim, C.H. Lee, M. A.Asgar, F.U. Ahmad, 
A.K.M. Zakaria, J. Magn. Magn. Mater. 232, 121 (2001). 

-6000 -4000 -2000 0 2000 4000

-60

-40

-20

0

20

40

60 x = 0.0

M
 (

e
m

u
/g

)

H (Oe)

-6000 -4000 -2000 0 2000 4000 6000

-60

-40

-20

0

20

40

60
x = 0.10

M
(
e
m

u
/g

)

H(Oe)

0 1000 2000 3000 4000 5000 6000
30

35

40

45

50

55

60

65

70

M
 (

e
m

u
/g

)

H (Oe)

 x=0.00

 x=0.02

 x=0.04

 x=0.06

 x=0.08

 x=0.10



International Conference on Computer, Communication, Chemical, Materials and Electronic Engineering  
IC4ME2-2017, 26-27 January, 2017 

 
 

ISBN: 978-984-34-2030-5  48 
 

[19] B.P. Ladgaonkar, P.N. Vasambekar, A.S. Vaingankar, J. Magn. 
Magn. Mater. 210, 289  (2000). 

[20] S.S. Bellad, S.C. Watawe, B.K. Chougule, J. Magn. Magn. 
Mater. 195, 57 (1999). 

[21] N.Reslescu, E. Reslescu, P. D. Popa and L. Sachelarie, Rom. 
Journ. Phys., 46(3-4), 193-199, (2001). 

[22] O. F. Caltun, L. Spinu, Al. Stancu, L. D. Thung and W. Zhow, J. 
Magn. Magn. Mater.,  242-245, 160-162, (2002). 

[23] T. Nakamura, J. Magn. Magn. Mater.,168, 285-291, (1997). 

[24] Xiwei Qi, Ji Zhow, Zhenxing Yue, Zhilun Gui and Longtu Li, J. 
Magn. Magn. Mater., 251, 316-322, (2002). 

[25] Zhenxing Yue, Ji Zhou, Longtu Li and Zhilun Gui, J. Magn. 
Magn. Mater., 233, 224, (2001). 

[26] R. G. Kulkarni and  G. J. Baldha, Solid State Communications, 
53, 1001, (1985). 

[27] M. A. El Hiti and A. M. Abo El Ata,  J. Magn. Magn. Mater., 
195, 667, (1999). 

[28] S. A. Mazen, A. H. Wafiq and S. F. Monsour, Phys. Status. 
Solidi (a), 155, 199, (1996). 

[29] S. Unnikrishnan and D. K. Chakrbarty, Phys. Status. Solidi 
(a),121, 265, 1990. 

[30] A. Globus, H. Pascard and V. J. Ccagan, J. Physique 38, C1-163, 
(1977).  

 



International Conference on Computer, Communication, Chemical, Materials and Electronic Engineering  
IC4ME2-2017, 26-27 January, 2017 

 
 

ISBN: 978-984-34-2030-5   49 
 

Paper ID: 14 

Autonomous Fire Extinguisher Robot 

M. A. Kader, Md. Tanvir Rahman, Showmic Paul, Rajvi Sutra Dhar and Md. Saiful Islam 

Dept. of Electrical and Electronic Engineering 

International Islamic University Chittagong (IIUC), Bangladesh 

e-mail:  kader05cuet@gmail.com, tmunna186@gmail.com, showmicpaul@yahoo.in, tanmoy.sd333iiuc@gmail.com, 

si.iiuc@yahoo.com

Abstract— Fire hazard is a very common phenomenon in 

developing countries like Bangladesh which causes huge 

loss of lives and properties every year. Lack of detecting 

fire hazard in initial stage, delay in sending information to 

fire service authority and failure of taking primary 

initiative to  extinguish  or prevent spreading of fire 

increases the loss. This paper is concerned with developing 

of a microcontroller based autonomous fire extinguisher 

robot which is able to detect a fire hazard automatically 

when it occurs, sends information to fire service authority 

instantly and takes initiative to extinguish the fire. Three 

different sensors are used to detect the fire hazard. 

Microcontroller takes data from sensors and makes a 

decision of fire hazard analyzing the data. After a decision 

of fire hazard it used Bluetooth module as a serial data 

communication to alert trusted authority by sending SMS 

to multiple cell phone. At the same time, it runs to search 

the fire following a black track in the floor and throw 

water to extinguish the fire by activating a water pump 

when it gets a flame. 

Keywords— Microcontroller, Fire Extinguisher Robot, 

Bluetooth module, Line follower robocar. 

I.  INTRODUCTION 

Fire safety has become a major issue in Bangladesh 
in the recent few years and is raising critical concerns. It 
is also a buzzing word in Bangladeshi garment factories. 
According to the analysis of Fire Risk Index (FRI) in 
Bangladesh, it was found that the mean FRI are 2.8 on a 
scale of 5.0 for the fire hazard condition, which indicates 
an extremely alarming condition [1]. Every year we are 
losing our important life and property. The use of 
modern technology in fire safety can reduce the 
enormous loss of fire hazard. That’s why researchers are 
motivated to develop more reliable and intelligent fire 
detection and fire extinguisher system. A lot of 
researches have already been done to minimize the fire 
hazard as well to reduce the demolition in fire hazard 
[2]-[4].  

In this paper, our objective is to build an autonomous 
fire extinguisher robot which can detect fire hazard 
automatically, inform about the hazard to the nearby fire 
service authority and takes initiative to stop the 
spreading of fire. Fire hazard is detected by sensing three 
parameters: temperature, smoke and flame. Three 
different sensors are used to measure these parameters. If 
temperature or smoke increases above a critical value the 
robot decides the event as a fire hazard. In this case, 
robot starts running through a predefined path to search 
fire by flame sensor. When flame sensor detects a flame, 

robot start throwing water, foam, gas, or other materials 
used extinguish a fire. 

II. SYSTEM OVERVIEW 

The block diagram of the system is shown in “Fig. 
1”. Microcontroller takes data from IR receiver 
transmitter to detect the track and drives two DC motors 
to follow the track.  Temperature, smoke and flame 
sensor are used to detect fire hazard. Pump is used to 
spray water or any other chemical components to 
extinguish fire. Bluetooth module sends data to fire 
service through an android device and buzzer gives 
alarm to conscious the people about fire.  

IR 

RX-

TX 

Pair-2

Temp.

sensor

Smoke 

sensor  

Flame 

sensor

IR 

RX-

TX 

Pair-1

Relay Pump

Motor 

driver

Bluetooth 

module

M1

M2Microcontroller

Buzzer

 Fig. 1. System Block Diagram. 

III. METHODOLOGY  

This section describes the methodology of 
developing the system. The development process 
includes data acquisition from different sensors, line 
following mechanism, sending data via Bluetooth, 
driving pump and finally the complete circuit diagram of 
the system. 

A. Data Acquisition from sensors 

The output data of all the three sensors are analog. As 
microprocessor cannot work with analog data, so they 
should be converted into digital by an analog to digital 
(A/D) converter. The microcontroller used in this project 
has inbuilt A/D converter of 10-bit resolution [5]. There 
are six analog channels in this microcontroller i.e. 6 
analog data can be multiplexed to the A/D converter 
input line through a multiplexer.  “Fig. 2” shows the 
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acquisition of analog data from sensors by A/D 
converter. The temperature sensor is connected with 
channel A0, smoke sensor with channel A1 and flame 
sensor with channel A2. All the analog data are 
converted into 10-bit digital data. 

 
Fig. 2. Data acquisition from sensors. 

B. Line following mechanism 

      The robot follows a predefined path in the floor to 
search the fire. The path is a black line in white surface. 
The robot can trace the path by IR sensor pair as shown 
in “Fig. 3” and “Fig. 4”. In “Fig. 3”, it is shown that the 
IR transmitter (IR-Tx) sends IR which is absorbed in the 
black surface. So, IR receiver (IR-Rx) don’t get any IR 
and it act as an open circuit i.e. no currents flow from 
node A to B. Normally the voltage at node A is 4V. 
Node B is pulled LOW through R3 resistor, so the 
voltage at node B is 0V. Node B is connected to the non-
inverting terminal of comparator LM741 and the voltage 
at inverting terminal is adjusted to 2.5 by variable 
resistor R5. In this case, as the voltage of non-inverting 
terminal is less than the voltage at inverting terminal so 
output of comparator is LOW. 

       In “Fig. 3”, the IR transmitter (IR-Tx) sends IR 

which is reflected in a white surface towards IR receiver 

(IR-Rx). When IR falls on IR receiver, it allows current 

to flow from node A to node B.  As a result, voltage of 

node B rises to 3.01 V approximately. In this case, 

voltage of inverting terminal is less than the voltage of 

non-inverting terminal, so the output of comparator is 

HIGH. By this way, the robot can determine whether the 

IR sensor pairs are in black surface or not. 
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 Fig. 3. Output of comparator is HIGH when IR gets white surface. 
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Fig. 5. Line following algorithm. 

     “Fig. 5”, shows the line following algorithm of a line 
follower robot. At position A, both the sensors are in 
black surface. So, left motor and right motor should 
rotate forward to run the robot in forward direction. At 
position B, Sensor 1 is in black surface but sensor 2 in 
white surface. So, left motor remains stop and right 
motor rotates in forward direction to turn the robot in left 
direction for restoring the track. Similarly, in position C 
the robot turns right to reestablish its track.  

C. Controlling DC motor 

       The microcontroller used here takes data from IR 

sensor pair and controls the two DC motors accordingly. 

Because of the internal structure of microcontrollers, the 

I/O pins of microcontroller cannot supply enough current 

and voltage (i.e. Power) needed to run a motor directly. 

Therefore, an external driver circuit is required to deliver 

the electrical power to a motor under the control of the 

microcontroller. Such a driver circuit can be as simple as 

a single transistor or as complicated as an integrated chip 

with some additional components attached [6]. Here, two 

H-bridge motor driver circuits are used to deliver 
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electrical power to the motors under the control of 

microcontroller. It is L293D, called Dual H-bridge Motor 

Driver integrated circuit (IC) which is embedded by two 

H-bridge motor driver circuit as shown in “Fig. 6”. 

Enable A Vcc(+5V)

Input A1 Input B1

Output A1 Output B1

GND GND

GND GND
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+
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+

-

Right 

MotorL
 2

9
3

D

Vcc (5V)

Vcc(5V)

IN3IN1

IN2 IN4

6 to 12 V

5 V

 Fig. 6. Dual H-bridge motor driver IC. 

D. Sending data via Bluetooth 

Bluetooth module is connected using UART serial 

communication interface with the microcontroller. 

UART stands for Universal Asynchronous Receiver 

Transmitter. This sort of communication is 

asynchronous, which means that a special line for 

transferring clock signal is not used [7]. Here, the baud 

rate is set at 9600 bps. The microcontroller sends data to 

an android cell phone via Bluetooth. The cell phone then 

sends SMS to some authorized phone number using 

BlueAct mobile application. 

 

Fig. 7. Interfacing Bluetooth module with microcontroller. 

E. Interfacing Servo Motor 

     The servo motor is used to achieve precise angular 

positioning of water nozzle. A servo motor has three 

terminals: Vcc, GND and control signal [8]. The control 

signal is a pulse width modulated (PWM) wave of 

frequency 50Hz i.e. time period of the PWM wave is 20 

ms. By changing the width of PWM we can change the 

angular position of the servo shaft. A pulse of 1 to 1.5 ms 

turns the servo in clockwise (CW) direction, pulses 

between 1.5 ms to 2.0 ms makes it to turn 

counterclockwise (CCW) and a pulse of 1.5 ms turns the 

servo to its center as shown in “Fig.8”.  

 

 
Fig. 8. PWM signal provided to servo motor. 

F. Complete Circuit Diagram 

The complete circuit diagram of the system is shown 
in “Fig. 9”. An 8-bit microcontroller Atmega328P is 
used in this project. The IR sensor pairs are connected 
with first two I/O pins of PORTB (pin number: 14 and 
15).  Three analog channels ADC0, ADC1 and ADC2 
are used to get data from temperature, smoke and flame 
sensor. Bluetooth module shares data with 
microcontroller by TX and Rx pins. Two DC motors are 
interfaced with microcontroller through L293D. Pins 4 
and 6 (PD2 and PD4) controls 1

st
 DC motor and pins 6 

and 11 (PD4 and PD5) controls the 2
nd

 DC motor. The 
servo motor which adjusts the angular position of water 
nozzle is connected with pin 12. The switching operation 
of pump is controlled by pin 13.  

IV. PROGRAMMING AND IMPLEMENTATION 

This section represents the programming algorithm 
and practical implementation of our system.  

Vcc

D0

  Gnd

Vcc

D0

  Gnd

Vcc

D0

  Gnd

LM35

MQ9

Flame 

sensor

Vcc
Rx

  Gnd
Tx

Bluetooth

module

2
7
10
15

(In1)
(In2)
(In3)
(In4) Out1

Out2
Out3
Out4

L293D

module

Vcc

Gnd

Vcc
D0
Gnd

M

M

Servo motor

IR Sensor 

1

IR Sensor 

2

Line follower module

Vcc Sen1 Sen2 Gnd

10

23

24

15 14
13

12

11
6
5
4

Tx
Rx

VccGnd

25

AC

pump

AC

10k

1N4004

BC548
Buzzer

Input 7805 Output

Gnd9V

5V

ATmega328p

0.1uf0.1uf

 

Fig. 9. Complete circuit diagram of the system. 
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A. Program Algorithm 

Microcontroller takes data from temperature, smoke and 
flame sensors and converts them from analog to digital. 
The length of digital data is 10-bit wide i.e. the converted 
parameters may vary from 0 to 1023. If temperature is 
greater than 65degree Celsius and the digital data from 
smoke sensor is greater than 250, microprocessor 
identifies this case as fire hazard. Microcontroller sends 
signal to an android cell phone via Bluetooth which 
further sends SMS to others. Also robot starts running to 
search flame. If the digital value obtained from flame 
sensors falls lower than 60, robot stop running and pump 
starts to spray water positing the nozzle by servo motor. 
The sequence repeated continuously as shown in “Fig. 
10”. 

Start

Read Data 

from temp, 

smoke and 

flame 

Sensor

If temp>65c

& Smoke >250
No

If temp>65 or 

somke >250

Buzzer

No

Yes

Robot will 

start 

running

If flame<60

Robot Stop

Pump On

Servo On

End

A

A

A

Yes

Yes

Send data to android cell phone via 

bluetooth which further send SMS 

to others using BlueAct apps

No

Fig. 10. Program algorithm. 

B. Implementation 

A prototype of the system is implemented as shown 
in “Fig. 11”. The system is tested to detect and 
extinguish fire of a candle. 

 

Fig. 11. Implemented prototype. 

V. CONCLUSION 

  Since this robot is built as a prototype it has various 
limitations. More research should do to improve the 
current robot. In the present condition it can extinguish 
fire only in the room where it is placed but that can be 
solved by placing sensors in different rooms which will 
alert the robot as soon as it detects fire. The robot will 
then go there to extinguish the flame. The water carrier 
can also be replaced by more efficient fire Extinguisher.  
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Abstract—This paper describes a system where switch 

board of our home or office can be controlled by the sound 

of hand clapping. A single hand clap can switch light, two 

corresponding claps can switch fan and three 

corresponding claps can switch another load. Four 

corresponding claps can lock the switch board so that any 

unwanted sound cannot obstruct the normal operation. A 

condenser microphone converts the sound of clap to 

electrical signal. The output of the sensor is connected to a 

microcontroller which processes the signal and counts the 

number of clap to control the corresponding appliance.   

The advantage of the system is that user should not use any 

mechanical switch or additional remote controller to 

control his appliance. This system may also be helpful for 

the blind people whose fall in difficulty to find out the 

switch board or remote to control appliances. 

Keywords— Sound activated switch; microcontroller; 

home appliance control; condenser microphone 

I.  INTRODUCTION  

In the current revolution of digital world, people like 
convenience in using technology to make their life more 
easy and comfortable. People feels to control their home 
appliances like light, fan etc in more convenient way 
rather than by switch board as they must walk across the 
room to either on or off such appliances. This motivated 
the researcher to develop such devices which allows the 
user to control the electrical appliances wirelessly 
without using conventional switch board. One of the way 
to control electrical appliances by using IR or RF remote 
control unit. But, it is not convenient in the sense as user 
requires a little walk across the room in order to retrieve 
the remote control unit and sometimes when remote 
control unit is misplaced, it usually requires extra time 
and effort to find it. Therefore, it will be more convenient 
if we use hand clap to control electrical appliance rather 
than using an extra device like remote controller. Several 
such works has already been done by researcher. The 
limitation of the previous systems is that these can 
control only one load by clapping and unwanted sounds 
like clapping can switches the appliance as the systems 
has no lock option [1]-[5].  

This paper represents a system, where user can 
control several electrical appliances by hand clapping. A 
single clap can on or off a light, two successive claps can 
on or off a fan and three successive claps can on or off 
another load. The four successive claps can lock/unlock 
the system so that an unwanted sound as loud as hand 
clap cannot on or off an appliance. A condenser 
microphone collect the signal of user clap for 

microcontroller, microcontroller process the signal to 
remove bouncing and also count the number of 
successive claps to control the appropriate appliance. 
Here, an 8-bit microcontroller ATmega328P is used and 
program is written in “ARDUINO” software. 

II. SYSTEM OVERVIEW 

     The sensing element which interface user with the 
electronic circuit is a condenser microphone. When user 
makes a clap the output voltage of the sensor unit 
changes faintly. This change is amplified by the 
amplifier unit. The output of amplifier unit goes to 
microcontroller. Microcontroller further processes it to 
remove bouncing and counts the number of clap within a 
certain amount of time. Three relay units are connected 
with microcontroller which switches different electrical 
appliances. The relay unit is controlled by 
microcontroller based on number of claps by user. The 
lock indicator block indicated whether the system is 
locked or unlocked. The block diagram of the system is 
shown in “Fig. 1”. 
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Fig. 1. Block diagram of the System 

III. SYSTEM DESIGN 

The methodology of developing the system is 
described in this section. The development process 
includes signal acquisition from condenser microphone, 
solution of debouncing, relay interfacing and finally the 
complete circuit diagram of the system. 
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A. Signal acquisition from Condenser Microphone 

To develop the clap controlled switch board we need 
a transducer which converts the sound of human clap 
into electrical signal. Here we have used a condenser 
microphone for this purpose. The condenser microphone 
is connected with R1 resistor to from a resistor divider. 
The center terminal of resistor divider is connected with 
the inverting terminal of LM358 operational amplifier 
comparator as shown in “Fig. 2”. Normally the voltage at 
this point is above a threshold level given at non-
inverting terminal of comparator. When condenser 
microphone detects a clap sound the voltage at this point 
drops suddenly below the threshold level [6]. As a result, 
the output pin of LM358 suddenly goes LOW to HIGH. 
Therefore, every time a clapping sound is detected, there 
is a sudden peak or pulse arises at the output terminal of 
LM358. 

B. Solution of Debouncing 

In ideal case, we can expect a single pulse from LM358 
output pin for a single clap. But in practical number of 
pulse generated for a clap is not singular always, rather 
two or more pulses may generate for a single clap [7]-
[8]. This event is known as debouncing. As number of 
pulses generated from LM358 indicates the number of 
claps by user, so multiple pulses generated by a single 
clap drive the system to make a wrong decision. Here a 
simple algorithm is used to solve bouncing problem. 
When microcontroller gets a rising edge from the output 
pin of LM358 software instantly sends the 
microprocessor to a delay procedure of 200ms.  As a 
result, microprocessor cannot detect other pulses within 
200ms.  Debouncing is illustrated in “Fig. 3”, number of 
rising edge for some random claps are counted by 
microcontroller and these data are graphically 
represented here. 
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Fig. 2: Signal acquisition from sensor. 
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Fig. 3: Deouncing problem. 

C. Circuit Diagram 

      The complete circuit diagram of the system is shown 

in “Fig. 4”. Arduino uno board is used here which has 

Atmega328 microcontroller. The OUT pin of sound 

sensor is connected with digital I/O pin 12 of Arduino 

Uno. The digital output pins 10, 11 and 13 controls three 

relay. Logic HIGH in such a pin conducts current 

through NPN transistor. As a result, the coil of the relay 

becomes energized and establishes a connection 

between COM pin and NO pin of relay. This is the 

principle to create a close path in the load circuits. A 

single clap invert the logic state of pin 13, as a result 

relay connected with this pin invert the status of load i.e. 

if load is on it goes off and vice versa. Similarly, two, 

three and four consecutive claps invert the logic state of 

11,10 and 9 respectively. LED connected with pin 9 act 

as lock indicator of the system. 
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Fig. 4: Complete circuit diagram of the system.

IV. PROGRAMMING, IMPLEMENTATION AND RESULTS 

This section describes the programming algorithm, 
implementation of the system and analysis of practical 
outcome. 

A. Programming Algorithm 

The algorithm of the program is shown in “Fig. 5”. 

When the sensor pin gets a rising edge a variable named 

“count” incremented by 1. If the previous count and 

present count is not equal processor detect it as a clap 

and increment the variable count1, count2, count3 and 

count4 after waiting 800 ms time. Claps within 500ms 

will be treated as 2
nd

, 3
rd

 and 4
th

 clap respectively and 

every time the variable count1, count2, count3 and 

count4 increase its value by 1. If processor doesn’t get 

any clap within 500ms, then processor takes a decision. 

First, it checks whether count4 is 4 or not. If it is 4 then 

processor invert the state of lock pin. But, if count4 is not 

4 then processor checks counter3, counter2 and counter1 

variable one after one and takes the decision to invert pin 

10, 11 and 13 respectively. This sequence is in an infinite 

loop, so processor executes the sequence repeatedly. 
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Count 1=0

Count 2=0

Count 3=0

Count 4=0

Lock

Count==4?

Save time as unlock time

  Unlock time – count time >500 

&& count3==3

Save time as “last time”

Last time-Count time>600 

&&count2==2

Save time as “final time”

END

Final time-count time>700 

count1==1

Invertt pin 13 

Count1=0

B

Invert lock pin

Count4=0

B

Invert pin 10

Count 1=count 1

Count2=0

B

Invert pin 11

Count 1=0

Count2=0

B

B

A

B

Yes

No

Yes

No

Yes

Yes

No
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No
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Fig. 5. Programming algorithm.

  

B. Implementation 

The system is implemented as a prototype to check 
its eminence. “Fig. 6” and “Fig. 7”, shows some images 
of the prototype.  

 

Fig. 6. Implemented prototype of system. 

 

 

Fig. 7. Load 2 on after 2 claps. 

C. Results 

       As the system is a wireless controlled system so it 

works for the clap within a limited distance. The 

prototype of the system can work for the claps within 

1.5m distance. But, the claps which are stronger than 

average claps can control the devices more than 1.5 m 

distance. The device can take power from a 9V battery 

providing current up to 1 amp or, it can be connected 

directly 220V supply through a 9V adaptor.  In the 

prototype of the system, two bulbs named bulb-1, bulb-2 

correspondingly and a fan is connected as load. An LED 

indicates the lock status of system. Initially the system is 

unlocked. In this state, a clap switches the state of bulb-

1, two corresponding clap at a distance of 800ms 

switches the state of fan. Similarly, three corresponding 

claps switches bulb-2 and 4-corresponding clap switches 

the state of LED which indicates the lock status. 

V. CONCLUSION 

     The system has a unique advantage over other remote 

controlled switch board application. Controlling home 

appliances by RF or IR remote is not applicable for 

blind people. But, this hand clap based switch board can 

be useful for blind people as they can control any load 

not seeing switchboard or remote control device. 

Another advantage of this system is that user has no 

chance to get an electric shock as user is completely 

isolated from switch board to control a load.  
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Abstract - The surface modification of cotton fibre was 

carried out by condensation polymerization with 

functionalized silane coupling agents like 

vinyltriethoxysilane (VTES) in ethanol/water medium. The 

modification of cotton fibre enhanced the tensile and 

softness properties due to higher flexibility of Si-O bond. 

The hydrophilicity of modified cotton fibre was decreased 

in aqueous solution which affects the overall chemical 

phenomenon of the fibre. The optimized condition of 

modification for VTES was 500% on the weight of fibre in 

ethanol/water mixture (60:40) containing surfactant by 

maintaining pH 4 at 40 C in the fibre-liquor ratio of 1:40. 

It was observed that swelling behavior and moisture 

absorption of modified cotton fibres were decreased in 

polar solvents whereas increased in nonpolar solvents. The 

inclusion of silicon containing species and the quantities of 

atomic silicon was identified by Fourier transform infrared 

spectroscopy and Energy Disperse X-ray analysis 

respectively. The surface morphology and thermal 

behavior of the modified fibre was investigated by 

Scanning electron microscopy and Thermogravimetric 

analysis respectively. 

Keywords – cotton fibre, surface modification, silane 

coupling agents.  

I. INTRODUCTION 

Cotton fibre is one of the most important natural 

fibre which provide a wide range of application in 

textile materials because of its easy availability, low 

density, light weight, low cost, and above all 

environment friendly characteristics [1,2]. It can easily 

be transformed into multifarious products affecting 

every phases of our daily life because of its wide spread 

application. But the major problem of cotton fibre is 

lower flexibility and softness properties which limits an 

extended use of cotton as well as other fibres [3]. These 

properties affect the stability of cotton goods of its 

environments. Many physicochemical modification 

steps have already been done to overcome these 

properties such as alkaline treatment, acetylation, 

benzoylation, acrylation, oxidation and isocynation of 

the natural fibre [4].  The modification of cotton fibre by 

silane coupling agent has been receiving considerable 

attention recently. The modified cotton fibre is aimed to 

exihibits versatile physico-chemical properties include 

improved tensile strength, elasticity, swelling properties, 

wrinkle recovery properties, softness properties and 

thermal stability properties etc.  

In this study, we present the chemical modification 

of cotton fibres treated with organosilane coupling 

agents, such as vinyltriethoxysilane (VTES), in an 

ethanol/water system. The effect of various grafting 

parameters  and  chemical structure  of  

organosilane on the quality and quantity of the grafted 

fibre and the treated fibres were characterized using 

various experimental techniques such as Scanning 

electron microscopy (SEM), Thermogravimetric 

analysis (TGA) and Fourier transform infrared 

spectroscopy (FTIR) and Energy disperse X-ray analysis 

(EDXA). The moisture absorption and swelling 

behavior, and tensile strength were also studied for 

physical characteristics of modified cotton fibre. 

II. EXPERIMENTAL 

Materials 

Cotton fibres were collected from Keya spinning 

mills Ltd., Bangladesh. Ethanol, sodium carbonate and 

acetic acid were purchased from Merck, Germany. The 

silane coupling agent, vinyltriethoxysilane (VTES) was 

collected from  Sigma-Aldrich, USA. All other reagent 

and solvents were commercial products of high purity. 

Washing of Cotton Fibre 

The fibres were at first washed throughly with 0.2% 

Na2CO3 solution at 75 C for 30 min in the ratio of 1: 50 

[5].   

Silane Treatment 

The pretreated fibres (washed) were dipped in 

alcohol-water mixture (60:40 v/v) containing VTES for 

1h. The pH of the solution was maintained at 3.5 - 4 by 

using 0.2M acetic acid [6]. The treated fibres were 

washed with distilled water and subsequently dried in 

hot air at 60C. The swelling behavior, moisture 

sorption, thermal properties and chemical resistance 

behavior of the silane treated fibres were studied. 

Evaluation of Physical and Chemical properties 

Chemical Resistant 

The chemical resistant of the silane-treated fibre 

was studied as a function of percent weight loss of fibre 

when treated with different chemicals. A known amount 

of raw and silane treated fibres was dipped in 100 mL 

1N hydrochloric acid and 1N sodium hydroxide for a 

time of 12-48 h and percent chemical resistance was 

calculated using the following formula [5].   

Chemical resistant, % =  
Wi

WfWi 
 100 
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Where Wi  and Wf indicates the initial and final weight 

of the fibres, respectively. 

Wrinkle Recovery Angle  

Wrinkle recovery of a fabric is defined as the ability 

of the fabric to resist the formation of wrinkles when 

subjected to a folding deformation. The wrinkle 

recovery measurement was performed by Wrinkle 

recovery tester (Daiei Kagaku Seiki Ltd, Kyoto, Japan) 

in Apparel Manufacturing Department, University of 

Textile Engineering, Dhaka. The test was performed by 

cutting the treated sample into 4.4 × 1.5 cm
2
 size pieces. 

Then folded and kept it under the weight of 500 gm for 

5 min. Finally the folded samples were inserted inside a 

template and placed the template in the testing machine 

[7]. 

Moisture Absorption  

The moisture absorption of the VTES treated 

fibres as well as raw fibres were performed at room 

temperature. The treated and raw samples of cotton 

fibres were dried at 60C in a oven until a constant 

weight was obtained. The percent moisture absorption 

was studied as a function of weight gain and was 

calculated using the following formula.  

Moisture absorption, % = 
Wi

WiWf 
 100         

Where Wi and Wf are the weight of the dried samples 

and the final weight of the sample taken out from the 

humidity chamber. 

Swelling Behavior 

Swelling behavior of the modified and raw cotton 

fibres were determined by immersing the fibre in water, 

methanol, and carbon tetrachloride. Known initial 

weights Wi of the VTES treated and raw samples were 

immersed in 100 mL of solvent at room temperature for 

72 h. The samples were filtered and the excess solvent 

was removed with the help of wiping filter paper, then 

the final weight Wf was measured. The percent swelling 

was calculated [5]   as: 

Swelling, % = 
Wi

WiWf 
 100  

Where Wi and Wf are indicates the initial and final 

weight of the fibres respectively. 
 

Characterization  

Infrared Spectroscopy 

FTIR spectra of the silane treated and raw fibres 

were recorded with KBr pellets on shimadzu IR-8900 

spectrophotometer (Shimadzu, Kyoto, Japan). 

Thermal Analysis 

The experiments were performed using a Seiko-

Extar-TG/DTA-6300 (Seiko, Japan). The tests were 

conducted between 25-800C under an inert atmosphere 

(argon). The heating rate and the air flow rate were 

10C/min and 200 mL/min. 

Scanning Electron Microscopy and Energy Disperse X-

ray Analysis 

Scanning electron microscopy and Energy disperse 

X-ray analysis were performed using a Scanning 

electron microscope (FEI Quanta Inspect, Model: S50, 

Kyoto Japan) to observe the surface morphology and 

elemental analysis of the treated as well as untreated 

fibres. The fibres surface was coated with thin film of 

carbon to render them conductive [8].   

III. RESULTS AND DISCUSSION 

The percent graft yield was increased with an 

increase of silane concentration upto 500% for VTES on 

the basis of fibre. This was happened due to the higher 

cross-linking reaction between the cellulosic OH group 

and OH group of the silanol at higher concentration. 

The rate of conversion of VTES containing ethoxy 

group into reactive hydroxyl group by hydrolysis of 

silane is directly related to the ethanol/water ratio, pH 

value and reaction temperature. At 60:40 ratio of 

ethanol/water, the maximum amount of silane coupling 

agents are hydrolyzed because silane is insoluble in 

water. The formation of silanol was enhanced by the 

protonation of ethoxy (OCH2CH3) groups in acidic pH 

value and that was maximum at pH 4 respectively. At 

pH value lower than 4, the formation of silanol group 

was insufficient [9]. Temperature is an important 

parameter for this reaction mechanism because it decreased 

the activation energy of the reactant and increase molecular 

collision between the reactant molecules. The graft yield 

increased with the increase of reaction temperature upto 

40C for VTES [10].   

FTIR Studies for the Confirmation of Modified Fibre 

The FTIR spectra of raw and VTES modified cotton 

fibres are shown in Fig. 1(a-b) respectively. The spectra 

of the modified cotton fibre are more or less similar to 

the raw cotton fibre, except the peaks at 761 cm
- 1

for Si-

O-Si symmetry stretching [11] of VTES modified fibres 

which confirmed the presence of silicon containing 

species on the modified cellulosic fibre. 

 

 

 

 

 

 

 

 

Fig. 1. IR spectra of (a) raw cotton, (b) VTES treated cotton fibres. 
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Surface Morphology  

Fig. 2 and 3 show the SEM micrograph of 

unmodified and VTES modified cotton fibres 

respectively. The untreated cotton fibre shows the 

presence of the large amount of micro pores on its 

surface. After VTES treatment, the cotton fibre surfaces 

are coated with an outer layer of silane monomer [12] 

which represents in the Fig 3. The surface roughness of 

the modified fibre indicates the excess deposition of the 

silane on the cotton fibre. 

 

 

 

 

 

  

 

Fig. 2. SEM of raw cotton fibre. 

 

  

Fig. 3.  SEM of VTES modified cotton fibre. 

 

Elementary Analysis  

Fig. 4 and 5 represent the EDX analysis of raw 

cotton and VTES treated cotton fibres. From EDX 

analysis, it can be observed that the raw cotton fibre has 

no silicon atom, but after modification with VTES, the 

presence of Si atom has been observed. This result 

confirms the incorporation of silane monomer on the 

surface of modified cotton fibre. 

Thermal Analysis 

Thermal behavior of raw and VTES modified 

cotton fibres were examined by a study of TGA 

thermogram. Each of the figures represents two 

thermogram curves namely TGA and DTG. From the 

Fig. 6 and 7, it can be seen that the loss in weight is384 
o
C for VTES modified cotton, respectively. From the 

DTG curve, the rate of decomposition of raw cotton 

fibre is higher than that of VTES modified cotton fibres. 

Thus, the thermal stability of around 69.3% at 388.5C 

for raw cotton and 55.7% at VTES modified fibres are 

higher than that of unmodified fibres, which may be 

happen due to the incorporation of silane coupling 

agents with the cellulosic fibres. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. EDX of raw cotton fibre. 

 

 

 

 

 

 

 

 

 

 

    Fig. 5. EDX of VTES modified cotton fibre. 

  

 

 

 

 

 

 

 

 

Fig. 6. TGA and DTG of raw cotton fibre. 

     

Fig. 7. TGA and DTG of VTES modified cotton fibre.
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Physical Properties of Raw and Silane Modified Cotton 

Fibres 

Table 1 shows the swelling behavior of raw cotton 

as well as VTES modified cotton fibres both for polar 

and nonpolar solvents. Swelling ability reflects the 

relationship between void structures in backbone 

polymer and size of solvents molecule [13,14]. The raw 

cotton fibres were exhibits maximum swelling with 

polar solvents like water and methanol and least 

swelling with nonpolar solvents like CCI4. After treating 

with silane coupling agents, there is a decrease of the 

swelling in the polar solvents whereas increase in the 

nonpolar solvent because of decreasing the hydrophilic 

character of raw cotton fibre. The tensile strength of 

modified cotton fibre was higher than that of raw cotton 

fibre and these are due to the modification of cotton 

fibre with VTES [15]. The wrinkle recovery angle of 

modified cotton fabric was higher than that of 

unmodified cotton fabric for both warp and weft 

directions respectively. Because, the presence of Si-O 

bond in the functionalized fabric shows high flexibility 

and softness that recover the winkle which exerted on 

the fabric surface by loading [16]. The moisture 

absorption sites are blocked after incorporation of silane 

chain through surface modification by showing the less 

affinity for moisture than the original fibre. 
 

TABLE 1. Swelling behavior, tensile strength, wrinkle recovery angle and moisture absorption properties of raw and modified 

cotton fibres. 
 

Fibre type 

Swelling behaviour, % Tensile strength 
Wrinkle recovery angle, 

degree Moisture 

absorption, % 
H2O CH3OH CCl4 

Breaking load, 
Kg/yarn 

Elongation, % For warp for weft 

Raw cotton 321 305 205 2.40 2.00 28 50 12.49 

VTES modifed 
cotton 

62 135 270 3.10 2.80 65 56 8.21 

 

IV. CONCLUSION 

In this work, we have presented the chemical 

modification of cotton fibres with silane coupling 

agents. Maximum weight gain percent is obtained at 

optimum value of the reaction parameters such as silane 

concentration, pH, ethanol-water ratio and temperature. 

The chemical attachment between silanol and hydroxyl 

group of cotton fibres were evaluated by FTIR and EDX 

analysis. The modified fibres showed improved 

physico-chemical properties such as tensile properties, 

flexibility and softness properties, moisture absorption, 

elongation, wrinkle recovery and thermal stability 

properties than that of the unmodified cotton fibres. By 

this modification, a new type of cotton fibre was 

obtained which was more effective than the cotton fibre 

modified by VTMS [16]. This new type of cotton was 

obtained through modification with silane coupling 

agents which of course enhance the application of 

garment products, textiles etc. 
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Abstract - Hydrogels are three dimensional polymeric 

networks that bears hydrophilic functional groups to its 

backbone, which is responsible for holding large volume of 

water. In this work cellulose based eco-friendly 

biocompatible and moderate swelling capable hydrogel 

was experimentally synthesized for absorption and other 

high tech applications. The cellulose-based novel super 

absorbent hydrogel was synthesized by free radical graft 

copolymerization reaction of polyvinyl pyrollidone (PVP) 

and acrylamide (AM) using N,N-methylene-bis-acrylamide 

(MBA) as a crosslinker and potassium persulphate 

(K2S2O8) as an initiator. Free swelling behavior in de-

ionized water, acidic and alkaline solution and in organic 

solvent were investigated. Biodegradability of the 

synthesized hydrogel was tested by soil burial test. For 

structural and thermal characterization FTIR 

spectroscopy, SEM analysis, and TGA technique were also 

performed. The maximum water absorbency obtained was 

99 g/g in deionized water and can hold the absorbed water 

upto 48 hour. The overall investigation shows that the 

synthesized hydrogel is biodegradable and pH sensitive, so 

it can be used in smart application as in personal health 

care, agriculture etc. 
 

Keywords - cellulose, hydrogels, crosslinker, water 

absorption, initiator. 
 

I. INTRODUCTION 

Hydrogels are crosslinked polymeric substance 

obtained from chemical reactions between hydrophilic 

monomers. The polymeric network in hydrogels result 

from physical or chemical crosslinking. Hydrogels can 

absorb large volume of water compared to its body mass 

but remain insoluble in water due to crosslinking [1]. As 

hydrogels show sensitivity to pH and have high swelling 

tendency, it can be used in biomedical application [2], 

personal healthcare [3, 4], construction [5], agriculture 

and other industrial applications [6, 7]. Most of the 

super absorbent available in the market are 

petrochemical based and non-biodegradable and also 

harmful for the health and environment. Since cellulose 

is biocompatible, scientists have found that 

incorporation of cellulose in superabsorbent materials 

enhances absorption property and biodegradability [8]. 

Polymers with functional groups in its structure exhibits 

substantial response towards natural stimuli (pH, temp, 

ionic yield, conc., presence of enzyme etc.) and swell or 

shrink respectively. Application of hydrogels mostly 

depend on its swelling behavior and this property can be 

controlled by selecting reactants and parameter 

conditions of preparation.  Different methods of 

preparation are available but radical copolymerization 

technique is the most widely used due to its simple 

reaction path and less expensive instruments. In radical 

copolymerization monomers are grafted onto cellulosic 

materials by copolymerization of monomers in presence 

of initiators and crosslinker. In this study biodegradable 

hydrogel was synthesized by copolymerization reaction 

of cotton with acrylamide (AM) and polyvinyl 

pyrollidone (PVP) using N,N-methylene-bis-acrylamide 

(MBA) as a crosslinker in presence of initiator 

potassium persulphate (K2S2O8) according to the 

method described in Liang et. al. [9]. To determine the 

optimum conditions for preparation, effects of different 

process parameters on the water absorption of cotton 

hydrogel was evaluated and characterization of the 

internal structure of the prepared sample using modern 

analytical tools like scanning electron microscopy 

(SEM), Fourier transform infrared spectroscopy (FTIR), 

and Thermogravimetric analysis (TGA) . 

 

II. EXPERIMENTAL 

Materials 

Among different cellulosic raw materials and 

chemicals, cotton was collected from local market and 

other chemicals were purchased as analytical grade. 
 

Preparation of Cotton-g-poly(acrylamide-co-vinyl 

pyrollidone) Hydrogel 

Cotton-g-poly (acrylamide-co-vinyl pyrollidone) 

hydrogels were synthesized by free radical graft 

copolymerization of cotton with acrylamide (AM) and 

polyvinyl pyrollidone (PVP) in presence of an initiator 

K2S2O8 and a crosslinking agent (MBA). In a typical 

sample preparation 0.5g of cotton pulp immersed in 15 

ml of distilled water at 60 
o
C in three necked flask fitted 

with magnetic stirrer, a reflux condenser and a nitrogen 

line for bubbling oxygen free nitrogen for 30 min before 

starting reaction. Initially 0.05g of initiator (10%w/w, 

based on dry cotton weight) was dissolved and added to 

the cotton solution with stirring for10 min to create 

radicals. The total volume of the solution was controlled 

to 20 ml. Thereafter 0.9 g of AM (180% w/w, based on 

dry cotton weight) and 0.9 g of PVP (180% w/w, based 

on dry cotton weight) were added and the mixture was 

stirred for 30 min. Then the reaction was proceeded 
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without stirring for 2 h more. At the end of the reaction 

the prepared hydrogels were removed carefully and 

washed with distilled water for several days. Again the 

hydrogels was washed several times with pure ethanol 

for dewatering and immersed in NaOH solution for 24 h 

.Finally the hydrogel was washed with distilled water 

and dried in oven at 60 
o
C for 24 h.         

Characterization  

Water Absorbency of Hydrogels 

Water absorption capacity of hydrogel is one of the 

important character. To measure water absorbency pre-

weighed sample was immersed in distilled water (for 12 

h) and weighed again to remove surface water by gently 

dabbing with tissue paper. The water absorbency was 

calculated by the equation:                      

              Qeq= (Weq    Wo) / Wo     …………………. (1) 

 

   Where Wo is weight of dry hydrogel, Weq is the weight 

of wet hydrogel at equilibrium and Qeq is the water 

absorbency at quilibrium in g/g. 
 

FT-IR Analysis 

For the observation of functional groups present in 

samples  of the pure cotton, hydrolyzed cotton and 

hydrogels FTIR was conducted by a FTIR spectrometer 

(Model:FTIR-8900, Shimadju, Japan) within the 

frequency range from 400 to 4000 cm
-1

  by the method 

of transmission using KBr techniques.  
 

Morphology and Thermal Analysis of Hydrogels 

Surface morphology and thermal behavior of the 

prepared hydrogels was observed by SEM and TGA 

analysis. The sample was examined by Scanning 

electron microscope (Hitachi, Model-S3400 N, VP 

SEM, Japan). The micrographs were taken at a 

magnification of 3000 and 5000 times using (5-20 kV) 

accelerating voltage. The samples were sputter coated 

with a thin layer of gold alloy to improve the surface 

conductivity. For TGA analysis the sample was heated 

upto 700
0
C with a temperature rising rate of 20

0
C/min. 

 

Swelling Behavior 

Various solution and organic solvent were used to 

determine the absorbency capacity of hydrogels in 

different environment using Eq. 1. 
 

Biodegradability Test (Soil Burial Method) 

Garden soil about 1200 g was taken in different 

pots. A weighed amount (1 g) of the sample wrapped 

with synthetic net was placed in the pot such that the 

soil covered the polymer from all the sides. The pot was 

covered with the aluminum foil and kept at room 

temperature. The weight of all the sample were taken at 

regular interval of 10 days to check any weight loss. 

Percent weight loss as a function of number of days was 

determined [10]:   

 
Loss in weight, %    

 =  100 

 

III. RESULTS AND DISCUSSION 

The hydrogel products were prepared by graft 

copolymerization of acrylamide and vinyl pyrollidone 

onto hydrolysed cotton in presence of K2S2O8 as a free 

radical initiator and MBA as a crosslinking agent. The 

suggested mechanism for hydrogel preparation. 

 

 

Fig. 1. Reaction mechanism for the preparation of Cot-g-p(AM-co-PVP) hydrogel. 

 According to the proposed mechanism K2S2O8 

produces sulfate anion radicals which reacts with 

hydroxyl groups of cotton to form more active 

macroradicals. The macroradicals attacks the monomers 

(AM and PVP) to propagate a polymeric chain and 

thereafter become free radical donor to neighboring 

molecule to enlarge grafted chain. The polymeric chain 

simultaneously react with MBA to form crosslinked 
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structure of hydrogel. The mechanism of hydrogel 

preparation was adapted with those proposed in the 

literature [9].  

 

Effect of Reaction Conditions on Water Absorption 

Fig. 2 shows the effects of monomer concentration 

and pH on water absorption of hydrogels.  Fig. 2a shows 

that the product synthesized with monomer 

concentration of 180% of dry cotton basis gives 

maximum water absorption. Hydrophilic nature of 

cotton was increased by grafting with increasing 

hydrophilic monomer AM and PVP on the backbone of 

cotton. As a result water absorbency increases up to 

certain concentration of monomer and then water 

absorbency decreases due to homopolymerization of 

monomer rather than grafting. Fig. 2b shows that in 

acidic environment absorption capacity is lower than 

alkaline, due to less ionization of the product.    

 

 

 

 
 

Fig. 2. Effects of (a) monomer concentration on water 

absorption and (b) pH on water absorption. 

Characterization 

Fig. 3 shows the FTIR spectra of raw cotton, 

hydrolyzed cotton and prepared hydrogel. In Fig. 3c, the 

peak at 3130 cm
-1 

 is attributed to the stretching 

vibration of the hydroxyl groups of the synthesized 

hydrogel which becomes more sharp compared to Fig. 

3a and 3b due to grafting. Among the three spectra a 

peak at 1642 cm
-1 

 in Fig. 3c becomes more broader 

which is due to C=O symmetric stretching vibration and 

caused by superposition of C=O in amide I and C=O in 

pyrrole ring.  The characteristic peak at 1278 cm
-1 

 to the 

C–N stretching vibration of pyrrole ring is also absent in 

spectra 3c.The above findings are indicative of the 

introduction of new functional groups on the skeleton of 

cotton for hydrogel formation by grafting.  

The thermal behavior of the hydrogel product is 

shown in Fig. 4. It is found that the hydrogel 

decomposes gradually and ashes at 650 °C. Initially the 

graph shows endothermic and latter exothermic nature. 

Due to removal of moisture the initial nature is 

endothermic but at the end of the process combustion 

reaction takes place and the nature becomes exothermic.   

 

 

Fig. 3. FTIR spectra of (a) raw cotton, (b) Hydrolysed 

cotton and (c) Hydrogels. 

 

 

Fig. 4. TGA, DTA and DTG spectra of synthesized 

hydrogel. 

 

SEM images of raw cotton and hydrogels are shown 

in Fig. 5. The raw cotton has a smooth and continuous 

surface while hydrogels have rough and agglomerated. 

The rough surface of hydrogels results from 

incorporation of monomers by polymerization on to 

hydrolysed cotton. The crosslinkinked structure helps 

water diffusion through the polymeric network, thereby 

producing high swelling capacity in the final hydrogels.  
 

Degradation of Hydrogel and Swelling Nature  

Fig. 6 shows the biodegradation nature of the hydrogel 

product. The sample was buried under garden soil in the 

pot and determined weight loss at 10 day intervals. The 

observation continued for 90 days and it was found that 

upto 40 percent of the sample degraded within this time. 

In Fig. 7 absorption capacity of the synthesized hydrogel 
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in acidic, alkaline, deionized water and organic solvent 

was plotted. The absorption is maximum in deionized 

water and lowest in organic solvent. Due to non-polar 

character of the solvent, it is repealed by the hydrogel. 

 

 

 
 

Fig. 5. SEM images of (a) Raw cotton and (b) 

Hydrogels. 

 

 

Fig. 6. Biodegradation nature of hydrogel. 
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Fig. 7. Absorption behavior of hydrogels in different 

media. 

 

 

 

IV. CONCLUSIONS 

Hydrogels were synthesized by graft 

copolymerization of acrylamide and polyvinyl 

pyrollidone using hydrolysed cotton in presence of a 

crosslinker N,N-methylene-bis-acrylamide (MBA) .The 

hydrogel shows maximum water absorbency of 99 g/g 

in deionized water in presence of 180, 10 and 5 percent 

of monomer, initiator and crosslinker rspectecively on 

dry cotton weight basis. Synthesized product shows 

positive tendendency of biodegradability and good 

water absorption capability and sensitivity toward pH 

and other liquid environment, so it can be used in 

personal health care product, water treatment, 

agriculture and other smart application of biomedical 

engineering. 

