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An Investigation Study of Total Harmonic Distortion in a
Flying Capacitor Multilevel Inverter With / Without Closed-
Loop Feedback Schemes

By Shanmuga Priyan.S & Dr. Ramani.K

Abstract - This paper focuses on the investigation study of Total Harmonic Distortion (THD) in a seven-
level Flying Capacitor Multilevel Inverter (FCMLI) with / without closed-loop feedback schemes. For that, a
closed-loop model is designed for the existing FCMLI through this paper. Conventionally full bridge and
half bridge inverter configurations are used for certain applications where DC-AC conversion is needed.
But the main drawbacks of these inverters are high harmonic content and used only for limited power
applications. In order to overcome this, a novel approach called closed-loop FCMLI will be proposed,
which significantly increases the level number of the output waveform and thereby dramatically reduces
the low-order harmonics and THD. The proposed system consists of a DC-DC power converter and a
DC-AC multilevel inverter. In order to achieve low cost, easy control, high efficiency, and high reliability, a
capacitor clamped DC-DC boost converter using minimal devices is introduced to interface the low-
voltage Photovoltaic (PV) module.

Keywords : capacitor clamped DC-DC boost converter, flying capacitor multilevel inverter (FCMLI),; phase
aisposition — pulse width modulation (PD-PWM), photovoltaic (PV), total harmonic distortion (THD).
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An Investigation Study of Total Harmonic
Distortion in a Flying Capacitor Multilevel Inverter
With / Without Closed — Loop Feedback
Schemes

Shanmuga Priyan.S“ & Dr. Ramani.K°

Abstract - This paper focuses on the investigation study of
Total Harmonic Distortion (THD) in a seven-level Flying
Capacitor Multilevel Inverter (FCMLI) with / without closed-loop
feedback schemes. For that, a closed-loop model is designed
for the existing FCMLI through this paper. Conventionally full
bridge and half bridge inverter configurations are used for
certain applications where DC-AC conversion is needed. But
the main drawbacks of these inverters are high harmonic
content and used only for limited power applications. In order
to overcome this, a novel approach called closed-loop FCMLI
will be proposed, which significantly increases the level
number of the output waveform and thereby dramatically
reduces the low-order harmonics and THD. The proposed
system consists of a DC-DC power converter and a DC-AC
multilevel inverter. In order to achieve low cost, easy control,
high efficiency, and high reliability, a capacitor clamped DC-
DC boost converter using minimal devices is introduced to
interface the low-voltage Photovoltaic (PV) module. In this
paper, a Phase Disposition — Pulse Width Modulation (PD-
PWM) technique, applicable for proposed FCMLI is presented.
With the use of multilevel inverter, resolution is increased and
also the harmonics is highly reduced. The proposed seven
level FCMLI not only achieves high power ratings, but also
enables the use of renewable energy sources in an efficient
manner. In order to justify the merits of the proposed system, it
is interfaced with the single phase lamp load and analysed
through simulation investigations.

Keywords : capacitor clamped DC-DC boost converter,
flving capacitor multilevel inverter (FCMLI), phase
aisposition — pulse width moadulation (PD-PWM),
photovoliaic (PV), total harmonic distortion (THD).

[ [NTRODUCTION

n Recent years, there has been an increasing interest
in electrical power generation from renewable-energy
sources, such as photovoltaic (PV) or wind-power
systems [1], [2]. The benefits of power generation from
these sources are widely accepted. They are essentially
inexhaustible and environmentally friendly. Among the

Author a . PG Scholar — Final Year, Power Electronics & Drives/EEE,
K.S.Rangasamy College of Technology, Tiruchengode, Tamilnadu,
India. E-mail : arunaipriyan@gmail.com

Author o . Associate Professor, Power Electronics & Drives/EEE,
K.S.Rangasamy College of Technology, Tiruchengode, Tamilnadu,
India. E-mail . kreee82@grmail.com

different renewable-energy sources possible to obtain
electricity, solar energy has been one of the most active
research areas in the past decades, both for grid-
connected and stand-alone applications [3]-[4].

Multilevel inverter is based on the fact that sine
wave can be approximated to a stepped waveform
having large number of steps. The steps being supplied
from different DC levels supported by series connected
batteries or capacitors. The unique structure of multi-
level inverter allows them to reach high voltages and
therefore lower voltage rating device can be used. As
the number of levels increases, the synthesized output
waveform has more steps, producing a very fine stair
case wave and approaching very closely to the desired
sine wave. It can be easily understood that as motor
steps are included in the waveform the harmonic
distortion of the output wave decrease, approaching
zero as the number of levels approaches infinity.

Hence Multi- level inverters inverters offer a
better choice at the high power end because the high
volt- ampere ratings are possible with these inverters
without the problems of high dv/dt and the other
associated ones [5].

Nowadays different topologies have been
reported for multi-level inverters. They are named as
neutral point clamped (diode-clamped) inverter, flying
capacitor (capacitor-clamped) inverter and cascaded
multi-cell with separated dc source inverter [6]. Among
them, the FCMLI does not require isolated DC sides and
additional clamping diodes, the snubberless operation
is possible and it is easy to be expanded to the multi-
level. The FCMLI offers a great advantage with respect
to the availability of voltage redundancies.

This inverter uses capacitors to limit the voltage
of the power devices. They are defined as different
combinations of capacitors allowing the charging or
discharging of the individual flying capacitors in order to
produce the same phase leg voltage. This advantage
provides the special opportunity for controlling the
individual voltage on flying capacitors [6]-[7]. Many
studies have shown that under certain conditions, a
simple open loop control guarantees natural balancing
of the flying capacitor.

© 2013 Global Journals Inc. (US)
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In this paper, Proportional-Integral-Derivative
(PID) controllers based closed loop system for seven
level flying capacitor multilevel inverter and for capacitor
clamped DC-DC boost converter have been proposed.
This scheme maintains the output voltage stability,
reducing the harmonic content in the output there by
improving the overall system performance. This paper
has been designed using a seven level flying capacitor
multilevel inverter with the appropriate closed loop
schemes there by THD can be significantly reduced
which is confirmed through simulation investigation.

[I. ProPOSED TOPOLOGY OF CLOSED
LooP SYSTEM

a) Architecture of Proposed Systern

DCDC
DO (124VDO)

DCIAC
(48VDCHSV AC)

ACAC

Boasted DC (8230V AC)

Capaditor
Clamped
PV Boost
Deme
Converter

Flying AC OUTPUT
Capacitor St Up 1Ph 230V
7 Level Lamp
Multlevel e Load
Inverter

(12vDe)

l | IP\\}I

Driver

Battery [
Back-up
Actual | (VD
Controller For DC charge
DCDC Converter controller)

Voltage
Feedback
Signal

Controller For
Mutilevel Inverter

Voltage

Set Value
(48VDC)

Figure 7 . Overall Block Diagram of Proposed System

For this proposed topology, DC input to the
system is a solar energy which is harvested from the
Sun based on the irradiation and insolation level. In this
system a single stand-alone PV module of 12V capacity
is used to obtain the DC voltage. Then this obtained DC
voltage is given as the input to the Capacitor Clamped
DC-DC Boost Converter. By the boost DC-DC converter
topology, the 12V DC is boosted into 48V DC.

In order to maintain the constant DC voltage
from the boost converter, a closed loop block is
designed in which the actual DC voltage is compared
with the 48V DC set value. Based on the error signal
from the comparator, the PID controller produces the
control signal to the PWM pulse generator block.

Then based upon the specified switching
frequency of MOSFET, switching pulses are given to the
single switch in the boost converter. Then the boosted
DC voltage is given as the input to the seven level
FCMLI which is used for 48V DC to 48V AC conversion.

For controlling the FCMLI, a closed loop block
is designed which consists of voltage measurement,
voltage controller - PID controller and Sin generator
block. With the help of these blocks, a closed loop
design is achieved for proposed FCMLI. Then this low

© 2013 Global Journals Inc. (US)

voltage AC signal of 48V AC is given to the step-up
transformer for stepping up the voltage level to 230V AC.

Finally a resistive load — single phase lamp load is
connected across the 230V AC output terminals.

b) Systern Composition
The described system in this paper is a
standalone system which consisting of the following
individual systems-:
i. For generating the DC voltage signal, a suitable
stand-alone PV module is used.

i. For boosting up the generated DC voltage, an
appropriate  Capacitor Clamped DC-DC boost
converter is used.

iii. For maintaining the constant DC output from boost
converter, a closed loop controller is used for DC-
DC converter.

iv. For converting the boosted DC voltage
appropriate AC voltage, a FCMLI is used.

v. For improving the performance of MLI, a closed
loop controller is used for FCMLI.

vi. For stepping up the generated AC voltage from MLI,
a suitable step-up transformer is used.

vii. For connecting the developed system to the
resistive load, a single phase lamp load is used.

into

c) Systern Specification
Table 1 : Technical Specification of a Proposed

System
System Stages Technical Specification
DC Input PV Module — 12V DC
DC-DC Capacitor Clamped DC-DC Boost
Conversion Converter (12/48V DC)
Battery back-up of 48V — Series connection
DC Storage of 4 batteries (12V each)
DC - AC Seven Level FCMLI 48V DC/48V AC
Conversion Stepped Waveform
AC - AC Step-up Transformer (48/230V AC) Nearly
Conversion Sinusoidal Waveform
Connected Load Single Phase 230V AC Lamp Load

d) Simulation Model of Proposed System
The overall Simulation diagram of the proposed
closed loop system for FCMLI is shown in Figure 2.
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Figure 2 . Overall Simulation Model of Proposed System

[1I. CAPACITOR CLAMPED Dc-Dc BoosTt

CONVERTER

a) Significance of Usage

A Capacitor Clamped DC-DC Boost Converter
with single switching element - MOSFET is proposed in
this paper. Instead of using two or more than two
number of switching devices as in the case of
conventional  half-bridge  or  full-bridge  DC-DC
converters, the proposed topology uses only one
switching device there by fast switching with less
switching loss is possible with this type of converter.

b) Basic Configuration

Figure 3 . Basic Configuration of DC-DC MBC
for Nx or N+1 levels

The proposed circuit is based on the multilevel
converter principle, where each device blocks only one
voltage level achieving high-voltage converters with low-
voltage devices. It is a Nx DC-DC converter based on
one driven switch, 2N+1 diodes and 2N+1 capacitors.
One advantage of the topology is that the number of
levels can be extended by only adding capacitors and
diodes and the main circuit does not need to be
modified.

c) Circuit Description

The DC-DC Multilevel Boost Converter (MBC) is
a PWM based DC-DC converter, which combines the
boost converter and the switched capacitor function to
provide different output voltages and a self-balanced
voltage using only one driven switch, one inductor, 2N-1
diodes and 2N-1 capacitors for an Nx MBC.