 

REFERENCES 
[1]  Y. Bao, J. Ma and N. Li, “Synthesis and swelling behaviors of 

sodium carboxymethyl cellulose-g-poly(AA-co-AM-co-
AMPS)/ MMT super-absorbent hydrogel”, Carbohydr. Polym., 

Vol. 84(1), pp. 76-82, 2011. 

[2]   V. Thomas, M.M. Yallapu, B. Sreedhar and S.K. Bajpai, “A 
versatile strategy to fabricate hydrogel–silver nanocomposites 

and investigation of their antimicrobial activity,” J. Colloid 

Interface Sci., Vol.  315, pp.389-395, 2007. 
[3]  M. Sadeghi and H. Hosseinzadeh, “Synthesis of Starch-Poly 

(Sodium Acrylate-co-Acrylamide) Superabsorbent Hydrogel 

with Salt and pH-Responsiveness Properties as a Drug Delivery 
System,” J. Bioact. Compat. Polym., Vol.  23(4), pp. 381-404, 

2008. 

[4]  K.Maithili and M. Ram, “Disposable diapers: A hygienic 
alternative,” Indian J.  Pediatrics, Vol. 70(11), pp. 879-881, 

2003. 

[5]  F.X. Song, J.F. Wei and T.S. He, “A method to repair concrete 

leakage through cracks by synthesisizing super-absorbent resin 

in situ,” Concrete and Building Materials, Vol. 23(11), pp. 386-

391, 2009. 
[6]  Pourjavadi, Sh. Barzegar and F. Zeidabadi. “Synthesis and 

properties of biodegradable hydrogels of K- carrageenam 

grafted acrylic acid-co-2-acryl amido-2-methyl propane 
sulfonic acid as canditaes for drug delivery systems,” React. 

Funct. Polym., Vol. 67(7), pp. 644-654, 2007. 

[7]  N. Kashyap, N. Kumar and M.  Kumar, “Hydrogels for 
Pharmaceutica and Biomedical Applications,” Crit. Rev. 

Therapeutic Drug Carrier Systems, Vol. 22, p.107-149, 2005. 

[8]  M.A. Hubbe, A. Ayoub, J.S. Daystar, R.A.Venditti and Pawlak, 
J., “Enhancement absorbent products incorporating celllose and 

its derivatives: A review,”  BioResources, Vol. 8(4), pp. 6556-
6629, 2013. 

[9]  X.T. Liang, Z.Q. Huang, Y.J. Zhang and Liu “Synthesis and 

properties of novel superabsorbent hydrogels n with 
mechanically activated sugarcane bagasse and acrylic acid,” 

Polym. Bull., Vol. 70(6), pp. 1781-1794, 2013. 

[10]  M.N. Kim, A.R. Lee, J.S. Yoon and I.J. Chin, “Biodegradation 
of poly(3- hydroxybutyrate), Sky-Green and Mater-Bi by fungi 

isolated from soils,” Eur. Polym. J., Vol. 36,  pp. 16771685, 

2000.    
 

a 

b 

https://www.researchgate.net/journal/0883-9115_Journal_of_Bioactive_and_Compatible_Polymers


International Conference on Computer, Communication, Chemical, Materials and Electronic Engineering  
IC4ME2-2017, 26-27 January, 2017 

 

ISBN: 978-984-34-2030-5 65 
 

Paper ID: 23 

Synthesis and Characterization of Highly Substituted Carboxymethyl 

Chitosan from Prawn Shell Waste 

Firoz Ahmed, Md. Ibrahim H. Mondal*, Md. Mofakkharul Islam and Md. Khademul Islam 

Polymer and Textile Research Lab, Department of Applied Chemistry and Chemical Engineering 

Rajshahi University, Rajshahi 6205, Bangladesh 

*E-mail: mihmondal@gmail.com 

Abstract - This study involved the optimization of 

determining parameters in reaction conditions of 

carboxymethylation process of chitosan in terms of degree 

of substitution. Characterizations were carried out by 

analyzing the spectra of FTIR, the thermograms of 

TGA/DTA and XRD patterns. The carboxymethylation 

reaction was optimized against sodium hydroxide and 

monochloroacetic acid concentrations, reaction 

temperature and time. The optimum conditions for 

preparing CMCh are 2M MCA in the presence of 40% 

NaOH at 60º C for 4h produced an average DS value of 

1.43. The FTIR spectra clearly displayed the new peaks at 

1480 cm-1, which indicated the presence of carboxymethyl 

group. The moisture and ash content of CMCh were 

11.98% and 14.39% respectively. Both the thermal 

stability and crystallinity of the CMCh were decreased 

gradually with the increasing of DS. These optimized 

factors and characterizations allowed highly substituted 

carboxymethyl chitosan with good yield providing a plenty 

of opportunities for its uses in textile finishing, 

antimicrobial etc.   
 

Keywords – chitosan, carboxymethyl chitosan, prawn shell 

waste, degree of substitution, antimicrobial. 

 

I. INTRODUCTION 

Chitosan is a polysaccharide derived from chitin, a 

linear chain of acetylglucosamine groups linked by 1, 4-

D-glucosidic bonds, extracted from prawn shell [1]. It 

has good biocompatibility, biodegradability, nontoxic 

and various bio-functionalities including antibacterial 

and antifungal activities, so that it is widely used in 

medicine, nutrition, cosmetics, several pharmaceutical 

and biomedical application fields, drug delivery system 

etc. [1-4]. On the other hand, the poor solubility of 

chitosan is a serious drawback in many of its 

applications where solubility is prime factor. Thus, the 

preparation of chitosan derivatives has been envisaged 

to overcome its limited solubility in aqueous media [5]. 

Carboxymethyl chitosan is a water soluble 

derivative of chitosan which has unique chemical, 

physical and biological properties such as high 

viscosity, large hydrodynamic volume, low toxicity, 

biocompatibility and good ability to form films and 

hydrogels [6]. But structural characteristic like degree of 

substitution (DS) greatly influences various properties 

of CMCh such as solubility, physiological activities, 

chemical reactivity and biodegradability [5]. CMCh of 

lower value of DS shows poor physical, chemical and 

biochemical properties and these properties develop 

with increasing of DS. The production of highly 

substituted CMCh is therefore indeed. 

The factors that influence the preparation of CMCh 

are the quality of chitosan, the amount of alkali 

(alkalizing process), monochloroacetic acid 

concentration, carboxymethylation temperature and 

time. Thus, the aim of this study is to investigate the 

optimization factors to allow carboxymethylation 

process. The novelty of this work lies on the 

optimization process that are capable of producing a 

higher yield of CMCh with a higher degree of 

substitution value to examine the possibility of CMCh to 

be used as textile fibres modifier and this is our 

following targets. 

 

II. EXPERIMENTAL 

Materials 

Prawn shell was collected from Mongla (near 

Sundarban forest) in Bangladesh that are waste of prawn 

processing area. Sodium hydroxide, methanol, ethanol, 

isopropanol, mono-chloroacetic acid, glacial acetic acid, 

etc. were purchased from Merck (Germany). All these 

reagents used were of analytical grade. 

Preparation of Chitin and Chitosan 

Chitosan was extracted from prawn shell waste by a 

series of chemical treatment. The chemical treatments 

were demineralization, de-protenization and 

decolouration and obtained product was chitin. Later 

chitin passed through a chemical treatment named 

deacetylation to obtain chitosan. 

Carboxymethylation of Chitosan 

Carboxymethyl chitosan (CMCh) was prepared 

from chitosan by acid–base treatment method [7]. 

Purified chitosan (3g) was dispersed in 65 mL of 

isopropanol. After 20 min of magnetic stirring sodium 

hydroxide (10-70%) and monochloroacetic acid (1-5 M) 

was dissolved in isopropanol (1:1) were added and left 

to react for a time (0.5-12 h) at temperature (30-90°C). 

The solid product was then filtered, suspended in 

150mL of methanol and neutralized with glacial acetic 

acid. The product was extensively washed with 80% 

ethanol and dried at room temperature. 

 

Degree of Substitution 

 To determine the degree of substitution (DS), 0.5 g 

of dried sodium CMCh was ashed at around 550º C, for 

24 h, and then dissolved in 100 mL of distilled water. 20 
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ml of this solution was titrated with 0.1 N sulphuric acid 

using methyl red as an indicator. The degree of 

substitution [8, 9] of the carboxymethyl content was 

calculated as follows: 

 
Where, B = (0.1 × b)/a, b is the volume (in mL) of 0.1 N 

sulphuric acid and a is the mass of pure CMCh in grams. 

Moisture Content 

The chitosan and CMCh were placed in an open air 

for 72 h to obtain saturation moisture level at room 

temperature (30ºC). Then the samples were analyzed by 

moisture a analyzer as a function of weight gain [9] and 

was calculated using the following formula: 

 
Where, W0 is the weight of sample at room temperature 

and W1 is the weight of dry sample. 

Ash Content 

Approximately 0.5g of the vacuum dried sample 

was transferred into a crucible and the sample was pre-

ashed in a fume hood. When the sample ceased giving 

off smoke, it was placed in a preheated muffle furnace at 

550 
0
C for 6 h. When ashing was complete the crucible 

was transferred directly into a desiccator, cooled and 

weighed. Ash was calculated using the equation below 

as, 

  

Fourier Transform Infrared (FTIR) Spectroscopy 

FTIR spectroscopy analysis was performed by 

using a shimadzu IR-8900 spectrophotometer 

(Shimadzu, Kyoto, Japan). The chitosan, CMCh and 

KBr were dried in an oven at 105
0
C for moisture free. 

Then about one percent sample was mixed with dried 

KBr and makes it powder using a mortar-pestle [10]. 

Then the sample were analyzed in an attenuated total 

reflectance (ATR) detector over a range of 400-4000 

cm
-1

 wavenumber at a resolution of 4 cm
-1

. 

Thermogravimetric Analysis 

 All samples were analyzed with Seiko-Exstar-

TG/DTA-6300 (Seiko, Japan) apparatus under nitrogen 

atmosphere (20 ml/min) with increasing the temperature 

(20
0
C/min) between 30 - 600

o
C. 

X-ray diffraction 

 Samples were analyzed by a X-ray diffractometer 

(Bruker D8 Advanced X-ray Diffractometer, Germany), 

operating at 40 kV and 30 mA with a Cu-Kα source. 

The diffraction intensity was measured in the range of 

2θ angles between 5° and 40°. 

 

 

III. RESULTS AND DISCUSSION 

Effect of NaOH Concentration 

Fig. 1 illustrates the effect of the NaOH 

concentration on the degree of substitution (DS). As 

appeared from the figure, DS increased with increasing 

the NaOH concentration, in the range from 10 to 40%, 

reaching a maximum value, then decline again. Above 

40% concentration of NaOH, the glycolate formation 

increases [12] and, consequently, a lower value of the 

DS of the CMCh sample was obtained. 

 

 

Fig. 1.  Effect of NaOH concentration on DS of CMCh. 

 

 

Fig. 2. Effect of monochloroacetic acid concentration on 

DS of CMCh. 

 

Effect of Monochloroacetic Acid Concentration 

The effect of monochloroacetic acid (MCA) 

concentration on the extent of carboxymethylation 

reaction of chitosan was studied using the optimum 

concentration of NaOH (40%). Fig. 2 shows the effect 

of MCA concentration on DS of CMCh. It is clear that 

the DS of carboxyl groups increased significantly as the 

concentration of MCA increases up to 2 M, and then it 

become plateau due to the formation of glycolate and 

there are some undesirable gels formed in the reaction 

medium due to the aggregation of highly acetylated 

chain segmented or to amide formation [6].  

Effect of Reaction Temperature 

The temperature effect on the DS of CMCh was 

investigated in the range from 30º C to 90º C as keeping 

the other reaction conditions constant. As apparent in 

Fig. 3, DS increases with increasing the reaction 

temperature form 30º C to 60º C attaining their 

maximum value at about 60º C and this may be 

Degree of Substitution =  
1- 0.08 × B 

 

0.162 × B 

Moisture Content, % =  
(W0 – W1) × 100 

W0 

 

Ash Content, % =  
wt. of ash × 100 

wt. of sample 
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attributed to the swelling of chitosan and the 

enhancement of the rate of diffusion, inducing better 

contacts between the etherifying agents and chitosan. 

With further increase in temperature beyond 60º C, the 

DS of CMCh decreases due to the higher glycolate 

formation [12]. 
 

 

Fig. 3. Effect of temperature on DS of CMCh. 

 

 

Fig. 4. Effect of reaction time on DS of CMCh. 

 

Effect of Reaction Time 

Fig. 4 illustrates the effect of reaction time on the 

DS of CMCh. The influence of reaction time was 

investigated through checking the DS at different times 

from 1 to 7 h. DS increased with increasing the reaction 

time, and leveled off after about 4 h. This behavior is 

based on the fact that, as the reaction time increases, 

amount of reacting sites in the reaction deduced leading 

to the leveling off the substitutions. 

Ash Content 

The results of high DS carboxymethyl chitosan 

show the ash content of 14.39% which is higher than the 

chitosan that is 0.84%. This values show that the 

mineral content of the prepared CMCh is higher than 

chitosan. The increased value of ash content in 

carboxymethyl chitosan may be due to the sodium salt 

formmation of CMCh [13]. 

Moisture content  

Moisture content of the high DS carboxymethyl 

chitosan is up to 11.98%. This value is higher than the 

moisture content of the chitosan which is 8.3%. The 

high moisture content suggests that carboxymethyl 

chitosan is hygroscopic and has stronger ability to bind 

with water. The high ability of moisture content is due 

to the formation of hydrogen bond between carboxylic 

groups of CMCh with water molecules. 

FTIR Spectroscopy 

The structural changes of chitosan and CMCh of 

different DS were confirmed by FTIR  and shown in 

Fig. 5. The IR spectra of chitosan [Fig. 5a] shows two 

absorption peaks at1660 cm
-1

 and 1595 cm
-1

, which 

correspond to the C=O stretching of the secondary 

amide and the N-H bending of the primary amine 

respectively. The IR spectra of CMCh [Fig. 5b] shows a 

strong new peak at 1384 cm
-1

 could be assigned to the 

symmetric stretching vibration of of carboxylate C=O. 

The C-O absorption peak of the secondary hydroxyl 

group becomes stronger and moves to 1089 cm
-1

. This 

indicates that the substitution occurs mainly at the C6 

position. The spectra of CMCh shows also a peak at 

1480 cm
−1

 which refers to the –CH2–COOH group. The 

peak intensity in the range 1186-897 cm
-1

 of C-O stretch 

was increased due to high DS. 

 

Fig. 5. FTIR spectra of a) Chitosasn and b) CMCh. 

 

Fig. 6. X-ray diffractograms of (a) Chitosan, (b) CMCh. 

X-ray diffraction (XRD) 

 As shown in Fig. 6, in chitosan, there was an 

intense peak around 20° while in CMCh poorly defined 

and less intense peaks around 21° was observed in the 

X-ray diffractograms. The crystallinity almost 

disappears in the case of highly substituted CMCh. 

According to X-ray diffractograms, crystallinity of 

CMCh is lower than chitosan. This was due to the less 

number of hydrogen bond formation between CMCh 

molecules. 

Thermogravimetric (TGA/DTA) Analysis 

 According to TGA data in Fig. 7, the onset of 

degradation occurred at ~ 241°C and 195°C for native 
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chitosan and CMCh respectively. The thermal stability 

of CMCh was lower than parent chitosan. 

 According to the DTA data, chitosan showed both 

endothermic peak which is due to water evaporation and 

exothermic peak which is due to decomposition of the 

polymer. But in CMCh, it could not be able to 

distinguish clear decomposition peak except water 

evaporation peak. This concludes that 

carboxymethylation increases the amorphous character 

of chitosan. 
 

 

Fig. 7(a). TGA and DTA curve of chitosan. 

 

Fig. 7(b).  TGA and DTA curve of CMCh. 

 
IV.   CONCLUSIONS 

Solubility, moisture content, thermal stability, 

crystallinity, etc. of CMCh are greatly depend on the 

degree of substitution (DS) and again DS completely 

depends on the reaction conditions of the preparation of 

CMCh. The carboxymethylation reaction conditions 

were optimized successfully and obtained high DS of 

prepared CMCh was 1.43. Thermal stability and 

crystallinity of CMCh investigated. Highly substituted 

CMCh from prawn shell waste can be further exploited 

to prepare industrial products providing much more 

opportunity for textile applications and at the same time, 

it will manage the environmental pollutions around the 

prawn processing industrial area. 
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Abstract—In this paper, the basic mechanism of three 

substitution encryption techniques, namely, Caesar cipher, 

Playfair cipher, and Hill cipher has been represented as a 

desktop application using graphical user interface coded 

by Java programming language. Following this 

application, users especially undergraduate students, 

would be benefited easily to take a clear understanding. 

However, this application can be run on any operating 

system, as Java is a platform independent language. 

Keywords— cryptograpy; security; graphical user 

interface; caesar cipher; playfair cipher; hill cipher; java 

I. INTRODUCTION 

Nowadays, security is the most important aspect of 
our day-by-day activities. Without security, there may be 
a chance to hack or access important things by third 
party. To provide security for our electronic information 
like email, credit card transaction etc., we need to 
encrypt our documents with various techniques so that 
third parties cannot be able to read them. That is, 
encryption is a primary method of protecting valuable 
electronic information. To do this, there are two kinds of 
encryption techniques in cryptography. One is symmetric 
key encryption and other is public key encryption. In 
symmetric key encryption, only a single key, also called 
secrete key, is used by sender and receiver to encrypt the 
original message and decrypt the message from 
encrypted text. On the other hand, in public key 
encryption, two kinds of keys are used, where one is 
public key and other is private key [1, 2, 3, 4, 5]. In this 
study, a desktop application has been developed using 
Java programming language to demonstrate the basic 
principle of few symmetric encryption techniques like 
Caesar [2], Playfair and Hill cipher. 

In this study, Java has been used as simulation tool 
considering its various advantages, e.g., 100% object 
oriented architecture, platform independency, 
multithreading, look and feel, portability, simplicity, 
modularity, modifiability, extensibility, maintainability, 
re-usability and so forth [6, 7, 8] 

The rest of this paper is organized as follows: Section 
II describes simplified model of conventional encryption. 
Section III gives the details of the considered symmetric 
ciphers. Section IV discusses the step-by-step procedure 
to run this application. Section V provides the 
concluding remarks and future works. 

II. SIMPLIFIED MODEL OF CONVENTIONAL 

ENCRYPTION 

In a symmetric encryption scheme, there are five 
ingredients shown in Figure 1. At first, an original 

message called plaintext is fed into encryption algorithm. 
Secondly, encryption algorithm performs transformation 
and substitution techniques on plaintext. Thirdly, a secret 
key is known to both algorithm, i.e., encryption and 
decryption. Fourthly, depending on the secret key, 
encryption algorithm transforms the plaintext into 
scrambled ciphertext, which is unintelligible. Finally, 
using the same secret key (used in encryption algorithm), 
decryption algorithm transforms the ciphertext into the 
original plaintext. 

 

Fig. 1 Simplified Model of Conventional Encryption 

III. SYMMETRIC CIPHERS UNDER INVESTIGATION 

This section describes three classical symmetric 
encryption techniques, namely, Caesar cipher, Playfair 
cipher and Hill cipher. 

A. Caesar Cipher 

The Caesar cipher involves replacing each letter of 
the alphabet with the letter standing three places further 
down the alphabet. For example, 

      Plain:    meet me after the toga party 

 Cipher: PHHW PH DIWHU WKH WRJD SDUWB 

Hence, the alphabet is wrapped around, so that the letter 
following Z is A. Therefore, the transformation can be 
defined by listing all possibilities, as follows: 

  Plain: a  b c d e  f g h i   j   k  l  m n  o  p q  r  s  t  u  v w 
x y  z 

Cipher: D E F G H I J  K L M  N O P  Q  R S T U V W X Y Z 
A B C 

Let us assign a numerical equivalent to each letter: 

 

Then the algorithm can be expressed as follows. For each 
plaintext letter p, substitute the ciphertext letter  . We 

a b c d e F G h i j k l m n o 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

p q r s t u v w x y z 

15 16 17 18 19 20 21 22 23 24 25 
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define a mod n to be the remainder when a is divided by 
n. For example,           . 

   (   )  (   )        

A shift may be of any amount, so that the general Caesar 
algorithm is 

   (   )  (   )        

where   takes on a value in the range 1 to 25. The 
decryption algorithm is simply 

   (   )  (   )        

B. Playfair Cipher 

The best-known multiple-letter encryption cipher is 
the Playfair, which treats digrams in the plaintext as 
single units and translates these units into ciphertext 
digrams. The Playfair algorithm is based on the use of a 
5 x 5 matrix of letters constructed using a keyword. Let 
us consider the following example: 

M O N A R 

C H Y B D 

E F G I/J K 

L P Q S T 

U V W X Z 

In this case, the keyword is monarchy. The matrix is 

constructed by filling in the letters of the keyword 

(minus duplicates) from left to right and from top to 

bottom, and then filling in the remainder of the matrix 

with the remaining letters in alphabetic order. The letters 

I and J count as one letter. Plaintext is encrypted two 

letters at a time, according to the following rules: 
 

(i)    Repeating plaintext letters that are in the same pair 

are separated with a filler letter, such as x, so that 

balloon would be treated as ba lx lo on. 

(ii)    Two plaintext letters that fall in the same row of the 

matrix are each replaced by the letter to the right, 

with the first element of the row circularly following 

the last. For example, ar is encrypted as RM. 

(iii)    Two plaintext letters that fall in the same column 

are each replaced by the letter beneath, with the top 

element of the column circularly following the last. 

For example, mu is encrypted as CM. 

(iv)    Otherwise, each plaintext letter in a pair is replaced 

by the letter that lies in its own row and the column 

occupied by the other plaintext letter. Thus, hs 

becomes BP and ea becomes IM (or JM, as the 

encipherer wishes). 

C. Hill Cipher 

Another interesting multiletter cipher is the Hill 
cipher, developed by the mathematician Lester Hill in 
1929. The encryption algorithm takes m successive 
plaintext letters and substitutes for them m ciphertext 
letters.  

The substitution is determined by m linear equations 
in which each character is assigned a numerical value (a 
= 0, b = 1 ... z = 25). For m = 3, the system can be 
described as follows: 

   (                 )       

   (                 )       

   (                 )       

This can be expressed in terms of column vectors and 

matrices: 

(

  
  
  
)  (

   
   
   

   
   
   

   
   
   

)(

  
  
  
)       

or 

                    

where   and   are column vectors of length 3, 

representing the plaintext and ciphertext, and   is a 3 x 3 

matrix, representing the encryption key. Operations are 

performed mod 26. 

For example, consider the plaintext "paymoremoney" 

and use the encryption key 

  (
  
  
 

  
  
 

 
  
  
) 

The first three letters of the plaintext are represented by 

the vector 

(
  
 
  
) 

Then  (
  
 
  
)  (

   
   
   

)       (
  
  
  
)        

Continuing in this fashion, the ciphertext for the entire 

plaintext is LNSHDLEWMTRW. 

Decryption requires using the inverse of the matrix  . 
The inverse     of a matrix   is defined by the equation 
           , where   is the matrix that is all zeros 
except for ones along the main diagonal from upper left 
to lower right. The inverse of a matrix does not always 
exist, but when it does, it satisfies the preceding 
equation.  

In this case, the inverse is: 

    (
 
  
  

 
  
 

  
 
  
) 

This is demonstrated as follows: 

     (
  
  
 

  
  
 

 
  
  
)(
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It is easily seen that if the matrix     is applied to the 

ciphertext, then the plaintext is recovered. 
 

IV. RESULT AND DISCUSSION 

In this section, the step-by-step procedure of our 

application (app) has been discussed. The main interface 

of this app has been shown in Figure 2. In this interface, 

there are three menus in menu bar, namely, File, 

Ciphers, and Help. 

 

Fig. 2 Initial Interface of the Application 

After selecting the menus in menu bar, we will see 

the following menu items, respectively as shown in 

Figure 3. In File menu shown in Figure 3, there are three 

menu items. About indicates the purpose and the name 

of the developer of this application. User will return to 

the original interface shown in Figure 2 by selecting 

Restart menu item. After clicking Exit, the application 

will be stopped and be disappeared. 
 

 

(a) File Menu 

 

(b) Ciphers Menu 

 

(c) Help 

Menu 
 

Fig. 3 Menus in Menu bar 

After selecting Caesar cipher from Ciphers menu, 

the following window will be appeared (Figure 4). Here, 

we will enter the plaintext as “meet me after the toga 

party” and key size is 3. After pressing the Eecrypted 

Ciphertext button, the ciphertext will be “PHHW PH 

DIWHU WKH WRJD SDUWB”. In addition, decrypted 

text will be as same as the plaintext by pressing the 

Decrypted Plaintext button. User can repeat this process 

by pressing the Reset button. 

 
Fig. 4 Caesar Cipher 

If user selects the Playfair cipher, then following 

window as shown in Figure 5 will be appeared. In this 

case, at first user will enter the keyword, for example, 

“monarchy”. This keyword then will form a 5 x 5 matrix 

after pressing the Matrix button. If user gives the 

plaintext input as “sharif”, then after pressing Encrypted 

Ciphertext button, ciphertext will be “PBRMKG”. After 

pressing the Decrypted Plaintext button, user will get 

the text as “sharif”, which is same as original plaintext. 

If user would like to repeat this process, then user will 

click Reset button. 

 

Fig. 5 Playfair cipher 

Now we consider that user will click Hill cipher 

menu item, then the following window will be appeared 

(Figure 6). In this case, user can select the order of 

matrix as “2” or “3”. Here we have selected “3” as the 

order of matrix. Then user will give an encryption key 

with space (4 and 9 numbers for the order of matrix “2” 

or “3”, respectively), for example, 9 numbers, i.e., “17 

17 5 21 18 21 2 2 19” for order 3. User must be careful 

about the encryption key, which has an inverse form of 

the matrix. Now user will give plaintext as 

“LNSHDLEWMTRW”. After that, user will click the 

button Press this button to get the results. After pressing 
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this, user will notice the given matrix, and 

corresponding inverse matrix as shown in Figure 6. 

Besides, user will observe the encrypted ciphertext as 

“ELARQVIEUUXW” and the recovered plaintext, 

which is same as original plaintext. 

 

Fig. 6 Hill Cipher 

If user faces troubles to run the application, then user 

will get more information from Help menu. For 

example, let us consider that user cannot able to run the 

Hill Cipher as shown in Figure 6. Then user will select 

Hill menu item from Help menu as shown in Figure 

3(c). After selecting this, user will get the following 

information shown in Figure 7. 

 

Fig. 7 Detail information to run the hill cipher. 

V. CONCLUSION AND FUTURE WORK 

In this paper, a Java based GUI application has been 

developed that will help undergraduate students to 

understand the basic mechanism of three symmetric 

ciphers namely Caesar, Playfair and Hill cipher with 

corresponding step-by-step procedure. Using this tool, 

students could easily be able to judge their desired 

results. 

In this desktop application, an option in menu bar 

called Simulation has been included. In near future, 

some simulation related tasks like comparing different 

encryption techniques’ performance for protecting 

valuable information on unauthorized access would be 

done based on this application. 
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Paper ID: 31 
Investigation on α-Fe2O3 Having Long-term p-type Conductivity  

Synthesized using a Simple Route  

Abstract— Hematite (α-Fe2O3) is an attractive 

material for the formation of homo-junction photocathode 

as well as PEC studies due to its low band gap of 2 ~ 2.2 eV 

and having high stability. Moreover, α-Fe2O3 is naturally 

abundant in the earth’s crust and is therefore, a low cost 

material. One major drawback of Fe2O3 is its unfavourable 

photo-response that arises mainly due to its low 

conductivity and consequent recombination of photo-

generated carriers. Moreover to make a homo-junction of 

Fe2O3, which is naturally, n-type, p-type conduction in 

Fe2O3 is needed that is long-term stable. This paper 

reports the fabrication of p-type α-Fe2O3 using a single-

step process. Zn was used to dope α-Fe2O3 (Zn: Fe2O3) to 

turn it into p-type. Thin film of Zn: Fe2O3 was obtained by 

spin coating a blend of Zinc acetate (Zn (CH3COO)2 2H2O) 

and FeCl2 after annealing the film in air. The conduction 

type and the carrier concentration were confirmed by hall 

measurement for Zn: Fe2O3 and un-doped Fe2O3. Un-

doped Fe2O3 was found to be n-type whereas Zn: Fe2O3 

was found to be p-type. The long-time stability in type of 

conduction (p-type) of Zn: Fe2O3 was investigated for 

various doping concentration. It was found that lightly 

doped Zn: Fe2O3 retained its p-type conduction for 

comparatively long time. The optimized annealing 

temperature, thickness and dopant concentration for a 

long-time stable p-type Fe2O3 was determined. 

Keywords— Metal-oxide semiconductor, Hematite, Solar 

Water Splitting, Photo-catalysis, Photo-anode. 

I. INTRODUCTION 

Hematite (α-Fe2O3) is an attractive material for 

the formation of homo-junction photocathode as well as 

PEC studies due to its low band gap of 2 ~ 2.2 eV and 

having high stability. Moreover, α-Fe2O3 is naturally 

abundant in the earth’s crust and is therefore, a low cost 

material. One major drawback of Fe2O3 is its 

unfavourable photo-response that arises mainly due to 

its low conductivity and consequent recombination of 

photo-generated carriers. Moreover to make a homo-

junction of Fe2O3, which is naturally, n-type, p-type 

conduction in Fe2O3 is needed that is long-term stable. 

At present, use of photo-catalysis for the 

generation of clean and green energy has received 

tremendous attention [1-3. After the first report of 

Fujishima on photo assisted electrochemical water 

oxidation on TiO2 in 1972 [4] researchers have been 

investigating the wide band gap metal-oxide 

semiconductors such as titanium dioxide (TiO2), zinc 

oxide (ZnO), iron oxide like hematite (α-Fe2O3) and tin 

dioxide (SnO2) for their application in solar cells, solar 

fuel, photo catalysis and energy storage devices [5–10]. 

Being naturally abundant, stable, low band gap (2 ~ 

2.2ev) Fe2O3 is an attractive material in solar energy 

conversion prepared by different routes, e.g. sputtering 

[11], sol-gel [12] and chemical vapor deposition [14]. 

But the reported Solar-to-Hydrogen (STH) efficiency 

(4% or less) is still far from the theoretical limit of 

16.8% [15]. This is due to the small minority carrier 

diffusion length, poor charge transport properties, slow 

water oxidation kinetics etc. that induces high bulk/ 

surface recombination in hematite. By nano-structuring, 

doping or surface treatments bulk recombination and 

surface recombination could be solved [15–17].  

One way to enhance the separation/transport of 

charge in the bulk of photoanode, which is made by 

forming a junction [18]. For the fabrication of junction, 

both n-type and p-type Fe2O3 are essential. However, as-

grown Fe2O3 film is grown by different techniques 

usually shows n-type behavior due to their intrinsic 

defects. The major hurdle for the development of metal 

oxide-based devices is the lack of good and reproducible 

p-type conduction [19]. And also it is observed that p-

type conduction is very unstable even at room 

temperature and easily converts to n-type conduction 

during storage [20–22]. Doping of Fe2O3 photo-anodes 

has been extensively investigated to improve their 

photo-electrochemical properties [23]. The introduction 

of mono-dopants (such as Sn [24], Ti [25], Si [26], Pt 

[27], Zr [28], Ge [29, 30], Cr [31] and Zn [32]) has been 

used to enhance the photo-catalytic performance of 

Fe2O3 photo-anodes. The process to increase photo-

catalytic performance is designed by the researchers that 

electron-donor dopants introduce electrons into 

neighboring Fe
3+

 sites and reduce Fe
3+

 to Fe
2+

 [33, 34]. 

Since the electrical conductivity of Fe2O3 follows the 

polaron hopping mechanism, the newly formed Fe
2+ 

sites can improve electrical conductivity with electron 

donor dopants. The cationic elemental doping enhances 

conductivity as a result of increased donor concentration 

and also improved charge transfer [35].  

In this paper, we report a promising method to 

produce Fe2O3 films with great reproducibility, low cost, 

easy setup and homogeneous structure, has deposited by 

conventional spin-coating system. Although doping 

additional element like (dopant concentration) may be 
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an effective way to increase the conversion efficiency. 

The effect of annealing temperature and dopant 

concentrations on the structure and photo 

electrochemical properties of α-Fe2O3 has been also 

investigated. The structural, electrical and optical 

properties were correctly investigated by the use of 

appropriate analytical instruments. The stability like 

semiconductor type of the deposited films has been also 

investigated by the help of appropriate instruments. 

II. EXPERIMENTAL METHODOLOGY 

The p and n type semiconductor were separately 

prepared by simple one-pot spin coating method on 

ultrasonically cleaned 1x1 inch sizes glass substrates. 

The substrates were also chemically cleaned with the 

piranha solution (5:1 H2SO4 and H2O2 mixing) for the 

increase of hydrophilic properties in which enhance 

water-compatibility. After that the dried substrates with 

atmospheric air were available for the use. 

To form the natural (n-type) Fe2O3, 1M FeCl2 and 

0.1M urea were mixed while stirred and finally prepared 

an iron oxide solution which can be formed hexagonal 

prism shaped structure of iron oxide semiconductor. On 

the other hand to synthesize p-type semiconductor, 

0.11M FeCl2 and three different molar concentration of 

zinc acetate, 0.0025M, 0.005M, and 0.01M, respectively 

were mixed while stirred and finally prepared a zinc 

doped iron oxide solution  

After synthesis p and n-type Fe2O3, 5µL of 

solution was taken by micropipette and dropped on 

loaded substrate surface then spin coated with the 

rotational speed of 7000 rpm (revolutions per minute) 

and deposition time of 60 seconds. In this study, three 

different layers were considered which was 1, 3, and 5 

respectively. After deposition of each layer, the films 

were dried in atmospheric air and then dropped another 

layer. Then the prepared film was annealed in 450 ºC 

and 550 ºC for 4 hours. Then iron oxide is converted 

into alpha hematite (α-Fe2O3) as well as zinc doped iron 

oxide is converted into zinc doped alpha hematite. 

Surface morphology was analyzed by Park XE15 AFM 

(atomic force microscopy) with scan range of 10µm × 

10µm, X, Y axis travel range of 150mm × 150mm, Z 

axis travel range of 25mm, focus travel range of 20mm. 

The crystal structure of α-Fe2O3 and Zn: α-Fe2O3were 

studied by X-ray diffractometer (XRD, Shimadzu, 

XRD-600 X) with CuKα (λ = 1.5418 Å) radiation in the 

2θ range of 10-70º (scan speed 2º/min). The X-ray tube 

was operated at 60KV/30 mA. Chemical structures of 

as-deposited films were studied by Fourier Transform 

Infrared Spectroscopy (Perkin Elmer (Spectrum 100) 

FT-IR Spectrometer) of wave number range 225 to 4000 

cm
-1

. When the deposited films are investigated by FT-

IR spectrophotometer, the deposited films is kept into 

the holder and wait 5 to 6 minutes for removing 

unwanted H2O and CO2, which are absorbed in the 

films. 

The carrier concentration and conduction type of 

α-Fe2O3 and Zn:α-Fe2O3 were studied by Hall 

measurement with the magnetic field of 1T and the fixed 

source voltage of 10V. The film was placed in the 

middle of two circular magnetic bars with the help of 

stand. The carrier concentration can be determined from 

the following equation. 

           (1) 

where, n is the carrier concentration, I is the 

current flowing through the sample, B is the applied 

magnetic field, VH is the Hall voltage, e is the electric 

charge and t is the thickness of the sample. 

The electrical properties like resistivity and 

conductivity were studied with the help of four probe 

technique. Silver coating were used as electrodes (ohmic 

contact). 

The optical properties like transmittance and 

absorbance of p-n α-Fe2O3 homo-junction photo 

cathodes were also studied by T-60 vu-visible 

spectrophotometer with spectral range of 360 to 1000 

nm at room temperature.  

III. RESULTS AND DISCUSSIONS 

As the vibrational spectroscopy is finger print of 

the molecular structure, the chemical structure of the 

deposition films is investigated by FT-IR spectroscopy. 

Figure.1 shows the FT-IR spectra obtained from the as-

deposited films in the range between 225 and 4000 cm
-1

. 

The spectra show two main absorption bands around 

485 and 609 cm
-1

, respectively, corresponding to the 

stretching vibration of the tetrahedral and octahedral 

sites are responsible for the formation of ZnFe2O4 [36-

39]. The broad absorption peak for Fe2O3 bonds are 472 

cm
-1

, which is attributed to metal-oxygen (Fe-O) 

stretching vibrational mode [40]. The broad band around 

3400 cm-1 can be assigned to hydroxyl group and the 

bands around 1638 cm-1 and 970–880 cm-1 are 

assigned to in-plane and out-plane of O–H vibration [41, 

42]. The peak at 1384 cm
-1

 is related to bending 

vibration of CH3
-
 groups of alcohol [43]. The remaining 

bands are probably due to combinational frequencies or 

overtones. 

4000 3000 2000 1000 0

0

1

2

3

 

 

A
b

s
o

rb
a

n
c
e

 (
A

.U
)

Wave Number (cm
-1
)

 
(a) Zn:Fe2O3 

Figure 1:  FT-IR spectra for the confirmation of as-deposited films. 
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Figure 2(a & b) shows the XRD spectra of the α-

Fe2O3 and Zn:α-Fe2O3films, respectively. It is observed 

from Figure 2(a) that there are six sharp peaks with 

different crystal orientation. According to literatures 

[44], six major diffraction signals are identified as the 

(102), (104), (110), (113), (024) and (116) planes of 

pure α-Fe2O3. Among six peaks, the peak from (104) 

plane is identified as the strongest. The grain size can be 

found with the help of Scherer’s equation 

D = 0.9λ/βcosθ            (4) 

where D is the mean grain size, λ is the X-ray 

wavelength, β is the full width at half maximum 

(FWHM), and θ is the Bragg angle. From this equation, 

the mean grain size calculated from the (104) peak was 

found to be 26 nm. 
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(b) Zinc doped α-Fe2O3 

Figure 2: XRD spectra of un-doped Fe2O3 and Zn doped α-Fe2O3 thin 

films prepared by simple spin coating method. 
 

From the XRD spectra of Zn:α-Fe2O3films in 

Figure 2(b), it is observed that there are eleven sharp 

upward XRD peaks with different crystal orientation. As 

it is mentioned above, all the peaks marked as black 

triangle can be identified as the different planes of pure 

α-Fe2O3. Previous report suggests that all the other XRD 

peaks marked as red triangle are from the different 

planes of ZnFe2O4 structure. The peak of α-Fe2O3 and 

Zn:α-Fe2O3 are stronger in lower Bragg angle.   

The un-doped Fe2O3 were n-type and all ratios of 

zinc in Fe2O3 were p-type, which are confirmed from 

Hall Effect measurement. Zinc has two positive charges 

in their outer most shell. When zinc is added with the 

Fe2O3, these two positive charges are dominant factor 

that able to convert from n-type to p-type semiconductor. 
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(a) Annealed at 450 ºC`  
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(b) Annealed at 550 ºC 

 

Figure 3: Variation of carrier concentration and resistivity with the 

different dopant concentration for the films annealed at 450 ºC and 
550 ºC. 

It can be observed from Table.1 and Figure 3(a & 

b) that the carrier concentration increases with the 

doping concentration up to 0.005M and then decreases, 

as well as the resistivity decreases with the zinc 

concentrations up to 0.005M and then increases. Both 

phenomenon are due to the fact that zinc exceeds the 

limit of maximum solubility in iron oxide, producing a 

grain boundary segregation of impurities that causes a 

dispersion of carriers. The room temperature desired 

electrical resistivity is of the order of ~ 10
2
 Ù-cm, which 

was matched in most cases in our experiment. These 

parameters variations are due to the dominant ion 

impurity scattering mechanism. It can be seen from 

Figure 3 that the carrier concentration increases on the 



International Conference on Computer, Communication, Chemical, Materials and Electronic Engineering  
IC4ME2-2017, 26-27 January, 2017 

 
 

ISBN: 978-984-34-2030-5  76 

 

other hand resistivity decreases with the increase of 

layer due to the dominant mean free path and grain size 

of the as-deposited films. When layer increases the 

thickness also increases, as a result the dimension of the 

samples is also converted from one dimension to three 

dimensions, in which lead to increase the mean free path 

of the carrier. On the other hand, increase of layer 

corresponding to increase of grain size, which lead to 

increase the flow of carrier. The stability of 

semiconductor type and carrier concentration were also 

investigated which is depicted in Table 1.  

Table-1: Long Term Stability of Semiconductor Type 

 

The semiconductor type was not stable for very 

long time, their properties were converted from p-type 

to n-type as well as the carrier concentration were 

degraded with the time to leave due to their solid format 

of zinc. But the lightly doped Zn:Fe2O3 retained its p-

type conduction for comparatively long time. Because, 

lightly doped Zn:Fe2O3 can be able to form 

comparatively highly attraction bond which are 

confirmed from the FT-IR spectra. 

IV. CONCLUSIONS 

In this article a simple one-pot synthesis of Fe2O3 

and Zn:Fe2O3 has been presented and investigated. FTIR 

and XRD has been confirmed the synthesis of Fe2O3 

along with Zn doping. Our target was to enhance and 

change the type of conductivity of Fe2O3 which is 

naturally n-type, so that Fe2O3 could be used as a homo-

junction photo-anode in solar water splitting. 

Experimental results indicate that Zn doping of Fe2O3 in 

a simple single-step process way may provide a stable p-

type Fe2O3 that might be used in a homo-junction of 

Fe2O3 as photo-anode. The doping concentration of zinc 

at 0.005M has the maximum carrier concentration in 

both as deposited as well as after six month. So the 

doping concentration of 0.005M might be used to form 

homo-junction of Fe2O3 as photo-anode. 
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Film Condition 

Carrier 

Concentration 

(x 1014 1/cm3) at 

550ºC after 

deposition 

Carrier 

Concentration (x 

1014 1/cm3) at 550ºC 

after 6 month from 

deposition 

Semicon 

ductor 

type 

L-3,0.0025M-Zn 3.2 0.71 N-type 

L-5,0.0025M-Zn 12.7 1.86 N-type 

L-3, 0.005M-Zn 4.75 2.03 P-type 

L-5, 0.005M-Zn 19 4.26 P-type 

L-3, 0.01M-Zn 2.23 0.56 N-type 

L-5, 0.01M, Zn 11 1.55 N-type 

http://dx.doi.org/10.1155/2008/286069
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Abstract—This paper represents the design and fabrication 

of an automatic car washing system. This automatic car 

washing system is capable of doing different stages of 

foaming, brushing, washing and drying automatically. 

Automatic car washing is a very common in modern 

countries. It is normally associated with fuel filling station. 

To keep pace with the technological advancement, 

previously used car washing system should be updated. So, 

This paper aims at designing such a car washing system to 

overcome the challenges of automation as well as not to 

pollute environment. IR sensor is used to sense the 

presence of a car and a conveyor belt, coupled with a DC 

motor is placed to run the car in the time of operation. 

Two Solenoid valves are used to control the flow of 

washing soap and cleaning water. The operation of various 

components is controlled by Arduino programming. The 

controlling parameters can be adjusted according to the 

needs and that makes the project flexible. A simple water 

treatment plant is also attached at the end of the system to 

make the water re-usable. This system is considered to be 

cost effective, user friendly, time saving and most 

importantly environment friendly in this era of 

automation.  

Keywords— IR sensor, solenoid valve, arduino. 

I.  INTRODUCTION  

Higher rate of production, the possibility of rapid 

changes in the production line, dealing with marketing 

needs with improved quality is a pre-requisite for success 

and survival of any industry and automation is inevitable 

to make a cope with that situation. Hence, this project is a 

good initiative to the field of industrial automation. In a 

conventional automatic carwash, a limited number of 

washing  steps such  as  the  moisture  and  drying  is  

done automatically and  even  in  most  set  of  existing  

carwash extensive restrictions on the optimization  of 

these categories exists which is not compatible with all 

types of cars. In order to save time, energy,  cost and 

create competitive  automatic carwash  system,  this  

study  is  trying  to  use microcontroller for smooth 

functioning and the project is designed so that it can 

perform all the steps needed to  wash  all  types  of  cars.   

A. Problem Statement 

 The first sub problem is to establish a conceptual 
design and then develop a detailed design of the 
components. 

 The second sub problem is to construct the 
components and integrate it. 

 The third problem is to run the system and 
evaluate its performances and limitations.  

B. Hypothesis 

 Electrical and mechanical parts will be integrated 
in such a way that a coherent operation may 
result. 

 The final model will be robust and able to execute 
commands and perform the requested task. 

C. Advantages 

 Required less Area 

 Required less amount of water 

 Time requirement is less 

 Eco Friendly 

  Man power requirement is less 

 

II. LITERATURE REVIEW 

Automatic car wash systems are incredibly 
convenient, but they weren’t always that way. In 1914, 
Detroit debuted the “Automated Laundry”, a hand wash 
assembly line where attendants soaped, rinsed and dried 
cars as they were pushed through a tunnel manually. In 
1928, the Studebaker brothers in Detroit spawned the 
automatic car wash. These engineers envisioned a 
mechanism that would pull the cars through each 
cleaning stage. By 1946, the first ever semiautomatic car 
wash debuted in Detroit. Conveyors with moving tracks 
were installed and cars were pulled through a tunnel with 
an overhead water sprinkler, manually operated brushes 
and a blower for drying. A lot happened to the carwash 
industry in 1955, Dan Hanna being inspired by the 
Detroit carwashes opened his own automated car wash 
(Rub-a-Dub) in Oregon. By 1957 Hanna Enterprises had 
31 carwashes in America. Around the same time in 1955 
car wash professionals formed the Automatic Car Wash 
Association  (ACWA) later being recognized worldwide, 
being renamed to the International Carwash Association 
(ICA). By the early 1960’s the first fully mechanized car 
washing systems were being installed across America. 
With conveyor car wash equipment advancing the 60’s 
saw inventions of such equipment including recirculating 
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water systems, soft cloth friction washing, roller on 
demand conveyor and wraparound brush. By the late 
60’s car washes were becoming a prominent industry 
worldwide with car washes being installed in countries 
including Japan. Then, The 90’s saw the global boom of 
the car wash with new technologies expanding across the 
far east, China, Russia and eastern Europe. With Latin 
America and Southeast also amongst the growth Hanna 
Enterprises now (Hanna-Sherman International) were the 
biggest global car washing factory in the world. Within 
2001, a prominent group known as the Northwest 
Inventors, had bought the assets of Hanna-Sherman 
International, and then later formed Hanna Car Wash 
Systems International, LLC. Today’s car washing system 
is more effective than before with the advancement in 
technology. Not only microcontroller but also PLC and 
SCADA are implemented to upgrade the car washing 
system.   

III. MAIN COMPONENTS OF THE SYSTEM 

A. DC motor 

A DC motor is any of a class of electrical machines 
that converts direct current electrical power into 
mechanical power. The most common types rely on the 
forces produced by magnetic fields. Nearly all types 
of DC motors have some  internal  mechanism,  
either  electromechanicalorelectronic to periodically 
change the direction of current flow  in  part  of  the  
motor. The speed of the motor is controlled by motor 
driver circuit.  

B. Solenoid valve 

A solenoid valve is an electromechanically operated 
valve. The valve is controlled by an electric current 
through a solenoid: in the case of a two-port valve the 
flow is switched on or off; in the case of a three-port 
valve, the outflow is switched between the two outlet 
ports. Multiple solenoid valves can be placed together on 
a manifold. Solenoid valves are the most frequently used 
control elements in fluidics. Their tasks are to shut off, 
release, dose, distribute or mix fluids. A solenoid valve 
has two main parts: the solenoid and the valve. The 
solenoid converts electrical energy into mechanical 
energy which, in turn, opens or closes the valve 
mechanically. 