The difference between the MBC and the
conventional one is that in the MBC, the output is Vc
times N, where N+1 is the converter’'s number of levels
taking into account the zero level as shown in Figure 3.
This behavior is achieved, thanks to the voltage
multiplier in the boost converter’s output that is driven by
the only switch in the converter.

IV. FLYING CAPACITOR MULTILEVEL [NVERTER
(FCMLI)

a) Basic Configuration

The FCMLI requires a large number of
capacitors to clamp the device (switch) voltage to one
capacitor voltage level. Provided all the capacitors are of
equal value, the size of the voltage increment between
two consecutive legs of the clamping capacitors defines
the size of voltage steps in the output waveform, if the
voltage of the main dc-link capacitor is Vdc the voltage
of the innermost capacitor clamping the innermost two
devices is Vdc/ (n-1).

The voltage of the next innermost capacitor will
be vdc/(n-1) + Vdc/ (n-1) = 2 Vdc/(n-1) and so on.
Each next clamping capacitor will have the voltage
increment of Vdc/(n-1) from its immediate inner one. The
voltage levels and the arrangements of the flying
capacitors in the FCMLI structure assures that the
voltage stress across each main device is same and is
equal to Vdc/(n-1) for an n- level inverter.

© 2013 Global Journals Inc. (US)
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Figure 4 . One Phase Leg of a Seven Level lying
Capacitor Multilevel Inverter

A one phase leg of seven-level inverter as
shown in Figure 4. For a three phase inverter, two more
legs of same construction are coupled to the same dc-
link battery Vdc. In this figure each switch SA1 to SA6
and S’A1 to S’A6 consists of a power semiconductor
device (e.g. GTO, IGBT) and an anti-parallel diode.
Voltages VC, Vc2, Vc3, Vc4, Veb, and Ve6 are Vdc, 5/6
Vdc, 2/3 Vdc, Vdc/2, Vdc/3, and Vdc/6 respectively,
asn=7.

b) Features of FCML/

The FCMLI has the following features.

i. Voltage stresses across the devices are equal.

ii. Switching combination chosen affects the current
rating of the capacitor

ii. Redundancy of switching combinations.

iv. Single capacitor voltage regulating circuit is
required.

V.  RESULTS AND ANALYSIS

The proposed topology of closed loop system
for Flying Capacitor Multilevel Inverter (FCMLI) consists
of various models. They are

i. Photovoltaic Generation Model.

ii. Capacitor Clamped DC-DC Boost Converter Model.
ii. Open Loop FCMLI Model.
iv. Closed Loop FCMLI Model.

a) Photovoltaic Generation Mode/

The Simulation diagram for the PV Generation
by a single stand-alone 12V PV module is shown in
Figure 5.

© 2013 Global Journals Inc. (US)

Continuous

powergui

PV module (1)
ov Ve

Insolation P isciaton Pox Vout

=

PV current

Figure 5 : MATLAB Model of Photovoltaic Generation

It consists of Insolation block, Single PV module
block for DC voltage generation and display & scope

blocks for displaying the output in numerical and
graphical form respectively. The technical specifications

of the PV module used in the proposed system are
listed in the TABLE II.

Table 2 : Technical Specifications of Pv

Module
S. No Parameters Specifications Units
1 Short Circuit Current 5454 Amperes
(Isc)
Open Circuit Voltage
2 (Voc) 12v Voltage
3 Current at Pmax 4.95A Amperes
4 Voltage at Pmax 17.2V Voltage
5 Insolation 1000 W/m® Watts /
(Constant) metre’

The Simulated output is taken for 1000 watts/m?
of Insolation and 25°C of Temperature under Standard
Test Condition (STC).

The corresponding output voltage waveform of
12V PV Panel is shown in the Figure 6.

Figure 6 : Output Voltage Waveform of PV Module



Thus from the PV Panel, a 12V DC of
Unidirectional Voltage is produced. Then this low value
of DC voltage is given to the Boost converter for
achieving desired DC voltage for giving input to the
Multilevel Inverter.

b) Capacitor Clamped Dc-Dc Boost Converter Mode!
From the PV module a 12V DC voltage is
obtained. This unidirectional DC voltage is then given to
the Capacitor Clamped DC-DC Boost Converter for
boosting up the voltage up to 48V DC.
The Simulation diagram of the Capacitor
Clamped DC-DC Boost Converter is shown in Figure 7.

Figure 7. MATLAB Model of Capacitor Clamped Boost
Converter

It consists of various circuit elements such as
Boost Inductor, MOSFET, Clamping Capacitor and free-
wheeling diodes for boosting up the DC voltage from PV
panel — 12V DC into 48V DC. It also consists of a
comparator, PID controller, pulse generator and PWM
block for producing pulses for MOSFET.

The corresponding output voltage waveform of
the proposed Capacitor Clamped DC-DC Boost
Converter is shown in Figure 8.

T

Baosted DC
Voltage (Volis)

it
Time in msec
»

Figure 8 . Qutput Voltage Waveform of Boost Converter
Model

From the above output, the main inference is
initially the voltage signal is raised to nearly 60V DC and
then it is settled down to the 48V of DC. The reason
behind that is because of the presence of the boosting
inductor in the initial stage of boost converter, the
voltage raise takes place and after that based on the set
value in comparator it falls to actual pre-defined value.

c) QOpen Loop FCMLI Mode!

From the Boost Converter Model, a 48V of DC is
given to the Seven Level FCMLI for converting a DC
voltage into stepped output waveforms.

The Figure 9 shows the corresponding overall
simulation model of proposed Multilevel Inverter which
includes the Inverter model and pulse generation model.

Figure 9 . MATLAB Model of FCMLI

The proposed Seven Level FCMLI will produce
the seven levels of stepped AC output waveforms at its
output. The switching sequence of various switches
used in the Inverter model are determined by the PWM
pulses from the pulse generation model. In this Pulse
Generation Model, there are six number of carrier
signals which are produced by Repeating sequence
concept and these signals are compared with the
Sinusoidal signal with the help of the relational operator
(>=).

Here Multicarrier PWM in  turn  PD-PWM
technique is employed for generating appropriate PWM
pulse signals for respective switches in the MLI.

The Figure 10 shows the Pulse Generation
Model Using Multicarrier PWM — PDPWM technique for
Seven Level FCMLI.
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Figure 10 : Pulse Generation Model for Multilevel Inverter
Using Multicarrier (PDPWM) Technique

The Figure 11 shows the six number of carrier
signals in PD-PWM Pulse Generation Model.

15

T T I

=3

Carrier Signal
Amplitude (Volts)

0 1000 2000 3000 4000 5000
Time(msec)
Figure 11 : Carrier Signals Used in Pulse Generation
Model

The six carrier signals used in pulse generation

model are generated based on the repeating sequence
concept which is listed in the Table Ill.

Table 3 . Carrier Signal Generation For Pulse
Generation Model

S. Carrier . Output Values

No Signals Time Values (Sec) ?Volts)

1 1* Carrier [0 0.005/20 0.01/20 [0.50.50]

0.015/20 0.02/20]

2 | 2"Carrier | [0 0.005/20 0.01/20 [51.51.5]
0.015/20 0.02/20]

3 3" Carrier [0 0.005/20 0.01/20 [11.511.51]
0.015/20 0.02/20]

4 | 4™ Carrier [0 0.005/20 0.01/20 [0-50-50]
0.015/20 0.02/20]

5 | 5" Carrier [0 0.005/20 0.01/20 [5-1-5-1-
0.015/20 0.02/20] .5]

6 6™ Carrier [0 0.005/20 0.01/20 [-1.5-2-15-2
0.015/20 0.02/20] -1.5]

The Figure 12 shows the comparison of six
number of carrier signals and the sinusoidal modulating
signal. In which the sinusoidal signal is superimposed

© 2013 Global Journals Inc. (US)

over the carrier signals for generating appropriate PWM
pulses.

The Figure 12 shows the comparison of six
number of carrier signals and the sinusoidal modulating
signal. In which the sinusoidal signal is superimposed
over the carrier signals for generating appropriate PWM
pulses.

Amplitude of
Carrier & Sinusoidal Signals
[Volts)

LA

0.002 0004 po06 0005 001 0012

0oL 0016 001E 002

Time (Sec)
—_

Figure 72 : PDPWM Modulation Scheme

The corresponding open loop output voltage
waveform of proposed Multilevel Inverter is shown in
Figure 13.

Open-Loop Output of
FCMLI Vpeak (Volts)
4

o
Time (msec)
>

Figure 13 - Open Loop AC Output Voltage Waveform of
FCMLI

From the Open loop output, it is observed that
seven level stepped output waveform with the
magnitude of nearly 48V is achieved but it is slightly
distorted. Because of this the Total Harmonic Distortion
(THD) of open-loop output is having more percentage
values. Thus in order to reduce the THD level of
Multilevel  Inverter output and to improve the
performance of the system, a closed-loop design is
essential for Multilevel Inverter. By implementing the
closed-loop system, the THD level can be reduced to
certain extend.



d) Closed Loop FCMLI Model
i. Voltage Controller Mode/

For designing closed-loop system for proposed
MLI, various blocks such as Voltage Controller block,
Sin Generator block are used.

The Figure 14 shows the voltage controller —
PID controller model for closed-loop design of Seven
Level FCMLI.

The various blocks used in the voltage
controller model are Zero-order Hold, gain, Abs -
absolute,  comparator,  discrete-time  integrator,
saturation and rate transition blocks.

Praporonl ain

D in

T
:

ban2

Figure 14 : Simulation Model of Voltage Controller in
Closed-loop System

i. Sin Generator Mode/

The output of the voltage controller model is
given as the three input parameters of sin generator
model. This model is used to produce the sinusoidal
modulating signal which is used in pulse generation
model for producing PWM output pulses.

The Figure 15 shows Sin Generator model for
closed-loop design of Seven Level FCMLI.

|
|
Smpe!
o Jphases sin genesalor _‘.—){D
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r

Figure 15 : Simulation Model of Sin Generator in Closed-
loop System

The corresponding single phase sinusoidal
outputs of Sin Generator Model are shown in the
Figure 16.

Time (msee)

Figure 76 : Single Phase Sinusoidal Output of Sin
Generator For Pulse Generation Model

Thus after the comparison of Sinusoidal
modulating signal and generated carrier signals using
PDPWM Technique in Pulse Generation Model, the
appropriate  PWM switching pulses are generated.
These pulses are used to trigger the switching devices
in proposed MLI in a proper sequence to produce the
stepped AC waveform from the output of MLI.