C. Infrared sensor 

An infrared sensor is an electronic device, that emits 
in order to sense some aspects of the surroundings. An 
IR sensor can measure the heat of an object as well as 
detects the motion. These types of sensors measures only 
infrared radiation, rather than emitting it that is called as 
a passive IR sensor. The emitter is simply an IR LED 
(Light Emitting Diode) and the detector is simply an IR 
photodiode which is sensitive to IR light of the same 
wavelength as that emitted by the IR LED. When IR 
light falls on the photodiode, The resistances and these 

output voltages, change in proportion to the magnitude of 
the IR light received. 

D. Conveyor belt 

A conveyor system is an common piece of 
mechanical handling equipment that moves materials 
from one location to another. Conveyors are especially 
useful in applications involving the transportation of 
heavy or bulky materials. Conveyor systems allow 
quick and efficient transportation for  a  wide variety 
of materials. 

 

E. Microcontroller 

A microcontroller is a small computer on a single 
integrated circuit containing a processor core, memory 
and programmable input/output peripherals 
microcontroller are used in automatically controlled 
devices. Here an arduino uno is used which contains an 
ATmega328P microcontroller. The microcontroller is 
programmed so that it can execute program and give 
output according to the input. Microcontroller  gives  
signal  to  the  motor  driver circuit. 

 

Fig. 1. Arduino uno 

F. Motor driver 

Motor driver is used to control motor. Motor driver 
acts as  interface between microprocessors and motors. 
Most microprocessors operate at low voltage and 
require a small current  to  operate  where  the  motors  
require  relatively higher  voltage  and  current. So 
microprocessor cannot supply sufficient current to the 
motor. That’s why motor driver is used to supply the 
required voltage and current to the motor. Another vital 
use of the motor driver is to drive the motor bi 
directionally. 

https://www.elprocus.com/ir-remote-control-basics-operation-application/
https://www.elprocus.com/passive-infrared-pir-sensor-with-applications/
http://www.elprocus.com/explain-different-types-leds-working-applications-engineering-students/
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Fig. 2. Arduino and motor driver circuit diagram 

G. Software 

The implementation of an automatic car washing 
system requires some programming. Arduino  
programming is based on C programming language. The 
program developed in the arduino board is the brain of 
the system. Most of the control is done by the arduino 
and manages the entire task to be carried out. To 
complete this project it requires some software used for 
programming, for simulation, for circuit design and for 
burn the code to the Arduino. They are; 

   1. Arduino software 

   2. Proteous 

H. Treatment plant 

The treatment plant simply consists of two beds. A 
layer of cotton is placed at the very first step of the plant. 
Then, a layer of charcoal is placed next to cotton layer 
and a layer of sand is used at the end. The primary 
function of the plant is to remove oil, grease, particles 
and portion of washing soap from the water before 
leaving it to the environment. Sand filtration is used for 
removal of suspended matter as well as floating and 
sinkable particles. Waste water flows through a fine bed 
of sand and charcoal. Particles are removed by way of 
absorption or physical encapsulation.  

IV. FINAL SETUP 

The final set up of the system is shown below: 

 

 

Fig. 3. Top view of the model 

 

 
Fig. 4. Front view of the model 

 

A. Flow Chart    

 
                        Start 

 

                      Run the Belt 

  

                   Object Sensing 

 

 

                       Object sensed                       no 

 

                           yes 

                    Opening of first solenoid valve 

 

                      Brushing 

 

                    Opening of second solenoid valve 

 

                      Brushing 

 

                             Stop 

Fig. 5. Flow chart of operation 
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V. WORKING PRINCIPLE 

The aim of the project is to develop a system suitable 
for washing all types of cars. To do so, the car has to 
present in front of IR sensor first. When IR-sensor 
sensor, conveyor starts moving with the help of motor 
until it will reach to the next IR sensor section. As the car 
reaches in pre-wash chamber, shampoo water falls on the 
car by opening solenoid valve. Valve will remain on for 5 
sec. After 5 sec., valve will close automatically. 
Conveyor belt starts moving again until it will reach to 
the next IR sensor section (Brushing section). As the 
conveyor stops, vertical and horizontal brushes starts 
brushing the car for 10sec. and stop automatically. 
Conveyor belts again starts moving until IR section at the 
final washing center gets signal. Solenoid valve will 
open and get closed after 10 sec. Conveyor starts moving 
again until it will reach to the next IR sensor section 
(Drying). After completing drying stage, conveyor belt 
starts moving until it will reach to the next IR sensor. 
Then, the water is drained to the water treatment plant. 

VI. CONCLUSION 

This prototype will be able to perform all functions of 
an automatic car washing system successfully. It is 
pollution free system and also cost efficient. It not only 
increases productivity, speed, accuracy but also reduces 
time and manpower. Easy and trouble free washing can 
be done through this system. The system can be further 
modified by changing the required time of washing and 
can be updated by using PLC.  Finally, this model will be 
a suitable one for developing country like Bangladesh.  
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   Abstract— In this report alumino-thermic process has 

been investigated as a possible process for the extraction of 

silicon (Si) from the sand of Padma river. Silicon content of 

sand was estimated by XRF (X-ray fluorescence) before 

and after grinding was found to be around 88% and 95% 

respectively. FT-IR (Fourier transform infra-red) of sand 

particle confirmed the presence of Si in sand particle in 

SiO2 form. In alumino-thermic process aluminium (Al) is 

used to reduce SiO2 (sand) to produce Si. After the 

thermite process Si was extracted as Si-Al alloy, which was 

further purified by acid leaching. Optical microscopy and 

SEM (Scanning electron microscope) were used to 

determine the average size of the sand particle before and 

after grinding and surface morphology respectively. XRD 

(X-ray diffraction) and Raman Spectra also confirmed the 

polycrystalline nature of SiO2.  

Keywords—Sand, Silicon,  Alumino-thermic process. 

 I. INTRODUCTION   

Sand is a naturally occurring granular material 

composed of finely divided rock and mineral particles. 

The composition of sand is highly variable but the most 

common constituent of sand is silica (SiO2), usually in 

the form of quartz (SiO2)[1,2]. Quartz has been 

demonstrated as a high capacity anode material with a 

reversible capacity 800 mAhg
-1

 over 200 cycles [3,4,5]. 

More than 80% of computing device, radio, video, 

robotics, telecommunication, controlling automation and 

PV and other equipments are manufactured with use of 

mono-crystalline silicon [6,12]. 
 

The thermite process was developed by Hans 

Goldschmidt in 1893 [7]. Thermic reduction of SiO2 can 

be accomplished via a few well known mechanisms. 

These are Carbothermal, Magnesiothermic, 

Aluminothermic, and Calciothermic reduction. 

Carbothermal reduction utilizes electric arc furnaces 

operating at >2000°C [3,9]. However, this process is 

very energy intensive and liquefies the silicon, thus 

destroying any original morphology of the SiO2. 

Recently, magnesio-thermic reduction has gained 

attention due its much lower operating temperatures 

(650°C). However, this reduction scheme produces 

zonal variations in composition with Mg2Si forming 

near the Mg powder, Si in the middle and un-reacted 

SiO2 furthest from the Mg [3,10]. In this report 

Alumino-Thermic reaction has been used to extract the 

silicon from sand through which Al-Si alloy is 

produced. But, The produced Si with alumino-thermite 

reaction is not pure, typically 99 wt% Si, and it contains 

impurities such as Fe, Al, Ti, Mn, C, Ca, Mg, B, P and 

so on [8]. Upgrading of elemental silicon from the 

aluminium-silicon alloys produced by alumino-thermic 

reduction of silica was achieved by Acid leaching 

process by dissolving Al content in mineral acids. 

II.THERMITE REACTION 

 II.I SAMPLE PREPARATION  

Sand was collected from upper surface of Padma river at 

about 400 meter distance from the bank of the river at 

BGB area of Rajshahi. The collected sand was cleaned 

by normal water about 10 times and then with distilled 

water about 7 times. Finally sand was cleaned by 

acetone 5 times to remove chemical impurities. The 

cleaned sand was dried at 100°C for about 6 hour by an 

furnace (Carbolite CWF). Dry sand was grinded to 

form fine powder with wood mortar & pestle for faster 

reaction. Hence sand was done very fine powder. A 

homogenous mixer is made with dry powder of sand, 

Aluminium (Al) with specific weight ratio. Prepared 

mixture was transferred to a small clay flower pot.  

 

Fig.-1: Homogeneous mixer in clay pot containing Mg-ribbon.  
A small cone-shaped indentation at the top was formed and then it was 

filled with magnesium powder to facilitate ignition and magnesium 

ribbon was used as fuse wire.  
 

 II. II  ALUMINO-THERMITE REACTION 

In thermite reactions metal oxides react with aluminum 

to produce the molten metal. This redox reaction require 

substantial activation energy to get going and are highly 

exo-thermic. Magnesium burns in oxygen and produces 

the activation energy to get the sulfur and aluminum 
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going. The aluminum and sulfur again, react in an 

exothermic reaction that is the source of activation 

energy for the silica and aluminum. The temperature 

was reported to be well above 2,200℃. 

                2Mg + O2 → 2MgO + energy 
 

                         2Al + 3S → Al2S3+ energy 
 

3SiO2 + 4Al → 2Al2O3 + 3Si + energy 
 

 
 

Fig.-2: Alumino-thermite reaction 

 

II. III AL-SI ALLOY 

The clay pot was leaved to cool for 20 minutes. Then 

the pot was broken apart and separated the silicon-

aluminium alloy. 
 

 
 

Fig.-3: Silicon-aluminium alloy. 
 

II.IV ALLOY GRINDING 
 

After collecting the Al-Si alloy from residue, sand alloy 

was grinded with hummer at about it’s particle size in 

several μm ranges. Since the alloy is so hard, heavy taps 

from hummer was need at about 10-15 minute for 7g 

Al-Si alloy. 
 

 
 

Fig.-4: Grinded Si-Al alloy 

 II.V  PURIFICATION OF AL-SI ALLOY 

Mineral acid was added to Si-Al alloy powder in a glass 
beaker at a constant temperature of 50°C on a hot plate 
for about 20 min. The silicon was found in the form of 
pea-size, hard, black, crystalline globules. Sulfur was 
removed as following reaction:   

                     Al2S3 + 6HCl → 2AlCl3 + 3H2S  

Leaving the residue in the acid until gas formation 

subsides, carefully discarded the acid under running 

water and wash the residue in the beaker for 30 seconds. 

The silicon will be found in the form of pea-size, hard, 

black, crystalline globules. 
 

 

Fig.-5: Pea-size, hard, black, crystalline Silicon. 

 

 III.RESULTS AND DISCUSSION 

III.I OPTICAL MICROSCOPY 

The average particle size of sand was 140μm and 70μm 
before and after grinding respectively. 

 

Fig.-6(a): Optical Microscopy of sand particle before grinding. 
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Table-1: FT-IR analysis for sand of Padma river. 

Functional 
group 

Standard 
[cm⁻¹] 

Sand 
[cm⁻¹] 

Comment 

O-H (stretching) 3710-3200 3412.55 O-H  present 

Zn=O 
( bending ) 

1650-1350 
1637,1618 & 
1384.46 

Zn=O  
present 

Si-O ( bending) 1150-900 1081.31 Si-O present 

Al-OH 
(bending) 

900-600 778.42 & 693.98 
Al-OH 
present 

Fe-O (bending) 460-490 468.62 Fe-O present 

 

 

Fig.-6(b): Optical Microscopy of sand particle after grinding. 
 

III.II SCANNING ELECTRON MICROSCOPY  

SEM (Scanning electron microscope) was used to 
determine surface morphology of Si-Al alloy. 
Smoothness of surface is increasing and roughness 
decreasing with leaching cycle. 

 

Fig.-7: SEM of sand of Padma river            

III.III ENERGY DISPERSIVE X-RAY 

SPECTROSCOPY 

Energy Dispersive X-ray Spectroscopy ( SEM ) was 

used to characterize the elemental composition. Here 

Peaks of Oxygen, and silicon (from left to right) are 

presence in one-cycle leached alloy but after three-cycle 

of purification, only peak of silicon exist, shown in fig.-

8. 
 

 

Fig.-8(a): EDX repot of  sand of Padma river 

 

 

Fig.-8(b): EDX report of leached Al-Si alloy. 

III.IV FT-IR ANALYSIS 

Different vibrational modes of bonding of sand were 
investigated using FTIR spectroscopy. Fig.-9(a) shows 
the FT-IR spectrum of fractionated sand. Respective 
vibrational modes for different functional groups were 
analyzed with standard FT-IR data presented in table-1. 

 

Fig.-9: FT-IR report (T% vs cm⁻¹) of sand after annealing. 

III.V  X-RAY   FLUORESCENCE 

XRF (X-ray fluorescence) was used to characterize the 
chemical nature of sand. It is a commonly used 
technique for identification and quantification of 
elements in a sample.  Silicon content of sand before 
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and after grinding was found to be around 88% and 95% 
respectively by XRF. 

Table-2(a): XRF data of leached Si-Al Sand 
 

Element Intensity Content (%) 

Si 62.0019 88.5564 

Al 1.0000 0.7538 

Mg 0.3745 0.0000 

Ti 0.0048 0.0568 

 Mn 1.5225 10.1464 

Fe 0.5127 0.4352 

Ni 0.0000 0.0000 

Cu 0.0381 0.0133 

Zn 0.0290 0.0084 

Sn 0.0434 0.0147 

Sr 0.0000 0.0000 

Pb 0.0251 0.0050 

Table-2(b): XRF data of leached Si-Al alloy 

Element Intensity Content (%) 

Si 189.6419 95.4589 

Al 1.0000 0.2654 

Mg 0.7716 0.0000 

Ti 0.0049 0.0203 

 Mn 1.7804 4.1804 

Fe 0.1224 0.0366 

Ni 0.0000 0.0000 

Cu 0.0682 0.0088 

Zn 0.0716 0.0072 

Sn 0.0789 0.0095 

Sr 0.0053 0.0001 

Pb 0.0396 0.0027 

 

III.VI  X-RAY POWDER DIFFRACTION 
 

X-Ray powder diffraction (XRD) method was used to 

phase analysis to determine the presence of silicon. Here 

elements are detected to it’s peak with a widely used 

software “MATCH!3”. 

 

 
Fig-10(a): XRD report of sand of Padma river 

 

 
Fig-10(b): XRD report of Si-Al alloy. 

III.VII RAMAN SPECTROSCOPY 

 

The Raman peak of perfect crystalline silicon was at 520 

cm  Sample-1,sample-2 and sample-3 represent 1
st
,2

nd
 

and 3
rd

 times leached Si-Al alloy respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  Fig-11: Raman spectra of Al-Si alloy at different leaching cycles. 

CONCLUSION 
The Padma river sand contains elemental Si of about 
95% along with other elements as revealed by XRF 
quantification. FTIR analysis revealed that Si exists in 
the form of SiO2. For the reduction of this oxide to 
elemental Si, Aluminothermic process has been 
investigated. After purification in several steps Si was 
possible to extract. Although the process was not 
optimized for cost-effective production, it can be 
concluded that the low-energy intensive process of 
Aluminothermic could be an efficient process for the 
extraction of Si commercially from the sand of Padma 
river.  
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Abstract—Wireless sensor networks (WSN) consists of 

hundreds or thousands of wireless sensor nodes.WSN is 

one of the major emerging field comes under the sensor 

network. Low Energy Adaptive Clustering Hierarchy 

(LEACH) protocols are considered as the most popular 

routing protocol, which has better performance and saving 

the energy consumption. A lot of research on protocol to 

improve the network lifetime. Each node will alive 

neighbor node as well as the base station will 

communication to cluster head. One of the drawbacks of 

LEACH protocol is the uncontrolled selection of cluster 

heads which, in some rounds, leads to the concentration of 

them in a limited area due to the randomness of the 

selection procedure. In this paper, we have proposed 

Modified ILEACH, in which a cluster head is selected 

based on its ratio between the current residual energy level 

and an initial energy level, and multiplies by the root 

square of its number of neighbor nodes. Simulation results 

indicate that Modified ILEACH protocol outperforms 

LEACH protocol and ILEACH protocol under two-level 

homogeneity in terms of network life-time. 

Keywords—LEACH; Modified ILEACH Protocol; Wireless 

Sensor Networks; Cluster head. 

I.  INTRODUCTION  

WSN is composed of nodes to transfer data from 

nodes to sink and a base station [1]. WSN offer unique 

benefits and versatility in terms of low-power and low-

cost rapid deployment for applications [2].  In general, 

routing in WSNs can be classified into flat, hierarchical, 

and location-based routing, depending on the network 

structure. Hierarchical routing is a well-known 

technique [3]. Various routing protocols for WSNs are 

Direct Diffusion, LEACH, Threshold Sensitive Energy 

Efficient Sensor Network Protocol(TEEN), and 

Geographical Energy Aware Routing (GEAR) etc. 

Amongst them LEACH protocol is widely used in 

WSN, because this protocol dissipates the energy in low 

level. To increase the lifespan of the network, each node 

has to do only minimal work for transmitting the data. 

Here all the nodes are grouped into the clusters, and in 

each cluster one of the nodes is assigned as a Cluster 

Head (CH). CH collects the data from the surrounding 

nodes and passes it to the base station. LEACH 

algorithm has two phases. They are set up phase and 

steady state phase. Setup phase is used to choose a CH 

and steady state phase is used to maintain the CH during 

the transmission of data [4]. In this paper, we introduce 

Modified ILEACH, which selects a CH based on its 

ratio between the current residual energy level and an 

initial energy level, and multiplies by the root square of 

its number of neighbor nodes. Simulation results show 

that Modified ILEACH improves the lifetime of the 

network compared to the LEACH protocol and ILEACH 

protocol under two-level homogeneity. The remainder 

of this paper is as follows: we discuss the existing 

LEACH protocol in Section II and Section III we 

introduce the proposed Modified ILEACH protocol 

structure. In Section IV, we describe our model 

parameters and evaluate the performance through 

Simulations. In Section V, we discuss results analysis 

and discussion. Finally, Section VI concludes the paper. 

II. THE EXISTING LEACH PROTOCOL 

LEACH is one of the most popular cluster-based 

routing protocols in WSNs that minimize global energy 

usage by distributing the load to all nodes at different 

points in time [5]. LEACH-B (Balanced) an enhanced 

version of LEACH by finding the number of CHs which 

are near optimal . LEACH-B works similar to LEACH 

by selecting a random number between 0 and 1 and 

calculating the threshold value. The simulation results 

showed that there is performance improvement by using 

LEACH-B.The disadvantage of this protocol is that 

extra overhead for electing CHs[6]. Another protocol 

LEACH-C whose simulation results shows an 

enhancement based on the first dead node compared to 

LEACH and the traditional routing protocols (MTE and 

static clustering).The disadvantage is that LAECH-C 

does not fit for large area networks [7]. Moreover, the 
clustering protocol known as LEACH-E was proposed. 

In this protocol, the CHs are elected according to the 

energy left in each node .The drawback of LEACH-E is 

that it requires the assistance of a routing protocol which 

should inform the total energy of network to each 

node[8].Distributed energy efficient clustering (DEEC) 

is a dedicated design for energy heterogeneous scenarios 

where nodes are initialized at various energy 

levels[9].Power-efficient gathering in sensor 

information systems which makes a communication 



International Conference on Computer, Communication, Chemical, Materials and Electronic Engineering  
IC4ME2-2017, 26-27 January, 2017 

 
 

ISBN: 978-984-34-2030-5  87 
 

chain using a traveling sales person heuristic. In 

PEGASIS, each node only communicates with two close 

neighbors along the communication chain only a single 

designated node gathers data from other nodes and 

transmits the aggregated data to the sink node [10]. 

Hybrid Energy Efficient Distributed (HEED) protocol 

shows significant improvements to LEACH in terms of 

lifetime and throughput, but it is designed for fixed 

channel settings and thus not applicable for Cognitive 

Radio Sensor Network(CSRN)[11].The Stable Election 

Protocol(SEP), which was proposed in [12], is a 

heterogeneous aware protocol based on weighted 

election probabilities of each node to become a CH 

according to their respective energy. In SEP, however 

two level hierarchies are considered . 

III. THE PROPOSED MODIFIED ILEACH 

PROTOCOL STRUCTURE  

In this section, we describe the model and structure 

of Modified ILEACH protocol. 

A. Energy Model 

For this analysis, we use the first order radio model. 

The transmission cost ),( dlETX and reception 

cost )(lERX of l bits message between two nodes with 

their distance of d are considered. The energy 

consumption of a transmit side is given by:  

,,

0
2
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The receiver energy consumption of receiving l data is: 

elecTX lEdlE ),(                                                      

Where the parameter elecE  is the per bit energy 

dissipations for transmission and reception. We also use 

the free-space and multipath fading model according to 

the distance between the transmitter and receiver. One 

suitable choice for a threshold transmission 

distance 0d may be:
amp

fsd


0 .Where fs is the power 

loss of free space, and amp  is the power loss of multipath 

fading model models. If 0dd  , the free-space model 

will be employed; otherwise, the multipath fading model 

will be employed as shown in Fig.1. 

 

 

Fig. 1. The radio signal propagation model. 

B. Modified ILEACH Protocol 

Our Proposed Modified ILEACH protocol assigned 

a weight probability of a normal node, super node, and 

an advanced node. In this scheme, the initial energy 

0EEnrm  . For Super and advanced 

nodes,   01 EESup  and 

0)1( EEadv  respectively.Thus, the total initial energy 

of the system TotalE is given by: 

)1()1()1( 000 gfNENgENfEETotal  
       (3) 

0)1( NEgf     When
2

                        (4) 

Where f is the proportion of advanced nodes to the total 

number of nodes N with energy more than the remaining 

of the nodes, and g is the proportion of intermediate 

nodes. 

The weighted probability for normal node can be 

defined by: 

  gf

P
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1
                                              (5) 

We define the threshold for normal nodes, )( nrmST as 

follows: 
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 Where, T(Snrm) is the threshold applied to a population 

of N(1- f - g) for normal nodes 0E is the initial 

energy, cE  is the current residual energy, and Ni is the 

number of neighbors of the i-th node. The average 

number of CHs for normal node per round per epoch is 

given by: 

)1( gfN                                                   (8) 

The weight probability for super node can be defined 

by: 
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We define the threshold for super nodes, )( supST as 
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Where, )( supST is the threshold applied to a population of 

 1Ng for super node. The average number of CHs 

for Super node per round per epoch is given by: 

SupNgP                                                                      (12) 

Here, g is the proportion of super node and SupP is the 

weight  

probability of super node. 

The weight probability for advanced node can be 

defined by: 
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We define the threshold for advanced nodes, )( advST as 

follows. 

GSif

otherwise

E

P
rP

P

ST
adv

adv

adv

adv

adv

adv

ratio
























,

0

1
mod1)(        (14) 

Where, )( advST is the threshold applied to a population of 

 1Nf for advanced node. The average number of 

CHs for advanced node per round per epoch is given by: 

advNfP                                                                                                                       (15) 

Here, f is the proportion of advanced nodes to the total 

number of nodes N and advP is the weight probability for 

advanced node. 

IV. PERFORMANCE EVALUATION 

The basic simulation parameters used are listed in table 

I. 

TABLE I.  SIMULATION PARAMETER 

Parameter Value 

Network area (A) 100×100 

Energy consumption by the amplifier 

to transmit at a shorter distance  fs  
10 pJ/bit/m2 

Energy consumption by the amplifier 

to transmit at a longer distance  amp  
0.0013 pJ/bit/m4 

Energy consumed in the electronics 
circuit to the transmitter or receiver of 

the signal  elecE  
50 nJ/bit 

Initial energy of node  0E  0.25J, 0.50J 

WSN node number 100 

Data package size 500 bytes 

Packet header 25 bytes 

Position of sink (50, 50) 

Transmitter/receiver antenna height 0.082 m 

Transmitter/receiver antenna height 

gain 
1 

 

 

Fig. 2. The number of alive nodes versus the number of rounds with 

0.25J. 

 

Fig. 3. The number of alive nodes versus the number of rounds with 

0.5J. 

V. RESULTS ANALYSIS AND DISCUSSION 

Fig.2 shows that when the networking size is 100 × 

100,100 nodes with initial energy of 0.25J, the first dead 

node appeared at round 400 in LEACH, the first dead 

node appeared at round 480 in ILEACH under two-level 

homogeneity, and the first dead node appears after 

round 820 in Modified ILEACH protocol. Therefore, the 

performance of the propose Modified ILEACH protocol 

is better than the LEACH and the ILEACH protocol 

under two-level homogeneity. Fig.3 shows that when the 

networking size is 100 × 100, 100 nodes with initial 

energy of 0.5J, the first dead node appears at round 400 

in LEACH, the first dead node appears after round 760 

in ILEACH under two-level homogeneity, and the first 

dead node appears after round 1100 in Modified 

ILEACH protocol. Therefore, the performance of the 

propose Modified ILEACH protocol is better than the 

LEACH and the ILEACH protocol under two-level 

homogeneity. 

VI. CONCLUSION 

Wireless sensor networks are increasingly being used 

for health care, transportation, manufacturing, and much 

more. In this paper, we considered a well-known 

protocol for WSNs called the Modified ILEACH 

protocol, which acts as a remedy to the shortcomings of 

traditional LEACH protocol. It can solve the issue of the 

probability of each node to be selected as cluster head. 
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The proposed Modified ILEACH protocol shows a 

significant improvement in the network life time than 

that of either the conventional LEACH protocol scheme 

or the ILEACH protocol under two-level homogeneity 

scheme. 
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Abstract— Cognitive Femtocell is the heterogeneous 

networks that can fulfill the necessity of wireless 

communication in high traffic area (i.e. home, airport, 

indoor, and outdoor etc.). There are two types of base 

station such as Macro Base Station (MBS) that covers 

macro cell and other is a Cognitive Femto Acess Point 

(CFAP) that covers femtocell. MBS users are called MU or 

Primary user and CFAP users are called FU or Secondary 

user. Here Spectrum sensing and reporting times are 

applied to enhance the sensing lifetime by scheduling them 

in cognitive femtocell networks. In the existence, sensing 

scheme, all macro users (MUs) sense the Femto user (FU) 

signal to check the presence of the spectrum during a fixed 

sensing time slot. The sensing results from the FUs are 

reported to Cognitive Femto Access Point (CFAPs) during 

the reporting time slots of the FUs. The CFAPs forward 

them to a fusion center during the reporting time slots of 

the CFAPs by the common control channels respectively. 

In this paper, enhancing technique, which merges 

reporting time slots of FUs and CFAPs to sensing time slots 

of FUs by re-scheduling the reporting time slots that are 

sensing the spectrum more accurately. 

Keywords—Cognitive Radio; Femtocell;Femto-

User;Fusion Center;Macrocell 

I.  INTRODUCTION  

Spectrum shortage offers major challenges in the 
mobile communications when the demand of wireless 
applications and standards are increasing significantly. 
Recently by the statistics of United States Federal 
Communications Commission (FCC) shows that most of 
the assigned spectrum in the US is under-utilized [1]. 
Cognitive Radio (CR) is a form of wireless 
communication that can intelligently find 
communication channels which are free or not, if free 
then instantly move into vacant channels while avoiding 
occupied channels formats for your particular 
conference [11].  

Cooperative Spectrum Sensing (CSS) has three 
phases that are local sensing, reporting, and data fusion 
[2]. CSS performs some functional work such as the 
accuracy of the local sensing, reliability of the reporting 
channel, data fusion techniques [3]. In the processing of 
determine test statistics and a threshold for local 
sensing. When local sensing decisions are performed, 
then MAC access the control channel for reporting the 
sensing results [4]. 

The objective of this paper is to enhance spectrum 
sensing lifetime in cognitive femtocell networks that 
senses spectrum more efficiently. In this technique, 
fusion center is centralized sensing time, here Femto 
Users get greater sensing time for Macro User signal, 
Femto Users, and Cognitive Femto Access Points are 
allocated to different reporting time slots for reporting 
sensing time. Femto Users and Cognitive Femto Access 
Points (CFAP) reporting time are fixed that can remove 
synchronization problem in FC. Femto User is covered 
by some femtocell, each Femto User reports its local 
decision to CFAP and then forwards to FC for Global 
decision of sensing time. 

The rest of this paper is organized as follows.  The 
network system model assumed in this paper is 
described in Section II. The enhancing spectrum sensing 
lifetime technique is described in Section III. The 
performance of the enhancement of spectrum sensing 
time is verified by computer simulation in Section IV. 
Finally, conclusions are given in Section V. 

II. NETWORK SYSTEM MODEL 

A Macrocell contains N Femto Users, K femtocell, 
one Fusion Center and Macro User’s p=1, 2, 3…., P and 
the Cognitive Femto Access Points CFAPk, k=1, 2, 3.…, 
K. In this network, all FUs are separated into K 
femtocell each femtocell contains L Femto-Users.  It is 
collected sensing result from all FUs at the same 
femtocell. Cooperative spectrum sensing in the 
cognitive femtocell network is shown in Fig. 1.  

 

 

 

 

 

 

 

 

 

 

Figure 1: Spectrum sensing in Femtocell 
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The Femto-user and macro-users experience 

interference from other CFAPs as well as MBSs. Macro-

Users receive a signal from i-th MBS (As macro-user i-

th) through the n-th sub-channel can be formulated [5]: 
 

   (1)                                                                     

Where ηi, ηp,i and ηk,i denote path loss from serving 
MBS, the adjacent MBS pth and CFAP kth to macro-
user ith, ,  and tp,i

n 
respectively channel from 

serving MBS, the adjacent MBS mth and CFAT kth to 
macro-user ith. ui , up and vk denote the signal 
transmitted to macro-user ith, adjacent macro-user pth 
and femto-user kth respectively. σk

n
 denotes utility 

function of femocell kth through nth sub-channel, xi 
denote zero mean additive white Gaussian noise 
(AWGN) of the macro-user  ith.  

A. Signal-to-Interference and Noise Ratio(SINR) for 

Macro-User     

The SINR value for ith Macro-User through nth sub-
channel using equation (1) can be formulated as [5]: 

               (2) 

Where t,i
n
, tp,i

n
 and tk,i

n
 denote channel from serving 

MBS, the adjacent MBS mth and CFAT kth to macro-
user ith respectively. φi, φp,i and φk,i denote the average 
received SNR of macro-user ith for the serving MBS, 
the adjacent MBS pth, and CFAP kth respectively.  

Similarly, the received signal of femto-user served 
by CFAP jth (As Femto-user jth) through the nth sub-
channel can be represented as [5]. 

   

(3)                                                                                           

Where ηj , ηp,j and ηk,j denote the path loss from 
serving CFAP, the MBS pth and the adjacent CFAP kth 
to Femto-user jth respectively. t,j

n
, tp,j

n
 and tk,j

n
 denote 

channel from serving CFAP, the MBS pth and the 
adjacent CFAT kth to Femto-user jth respectively. uj , up 

and vk denote signal transmitted to Femto-user jth, macro-user  

pth  and adjacent CFAP kth respectively. xj Denotes an 
AWGN of femto-user jth.

 

B. Signal-to-Inferference and Noise Ration (SINR)for 

Femto-User 

The SINR value for jth Femto-user through nth sub-
channel using equation (3) can be formulated as [5]: 

                        (4) 

 Where t,j
n
, tp,j

n
 and tk,j

n
  denote channel from 

serving CFAP, the adjacent CFAP kth and MBB pth to 
femto-user jth respectively. φj, φp,j and φk,j are the average 
received SNR of  Femto-user jth   for the serving CFAP, 
the  MBS mth , and the adjacent CFAP kth respectively. 

C.  Energy Detection Algorithm for Spectrum Sensing 

 Flow chart for energy detection algorithm is shown 
in fig. 2. At the comparator, if the energy is greater than 
the threshold value, it means that the Macro user signal 
is present and it is not possible to use spectrum as a 
Femto user within the coverage area of the Macro users. 
However, if the energy is less than the predefined 
threshold value, the Macro user signal is not accessing 
its spectrum and it is possible to use the spectrum as a 
Femto user. 

 

 

 

 

 

 

 

        

 

Figure 2: Flow chart for Energy Detection Algorithm 

The energy detector algorithm decides between two 
hypotheses H1 and H0 for the presence or absence of 
macro-user signal. A Femto user received signal 
strength from a Macro user can be represented as: 

                          (5) 

Where Yj(t) is the receiving signal by jth FU, hj(t) is 
the channel gain between a Macro-User and jth FU, Sj(t) 
is the transmitted Macro User BPSK signal with 
variance  θ

2
n,j at jth FU, βj(t) is  Additive White 

Gaussian Noise (AWGN). 

The received signal power is given by each FU with 
the following formula [6-8]: 

                                               (6) 

Where Ej is tth sample of jth FU signal for spectrum 
sensing duration Ts an bandwidth Fs where Z= Ts Fs . 
The signal Ej is non-central Chi-square distributed 
random variation with 2T degrees of freedom under 
hypothesis H0 and H1 respectively. 

D.  Probability of Detection (Pd
j
) 

The Probability of detection for jth Femto- user 
according to [6-8]: 

                   (7) 

                                                                          (8) 

                                                                       (9) 
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Where φ is SNR of the receive macro-user signal at CFAP 

E.  Probability of False Alarm (Pf
j
) 

The Probability of false alarm for j-th Femto- user 
according to [6-8]: 

                                       (10) 

                                                                  (11) 

                                                                         (12) 

Jth FUs conventional sensing time Ts
con

 get from 
equation (9) and (12) .We get λ

n
 from equation (12) as: 

                                                       (13) 

Finally we get conventional sensing time  Ts
con 

 as: 

                                           (14)                                  

III. ENHANCING SPECTRUM SENSING LIFETIME 

TECHNIQUE 

In this paper, Femto-user (FU) reporting times and 
Cognitive Femto Access Point (CFAP) reporting times 
are merged with sensing the time of FU as a result 
sensing the time of FU that will increase [9-10]. In fig.3. 
describe FUKL is Kth Femtocell and Lth Femto-user. 
Here sensing time and reporting time of femtocell are Ts 
and Tr . Sensing the time of the first Femto-user of the 
first femtocell is FU11, which is same to sense the time 
of conventional sensing time slot Ts

11
= Ts that is 

calculated above. Except for FU11 , other FUs can sense 
spectrum during reporting time slot of FUs and CFAPs. 
As an example, we can sense the time of FU12 is  the  
Ts

12
= Ts + Ts

11
, then sensing the time of FU13 is Ts

13
= 

Ts
11

 + Ts
12 

where reporting time is same for all FUs and 
CFAPs .So we can write sensing time expression  for 
others next Femto-user FUk(l+1)  such  as: 

 

 

 

 

 

 

 

 

 

 

Figure 3: Enhance sensing lifetime Flow chart. 

                                                 (15) 

Where k= 1,2,3…………K and l=1,2,3………….L  are 
the number of Ffemtocells and the number of Femto-
users (FUs). 

In the first Femtocell sensing time is  

                                        (16) 

So total sensing time of K Femtocell within L  
Femto- users are denoted by 

                                               (17) 

(18)                                                                 

Where Tr,FU
fem

, Tr,CFAP
fem

 are Femto- user reporting 
time and Cognitive Femto Access Point Decision 
reporting time. 

Let us consider the probability of detection for 
conventional sensing time to be Pd(con)

j
 and probability 

of detection for no fixed sensing time is Pd(fem)
j
. When 

FU belongs to the first femtocell, the CFAP reporting 
time slot is not included in its sensing time. Substituting 
the value of Ts  Ts

1l
 in equation (5) .So we get  

                       (19) 

                 (20) 

Where Pd(fem)
j
≥ Pd(con)

j
 

When Femto user isn’t in the first Femtocell, in this 
case, sensing time that is substitution Ts

KL
 in equation 

(6), we get  

                    (21) 

IV. SIMULATION 

The following table shows the simulation parameters 
considered in this work.  

TABLE I. SIMULATION PARAMETER USED FOR 
SPECTRUM SENSING 

No. Simulation Parameter  Value 

1. Interference signal AWGN 

2. Modulation  BPSK 

3. Femto-Users(FUs) 8 

4. Femtocell number 4 

5. 
Femto-users number per 

femtocell 
2 

6. Sensing time of FUs     2 ms 

7. Average SNR -10,-5 

9. Sample Numbers 50-100 

10. Bandwidth  5MHz 
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A. Simulation Results for Enhancing Spectrum Sensing 

lifetime 

In Fig. 4, Fig. 5 and Fig.6 plot the probability of 
detection Pd Vs the probability of false alarm Pf under 
existing simulation and analytical value of sensing 
lifetime for fix SNR value of Femtocell 

In Fig.4 shows ROC curve that plots the probability 
of detection Pd Vs the probability of false alarm Pf using 
eq. (19) as red curve under existing sensing lifetime of 
Femtocell. 

In Fig.5 shows ROC curve that compares the 
plotting value of the probability of detection Vs the 
probability of false alarm under existing sensing lifetime 
plotting eq. (19) as red curve and our enhance sensing 
lifetime of Femtocell without reporting time plotting eq. 
(20) as blue curve. We can see blue curve is better. 

 

 

 

 

 

 

 

Figure 4: Probability of Detection Vs Probability of False Alarm 
under existing sensing lifetime 

 

 

 

 

 

 

 

 

Figure 5: Probability of Detection Vs Probability of false alarm 
Comparing existing sensing lifetime with enhancing sensing lifetime 

technique without reporting time 

 

 

 

 
 

 

 

Figure 6: Probability of Detection Vs Probability of false alarm 
Comparing existing sensing lifetime of enhancing sensing lifetime 

without and with reporting time 

In Fig.6 shows ROC curve that compares the 
plotting value of the probability of detection Vs the 
probability of false under existing sensing lifetime and 
our enhance sensing lifetime of Femtocell without and 
with reporting time. The plotting value of eq. (19) as the 
red curve is the result of existing sensing lifetime, eq. 
(20) as the blue curve is the result of our enhance 
lifetime without reporting time and eq. (21) as the green 
curve is the result of our enhancement of sensing 
lifetime with reporting time. We can see probability of 
detection increasing the enhancement of sensing lifetime 
technique that has greater sensing lifetime than the 
existing sensing lifetime as shown in fig.6 as the green 
curve. Here obtain better performance of higher Pd, for a 
fixed value of Pf, higher sensing time is required. So our 
sensing time means higher.  

V. CONCLUSION 

In this paper, we enhance spectrum sensing lifetime 
in cognitive femtocell networks. Here we sense channel 
that doesn't use nearby Macro user. In this sensing 
technique, performance is greater than conventional 
spectrum sensing scheme by merging reporting time 
slots of FUs and CFAPs with a sensing time of FUs, so 

enhancing sensing time is  in eq.(21). This could 
reduce the overall throughput of the system. 
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Abstract— The NaCl-KCl-FeCl3 inorganic salt system 

has been investigated as a low-temperature non-aqueous 

electrolyte. The system was found to be molten at low 

temperature. Differential thermal analysis (DTA) and 

Thermogravimetric analysis or thermal gravimetric 

analysis (TGA) confirmed the melting temperature of the 

various proportions of the salt system. The melting 

temperature of the salt system was heavily influenced by 

the proportion of the individual salts. The lowest eutectic 

melting temperature was found to be 82.93°C. The 

conductivity & the capacitance of the molten salt were 

determined by a triangular waveform voltage (TWV) 

process. Dependence of conductivity and capacitance with 

frequency was also investigated. The highest conductivity 

was found to be around 54 S.cm-1 for 30%NaCl-11%KCl-

59%FeCl3 proportion.  Cyclic voltammetry was done using 

the molten salt that also confirmed its nature as non-

aqueous electrolyte. Experimental results indicate that 

NaCl-KCl-FeCl3 molten salt can be efficient used as a low-

temperature non-aqueous electrolyte for electrolysis and 

electro-deposition. 

Keywords— Molten salt, Electrical conductivity & 

capacitance, TWV process, TGA, DTA 

I.  INTRODUCTION 

Molten salt is salt which is solid at standard 

temperature and pressure (STP) but enters the liquid 

phase due to elevated temperature. A salt that is 

normally liquid even at STP is usually called a room 

temperature ionic liquid, although technically molten 

salts are a class of ionic liquids. Molten salt is very 

important for electro deposition & electro-refining 

process. Molten salt technology has been used for many 

decades in industrial process heat transfer, thermal 

storage, heat treatment, high-temperature 

electrochemical plating, and other materials processing 

applications. Molten salt system with high 

conductivities have extensively been studied for the 

development of molten salt techniques, such as electro-

deposition of alloy metals, co-deposition of silica 

particles, electrolytes for secondary batteries, and 

plating magnetic data storage materials. In contrast 

molten salt can be used to provide electrochemical 

reactions without significant over voltages, to finely 

control the redox potential of the medium, and to 

significantly increase the rates of various processes. 

Different types of molten salt systems have been studied 

such as NaCl-KCl-AlCl3, NaCl-KCl-ZnCl2, NaCl-KCl-

FeCl3. The main problem of these systems is their 

higher melting temperature. In search of low-

temperature non-aqueous electrolyte researchers have 

investigated other salt systems. In this work we report 

the NaCl-KCl-FeCl3 molten salt system that will be used 

as a non-aqueous electrolyte. Various molar fraction of 

the salts were investigated but the 30%NaCl-11%KCl-

59%FeCl3 offered the lowest melting temperature with 

the required electrolytic conductivity. When 30%NaCl-

11%KCl-59%FeCl3 electrolyte was tested for the 

electro-deposition of Silicon from SiO2 reduction SiO2 

was found to occur. Experimental results indicate that 

30%NaCl-11%KCl-59%FeCl3 molten salt system could 

be a suitable electrolyte for electro-deposition. 

II. EXPERIMENTAL 

It was necessary to dry NaCl, KCl, FeCl3  for 

removing the moisture .Moisture had very bad effect on 

molten salts characteristics .So those chemical  were 

dried in an  oven (Carbolite CWF 12/13) for 3 hours at 

about 100°C.Those chemical were used for making 

various proportion molten salts. After heating, those 

chemical weights were measured for the various 

proportions. After measuring the chemicals for various 

proportions, those were mixture in a biker for made 

molten salts. It was necessary to heat the chemicals for 

making the molten salts .The heating process had done 

in an oven (Carbolite CWF 12/13) for 1 hour at about 

120°C. 

III. RESULTS AND DISCUSSION 

A. Determination of melting temperature of the ternary 

salt eutectic 

Mixture of salts exhibits the lowest melting point from 

any of the same mixture with the same components. The 

change in Gibbs free energy of a substance on the 

melting temperature can be expressed in terms of 

changes in the exothermic enthalpy and entropy 

changes. As shown in Table-1 three different molar 

combinations were experimented to find the lowest 

melting temperature. Differential Thermal Analysis 

(DTA) was used to measure the melting point of the salt 

mixtures. The samples were prepared by grinding them 

into powder using mortar and pestle. 50–70 mg of the 

mixture was placed on the crucible with ramped ambient 

to 400 ºC at 15 °C/min using air as the purge gas. The 
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various ratios showed various melting temperature.  

From DTA, the lowest melting point was found to be 

around 83°C.The lowest melting point was found from 

ratio-1. At room temperature, we can determine the 

conductivity & capacitance of the molten salts [8]. 

Table-1: Various samples 

Sample Mole Fraction of NaCl-KCl-FeCl3   

Sample-1 30%-11%-59% 

Sample-2 35%-17%-48% 

Sample-3 2%-51%-47% 

 

 
(a) 

  

  
(b) 

  
(c) 

Fig-1: DTA analysis for the Sample-1, Sample -2 & 

Sample -3. 

Fig-2:Molar ratio vs Melting temperature for salts 

system. 

B. Measurement of electrical conductivity 

A measurement cell was constructed to measure the 

electrical conductivity of the molten salt. The 

measurement cell consisted of a pair of parallel stainless 

steel electrode. The triangular waveform is supplied by a 

function generator. A digital oscilloscope was used to 

measure in the time domain the voltage applied to the 

cell u and the current going through the cell i. The rates 

of changes in u and i in the time domain were 

determined by software. 

  The key component of the apparatus is the 

measurement cell. Each stainless steel electrode has a 

length of 5 cm and wide of 0.5 cm. Using a fixed 

spacing (3cm) between electrodes to derive the electrical 

conductivity at a fixed cell constants. The electrical 

characteristics (conductivity & capacitance) of liquid 

molten salt mixture were determined by using TWV 

(Triangular Wave form Voltage) technique. 
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Fig-3:(a)Conductivity & (b)Capacitance measurement 

Both the capacitance & conductivity were changed with 

respect to frequency. For the purpose of the project, the 

measurement wascarried out at a temperature around 

200°C. The frequency range was from 200Hz to 

200kHz. During the measurement it was seen that there 

is an inverse relation between capacitance & frequency. 

Conductivity follows the same relationship. Although 

Sample-1 offered the lowest melting temperature the 

conductivity was lowest for the Sample-2.  

                  
Fig-4: Mole fraction vs Conductivity at 200 Hz. 

 

 
Fig-5. CVs of Sample-2 molten salt 

Using Cyclic voltammetry (CV) the performance of the 
molten salt was as a non-aqueous electrolyte was 
investigated. As the electrical conductivity of the 
electrolyte is important Sample-1 (30%NaCl-11%KCl-
59%FeCl3) was experimented. Moreover the melting 
temperatures of Sample-1 and Sample-2 were nearly 
same. An example of CV is presented in Fig-5, where Si 
was deposited onto a Copper substrate from the sand 
powder (SiO2) obtained from Padma river with molten 
Sample-1 as the electrolyte. The CV was recorded at a 
sweep rate of 0.02 Vs

-1
 and at 87°C.In comparison to the 

bare electrode (dash line), a sharp cathodic reduction 
peak at a potential of 2.50V (vs. Ag) accompanied by a 
anodic peak at 1.0 V during scan reversal was observed 
(solid line).  

IV. CONCLUSION 

It can be concluded from the experimental results that 
NaCl-KCl-FeCl3 salt system can be used as non-aqueous 
electrolyte in their combined molten state. The eutectic 
temperature of the salt system depends on the molar 
percentage of the individual salt. The lowest eutectic 
temperature was found to be ~83°C for a mole-fraction 
of 30%NaCl-11%KCl-59%FeCl3.The highest electrical 
conductivity was offered by Sample-1 (30%NaCl-
11%KCl-59%FeCl3). Melting temperature of Sample-2 
was~87°C.The melting temperature and electrical 
conductivity were found to be heavily dependent on the 
mole-fraction of the eutectic mixture of the ternary 
inorganic salts. Experimental results, particularly, 
Cyclic voltammetry indicates that the NaCl-KCl-FeCl3 
salt system can be used as non-aqueous electrolyte that 
might enable us to do electrolysis and electro-deposition 
at low-temperature. 
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Abstract--Gait recognition is one of the most recent 

emerging techniques of human biometric which can be used 

for security based purposes having unobtrusive learning 

method. In comparison with other bio-metrics gait analysis 

has some special security features. Most of the biometric 

technique uses sequential template based component 

analysis for recognition. Comparing with those methods, we 

proposed a developed technique for gait identification using 

the feature Gait Energy Image (GEI). GEI representation of 

gait contains all information of each image in one gait cycle 

and requires less storage and low processing speed. As only 

one image is enough to store the necessary information in 

GEI feature recognition process is very easier than any other 

feature for gait recognition. Gait recognition has some 

limitations in recognition process like viewing angle 

variation, walking speed, clothes, carrying load etc. Our 

proposed method in the paper compares the recognition 

performance with template based feature extraction which 

needs to process each frame in the cycle. We use GEI which 

gives relatively all information about all the frames in the 

cycle and results in better performance than other feature of 

gait analysis.  
 

Keywords— Gait analysis, Walking cycle, Gait Energy 

Image, Unsupervised learning. 

I.  INTRODUCTION 

 Gait is a human biometry that indicates human unique 

walking style, body movements, and the activity of 

muscles at the time of walking or running. Human 

walking is a periodic incident. Starting from stepping 

the right leg then putting the left leg and again putting 

the right leg on the ground is considered as one gait 

cycle or gait period. Human has 32 sets of gait feature 

data like stribe, torso, hand, angle of joints, distance of 

foots and foot length etc. Gait analysis includes image 

processing like other bio-metric technique. In 

recognizing people using gait analysis first video is 

captured from distance with a static camera. Gait 

recognition approach is mainly divided into two major 

categories as model based approach and motion based 

approach [1]. Model based approach focuses on area 

related information likely stride, torso while motion 

based approach works with silhouette. Silhouette is the 

vivid portion of foreground in front of a dim 

background and is extracted from the video [2]. GEI is 

then found from the silhouettes. Silhouettes are 

extracted from video frame captured by camera using 

background subtractions. Gait analysis implementation 

has three basic types. These are i) Machine Vision 

(MV), ii) Floor Sensor (FS), iii) Wearable Sensor (WS). 