In order to reduce the THD level of MLI output a
closed-loop model is developed and its corresponding
output voltage is shown in Figure 17.

Close-Loop Output of
FCMLI Vpeak (Volts)

Figure 17 : Closed Loop AC Output Voltage Waveform
of FCMLI

e) Load Voltage Waveform

For connecting a Single Phase resistive lamp
load, the 48V AC stepped output waveform from the MLI
is given to the 48/230V AC step-up transformer.

The Figure 18 shows the corresponding output -

voltage waveform of a step-up transformer (48/230V
AC). This AC voltage is fed to the Single Phase Lamp
Load.

Output Load Voltage (Volts)

Time (msec)

Figure 18 : Output Load Voltage Waveform
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7 Total Harmonic Distortion

The Total Harmonic Distortion (THD) is used to
characterize the linearity of audio systems and the
power quality of electric power systems.

The formula below shows the calculation for
THD on a voltage signal. The end result is a percentage
comparing the harmonic components to the
fundamental component of a signal. The higher the
percentage, the more distortion that is present on the
mains signal.

\/(V%+V§+ VZ+ ot VE)
THD =

Vi

The results of THD analysis performed for both
open-loop and closed-loop systems are shown in the
Figures 19 and 20.

FFT analysis

Fundamental (50Hz) = 36.31 , THD= 37.15%

P G
15 20

lll-IIIIll.I.IIl
5 10

Harmonic order

Figure 19 : Open Loop THD Result of Seven Level
FCMLI

From the Figure 19, it is observed that THD
value of 37.15% is obtained for Open-Loop Multilevel
Inverter. This value can be reduced by Closed-Loop
design.

The result of THD analysis performed for
closed-loop systems is shown in Figure 20.

FFT analysis

Fundamental (50Hz) = 41.45 , THD= 10.18%

0 5 10 15 20
Harmonic order

Figure 20 : Closed Loop THD Result of Seven Level
FCMLI

From the Figure 18, it is observed that THD
value of 10.18% is obtained for Closed-Loop Multilevel
Inverter. This is comparatively lesser value than the THD
obtained in Open-Loop system.

© 2013 Global Journals Inc. (US)

VI. CONCLUSION

Thus the investigation study for seven level
FCMLI was performed with / without closed-loop
feedback schemes.

In the proposed method, a closed-loop system
was implemented for a Seven Level FCMLI. The newly
developed design will improve the system performance
and maintains the voltage stability there by stable
operation can be ensured without more disturbances.
The closed loop controller is also designed for
Capacitor Clamped DC-DC Boost Converter there by
constant output voltage at the output of the boost
converter can be achieved.

The performance was verified through
simulation models by using MATLAB software tool. From
the simulation study, the important conclusions are,

i. From the output of Stand-alone single PV Module, a
unidirectional DC voltage of 12V DC was produced
based on the panel parameters and Insolation level.

ii. From the output of Capacitor Clamped DC-DC
Boost Converter, a boosted DC voltage of 48V DC is
produced with the help of single switching device
there by switching loss and circuit complexity are
reduced.

ii. From the output of FCMLI, an AC output voltage of
48V AC stepped signals are obtained. There by THD
level is reduced.

Investigation Report:

Seven Level Flying Capacitor Multilevel Inverter
With Without
Feedback Closed-Loop Closed-Loop
Schemes Scheme Scheme
Total Harmonic
Distortion
(THD) in 10.18% 37.15%
percentage

The main inference from the proposed concept
is, for the developed Seven Level FCMLI system the
THD value of open-loop model is 37.15% and for the
closed-loop model is 10.18%. Thus the percentage of
THD value can be minimized by implementing the
closed-loop control for FCMLI there by better
performance in its output can be achieved.
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Analysis of FWM Effect in Multichannel Optical
Communication System

B.K.Mishra“, Lochan Jolly © & Karishma Mhatre °

Abstract - Long haul multichannel optical communication
system is exiremely affected by crosstalk due to Four wave
mixing (FWM). The FWM effect depends on channel
separation and number of channels. The paper presents the
design and performance analysis of FWM effect on bit error
rate, Q-factor, output spectrums and eye opening by varying
channel spacing and number of channels. Results show that
FWM effect reduces with increase in channel spacing and
decrease in number of channels. Further it can be reduced by
unequal channel spacing.

Keywords : four wave mixing, wavelength division
multiplexing, bit error rate.

I. [NTRODUCTION

ptical fibers in telecommunication systems now
carry more channels and higher optical powers

than ever before. Systems are operating in which
the fiber carries such a high optical power density that
signals can modify the transmission properties of the
fiber. An optical channel can then affect how it and other
channels propagate through the fiber - leading to
nonlinear effects. By the term nonlinear, we mean that
the optical signal leaving the fiber at a given wavelength
no longer increases linearly with the input power at that
wavelength.

In order to meet the huge capacity demands
imposed on the core transmission network by the
explosive growth in data communications the number of
optical channels in dense-WDM optical networks is
being increased. Since the gain bandwidth of EDFAs is
limited, these requirements for a very large number of
channels mean that the channel spacing will have to be
small. The current ITU grid specifies 100 GHz channel
spacing, but systems are being considered with 50 GHz
to 256GHz channel spacing. At these spacing, the non-
linear effects of the optical fiber can induce serious
system impairments. Four-Wave-Mixing (FWM) is
another non linear effect that can limit the performance
of WDM systems [1].

When high power optical signal is launched into
a fiber Linearity of optical response is lost. Four-wave
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is due to changes in the refractive index with optical
mixing power called optical Kerr effect. Four-wave
mixing (FWM) is a parametric process in which different
frequencies interact and by frequency mixing generate
new spectral components. When new frequencies fall in
the transmission window of original frequency it causes
severe cross talk between channels propagating
through an optical fiber. Degradation becomes very
severe for large number of WDM channels with small
spacing. In this paper, we have simulated the effect of
FWM products in WDM environment by varying the
channel spacing and number of channels.

[I.  Four WavE MIXING

Four-wave mixing (FWM) is a type of optical
Kerr effect, and occurs when light of two or more
different wavelengths is launched into a fiber. Fig.1 is a
schematic diagram that shows four-wave mixing in the
frequency domain. As can be seen, the light that was
there from before launching, sandwiching the two
pumping waves in the frequency domain, is called the
probe light (or signal light). The idler frequency g, May
then be determined by

Q)

Where f,; and f, are the pumping light
frequencies, and f,. is the frequency of the probe light
[3]. This condition is called the frequency phase-
matching condition.

fidler = fp1 + fpz - fprobe

Pumping light

Probe light

T Idler light

Fig. 7. Two channel pump wave

Frequency

FWM can have important deleterious effects in
optical fiber communications, particularly in the context
of wavelength division multiplexing where it can cause
cross-talk between different wavelength channels,
and/or an imbalance of channel powers [4].

FWM can transfer data to a different
wavelength. A continuous wave pump beam is launched
into the fiber together with the signal channel. lts
wavelength is chosen half-way from the desired shift.
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FWM transfers the data from signal to the idler beam at
the new wavelength [5, 7, 9].

Applications of FWM:
i, Parametric amplification.
i, Optical phase conjugation.
ii. Demultiplexing of OTDM channels.
iv. Wavelength conversion of WDM channels.
V. Super-continuum generation.

Four-wave mixing (FWM) (also called four-
photon mixing) is one of the major limiting factors in
WDM optical fiber communication systems that use the
low dispersion fiber or narrow channel spacing.
Normally, multiple optical channels passing through the
same fiber interact with each other very weakly. In the
FWM effect, three co- propagating waves produce nine
new optical sideband waves at different frequencies.
When this new frequency falls in the transmission
window of the original frequencies, it causes severe
cross talk between the channels propagating through an
optical fiber.

The number of the side bands due to the FWM
increases geometrically, as shown in Fig.2.

Fig. 2 - Number of FWM sidebands

I1I.  SCHEMATIC MODEL

The transmitter section consists of a laser,
modulator driver, pn-sequence generator i.e. data
source and modulator. The wavelength of various
channels is set by keeping the difference equal to the
spacing required. Then all these transmitted signals are
combined/multiplexed together. Then the combined
signal is amplified so that it can be transmitted over long
distances without its degradation. Then the signal is
transmitted over the non linear fiber which adds the
nonlinearities into the signal. At the receiver side, the
signal is demultiplexed. The receiver consists of a
photodiode and a filter.

© 2013 Global Journals Inc. (US)

IV.  SIMULATION AND DESCRIPTION
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Fig. 4 : Schematic model for WDM system

The simulation setup for showing the effect of
changing spacing between the input channels on four-
wave mixing is shown in Fig 4. The continuous wave
laser is used to create the carrier signal. In this setup,
eight users are taken in account whose wavelengths
have a specific difference i.e. spacing between them.
The data source is used to generate the random input
data bit sequence at the rate of 10 Gbps. The light
signal modulates the input data. The modulator is driven
by the modulator driver which decides the input data
format. The input data format used here is NRZ raised
cosine. The modulated data from all the users is
combined using a combiner. The post amplifier amplifies
the signal before allowing it to enter into the fiber to
avoid losses. Then this signal is sent over the fiber. At
the receiver, the signal is demultiplexed by using optical
splitter which splits this signal into the same number of
signals as were transmitted. The photodiode is used for
optical to electrical conversion. Then the signal is
passed through the Raised cosine filter and the final
output signal is received. An optical scope is attached at
the output of combiner to examine the input signal.
Another optical scope is placed at the output of splitter
to examine the four wave mixing effect in frequency
spectrum. An electrical scope is kept at the receiver
output to examine the eye diagram. Initially the four
wave mixing effect has been compared for different
values of channel spacing and the performance has
been evaluated in terms of output spectrums, eye
diagrams, BER, eye opening and Q-factor. Here, all the
channels are spaced evenly but at different values like
20 GHz, 30GHz, 50GHz, 70 GHz, 75 GHz, 90GHz and
95GHz.



Also FWM effect is analyzed for unequal
channel spacing and by varying the number of channels
in WDM system.

V.  Resurrs AND DiscussioN

J\‘i”’ L ! L] N/ I

Fig.5 (a) : Input pattern for 20GHz channel spacing and
Fig 5 (b) . Output Pattern

I
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Fig. 6(a)  Input pattern for 30GHz channel spacing and
Fig. 6 (b) . Output Pattern

Fig. 7(a) : Input pattern for 50GHz channel spacing and
Fig. 7 (b) : Output Pattern
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Fig. 8 (a) . Input pattern for 60GHz channel spacing and
Fig. 8 (b) . Output Pattern

Using simulation setup, the value of BER, Q-
factor, eye diagrams, input and output optical spectrums
are measured. Optical scope measures the input and
output wavelength spectrums. BER, eye diagrams and
Q-factor is measured at the receiver output by using an
electrical scope, Q estimator and BER estimator.