Machine vision based technique is the most common 

way that captures video of the surveillance area [3]. 

Floor sensor detect motion of human when he/she walks 

over the sensor mat on the ground. People wear a sensor 

in the part of leg and respective data are recorded. In 

GEI based recognition each extracted silhouette contains 

average information about several frames in the nearby 

frames [4]. Gait recognition performance is affected by 

some external facts like wearing trouser, carrying load, 

viewing angle and some internal fact like temporary or 

permanent injury, drunkenness and pregnancy. 

II. RELATED WORKS 

Concept of gait analysis is very old. Aristotle (384–322 

BCE) is the person who commented about the manner in 

which human walk. Willhelm(1804–1891) and Eduard 

(1806–1871) Weber, working in Leipzig who made the 

next major contribution based on very simple 

measurements. Verne Inman (1905–1980) and Howard 

Eberhart (1906–1993) made major advances in America 

shortly after the Second World War. In recent years the 

first and initially most popular mechanism for 

measuring gait was computer vision. One vision 

approach proved to be practical for tracking people in 

large, open spaces if cameras can be placed high above 

the area. Another project uses Markov models to 

sequence the various postures of a person while 

walking. Computer vision has also been used for people 

counting systems [5]. The vision approaches are 

generally limited by the requirement for a specific 

camera vantage point or other physical attribute. Thus, 

in cases where the vision requirements cannot be met, 

other approaches are more practical. One such method 

utilizes continuous wave radar [6]. The strength of the 

wave radar approach is to determining the presence or 

absence of humans. The work in this paper focuses a 
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step further on how to identify specific people after the 

detection of a person has occurred. Many related 

projects use accelerometers to identify a person based 

on gait. Accelerometers are attached to the person either 

at the leg or the small of the back. All these approaches, 

use accelerometer data, not gyroscope data for 

recognition purpose using gait analysis [7]. Also 

Gafurav’s method uses only use accelerometer data for 

gait recognition rather than gyroscope data [8]. 

III. PROPOSED METHODOLOGY 

Our proposed methodology for gait recognition uses the 

CASIA-B multiview dataset. The dataset contains 

preprocessed silhouette for training into the machine. 

Our system has training and testing period. In training 

period, video of the surveillance area was captured by 

using a static camera. Then frames were extracted from 

the video. All possible frames were selected in one 

complete gait cycle and GEI was extracted from those 

selected frames.  

 

Training procedure                       Testing procedure                                        

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: The proposed methodology. 

 

The final GEI was learned into the machine as reference 

database. In testing period, video frames were input 

from CASIA-B multiview database as experimental 

setup was simulation based. The GEI of gait cycle was 

extracted and similarity with stored GEI in the database 

was measured. Finally, the recognition result was 

obtained. The proposed methodology can identify and 

verify person in the surveillance area. When GEI of 

testing period was matched with GEI in database, the 

person was identified. Otherwise the person is verified 

as unauthorized entry. The main concept of our 

methodology was shown in figure 1. 

 

IV. IMPLMENTATION 

GAIT ENERGY IMAGE 

Human walking style is a periodic nature. Each cycle 

contain several frames. Gait Energy Image (GEI) is 

mainly average of all silhouete in one gait cycle [9]. GEI 

represent most possible information of the image 

sequences. GEI is less affected by the noise as only one 

image to be processed.  

Bt (x, y) at time t in a sequence, the gait energy image 

(GEI) is defined as follows: 

G(x,y) = 
 

 
∑        

 
                                         (1) 

Where N is the number of frames in one complete gait 

cycle(s) of a walking person, t is the frame number in 

the sequence (moment of time), and x and y are values 

in the 2D image coordinate. If we consider a noisy 

silhouette image, Bt (x, y) that is formed by the addition 

of noise         to an original silhouette image ft (x,y) 

that is Bt (x, y) = ft (x,y)+        . Under these 

constraints, we further assume that         satisfies 

the distribution that is described by the following 

equation: 

 

        

{
 
 

 
 

          {           }    

 {          }                     
 

           {          }    

 {          }                     

                  (2) 

We have 

E {       } = {
                        

                          
                     (3) 

Example of GEI extraction from a sequence of image is 

given in figure 2. Here four images from one gait cycle 

was taken and the GEI found at last which contains  

information of all portion of one complete gait cycle. 

FEATURE EXTRACTION 

GEI was used as feature in the experiment. As GEI 

contains all information of complete gait cycle, one 

frame was enough for recognition process. To ensure 

Frame extraction 

Captured video 

using camera 

Input images 

from CASIA 

dataset B 

 

Learn data into 

machine 

 

Gait period 

estimation and 

GEI extraction 

GEI 

extraction 

 

Gait similarity 

measurement 

Recognition 

result 
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perfect GEI extraction the only body potionrt of a 

human being (Region of Interest, ROI) was extracted 

from the background. Training machine with such one 

frame was comparatively easy than other methods. 

Besides, less storage memory and processing time  were 

required. Input images were selected and then checked 

with the trained database. 

V. EXPERIMENTAL RESULT 

Gait recognition was done using the sample data. But 

real life data may cause difficulty to the recognition 

process. As the outcome we have found, the rate of 

recognition is quite better than the other existing method 

for gait analysis.Required time for recognition decreases 

in a large scale. The time comparision for data matching 

in template based and GEI based method is shown in the 

following table: 

Table 1: Time comparison of Template based and GEI 

Based recognition. 

Method 

 

No. of 

person 

Image in 

each  

sequence 

Time 

needed 

(s) 

Total 

image 

processed 

Template 32 352 2.84 352 

GEI  32 352 1.61 32 

 

Time needed in template based recognition, t(m)=2.84 s 

Time needed in GEI based recognition, t(g)=1.61 s 

Different of time, t(d)   = {t(m)-t(g)} s 

                                      = (2.84-1.61) s 

                                      = 1.23 s 

Time reduced = (1.23/2.84) *100% 

                       = 43.31% 

So, time efficiency is 43.31% in GEI based method than 

template based method. 

We had trained machine with different number of 

people at different time. Each time result was different 

depending on the number of total image in the database. 

We found nearly 60% accurecy rate in our experiment. 

Average gait recognition result was found as listed in 

table 2. 

Table-2: Gait recognition rate using GEI. 

 

The comparison of performance with other method is 

shown in figure 3, which reveals that our proposed 

methodology has improved performance than some other 

established methods.  

 

Figure 3: Gait Recognition Rate comparison. 

 

 

The FG and Singular Value Decomposition (SVD), Gait 

Energy Image (GEI) -TSVD both method has nearly 

36% accuracy rate. Yu’s method has recognition rate of 

32% and Robust View Transformation Method (RVTM) 
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Figure 2: GEI Extraction of the frames in one complete gait cycle 
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has 51% accuracy. Ours proposed methodology has 

nearly 57% of recognition rate [10]. 

 

VI. CONCLUSION 

We have just tested with the sample data for recognition 

process. Due to use sample data, recognition rate was 

very high. In future, the system will be developed by 

increasing the number of testing data to attain an 

improved recognition result. Real time video capturing 

and feature extraction for real data will be designed. In 

future this work will be done to ensure a sophisticated 

real type system implementation. Also recognition of 

multiple in the same frame will be considered in future. 
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Abstract— Polyaniline (PANi) has been the most 

extensively studied system due to its electrical and 

electrochemical properties, good environmental stability, 

high conductivity in doped form, low monomer cost, ease 

of polymerization and use for potential applications in 

energy storage devices, electron field emitters, chemical 

and biological sensors, actuators etc. In this investigation a 

simple route has been devised to prepare magnetic PANi 

composite polymer particles. It is expected that such 

modification would diversify the application potential in 

drug delivery and separation technology. Here we first 

prepared polystyrene (PS) seed particles by dispersion 

polymerization of styrene in ethanol using oil soluble 

initiator. Then magnetic PANi composite particles were 

prepared by one step simultaneous seeded oxidative 

polymerization of aniline and precipitation of Fe3O4 

nanoparticle in presence of PS seed particles. Here 

formation of Fe3O4 particles was effected by the addition of  

FeSO4, FeCl3 was used as an oxidant, and p-toluene 

sulfonic acid was used as dopant. The produced composite 

particles are abbreviated as PS/PANi-Fe3O4. The surface 

structure, morphology and size distribution of the 

prepared composite particles were analyzed by FTIR, 

electron microscopy, X-ray diffraction (XRD), 

thermogravimetric analysis (TGA). The performance of 

PS/PANi-Fe3O4 composite particles was evaluated for the 

removal of Cr(VI) from water. The produced composite 

particles exhibited good ion-exchange property and the 

magnetic property effected the easy separation of 

composite particles from the adsorption medium by 

employing magnetic field. 
 

     Keywords— Polyaniline (PANi), Seeded oxidative 

polymerization, Electrical conductivity, Magnetic separation.  

I. INTRODUCTION 

Magnetic polyaniline composites represent a class of 

functional materials, where magnetic nanoparticles are 

embedded in polymer matrices [1–3]. These 

nanocomposites hold great potential for applications in 

various fields, for example, storage information, power 

distribution, microwave communication, permeability 

and microwave absorption, electromagnetic device 

application, shape-memory, and electromagnetic 

interference suppression [4–7]. Among the various 

magnetic dispersions, magnetite nanoparticles (Fe3O4) 

are useful because of their low toxicity, high saturation 

magnetization [8-10].  All these applications require the 

Fe3O4 to be chemically stable with uniform particle size, 

and well dispersed in aqueous medium. Nevertheless, 

preparation of stable Fe3O4 is a challenge as the nano 

particles possess high surface area to volume ratios and 

tend to aggregate to reduce their surface energy. In 

addition, the strong magnetic dipole–dipole interaction 

and van der Waal’s attractive forces among the 

nanoparticles also cause the particles to aggregate. 

Consequently, these materials show poor magnetic 

properties and low dispersibility. One of the important 

strategies to overcome the above limitations is to shield 

the Fe3O4 by coating them with macrocyclic surfactants, 

polymers, inorganic metals, or oxides [11]. Particularly, 

polyaniline (PANi) has been subject of intense study 

because of its excellent electrical and chemical 

properties low monomer cost, ease of polymerization 

and useful for potential applications [12]. 

The aim of this investigation is to report a simple two-

step process for the preparation of micron-sized 

magnetic PANi composite particles. Such composite 

particles can be useful as stationary phase in 

chromatographic column for the ion-exchange 

separation of toxic metal ions preventing elution of 

particles with the effluent. The magnetic property can 

also promote the separation of adsorbent from the 

dispersion media. So in general the magnetic PANi 

composite particles may find application in separation 

technology. The preparation of these magnetic 

composite particles is shown in Scheme 1. 

 
Scheme 1. Illustration for formation of PS/PANi-Fe3O4 composite 

particles. 

II. EXPERIMENTAL 

2.1. Chemicals and Instruments 

Styrene of monomer grade, purchased from Fluka, 

Chemika, Switzerland, was purified with aqueous 10% 

NaOH  solution and subsequently dehydratd by stirring 

with anhydrous CaO. Poly (N-vinylpyrrolidone) (PVP) 
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from Fluka, Chemika, Switzerland of molecular weight 

3.6 ×10
5
 g/mol was used as a polymeric stabilizer. Tri-

caprylylmethylammoniumchloride (aliquate
336

) from 

Fluka, Chemika, Switzerland  was used as cationic co-

stabilizer. 2,2′-Azobisisobutyronitrile(AIBN) from 

LOBA Chem. India, was recrystallized from ethanol and 

preserved in the refrigerator before use. Aniline of 

monomer grade, purchased from Thomas Baker, 

(Chemicals) Limited, India, used without any 

purification. Ferric Chloride (FeCl3), ferrous sulphate 

heptahydrate (FeSO4), citric acid, rectified spirit, 

ammonium per sulphate (APS), ammonium hydroxide 

(NH4OH), p-Toluene sulfonic acid (p-TSA) and other 

chemicals were of analytical grade. Deionized water 

was distilled using a glass distillation apparatus. 
 

Scanning electron microscope or SEM (Hitachi, 

SU8000, Japan) was used to see the morphology and 

particle size distribution. IR spectrophotometer, FTIR 

(Perkin Elmer, FTIR-100, UK), X-ray diffractometer, 

XRD (Raigaku, RINT D/max-kA) was used for 

analyses. Thermal analyses were carried out using 

thermal analyzer, TGA (STA 8000, Perkin Elmer, 

Netherlands).  

2.2. Methodology 

2.2.1 Preparation of Polystyrene (PS) Seed Particles 

Polystyrne (PS) seed particles were prepared by 

dispersion polymerization of styrene (20 g) in presence 

of PVP (0.8 g) as a stabilizer, alliquate
336

 (0.23 g) as a 

co-stabiliser and AIBN (0.20 g) as an oil soluble 

initiator. The polymerization was carried out in a 250 

mL three necked round bottom flask under a nitrogen 

atmosphere for 24 h using mechanical stirrer.  The 

polymer particles were washed five times with distilled 

de-ionized water. The conversion was nearly 78.44% as 

measured gravimetrically using 0.2% hydroquinone as 

inhibitor.  

2.2.2 Preparation of PS/PANi-Fe3O4 Composite 

Particles 

PS/PANi-Fe3O4 composite particles were prepared by 

one step simultaneous seeded oxidative polymerization 

of aniline and precipitation of Fe3O4 nanoparticle in 

presence of PS seed particles. Here formation of Fe3O4 

particles was effected by the addition of FeSO4.7H2O, 

FeCl3 was used as an oxidant, p-TSA was used as 

dopant and citric acid as stabilizer. Here first 

Polystyrene emulsion containing 2.0 g solid was added 

to the round bottom flask. Then aniline monomer was 

dispersed in aqueous ammonia solution with ultrasonic 

stirring (6000 rpm) for one min to form white emulsion 

and then added to the PS seed emulsion. Then a solution 

of FeSO4.7H2O in water was added to the above 

emulsion and an aquous solution of  FeCl3 was added 

dropwise. When all the FeCl3 was added then p-TSA 

and citric acid were added. The reaction mixture was 

stirred with magnetic stirrer for 36 h under a nitrogen 

atmosphere. The particles were washed with 0.2M HCl 

solution and then washed with double distilled water 

until the supernatant was colorless. Detail preparation 

conditions are shown in Table 1. 

Table 1: PS/PANi-Fe3O4 composite particles by seeded oxidative 

polymerization. 

Ingredients Amounts (g) 

PSa) 24.53 

Aniline 0.40 

NH4OH (1M) 30.00 

FeSO4.7H2O 0.4514 

FeCl3 5.854 

Citric acid 1.2285 

p-TSA 2.0448 

Water 100.0 
      a)

solid content : 8.15% 

2.3. Adsorption of Cr (VI) onto  PS/PANi-Fe3O4 

composite particles 

The amount of Cr(VI) adsorbed onto  PS/PANi-Fe3O4 

composite particles was determined by diphenylcarbazid 

method. For each measurement, 0.05 g of PS/PANi-

Fe3O4 composite particles were mixed with 30 mL 

Cr(VI) aqueous solution to maintain the overall Cr(VI) 

concentration at 5 mg/L. In order to examine the 

adsorption behavior of Cr(VI) onto composite particles 

the amount of adsorption was measured at room 

temperature after allowing the mixture to stir 

magnetically at around 200 rpm for 2 h  at different pH 

values such as 2, 3, 5, 7, 9 and 11 respectively. The pH 

values were adjusted by using HCl or NaOH solution. 

The composite particles were separated magnetically 

followed by centrifugation at 10,000 rpm for 10 min. 

The Cr(VI) concentration in the medium was measured 

by diphenylcarbazid method by a visible 

spectrophotometer at the wavelength of 540 nm. The 

amount of adsorption was calculated by subtracting the 

Cr(VI) concentration in the medium from that of the 

initial concentration.     

III. RESULTS AND DISCUSSION  

In FTIR spectra Fig. 1 the characteristic absorption 

bands at 583 and 435 cm
-1

 could be attributed to the 

intrinsic Fe-O stretching of tetrahedral and octahedral 

sites, respectively. The broad band at 3435 cm
-1

 

represents the stretching vibration of surface water 

molecules or the envelope of hydrogen bonded surface 

―OH group. In the IR spectrum of PANi-Fe3O4 

composite particles the peaks at around 1560 and 1500 

cm
-1

 correspond to the C=C stretching vibrations of the 

quinoid and benzene rings respectively. The absorption 

band at 1293 cm
-1 

corresponds to the aromatic (C-N) 

stretching band of polyaniline. The intensity of 

characteristic peaks of Fe3O4 in PANi-Fe3O4 composite 

decreased, due to the interaction of 3d orbital of Fe3O4 

with nitrogen atom of PANi [13, 14]. Comparatively in 

PS/PANi-Fe3O4 composite particles the signals due to 



International Conference on Computer, Communication, Chemical, Materials and Electronic Engineering  
IC4ME2-2017, 26-27 January, 2017 

 
 

 

ISBN: 978-984-34-2030-5  104 
 

PS (not shown), Fe3O4 and PANi are visible. For 

example, the peaks between 3080-3030 cm
-1 

represent 

aromatic C-H stretching vibration. The absorption 

signals in the region 2923-
 
2849 cm

-1
 attribute to the 

stretching vibration of aliphatic C–H. The characteristic 

absorption bands due to Fe-O bonds appear at 544 and 

416 cm
-1

. These results confirm the modification of PS 

by magnetic PANi layer.  

 
 
 

Fig. 2 illustrates the SEM images of Fe3O4 

nanoparticles, PANi-Fe3O4 nanocomposite particles, PS 

seed particles and PS/PANi-Fe3O4 composite particles. 

All the particles irrespective of chemical composition 

are spherical in shape and the surfaces are smooth 

except those of modified PS/ PANi-Fe3O4 composite 

particles. The heterogeneous surface structure of 

PS/PANi-Fe3O4 composite particles suggests the 

modification of PS seed particles. The average diameter 

calculated from SEM images are 50 nm for Fe3O4 

particles, 349 nm for PANi-Fe3O4 composite particles, 

1390 nm  for PS particles, 1555 nm  for PS/PANi-

Fe3O4.  

a) b) 

c) 

 

 

TGA thermograms Fig. 3 give information about the 

composition of composite particles. The absolute mass 

loss of the uncoated Fe3O4 is 7.6% for the whole 

temperature range which is associated with the removal 

of adsorbed water [15]. The absolute mass loss for PS 

(not shown) reaches almost 100%. Compared to 

reference PANi-Fe3O4 composite particles (90%) the 

mass loss in PS/PANi-Fe3O4 composite particles is 

further reduced to 82%. Considering 100% mass loss for 

organic PS the amount of inorganic iron oxide 

incorporated in PS/PANi-Fe3O4 composite particles is 

around ca. 18%.  

a

b

c

 

 

The X-ray diffraction plots of Fe3O4 nanoparticles, 

PANi- Fe3O4 composite particles, and PS/PANi-Fe3O4 

composite particles are shown in Fig. 1. In Fe3O4 

nanoparticles six characteristic diffraction signals are 

appeared at two theta values of 30.3°, 35.48°, 43.36°, 

54.32°, 57.62° and 64.10° respectively. These signal 

positions can be indexed to (220), (311), (400), (422), 

(511) and (440) and matched well with the database of 

magnetite in the JCPDS International Center (JCPDS 

Card: 19–0629). This data suggested that magnetic 

Fe3O4 particles are pure crystalline with any impurity 

phases [16]. In PANi-Fe3O4 and modified PS composite 

particles similar diffraction peaks corresponding to 

Fe3O4 are observed with reduced intensity possibly 

attributed to lower Fe3O4 content. This demonstrates that 

the structure of Fe3O4 did not change during the 

synthesis of magnetic composite particles. Additionally 

in composite particles there exists a broad reflection 

band at around 20° which is comparable to the 

amorphous PS seed particles. This overall result 

confirms the presence of amorphous PANi and PS  

segment in the magnetic composite particles. 

 
 

Fig. 1. FTIR spectra of a) Fe3O4 nanoparticles b) PANi-Fe3O4 

composite particles c) PS/PANi-Fe3O4 composite particles 

 

Fig. 3.  TGA thermograms of a) Fe3O4 nanoparticles particles b) 

PANi-Fe3O4 composite particles c) PS/PANi-Fe3O4 composite 
particles . 

 

Fig. 4. XRD spectra of a) Fe3O4 nanoparticles b) PANi-Fe3O4 

composite particles c) PS/PANi-Fe3O4 composite particles. 

Fig. 2. SEM images of a) Fe3O4 nanoparticles, b) PS seed particles and 

c) PS/PANi-Fe3O4 composite particles. The scale represents 5 µm. 
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The effect of initial solution pH on the removal of 

Cr(VI) by the PS/PANi-Fe3O4 composite particles is 

shown in Fig. 5. It is evident that the highest (100%) 

Cr(VI) removal efficiency was found for the PS/PANi-

Fe3O4 composite at pH 2.0 and 99.40% at pH 3.0 when 

0.05 g composite particles were employed in 5 mg/L 

Cr(VI) solution (see inset in Fig. 5).   With further 

increase in pH value, removal percentage of Cr(VI) ions 

reduces to 31.50% at pH 11.0. It has been reported that 

the speciation of Cr(VI) in aqueous solution is strongly 

pH-dependent.  In the range of pH 2.0–6.0, the 

predominant Cr(VI) species are monovalent bichromate 

(HCrO4
−
) and divalent dichromate (Cr2O7

2−
) and above 

pH 6, the dominant species is chromate (CrO4
2−

) ions 

[17]. The higher the removal efficiency in the acidic pH 

range is due to the anion exchange property of the 

PS/PANi-Fe3O4 composite by replacing the doped Cl
− 

ions with either HCrO4
− 

or Cr2O7
2−

 ions.  Reduction of 

Cr (VI) removal efficiency under the alkaline pH is due 

to the competitive interaction between the hydroxyl 

(OH
−
) ions and CrO4

2−
 ions for the same sorption sites 

on the adsorbent surface [17]. 
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IV. CONCLUSION 

In this research, it was attempted to prepare and 

characterize magnetic polyaniline composite particles. 

The synthesized particles were confirmed by FT-IR 

spectra, TGA, SEM, XRD. The high efficiency of these 

particles in the removal of Cr(VI) from waste water may 

be due to their high adsorption ability and easy 

separation by external magnetic field. 
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Abstract— Porous ceramic like alumina (Al2O3) is 

considered to be useful in a wide range of applications 

including catalysts, effective adsorbents, filtering 

membrane etc. On the other hand nano-sized 

superparamagnetic magnetite (Fe3O4) is used in 

applications such as information storage, magnetic 

refrigeration, MRI, targeted drug delivery etc. Fe3O4 

nanoparticles have received extensive attentions due to 

their unique magnetic properties, feasibility of preparation 

and easy separation by external magnetic field. 

Combination of above two kinds of materials develops a 

ceramic-nanoceramic composite endowed with synergic 

and improved properties in the environmental and 

biotechnology fields. At first, γ-Al2O3 nanoparticles were 

prepared by conventional sol-gel method and 

superparamagnetic Fe3O4 nanoparticles were prepared by 

in situ co-precipitation of Fe2+ and Fe3+ from their aqueous 

alkaline solution. In order to improve the colloidal 

stability, the synthesized γ-Al2O3/Fe3O4 nanocomposite was 

coated with silica to prepare γ-Al2O3/Fe3O4/SiO2 

nanocomposite particles. The surface modification, 

morphology and size distribution of the prepared 

composite particles were confirmed by FTIR, scanning 

electron microscope (SEM), thermogravimetric analysis 

(TGA), X-ray diffraction (XRD).  
 

      Keywords— γ-Alumina (γ-Al2O3), Superparamagnetic, 

Sol-gel method, Stőber process, Ceramic-nanoceramic 

composite. 

I. INTRODUCTION 

       In the society of 21
st
 century, to solve the global 

environmental problems, new materials needs to be 

developed and the concern to ceramics is increasing. 

Now a day there is increasing interest in multi response 

inorganic nanocomposite metal oxides more potently 

porous ceramics and magnetic metal oxides. Clean 

water, free from toxic chemicals, is important to human 

beings. Removal of inorganic and organic pollutants 

from waters has been one of the major investigations in 

the last few decades. A large number of nanoadsorbents 

such as nanosized metal oxides like ferric oxides [1,2,3], 

zinc oxides [4], aluminium oxides [5] etc. are classified 

as the promising ones for heavy metals and organic     

pollutants removal from aqueous system. Adsorption 

technique is quite popular due to simplicity and high 

efficiency, as well as the availability of a wide range of 

adsorbents [6]. Porous ceramic particles (Al2O3) have 

wide variety of applications such as electrical insulator, 

presenting exceptionally high resistance to chemical 

agents, as well as giving excellent performance as a 

catalyst or catalytic support for many chemical reactions 

[7] and as an adsorbent [8] for water purification [9]. 

Magnetite (Fe3O4) nanoparticles have received extensive 

attention due to their unique magnetic properties, 

feasibility of preparation [10-12], unique characteristics 

resulting from their finite size, for example their high 

surface area, high surface reactivity, a large number of 

active sites on the surface, high catalytic efficiency, and 

strong adsorption ability [13-17] and easy method of 

separation as compared to the time consuming 

separation processes such as filtration and 

centrifugation. Combining above two kinds of materials 

would give ceramic-nanoceramic composite with 

synergic and improved properties suitable for 

application in environmental and biomedical fields. 

However the poor chemical stability, biocompatibility 

and dispersibility may limit their application potential 

under diverse industrial conditions. In order to improve 

the performance of γ-Al2O3/Fe3O4 nanocomposite the 

encapsulation of such particles with a biocompatible, 

stable layer is essential. Silica (SiO2) is promising one 

for this purpose. In the present research our aim is to 

prepare tri-layered magnetic ceramic nanocomposite due 

to the advantage of combining unique properties of both 

the materials in a single entity. At first, γ- Al2O3 

nanoparticles were prepared by conventional sol-gel 

method. γ-Al2O3/Fe3O4 nanocomposite particles were 

prepared by in situ co-precipitation of Fe
2+

 and Fe
3+

 

from their aqueous alkaline solution. In order to improve 

the colloidal stability, the synthesized γ-Al2O3/Fe3O4 

nanocomposite was coated with silica by stőber process 

to prepare tri-layered γ-Al2O3/Fe3O4/SiO2 

nanocomposite particles. The use of biocompatible, 

stable silica nanofiller will not only prevent the 

aggregation of magnetic nanocomposite particles but 

also can provide sufficient interaction between organic 

and inorganic phases for further modification or 

functionalization with organic polymer [18].   
 

                             II.      Experimental 

2.1. Materials 

Aluminium nitrate nonahydrate Al(NO3)3,9H2O and 

urea both from E-Merck, Germany, cationic surfactant 

cetyl trimethyl ammonium bromide (CTAB) from 

Fluka, Biochemica, Switzerland were used without 

purification. Tetraethyl orthosilicate (TEOS) from 

Sigma-Aldrich Chemie, USA, was preserved in 

refrigerator before use. Ferric chloride (FeCl3), ferrous 
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sulphate heptahydrate (FeSO4.7H2O), NH4OH, citric 

acid, HNO3 acid and other chemicals were of analytical 

grade. Deionized water and ethanol (EtOH) were 

distilled using a glass (pyrex) distillation apparatus. 

Scanning electron microscope or SEM (Hitachi, 

SU8000, Japan) was used to see the morphology and 

particle size distribution. IR spectrophotometer, FTIR 

(Perkin Elmer, FTIR-100, UK) and X-ray 

diffractometer, XRD (Raigaku, RINT D/max-kA) were 

used for analyses. Thermal analyses were carried out 

using thermal analyzer, TGA (STA 8000, Perkin Elmer, 

Neatherlands).  

2.2. Methodology 
 

2.2.1. Preperation of γ-Al2O3 Particles 
 

Al(NO3)3,9H2O (35 g), distilled deionized water (35 g) 

and urea (72 g) were mixed keeping the molar ratio of 

Al
3+

/urea at 1/13 and stirred for about 1h. The Al/urea 

saturated solution was stirred and heated at 90°C for 

around 12 h to yield Al2O3 sol. The sol was heated for 

another 3 h to a transparent gel. The freshly prepared 

Al2O3 gel was dried at 300°C for 3 h to eliminate the 

remaining urea and nitrate and resulted in porous, 

amorphous γ-Al2O3 powder. 
 

2.2.2. Preparation of γ-Al2O3/Fe3O4 Nanocomposite 

Particles 
 

γ-Al2O3 particles (0.5 g) dispersed in 10 g water 

containing 0.0125 g cationic surfactant (CTAB) was 

added to water (51.50 g) and cooled to 0-5°C in an ice 

water bath under nitrogen gas bubbling. Nano-sized 

Fe3O4 particles were prepared by co-precipitation of 

Fe
2+

 and Fe
3+ 

from their aqueous alkaline solutions 

(molar ratio 1:1.87). For this purpose, FeSO4
.
7H2O 

(0.3753 g) and FeCl3 (0.4380 g) were dissolved in water 

in presence of γ-Al2O3 dispersion followed by addition 

of 25% NH4OH (8 g) under nitrogen gas bubbling. The 

reaction mixture was heated at 85°C and stirred in an oil 

bath for 2 h. The prepared γ-Al2O3/Fe3O4 emulsion was 

treated with HNO3 (2M) (1.30 g) for 15 min and washed 

magnetically with water until the solution was neutral. 

The citric acid solution (0.4M) (5.60 g) was added 

slowly and stirred overnight to stabilize the prepared 

nanoceramic particles. Citrate stabilized γ-Al2O3/Fe3O4 

nanocomposite particles were repeatedly washed by 

deionized distilled water to remove excess citric acid.  
 

2.2.3. Preparation of γ-Al2O3/Fe3O4/SiO2 

Nanocomposite Particles 
 

Deionized water (2.0 g), EtOH (4.09 g), and CTAB 

powder (0.196 g) were mixed and stirred at 60°C for 

complete dissolution of CTAB. The citrate stabilized γ-

Al2O3/Fe3O4 composite particles (0.5 g) dispersed in 

water (24.75 g) was added to the mixture. After 30 min 

of adding 25% NH4OH solution (0.26 g), TEOS (0.5 g) 

was added dropwise. The mixture was stirred at 60°C 

for 2 h to get γ-Al2O3/ Fe3O4/SiO2 nanocomposite 

particles. 

III. RESULTS AND DISCUSSION 
 

The synthesized particles were characterized by FT-IR 

spectroscopy, TGA thermograms, XRD, and SEM 

images. 
 

Fig. 1 represents FT-IR spectra of Fe3O4 nanoparticles, 

γ-Al2O3 particles, γ-Al2O3/Fe3O4 and γ-

Al2O3/Fe3O4/SiO2 naocomposite particles. In the 

spectrum of Fe3O4 nanoparticles, characteristic 

stretching vibrations due to Fe-O bonds appeared at 398 

and 583 cm
-1 

respectively. In the spectrum of γ-Al2O3 

particles the absorption bands appeared  at ~521.34 and 

~797 cm
-1

 represent aluminium ions (Al
3+

) in octahedral 

and tetrahedral environments respectively. Broad O-H 

stretching band appeared at around 3444 cm
-1

 reveals 

the presence of hydroxyl groups. The additional peaks 

appeared in the region of 1100-1700 cm
-1

 show the 

presence of physisorbed water. These results are in 

agreement with the FT-IR spectrum of γ-Al2O3 as 

reported by others [19, 20]. In the FT-IR spectrum of 

citrate stabilized γ-Al2O3/Fe3O4 nanocomposite the 

absorption peaks of Al–O bond in the range of 400-800 

cm
-1 

cannot be identified due to their superimpose on the 

absorption peaks of Fe-O bond in the same region. A 

weak absorption band at ~1735 cm
- 1

 is observed which 

corresponds to C=O bond derived from citric acid. In 

the FT-IR spectrum of as-synthesized γ-

Al2O3/Fe3O4/SiO2 nanocomposite particles appearance 

of additional Si-O-Si asymmetric and symmetric 

stretching vibration bands at ~1027.82 and 799 cm
-1

 

respectively indicate the successful encapsulation of γ-

Al2O3/Fe3O4 nanocomposite particles by SiO2 layer. The 

bands at 1630 and 3435 cm
-1 

assigned to the H–O–H 

stretching modes and bending vibration of the free or 

adsorbed water respectively are present. 
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TGA profile of γ-Al2O3 particles illustrated in Fig. 2 

shows two major mass loss regions [21]. The initial 

mass loss occurred until ~136°C is due to the 

evaporation of physisorbed water and the second mass 

loss appeared at 280°C is due to dehydroxylation 

(caused by the breaking of Al-OH bonds). In TGA 

Fig. 1. FT-IR spectra of a) Fe3O4 nanoparticles, b) γ-Al2O3 particles, 

c) γ-Al2O3/Fe3O4 and d) γ-Al2O3/Fe3O4/SiO2 nanocomposite 
particles. 
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thermogram of γ-Al2O3/Fe3O4 nanocomposite thermal 

stability increases (mass loss reduces) due to the 

increase in inorganic content. The incorporation of silica 

layer in γ-Al2O3/Fe3O4 nanocomposite increases the 

mass loss by 0.78% although the overall inorganic 

content increases. This increase in mass loss is probably 

due to breaking of Si-OH bond in silica at higher 

temperature.                    

 
 
   
Fig. 3 represents the XRD diffraction patterns of γ-

Al2O3 particles, γ-Al2O3/Fe3O4 and γ-Al2O3/Fe3O4/SiO2 

nanocomposite particles. The X-ray diffraction pattern 

of γ-Al2O3 particles displays two distinct reflections at 

2Ɵ values of about 46.50° and 67.54° respectively. 

These are characteristic peaks for γ-Al2O3 particles and 

are in good agreement with the standard reflections 

(JCPDS No. 29-1486) [7, 22]. The reflection broadness 

suggests that the produced γ-Al2O3 is 

partially/completely amorphous. 

In the XRD spectra of γ-Al2O3/Fe3O4 the diffraction 

peaks at 2Ɵ of about 19.42
o
, 29.38°, 35.92°, 45.54°, 

57.92° and 64.08° respectively are corresponding to the 

standard diffraction patterns of the crystalline cubic 

spinel structure of Fe3O4 (JCPDS file No. 19-0629) [23, 

24]. In the spectrum of γ-Al2O3/Fe3O4/SiO2 

nanocomposite particles the characteristic broad 

diffraction signal for amorphous SiO2 at 2Ɵ of about 

20-25 [25] cannot be resolved due to their overlap with 

the signals of γ-Al2O3/Fe3O4 nanocomposites already 

exist in this region. Encapsulation of γ-Al2O3/Fe3O4 by 

silica layer is confirmed by broadening and weakening 

of the characteristic signals of γ-Al2O3 and Fe3O4. 
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Fig. 4 shows SEM images of γ-Al2O3 particles, γ-

Al2O3/Fe3O4 and γ-Al2O3/Fe3O4/SiO2 nanocomposite 

particles. 

From the SEM image of γ-Al2O3 particles some peculiar 

hexagonal flake shaped particles can be observed. 

However the formation of other numerous shaped 

particles is also possible which are not observed in the 

SEM image. Following precipitation of magnetic iron 

oxide on the surface of γ-Al2O3 particles, the 

morphology of γ-Al2O3/Fe3O4 nanocomposite particles 

bit changed to some needle like morphology. Such 

orientation may have occurred either during preparation 

or during drying for SEM sample preparation as rarely 

observed for magnetic particles [26]. The hexagonal 

shaped γ-Al2O3 particles become less visible and 

possibly covered with the Fe3O4 nanoparticles. The 

morphology of γ-Al2O3/Fe3O4/SiO2 nanocomposite 

particles is mostly spherical (Fig. 4c) and the needle like 

orientation of γ-Al2O3/Fe3O4 composite particles is 

almost disappeared, possibly owing to the weakened 

magnetic interaction resulted from the coverage with 

silica layer. The flake shaped γ-Al2O3 particles are not 

visible.   
 

a)

1 µm

b)

1 µm

c)

0.3 µm

 
 

              
 

All synthesized particles are strongly magnetic which 

has been confirmed by easy separation of the particles 

using external magnetic field. This has been illustrated 

in Fig. 5 for γ-Al2O3/Fe3O4/SiO2 nanocmposite particles. 

 

 

 

Fig. 2. TGA thermograms of a) γ-Al2O3 particles, b) γ-Al2O3/Fe3O4, 

and c) γ-Al2O3/ Fe3O4/SiO2 nanocomposite particles.   

 

Fig. 3.  XRD diffraction patterns of a) γ-Al2O3 particles, b) γ-

Al2O3/Fe3O4 and c) γ-Al2O3/Fe3O4/SiO2 nanocomposite particles. 

Fig. 4. SEM images of a) γ-Al2O3 particles b) γ-Al2O3/Fe3O4 and c) γ-
Al2O3/Fe3O4/SiO2 nanocmposite particles. 

Fig. 5. γ-Al2O3/Fe3O4/SiO2 nanocmposite dispersion before and 

after magnetic separation. 
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IV. CONCLUSION 

In this research, it was attempted to prepare and 

characterize multifunctional magnetic γ-

Al2O3/Fe3O4/SiO2 nanocomposite particles. At first, γ-

Al2O3 particles were synthesized followed by in situ 

precipitation of Fe3O4 particles to prepare γ-Al2O3/Fe3O4 

nanocomposite particles. Finally, resulted γ-Al2O3/Fe3O4 

particles were encapsulated by SiO2 layer. The 

synthesized γ-Al2O3, γ-Al2O3/Fe3O4 and γ-

Al2O3/Fe3O4/SiO2 particles were confirmed from their 

detailed characterization by FT-IR spectra, TGA 

thermograms, SEM images, XRD diffraction patterns.  
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Abstract— With rapid development in electronic 

materials, the multi-functional ferromagnetic-ferroelectric 

(ME) composite materials are getting great interest for 

their unique applications in various novel electronic 

components and devices. This composite can provide 

capacitance and inductance in a single device. In this 

study, a low-temperature sintered NiCuZn ferrite - BST 

dielectric composite has been prepared. The nitrate–citrate 

sol–gel auto-combustion process were used to synthesis 

(Ni0.25Cu0.20Zn0.55)Fe2O4 ferrite powder and Ba0.75Sr0.25TiO3 

solid solution were prepared by conventional solid state 

route. Composites of ‘x’ ferrite-‘(1-x)’ dielectric with x= 0, 

0.25, 0.50, 0.75 and 1 were prepared by mixing of two 

respective powders. Chemical bonds of calcined powders 

were investigated by FTIR analysis. The composites were 

sintered at   0 C for 2h  The co-existence of ferrite and 

dielectric phases were confirmed by X-ray diffraction 

analysis  The densification characteristics of the sintered 

samples were investigated using Archimedes principle. 

Surface morphology of the samples has been investigated 

using Scanning Electron Microscope.  

Keywords— Composite; Soft ferrite; Dielectric; 

NiCuZn- ferrite; BaSrTiO3.  

I.  INTRODUCTION  

The coexistence of ferroelectric and ferromagnetic 

behavior in one material, which is among the most 

attractive for fundamental research and searched for 

applications over the past few years due to their 

interesting electromagnetic/ magnetoelctric (ME) 

properties [1]. This single material can be used to 

produce better performance, low cost and saving more 

space on the printed circuit board during assembling. 

The ferrite–ferroelectric composite materials can be 

used to produce both inductive and capacitive elements 

in single device [2].Several dielectric- magnetic 

composites, such as: 

BaO.(Nd0.8Bi0.2)2O3.4TiO2+NiCuZn ferrite[3], 

Pb(Mg1/3Nb2/3)O3+ NiCuZn ferrite [4], 

(Ba3Co2Fe24O41)+ZnTiO3 [5], NiCuZn-BaTiO3 [6] have 

been successfully produced at low sintering temperature. 

However, as per survey of the literature, no research has 

yet been done on the co-firing properties and interfacial 

interactions between x Ni0.25Cu0.20Zn0.55Fe2O4 + (1-x) 

Ba0.75Sr0.25TiO3 (x=1, 0.75, 0.50, 0.25, 0). 

Her   N                                           

                                                        

                                                      

                                                 

[7,8].Barium strontium Titanate (BST) is a dielect    

                                                   

                                                        

                                                        

                            -                       5       

NiCuZn ferrite - BST dielectric composite has been 

prepared. The phase structures, physical properties of 

the composite were investigated. 
 

II. EXPERIMENTAL 

A. Powder synthesis 

Ni0.25Cu0.20Zn0.55Fe2O4 powder was prepared through 

nitrate–citrate sol–gel auto-combustion process [11]. 

Analytical grade Zinc Nitrate [Zn (NO3)2.6H2O] (99%), 

Nickel Nitrate [Ni(NO3)2.6H2O] (99%), Copper Nitrate 

[Cu(NO3)2.3(H2O)] (99.50%) and Ferric Nitrate 

[Fe(NO3)3.9(H2O)] (99%)were used for the ferrite 

synthesis. The auto-combustion derived burnt powder 

was             7  ◦ /2   T                   

Ba0.75Sr0.25TiO3 solid solution were prepared by the 

conventional solid state route. Analytical reagent (AR) 

Barium carbonate [BaCO3] (99%), Strontium carbonate 

[SrCO3] (99%) and Titanium oxide [TiO2] (99%) 

powders were used as raw materials and calcined at 

1250
 
C/4h.  

B. Sample preparation 

The composite of x Ni0.25Cu0.20Zn0.55Fe2O4 + (1-x) 

Ba0.75Sr0.25TiO3 were prepared by mixing two respective 

powders NiCuZn- ferrite and BST with x = 1, 0.75, 

0.50, 0.25 and 0. Then 3wt. % PVA binder was added 

and pressed using a uniaxial press at a pressure of 

50MPa to form green pellets with the diameter 10mm 

and the thickness of about 2mm. The green samples 

were sintered at 950 
 
 C for 4 h with a heating rate of 2

  
 C 

in air atmosphere. 

C. Characterization 

The as-burnt ash and calcined ferried powders, calcined 

BST and the sintered composite were characterized with 

respect to phase identification, crystallite size and lattice 

parameter determination by X-ray diffraction analysis 

(XRD) using Rigaku Desktop Miniflex II X-Ray 

Diffrectometer (Serial No:HD20972, Japan). The bulk 

density and porosity of sintered ferrites were measured 
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using the Archimedes principle. The molecular structure 

of the calcined powder was studied using Fourier 

transform infrared spectroscopy between 4000 and 

400cm
-1

(Bruker, Tensor 27-3772). The surface 

morphology of the composite was examined using SEM 

(ZEISS, EVO 18-2045).  

III. RESULTS AND DISCUSSION 

Fig. I shows the XRD patterns of as-burnt ferrite, 

calcined ferrite and calcined BST. The Fi            

             -                                       

             N                                          

             P            4 - 4     2                   

                          T              25          

4h.The diffraction peaks were identified as pure 

ferroelectric BST phase having cubic perovskite 

structure based on JCPDS File no: 44-0093[13]. 

 
Fig. I: X-RD patterns of (a) as-burnt ferrite, (b) calcined 

ferrite, (c) calcined BST  

 

The typical X-ray diffraction patterns of composites are 

shown in Fig. II. It reveals the diffraction peaks of the 

spinel NiCuZn-ferrite and perovskite BST phases 

without any other crystalline phase to being detected, no 

obvious impurity phases, demonstrating that there exists 

no chemical reaction or phase diffusion between the 

NiCuZn-ferrite and BST phases. A comparison between 

the XRD patterns of composites reveals that the 

intensity of BST peaks increases with increasing 

percentage of BST in the composites, while the intensity 

of ferrite peak reduce continuously. 

 
Fig. II: X-RD patterns of x Ni0.25Cu0.20Zn0.55Fe2O4 + (1-

x) Ba0.75Sr0.25TiO3 (x=1, 0.75, 0.50, 0.25, 0) composites  

 

The FT-IR spectra of calcined ferrite powders are shown 

in Fig. III (a). It is clearly seen that there is only one 

significant spectroscopic band at about 532 cm
-1

, this is 

the characteristic band of NiCuZn-ferrite [14]. Fig. III 

(b) shows the FT-IR spectra of the calcined BST 

powder. The wide absorption band at 540 cm
-1

suggests 

perovskite formation which is supported by XRD 

results. At 1460 cm
-1

 absorption peak indicating the 

decomposition of carbonate [15].  

 

 
 

Fig. III: FT-IR spectra of (a) calcined ferrite (b) 

calcined BST 

 

Fig. IV shows the SEM image of 0.5 ferrite + 0.5 

dielectric composite. It is seen that the sample is well 

sintered and dense with few pores. No inter-diffusion 

occurred between the two phases during co-firing at 

950 
 
 C for 4 h as shown in Fig. IV. 
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Fig. IV: The SEM image of 0.5ferrite + 0.5dielectric 

composite 

 

Fig. V shows the apparent porosity (A.P.) and bulk 

density (B.D.) of the sintered samples. Curve shows the 

changes in density and porosity of the samples as a 

function of BST that replaced ferrite. The bulk density 

of the samples decreases as the amount of BST 

increases. Similarly, apparent porosity was increases 

with decreases of ferrite. 

 

 

Fig. V: AP & BD of x Ni0.25Cu0.20Zn0.55Fe2O4 + (1-x) 

Ba0.75Sr0.25TiO3 (x=1, 0.75, 0.50, 0.25, 0) composites  

 

IV. CONCLUSION 

 

From this investigation it may be concluded that nano-

crystalline NiCuZn-ferrite can be synthesized   by auto 

combustion of nitrate–citrate gel. The sinterability of 

                   z           ≈  5  ◦           

better than that of conventional solid-oxide route 

powder. New types of ferrite–dielectric ceramic 

composites were prepared by mixing NiCuZn ferrite and 

BaTiO3                           T        fi       

behavior of composite ceramics mainly depends on the 

     fi                                        T   

sintered composites were having two separate phases, 

i.e., BaTiO3 perovskite and spinel ferrite phases. These 

                                          L  fi     

applications.  
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Abstract—In recent years, with the rapid 

development and growth of digital media, especially 

images, the authenticity and proof of ownership of 

multimedia information becomes main concern. 

Digital watermarking is a process of verifying this 

authenticity and the identity of the owners. In this 

paper, we proposed an image watermarking method 

in Cepstrum domain using a newly scrambling 

method called 4 connected t-o’clock scrambling 

method. Initially, watermark image is scrambling 

using 4 connected t-o’clock scrambling method. 

After that, host image is transformed into Cepstrum 

domain and finally watermark image is embedded 

into the transformed host image for proving the 

efficiency of our proposed method. Experimental 

results show that the proposed method provides 

better performance to protect and verify copyright. 

Keywords—Digital Watermarking, t-o’clock, Cepstrum 

Domain, Scrambling, Flood Fill. 