Fig. 9(a) : Input pattern for 70GHz channel spacmg and
Fig. 9 (b) : Output Pattern
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Fig. 70 &) - Input pattern for 75GHz channel spacing and

Fig. 70 (b) : Output Pattern

Fig. 11 &) : Input pattern for 90GHz channel spacing and
Fig. 11 (b) . Output Pattern
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Fig. 12 (a) . Input pattern for 95GHz channel spacing and
Fig. 12 (b) . Output Pattern

Fig 5(a) shows the input optical spectrum for
the spacing of 20 GHz between input channels. On
changing the spacing between the different users, the
peaks get shifted to the frequencies as specified in the
laser. It is observed that there are no unnecessary side
peaks at the input of the fiber. There are eight input
channels so eight peaks appear in the input spectrum.
Fig 5 to Fig 12 represents the input and output spectrum
for the various values of spacing between the input
users. The four wave mixing effect is clearly seen in the
above output spectrum for 20GHz spacing as
unnecessary peaks at various frequencies are occurring
at the sides of the input spectrum. Moreover, the peaks
at the input frequencies have also diminished due to

four wave mixing occurred after crossing the non linear
fiber.
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Fig. 13 (a) . Eye pattern for 20GHz channel spacing,
Fig. 13 (b) : Eye pattern for 30GHz channel spacing

Fig. 14 (a). Eye pattern for 50GHz channel spacing,
Fig. 14 (b) : Eye pattern for 60GHzchannel spacing

Fig. 15 (a) : Eye pattern for 70GHz channel spacing,
Fig. 15 (b) : Eye pattern for 75GHz channel spacing

Fig. 16 (a).; Eye pattern for 90GHz channel spacing,
Fig. 16 (b) : Eye pattern for 95GHz channel spacing

The above spectrums shows that as the
spacing between the input channels increases, the four
wave mixing effect goes on decreasing. The unwanted
peaks are more when the spacing is 20GHz and are
less when the spacing is 95GHz. This shows that lesser
the spacing between different input channels, more is

© 2013 Global Journals Inc. (US)

the interference between the input frequencies i.e. more
is the four wave mixing effect. On increasing the spacing
between the input channels, the four wave mixing
decreases.

Fig 13 to Fig 16 shows the eye diagrams for the
various values of channel spacing. The above eye
diagrams show that the eye diagram clarity goes on
increasing with the increasing spacing between the
input channels. This shows that the interference
between the input frequencies and hence the four wave
mixing effect decreases with the increasing channel
spacing.

Fig 17 shows the variation of BER on the basis
of spacing between the input channels. The Fig shows
that BER goes on decreasing with the increasing
spacing.

Fig 18 shows the variation of Q-factor with the
spacing between the input channels. The graph shows
that the Q-factor increases as the channel spacing
increases. It is highest when the channel spacing is 95
GHz and is lowest when the channel spacing is 20 GHz.

Fig. 17 : BER factor Vs channel spacing

O-factor in
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Channel spacing

Fig.18 - Q factor Vs channel spacing

The comparative study of all the measured
parameters for different channel spacing is as given in
Table 1.



In a WDM system if channels are equally
spaced, the new waves generated by FWM will fall at
channel frequencies and thus will give rise to crosstalk.

Also much channel spacing is blocked by
bandwidth constraints so channel spacing must be
optimized.

Jable 7 : Comparative Study of Measured Parameters

Para- Channel spacing in GHz
meter 50 60 70 75 90 95
Q-factor (linear) 2.00000 | 2.00000 | 2.58070 | 3.34055 | 4.30506 | 4.34502
Q-factor (dB) 6.02060 | 6.02060 | 8.23474 | 10.47636 | 12.67959 | 12.75983
0.22750 | 0.22750 | 0.52921 | 0.37681 | 0.83581 | 0.86281
BER
E-01 E-01 E-02 E-03 E-05 E-05
0.22340 | 0.46430 | 0.16669 | 0.59204 | 0.71059 | 0.75052
Eye opening
E+03 E+03 E+04 E+04 E+04 E+04
Hence we have change the channel spacing
and for three different cases Q factor and BER is
measured as shown in Fig. 19 and Fig 20.
As discussed earlier, FWM effect increases as
number of channels increases. Hence the same is
analyzed for varying number of channels and change in
Q factor and BER has been observed as shown in Fig
21 and Fig 22.
ig
a5 Fig. 27 : Q factor Vs number of channels
E g 1 DO E -5
] - EhDII: O
n' E 5 S DHOE -0
. T DOE-0-
E & OO E O
a E = DO E D
X oot
T T O
1 OOE -

case 1 case d casze 3

Fig. 19 . Q factor measured with unequal channel
spacing
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Fig. 20 . BER measured with unequal channel spacing
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Fig. 22 : Q factor Vs number of channels

VI.  CONCLUSION

In this paper, the design, implementation and
performance analysis of four waves mixing in optical
communication system on the basis of channel spacing
and number of channels is presented. The comparison
of four wave mixing effect at various values of channel
spacing revealed that 95 GHz spacing has the edge
over 20 GHz spacing in optical communication system.
It is found that spacing of 95GHz has the lowest BER
and better system performance.
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Also FWM effect increases as number of
channels increases. Hence, the higher spacing values
between the input channels are recommended for long
distance transmission without four wave mixing. It can
be seen from the graphs of BER, Q-factor and eye
opening that higher channel spacing gives the best
performance as compared to lower channel spacing.
Hence, it is concluded that higher channel spacing is
best suitable to be employed in the optical
communication systems minimizing the four wave
mixing effect. Also further improvement in FWM effect
can be achieved by unequal channel spacing. The
results are in accordance with the study reported in
[3,8].