I. INTRODUCTION  

In the today’s up-to-the-minute world, all types of 
communication is now internet based. As a result, all the 
digital data such as text, audio, video etc. can easily be 
copied and thus also be changed intentionally or 
unintentionally. For this reason, copyright protection 
and ownership of the multimedia data becomes main 
concern now. And that is why digital watermarking is 
introduced. Digital watermarking is provided as one of 
the effective technique to copyright protection and proof 
of ownership. It is also enlarged in fingerprinting, 
broadcast monitoring & authentication applications [1]. 
Image scrambling is one of the main feature in image 
watermarking, which breaks the correlation between 
pixels of a given image. As a result, the image becomes 
a meaningless image and can resist the malicious attacks 
in a certain extent [2]. Arnold transform [3-4] is a 
widely used image scrambling technique. A scrambled 
or disorder image is formed in this process. However to 
the best of our knowledge Arnold transform and 
modified Arnold transform used in image scrambling 
compel the same height and weight. Though modified 
Arnold transform [5] free from periodicity like 
traditional Arnold transform, still needs to send lots of 
information like block sequences, block size of the 

image etc. while scrambling the image. However, the 
proposed method free from cyclic order of scrambling 
as well as needs to send very few information to 
unscramble the image.  According to the domain, 
watermarking is classified as spatial and transformation 
technique. Spatial domain technique embed a watermark 
of a given image by modifying its pixels directly. This 
technique is easy to implement and require few 
computational resources however they are not robust 
against different attacks [6]. On the other hand, 
frequency or transform domain technique is applied to 
coefficients obtained as the result of a frequency 
transform of either a whole image or single block-
shaped regions of a frame. Discrete Cosine Transform 
(DCT) [7-8], Discrete Fourier Transform (DFT) [9] and 
Discrete Wavelet Transform (DWT) [10] are the 
commonly used frequency domain techniques. In these 
techniques, watermark is embedded in low, high or mid 
frequency domain in an image. Embedding watermark 
in these regions can satisfy imperceptibility although 
these techniques do not fully ensure robustness.  Due to 
the rotational attack, which rotates the image clockwise 
or anticlockwise by θ

0
, causes the image to suffer 

information loss e.g. image quality degradation. 
However, in our analysis we observed that after 60

0
 of 

rotation image quality remains unchanged, thereby 
rotation attack up to 60

0
 can cause damage to original 

image.  So, we select the region for embedding 
watermark image in such a way that rotation attack can 
be mitigated, considering the 60

0
 margin.  In our paper 

we also used a different transform domain technique 
namely Cepstrum Domain. Cepstral analysis mainly 
used in processing of audio signal. The proposed 
method is verified using two most important properties 
of watermarking: imperceptibility and robustness using 
this scheme. Imperceptibility means that the perceived 
quality of original image should not be degraded by the 
presence of watermark. Robustness is a measure of the 
immunity of the watermark against attempts to remove 
or degrade it, by different types of digital signal 
processing attacks. 

The later parts of this paper are organized in 
following manner. Section II described the proposed 
method in detail, Section III showed the experimental 
results. Finally, we make some concluding remarks of 
the proposed system. 
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II. PROPOSED METHOD 

A. 4 connected t o’clock scrambling method 

Let, X be the m×n watermark image where m<=M 
and n<=N. M×N is the number of pixels in the original 
image. We scramble each of the pixels of X using our 4 
connected t-o’clock scrambling method to get the 
scrambled watermark image X’.  

First, we select the starting pixel s, we call it source, 
randomly selected from the watermark image. Then, we 
choose the four neighboring pixels using the 4-
coonected flood fill algorithm [11]. Let, (i, j) be the co-
ordinates of s and (i-1,j), (i, j+1), (i+1, j), and (i, j-1) are 
the co-ordinates of its up, right, down, and left 
neighboring pixels. Once chosen these pixels has been 
marked as discovered. After that, we traverse these 
discovered pixels using our t-o’clock system. Here, the 
value of t could be one of the four numbers 3, 6, 9, and 
12, i.e. t ϵ (3, 6, 9 and 12). If the value of t is 3 then our 
scrambling algorithm traverses the neighboring pixels in 
the clockwise direction such as in the order (i-1, j), (i, 
j+1), (i+1, j) and (i, j-1). If the value of t is 6 then the 
order of traverse is (i+1, j), (i, j-1), (i-1,j) and (i, j+1). 
While traversing the pixels we determine their new co-
ordinate values in the scrambled image X’. Though X is 
an m×n matrix, X’ is a one dimensional matrix which is 
populated from the X matrix. Source s is the first pixel 
of image X’ and its four neighbors are successive pixels 
according to the order of their traverse using t-o’clock 
method. Once scrambled we mark these pixels visited in 
the image X. Then we take the second pixel of image X’ 
and apply the same method to scramble its neighboring 
pixels. However, we only take those pixels that are not 
mark visited.  

B. Embedding Location 

Let (x, y) is the co-ordinate of the pixel and after θ
0
 

rotation, it will be (x’, y’). This can be found according 
to the following equations [11]: 

x’=xcos(θ)-ysin(θ)                                                 (1) 
 

y’=xsin(θ)+ycos(θ)                                                 (2) 

Here, I is the original image and I’ is the rotated image. 

As for example, the co-ordinates of a 16x16 image I is 

(0, 3) and the value is 255. After the 5
0
, 10

0
,40

0
, 60

0 
of 

rotation the values are 252, 0, 0, 255 in (0, 3) co-

ordinates respectively. From the analysis it is found that 

up to 60
0
 the pixel value of an image lost and after that 

the image quality remains same. And this loss continues 

at best 5 consecutive columns and rows in the upper left, 

upper right, lower left and lower right corners of a 

16x16 image.  In 512x512 image it will be 160 rows and 

160 columns. That is why the embedding region is 

selected in such a way that 160 pixels are excluded in all 

directions from that region.  

C. The Cepstrum Domain 

Cepstrum analysis is a nonlinear signal processing 
procedure mainly used in speech detection. The main 
objective  

 

  

Fig.1 Computation of the cepstrum of a signal x(n) requires the stages 

shown [12] 

of cepstral analysis is to separate the speech into its 
source and system components without any prior 
knowledge about source and / or system. 

It generally follows three steps: (1) Fourier 
Transform of the signal, (2) Taking logarithm of the 
FFT and (3) finally, apply inverse FFT of this logarithm 
signal [12-13]. 

Suppose, x(n) is a signal shown in Fig. (1)[12]. The 
Fourier Transform of this signal is X(w) and the inverse 
Fourier Transform (IFFT) of ln(X(k)) is Cepstrum c(n).  

D. Watermark Embedding 

The region for watermarking is selected from the 
host image is extracted as by the rule described above. 
After that, the extracted host image is divided into 8×8 
nonoverlapping blocks. To this end, each block is 
converted into Cepstrum domain. We select the pixel for 
watermarking on the basis of Normalized Cross Co-
relation (NCC). If the two neighborhood pixel’s NCC 
value greater than others on a specific block is 
considered as watermark pixel. In the watermark image 
apply the 4 connected t-o’clock scrambling method for 
scrambling. This procedure ensures the robustness and 
security of the image. After scrambling the watermark 
image is embedded on each block of the host image. 

The steps of watermark embedding can be 
summarized as follows:  

Step 1. Scramble the 64×64 watermark image W 
using 4 connected t-o’clock scrambling method to get 
the scrambled image.  

Step 2. Extract the image H’ of size 352×352 from 
the host image H of 512×512.  

Step 3. Divide the extracted image H’ into non-
overlapping 8×8 blocks. 

Step 4. Apply Cepstrum analysis to each 8×8 blocks. 
Then watermark bit is embedded into each block by 
choosing the highest Normalized Cross Co-relation 
(NCC) between two consecutive coefficients.  If the 
watermark bit is 1 the value of (cmn - cm’n’) should be 
negative and its magnitude is greater than a threshold T. 
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If the watermark bit is 0, the value of (cmn – cm’n’) should 
be positive and its magnitude is less than threshold T. If 
these conditions are violated, the value of cmn, cm’n’ 
should be changed as cm’n’ and cm’’n’’, respectively as the 
following rules: 

If w=1           (3) 

If w=0           (4) 

Where, w is embedded binary watermark bit and 
 

Step 5. Apply inverse Cepstrum analysis to all the 
blocks to obtain watermarked image. 

 

  (a)  (b) 

Fig. 2 Watermark image (a) original image (b) scrambled image 
 

 

 

        (a)   (b) 
Fig.3: (a) Watermarked Image with PSNR value 32.80   (b) Extracted 

Watermark with NCC value 1.0 

 

E. Watermark Extraction   

The watermark extraction is the inverse of the 
embedding procedure. The watermark can be extracted 
from the damaged watermark image without using the 
host and watermark images. The steps of watermark 
extraction are as follows: 

Step 1. The watermarked image H” is divided into 
block size 8×8 pixels respectively. 

Step 2. Apply Cepstrum domain transform into each 
watermarked blocks. 

Step 3. The relation between two neighbor pixels 
according to the highest NCC value is used to extract 
the watermark information W’ as shown in (5): 

                                           (5) 

 

Fig.4: Analysis of Proposed Method 

 

Step 4. These extracted bit values are converted to 
decimal format, then the inverse 4 connected t-o’clock 
method is applied to reconstruct each component of 
watermark image W. 

III. EXPERIMENTAL RESULT 

In this section, the performance of the proposed 
algorithm is tested and also compared with the other 
method. The proposed algorithm is implemented in 
MATLAB R2013b environment and with corei5 
processor and 4GB ram. In the simulation, original gray 
scale host image with the size of 512×512 and 
watermark image with the size of 64x64 is selected. The 
size of extracted host image in where the watermark bit 
is inserted is 352×352. The block size of the extracted 
host image used for embedding watermark is 8×8. The 
results are analyzed here: 

A. Imperceptibility test:  

Imperceptibility means that the perceptual quality of 
original image should be remain unchanged by the 
presence of watermark. The watermark should be 
imperceptible to human eye while the host image is 
embedded by the secret key [14]. The perceptual quality 
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TABLE 1: COMPARISON OF PROPOSED METHOD WITH  [9]  ACCORDING 

TO NCC VALUE: 

 
of the watermarked image can be calculated on the basis 
of the Peak Signal to Noise Ratio (PSNR) in decibels 
(dB) as given in (7). 

          (6)   

               (7) 

Where, MSE is the Mean Square Error of the 
watermarked image and the original image. M, N are the 
number of rows and columns, H and W are the original 
and watermarked image respectively. Higher the values 
of PSNR, better is the quality of the watermarked image. 
Original watermark and scrambled watermark image 
shown in Fig.2. 

B. Robustness test 

It indicates that the watermark should not be 
removed by unauthorized person. The possible removal 
of watermark makes the image useless. To measure the 
similarity between the original image and extracted 
watermark image, the Normalized Cross Co-relation 
(NCC) is calculated. The more the NCC value is the 
more robust the algorithm is. The NCC value is 
calculated using (8). 

                         (8) 

Here, W(i, j) and W’(i, j) are the original watermark 
and extracted watermark image respectively. m×n is the 
size of the watermark image. Now consider difference 
types of noise attacks on watermarked image. Fig.3 
shows the watermarked image and extracted watermark 
image with the PSNR and NCC value respectively. 
Fig.4 showed the effect of various noise attacks in a 
pictorial way including PSNR & NCC values. 

In Table 1 the NCC results of the proposed method 
under different attacks are compared with other method 
and from the above experimental results, it is proved 
that the above claims about the algorithm is true. 

IV. CONCLUSION 

Here, in the proposed system presented a new secure 
image watermarking scheme based on 4 connected t-
o’clock scrambling method in Cepstrum domain is used. 

A new scrambling method named 4-connected t-o’clock 
scrambling method has been proposed. From the 
experimental result, it is found that it cannot be possible 
to unscramble the watermark image without knowing 
the co-ordinates of source and also the value of t. So it is 
definitely the proof of the ownership of a document 
without any uncertainty. Also the region for 
watermarking is selected in such a way that if rotational 
attack is happened in the watermarked image, still the 
chance of information of watermark image remain 
unaffected. In this paper, Cepstrum domain has been 
used because of low computational capability as well as 
imperceptibility properties.  
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Abstract— This article surveys the clustering methods 

supported by the popular database management systems 

and the programming languages most used for statistical 

and scientific computing. More specifically, we have 

studied Microsoft SQL server-2016, and Oracle 11g among 

the DBMSs; and MATLAB, wolfram, and R among the 

programming languages to this end.   The clustering 

methods that are present in those systems and languages 

are also briefly discussed. 
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I. INTRODUCTION 

There has been a tremendous amount of research 
done about clustering since this is a core field of data 
mining with important applications. Hundreds of 
algorithms and their variations exist to counter the 
problem of cluster analysis [1]. So many algorithms exist 
because “the strategy of cluster analysis is structure 
seeking although its operation is structure imposing” [2]. 
A potential structure could be represented and imagined 
in many different ways which leads to the invention of 
numerous algorithms. An efficient coder may face no 
problem in implementing the algorithms and apply that 
to his dataset. But an analyst, who is not often a coder, 
will find it hard to implement the algorithms. The analyst 
will have to rely on the handful of algorithms supported 
by the popular languages and Database Management 
Systems. The goal of this paper is to summarize the 
clustering techniques offered by the popular database 
management systems and by the programming languages 
for scientific computing.  

The sections are organized as follows: section 1 

describes the objective of this study, section 2 gives a 

brief description of clustering, section 3 discusses the 

clustering techniques available in popular DBMSs, and 

section 4 discusses the clustering techniques available in 

MATLAB, wolfram, and R. The study is concluded in 

section 5. 

II. DEFINITION  

A. Clustering 

In the paper titled “Why so many clustering 

algorithms exists”, the author argued that the notion of a 

cluster cannot be precisely defined [1]. It can only be 

defined with some suggestion to certain „grouping 

criteria‟.  For example, “the objects are clustered or 

grouped based on the principle of maximizing the inter-

class similarity and minimizing the intra-class similarity” 

[3]. Different notion of cluster model drives the 

invention of different algorithms. Some typical cluster 

models are connectivity model, centroid model, density 

model, distribution model etc. Connectivity models build 

models based on distance connectivity (e.g. hierarchical 

clustering). In centroid models, a cluster is represented 

by a single centroid. For example, the k-means algorithm 

represents each cluster by a single mean vector. In 

distribution models, clusters are modeled using statistical 

distributions, such as multivariate normal distributions 

used by the Expectation-maximization algorithm. In 

density models, clusters are treated as connected dense 

regions in the data space. Examples of algorithms that 

use density models are DBSCAN, OPTICS, etc. 

III. CLUSTERING IN DATABASE MANAGEMENT 

SYSTEMS 

Oracle and Microsoft SQL server are the two most 

used enterprise database management system in the 

world. Oracle Data Mining provides two methods for 

creating clusters: a modified version of the popular k-

means, and a proprietary algorithm, O-Cluster [4]. The 

Microsoft Clustering algorithm also supports two 

clustering techniques: the k-means, and the Expectation 

Maximization method [5]. A brief discussion on these 

three algorithms follows: 

A. K-means 

k-means is  an unsupervised  clustering  algorithm. 

The algorithm classifies a given data set through a 

certain number of clusters (k clusters) fixed beforehand. 

The main goal is to find k centers, one for each cluster. 

Each centroid represents the true mean of their respective 

cluster. In the Microsoft Clustering algorithms 

implementation, the parameters: CLUSTER_COUNT, 

CLUSTER_SEED, MINIMUM_-SUPPORT, 

MODELLING_CARDINALITY, STOPPING_-

TOLERANCE are used to control the algorithms [5]. 
Microsoft‟s k-means algorithm provides two methods 

of sampling the data set. Non-scalable k-means loads the 
entire data set and makes one clustering pass. In scalable 
k-means, the algorithm uses the number of objects 
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specified by a parameter called SAMPLE_SIZE and 
reads more cases only if it needs more data to achieve a 
good fit. 

Oracle Data Mining implements an enhanced version of 

k-means that avoid building multiple k-means models 

by creating the model hierarchically using binary splits 

[6]. In this step, it is similar to bisecting k-means. But 

then a Bayesian probability model is built which is used 

for assigning objects to clusters. Oracle Data Mining 

provides methods for automatic data preparation for k-

means, which performs outlier-sensitive normalization 

for k-Means. 

B. Expectation Maximization (EM) 

EM clustering method builds a probabilistic model to fit 

the data to clusters. This means every object belongs to 

every cluster with different probability. The 

MINIMUM_SUPPORT attribute is adjusted to account 

for this overlap of clusters. The EM algorithm is the 

default in Microsoft clustering models because it 

provides better sampling approach, very little memory 

(RAM) constraint, and requires at most one scan over 

the database [7].  

C. O-cluster 

O-cluster is Oracle‟s proprietary clustering technique 

[8]. It tessellates the orthogonal input attribute space 

into clusters. This is a hierarchical grid-based clustering 

model. O-cluster algorithm returns the cluster centroids, 

the cluster rules, and can be used to assign object to 

clusters. O-cluster provides method for automatic data 

preparation too. 

IV. CLUSTERING IN PROGRAMMING LANGUAGES 

R, MATLAB, wolfram, and python are among the most 

popular programming languages for scientific 

computing. A brief discussion on each of the language‟s 

take on clustering analysis follows: 

A. MATLAB 

MATLAB‟s Statistics and Machine Learning Toolbox™ 

implements several clustering algorithms. MATLAB 

supports 3 main categories of clustering techniques: k-

means clustering, hierarchical clustering, and clustering 

using Gaussian mixture model [9]. 

In MATLAB‟s implementation of k-means, squared 

euclidean distance measure is used by default. But user 

can choose other distance metrics as well, such as- 

hamming, city-block, cosine, or correlation. The cluster 

seeds can be specified or automatically generated. The 

number of iterations to be performed can also be 

specified beforehand. By default, kmeans function uses 

a faster and better improvement over Lloyds k-means, 

the k-means++ which uses a heuristic to find centroid 

seeds [10]. 

MATLAB‟s clusterdata function supports hierarchical 

agglomerative clustering. It supports several algorithms 

to measure the inter-cluster distance such as- unweightd 

average (UPGMA), weighted average (WPGMA), 

centroid (Euclidean, UPGMC), single, complete, median 

(WPGMC), and ward‟s. The default distance metric is 

Euclidean distance. But it offers several other metrics 

such as squared Euclidean, city block, minkowski, 

chebychev, mahalanobis, cosine, correlation, spearman, 

jaccard, and hamming. It also provides option to declare 

custom distance function. The function „dendogram‟ is 

used to plot the cluster tree. 

Gaussian mixture modeling is preferred over k-means 

clustering if the clusters have different shapes and size. 

The clusters are represented by a probability density 

function of observed variables as a mixture of 

multivariate normal densities. Expectation 

Maximization (EM) algorithm is used to fit the objects 

to the model. EM is sensitive to initial conditions and 

might converge to a local optimum. To avoid this, 

starting values for the parameters and the seeds can be 

specified. 

B. Wolfram 

Wolfram supports a rich set of algorithms for cluster 

analysis.  The FindCluster function is used to make 

clusters from the given objects. By default, FindClusters 

tries different methods and selects the best clustering. 

The methods "DBSCAN", "JarvisPatrick", "MeanShift", 

"SpanningTree", "NeighborhoodContraction", and 

"GaussianMixture" determine how to cluster the data 

without assuming the number of clusters. The methods 

"KMeans" and "KMedoids" determine how to cluster 

the data for a particular number of clusters k. The 

methods "Agglomerate" and "Spectral" can be used in 

both cases.  

The distance function comes in variations for numeric, 

boolean and string data. For numeric data, the distance 

metric can be one of the following: Euclidean, 

SquaredEuclidean, Manhattan, Chessboard, Canberra, 

Cosine, Correlation, BrayCurtis or user specified. For 

boolean vectors, the dissimilarity metric can be one of 

the following: Matching Dissimilarity, Jaccard 

Dissimilarity, Russell-Rao Dissimilarity, Sokal-Sneath 

Dissimilarity, Rogers-Tanimoto Dissimilarity, Dice 

Dissimilarity, and Yule Dissimilarity. For string data, 

the dissimilarity metric can be hamming distance, edit 

distance, or Damerau–Levenshtein distance. 

There are several suboptions to allow more control over 

the clustering. The suboption "NeighborhoodRadius" 

can be used in methods "DBSCAN", "MeanShift", 

"JarvisPatrick", "NeighborhoodContraction", and 

"Spectral".  

The suboption "NeighborsNumber" can be used in 

methods "DBSCAN" and "JarvisPatrick". The suboption 

2 
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"InitialCentroids" can be used in methods "KMeans" 

and "KMedoids". The suboption 

ClusterDissimilarityFunction can be used in the method 

"Agglomerate". The "NeighborhoodRadius" suboption 

can be used to control the average radius of the 

neighborhood of a generic point. 

C. R 

According to our study, R provides the widest range of 

algorithms for cluster analysis through various library 

packages such as stats, cluster, genie, hybridHclust, 

isopam, protoclust, pvclust, sparcl, apcluster, 

clusterSim, evclust, flexclust, kernlab, kml, skmeans, 

trimcluster, EMCluster, funHDDDC, funFEM, 

FisherEM, HDclassif, mclust, pmclust, amap, biclust, 

cba, CHsharp, CoClust, compHclust, pdfCluster and 

many more. But we limit our focus on only the „cluster‟ 

package which comes with every installation of R. 

Package „cluster‟ provides partitioning methods like 

kmeans, pam (Partitioning around medoids), clara 

(Clustering Large Applications), and fanny (Fuzzy 

Analysis Clustering). It also provides hierarchical 

clustering methods such as agnes (Agglomerative 

Nesting), diana (DIvisive ANAlysis Clustering), and 

mona (MONothetic Analysis clustering of binary 

variables). A brief discussion on the 6 algorithms 

follows [11]: 

PAM (Partitioning Around Medoids) algorithm is based 

on the search for k representative objects or medoids 

among the observations of the dataset. These 

observations should represent the structure of the data. 

After finding a set of k medoids, k clusters are 

constructed by assigning each observation to the nearest 

medoid. The goal is to find k representative objects 

which minimize the sum of the dissimilarities of the 

observations to their closest representative object. By 

default, when medoids are not specified, the algorithm 

first looks for a good initial set of medoids (this is called 

the build phase). Then it finds a local minimum for the 

objective function, that is, a solution such that there is 

no single switch of an observation with a medoid that 

will decrease the objective (this is called the swap 

phase). Euclidean or manhattan distance metrics are to 

be used for calculating dissimilarities between objects. 

For large datasets, number of objects must be less than 

65535. PAM may need too much memory or too much 

computation time since both are O(n
2
). So CLARA is 

preferable for large datasets. 

CLARA can deal with much larger datasets. Internally, 

this is achieved by considering sub-datasets of fixed size 

(sampsize) such that the time and storage requirements 

become linear in n rather than quadratic. Each sub-

dataset is partitioned into k clusters using the same 

algorithm as in pam. Once k representative objects have 

been selected from the sub-dataset, each observation of 

the entire dataset is assigned to the nearest medoid. The 

mean (equivalent to the sum) of the dissimilarities of the 

observations to their closest medoid is used as a measure 

of the quality of the clustering. The sub-dataset for 

which the mean (or sum) is minimal, is retained. A 

further analysis is carried out on the final partition. Each 

sub-dataset is forced to contain the medoids obtained 

from the best sub-dataset until then. Randomly drawn 

observations are added to this set until sampsize has 

been reached. 

AGNES is an agglomerative clustering algorithm. At 

first, each object starts in its own cluster. At each 

successive step, two nearest clusters are merged- until 

there remains only one large cluster containing all the 

objects. The intracluster distance can be Euclidean or 

manhattan. And intercluster distance can be either of 

single, complete, average or flexible. The algorithm 

yields the agglomerative coefficient which measures the 

amount of clustering structure found. 

DIANA is a divisive hierarchical clustering algorithm. 

The algorithm constructs a hierarchy of clusterings, 

starting with one large cluster containing all n 

observations. Clusters are divided until each cluster 

contains only a single observation. At each stage, the 

cluster with the largest diameter is selected. To divide 

the selected cluster, the algorithm first looks for its most 

disparate observation (i.e., which has the largest average 

dissimilarity to the other observations of the selected 

cluster). This observation initiates the "splinter group". 

In subsequent steps, the algorithm reassigns 

observations that are closer to the "splinter group" than 

to the "old party". The result is a division of the selected 

cluster into two new clusters. 

MONA (MONothetic Analysis clustering of binary 

variables) constructs a hierarchy of clustering. It begins 

with a unique cluster containing all objects. Clusters are 

divided until all observations in the same cluster have 

identical values for all variables. At each step a cluster is 

divided into two subset according to the values of a 

variable, called the splitting variable. The variable used 

for splitting a cluster is the variable with the maximal 

total association to the other variables, according to the 

observations in the cluster to be split. A cluster is 

divided into one cluster with all observations having 

value 1 for that variable, and another cluster with all 

observations having value 0 for that variable. 

V. CONCLUSION 

This paper has tried to do a survey of clustering 

techniques in the popular database management systems 

and programming languages. We chose Oracle, 

Microsoft SQL server-2016, MATLAB, R, and wolfram 

to this end. According to our study this is the first work 

of its kind. In future, we would like to incorporate more 

languages (e.g. python), open source clustering 
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softwares,  and a comparative performance analysis of 

the supported algorithms over a benchmark dataset. 
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Abstract— Crystalline magnesium silicate with chemical 

formula Mg2SiO4 is known as forsterite. Forsterite is 

mainly composed of the anion SiO4
4-and the cation Mg2+ in 

a molar ratio 1:2. It also shows good refractoriness due to 

high melting point (1890   C), low dielectric permittivity, 

low thermal expansion, good chemical stability and 

excellent insulation properties even at high temperatures. 

Aim of the investigation is to evolve nano-crystalline 

forsterite phase by utilizing rice husk ash (RHA) silica at 

low temperature solid- state route. RHA silica was yield 

from burning of biomass i.e. rice husk (RH).The precursor 

and powders were subjected to calcination for a  

temperature range of 700-1000ºC and evolution of 

forsterite phase was characterized using Fourier 

Transform Infrared (FTIR) spectroscopy, X-ray 

diffraction (XRD), and scanning electron microscopy 

(SEM). The results reveled indicate that by rising 

temperature around 900ºC, periclase and amorphous silica 

were absolutely consumed and turned into single forsterite 

phase. Crystal size was calculated from XRD analysis (80-

85 nm) and grain size was determined by SEM analysis 

(500nm). 

Keywords- Nano- crystalline Forsterite; Biomass; 

Amorphous Silica; Rice husk ash (RHA); Solid state rout.. 

I. INTRODUCTION 

Nano materials are eminent as the vital materials in 
nanotechnology due to their exclusive properties 
including high strength, high hardness, extremely high 
diffusion rates, and therefore reduced sintering times in 
comparison to the conventional coarse grain materials 
[1-3]. Crystalline magnesium silicate with chemical 
formula Mg2SiO4 is known as forsterite. This is the 
mineral phase involved in refractory, named after the 
German scientist Johann Forster. Forsterite is mainly 
composed of the anion SiO4

4-
and the cation Mg

2+
 in a 

molar ratio 1:2 [4]. It display good refractoriness due to 
high melting point (1890 

  
C), low dielectric permittivity, 

low thermal expansion, extremely low electrical 
conductivity, good chemical stability, excellent 
insulation properties even at high temperatures and low 
thermal conductivity compared to pure MgO (about 1/3– 
1/4 of the pure MgO) [5,6]. All of these characteristics 
stated above make it  relevant material for engineers and 
designers to use them in the fabrication of numerous 
technical components such as refractory materials, 
dielectric substrates, solid oxide fuel cells (SOFC), 
optical devices biomaterials, composite materials, etc 
[7-12]. 

The raw material for evolution of ceramic is ‘Rice 
Husk’ (RH) because it incorporate huge amount of silica 
and is redundantly available, renewable source and 
extraction silica from it is also easy. Silica found from 
RH was used for preparation of borosilicate, cordierite, 
carbosil, alumino-silicate and mullite [13-15]. The 
potential of rice husk as an excellent source of high-
grade amorphous silica has also been investigated in 
many other studies [16,17]. 

Abundant availability and high content of silica make 
RH relevant ingredient for utilization in forsterite 
preparation. Present study is aimed to appraisal of 
formation of nano-crystalline forsterite by using rice 
husk as a source of silica at low temperature by solid 
state route. 

II. EXPERIMENTAL  

Biomass in form of Rice husk (RH) was acquired 
from rice mill. RH was dried at 50º C and then sear in 
an open environment, this parboil of biomass yield Rice 
husk ash (RHA). RHA was further grinded and heat 
treated at 600

  
 C for 4h, due to presence of trace amount 

of unburnt carbon. It was found that RHA incorporate 
96% of SiO2. Another raw material dead burnt magnesia 
oxide (99%) was purchased from Lobachemie Pvt. Ltd. 
India. In the present work initially all raw materials 
were crushed and grind up to fine particle size (45 
Micron). Screened materials were taken into a 
stoichiometric ratio and then pulverized in high speed 
ball mill for 300rpm in absolute alcohol medium using 
zirconia balls of 10 mm diameter with balls: powder 
weight ratio of 5:1 for 12h. The mixture was then dried, 
powdered and  calcined  on 700º C (T-1), 800 º C(T-2), 
900 º C(T-3), 1000 º C(T-4), with a ramp rate of 
5ºC/min for 2h in air atmosphere. The forsterite phase 
was characterized with respect to phase identification, 
crystallite size and lattice parameter determination by X-
ray diffraction analysis (XRD) using Rigaku Desktop 
Miniflex II X-Ray Diffrectometer. The molecular 
structure of the forsterite was studied using Fourier 
transform infrared spectroscopy between 4000 and 
400cm

-1
 (Bruker, Tensor 27-3772). The surface 

morphology of the composite was examined using SEM 
(ZEISS, EVO 18-2045). 

III. RESULTS AND DISCUSSION 

XRD patterns of the various samples calcined at 
different temperature demonstrated in Fig-I. Indexing of 
phases was done by the help of JCPDS file no. 34-0189, 
it displays the existence of forsterite phase with the most 
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intense peak at 2θ=20.6º, 41.80º, and 62.008º similar 
results were found in previous studies [9]. The results 
reveled indicate that by rising temperature around 900ºc, 
periclase and amorphous silica were absolutely 
consumed and turned into single forsterite phase.  

Fig-I: XRD of samples T-4, T-3, T-2, T-1. 

Fig-II illustrates FT-IR spectra of powders fired at 
discrete temperatures i.e. 700º C, 800 º C, 900 º C and 
1000 º C. All the IR bands traced are shown in Table-I 
with their corresponding functional group. 

 

Fig-II: Infrared transmission spectra of calcined 
samples. 

Table-I: Symbol used for FTIR peaks and 
corresponding functional group. 

Symb Peak (cm
-1

) Functional group 

A 830-880, 1010-
1030 

Crystalline forsterite 

B 980-1000, 860-
890 

SiO4 (stretching ) 

C 600-615 SiO4 (bending ) 

D 780-820 Si-o-Si (stretching) 

E 475-477 MgO6  Modes 

F 500- 505 MgO (stretching ) 

 

The surface morphologies of the powder calcined at 
discrete temperature i.e. 700º C, 800 º C, 900 º C and 
1000 º C were analyzed using Scanning Electron 
Microscope (SEM). The micrographs presented in Fig-
III (a)–(d). The temperature increases up to 1000º C, the 
particle sizes lightly increased as a function of 
calcination temperature indicated in Fig-III(d).   

Fig-III: SEM images of the sample calcined at different 
temperatures (a) 700 ºC (b) 800 ºC (c) 900 ºC, (d) 1000 
ºC. 

Energy dispersive spectroscopy or EDX analysis of 
T-4 is shown in Fig-IV. Theoretical value of Mg, Si, and 
Oxygen in forsterite is 34.54%, 19.96%, 45.49% 
respectively. Fig-6 shows that the amount of Mg, Si, and 
oxygen in T-4 is approximately equal to theoretical 
values of the same in forsterite [1]. 

 

Fig-IV: EDX spectra of the sample entitled as T-4. 

 

IV. CONCLUTIONS 

Process and raw materials used here for preparation 
of forsterite refractory was more cost effective than 
other processes and virgin raw materials. Based on these 
characteristics, the samples are considered as insulator, 
suggesting the potential use of the forsterite refractory 
as a lining for different parts of steel furnaces as well as 
heating zone of cement rotary kilns. 
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Abstract—This paper presents the performance of wire 

antennas made from materials with different 

conductivities for operating at Ultra High Frequency 

(UHF). Simulated by the method of moment using the 

simulation software NEC (Numerical Electromagnetic 

Code) an analysis for three different wire antennas 

(Dipole, Yagi-Uda, and Meander line dipole antenna) is 

presented at UHF. Different materials with different 

conductivity have the remarkable effect on the antenna 

performance parameters includes radiation efficiency, 

gain, directivity, and structure loss. It is observed that the 

radiation efficiency and gain increases with the increasing 

in conductivity for all three antennas up to a certain range 

of conductivity (about up to 108 S/m for dipole, 109 S/m for 

Yagi-Uda, and above 109 for meander line) beyond that 

range those values are less sensitive to conductivity. For 

directivity the same result is observed for Yagi-Uda 

antenna only up to the conductivity of 107 S/m. But for 

both the dipole and meander line antennas, conductivity 

does not have any effect on directivity. In case of radiation 

efficiency the dipole antenna is having more values within 

the range of conductivity than other two antennas, but for 

gain Yagi-Uda is having more gain. It is also observed that 

the structure loss and resonant frequency of wire antennas 

are associated to their electrical parameters. Meander line 

antenna shows more structure loss than the other two 

antennas that results its lower gain and radiation efficiency 

within the same conductivity ranges of the materials used. 

Keywords- conductivity; radiation efficiency; gain; 

directivity; structure loss 

I. INTRODUCTION 

The electrical properties of the materials used for 
designing of any antenna are important to achieve the 
desired characteristics of the antenna. Material with 
decreased conductivity like carbon nanotubes [1] is in 
demand because of their low manufacturing cost and 
light weight. The conductivity of printed conductor is 
much lower than the conductivity of conventional 
copper, aluminum and silver conductors. Meander line 
antennas (MDA) are made from printed conductor 
beneficial as radio frequency identification (RFID) tag 
antennas. Some RFID tag antennas with reduced 
conductivity are reported in [2], [3]. The impact of the 
conductor width to pitch ratio on the radiation efficiency 
is studied in [4] and the impact of the mender line, width 
and height on the gain is reported in [5]. Also a cost 
study of the printed antenna is studied in [6] for RFID 
application. In spite of the interesting results reported in 

[2]-[6], a study of the effects of conductivity of the 
antenna materials on the various the antennas parameters 
is missing. In this paper the effect of conductivity of 
three different antennas upon their characteristic 
parameters is presented.  

Three wire antennas, dipole, Yagi-Uda and meander 
line antennas were selected for this work because the 
wire antennas have been studied widely in the literature. 
The simulation was done for the antennas made of 
materials having conductivities over 10

3
-10

9
 S/m to the 

ranges of materials which have conductivities in the 
order of 10

4
-10

7
 s/m by using NEC software [7]. 

II. ANTENNA THEORY AND DESIGN 

A. Dipole Antenna 

A 0.48λ m long (where, λ is the wavelength), center 
feed dipole antenna as shown in Fig. 1(a) was used in 
this work, assuming a wire has a circular cross section. 
For this antenna structure materials with different 
conductivities were used. The same structural dipole 
antennas with different conductivities were designed to 
operate at the frequency, f = 1 GHz. The other two 
antennas reported in this work also have the same 
operating frequency. Also the radius of all three wire 
antennas in this investigation is the same value of 
0.00225λ. 

B. Yagi-Uda Antenna 

A Yagi–Uda antenna consisting of a reflector, a 
driven element and three directors as shown in Fig. 1(b) 
was selected in this work. The length of the driven, 
reflector, first director and second director and third 
director element are 0.463λ, 0.471λ, 0.439λ, 0.421λ and 
0.421λ respectively.  Separation between the first 
director and driven element, second director and driven 
element, third director and driven element and reflector 
and driven element are 0.219λ, 0.267λ, 0.267λ and 
0.293λ respectively. 

C. Meander Line Dipole Antenna 

Meander line dipole antennas are shorter than the 
straight wire half wave dipole antenna. A meander line 
dipole (MLD) is essentially a repetitive structure that 
contains a number of segments of wire. In addition, since 
meander line dipole antennas is shorter than the straight 
wire half wave dipole antenna it may also be suitable to 
use MLDs instead of straight wire dipole antennas where 
size reduction is important. 
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A thin meander line dipole antenna as shown in Fig. 
2 was used in this work. This antenna has two sections 
(M = 2). The wire has a length of 0.7754λ and the height 
of the antenna is 0.133λ. 

The expression for the fields in the far field region 
are as follows [8]. 
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      Where r is the distance to the observation point from 

the origin, 00k is the free space wave 

number. The θ-polarized and the φ-polarized power 
patterns are given by [8]. 
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Gain of the MLD antenna is calculated using the method 
described in [9]. 
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Where, M represent the number of discrete φ points 
and N represents the number of discrete θ points on the 
surface of a sphere. 

0.48λ 0.471λ 0.463λ 0.439λ 0.421λ 0.421λ

0.293λ 0.219λ 0.267λ 0.267λ

   (a)                                           (b)   

Fig.1. Structure and design parameter of (a) dipole and 
(b) Yagi-Uda antenna with one reflector and three 
directors.  

0.02λ

0.081λ

0.024λ

0.057λ
0.044λ

0.013λ

 

Fig. 2.  Structure and dimension of the meander line 
dipole antenna. 

III. NUMERICAL RESULTS 

Since very small wire antennas were considered here 
in this investigation, so the current distribution is not 
uniform over the entire structure. A method of moment 
technique was used to calculate the current distribution. 
The antenna structure was divided into small segments to 
calculate the current of each segment. The conductivity 
of the material was changed stepwise from 10

3
 to 10

9
 

S/m and the effect on antenna parameters like efficiency, 
gain and directivity was noted. The level of efficiency ηr 
increased with increase in conductivity (see Fig. 3). Fig. 
3 shows that the meander line dipole antenna is more 
sensitive to less conductive materials due to its small 
radiation resistance. The calculated values of the input 
resistance of the meander line antenna (σ=10

8)
 is about 
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8.36 Ω which reduces radiation efficiency, ηr to 96.74 % 
whereas the dipole and Yagi-Uda antennas are less 
sensitive because of their higher radiation resistance. Fig. 
4 shows the variation in gain. 

Fig. 3.Radiation efficiency with a varying conductivity. 

The gain of the meander line antenna follows the 
negative value up to the conductivity about 10

5
 S/m. As 

expected, the gain of Yagi-Uda antenna increased as the 
material properties (conductivity of materials) increased. 
The Directivities of the antennas are shown in Fig. 5. 
The directivity of the dipole antenna remains constant 
and the same is almost true for meander line antenna, it 
indicates no effect of conductivity upon the directivity of 
these two antennas. However, for the Yagi-Uda antenna   
up to the conductivity of value 10

7
 S/m, directivity 

increases with conductivity. Structure loss of all the three 
antennas was also calculated using the method of 
moments (see Fig. 6). As seen in the figure the structure 
loss is more in meander line antenna than the other two. 

 

Fig. 4. Gain versus conductivity. 

 

Fig. 5. Directivity versus conductivity. 

That’s the reason of having of lower values of radiation 
efficiency and gain of this antenna compared to other 
two. The resonant frequency and input resistance are also 
changed with the changes in conductivity and the results 
are summarized in Table 1. The antennas were simulated 
over the frequency range 800 MHz to 1050 MHz in 10 
MHz steps. 

TABLE  I.   SUMMARY OF THE SIMULATION RESULTS 

Conductivity 

σ  (S/m) 

Dipole Yagi-Uda Meander 

Rin 

Ω 

f0 

MHz 

Rin 

Ω 

f0 

MHz 

Rin 

Ω 

f0 

MHz 

103 210.6 947 102.5 963 90.10 1012 

104 90.68 929 50.79 969 26.11 1019 

105 77.00 940 40.49 976 13.42 1034 

106 73.18 943 37.70 979 9.79 1039 

107 72.27 945 36.65 979 8.69 1041 

108 71.85 946 36.62 979 8.36 1042 

109 71.72 946 36.22 979 8.24 1042 

 

IV. CONCULATION 

Three wire antennas were simulated to investigate the 
effect of conductivity on the performance of antenna 
parameters. The radiation efficiency, gain, directivity, 
structure loss, input resistance of the antennas has 
compared for the variations of materials which has a 
conductivity ranging from 10

3
 S/m to 10

9
 S/m. The 

radiation efficiency of . the antenna was estimated by the 
method of moment. Measured radiation efficiency and 
resonant frequencies are reported in this paper.  
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Abstract—The effect of increasing thickness on surface 

morphology and electrical and optical properties of 

In2O3:Sn (ITO) transparent conducting films has been 

investigated in this paper. The fabrication of ITO films has 

already been demonstrated by many researchers using 

various techniques such as CVD [1], sputtering [2, 3], 

vacuum deposition and electron beam deposition [4]. This 

paper presents an alternative process for the deposition of 

ITO film on glass substrate at room temperature by spin 

coating technique using a solution prepared with ITO nano 

powder (99.9%) in ethanol with solid contents upto (10-15) 

V%. The surface morphology of the films was observed by 

Atomic Force Microscopy (AFM). The resistivity of 5, 10 

and 15 layered films has been measured before and after 

annealing. It is observed that conductivity is improved 

with the heat treatment. The absorbance of the films was 

measured by Perkin-Elmer λ-19 Spectrophotometer in the 

wavelength range of 200 nm to 800 nm for different film 

thickness. The films showed optical absorbance in the 

visible range and near infrared range. 

Keywords- ITO; transparent; conductors; spin coating. 

I. INTRODUCTION 

Transparent conducting oxides (TCOs) demonstrate 
the remarkable combination of near-metallic 
conductivity, high transmittance in the visible region 
and high reflectivity in the infrared region of light [5]. 
Due to their unique properties, TCOs are utilized in 
various technological applications such as flat panel 
displays, touch panels, energy efficient windows, 
photovoltaic devices, light emitting diodes, gas sensors, 
etc [5].  

Indium tin oxide (ITO) is a transparent conductive 
material. ITO thin films are being extensively studied 
because of the interesting properties they could have, 
such as a low resistivity, transparency in the visible 
region of the electromagnetic spectrum and high 
infrared reflectivity [6]. It is a ternary composition of 
indium, tin and oxygen in varying proportions. 
Depending on the oxygen content, it can either be 
described as a ceramic or alloy. Its molecular weight is 
428.34 gm/mol and melting point and density is 1800-
2200 C and 7.14 gm/cm

3
 respectively. ITO is an 

optoelectronic material that is applied widely in both 
research and industrial purpose. It can be used for many 
applications, such as solar cell, flat-panel displays, smart 
windows, polymer-based electronics, thin film 
photovoltaics, and architectural windows [5].  

In this paper, the electrical and optical properties of 
spin coated ITO films on transparent glass substrate 
have been discussed with the aim of investigating the 
application of this transparent conductor in device 
fabrication. 

II. FABRICATION OF ITO FILMS 

The solution of ITO for spin coating could be 
prepared by numerous methods. In this work,        Sn 
(ITO) Indium Tin Oxide nano powder (99.99%) has 
been dissolved in ethanol with ITO content up to (10-
15) V%. From the resultant solution, using a vacuum 
spin coater (VTC-100),        Sn thin film was 
prepared with different coating conditions. (coating time 
40 second and speed 500 rpm for each layer). The 
coated ITO thin films were then heated in a rapid 
thermal annealing (Carbolite Eurotherm CMF-1200) 
system at 400°C for 10 minutes. 

III. CHARACTERIZATION 

A. Surface Morphology: 

The surface morphology of the prepared ITO films 
with different number of layers was observed by Atomic 
Force Microscopy (XE-70) in non-contact mode where 

10 m×10 m area was magnified. Both the three 
dimensional surface image and the line profile 
amplitude were observed to enquiry the surface 
morphology of the films. Figure 1 and 2 show the 3D 
AFM images and line amplitudes of ITO film surface 
with different number of layers. Although the sample 
surface had some cracks and irregularities which might 
have caused due to the dust particles in the non-vacuum 
coating chamber, the defects decreased with increasing 
number of layers i.e. film thickness. 

 

 
(a) 
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Fig -1: 3D AFM images of (a) single layer and (b) five-

layer spin coated ITO film surface. 

 

 
 

 

 
 

Fig-2: AFM Line profile amplitude of (a) single layer 

and (b) five-layered spin coated ITO film surface. 

B. Electrical Properties : 

The electrical resistivity of the spin coated ITO films 
with different number of layers (5, 10 and 15) was 
observed by Van Der Pauw’s Method. Ag paste was 
used for making contacts on the four corners of the film.  

 

Figure 3 shows the variation of electrical resisitivity 
of the as prepared and annealed ITO samples with 
different number of layers. It is observed from the graph 
that the resistivity increases with the increasing number 
of layers i.e. film thickness. But it is noticeable that for 
the fifteen layered sample the resistivity decreases after 
annealing, while for ten layered film it is not much 
changed and for five layered film 

 

 

 

Fig-3: Variation of film resistivity with number of 

layers 

it increases after the heat treatment. It is also noticeable 

that annealing makes the resistivity of all three samples 

almost similar. From this behavior it might be 

concluded that the heat treatment improved the 

continuity between the coating layers providing a better 

quality film with less defects and better conductivity. 

C. Optical Properties: 

The optical properties such as absorbance was 
observed using Perkin-Elmer λ-19 Spectrophotometer 
UV-spectrometer with a scan range of wavelength from 
200-800nm.  

Figure 4 shows the wavelength spectra for 
absorbance of as prepared spin coated films with 
different number of layers. The films showed optical 
absorbance in the visible range and near infrared range. 

 

Fig-4: Wavelength spectra for absorbance of as 

prepared spin coated films with different number of 

layers. 

The variation of absorption with increasing number 
of layers before and after annealing is shown in figure 5. 
It is observed that after annealing the absorption for the 
sample with higher number of layers is much decreased. 

(b) 

(a) 

(b) 
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Fig-5: Variation of absorption with increasing number 

of layers 

IV. CONCLUSION 

The surface morphology and electrical and optical 
characteristics of spin coated ITO films have been 
observed under several conditions.  It was observed that 
with increasing number of layers the thickness of the 
film increases. Although the sample surface had some 
cracks and irregularities which might have caused due to 
the dust particles in the non-vacuum coating chamber, 
the defects decreased with increasing number of layers 
i.e. film thickness. 

The electrical conductivity for the film with higher 
thickness increased after annealing. And it was observed 
that the overall electrical conduction performance of the 
films improved after annealing treatment.  

The films showed optical absorbance in the visible 
range and near infrared range and after annealing the 
absorption for the sample with higher thickness is much 
decreased. 

This work reveals the performance of spin coated 
transparent ITO films and from the above findings it 
might be concluded that with optimized thickness and 
proper annealing treatment the films are well suited for 
conducting application with great optical access. 
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Abstract—Mental stress is a fact of modern life. But it has a 

significant and negative impact on one’s personal as well as 

professional life. Public knowledge about mental stress, 

medical conditions, and their evidence based treatment 

strategies in developing countries like ours is poorly or 

inaccurately understood. In this paper, we propose a 

smart-phone based health service system for identification 

of mental stress and stress factor. Here, we devised a Stress 

Response Inventory (SRI) questionnaire to calculate the 

score of personal events that increase the mental stress 

level. Multiple regression analysis is performed on the 

subsets of SRI questions to show the relationship with 

heart rates. We also evaluated our system by analyzing 

how mental stress differs for different age groups. 

Keywords- heart rate; mental stress; stress response 

inventory; stress factor, multiple linear regression analysis. 

I. INTRODUCTION 

Stress is a mental or psychological phenomenon 
formed through one‟s cognitive appraisal of the 
stimulation and is a result of one‟s interaction with the 
environment. Stress can be caused by environmental 
factors, psychological factors, biological factors, and 
social factors. An individual‟s reaction to the stress-
causing event will determine whether the stress is 
positive or negative. Mental stress occurs when we deal 
with high demands. All sorts of situations can cause 
stress such as work, money matters and relationships 
with partners, children or other family members. Stress 
may be caused either by major upheavals and life events 
such as divorce, unemployment, moving house and 
bereavement, or by a series of minor irritations such as 
feeling undervalued at work or dealing with difficult 
children. Sometimes there are no obvious causes. 
Research has shown that around 12 million adults in UK 
consult their General Practitioners (GP) with mental 
health problems each year. Most of them suffer from 
anxiety and depression and some of them has stress-
related problem. Approximately 13.3 million working 
days are lost per year due to stress, depression and 
anxiety [1]. It is not easy to measure the effect of stress 
on any given individual's health or to predict how that 
individual will respond to it.  

Now a day‟s, mental stress related problems are 
increasing rapidly. As a result, some suicidal occurrences 
were happened. In our country, assistant for mental stress 
related issues are not yet gain popularity. However, most 
of the developed countries provide various facilities to 

relieve mental stress. Therefore, in this paper, we 
propose a low cost health service system to identify 
stress and stress factor efficiently. It identifies mental 
stress by answering stress response inventory (SRI) 
questions and heart rate. SRI questions are answered by 
the user after successfully sign in to the application. The 
SRI questions are categorized in different categories such 
as tension, aggression, somatization, anger, depression, 
fatigue, and frustration. SRI scores of people from 
different age groups are analyzed by multiple linear 
regression analysis. After answering the SRI questions 
new heart rates are calculated and checked if it is greater 
than 110 or less than 60.  It will reduce the deleterious 
effect of long term exposure to stress. It will also reduce 
the different service costs such as traffic cost, processing 
cost, doctors operational cost etc. 

II. RELATED WORK  

In recent years, a large number of applications have 
been developed for identifying mental stress but very 
few low cost applications have been developed in cross 
platform for identifying mental stress with stress factor. 

A number of physiological markers of stress have 
been identified, including electrodermal activity (EDA), 
heart rate (HR), various indices of heart rate variability 
(HRV), blood pressure (BP), muscle tension, and 
respiration [2]-[5]. Detection of acute stress by heart rate 
variability using a prototype mobile ECG sensor was 
presented in [6]. Kawachi et al. [7] emphasized on the 
fact that the higher level of phobic anxiety has lower 
heart rate variability. They only gave an idea of stress but 
there are several more reasons for which user can have 
stress. The authors in [8] introduced a wearable stress 
monitoring system that uses a stress monitoring 
algorithm which is not very efficient in terms of 
analyzing stress for different age groups. Tan [9] 
proposed a heart rate monitoring system that utilizes 
some linear regression coefficient for different age 
groups but the findings are not correct for all age group.  
Most of these systems are platform dependent and did 
not consider the stress factor. In contrast to these 
systems, we propose a cross platform application which 
will not only help to identify stress, but also to identify 
stress factor efficiently. In addition, it provides the 
facility to keep track the records of the users for future 
reference. 
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III. PROPOSED SYSTEM FRAME WORK 

In this section, we have shown the frame work of our 
proposed system. An application implemented in a cross 
platform for calculating mental stress or distortion 
problems can help to reduce suicidal problems and 
different heart related problems. Two major feature of 
our proposed system is (i) to identify stress and stress 
factor and (ii) to keep track of previous records. Figure 1 
shows the overall block diagram of the proposed system 
that contains the two main modules.  

 
Figure 1.  Block diagram of main modules of our proposed system 

A. Identifying stress and stress factor 

In order to identify the stress and stress factor users 
are asked to fill a form that asks about the current heart 
rate, user age group, date and some stress related 
questionnaires. These questions are reported in the 
references [10]-[12] done for different medical analysis 
and different stress related problem and are simply called 
SRI questions [13]-[16]. Table I contains the SRI 
questions with stress factor. 

Users are asked to answer some questions and they 
should provide a grade according to the following rule: 
„Not at all‟ (0 score), „Somewhat‟ (1 score), 
„Moderately‟ (2 scores), „Very much‟ (3 scores), or 
„Absolutely‟ (4 scores). The participants are divided into 
four age groups: 20 (20 ~29 years), 30 (30~39 years), 40 
(40~49 years), and 50 (50~59 years). The SRI scores and 
heart rates are analyzed using multiple regression 
analysis.  

Multiple regression analysis is performed to evaluate 
the relation between a set of SRI scores and heart rates at 
95% significant level (p<0.1). For age group 20, the set 
of questions 10 and 13 are significantly related with heart 
rates (p<0.1). For age group 30, the set of questions 6, 7 
and 13 are significantly related with heart rates (p<0.01). 
For age group 40, the set of questions 3 and 4 are 
significantly related with heart rates (p<0.01). For the 
age group 50, the set of questions 4, 6 and 7 are 
significantly related with heart rates (p<0.01). After 
getting the answers of the questions heart rates are 
calculated. The calculated heart rates are shown in Table 
II. 

These calculated heart rates are then used to identify 
the stress and stress factor. If HR value is greater 110 
beats per minute (BPM) for high heart rate or less than 
60 BPM for low heart rate, then the user have stress 
otherwise the user have no stress. Fig. 2 shows the flow 
diagram that used to determine the stress and stress 
factor. 

TABLE I.  SRI QUESTIONS WITH STRESS FACTORS 

Stress Factor SRI Questions 

Tension 

 

1. Does your body tremble? 

2. Do you feel tense? 

 

Depression 

 

3. Have you lost incentive to do anything? 

4. Do you feel useless? 

5. Do you often stare blankly? 

Frustration 

 

6. Does your chest feel tight? 

7. Does your heart throbs? 

8. Do you feel on edge? 

9. Do you think everything bothers you? 

Anger 10. Is your voice louder than as usual? 

Fatigue 11. Do you feel exhausted? 

Aggression 12. Do you act violently? 

Somatization 13. Do you feel dizzy? 

TABLE II.  CALCULATED HR USING MULTIPLE REGRESSION  

Age group Multiple Regression P 

value 

20 HR=UserHR+9.45*score4-4.6*score6 0.067 

30 HR=UserHR+9.46*score7+1.98*score8-

3.9*score3 

0.009 

40 HR=UserHR+3.63*score4-8.5*score6 0.002 

50 HR=UserHR+6.15*score6+8.23*score8-

3.65*score7 

0.001 

 

 
Figure 2.  Detailed flow diagram of the algorithm 

B. Keeping track of previous records 

The answers of the SRI questions for each user are 
stored in the database. Therefore, a user can see his/her 
previous result to keep track of his mental stress. 

IV. IMPLEMETATION 

     The proposed system is implemented in cross-
platform. Therefore, this application can be easily used 
by windows, android and i-phone users. Figure 3 shows 
the user interface of our proposed low cost health 
service application system. The application consists of a 
log in window which also offers facility to sign up so 
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that all users can have their own user profile for future 
reference. This application also provides password 
protection facility so that privacy of users is maintained. 
Figure 4 shows different user interface of our proposed 
system. 

 

         (a) Log in window                          (b) Sign up window   
 

Figure 3. User interface of the application. 

 

         (a) SRI questionnaire window            (b) Message window 

 

(c) SRI questionnaire window            (d) Message window 

      Figure 4. Proposed low cost health service application system 

 

V. EXPERIMENTAL RESULTS AND ANALYSIS 

In this section, we have analyzed the results of 
around 120 people of different age group. In addition, we 
have also classified the results of different age group.  

     Figure 5 shows various hearts rate for various age 
groups. From this figure we observed that as the age is 
increased, the man‟s stress is also increased. For the age 
group 20, 4 out of 14 persons have stress i.e.,  28% of 
people have stress. For the age group 30, 5 out of 14 
person  have stress i.e., 36% people have stress. For the 
age group 40, 6 out of 12 person have stress i.e., 50% 
people have stress. For age group 50, 7 out of 10 person 
have stress i.e., 70% people of this group have stress. 
Overall, we can say that 63% people of different age 
group have mental stress. Figure 6 shows the percentage 
of the people suffering from mental stress for different 
age group. From this figure we observed that the people 
of age group 20 have less stress than the people of age 
group 50. As the age increases, the responsibility of the 
people also increases, indicating that people have to 
handle more physical and mental pressure which 
increases the stress accordingly. 

 

 

Figure 6. Percentage(%) of stress vs different age groups 

VI. CONCLUSION 

A low cost automated health service system for 
identifying mental stress and stress factor using heart rate 
and SRI questionnaire was introduced in this paper.  This 
application will help millions of peoples in Bangladesh 
to identify the metal stress. There is no such android, 
windows or iOS application through which we can 
calculate stress and stress related problems. The user can 
easily find stress without any problem. At any time he 
can access the application and find out his stress result. 
The history will help the user to maintain stress related 
problems. By using history he can easily maintain his 
stress level. It will save a lot time and will remove 
complexities. Most importantly this application is 
capable of generating a report and it will help the mass 
people to understand stress related problems.  
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Figure 5. Heart rate of (a) age group 20s,(b) age group 30s, (c) age group 40s and (d) age group 50s 
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Abstract—Spectrum scarcity problems happen due to the 

spread of various wireless devices and technologies 

engaging static frequency access and to cope up with this 

demand, Cognitive Radio is a solution of enormous 

outlook. This article discusses spectrum scarcity problem 

in wideband. The effect of different fading channels in 

wideband is considered here. A wideband signal is passed 

through fading channels and then it is estimated using ℓ1 

magic technique. Then receiver-operating characteristic 

curve of the evaluated signal is estimated. Now a day’s 

spectrum scarcity is a big issue in the field of mobile 

communication. Cognitive radio (CR) is a reliable solution 

to this problem. In a cognitive radio network, the 

secondary users are allowed to utilize the frequency bands 

of primary users when these bands are not currently being 

used. The secondary users are required to sense the radio 

frequency environment, and once the primary users are 

found to be active, the secondary users are required to 

vacate the channel within a certain amount of time. 

Keywords- Wideband Spectrum Sensing; Fading 

Channels; ℓ1 magic technique,Complementary Receiver 

Operating Characteristics(CROC). 

I. INTRODUCTION 

Cognitive radio is one of the modern techniques for 
wireless communication systemsto utilize the unused 
spread spectrum effectively. Cognitive radio is 
motivated by recent measurementsof spectrum 
utilization, showing unused resources in frequency, time 
and space. The spectrum bands are usually licensed to 
certain services, such as mobile, fixed, broadcast, 
andsatellite, to avoid harmful interference between 
different networks to affect users. Most spectrum bands 
areallocated to certain services but worldwide spectrum 
occupancy measurements show that only portions ofthe 
spectrum band are fully used. Cognitive radios, with the 
capabilities to sense the operating environment, learn 
and adapt in real timeaccording to environment creating 
a form of mesh network, are seen as a promising 
technology. Cognitive Radio is a promising technology 
which provides an innovative way to improve utilization 
efficiency ofavailable Electromagnetic spectrum. 
Spectrum sensing helps to detect 

The unused spectrum resourcesproviding high 
spectral resolution capability [4].In wireless 
communication, fading is deflection of the attenuation. It 
influences a signal over certain propagation media. 
Acommunication channel that experiences fading is 

knownas fading channel. To reduce the effect of fading 
on channel various fading models are used such as 
AWGN, Rayleigh, Rician, and Nakagami fading model. 
These modelsnot only reduce fading but also increase the 
performance of spectrum sensing. The impulseresponse 
functions of these models are applied on BPSK& QPSK 
modulated signal and CROC curves havebeen 
demonstrated to show the performance evaluation of the 
thesis. 

II. SPECTRUM  SENSING  

     The main threat cognitive radio is that the 
secondary users need to know the presence of primary 
users in a licensed spectrum and vacant the frequency 
band rapidly when associated primary radio arrives so 
that collision does not occur. Spectrum sensing is the 
name of this method. The initial step to implement 
Cognitive Radio system is spectrum sensing and 
estimation. 

 

                Fig .1. Spectrum Sensing Techniques. 

III. WIDEBAND SENSING 

Wideband spectrum sensing methods targets to sense 
a frequency bandwidth that exceeds the coherence 
bandwidth of the channel (e.g., 300 MHz - 3 GHz). In 
the wideband range, traditional narrowband sensing 
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methods are not possible to apply for performing 
wideband spectrum sensing, as of making a single 
binary decision (PU present or absent) in the entire 
wideband signal, thus cannot locate individual spectral 
opportunities that lie within the wideband spectrum. 
Wideband spectrum sensing can be mainly categorized 
into two kinds; Nyquist rate wideband sensing and sub-
Nyquist wideband sensing. The first technique is the one 
which processes digital signals taken at or above the 
Nyquist rate, while the later technique is the one which 
acquires signals using sampling rate lower than the 
Nyquist rate[4].While the first technique is associated 
with the filter design constraints, the later technique 
requires high-speed analog-to-digital converter. One of 
the potential approach to reduce the sampling problem 
in wideband communications is Compressive Sensing 
(CS), which declares that one can recover sparse signals 
at sub-Nyquist rates [9]. CS depends on this principle of 
sparsity, so that a brief representation of the signal is 
possible when expressed in a suitable form. Wireless 
communication signals in open-spectrum networks are 
typically sparse in the frequency domain, allowingusing 
compressive sensing to remove the sampling problem. 
Though CS is a powerful and efficient technique, it has 
a side effect that it results increased computational 
complexity. The signals requires low energy for 
processing at both the transmitter and receiver sites 
which is supportive to move forward complexity since 
the sampling is done less than the Nyquist rate, so 
Compressive sensing is a method to estimate signals 
using less evaluations comparing to conventional 
sampling. Assume that P is to be measured which is an 
N × 1 vector. Mathematically, P can be viewed as 

      (1) 

where Ψ  is a basis in which P is sparse and the N × 1 
vector s can be represented by P in the basis Ψ and has 
Ls≪N non zero elements. 

From the basic of Compressive sensing theory we 
can say that P can be correctly estimated from Z≪N 
evaluations of the signal. Assume that we use a set of Z 
linear combinations of the signal. The measurement 
vector y can be given by 

                           (2) 

Where Φ is the sensing matrix. So, P can be 
estimated from Q if we take appropriate value of Z and 
Φ and use the sparsity of the representation of Pin the Ψ 
basis. N,Ls and a estimate of similarity between the 
sensing matrix Φ and the basis matrix Ψ determines the 
value of Z[10].  Then, using ℓ1 norm minimization the 
sparse vector s can be recovered from the measurement 
vector y 

 min∥s∥1 
                      s 

Subject to Q= ΦΨs 

 

IV. FADING CHANNEL  

Fading is a random process which varies based on 
Based on time, geographical position or radio frequency 
fading. In simple, fading means path loss or shadowing. 
Any communication channel that goes through fading is 
called fading channel. The reasons behind fading may 
either be because of multipath propagation which is 
called multipath induced fading, or because of 
shadowing from obstacles influencing the wave 
propagation, which is called shadow fading. 
Performance of wireless communication system is 
greatly influenced by fading.Few fading channels are 
given below: 

 Rayleigh fading 

 Rician fading 

 Nakagami fading 

V. SIGNAL MODEL 

In conventional energy detection system model, 
there is a input of a signal which maybe modulated. The 
input signal use the noise pre filter and converted to 
digital fromanalog. A squaring device is used to square 
the signal. The signal is compared withthe test statics as 
in Fig. 2.Which shows the signal model. 

 

 

 

 Fig. 2. Energy detection process 

Let assume that the received signal has the following 
simple form: 

 ( )   ( )   ( )………………… (3) 

Where s(n) is the signal to be detected, w(n) is the 
additive white Gaussian noise(AWGN) sample, and n is 
the sample index. Note that s (n) = 0 when there is 
notransmission by primary user. The decision metric for 
the energy detector can bewritten as  

M=∑   ( )   
   ……………..… (4) 

 

Where N is the size of the observation vector. The 
decision on the occupancy of aband can be obtained by 
comparing the decision metric M against a fixed 
threshold  . This is equivalent to distinguishing 
between the following two hypotheses. 

     ( )     ( )……………………. (5) 

     ( )   ( )   ( )……………… (6) 

 

The performance of the detection algorithm can be 
summarized with two probabilities: probability of 
detection PD and probability of false alarm     .    is 

https://en.wikipedia.org/wiki/Random_process
https://en.wikipedia.org/wiki/Multipath_propagation
https://en.wikipedia.org/wiki/Wave_propagation
https://en.wikipedia.org/wiki/Wave_propagation
https://en.wikipedia.org/wiki/Rayleigh_fading
https://en.wikipedia.org/wiki/Rician_fading
https://en.wikipedia.org/w/index.php?title=Nakagami_fading&action=edit&redlink=1
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theprobability of detecting a signal on the considered 
frequency when it truly is present.Thus, a large 
detection probability is desired. It can be formulated as 

                                       (       ) ………… (7) 

 

PF  is the probability that the test incorrectly decides 
that the considered frequencyis occupied when it 
actually is not, and it can be written as 

        (       ……………… (8) 

     Should be kept as small as possible in order to 
prevent under-utilization oftransmission opportunities. 
The decision threshold   can be selected for finding an 
optimum balance between     and       . 

However, this requires knowledge of noise and 
detected signal powers. The noise power can be 
estimated, but the signal power is difficult to estimate as 
it changes depending on ongoing transmission 
characteristics and the distance between the cognitive 
radio and primary user. In practice, the threshold is 
chosen to obtain a certain false alarm rate. Hence, 
knowledge of noise variance is sufficient for selection of 
a threshold should be kept as small as possible in order 
to prevent underutilization of transmission 
opportunities. The decision threshold    can be selected 
for finding an optimum balance between      and       . 
However, this requires knowledge of noise and detected 
signal powers. The noise power can be estimated, but 
the signal power is difficult to estimate as it changes 
depending on ongoing transmission characteristics and 
the distance between the cognitive radio and primary 
user. In practice, the threshold   is chosen to obtain a 
certain false alarm rate. Hence, knowledge of noise 
variance is sufficient for selection of a threshold. 

 

VI. SYSTEM MODEL 

The main outline of this thesis work is to estimate a 
signal which is sparse using a compressive 
sensingtechnique. For compressive sensing l1 magic 
technique is used. Then spectrum sensing is evaluated 
basedon matched filtering detection. Fig. 3.Shows 
system model of thesis work. 

 

 

Fig. 3. Block Diagram of System Model 

VII. PERFORMANCE EVALUATION & 

ANALYSIS 

In this section the simulation result of the thesis 
work is represented. Monte-Carlo Simulation, Matlab-
2012, l1 magic areused here. l1 magic is a collection of 

MATLAB routines for solving the convex optimization 
programscentral to compressive sampling. We represent 
estimated signals which have been passed through 
fading channel using l1 minimization 
technique.Modulated signal named Binary Phase Shift 
Keying (BPSK) &Quadrature phase-shift keying 
(QPSK)areused. This signalis passed through Rayleigh, 
Rician and Nakagami channel and then it is estimated 
using l1 magic.Then, we presentthe results in terms of 
the probability of detection (Pd) versus the probability 
of false alarm Pf and Comparison between CROC 
curves of BPSK and QPSK modulated signal. 

A.  Probability of Detection vs Probability of False 

Alarm 

Probability of Detection Pd is the probability of 
appropriately detecting the presence of the primary users 
in the spectrum. Probability of False Alarm Pf defines 
the probability of declaring the presence of the primary 
user by mistake. From the transmitter modulated signals 
BPSK with SNR = -4 dB, 0 dB & 2 dB are passed 
through the AWGN and the Rayleigh Channel. Noise is 
added with the signal through the transmission path. 
Then this corrupted signal is estimated using ℓ1 magic.  
We observe the whole process by fixing a threshold 
level. If the threshold level is very high the signal will 
be detected without any interference, but the probability 
of detection is low as it will only detect the strong 
signals. But the high threshold level is also reducing the 
probability of false alarm. If we calculate 100 percent of 
probability, then there will be maximum 90 percent 
possibility to detect the transmitted signal and minimum 
10 percent possibility to detect the false alarm. 

 

B. Complementary Receiver Operating 

Characteristics(CROC) 

 

 

Fig. 4. Comparison of CROC curve of BPSK and QPSK 
modulation scheme for Rayleigh fading model 

 

https://en.wikipedia.org/wiki/Phase-shift_keying#Quadrature_phase-shift_keying_.28QPSK.29
https://en.wikipedia.org/wiki/Phase-shift_keying#Quadrature_phase-shift_keying_.28QPSK.29
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Fig.5. Comparison of CROC curve of BPSK and QPSK 
modulation scheme for Rician fading model 

 

Fig.6: Comparison of CROC curve of BPSK and QPSK 
modulation scheme for Nakagami fading model 

From figure 14, 15, 16 it can be noticed that the 
QPSK scheme has better performance than BPSK 
scheme for energy detection method. The higher value 
of SNR outperforms the lower value of SNR for all 
schemes. As expected the Rician and Nakagami model 
shows better result than Rayleigh model. 

 

VIII. CONCLUSION 

Spectrum is very valuable resource in wireless 
communication systems .But with the rapid growth of 
communication spectrum scarcity becomes a problem 
now a days. In this paper, we have proposed a 
compressive sensing technique for wideband cognitive 
radio networks. This is based on first estimating the 
noisy signal under Rayleigh, Rician, Nakagami channel 
using ℓ1 magic technique and then using matched filter 
approach for detection. We successfully estimate the 
signal and then we successfully simulate the output 
signals, and we distinguish whether there are primary 
users present or not, we get how the SNR influences the 
detections. So we almost get the final result of the 
spectrum sensing for cognitive radio based on 
compressive sensing as we expected. We can also say 
that when the threshold level is high it only detects the 
strong signals and many weak signals pass below the 
threshold level. We represent estimated signals which 
have been passed through fading channel using l1 
minimization technique. Modulated signal named 
Binary Phase Shift Keying (BPSK) & Quadrature 
phase-shift keying (QPSK)are used. This signal is 

passed through AWGN, Rayleigh, Rician and Nakagami 
channel and then it is estimated using l1 magic. Then, 
we present the results in terms of the probability of 
detection (Pd) versus the probability of false alarm Pf 
and Comparison between CROC curves of BPSK and 
QPSK modulated signal. By comparing BPSK& QPSK 
results we got that QPSK has better results. 
Compressive sensing is a powerful technique in 
spectrum sensing in wideband. The main advantage is it 
requires less samples. Compressive sensing technique 
can be used to recover missing data. 
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Abstract—Lanthanum fluoride (LaF3) insulating layer 

embedding Silicon Nanocrystals (Si-NCs) has been 

fabricated by a novel chemical bath deposition (CBD) 

technique and its morphological and electronic properties 

have been investigated in this article. Si-NCs were 

prepared by sonication of meso-porous Silicon that was 

prepared by electrochemical anodization. Scanning 

Electron Microscopy (SEM) of the LaF3 layer confirmed 

the presence of Si-NCs on and inside the LaF3 layer. 

Various sizes of the Si crystals were formed during 

sonication. Depending on the etching densities it was found 

that average size of the Si-NCs were increasing with the 

increasing etching current. The minimum size of Si-NCs 

was found to be of the order of 50 nm. Energy Dispersive 

X-Ray (EDX) analysis on the LaF3 layer confirmed the 

presence of La, F and silicon in the deposited layer. Atomic 

Force Microscopy of the surface revealed a rough surface. 

The roughness was found to improve with the thicker 

layer. To find the conduction mechanism through the Si-

NCs:LaF3 layer, the current-voltage (J-V) characterization 

of the MIS structure in the Ag/Si-NCs:LaF3/Si/Ag 

structure was investigated. The tunneling current was 

found to depend on LaF3 thickness and applied bias. The 

major conduction mechanism was found to be dominated 

by Fowler–Nordheim tunneling. The present results 

suggest that Si-NCs embedded in a LaF3 layer holds good 

promise for potential applications in nonvolatile memories 

with floating gates consisting of silicon nanocrystals 

embedded in a LaF3 insulating layer. 

Keywords-Silicon nanocryatals, Chemical Bath 

Deposition, Fowler–Nordheim tunneling. 

I. INTRODUCTION 

The first nanocrystals based MIS memory structure 
was put forward by Tiwariet al[1].(1996), where Si 
nanocrystals were used as memory nodes and SiO2 was 
used as barrier[1]. In such memory devices thickness of 
the insulating layer plays an important role. For the fast 
Program/Erase (P/E) operation, a thin tunneling oxide is 
needed, whereas, a thick tunneling oxide is preferred to 
achieve longer retention time. As a possible solution to 
this problem, recently, many efforts have been made to 
improve the device performance by replacing SiO2 with 
high-k [2-4]. In our previous work we investigated 
Lanthanum fluoride (LaF3) as high-k material with 
embedded silicon nanocrystals (Si-NCs) in MIS devices 
[5]. This article presents the fabrication of silicon 
nanocrystals (Si-NCs)-embedded LaF3 insulating layer 
by a simple chemical bath deposition (CBD) technique. 

The widely preferred techniques for depositing LaF3 
thin films have been physical vapor deposition (PVD) 
methods, e.g., electron-beam evaporation[6,7], ion-
assisted deposition[8], thermal evaporation[9],ion-beam 
sputtering[10], radio frequency (RF) magnetron 
sputtering[11], molecular beam epitaxial [12] and 
Atomic-Layer Deposition [13].Unfortunately, most of 
these techniques suffer from serious fabrication 
problems of narrow process window. Generally such 
physical vapor deposition techniques reveal an 
irregularity in the coverage and uniformity in 
composition on wide-area substrates in addition to 
requirement of expensive equipment and high-running 
costs. In contrast the CBD process generally offers 
significant advantages in film fabrication of electronic 
materials, such as high purity, ease of composition 
control, relatively low processing temperature, large 
deposition area, inexpensive facilities and low operation 
costs. In our study, Atomic Force Microscopy of the 
surface revealed a rough surface. The roughness was 
found to improve with the thicker layer. To find the 
conduction mechanism through the Si-NCs:LaF3 layer, 
the current-voltage (J-V) characterization of the MIS 
structure in the Ag/Si-NCs:LaF3/Si/Ag structure was 
investigated. The tunneling current was found to depend 
on LaF3 thickness and applied bias. The major 
conduction mechanism was found to be dominated by 
Fowler–Nordheim tunneling. The present results suggest 
that Si-NCs embedded in a LaF3 layer holds good 
promise for potential applications in nonvolatile 
memories.  

II. EXPERIMENTAL  

MIS devices with LaF3 layer embedding Si-NCs 
were fabricated on p-type <111> single crystal silicon 
substrates using a simple chemical bath deposition 
(CBD) technique. Si-NCs were produced by pulverizing 
porous silicon. Porous silicon sample were prepared by 
standard electrochemical etching of p-type <111> Si 
wafers in a homemade double tank cell at different 
current densities for 30 minutes under room light 
illumination. Colloidal suspensions of silicon 
nanocrystals were prepared from as made porous silicon 
in hydrofluoric (HF) acid by Ultrasonic Vibration 
(sonication) for about 60 minutes at a frequency of 40 
kHz. On a clean Si substrate, warm 0.6 M- lanthanum 
chloride (LaCl3) solution in HCl was allowed to react 
with the HF of the colloidal solution that contains Si-
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NCs. The simple substitution reaction as shown below 
produces LaF3 that deposits on the Si substrate as a layer 
containing Si-NCs.  

 

HF + LaCl3          LaF3 + HCl + H2O 

 
Ohmic contacts were fabricated by evaporating 

silver (Ag) on LaF3 and also on the back of Si substrate. 
The SEM and AFM were used to study the morphology 
of the deposited layer. Energy Dispersive X-Ray (EDX) 
measurements were carried out to investigate the  

microstructural properties of the silicon nanoparticles 
embedded in the LaF3 layer.  

III. RESULTS AND DISCUSSION  

As shown in Fig. 1, the presence of Si-NCs was 
clearly viewed under SEM. There were nanoparticles of 
various sizes. The smallest size was found to be of the 
order of 50 nm. The average size of the Si-NCs was 

dependent on the anodization current during the 
fabrication of porous silicon and sonication power. The 
thickness of the LaF3 layer was measured  by Tolansky 
Interference Method and AFM. As shown in Fig. 1, the 
presence of Si-NCs was clearly viewed under There 
were nanoparticles of various sizes. The smallest size 
was found to be of the order of 50 nm. The average size 
of the Si-NCs was dependent on the anodization current 
during the fabrication of porous silicon and sonication 
power. Fig. 1 also shows the EDX spectrum that reveals 
that the non-stoichiometric nature of LaF3 layer. 

Fig. 2 shows the 3D topography of thin and thick Si-

NCs:LaF3 layer was obtained by AFM. The surface of 
thin layer was found to be rough. The average roughness 
of the surface for thin layer (~200nm) was ~8nm. The 
roughness drastically improved to ~2.5nm for thick 
(400nm) layer. 

 

Fig.1. SEM image of silicon nanocrystals  fabricated at an etching current density of (a) 50mA/cm
2
, (b) 60mA/cm

2
 

and (c) 80mA/cm
2
 keeping the same duration and sonication power, and (d) EDX of a layer 
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(a) 

 

(b) 

Fig 2. Surface morphology of the deposited SiNCs:LaF3 

layer obtained by AFM (a) thin (~200nm) and (b) thick 

(~400nm). 

 

The electronic property of the Si-NCs-embedded 
LaF3 layer was investigated by the I-V, C-V and G-V 
characterization of the layer in the heterostructure of 
Ag/LaF3/Si-NCs/Si/Ag.  

Fig. 3 shows the I-V characterization of the 
heterostructure, where the bias was swept at an interval 
of 0.05 V with a sufficient delay between readings that 
allowed current transients associated with the voltage 
increments to die out for a stable current measurement. 
The I-V characteristics of the Ag/LaF3/Si-NCs/Si/Ag 
were studied under forward and reverse bias condition 
for different LaF3 layer thicknesses. For both forward 
and reverse bias condition, the current was found to 
increase as a function of absolute value of bias voltage 
(V) that depends also on the LaF3 thickness. Resulting 
current values were of the order of 10

-6
 ~ 10

-3
A, 

depending on voltage size and polarity. In comparison 
with the current-voltage characteristics of other workers 
[1-7], these values were an order of magnitude higher 
indicating a high percentage of silicon nanocrystals in 
the LaF3 layer.   

 

Fig. 3. I-V characterization of Ag/LaF3/Si-NCs/Si/Ag 
Heterostructure under light. 

 

Fig. 4. Fowler–Nordheim plot of the Ag/LaF3/Si-
NCs/Si/Ag. 

The conduction mechanism of Ag/LaF3/Si-
NCs/Si/Ag has been analyzed by fitting the 
experimental J–E curve by available models at a certain 
electrical field as shown in Fig. 4 that shows Fowler–
Nordheim plot of the Ag/LaF3/Si-NCs/Si/Ag structure 
that shows a linear fitting of the Fowler–Nordheim plot 
for a range of 1/E values.. The conduction mechanism 
was found to be dominated by Fowler–Nordheim 
tunneling.  

IV. CONCLUTION 

In summary, thin Lanthanum fluoride layers 
embedding silicon nanocrystals have been successfully 
fabricated using a simple chemical bath deposition 
(CBD) technique. SEM images showed that silicon 
nanocrystals were formed inside the LaF3 layer and also 
confirmed the presence of silicon nanocrystals. From the 
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EDX spectrum, it was observed that the deposited LaF3 
layer was non-stoichiometric. The present results 
suggest that Si- NCs embedded in a LaF3 layer hold 
good promise for potential applications in nonvolatile 
memories with floating gates consisting of silicon 
nanocrystals embedded in a LaF3 insulating layer. 
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Abstract—In this paper, a new design approach of wireless 

health monitoring system is proposed for emergency 

mobile health care center of Refugee camp and disaster 

affected area. The proposed system will be able to monitor 

several patients at a time using wearable devices with a 

wireless transmitter and a central monitoring unit with a 

wireless receiver. Different biosensors will be attached to 

the central processing unit of the wearable device which 

will deliver different physical data of temperature, pulse, 

and ECG. A panic button will be placed for generating an 

emergency alert with the wearable device. The central 

monitor unit will be able to receive data from wearable 

devices through wireless technology. The main applications 

of central monitoring unit will be the ability to process and 

store data from several patients and send regular or 

emergency report as well as notification to the physician to 

notify about patients physical condition. 

Keywords-refugee camp; disaster; health care; wireless. 

I. INTRODUCTION 

Health and fitness crisis occurs in the refugee camp 
that is actually a particular burning concern nowadays. 
The massive amount of individuals acquires refuge 
within the refugee camp. On the contrast, a handful of 
healthcare service, as well as minimal medical 
professionals, tend to be available during an emergency 
which causes some large figure of individuals’ death 
due to the fact associated with a shortage of appropriate 
monitoring system. A similar situation can be observed 
during the response to natural catastrophes which are 
devastating occurrences includes earthquakes, volcanic 
breakouts, landslides, tsunamis, floods, and drought. 

Throughout a previous couple of years, natural 
catastrophes have got destroyed enormous amounts of 
families, detrimentally impacted the life of more than 1 
billion people with considerable financial wrecks [1]. 
According to the UN the after effects of Catastrophic 
and natural disaster overpower regional solution 
capability as well as critically have an effect on the 
community and economic advancement of a community 
[2]. Evidence of 2004 tsunamis in Asia, Hurricane 
Katrina in 2005 and the earthquake in 2010 in Haiti [3] 
have proved that the modern technology still needs more 
technological advancement to face the emergency 
situation in case of emergency health care. In this paper, 
we have introduced a patch type wearable device which 
can be easily attached with and remove from the human 
body. This device will do the job of proper monitoring 
of human vital organs reading such as pulse rate, 

heartbeat blood pressure etc. And the data which is 
taken from the human body will be sent to smartphone 
or tab through the wireless communication system. This 
information can also help doctors to decide which 
patient needs emergency service as the device can 
provide real-time data. Also in the case of routine 
monitoring, a flash memory is added with the device to 
store the data taken from the human organs. 

II. LITERATURE REVIEW  

After analyzing a few paper based on the 
improvement of the wearable device using Wireless 
Health Monitoring System, it was observed that 
previous system was developed with much complexity 
and less effectiveness for the healthcare of refugee camp 
and mobile health service camp treating people of 
disaster affected area. UNHCR along with partners 
created a web foundation known as Twine to handle, 
determine as well as assess the actual community health 
records in a refugee camp to enhance the administration 
program of health services to develop refugee health [4]. 
A mobile ultrasound gadget regarding the health and 
fitness assistance involving Lugufu refugee camp is 
reviewed which is portable only not wearable [5]. 
Similarly, a portable medical care system is introduced 
to acquire details for individual essential symptoms 
utilizing a wireless network body area network (WBAN) 
[7]. A wearable design approach using sensors attached 
to a smart cloth with the measurement ability of 
electrocardiogram (ECG) has been reviewed which was 
able to provide the real-time information employing 
wireless transmission [6]. A wireless network health 
care supervising method established on ZigBee was 
proposed where wireless observation system of the 
temperature as well as pulse measurement of affected 
person can be determined with the limitation of no 
presence of storage or notification alert system [8]. 
Another health supervising method through Bluetooth 
networking system utilizing the principle of a 
ubiquitous-bedroom (u-bedroom) for ubiquitous health 
checking method [9] was reviewed where wireless data 
transfer using Bluetooth technology and wireless LAN 
(WLAN) were employed for unobtrusive biomedical 
signal measurement. 

III.  METHODOLOGY OF PROPOSED SYSTEM 

Real-time data is actually the most significant factor 
for giving a patient better service. The proposed system 
will deliver real-time data to the health monitoring 
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server of the camp as illustrated in fig. 1. After having 
the data from individual patients’ vitals, sensors will 
send the data to the data processing unit. The 
microcontroller will process and accumulate the data 
once it gets the data and instantly delivers data to the 
central monitoring via the wireless communication 
module. Consequently, the real-time information can be 
achieved about that required patient. And if necessary 
the device can store the data in its own SD card module. 
After receiving the transmitted data wireless receiver 
will send it to the central monitoring unit which consists 
of two modules; data processing module and alarm and 
notification module. Data processing unit will process 
the real-time data and store the data in three categories; 
daily data, weekly data, and monthly data. Alarm and 
notification module will show the real-time data through 
the regular notification system. This module will also 
deliver the emergency notification and panic alarm. 

 

Fig. 1. Overview of proposed System 

Generally, it is common in practice that one doctor is 
assigned for some patients in the health camp which 
cannot assure proper monitoring. The proposed system 
will be helpful to the doctors to decide the priority 
treatment for specific patients. By analyzing the real-
time data and the patients’ profile from the monitoring 
unit. The doctors can know the patients’ vitals data 
anytime by checking the patients’ profiles from the 
monitoring unit. But the situation of any patient can be 
critical any moment, in that case, an emergency alert 
message is delivered to the smart devices of the doctors 
from the central monitoring unit which is a distinct 
feature of this proposed system. For doing this 
important task a program is to be set in the system to 
compare and analyze the data of human vitals what it 
gets from the wearable device with the standard value. 

IV. FUNCTIONAL BLOCK DIAGRAM OF 

PROPOSED SYSTEM 

The whole system will consist of two units are a) 
Wearable device with a wireless transmitter. b) Central 
monitoring Unit with a wireless receiver. 

 
Fig. 2. (a) Functional Block diagram of (a) Wearable device (b) 

Central Monitoring Unit. 

The wearable device consists of sensor unit, 
controller or data processing unit, SD card module and 
ZigBee transmitter as illustrated in fig. 2. Basically, the 
proposed wearable device can be used to collect 
required data from the human body and the data can be 
delivered to the destination through wireless 
communication. The readings of the human vitals will 
be collected via pulse sensor, temperature sensor, and 
ECG sensor which are attached to the device.A panic 
button will be attached to the wearable device to send a 
panic alarm to the notification module. The 
microcontroller will collect and accumulate all data 
those are acquired by the sensors. After that, there will 
be a wireless transmitter which is likely to communicate 
wirelessly with the central monitoring unit with a 
wireless receiver. Sometimes routine check-up is needed 
for some patients. So, in that case, some specific data is 
needed to send after a certain time period. So an SD 
card module will be attached to the wearable device to 
store those data for that specific time period. 

V. HARDWARE ARRANGEMENT OF 

PROPOSED SYSTEM 

A. Wearable Device with wireless transmitter 

1) Data Processing Unit 
 

The proposed system will adopt the LilyPad Arduino as 

a main central processing unit of the wearable device 

which is structured on the low-power version of the 

ATmega168V [10]. A small power supply will be 

attached to proposed wearable device to provide 5 volts 

and 200mA from an input of rechargeable lithium 

polymer batteries of 1.2V to 5V. SD card module will 

be used to store data in a wearable device for a specific 

time of period. ZigBee is a recognized wifi standard 

developed as a strong receptive worldwide standard 

wireless M2M networking structured on IEEE 802.15.4 

standard which provides a good efficient exchange 

method with a fine transmitting spectrum and versatile 

system platform [12]. It will be employed to develop a 

wireless communication system for data transfer 

between wearable device and control unit. 
 

2) Sensors 
a) Temperature Sensor: The LM35 is a highly 

calibrated temperatures sensor possessing a linear and 
minimal output impedance which will be interfaced with 
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the wearable device and linked to the Arduino Lilly pad 
using analog I/O port. It is capable of producing an 
output voltage linearly proportional to the affected 
individual temperatures dependent. The sensor 
determines the physique temperature and delivers 
analog value through creating a difference of output 
voltage which will be transformed into temperature by 
utilizing transforming formula programmed in the 
microcontroller. 

b) Pulse Sensor: The cardiovascular sensor displays 
the stream of blood circulation by using a clip 
employing a laser beam that produces light via the 
epidermis and determines the actual reflectivity of the 
laser beam because of to the circulation of the 
circulatory system. The cardiovascular system of a 
person may show differ characteristics for different 
persons. 

c) ECG sensor: A built-in signal conditioning ECG 
sensor known as The AD82 will be employed to 
measure the electrical activity of the heart of a patient 
which can be used for ECG as well as various 
biopotential measurement purposes. It includes the 
compact metallic plate surrounded by a persistent pad to 
transfers the electric signal to acquire an amplified and 
strained tiny biopotential impulses in the appearance of 
loud noisy circumstances [13]. 

3) Panic Button 
Another additional feature of our proposed model is 

to deliver panic alarm notification to the concerned 
doctors. In the wearable device, there is a button named 
panic alarm button. If the patient feels uncomfortable or 
any pain, they can draw the attention of doctors by using 
this button. If the button is pressed, a signal is sent to the 
central motoring unit and the system shows as a panic 
alarm. Consequently, the duty doctors will aware of that 
patient to give him proper service. 

B. Central Monitoring Unit 
Central monitoring unit includes of data processing 

computer, the storage device of the server, portable Wi-
Fi router, printer and a wireless receiver (ZigBee). 
ZigBee receiver will receive the data sent from the 
wireless transmitter and then deliver it to the data 
processing computer. LabVIEW application will be 
utilized in the data handling computer to create the 
program for this system which offers the feature 
associated with transmitting functionality of 
physiological information in order to permit individuals 
to create a system [8]. LabVIEW is equipped to keep the 
physiological records of affected individuals as well as 
deliver a warning announcement in order to advise 
physicians. Right after processing the obtained 
information through the wearable device it will be saved 
in the storage device of the system. A portable Wi-Fi is 
connected with the computer to make a hot spot internet 
zone within the camp area as it will be needed to deliver 
emergency or regular notification to the smart devices of 
the doctors. And finally, a printer is connected to the 

computer to print the report of the patients when it will 
be necessary. 

 

Fig. 3. Hardware arrangement of proposed wearable device. 

VI. SOFTWARE AND PROGRAMMING 

A. Microcontroller Programming 
Hardware will initialize and collect all the data from 

different sensors of the wearable device. Acquired 
analog data will be converted into digital form and then 
the program will check the panic button. If the panic 
button is pressed the data will be sent directly to the 
central monitoring unit through ZigBee transceiver and 
will be shown as a panic notification. If no signal from 
the panic button, the data will be processed normally to 
get the real value of the human vital what was received 
from the sensors. After comparing the value if it is 
within the predefined parameter then it will go to the 
ZigBee wireless transmitter. The wireless receiver will 
receive it and send it to the server to save it and the data 
will be shown in the regular notification window. After 
comparing the value if it is within the predefined 
parameter then it will go to the ZigBee wireless 
transmitter. The wireless receiver will receive it and 
send it to the server to save it and the data will be shown 
in the regular notification window. 

 

Fig. 4. Flow Chart of microcontroller programming. 

B. Software design for Central Monitoring Unit 
LabVIEW has the ability to process as well as 

examining the significant data arranged created through 
a broad range of data arriving via sensors and statistics 
acquire methods through offering extremely effective 
records acquirement, data evaluation, and data creation 
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tools [9]. Date, location, the number of total patients and 
doctors or health caretakers will be listed on the top. 
Reports will be stored against the individual patient 
profile. After that, there will be several options available 
to check out the daily report, weekly report, monthly 
report and instant report. "Previous medical report" is 
also available where the previous data and health 
condition of the respective patient will be saved. And 
another one will be "report by health caretaker" where 
the assigned doctor will put his comments regarding the 
patient after checking profile. 

 

Fig. 5. Proposed Software interface of Central Monitoring Unit. 

There will be subdivision under each option like 
when daily report option will be selected some more 
option such as a complete report, temperature report, 
pulse report, ECG report will be shown to select. Two 
more options will be available in the profile named as 
“send a regular report to doctor” and “send an 
emergency report to doctor” to send a notification to the 
smart devices of the doctors. 

 

Fig. 6. Variation of Temperature and Pulse with change of time. 

The received data will be recorded in the profile after a 
one-hour interval. If the condition of the patient is 
normal, normal report will be saved in the profile. If an 
emergency situation arises the program will notify the 
data after 15 minutes interval. And if the panic button is 
pressed, it will notify the doctor to take immediate 
action. An approximate output of LabVIEW simulation 
according to the temperature and pulse readings is 
illustrated in figure 6. 

VII. CONCLUSION AND DISCUSSION 

Wearable health technology is becoming more 
reliable in this era of medical technology. It can be a 
smart and easy solution to monitor human health 
without self-existence of a doctor. Mainly we have 

proposed this system for the health camp such as 
refugee camp and temporary camps that are set up after 
a disaster. This proposed wearable device is a patchtype 
device so that it can be easily removed from the human 
body when the necessity arises. This device will monitor 
three vitals of a patient body; pulse, temperature, and 
ECG. And the wireless communication makes this 
system more efficient. We will get real time data of a 
patient for 24/7 which is the most important factor in the 
health service sector. We have added two distinct 
features in our system. One is panic notification and the 
other is emergency notification which made this system 
different from other works of wearable technology. 
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Abstract—The purpose of robotics in commercial & 
residential intention has come to be quite essential for 
executing challenging work into more conveniently simple 
way. There are a lot of researches working on to enhance 
the connection between humans and robot. The paper 
presents the research of the designing & development of a 
voice controlled talking robot using mobile phone based on 
Arduino Uno microcontroller. The control system of the 
robot movement will be employed by the voice and the 
robot will response the commanding persons by generating 
sounds of human voice with each verbal instruction. The 
proposed system will be designed based on microcontroller 
which is connected to smart android phone through 
Bluetooth module for receiving voice command. The voice 
command is converted to text by an app of the android 
phone and sends necessary data to the microcontroller for 
controlling robot movement. After receiving the data the 
robot responses according to the command by performing 
proper movement to the proper direction according to the 
voice command. A SD card module along with a SD card 
which will consist some pre-recorded human voice as audio 
file will be used by the robot for the development of the 
robot’s talking system. After getting each command the 
robot will act according to the instruction and will be able 
to speak different sentences. 

Keywords— Voice command, Robot , Arduino 

I. INTRODUCTION 
The surprising raise in the utilizing of robots and 

automation offers various advantages as well as it has 
drawn the attention of both academic investigation and 
commercial programs [1]. The analysis on numerous 
technique of controlling robot has accomplished quite a 
few success by introducing a number of innovative & 
unique methods of robot movement control. Verbal 
interaction intended for robot controlling is actually sort 
of an innovative process among many methods which are 
introduced regarding robotics control [1].Previous works 
on voice controlled robots [1]-[3] shows that the design 
of those robot were complicated and none of them were 
able to interact with users. Robots are anticipated to 
socialize along with its user however it has not yet 
arrived at this kind of level [2], [3]. There are numbers of 
techniques to control robot using voice identification yet 
it is reasonably limited [1].  

The development of a voice controlled robot is 
demonstrated in this paper which has the ability to follow 
voice command from user and does communicate with 
user by using pre-recorded human voice sound. 

Previously developed robot used ZigBee [10] which is a 
costly device. Another Voice Controlled Robotic Vehicle 
utilized computer with a sound card and a microphone 
which was not user friendly [11].  A technique to give 
voice command using android based smart phone using 
Bluetooth is presented to construct the robot based on 
microcontroller. The robot can accept instructions from 
users verbally and interact with user by speaking various 
sentences which will make it user friendly.  

II. OVERVIEW OF PROPOSED SYSTEM 
The robot will be based on microcontroller Arduino 

Uno because of its versatile features along with 
numerous advantages which is based on Atmega328P 
and an open source platform with the benefit of physical 
computing [4]. The system will utilize Bluetooth 
technology and Standard communication interface 
known as SPI interface. Bluetooth uses radio waves with 
safe, less power consuming device to connect and 
exchange data between devices without using of any 
kind of physical contact like wires and cable [6]. SPI 
interface is a synchronous serial information process 
utilized by microcontrollers for interacting along with 
one or more peripheral devices swiftly through limited 
ranges [8]. There are two main applications that robot 
will be able to perform which are discussed below. 

A. Movement control of the robot using voice 

command 

 The movement of the proposed robot will be 
controlled by the voice command of the user. The user 
will use an android operated smart phone to give voice 
command. The command can be fetched using an app 
which will convert the voice command into text. The 
phone will be connected to the microcontroller using a 
Bluetooth module. After conversation of the voice 
command into text the app will send necessary data to 
the microcontroller using Bluetooth of the phone and 
microcontroller will receive the data using Bluetooth 
module. According to the command, the robot will move 
forward, backward, left, right or fully autonomous. For 
driving the robot there will be two geared DC motors 
with gripped tyre which will be operated by the help of 
DC motor driver. An ultrasonic sensor will be employed 
for obstacle detection during autonomous mode. Arduino 
Uno will send signals according to reading of the 
ultrasonic sensor to provide data about any obstacle in 
front of the robot within a specific range. There will be a 
command for stopping the robot at instant. 
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B. Communicate with the user by talking while 

performing each command 

To communicate with the user, the robot will be able 
to talk while executing a specific command. After power 
up the robot, it will greet the user and ask for command 
for performing its action. When user will command for 
any specific direction, the robot will be saying by 
generating voice record that the robot is moving for that 
direction and ask for next command. Until the robot will 
receive the next direction, it will continue to follow the 
previous command. Each command robot will receive, it 
will generate sound of every sentences defined for its 
each actions. As example, for backward command, the 
robot will say “The robot is moving backward”. 
Similarly, robot will speak with every instruction the 
user will give. The sound will be pre-recorded human 
voices and stored to a micro SD card connected to the 
microcontroller unit using a SD card module. 

III. PROPOSED ROBOT MODEL 

A. Functional diagram 

The functional diagram of the proposed robot is 
shown in figure 1. The central processing unit will be a 
microcontroller connected with an android operated 
smart phone via a Bluetooth module. It will be used to 
give voice command using an app and will convert the 
voice command into text as well as send the data to the 
microcontroller using Bluetooth. 

 
Fig. 1: Functional block diagram of the proposed robot model. 

Motor driver will be required for controlling the 
movement of the robot and it will be operated by the 
microcontroller to control two different motor of left and 
right by controlling the direction of rotation of motors. 
An ultrasonic sensor will be interfaced to detect obstacle 
and help robot to operate full automatically. A SD card 
module will be connected to the microcontroller for 
storing the pre-recorded human voices. An amplifier 
with a speaker will be connected for generating the 
received sound of recording from micro SD card through 
microcontroller. 

B. Circuit Diagram  

Circuit diagram of the proposed robot is shown in 
figure 2. The main central processing will be an Arduino 
Uno consisting of 14 digital and 6 analog pins. The 
development of the power supply will be implemented 
using lM7805 & LE33 which has three terminals of 
input, ground and output and able to provide fixed 
voltage with accuracy to maintain the voltage regulation 
[5]. Capacitors of different values will be used to 
construct circuit for filtering and bypass purposes. 

Bluetooth module will be interfaced with microcontroller 
using two data pins known as RX and TX. Echo and trig 
pins of ultrasonic sensor will be connected to the digital 
pin of 7 and 8 of microcontroller. SD card Module will 
be attached with the Arduino Uno utilizing SPI 
communications.  

Fig .2: Circuit diagram of the the proposed robot model. 

Motor driver L293D has 16 pins where 4 pins are 
used to connect two DC motors and another 4 input pins 
are connected to the microcontroller for controlling the 
motors. Operational amplifier LM 358 and power 
amplifier LM 386 will be used to construct amplifier 
circuit. 

IV. DESIGN AND IMPLMENTATION  
During the implementation of the proposed robot, 

power supply unit is first developed using 7805 to 
convert 9 volt into 5 volt and LE 33 to convert 5 volt into 
3.3 volt. Electrolytic polarized capacitor as well as the 
bypass capacitors has employed for steady the slow 
changes and bypass very small period spikes and 
extremely tiny duration spikes to the ground with no 
distress the other components. Diodes D1 and D2 are 
used to prevent back current.  

The motor driver controller is based on L293D which 
is a quad, high current, half bridge driver that is created 
to provide bidirectional drive currents of up to 600mA at 
voltages range from 4.5 V to 36V [9]. Input 1 and Input 
2 are connected to the digital pin of 2 and 3 for left motor 
and input 3 and input 4 are connected to the digital pin of 
4 and 5 for right motor according to the figure 2. Enable 
pin of l293D is connected to the digital pin number 6 of 
Arduino Uno for speed control.   

RX of the Bluetooth module is connected to TX of 
Arduino Uno which is digital pin 1 and TX of Bluetooth 
module is connected to Rx of Arduino Uno which is 
digital pin 0.Ultrasonic sensor HC-SR04 is used for 
obstacle detection and avoidance by measuring distance 
in range of 2cm-400cm with accuracy of 3mm.The 
ultrasonic sensor consists of ultrasonic transmitter, 
receiver and the control circuit [7] and has worked by 
sending pulse and check echo to determine the distance 
of the obstacle. Emitter and detector of Ultrasonic sensor 
are able to produce 40 kHz sound wave and detect same 
frequency as well as sends electrical signal back to the 
microcontroller [7].  
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Interfacing SD card Module with Microcontroller has 
implemented by interconnecting of Arduino Uno and SD 
Card module’s mutual pins known as MISO, MOSI & 
SCLK which are defined pins for SPI communication. 
The chip Select pin of SD Card module is connected 
with the digital 10 pin of Arduino Uno.3.3 volt is 
required which is supplied by LE33.  Along with an SPI 
connection there is usually one particular master unit that 
manages the peripheral systems. MISO (Master in Slave 
Out) is the Slave line used for delivering data to the 
master, MOSI (Master out Slave In) is the master line for 
the purpose of delivering data to the peripherals, SCK 
(Serial Clock) is the clock pulses [8]. 

    (i)                                                 (ii) 
Fig. 3: Implemented model view of proposed robot                                           

(i) Motor driver circuit, (ii) Amplifier, Bluetooth and sonar sensor 
circuit 

A preamplifier is designed utilizing LM358 op-amp 
that is attached in a negative feedback manner along with 
an adjustable resistor R4 attached in the feedback route 
for minor fragile signals which are need to be increased 
through utilizing pre amplifier that can be effective to 
boost the actual transmission along with substantial large 
gain however is actually not capable in order to generate 
the actual output for absence of proper current gain. A 
power amplifier is employed using LM386 that is 
capable to supply output power of 2.5W along with 
internal fixed 34dB gain in order to retrieve the actual 
enhanced transmission through preamplifier to boost the 
current where the non-inverting port is provided with the 
output of the preamplifier via variable resistor of 10k 
although the inverting port is grounded. The filtered 
output is obtained from pin 5 of LM 386 and is supplied 
to an 8 ohm speaker. Figure 3 is showing the 
implementation of the circuit. 

V. SOFTWARE DEVELOPMENT  
The microcontroller is programmed using Arduino 

IDE which is the official software based on C 
programming supplied from vendor and is used to 
program Arduino Uno.  

 
Fig. 4: Descriptive diagram of model software                                                  

(i) Speech recognition, (ii) movement and (iii) communication with 
user. 

An android software is created that gets voice 
command information and transform into textual content 
utilizing google speech recognition technology. Figure 4 
shows the process for Speech recognition, movement 
and communication with user. The android software is 
using google speech to text technology to convert voice 
command into to text and then the text is sent to the 
Arduino Uno. Arduino Uno is programmed to receive a 
textual command via Bluetooth and according to the 
command it is programmed to move forward, left, right, 
backward and stop. A programming for autonomous is 
also developed which is able to make the robot to 
operate fully autonomously by employing ultrasonic 
sensor to detect obstacle and avoid collision.  

VI. RESULT ANALYSIS OF DEVELOPED ROBOT 

A. Speech Recognization Process & Movement of the 

Robot according to the Voice Command 

By using the android app the textual content was 
transmitted to the Arduino using Bluetooth through 
mobile phone handsets which had built-in microphones 
to process the signal and the robot made movement 
according to voice command [2]. Table 1 shows the 
instructions utilized for the movement of the robot. The 
robot was able to move forward, backward, left and right 
according to the input given to L293D from Arduino 
Uno which gave input according to the command 
received from user. If user gave the voice command 
“autonomous” the robot started moving autonomously 
without hitting any obstacle. The avoidance of the 
obstacle was guided by the ultrasonic sensor which was 
able to senses the obstacle. Then it gave command to 
microcontroller to move in such a way so that the robot 
did not face any obstacle on its way.  

B. Interaction with User by genrating human voice 

recording 

Speaking ability of the robot was developed using 
several prerecorded sound of human voice for different 
interactions and stored in SD card as wav file which 
were played through the amplifier circuit when any 
specific voice command was given.  

Fig. 5: Illustrative overview of the implemented proposed robot. 
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The Arduino Uno was programmed to response by 
playing the wav files through speaker if any voice 
command was received.  The wav files from the SD 
memory card were selected by chip select pin of SD card 
module and given as input to the inverting terminal of 
the amplifier of LM358 whenever a constant supply from 
voltage diver is given to non-inverting terminal. The 
input audio signal was amplified according to the gain 
set by the POT. But due to less current the pre amplified 
signal was given to the non-inverting port of the 
amplifier circuit of LM386 which amplifies the current 
of the signal and sound can be heard in an 8Ω speaker. 
Figure 5 shows the overall view of the robot. TABLE II 
is showing different recorded sounds of voice recording 
of the robot for different voice command. 

TABLE I  
Input For Different Logic 

Voice Command Input 1 Input 2 Input 3 Input 4 Direction 

Stop 0 0 0 0 Stop 
Forward 1 0 1 0 Forward 

Backward 0 1 0 1 Backward 
Left 0 1 0 0 Left 

Right 0 0 0 1 Right 
Autonomous     Autonomous 

 
TABLE II  

Different Sounds of Voice Recording According to different 
Command 

Voice Command Robot Interaction 

Stop The robot has stopped moving. 
Forward The Robot is moving forward. 

Backward The Robot is moving backward. 
Left The Robot is moving left. 

Right The Robot is moving right. 
Autonomous The robot is now moving as autonomous. 

VII. DISCUSSION AND CONCLUSION  
The robotics is becoming more reliable and adopting 

many new methods as well as development. In this 
paper development of a prototype is presented although 
a lot more further future developments and researches 
are needed to make the developed robot into a complete 
product for consumers. Commercial production of this 
robot can be possible of following future researches and 
updates can be done for more improvement of the robot.  

The developed robot are able to move in any 
direction according to the voice command received from 
the user by android phone and bluetooth .Voice 
commands has able to control the robot to move 
forward,backward, left and right. There is a voice 
command “Autonomous” which can instantly makes the 
robot to move fully automatically without hitting any 
obstacle using ultrasonic sensor. Instant stopping of the 
robot from any kind of movement can be done by the 
voice command “Stop” at any time. The devloped robot 

has ability to interact with its user using the prerecorded 
human voice file. For each command, different 
individual response’s audio files are recorded and stored 
as wav files on SD card. When user will command any 
instruction the robot will generate the related human 
voice as response on amplifier from micro SD card. 

Further future development can be conducted by 
developing a  system which will be able to receive voice 
command through direct voice recongnization hardware 
to recognize the voice command and no android app will 
be needed for controlling the robot.The developed 
device used prerecorded human voice sound to 
communicate with user but artificial inteligence  can be 
implemented for interection purpose so that the robot 
will be able to interact more appropriately by analyzing 
the testing enviroment and user’s behaviours. 
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Abstract— Power crisis in one of the burring problem 

which is now a bigger issue for the whole world. In this 

scenario, the importance of the power generation from 

renewable source is very important. But the problem 

associate with the design of renewable source energy 

project is to implement a device which can generate output 

with higher efficiency. The main purpose of this project is 

to design a solar inverter that will enable the inversion of a 

DC power source, supplied by Photovoltaic (PV) Cells, to 

an AC power source that will be either used to supply a 

load or connected directly to the utility grid. The benefit of 

this project is to give access to an everlasting and pollution 

free source of energy. And give the user the option to use 

the system in two possible operating modes; the stand 

alone mode which is used to satisfy his needs, and the grid 

connected mode which used to sell electricity to utility 

when in excess; thus eliminating the need of battery 

storage. 

Keywords— Solar Inverter, DC-AC, Home uses, Agriculture 

I. Introduction 

Electricity is the major source of power for country's 

most of the economic activities. But in Bangladesh, we 

have been suffering for the electricity crisis for a long 

time. To reduce this problem, there are some alternative 

ways which can help in this purpose. But among all of 

the methods solar system may be an easy and effective 

one especially in the rural areas where the electricity has 

not reached yet [1].Solar energy is a renewable energy 

which possibly has no harm on the environment. A solar 

panel can maximum produce 128 watt which can run 11 

CFl (compact florescent lamp) of 6 watt power, a fan 

conducted on DC current. Also 19/20 inches black & 

white television can run. Presently, Grameen shakti, 

BRAC solar home system and also many companies 

have a mission to provide electricity to the remote areas 

and also reduce the crisis of electricity by using the solar 

energy [2]. 

Generally these kinds of projects like solar panels are 

mostly dependent on the DC appliances. Here, DC 

sources are converted to the AC source by using an 

inverter. From several researches, we have found that 

Grameen and BRAC solar project is dependent on DC 

applications. Due to lack of proper inverters, the 

companies provide usage of DC appliances only not AC 

appliances. The reason is that the existing inverter 

produces modified sine wave (square sine wave) which 

causes major power losses and harms to AC appliance 

[3]. But in comparing to pure sine wave, it has better 

performance than modified one and the power loss is 

less. For that reason, our objective is to design a pure 

sine wave inverter which can be used in the Solar Home 

System at an affordable cost. In this project, our aim 

was to design a pure sine wave inverter which is the 

digital versioned circuit using micro-controller 

applications. The world demand for electric energy is 

constantly increasing, and conventional energy 

resources are diminishing and are even threatened to be 

depleted. Moreover; their prices are rising. For these 

reasons, the need for alternative energy sources has 

become indispensable, and solar energy in particular has 

proved to be a very promising alternative because of its 

availability and pollution-free nature. Due to the 

increasing efficiencies and decreasing cost of 

photovoltaic cells and the improvement of the switching 

technology used for power conversion, we are interested 

in developing an inverter powered by PV panels and that 

could supply stand-alone AC loads and also be 

connected to the grid [4].Solar panels produce direct 

currents (DC), and to connect these panels to the 

electricity grid or use them in other industrial 

applications, we should have an AC output at a certain 

required voltage level and frequency. The conversion 

from DC to AC is essentially accomplished by means of 

a DC-AC inverter, which is the major component in the 

system. Yet, the output of the solar panels is not 

continuously constant and is related to the instantaneous 

sunlight intensity and ambient temperature [5].The main 

objective of our project are – 

1. To design and construct a PV based system that 

Produce electricity from Solar Power 

2.  To convert the DC power into AC to drive AC 

Load with generation of sinewave. 

II. Block Diagram 

Block diagram of the project is shown below.A 10 watt 

solar panel will be used which will be connected to the 

solar charger controller. The solar charger controller is 

boost converter which will boost the supply from solar 

to charge a 12 volt DC source. From the DC source 

supply will be given to the inverter circuit which will 

contain required frequency generating circuits with 

pulse generation capability. The 12 volt will be 

converted into 22 volt by a step up transformer. Finally 

for sinewave generation a low pass filter will be used. 
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Fig 1: Block diagram 

III. Circuit Diagram 

Circuit Diagram of Solar Charger Controller (Boost 

Converter)R1 biases D1, the voltage reference diode. 

The 2.5V reference from D1 is compared with voltage 

feedback from the resistor divider. The op amp does all 

within its power to keep these two voltages identical. 

The ratio of R3 /R2 controls the proportional gain, and 

C1 is a compensation capacitor that blocks DC 

feedback, but responds to changes in output signal thus 

maintaining stability (prevents oscillation). Zener D2 

prevents overvoltage at the gate of Q1—R4 limits op 

amp output current when D2 is conducting. C1 is the 

positive rail bypass capacitor.  

 

Fig 2: Boost Converter Circuit Design 

D3 prevents battery voltage from appearing across the 

solar panel and prevents unnecessary battery discharge 

when the solar cells are not generating power. When the 

feedback voltage from the wiper of R6 drops below 

2.5V, the output of U1A moves in the negative direction 

thus turning Q1 on. The increased current out of Q1 

causes the battery voltage to increase and increases the 

voltage at the wiper of R6 until it is equal to the 

reference voltage. 

Figure 3(a): Solar Charge 

Controller 

Figure 3(b): 12 Volt DC source 

This is a quite simple DC to AC inverter that provides 

220VAC when a 12VDC power source is provided. It 

can be used to power very light loads like night lamps 

and cordless telephones, but can be modified into a 

powerful inverter by adding more MOSFETs.It uses 2 

power IRFZ44 MOSFETs for driving the output power 

and the 4047 IC as an astable multivibrator operating at 

a frequency of around 50 Hz. The driver of the inverter 

is the 555 timer and 4017 decade counter. 555 timer 

generate pulses at a frequency of four times the desired 

output frequency. For example, if you want a 60Hz 

output, the timer frequency must be equal to 240Hz 

(4*60Hz). For 50Hz output, 200Hz is the output of 555. 

Most of the inverters in the market uses modified 

sinewave for better output at competitive cost. The 

modified sinewave unit uses a 50% fixed PWM square 

wave and the hikes are balanced by a capacitor to 

produce almost a sine wave. This is called quasi 

sinewave having THD around 25-28% while square 

wave inverters have 45% THD and pure sinewave 

inverters have just 3% THD. 

 

Figure 4: Inverter Circuit 

The 10 and 11 pin outputs of the IC directly drive power 

MOSFETs that are used in push-pull configuration. The 

output transformer has a 9V-0-9V, 2 Amps on the 

secondary and 230V on the primary. Use suitable heat-

sinks for MOSFETs. 

 

Figure 5(a): Step Up Transformer (12-220 

volt) 

 

Figure 5(b): 
Implementation of 

Inverter Circuit 

So, to form a modified sinewave inverter of 220V, we 

have to generate a 4 phase signal which has 25% 0V, 

25% +311V, 25% 0V and 25% -311V. Thus, by series 

resistor-ed capacitor, the waveform becomes a quasi-
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sinewave. In the driving section of push pull MOSFET 

sets (2 sets) we have to provide the following pulse, this 

requires a controlled bistable multivibrator whose output 

is set to off in 50% time. But we will use here a simple 

replacement for that. It’s a 4017 decade counter IC. 

We’ll use it to generate 4 pulses and the fifth state 

would be reset and this creates our required pulse. Then 

we just connect two non-consecutive outputs to 

MOSFET section to generate output. But there’s a tricky    

part in the clock and frequency. Since 4017 decade 

counter IC don’t have inbuilt clock generator, it requires 

external CP. For this we’ll use 555 timer IC and for each 

CP the output changes one step, but we need 4 changes 

for a complete 360° cycle. Hence, to make a 50Hz 

output, we need to set 555 timer IC to 200Hz.Please 

note that following circuit only shows upto outputs from 

oscillator, you need to connect MOSFET pairs at the 

outputs for driving the Inverter Transformer. 

IV. Overview of the Project 

Figure 3.12, figure 3.15, figure 3.16 and figure 317 are 

showing the overview of the project.Figure 3.14 is 

showing the overview of the project. The filter is shown 

in figure 3.15. Figure 3.13(a) is showing the inverting 

operation of the project. The inverting operation is fully 

demontrated in this figure. The charger circuit of the 

project is shown in figure 3.13(b) 

 

Figure 6 (a): Complete overview 

 

Figure 6 (b): Filter 

 

 

Figure 3.13(a): Inverting 

Operation 

 

Figure 3.13(b): Charging by 

charger circuit 

V. Result & Analysis 

There are two mosfets are used for power enhancement. 

The mosfet which are used knows as IFZ 540. These are 

power mosfets and can enhance the supply voltage upto 

desired level. Input voltage was 12 volt DC supply with 

4.5 amp current. The supply is given from the DC 

source which is a 12 volt Battery. The output is the 

inverted AC voltage. The rating of the voltage is 223 

volt which was got from the project output. Figure 

4.2.(a) is showing the input DC voltage .Figure 4.2 (b) is 

showing the output voltage of AC voltage. 

 

Figure 7(a): Input DC Voltage 

 

Figure 7(b): Output AC Voltage 

Wave shapes after inverting were modified sinewaves. 

For converting the waveshapes into a full sinewave, a 

filter is used which is a capacitor. The capacitor is able 

to smooth the output and convert it into a sinewave. 

Figure 4.3(a) is showing the modified sinewave. Figure 

4.3(b) is showing the wave shapes after filtering which 

is pure sinewaves. 

 

 

Figure 8(a): Modified Sine 

waves 

 

Figure 8(b): Sinewaves after 

Filtering 

VI. Applications 

The described design of the system will produce the 

desired output of the project. The inverter will supply an 

AC source from a DC source. The controller will 

implement the MPPT algorithm and synchronization 

with the grid.The project described is valuable for the 

promising potentials it holds within, ranging from the 

long run economic benefits to the important 

environmental advantages.  

This work will mark one of the few attempts and 

contributions in the Arab world, in the field of 

renewable energy; where such projects could be 

implemented extensively.  

With the increasing improvements in solar cell 

technologies and power electronics, such projects would 

have more value added and should receive more 

attention and support. 

Solar inverters can be used as‖Stand-alone inverters, 

used in isolated systems where the inverter draws its DC 

energy from batteries charged by photovoltaic arrays. 

Many stand-alone inverters also incorporate integral 

battery chargers to replenish the battery from an AC 

source, when available. Normally these do not interface 

in any way with the utility grid, and as such, are not 

required to have anti-islanding protection. 

Grid-tie inverters, which match phase with a utility-

supplied sine wave. Grid-tie inverters are designed to 

shut down automatically upon loss of utility supply, for 
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safety reasons. They do not provide backup power 

during utility outages. 

Battery backup inverters, are special inverters which are 

designed to draw energy from a battery, manage the 

battery charge via an onboard charger, and export 

excess energy to the utility grid. These inverters are 

capable of supplying AC energy to selected loads 

during a utility outage, and are required to have anti-

islanding protection. 

VII. Conclusion & Future work 

The project has a lot of component blocks that can be 

reviewed. The bulky components like the transformer 

can be replaced by a high frequency transformer with 

the right ferrite core which is a lot smaller than the one 

we used.  

Thus allowing us to test the initial design (H-Bridge 

DC-DC converter, followed by the high frequency 

transformer, and the H-Bridge for the DC-AC inverter) 

which may lead better efficiency and high power 

capabilities.  

 

The H-Bridge will reduce the magnetizing energy 

stresses on the transformer. When we go into high 

frequency, we use a small L to filter the output of the H-

Bridge. This will give us the opportunity to conduct a 

comparison between the two designs and decide which 

one is more efficient.  
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Abstract—Now-a-days the management of student’s 

attendances during lecture periods has become a 

difficult task. Getting attendance through manual 

procedure may create error while analyzing the 

percentage of attendance and also wastes a lot of 

time. Biometric attendance system has been proposed 

in this paper to overcome this limitations. Fingerprint 

attendance system aims to automate the attendance 

management procedure of an educational institution 

using biometric technology. This system takes 

attendance electronically with the help of a 

fingerprint device and the records of the attendance 

are stored in a database. Microcontroller controls the 

whole process and LCD shows the different 

instructions to carry out the process. Index 

impression has been taken as a signature for the 

system entry. Besides, the opportunity to choose the 

institution departure time helps to ensure proper bus 

scheduling by the transportation department. The 

results showed improved performance over manual 

attendance management system. In comparison with 

other related systems, this process has been found to 

be much more flexible, cost effective and secured. 

This system may make immense opportunity in 

calculating attendance for developing countries like 

Bangladesh. 

Keywords— Automated attendance system, Fingerprint 

based, Microcontroller, Bus scheduling. 

I. INTRODUCTION 

Most of the educational institutions are concerned 

about student‘s irregular attendance. Truancies can 

affect student overall academic performance. The 

conventional method of taking attendance by calling 

names or signing on paper is very time consuming, 

insecure and inefficient. Besides, remotely located 

institutions face difficulties estimating accurate 

number of students to ensure the convenient bus 

scheduling for transportation purpose. After having 

these issues in mind an automatic attendance system 

has been developed which automates the whole 

process of taking attendance and maintaining it.  

The RFID based automated student attendance system 

[1] is designed to collect and manage student‘s 

attendance records from RFID devices installed in a 

class rooms. Based on the verification of student 

identification at the entrances system, the RFID tag 

can be embedded in the ID card of the individual. The 

proposed system mainly consists of RFID tag and 

RFID reader and the overall process is controlled by 

the microcontroller. As soon as the student with valid 

RFID card comes nearer to the RFID detector, 

detector will sense the card and collect the necessary 

information present in the card. The information is 

transmitted wirelessly using GPRS or GSM [8].The 

received information is then updated in the respective 

student‘s profile on the WEB. 

Face recognition based attendance system is a system 

that takes the attendance of students for classroom 

lecture[2].The system takes the attendance 

automatically using face recognition. This system 

consists of two kinds of cameras. One is the sensing 

camera on the ceiling to obtain the seats where the 

students are sitting. The other is the capturing camera 

in front of the seats to capture images of student‘s 

face.  

The proposed system comes out to be more effective 

and beneficent in compared to other similar devices. 

In fingerprint based attendance system student doesn‘t 

need to carry RFID tags embedded on their IDs, thus, 

the system is more preferable. Like face recognition 

based attendance system [3], fingerprint based system 

doesn‘t need continuous observation and recording 

which is a certain complexity. Besides fingerprint 

based attendance system is very flexible and cost 

effective. 

II. METHODOLOGY 

The goal of this project is to develop a portable 

classroom attendance system based on fingerprint 

biometric. To achieve this objective, microcontroller 

board Arduino Mega 2560[5] is used as central 

processor, Fingerprint scanner (FPS) [6] to scan and 
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retrieve biometric information from student, SD card 

reader to interface between memory storage and 

microcontroller Arduino, Real Time Clock (RTC) 

module to obtain the current time, date and day for the 

fingerprint reader and LCD to display the enrollment 

procedure. 

The block diagram of proposed design is shown in 

figure 1. 

 
Figure 1: Block Diagram of the proposed design 

At the beginning when arduino is powered by a DC 

source, LCD & keypad both are activated and LCD 

shows instruction for the attendance. Keypad is used 

to interact with the instructions. When the ‗*‘ button 

from the keypad is pressed the FPS module is 

activated. The blue backlight color of FPS module 

indicates its activation & the LCD shows instruction 

to give fingerprint. Then the FPS takes fingerprints 

from students. After receiving the fingerprint the FPS 

processes the scanned fingerprint and verifies it with 

the templates saved in its own memory. If the 

fingerprint is not verified then the process will jump 

into its initial stage again. If the fingerprint is verified 

then the LCD shows the instruction to choose the 

departure period from institution either it is half or 

full day. After taking the attendance the entries are 

constantly saved into a pre-designed Excel file and 

those files are stored in a memory card connected to 

microcontroller. As such, the process completes. 

III. CIRCUIT DEVELOPMENT 

The circuit diagram of the proposed design is shown 

in figure 2.  

 

 

Figure 2: Circuit Diagram of the proposed design. 

Figure 2 shows the circuit diagram of Fingerprint 

based attendance system which consists of Arduino 

mega 2560, finger print scanner, Real time clock, 4*4 

keypad, 20*4 LCD & sd card reader. The interface of 

the FPS is consists of only four pins – power, ground, 

serial transmit and serial receive. Here TX pin and RX 

pin of FPS is connected to A12 & A13 of arduino 

board respectively. The needed connections to 

connect a sd card with Arduino AT Mega are: SPI:50 

(MISO) to DO; 51 (MOSI) to DI; 52 (SCK) to CLK; 

53 (SS) to CS; G to GND and + to 5V and Switch the 

switch to 5V for any Arduino running on 5V. Pins of 

the sd card module are connected to 50-53 pins of 

arduino. the pins of LCD display is connected to 

arduino pins as follows : RS to 28; E to 29 & D7-D4 

to 30-33. In development of fingerprint based 

attendance system SCL and SDA pin of RTC are 

connected to 21 & 20 pins of arduino respectively. 

Keypad rows are connected to 36-39 and columns are 

connected to 40-42 pins of arduino. Lastly the buzzer 

is connected to 12
th

 pin of arduino. 

Here Fingerprint scanner is connected to 

microcontroller by serial communication, the SD card 

is connected to by serial peripheral interfacing (SPI), 

20*4 LCD display is connected by parallel 

communication & RTC is connected by I2C 

interfacing.  
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Figure 3: Flow chart of proposed system 

IV. RESULT & DISCUSSION 

The system helps to ease the lecturers to keep track of 

students‘ attendance. The encryption technique adds 

more security and portability saves time. Figure 4 

shows prototype of the proposed system. 

 

(a)                               (b) 

Figure 4: Overview of the project a) Overview of 

attendance system, b) Overview of Microcontroller 

board. 

The whole process is controlled by the 

microcontroller Audrino that has processed program 

which is in C language. 

When the microcontroller is interfaced with PC 

through USB, the output of the designed system is 

revealed on the serial monitor through the Arduino 

software as shown in the given figure 5. Here we can 

easily monitor the presence of students on a particular 

day simply by typing the specific date. 

 

 

Figure 5: Serial Monitor output 

In Figure 6 we can see that after the enrollment 

procedures, the verified ID‘s of students have been 

saved in a tabular form into an excel file in 

accordance with the current timeline which is 

maintained by the RTC. The excel file is saved into a 

memory card through the card reader module. This 

file can easily be accessed by the respective teachers 

simply by connecting the card to PC.  

 

Figure 6: Tabulation of Student‘s attendance 

While compared with other similar works this system 

has been found more effective such as- 

Timesheet attendance tracking system [4] needs 

manual entry by the administrator to keep track of the 

attendance of pupils. By interfacing the information 

insertion module with fingerprint/card readers, 

attendance time tracking can be made fully 

autonomous. This feature is present in the proposed 

automated fingerprint based attendance system. The 

face recognition based attendance system is way 

complex and quite expensive than fingerprint based 

attendance system. In RFID based system, ID has 

chances of being stolen or misused. On the other hand 
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fingerprint is a biometric property of individual which 

cannot be stolen. Iris Recognition Based Attendance 

Management System [9] consisting of hardware and 

software parts is reliable but on the contrary it also 

increases the manufacturing price than this proposed 

system. Attendance System based on RFID using 

GSM Network [8] can be interrupted for any kind of 

fault in GSM network. Speech Biometric Based 

Attendance System [10] can face disturbance if the 

voice recognition doesn‘t match up to satisfactory 

percentage. Fingerprint based attendance system is 

free from such hazards. 

V. CONCLUSION 

The project is done under close supervision with great 

care of circuit designing and assembling. In this paper 

design and development of a fingerprint based 

attendance system has been developed which helps to 

reduce many issues such as, denying the possibilities 

of cheating in recording the attendance, helps to ease 

the lecturers to keep track of students‘ attendance, the 

encryption technique adds more security so there will 

be no anonymous fingerprint which is able to tamper 

with the recorded data, and the portability saves time 

in taking attendance instead of queuing in a line. 

Hence a reliable, secure, fast and an efficient system 

has been developed replacing a manual and unreliable 

system.   
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Abstract—Spectrum sensing helps to detect the spectrum 

holes (underutilized bands of the spectrum) providing high 

spectral resolution capability. The spectrum sensing 

problem has created new aspects with cognitive radio and 

opportunistic spectrum access concepts. Nowadays it is one 

of the most challenging issues in cognitive radio systems. 

The limited available spectrum and the inefficiency in the 

spectrum usage approach a new communication 

technology, known as cognitive radio network. The 

specialty of cognitive radio system is that it senses the 

electromagnetic environment to complete their operation 

and spontaneously vary its radio operating parameters. 

The problem of energy detection of blind signal over faded 

channel such as additive white Gaussian noise, Rician 

channel and Rayleigh channel are discussed. A 

conventional system model is showed. Two types of 

modulated signal are used to detect in receiver with the 

help of energy detection. The modulated input signals are 

Quadrature phase shift keying (QPSK) and Eight phase 

shift keying (8PSK). We evaluate performance of energy 

detection with the help of receiver operating characteristic 

curve (ROC). 

 

Keywords- Cognitive Radio, Energy Detection, Receiver 

Operating Characteristics (ROC). 

I.    INTRODUCTION 
 

The important role of cognitive radio network is to sense 

the spectrum holes. Cognitive radio is a promising 

technology which provides a new way to improve 

utilization efficiency of available Electromagnetic 

spectrum. Spectrum sensing helps to detect the unused 

spectrum resources providing high spectral resolution 

capability [1]. According to the definition approved by 

Federal Communications Commission (FCC): 

 "Cognitive radio (CR): A radio or system that senses its 

operational electromagnetic environment and can 

dynamically and autonomously adjust its radio operating 

parameters to modify system operation, such as 

maximize throughput, mitigate interference, and 

facilitate interoperability, access secondary markets.” 

[2]. It helps to determine which portion of the spectrum 

is available and detects the presence of licensed users 

within licensed band. The main problem of spectrum 

sensing is finding this spectrum holes .To find spectrum 

hole any of spectrum sensing techniques can be 

followed but the problem is that every techniques is not 

as efficient as other.  A major challenge in cognitive 

radio is that the secondary users need to detect the 

presence of primary users in a licensed spectrum and 

quit the frequency band as quickly as possible if the   

corresponding   primary   radio emerges in order to 

avoid interference to primary users. This technique is 

called spectrum sensing. Spectrum sensing and 

estimation is the first step to implement Cognitive Radio 

system. 

Another problem is that every technique may not be 

simple. One gets more Complex   than other which is 

not desirable. 

So, combining two things and a technique can be 

followed that will be cost effective, accurate as well as 

simple. 

The aim of this paper is to develop a spectrum sensing 

techniques which makes radio resources efficient. Our 

objectives are as follows: 
 

 Implement the system model and detect an 

unknown signal. 

 Observe detection and false alarm probabilities 

over additive white Gaussian noise channel. 

 Find the probability of detection over fading 

channels with no diversity as well as diversity 

scheme using square law selection and square 

law combining. 

 Improve the detection probability for low 

signal to noise ratio value. 

 Reduces the probability of miss detection. 

 Find such an optimum decision threshold that 

keep balance between probability of detection 

and probability of false detection. 

 Evaluate the performance of receiver operating 

characteristic and complimentary receiver 

operating characteristic of simulation result and 

theoretical result as well as numerical result. 
 

Any of spectrum sensing techniques can be followed. 

But if we take account of simplicity, energy detection 

will come first in mind. Energy detection is a popular 

method to detect unknown signals and the performance 

of energy detector over noisy channel was analyzed in 

[3].It is also very cost effective. It is not necessary to 

pay much to establish this model. Its accuracy level   

may not be high as others technique but it is most time 

saving approach to find spectrum holes. 
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II.    SYSTEM MODEL 
 

In conventional energy detection system model, there is 

a input of a signal which may be modulated. The input 

signal uses the noise pre filter and converted to digital 

signal from analog signal. A squaring device is used to 

square the signal. The signal is compared with the test 

statics as in Fig.1. which shows the system model. 

 

 
                            Fig.1.  Energy detection process. 

 

Let us assume that the received signal has the following 

simple form: 
 

 ( )    ( )    ( )          (1) 
 

Where  ( ) is the signal to be detected,  ( ) is the 

additive white Gaussian noise(AWGN) sample, and n is 

the sample index. Note that  ( ) = 0 when there is no 

transmission by primary user. The decision metric for 

the energy detector can be written as 
 

  ∑ | ( ) |             
   (2) 

 

Where   is the size of the observation vector. The 

decision on the occupancy of a band can be obtained by 

comparing the decision metric M against a fixed 

threshold   . This is equivalent to distinguish between 

the following two hypotheses: 
     

     ( )    ( )             (3) 

     ( )    ( )    ( )        (4) 
 

The performance of the detection algorithm can be 

summarized with two probabilities: probability of 

detection   and probability of false alarm   .    is 

the probability of detecting a signal on the considered 

frequency when it is truly present. 

 
Fig. 2: Process flow diagram of Energy Detection. 

Thus, a large detection probability is desired. It can be 

formulated as 
 

       (       |   )        (5) 
 

  is the probability that the test incorrectly decides that 

the considered frequency is occupied when it actually is 

not, and it     can be written as  
    

       (       |   )         (6) 
 

  Should be kept as small as possible in order to prevent 

under-utilization of transmission opportunities. The 

decision threshold      can be selected for finding an 

optimum balance between  and  . 
 

III.      DETECTION AND FALSE ALARM PROBABILITIES 

OVER AWGN 
 

An approximate expression for probability of detection, 

   over AWGN channels is presented. The probability 

of detection and false alarm can be generally computed 

by- 
 

       (       |  )         (7) 

       (       |  )           (8) 
 

Where,    is the decision threshold. 

 

IV.   PERFORMANCES EVALUATION 

 

A. Effect of different fading channels: 

Here three different channel AWGN and Rayleigh 

fading channel and Rician fading channel are observed. 

If simulation results are compared for three fading 

channel, detection probability is better in AWGN 

channel than Rayleigh channel and Rician channel are 

observed.  

 

 

Fig.3. QPSK modulated signal. 
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Fig3. Shows a QPSK modulated signal where a QPSK 

signal is modulated by a modulating signal. This signal 

is then passed through different channels and 

performances are evaluated. 

 

 

 

Fig. 4. QPSK ROC curve under AWGN channel. 

 
 

Fig.5. QPSK ROC curve under Rayleigh channel. 

From the QPSK ROC curve, for the same SNR value the 

detection probability is high in AWGN and then in 

Rayleigh and then in Rician channel. 

 
 

Fig. 6. QPSK ROC curve under Rician channel. 

 

Therefore, from the complementary ROC curve of 

QPSK, the probability of misdetection is low in AWGN 

channel than in Rayleigh and Rician channel. 

 
 

 

 
 

Fig.7. 8PSK modulated signal 

 

Therefore, the ROC curves of 8PSK modulated signal 

shows the same characteristics as that of QPSK signal. 

But the probability of detection for 8PSK is better than 

that of QPSK for the same SNR value. 

 
 

Fig.8. 8PSK ROC curve under AWGN channel. 

 
 

Fig. 9. 8PSK ROC curve under Rayleigh channel. 
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Fig. 10. 8PSK ROC curve under Rician channel. 
 

V.     CONCLUSION 

The advantage of Energy detection is that, it does not 

require any prior knowledge about primary users. It does 

not perform well at low SNR values; it requires a 

minimum SNR for its working. The result in the paper 

shows that Energy detection starts working at -7 dB s of 

SNR.Spectrum is a very valuable resource in wireless 

communication systems, and it has been a focal point 

for research and development efforts over the last 

several decades. Cognitive radio, which is one of the 

efforts to utilize the available spectrum more efficiently 

through opportunistic spectrum usage, has become an 

exciting and promising concept. In this report, the 

spectrum opportunity and spectrum sensing concepts are 

reevaluated by considering different dimensions of the 

spectrum space. The new interpretation of spectrum 

space creates new opportunities and challenges for 

spectrum sensing while solving some of the traditional 

problems. Various aspects of the spectrum sensing task 

are explained in detail. The performance of an energy 

detector for an unknown transmit signal under AWGN, 

Rayleigh and Rician channels is studied depending on 

sampling theorem. The improvement in detection 

capability is also quantified when receive diversity 

schemes are employed. The analysis of this energy 

detection is important for emerging applications 

involving ultra-wide band and cognitive radio 

technologies. Due to the low implementation 

complexity, energy detection is commonly used for 

spectrum sensing in a cognitive radio network. 
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Abstract— OFDM is a system that allows transmitting 

high data rates over enormous hostile channels at a 

relatively low complexity. It is a type of a multi-carrier 

modulation (MCM) where a sub-carrier within each 

frequency band is modulated separately to carry a portion 

of the user information. The OFDM system requires cyclic 

prefix, which occupies a certain number of spaces within 

the data streams. By saving space, OFDM system can be 

made as an efficient technique which will help in 

developing 5th generation wireless communication system. 

Bit Error Rate (BER) is calculated in OFDM system for 

BPSK, QPSK & 16-QAM modulation technique in AWGN 

channel and has compared the system performance by 

varying the value of cyclic prefix. Simulation results show 

that OFDM system achieves better performance in terms 

of Bit Error Rate (BER) in AWGN channel for BPSK 

modulation. However, improved Bit Error Rate (BER) is 

obtained using cyclic prefix in the QAM. 

Keywords— OFDM, BPSK, QPSK, QAM, AWGN, 

Rayleigh fading channel, cyclic prefix. 

1. INTRODUCTION 

In a single carrier communication system, to avoid inter-

symbol interference (ISI) the symbol period has to be 

much greater than the delay time [1]. As data rate is 

inversely proportional to symbol period, low data rate 

and communication inefficiency can be occurred by 

having long symbol periods. In a multicarrier system, 

such as FDM (Frequency Division Multiplexing), 

divides the total existing bandwidth in the spectrum into 

sub-bands for multiple carriers to transmit in parallel. 

Usually, placing carriers closely in the spectrum, high 

data rate can be achieved. However, inter-carrier 

interference (ICI) will occur because of limited spacing 

to separate the carriers. Inter-carrier interference (ICI) 

can be avoided by placing guard bands in between any 

adjacent carriers, which results in a lower data rate. 

OFDM (Orthogonal Frequency Division Multiplexing) 

is a multicarrier digital communication scheme 

constructs a combined high data rate communication 

system by combining a large number of low data rate 

carriers. Carriers are narrowly spaced, even overlapped 

because of the orthogonality with no ICI. Inter-symbol 

interference can be significantly diminished as low data 

rate of each carrier implies extended symbol periods. In 

the present work, an OFDM based communication 

system was designed and evaluated its performance in 

terms of BER with different modulation schemes and 

cyclic prefix.  

2. LITERATURE REVIEW 

L. Regime et al. presented the bit error rate (BER) 

analysis of the coded OFDM communication systems 

[2]. Their simulation results are based on an analytical 

approach to calculate the error probability of Orthogonal 

Frequency-Division-Multiplexing (OFDM) systems 

subject to Carrier Frequency Offset (CFO) in frequency-

selective channels, characterized by Rayleigh or Rician 

fading. In [3], the authors considered the performance of 

low computational complexity versions of Orthogonal 

Frequency Division Multiplexing (OFDM) modulation 

scheme for the implementation of clustered-OFDM 

systems for data transmission in the passband frequency. 

Hermitian symmetric OFDM (HS-OFDM) I and HS-

OFDM II, the HS-OFDM II can offer computational 

complexity reductions in comparison with the single 

side-band OFDM (SSB-OFDM), OFDM, and the HS-

OFDM systems when the length of the OFDM symbol 

increases. V. B. Malode et al. concluded in [4] that the 

performance of the Coded OFDM system in different 

channels. Author observed from his simulation that 

Linear Block Code (LBC) with extended hamming is 

used to check the progress of the system performance in 

BER (bit error rate). From the above results it is found 

that the performance of an OFDM based communication 

system can be increased using suitable error correction 

code, different modulation schemes, different version 

OFDM system. 

3. OFDM AN OVERVIEW 

Nowadays orthogonal frequency-division multiplexing 

(OFDM) communication techniques have received 

considerable research attention because of the highly 

efficient bandwidth utilization and the ability to 

maintain effective transmission. It is a capable 

contender for achieving high data rate transmission in a 

mobile environment. 
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Figure 1: An OFDM communication Architecture with Cyclic Prefix. 

3.1 Multicarrier Modulation 

In the multicarrier modulation, the transmitted bit-

stream is divided into many different sub-streams and 

these sub-streams are sent over many different sub-

channels. Under ideal propagation conditions the sub-

channels are orthogonal. Moreover, Multi-Carrier 

Modulation (MCM) is efficiently implemented digitally 

and this discrete implementation, called Orthogonal 

Frequency Division Multiplexing (OFDM), by using a 

cyclic prefix the Inter-Symbol Interference (ISI) can be 

entirely eliminated [5]. 

3.2 The Principal OFDM Model 

In OFDM system, a single user would make use of all 

orthogonal subcarriers in divided frequency bands. 

Thus, the data rate can be increased. Since the 

bandwidth is divided into several narrower sub 

channels, each sub-channel requires a longer symbol 

period and thus OFDM systems can overcome the Inter-

Symbol Interference (ISI) problem. So, the OFDM 

system can result in lower BER but higher data rates 

than conventional communication systems. The block 

diagram of the proposed OFDM communication system 

is shown in figure1. 

4. SIMULATION RESULTS AND DISCUSSION 

This chapter presents simulation results along with the 

bit error rate (BER) analysis for AWGN channel. The 

BER performance of OFDM system is compared with 

various values of cyclic prefix for BPSK, QPSK and 

QAM modulation in AWGN channels. All simulations 

were performed in MATLAB 7.8.0 (R2009a). 

 
(a) 

 
(b) 

Figure 2 (a) (b): BER performance of OFDM for BPSK modulation in 
AWGN channel & for cyclic prefix value of 1/2, 1/4, 1/8. 

From Figure 2(a) (b) both theoretical and experimental 

BER are in good agreement with each other, 

respectively for BPSK modulation in AWGN channel. 

As a matter of fact, there are no significant differences 

between two figures, even though the cyclic prefix is 

used. 

 

(a) 
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(b) 

Figure 3 (a) (b): BER performance of OFDM for QPSK modulation in 

AWGN channel & for cyclic prefix value of 1/2, 1/4, 1/8. 

Figure 3(a) (b) show the results for QPSK modulation as 

a function of signal to noise ratio in AWGN channel. 

The significant difference between theoretical and 

simulated results can be seen which is shown in figure 3 

(a). The proposed simulated result reduces the BRE 

value. The transmitted signal power approximately 3dB 

is required to achieve a BER of -2. However, the better 

BER performance can be found with cyclic prefix value 

of  
8

1
. 

Figure 4 (a) (b) shows that the simulated of 16-QAM 

modulation as a function of signal to noise ratio in 

AWGN channel. By using 16-QAM, better BER 

reduction can be achieved. On the other hand, cyclic 

prefix improves the performance, which is shown in this 

figure. 

 

(a) 

 

(b) 

Figure 4 (a) (b): BER performance of OFDM for 16-QAM modulation 

in AWGN channel & for cyclic prefix value of 1/2, 1/4, 1/8. 

5. CONCLUSION 

The OFDM system has been designed and simulated 

using different parameters. In this system, by comparing 

the simulated results it is found that BPSK modulation 

technique has shown better performance as expected. 

On the other hand, QAM technique shows better BER 

performance using a cyclic prefix. The BER value can 

be observed of 10
-5

 in the presented system.   
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Abstract— The performance of manufacturing system 

depends on effective plant layout design. Layout design 

problem has been an active research area in the past few 

decades. So, it is necessary to design an effective layout to 

improve that kind of situation. This paper uses systematic 

layout planning (SLP) as an infrastructure to solve a 

layout design problem of furniture fabrication facilities. A 

Analytical Hierarchical Process (AHP), a decision making 

process of choosing the best option from different criteria 

is then used to evaluate the design alternatives.  In this 

research a typical furniture factory are studied and a new 

layout is developed based on the systematic layout 

planning pattern theory to reduce production cost and 

increase productivity. The numbers of equipment’s and 

travelling area of materials have been analysed. The 

detailed study of the plant layout such as operation process 

chart, activity relationship chart and relationship between 

equipment and area has been investigated. Three 

alternative layouts have been designed based on the 

different phases incorporated with the SLP method. The 

new plant layout has been selected among the three 

alternatives by Analytical Hierarchical Process (AHP).  

Finally new layout has been compared with existing plant 

layout. The new plant layout show that the distance 

travelled is reduced by 310.9 ft and hence materials 

handling cost is reduced by 27.8%. It not only reduces the 

distance or cost but also increases the material flow 

easiness. 

Keywords— Plant layout; Systematic Layout Planning; 

Analytical Hierarchy Process; Material handling cost. 

I.  INTRODUCTION 

One of the main goal of a manufacturing system is 
the maximization of its productivity. This depends upon 
several factors, such as the kind and the complexity of 
the product made, the quality of the raw materials, the 
complexity of the manufacturing process and the 
arrangement of the workstations constituting the 
production process. There are many techniques like 
Quality Control (QC), Pareto Analysis, Total Quality 
Management (TQM), Control Chart and Plant layout are 
used to solve the problems concerning productivity [1].  
The challenge of determining the best arrangement of the 
workstations is one of the elements that has a great 
impact on system performance. It is known as the 
“facility layout problem” [2]. A facility, in fact, is any 
element that simplifies an activity‟s execution, such as a 
machine tool, a work centre, a division, a manufacturing 
unit, and so on [3].   

 The overall performance of an industrial firm is 

significantly affected by the design of its manufacturing 

facility [4]. A well-designed facility layout results in 

efficient material handling, small transportation times, 

and short paths. This, in turn, leads to low work-in-

process levels, effective production management, 

decreased cycle times and manufacturing inventory 

costs, improved on-time delivery performance, and 

consequently, higher product quality [5]. 

The efficiency of a layout is typically measured in 

terms of material handling (transportation) cost. The 

material handling costs are directly influenced by the 

distances a unit load must travel [6]. Moreover, an 

efficient layout results in an effective material flow path 

with no backtracking, congestion, undesirable 

intersections with other paths, and bypassing [4].  

A good facility layout design can provide the lowest 

cost for material handling, the shortest distance for staff 

transportation, and the highest efficiency for the whole 

work. Normally, the cost of material handling and 

transportation makes up 20% to 50% of the total 

manufacturing costs. In a medium scale workshop, 95% 

of the time is consumed by the handling and waiting of 

raw materials, tools and components. So, it is very 

important to have a perfect layout for flexible material 

handling process in each and every factory.  

The Systematic Layout Planning (SLP) is one of the 

popular method of redesign of an existing layout in an 

efficient way.  The Systematic Layout Planning (SLP) 

process provides a framework, a pattern, and a set of 

conventions which can be used on any layout-planning 

project without imposing constraints or restrictions on 

the handling of data or on the individual requirements of 

each discrete layout project [7]. 

Furniture industry in Bangladesh is an emerging 

sector, is expanding very rapidly. Traditionally furniture 

developed as cottage based industry. Then furniture 

business began to grow with modern machinery.  

Furniture is a labour intensive sector and Bangladesh 

has a low cost manpower which is vital factor in 

becoming competitive in the world market. Thus, there 

is a good potential for export of furniture. It is estimated 

that, by 2015 Bangladesh will earn export potential of 

crafts furniture worth of USD 10 million along with the 

furniture worth 40 million. 
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In this paper existing layout of wood line of Hatil 

Complex Ltd. was investigated and found that in some 

places machines were not placed according to the 

sequence of operations. It is observed that materials 

were travelled over a long distances and work flow was 

not optimum due to disjoin machine location. The 

material handling path was not good enough to move the 

materials from one place to another. To overcome those 

problem, the present study proposes three layout 

alternatives by considering flow of materials, relational 

diagram, activity relationship diagram, area covered by 

the machine as well as some practical limitations and 

constraints. Finally a lay out is selected among them by 

applying AHP technique. Travelling distance and 

material handling cost of producing a particular product 

in new selected layout have also been calculated and 

compared with the existing layout. 

II. METHODOLOGY 

The case study is done in Hatil Complex Ltd. in 

Savar, Dhaka, Bangladesh. In this research, the present 

scenarios of a furniture industry such as production flow, 

current floor layout, and material handling was observed. 

The main concern of this study is to design effective 

layout and reduce material handling distances. To 

conduct the study, the data were collected in terms of 

flow of raw materials and the cost associated with the 

material handling process. The sequence of operation, 

flow of material, relational graph, space availability, 

activity relationship chart, and space relationship have 

been used to follow the SLP procedure. The problems of 

the existing layout were determined and analysed through 

SLP method to plan the new layout. The existing layout 

of the wood line follows product layout. Finally, The 

machines of the line were arranged according to the 

progressive steps by which the product is made. The 

sequence of operation of wood line is shown in Fig.1.  

 
Fig.1. Operations sequence in wood line. 

 

The framework of SLP is shown in Fig.2.Systematic 

Layout planning include six steps such as Flow of 

materials, Relational graph Space requirements, Activity 

relationship diagram, Space relationship diagram and 

Developed layout alternatives. Description of each steps 

are given follows.  

 

 

Fig.2. Systematic layout planning Procedure [8] 
 

A. Step-1 Flow of Materials 

Flow of materials aggregates all the process flows 

among different functional areas in order to determine 

the flow intensity. Flow intensity among six machines 

out of fourteen are recorded in table 1. The 

numbersshown in the cells of table 1 indicate the 

required flow intensity for making a Sofa. 

TABLE I.  FROM-TO CHART 
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Jointer - 18 0 0 0 0 

Planner 0 - 3 0 0 0 

Block Sanding 0 4 - 6 2 0 

Disc Sanding 0 0 3 - 5 0 

Vertical Sanding 0 0 5 0 - 2 

Tennon 0 0 0 0 0 - 
 

B. Step-2 Relational Graph  

Closeness factor for each activity in the line is 

contrasted by relational graph where A,E,I,O,U and X 

represent the value of closeness factor. 

C. Space Requirements/Available Analysis 

Space requirements are dependent on the number of 

machines on the line. It also depends on the required 

supported activities space such as maintenance, human-

machine interaction, material handling, future 

expansion, etc. 
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D. Step-4 Activity Relationship Diagram 

Activity relationship analysis indicates the closeness 

relationship among the activities denoting by five 

different colors. RED color and four lines for „A‟ 

(absolutely necessary) related activities, YELLOW 

color and three lines for „E‟ (especially important) 

related activities, GREEN color and two lines for „I‟ 

(important) related activities, BLUE color and one line 

for „O‟ (ordinary closeness) related activities, and 

Brown color with a zigzag line for „U‟ (unnecessary) 

related activities. It is drawn from the relationship found 

at step-2. This is basically a qualitative analysis. 

E. Step-5 Space Relationship Diagram 

      This step converts the relationship diagram into 

space relationship diagram by mapping each 

department‟s area into the relationship diagram as 

shown in Fig. 3. The lines of different thickness 

determine the closeness relationship and higher flow 

intensity between two machines, they are preferred to be 

placed in proximity for a block layout generation.  

 

 
Fig.3. Space relationship diagram 

F. Step-6 Layout Alternatives 

      We have developed three new layouts by 

considering flow of materials, relational diagram, 

activity relationship diagram and area covered by the 

machine. This step combines all the steps that are 

mentioned above and develop alternatives by 

incorporating some practical limitations and constraints.  

First, operations in Band Saw depends on finishing of 

other operations carried out by three different machines 

called Block Sanding, Circular Saw and Planner. So, it 

should be placed somewhere in the middle of the layout 

for the easy movement of the materials. Second, Table 1 

(From-To Chart), shows that there are high frequency of 

materials flow from Jointer to Planner (18 times). So, 

Jointer and Planner are preferred to be placed in 

proximity. Third, because of heavy weight, it is difficult 

to move Circular Saw frequently. Taking into account 

the practical limitations/constraints, the layout 

generation commence with block diagram shown in Fig. 

4. 

(a) Proposed Layout-1 
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(b) Proposed Layout-2 
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(c) Proposed Layout-3 
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Fig.4. Layout Alternatives (a),(b),(c). 

III. EVALUATION OF THE ALTERNATIVES 

       In order to find out the best alternative solution, the 

AHP (Analytical Hierarchical Process) is used to choose 

the final layout design. The AHP process conceives 

many important design consideration to solve the layout 

design problem. First the scale of importance is defined 

as Table 2. 

TABLE II.  SCALES FOR PAIR-WISE COMPARISON [9]. 

Intensity of 

Importance 
Definition 

1 Equal Importance 

3 Moderate importance 

5 Strong importance 

7 Very strong  

9 Extreme importance 

2, 4, 6, 8 Compromise between above values 

Reciprocals 

of above 

If activity i has one of the above non-zero 

numbers assigned to it when compared with 

activity j, then j has the reciprocal value when 
compared with i. 

1.1-1.9 
If the activities are very 

Close 

 

       Four categories of criteria are selected to evaluate 

the alternatives by considering experts‟ opinion from 

company management and supervisors of the line. For 

each criterion, there are set of associated attributes 

which are characterised to describe objectives. The AHP 

evaluation process begins with the weight calculation. 

The relative importance for each pair of design 
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objectives are decided through comparative matrix. 

Several iterations are conducted leading towards the 

final comparative matrix. The relative weights of each 

criterion are found by eigenvector method shown on the 

rightmost column of Table 3. Analytical Hierarchical 

Process (AHP) is discussed in details below. 

TABLE III.  AHP COMPARATIVE MATRIX 

  Minimiz

e 

material 

handlin

g cost 

Maxim

ize 

mainte

nance 

Maxi

mize 

huma

n 

factor

s 

Maxi

mize 

layout 

flexibi

lity 

 

root 

value 

Weigh

ts 

Minimize 

material 

handling 

cost 

1 5 7 2 2.893 0.515 

Maximize 

capacity 

1/5 1 2 1/3 0.604 0.108 

Maximize 

maintenan

ce  

1/7 1/2 1 1/7 0.318 0.057 

Maximize 

layout 

flexibility 

1/2 3 7 1 1.800 0.321 

 

The analytical hierarchical process (AHP) begins 

with the calculation of the eigenvector. Multiplying 

together the entries in each row of the AHP comparative 

matrix (Table 3) and then taking the  root of that 

product. 

i.e, 1
st
 row,  ;  

Where, n=4 (no. of criteria is 4)  

Similarly, other rows give 0.604, 0.318 and 1.80.The 

 roots are summed and that sum is used to normalize 

the eigenvector elements to add to 1.00. In the matrix 

below, the 4
th

 root for the first row is 2.893 and that is 

divided by 5.615 to give 0.515 as the first element in the 

eigenvector. 

The Table 3 gives the comparative matrix of four 

attributes to be compared. The eigenvector of the 

relative importance or value of the four attributes are 

0.515, 0.108, 0.057, and 0.321. Thus, Minimize material 

handling cost is the most valuable, Maximize layout 

flexibility and Maximize capacity are behind, and 

Maximize maintenance is very much less significant. 

The next stage is to calculate  so as to lead to 

the Consistency Index and the Consistency Ratio. We 

first multiply on the right the matrix of judgments by the 

eigenvector, obtaining a new vector.  The calculation for 

the 1
st
 row is: 

 

This vector of four elements (2.091, 0.431, 0.230, 

1.297) is, of course, the product and the AHP theory 

says that so we can now get four estimates 

of  (eigenvalue) by dividing each component of 

(2.091, 0.431, 0.230, 1.297) by the corresponding 

eigenvector element.  The eigenvalues are, 

 

 

 
The maximum of these values is 4.06 and that is our 

estimate for . If any of the estimates for  turns 

out to be less than n, or 4 in this case, there has been an 

error in the calculation. The Consistency Index for a 

matrix is calculated from  

 

TABLE IV.  RANDOM INDEXES OF MATRICES OF ORDER 

1-7. [9] 

1 2 3 4 5 6 7 

0.00 0.00 0.58 0.90 1.12 1.24 1.32 

 

The final step is to calculate the Consistency Ratio 

for this set of judgments using the CI for the 

corresponding value from large samples of matrices of 

purely random judgments using the Table 4, derived 

from Saaty‟s book [12], in which the upper row is the 

order of the random matrix, and the lower is the 

corresponding index of consistency for random 

judgments. 

TABLE V.  ALTERNATIVES EVALUATION BY AHP. 

Objectives Weight Attribute Weight  Alt-1 Alt-2 Alt-3 

 

Maximize 

layout 

flexibility 

 

 
 

0.321 

Obtain layout 

flexibility for future 
expansions 

0.076 0.655 0.055 0.290 

Obtain process 

flexibility for process 
change 

0.305 0.890 0.352 0.559 

Obtain product 

flexibility for new 

products 

0.575 0.187 0.687 0.127 

Support process 

conversion 

0.043 0.091 0.691 0.218 

 

Maximize 

maintenance 

 

0.057 

Facility of installing 

maintenance  

0.216 0.152 0.630 0.218 

Ease of supervision  0.103 0.328 0.260 0.413 

Ease of maintenance 0.682 0.163 0.540 0.297 

 

Minimize 

material 

handling 

cost 

 
 

0.515 

Minimize walking 
distance  

0.760 0.072 0.279 0.649 

Minimize staff-load  0.144 0.320 0.558 0.122 

Maximize utilization 

of material handling 
equipment 

0.096 0.243 0.669 0.088 

 

Maximize 

capacity 

 

0.108 

Maximize equipment 

utilization  

0.2297 0.582 0.110 0.309 

Maximize space 
utilization  

0.6483 0.104 0.770 0.127 

Support m/c 

redundancy 

0.1220 0.114 0.481 0.405 

  Grand Weight     0.236 0.449 0.394 
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Consistency Ratio gives 0.016/0.90=0.0180. Since, 

CR is significantly smaller than a commonly cut-off 

point of 0.1. In this instance, we are on safe ground, it 

means that the pairwise judgments are just about 

random and are completely trustworthy [12].Finally, the 

AHP is repeated for the three alternatives against each 

attribute. Table 5 shows the total evaluations of three 

alternatives over thirteen attributes under four criteria.  

The evaluation process choose design alternative-2 

that has a highest grand weight of 0.449 as the preferred 

layout design solution. The grand weight for each 

alternative is the sum of the product of criteria, 

attributes and alternatives weights from each row. 

According to grand weight alternative layout-2 is the 

best choice.  

IV.  FINDING AND ANALYSIS  

After AHP judgement of selecting the best layout, 

proposed-2 get the best score. So, proposed layout-2 can 

be the best solution to reduce the layout related 

problems that exist in the original layout. And selected 

layout decreases the material handling distance thus 

reduce the production cost. 

 

 
 

Fig.5. Travelling distance among different machines in existing and 

new layout 

 
 

Fig.6. Comparison between the new layout and existing layout on the 

basis of material handling cost. 

Material handling cost per feet is measured by 

calculating the labour cost per day, cost of material 

handling equipment and material handling distance 

obtained from the distance matrix. Total distance 

travelled in new layout is reduced by 310.9ft than that of 

the existing layout. Similarly, Material handling cost in 

new layout is reduced by Tk. 432.19 than that of the 

existing layout. The comparison between the new layout 

and existing layout is shown in Fig.6 and Fig.7 on the 

basis of distance travelled by material and material 

handling cost for each pair of machines. So, from new 

layout we can calculate that material flow distance and 

material handling cost is reduced by 27.8%.   

V. CONCLUSION 

SLP is systematic layout planning method, a 

scientific art more than a technology which is widely 

used in the manufacturing industry design. The main 

objective of the research was to introduce the SLP in an 

organized way to develop a layout plan. The problems 

faced by the existing layout were identified and a new 

layout is proposed by solving those problems. The 

number of equipment‟s and travelling distances of 

materials have been analyzed. Then, three alternative 

layouts have been proposed based on the detailed study 

of the SLP phases. The new proposed design has been 

selected by Analytical Hierarchical Process (AHP), a 

process multi-attribute decision making. Thirteen 

attribute have been considered under four criteria to 

evaluate the best layout among the three alternatives. 

Total distance travelled by the materials and the cost 

associated with the material handling is reduced by   

27.8% in new layout. It not only reduces the distance 

or cost but also increases the material flow easiness. 
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Abstract—Stock price trend prediction could be 

beneficial for individual as well as institutional investors. 

But the complex nature of stock market data makes this 

task immensely challenging. Over the years many 

researchers have found Support vector machines (SVM) as 

the most effective tool to conquer this challenge. In this 

study a correlation based SVM with a filter based feature 

selection method for stock price trend forecasting is 

proposed. A grid search method is also applied to tune the 

kernel parameters of SVM to elevate its performance. Ten 

years’ historical data of daily transactions from the year of 

2000 to 2010 are collected from Dhaka Stock Exchange 

(DSE) as illustrative examples. Predicted results are 

compared with the actual price trends to evaluate the 

performance of the proposed approach. In addition, this 

paper compares the predictive accuracy of SVM with 

Naïve Bayes, Decision Tree Induction and KNN classifiers. 

The empirical results show that SVM outperforms other 

methods and also the proposed procedure improves the 

prediction accuracy of SVM. 

Keywords—Support Vector Machines, Technical 

Analysis, Stock Market Trend Prediction, Dhaka Stock 

Exchange 

I. INTRODUCTION 

The investors are very eager to have a closer insight 

about the underlying patterns of the capital market and 

hence the future market trend prediction has gained 

immense interest. Even a slight improvement in the 

accuracy of this prediction can significantly influence the 

investment decisions and thus the profit. But the capital 

market is very complex, evolutionary, and non-linear in 

nature and the field of financial forecasting is 

characterized by data intensity, noise, non-stationary, 

unstructured nature, high degree of uncertainty, and 

hidden relationships [1, 2]. Moreover, the market trend 

depends on many other factors including political events, 

general economic conditions, news related to the stocks 

and traders’ expectations. Therefore, predicting stock 

market trend is a quite challenging task. Over the years 

various machine learning and artificial intelligent 

techniques have been successfully used by many 

researchers to overcome this challenge. Among them 

Support Vector Machines (SVM) is found to be one of 

the most effective ones [3-6]. Kim has shown the 

integration of technical analysis with SVM for predicting 

stock market price trend is quite effective [7]. Different 

studies have also shown that considering the correlated 

stocks while predicting the price movement of any stock 

improves the performance [8]. Again, the troubles 

introduced by the increased dimensions for this approach 

can be dealt with various feature selection methods. 

Choudhry, Rohit, and Kumkum Garg in [9] has 

introduced Genetic Algorithm (GA) to select influential 

features from technical indicators of correlated stocks 

which fosters the predictive performance of SVM. 

In the past, most of the studies were focused on the 

American, Korean, Japanese, Chinese and Indian stock 

markets. Till now, very few studies were conducted to 

predict the stock price trend of Bangladeshi market. But 

academic investigation shows that different stock 

markets have different characteristics and results 

obtained for one are not necessarily true for another [10]. 

So, it is of interest to study the stock price trend 

predictability using data from emerging markets such as 

that of Bangladesh. Since its establishment in 1952, the 

Dhaka Stock Exchange (DSE) has presented an 

outstanding growth as an emerging market and thus 

attracted both local and foreign, both individual and 

institutional investors. 

The main objective of this study is to demonstrate 

and verify the predictability of SVM in stock price trend 

prediction for DSE, Bangladesh. In this study a 

correlation based SVM with a filter based feature 

selection method for stock market price trend forecasting 

is proposed.  

II. SUPPORT VECTOR MACHINES 

Support vector machines (SVM) is a family of 

algorithms for learning two-class discriminant functions 

from a set of training examples and is an 

implementation of Vapnik’s Structural Risk 

Minimization theory [11].  Briefly, the primary goal of 

SVM is to search for a good separating hyperplane in a 

high-dimensional feature space, good in a sense of some 

measure of generalization performance. The most 

popular measure bound on error rates relies on the 

concept of margin that is the minimal distance between 
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the hyperplane separating the two classes and the closest 

data points to the hyperplane. The optimal hyperplane is 

therefore defined as the one with the maximal margin of 

separation between the two classes and the training 

examples that are closest to that hyperplane are called 

the support vectors. 

Given a sample of N training points, where each 

point xi has D attributes (i.e. is of dimensionality D) and 

is in one of the two classes yi = -1 or +1, i.e. our training 

data is of the form: 

{xi, yi} where i = 1 . . . N, yi  ∈ {-1, +1}, xi ∈ ℝD 

The separating hyperplane can be described by w . x + b 

= 0 where: 

 w is normal to the hyperplane 

  is the perpendicular distance from the 

hyperplane to the origin. 

Implementing SVM boils down selecting the 

variables w and b so that our training data can be 

described by: 

xi . w + b ≥  +1  for yi = +1 (1) 

xi . w + b ≤  -1  for yi = -1 (2) 

These equations can be written as [12]: 

yi (xi . w + b ) - 1 ≥ 0   (3) 

For the support vectors (3) becomes: 

yi (xi . w + b ) - 1 = 0    (4) 

Finally, for the linearly separable case, the 

maximum margin hyperplane can be represented as the 

following equation in terms of the support vectors: 

,   (5) 

where yi is the class value of training vector xi. The 

vector x represents a test sample, the vectors xi are the 

support vectors and αi are the Lagrange multipliers. For 

the nonlinearly separable case, the training vectors xi are 

mapped into a higher dimensional feature space by 

using kernel function. Then the high-dimensional 

version of (5) becomes: 

  (6) 

The most popular kernel function, Radial Basis 

Function (RBF), is used in this study that is as shown in 

(7). 

K(xi, xj) =exp (-γ(xi - xj)
2
)  (7) 

where γ is the constant of the kernel function [13]. 

III. PROPOSED METHOD 

For any target stock four highly correlated stocks 

are found at first. Then a number of technical indicators 

are measured from the previous price related 

information for all these five stocks as initial input 

features. After that a filter based feature selection 

method is used to select the most influential subset of 

features. At the end, these selected features are fed to 

SVM to predict the future price trend of that target 

stock. A grid search technique is also incorporated for 

tuning kernel parameters of SVM aiming to improve its 

accuracy. We have considered the stock price trend 

forecasting problem as a two class classification 

problem. The price trends are classified as 1 and 0. A 

class label of 1 means that the close price of the target 

stock will increase on the next day i.e. a positive trend, 

and a class label of 0 indicates the close price will 

decrease or remain unchanged on the next day i.e. a 

negative trend.  

IV. RESEARCH DATA AND EXPERIMENTAL SETTING 

The data used in this study are collected from DSE 

(www.dsebd.org). Initially, we have chosen 40 listed 

companies of DSE for this study, most of them belong 

to today’s DSE30 company list. The daily transaction 

data for these 40 companies of total 2532 consecutive 

trading days, from January 2000 to December 2010 are 

collected. Each data comprises five attributes: open 

price, high price, low price, close price and trade 

volume. For evaluating the performance of the proposed 

method, we have considered three companies: 

Agricultural Marketing Company Limited (PRAN), 

Apex Tannery Limited, and Bangladesh Lamps Limited 

as these are the most prominent stocks in DSE. The four 

companies having highest absolute correlation with 

these target companies are found through correlation 

analysis. Fig.1 shows four correlated companies for 

Agricultural Marketing Company Limited (PRAN) 

which is a reputed food processing and agro based 

company. 

Agricultural Marketing Company Limited (PRAN)   

a) Apex Tannery Limited – Tannery Industry 

b) Bata Shoe Company (BD) Limited – Tannery Industry 

c) Bangladesh Lamps Limited – Engineering Company 

d) Beximco Limited – A Miscellaneous Company 

Fig.1. Correlation example of a target stock. 

TABLE I.  SOME IMPORTANT TECHNICAL INDICATORS AND THEIR 

FORMULAS. 

Feature Name Calculation Formula 

10-day SMA , where Ct is the closing price 

10-day EMA , where 

α is a smoothing factor and  

10-day WMA 

 
A/D Oscillator , where Lt is the low price and Ht is the high 

../../Downloads/www.dsebd.org
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price at time t. 

MACD 

, where  

Stochastic K% 
, where LLt and HHt 

mean lowest low and highest high in the last t days, 

respectively 

Stochastic D% 

 
Relative 
Strength Index 

(RSI) 

, where Upt 

means upward-price-change and Dwt means 

downward-price-change at time t. 

CCI 
, where ,  

 and  

OSCP 

 

Initially, a set of 30 technical indicators are 

calculated using the collected trading data for each stock 

that are used by financial experts [14]. Some of the 

important indicators are given in Table-I. Thus we 

obtain a set of 5 30 or 150 technical indicators for each 

target stock as candidate features. All values of these 

constructed features are scaled into the range of [-1, 1] 

to nullify the biasness towards larger value attributes. 

After that, a filter based feature selection approach 

using F-score is incorporated to improve the accuracy 

and also minimize the execution time. F-score calculates 

the discrimination of two sets of real numbers [15]. We 

have used this score as a feature selection criterion. The 

optimal set of features as selected by the feature 

selection method is then used as input to the SVM with 

the Gaussian radial basis function (RBF) as the kernel 

function. Performance of SVM highly depends on the 

proper selection of RBF kernel parameters C and γ. A 

very popular method called the grid search approach 

with cross-validation is used to find the best parameter 

combination. Various pair of (C, γ) values (in this study 

e
-5

 to e
5
) are tried and the one with the best cross-

validation accuracy is picked. At first, we have used a 

coarse grid and have found that the best (C, γ) is (e
0
, e

3
) 

with the 5-fold cross-validation rate 56.37%. Next a 

finer grid search is conducted on the neighborhood of 

(e
0
, e

3
) and a better 5-fold cross-validation rate 57.30% 

at (e
0.2

, e
3.6

) is obtained. After the best (C, γ) is found, 

the whole training set is trained again to generate the 

final classifier. 

V. EXPERIMENTAL RESULTS 

The prediction performance is measured in terms of 

hit ratio, which indicates the times in percentage when 

the price trend is predicted correctly. A 5-fold cross 

validation technique is used to measure average hit ratio. 

At first, the performance of SVM with the input features 

extracted from the target stock only was compared with 

the results for the target stock along with other 

correlated stocks. Table-II summarizes the results for 

the three selected stocks. In most of the cases, if the 

number of correlated stocks under consideration is 

increased the prediction performance of SVM also 

increases. Then the performance of SVM is compared 

with Naïve Bayesian, k-Nearest Neighbor and Decision 

Tree Induction classifier with the same input features. 

Table-III shows the comparing results where SVM 

clearly outperforms other classifiers. 

TABLE II.  PERFORMANCE OF SVM WITH CORRELATED 

STOCKS. 

Stocks 1 Stock 2 Stocks 3 Stocks 4 Stocks 5 Stocks 

AMCL (Pran) 52.37 54.1 54.21 53.90 55.36 
Apex Tannery 53.44 54.64 54.28 54.99 55.61 
BD Lamps 53.41 54.59 55.26 54.69 54.79 

TABLE III.  COMPARISON OF SVM’S PERFORMANCE WITH 

NAÏVE BAYESIAN, K-NEAREST NEIGHBOR AND DECISION TREE 

INDUCTION CLASSIFIERS. 
Stocks Naïve Bayes k-NN DTI SVM 

AMCL (Pran) 48.58 51.21 52.33 55.36 
Apex Tannery 49.5 51.91 51.99 55.61 
BD Lamps 51.88 52.67 52.32 54.79 

 

Finally, a filter based feature selection procedure is 

applied to the input feature and the optimum selected 

feature subset is fed to SVM and the performance is 

evaluated. Table-IV compares the performance of SVM 

before and after the feature selection method is applied, 

where the feature selection method improves the 

performance of SVM. 

TABLE IV.  PERFORMANCE OF SVM WITH THE TARGET STOCK 

ONLY, 5 CORRELATED STOCKS AND SELECTED FEATURES. 

Stock Single Stock 
5 Correlated 

Stocks 
Selected 

Features 
AMCL (Pran) 52.37 55.36 56.75 
Apex Tannery 53.44 55.61 56.31 
BD Lamps 53.41 54.79 56.52 

VI. CONCLUSION 

In this paper, we have proposed a correlation based 

SVM with a filter based feature selection method for 

stock market price trend forecasting. A grid search 

method is also applied to tune the kernel parameters of 

SVM to improve its performance. The experimental 

result shows that if the correlated stocks are considered, 

forecasting performance of SVM increases significantly 

and the feature selection method further improves the 

performance. In addition, SVM also outperforms the 

Naïve Bayesian, k-Nearest Neighbor and Decision Tree 

Induction classifiers with quite significant margin. 
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Abstract—Financial time series forecasting has received 

tremendous interest by both the individual and 

institutional investors and hence by the researchers. Over 

the years many researchers have used Support Vector 

Regression (SVR) quite successfully in this arena. But the 

latent noise in the financial data impairs the performance 

of SVR. So, reducing the noise could be effective while 

constructing a forecasting model by SVR. To accomplish 

this task, a combined prediction model using principal 

component analysis (PCA) and SVR is proposed in this 

research work. In the first step, a set of technical indicators 

are calculated from the daily transactional data of the 

target stock and then PCA is applied to these values 

aiming to extract the influential components. After 

filtering these extracted components, SVR is finally applied 

to forecast the future price for the target stock. The 

performance of the proposed approach is evaluated with 

the 16 years’ historical data of daily transaction from 

Dhaka Stock Exchange (DSE), Bangladesh. Empirical 

results show that the proposed model enhances the 

performance of the prediction model using SVR and also 

the short-term prediction gains more accuracy than long-

term prediction.  

Keywords—Support vector regression, principal 

component analysis, financial time series forecasting, Dhaka 

Stock Exchange 

I. INTRODUCTION 

The endeavor of financial time series forecasting 

has gained extreme attraction from both the individual 

and institutional investors because the accurate 

forecasting can influence the decision behind 

investment. Even a slight improvement in the 

forecasting accuracy can cause a significant impact on 

investment strategy and ultimate capital gain. Technical 

analysis is a popular approach to study the capital 

market pattern and movement. The results of technical 

analysis may be a short or long-term forecast based on 

recurring patterns; however, this approach assumes that 

stock prices move in trends, and that the information 

which affects prices enters the market over a finite 

period of time, not instantaneously [1]. Technical 

indicators used in this analysis are calculated from the 

historical trading data. Researchers use various machine 

learning and artificial intelligence techniques for 

analyzing these technical indicators to predict future 

trends or prices. The successful application of SVR in 

various time series problems has encouraged its 

adaptation in financial time series forecasting [2]. But 

the latent noise of financial time series data often leads 

to over-fitting or under-fitting and hence impairs the 

performance of the forecasting system. Over the years, 

several approaches have been proposed to negate the 

influence of such noise by detecting and removing those 

before applying prediction model. Lu et al. has proposed 

the use of independent component analysis (ICA) to 

extract the most influential components from the 

technical indicators before feeding to SVR for a better 

prediction [3, 4]. Cao et al. in [5] has shown that 

principal component analysis (PCA) can improve the 

performance of support vector machine (SVM) in time 

series forecasting. Grigoryan proposed using PCA as 

preprocessing tool in financial time series forecasting 

with ANN [6]. 

In this study, we proposed the integration of PCA in 

the financial time series forecasting model using SVR. 

Considering the fact that, technical analysis plays a vital 

role in the forecasting, it has been conducted to calculate 

several technical indicators as the input features. Then 

PCA is used to extract the influential components from 

input features which are then filtered to transform the 

high-dimensional input into low-dimension features. 

The SVR then finally use the filtered low-dimensional 

input variables to construct the forecasting model and 

predict future prices. 

II. PRINCIPAL COMPONENT ANALYSIS (PCA) 

Principal component analysis (PCA), invented by 

Karl Pearson [7], is a well-known statistical procedure 

for feature extraction. It finds smaller number of 

uncorrelated components from high dimensional inputs 

by calculating the eigenvectors of the covariance matrix. 

Given a set of m dimensional input vectors xi = 

(xi(1),xi(2),…..xi(m))
T 

where i = 1, 2,……n. PCA is a 

transformation of xi into a new vector yi by: 

 yi = U
T
xi    (1) 

Where U is the m ×m orthogonal matrix whose jth 

column uj is the jth eigenvector of the sample covariance 

matrix . In other words, PCA solves the 

eigenvalue problem (2). 

 , j = 1, 2, … m (2) 

where  is one of the eigenvalues of C. uj is the 

corresponding eigenvector. Based on the estimated uj, 
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the components of yi are then calculated as the 

orthogonal transformation of xi: 

 yi(j) = uj
T
xi,  j = 1, 2, … m  (3) 

These are called principal components. By using 

only the first several eigenvectors sorted in descending 

order of the eigenvalues, the number of principal 

components in yi can be reduced [8]. 

III. SUPPORT VECTOR REGRESSION (SVR) 

The SVR extends the basic principles of support 

vector machines (SVM) for classification by setting a 

margin of tolerance ϵ in approximation and up until the 

threshold ɛ, 0 error is considered [9]. Given a training 

set (xi,yi), i = 1, 2, ... n, where the xi R
m 

is the m-

dimensional input vector and yi R is the response 

variable. SVR generates the linear regression function in 

the form:  

 f(x,w) = w
T
x + b   (4) 

Vapnik's linear ɛ-Insensitivity loss (error) function is: 

 (5) 

Based on this, linear regression f(x,w) is estimated 

by simultaneously minimizing ||w||
2
 and the sum of the 

linear ɛ-Insensitivity losses as shown in (7). The 

constant c controls a trade-off between an 

approximation error and the weight vector norm ||w||, is 

a design parameter chosen by the user. 

  (6) 

Minimizing the risk R is equivalent to minimizing 

the following risk under the constraints mentioned in (8) 

to (10). 

  (7) 

   (8) 

   (9) 

               (10) 

Here, ξi and ξi* are slack variables, one for 

exceeding the target value by more than ɛ and other for 

being more than ɛ below the target. As used in SVM, the 

above constrained optimization problem is solved using 

Lagrangian theory and the Karush-Kuhn-Tucker 

conditions to obtain the desired weight vector of the 

regression function. SVR maps the input vectors xi R
m 

into a high dimensional feature space ϕ(xi)  H. A 

kernel function K(xi,xj) performs the mapping ϕ(.). The 

most popular kernel function that is used in this study is 

Radial Basis Function (RBS) as shown in (11). 

K(xi,xj) = exp (– γ ||xi–xj||
2
)  (11) 

where γ is the constant of the kernel function. 

IV. PROPOSED PCA-SVR FORECASTING MODEL 

In this study, a prediction model named PCA-SVR 

is implemented which integrates PCA with SVR to 

forecast financial time series. At first, technical analysis 

is conducted on the training dataset to calculate 30 

technical indicators that are used by financial experts 

[10]. Table-I shows some of the important indicators. 

All the values are scaled into the range of [-1, 1] to 

eliminate the biasness towards larger value attributes. 

Then PCA is applied to the normalized data to extract 

the principal components (PCs). These PCs are filter 

according to the corresponding variance and thus the 

irrelevant features are discarded. Finally the selected 

PCs are used to construct the SVR prediction model. In 

order to improve the prediction accuracy RBF kernel is 

selected. Performance of SVR highly depends on the 

proper selection of RBF kernel parameters C and γ. The 

popular grid search with cross-validation is used to find 

the best values for C and γ. Mean Absolute Percentage 

Error (MAPE), and relative Root Mean Squared Error 

(rRMSE) are used to evaluate the performance of the 

proposed model. Formulas of these evaluation measures 

shown in (12) and (13). 

  (12) 

   (13) 

TABLE I.  SOME IMPORTANT TECHNICAL INDICATORS AND THEIR 

FORMULAS. 

Feature Name Calculation Formula 

10-day SMA , where Ct is the closing price 

10-day EMA , 

where α is a smoothing factor and  

10-day WMA 

 

A/D Oscillator , where Lt is the low price and Ht is the high 

price at time t. 

MACD 

, where  

Stochastic K% 
, where LLt and HHt 

mean lowest low and highest high in the last t days, 
respectively 

Stochastic D% 

 

Relative 

Strength Index 
(RSI) 

, where Upt 

means upward-price-change and Dwt means 

downward-price-change at time t. 

CCI 
, where ,  

 and  
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V. RESEARCH DATA 

To conduct the study and evaluate the performance 

of the proposed approach, the 16 years’ historical data 

of daily transaction for the time period from January 

2000 to December 2015 are collected from Dhaka Stock 

Exchange (www.dsebd.org). This data covers more than 

3600 trading days and each data comprises five 

attributes: open price, high price, low price, close price 

and trade volume. We have considered three companies 

from three different sectors: Square Pharmaceuticals 

Limited, AB Bank Limited and ACI Limited as these 

are the most prominent stocks in DSE. The first one is a 

leading company in pharmaceuticals sector, the second 

leads the banking sector and the last one belongs to the 

chemical sector.  

VI. EXPERIMENTAL RESULTS 

The principal component analysis on the original 

data shows that the first 12 components contribute over 

97% cumulative covariance providing the most 

information. Hence the first 12 PCs are selected to form 

the input set for the SVR. In this study, the radial basis 

function (RBF) is used as the kernel function of SVR. 

To find the best C and γ value pair we have considered 

e
-5

 to e
5
 for both parameters as our research space. The 

best value pairs of C and γ for every prediction task 

obtained by the grid search approach are shown in 

Table-II. 

TABLE II.  SELECTED RBF KERNEL PARAMETERS. 

Parameter Square Pharmaceutical 

Ltd. 

AB Bank 

Ltd. 

ACI Ltd. 

C e8.0 e5.0 e6.8 

γ e2.8 e2.0 e2.4 

For every company, the closing prices for the next 

1, 5, 10, 15 and 30 days ahead are predicted using the 

proposed PCA-SVR method. The evaluation measures 

are obtained through a 10-fold cross validation process. 

The performance of the PCA-SVR model is compared 

with single SVR’s performance in terms of MAPE(%) 

and rRMSE measures. Table-III shows the results for 

the three target companies. 

It is evident from the results that the proposed PCA-

SVR model performs better than the single SVR model 

in almost all prediction tasks for all the three target 

stocks. As the predictions are made for more number of 

days in advance, the performance of individual model 

and the improvement of proposed model decreases. This 

is obvious for any prediction system. 

 

 

 

 

TABLE III.  COMPARATIVE PERFORMANCE OF SVR AND PCA-SVR 

WITH VARIOUS DAYS AHEAD TIME FOR DIFFERENT TARGET STOCKS. 

Target 

Stock 

No. of 

Days 

Ahead 

MAPE (%) rRMSE 

SVR PCA-

SVR 

Progress 

(%) 

SVR PCA-

SVR 

Progress 

(%) 

Square 

Pharma 

Limited 

1 3.44 2.86 16.86 0.15 0.10 34.07 

5 4.38 3.86 11.86 0.19 0.15 21.14 
10 4.94 4.73 4.45 0.20 0.17 19.78 

15 5.41 5.33 1.66 0.22 0.20 13.4 

30 6.26 6.59 -5.43 0.18 0.16 16.99 

AB Bank 

Limited 

1 11.99 8.78 26.78 0.66 0.22 66.4 

5 12.88 9.60 25.54 0.79 0.36 54.6 

10 13.15 10.29 21.76 0.82 0.45 45.4 
15 13.97 10.96 21.61 0.94 0.59 38.2 

30 14.71 12.66 13.94 0.95 0.66 30.6 

ACI 

Limited 

1 13.01 9.98 23.3 0.31 0.30 6.37 
5 13.76 10.60 22.96 0.49 0.23 53.23 

10 13.98 10.85 22.46 0.64 0.31 51.72 

15 14.02 11.14 20.54 0.72 0.37 50.03 
30 14.16 11.35 19.91 0.87 0.55 37.97 

Fig.1 shows the actual price and the prices 

predicted by SVR and PCA-SVR models for 1 day 

ahead of AB Bank Limited. Fig.2 shows the result for 

the same prediction task but for 5 days in advance. The 

visual representations also validate the effectiveness of 

our proposed model. The graphical representations for 

other prediction tasks (not shown here) also verify the 

worthiness of the proposed approach. 

 

 

 

 

 

 

 

 

Fig.1. Prediction performance comparison of SVR and PCA-SVR for 
1 day ahead for AB Bank Limited. 

 

 
 

Fig.2. Prediction performance comparison of SVR and PCA-SVR for 

5 days ahead for AB Bank Limited. 
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VII. CONCLUSION  

 This paper has proposed a price forecasting model 

integrating PCA and SVR for financial time series. This 

PCA-SVR model first uses the PCA to extract the most 

influential components from the input features in order 

to overcome the over-fitting or under-fitting challenge 

caused by the noisy nature of financial time series data. 

The filtered principal components are then used in SVR 

with RBF kernel function. The grid search for the best 

kernel parameters is conducted to improve SVR’s 

performance. The experiments have evaluated 16 years’ 

data for three commencing stocks from Dhaka Stock 

Exchange, Bangladesh. The performance of proposed 

model is compared with single SVR for various time 

durations with prediction error. Experiment results show 

that the proposed PCA-SVR model outperforms the 

single SVR model by generating less predictive error. 

The empirical results can conclude that the PCA can 

successfully unfold the influential information from the 

original data and uplift the forecasting accuracy of SVR. 

Future research may integrate Kernel PCA and other 

signal processing techniques like wavelet transformation 

with SVR. 
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Abstract—In this study, the effect of stacking sequence on 

mechanical behavior of non-woven glass fiber reinforced 

polyester composites has been investigated experimentally. 

Composites laminates were fabricated by hand lay-up 

technique in a mold and cured at 90°C for 10 minutes in a 

hydraulic heat press machine, then kept it at room 

temperature for 24 hours. Among all the resulting 

composites, the composite with a five layer non-woven 

glass (G5) demonstrates improved mechanical properties, 

such as tensile strength (TS), tensile modulus (TM), 

bending strength (BS), bending modulus (BM), and impact 

strength (IS) were found to be 130.77%, 35.22%, 94.44%, 

39.51%, and 206.76% respectively. It was revealed that 

mechanical properties of the composites increased with the 

increase of stacking sequences. Water uptake (%) of the 

composites shown that glass fiber did not take water up to 

first 120 minutes, then it took very negligible amount of 

water up to 1500 minutes which was 0.41% due to its 

hydrophobic nature. 

Keywords—glass fiber; composites; non woven; stacking 

sequences; hand lay-up. 

I.  INTRODUCTION 

       Fiber reinforced polymer composites are wonder 

materials in the recent scientific invention due to its 

versatile properties and applications. Glass fiber 

composites are superior over the biocomposites due to 

the unique characteristics of glass fibers than natural 

fibers. Glass fiber is a light weight, extremely strong, 

and robust material. Although strength properties are 

somewhat lower than carbon fiber and it is less stiff, the 

material is typically far less brittle, and the raw 

materials are much less expensive. Its bulk strength and 

weight properties are also very favorable when 

compared to metals, and it can be easily formed using 

molding processes. The plastic matrix may be epoxy, a 

thermosetting plastic (most often polyester or vinylester) 

or thermoplastic. Common uses of fiberglass include 

boats, automobiles, baths, hot tubs, water tanks, roofing, 

pipes, cladding, casts and external door skins. 

     The glass fiber is divided into three main classes E-

glass, S-glass and C-glass. Among them, E-glass is the 

most common reinforcement material used in civil and 

industrial structures. It is manufactured from lime-

alumina-borosilicate which can be easily obtained from 

abundance of raw materials like sand. A typical nominal 

chemical composition of E-glass fibers is SiO2 54 wt%, 

Al2O3 14 wt%, CaO + MgO 22 wt%, B2O3 10 wt% and 

Na2O + K2O less than 2 wt% [1]. E-glass fibers are 

widely used due to their low cost, availability and good 

insulation proper-ties up to 815°C. E-glass fiber 

reinforcement is often an attractive way to improve the 

mechanical properties of thermoplastics, the 

improvement being attributed to the excellent 

mechanical properties of the fibers and to the better 

adhesion between the fibers and the polymer matrix 

when surface treated fibers are used [2,3]. 
Many attempts have been done to evaluate the 

properties of glass fiber reinforced composites [4-14]. 
For designing glass composites some factors must be 
considered such as the length, diameter, orientation, 
amount and properties of fibers, matrix and bonding 
between the fiber-matrix. The aim of the present study 
was to fabrication and mechanical characterization of 
non-woven glass fiber reinforced polyester composites. 

II. MATERIALS AND METHODS 

A. Materials 

Non-woven E-glass fiber (400 GSM) was used as 
reinforcement which was collected from SHCP, 
Singapore. Unsaturated polyester resin and Methyl ethyl 
ketone peroxide (MEKP) also collected from SHCP, 
Singapore. 
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B. Fabrication of Composites 

      At first, non-woven glass were cut into the desired 

size. The matrix material was prepared by mixing 

unsaturated polyester resin and 10% MEKP, mixed 

thoroughly before applying in the fiber. The composites 

were prepared by simple Hand lay-up method and then 

placed it with the aluminum dices in the hydraulic heat 

press machine for better curing and adhesion between 

fiber and polyester matrix at 90ºC for 10 minutes, then 

kept it at room temperature for 24 hours. Five 

composites were prepared with different stacking 

sequences of non-woven glass fibers with polyester 

resin. 

C. Mechanical Testing of the Composites 

1) Tensile test: Tensile tests were conducted 

according to ASTM Designation: D638-03 using a 

Universal Testing Machine (Model: H50KS-0404, 

Hounsfield Series S, UK) with a cross-head speed of 

10mm/min at a span distance of 50mm. The dimensions 

of the test specimen were 120mm×15mm. 

2) Flexural test: Static flexural tests were carried 

out accoridng to ISO 14125 methods using the same 

testing machine mentioned above with a cross-head 

speed of 60mm/sec at a span distance of 25mm. the 

dimensions of the test specimen were 60mm×15mm. 

3) Impact test: Impact tests were conducted on 

unnotched mode composite specimens according to 

ASTM D 6110-97 using a Universal Impact Tester 

(HUNG TA INSTRUMENT CO. LTD, Taiwan), 

hammer mass of 2.63kg, gravity distance of 30.68 mm 

and lift angle of 150º. 

4) Water uptake: Composites samples (20×10×2 

mm²) were immersed in a static water bath at 25°C for 

different time periods (up to 1500 minutes). Before 

immersion in water, the specimens were dried in an 

oven at 105°C, cooled in a desiccators using silica gel 

and weighed. After certain periods of time, samples 

were taken out from the bath and wiped using tissue 

paper, then weighed. Water uptake was determined by 

the subtraction from final weight to initial weight. 

III. RESULT AND DISCUSSION 

A. Thickness of the Composites 

     The average thickness of the fabricated composites is 

given below. 

TABLE I.  DATA OF THE AVERAGE THICKNESS OF THE 

COMPOSITES 

Composites Average Thickness (mm) 

G1 (Single layer) 0.74±0.03 

G2 (Two layer) 0.96±0.08 

G3 (Three layer) 1.18±0.05 

G4 (Four layer) 1.67±0.14 

G5 (Five layer) 2.10±0.01 

B. Tensile and Bending Properties 

    From the Fig. 1, it is being cleared that as increase of 

stacking sequence affects the TS and BS of 

glass/polyester composites. The TS values of the 

composites G1, G2, G3, G4 and G5 are 71.5, 130.3, 

154.5, 157.3 and 165.0 MPa, respectively. It can be 

claimed that G5 provides superior improvements in 

tensile properties among the fabricated composites in 

this study. It indicates a good adhesion between glass 

fiber and polyester resin. It is probable that improved 

adhesion between polyester and glass fibers makes it 

possible for stress transfer from polyester matrix to glass 

fibers. Depending on the level of fiber-matrix adhesion, 

tensile forces were transferred from the matrix to the 

fiber. 

 

 
Fig. 1. TS and BS of glass fiber reinforced polyester composites. 

Fig. 1 shows that BS for G1, G2, G3, G4 and G5 

composites are 181.8, 300.6, 328.6, 351.5 and 353.5 

MPa, respectively. From the Fig. 1, we can see that, BS 

of G1 (1 layer) is very low due to its low thickness (0.74 

mm) and then it increases rapidly for G2 (2 layers, 

thickness 0.96 mm) and then we observed the increasing 

trends up to G5 (5 layers, 2.10 mm of thickness). As 

already mentioned in the case of TS, BS is also 

increased due to the mutual compatibility between the 

fiber and matrix. 

 

 
Fig. 2. TM and BM of glass fiber reinforced polyester composites. 

caption. 

Fig. 2 shows that TM for G1, G2, G3, G4 and G5 

composites are 3282, 3905, 4167, 4243 and 4438 MPa 



International Conference on Computer, Communication, Chemical, Materials and Electronic Engineering 
IC4ME2-2017, 26-27 January, 2017 

 
 

ISBN: 978-984-34-2030-5  182 
 

respectively and BM are 6864, 9048, 9207, 9326 and 

9576 MPa respectively. From the Fig. 2, it is being 

cleared that as that of the non woven glass fiber layer 

increased, the TM and BM of the composites 

demonstrate an increasing trends. This may be due to 

the high interfacial adhesion between the polymer 

matrix and glass fiber, which promotes strength in the 

composite. TM and BM increased 35.22% and 39.51% 

respectively, as compared to G5 with G1. The 

mechanical properties of a composite material primarily 

depend on the strength and modulus of the fibers, 

strength and the chemical stability of the matrix and the 

effectiveness of the bonding between the matrix and 

fibers in transferring stress across the interface and it 

also depends upon the fiber volume fraction [15, 16]. 

C. Impact Strength 

 

Fig. 3. IS of glass fiber reinforced polyester composites. 

     From the Figure 3, we found that, IS of G1, G2, G3, 

G4 and G5 composites are 20.7, 27.7, 48.5, 51.9, and 

63.5 kJ/m² respectively i.e. IS increases with increasing 

the stacking sequences of non woven E-glass fiber layer. 

IS of the composite is influenced by the interfacial bond 

strength, the matrix and the fiber. The fracture of the 

composites is affected by interlaminar and interfacial 

parameters. The fibers play an important role on the 

impact resistance of the composites as they interact with 

the crack formation in the matrix [17]. 

D. Water Uptake 

 

Fig. 4. Percentage of water uptake (%) by glass fibers in aqueous 

media at room temperature (25°C). 

    Figure 4 shows the water uptake % of glass polyester 

composites up to 1500 minutes (25 hours). From fig. 4, 

it is revealed that glass fiber does not take water up to 

first 120 minutes, then it takes very negligible amount of 

water up to 1500 minutes which is 0.20% for 240 

minutes, 0.41% for 1400 and 1500 minutes. So we can 

say that water absorption rate of glass composite is 

negligible as it is hydrophobic. 

IV. CONCLUSION 

       The investigation of E-glass fiber reinforced 

polyester composite laminates leads to the following 

conclusions: Successful fabrication of non woven E-

glass fiber reinforced unsaturated polyester composites 

with different stacking sequence is possible by simple 

hand lay-up technique. The mechanical properties of the 

composites such as tensile strength, bending strength 

and impact strength of the composites are also greatly 

influenced by the non-woven glass fiber layers or 

stacking sequence. 
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