In the transmission of dense wavelength-
division multiplexed (DWDM) signals, FWM is to be
avoided, but for certain applications, it provides an
effective technological basis for fiber-optic devices. A
tradeoff between advantages and disadvantages of
FWM effect can be achieved by proper system design to
utilize its potential to the fullest.
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Implementation of Closed Loop System for
Diode Clamped Multilevel Inverter with Stand-
Alone Photovoltaic Input

Venus.V?® & K.Ramani®

Abstract - Multilevel inverter is as one of the most recent and
popular type of advances in power electronics. It synthesizes
desired output voltage waveform from several dc sources
used as input for the multilevel inverter. This paper describes a
diode-clamped  five-level inverter-based  battery/super
capacitor direct integration scheme for photovoltaic energy
systems. The study is carried out for three cases. In the first
case, one of the two dc-link capacitors of the inverter is
replaced by a battery bank and the other by a super capacitor
bank. In the second case, dc-link capacitors are replaced by
two battery banks. In the third case, ordinary dc-link capacitors
are replaced by two super capacitor banks. The first system is
supposed to mitigate both long-term and short-term power
fluctuations while the last two systems are intended for
smoothening long-term and short-term power fluctuations,
respectively. These topologies eliminate the need for
interfacing dc—dc converters and thus considerably improve
the overall system efficiency. The major issue in
aforementioned systems is the unavoidable imbalance in dc-
link voltages. An analysis on the effects of unbalance and a
space vector modulation method, which can produce
undistorted current even in the presence of such unbalances,
are presented in this paper. Simulation work is done using the
MATLAB software which validates the proposed method and
finally THD comparison is presented for analysis.

Keywords : diode-clamped five-level inverter, direct
integration of battery energy storage sysiems, space
vector modulation, unbalanced operation of diode-
clamped five-level inverter.

I. [NTRODUCTION

ultilevel converters are’ mainly utilized to
I\/lsynthesis a desired single or three-phase

voltage waveform. The desired multi staircase
output voltage is obtained by combining several dc
voltage sources. Solar cells, fuel cells, batteries and
ultra capacitors are the most common independent
sources used. The intermittent nature of renewable
energy sources can create serious system stability
issues, especially at increased levels of penetration [1],
[2]. Renewable energy resources will be an
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India. E-mail : venuseee1989@gmail.com
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Increasingly important part of power generation in the
new millennium. Besides assisting in the reduction of
the emission of greenhouse gases, they add the much-
needed flexibility to the energy resource mix by
decreasing the dependence on fossil fuels. Recently,
batteries and super capacitors have emerged as
leading energy storage devices [3]-[6].Furthermore, the
combination of battery and super capacitor provides an
excellent match that can cover a wide range of power
and energy requirements [5],{15].

Flg. 7 (a) : Direct connection to the dc link

Fig. 1 (b) - Connection to the dc link through a dc—dc
converter

Flg. 1 (c) :Proposed battery/super capacitor five level
inverter direct integration scheme

The simplest way of adding a battery (or a
super capacitor) bank is the direct connection to the dc
link of the grid side inverter, as shown in Fig. 1(a). But it
suffers from several drawbacks such as large internal
resistance, fixed current distribution governed by internal
resistors, and lack of control over the power flow [8]
Effects of these issues can somewhat be reduced if an
intermediate dc-dc converter is placed between the
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battery (or the super capacitor) bank and the dc link as
shown in Fig. 1(b). But the disadvantage of this topology
is the increased number of components, cost, and
power losses.

Therefore, the possible alternative ways of
connection to avoid additional dc—dc converter while
maintaining the control flexibility. The result is the simple
configuration shown in Fig. 1(c). In the figure, the dc-link
capacitors of a standard diode-clamped five-level
inverter are replaced by a battery bank and a super
capacitor bank. Latter part of this paper discusses two
more cases: one with two super capacitor banks and
the other with two battery banks. If a change in the
source or the load happens, the power imbalance will
be compensated by the battery bank and/or super
capacitor bank.

The main issue with this particular topology is
the imminent imbalance of the neutral point potential
which is due to unequal states of charge of the battery
bank and the super capacitor bank. Comprehensive
analysis on capacitor voltage unbalance and balancing
techniques used in diode-clamped inverters can be
found in the literature [1], [8].A new Space Vector
Modulation (SVM) method has been developed for
diode-clamped five-level inverters with variable dc-link
voltages. Furthermore, full controllability over small
vector selection is available in the proposed SVM
method. Relevant equations and diagrams are given in
Section Il with a detailed analysis. The proposed SVM
technique involves more computations compared to
simplified SVM techniques proposed in the literature.
The THD values for the Traditional, Conventional and
proposed inverters are compared and analysed.

1. UNBALANCED Dc-LINK VOLTAGES EFFECTS

For the diode-clamped Five-level inverter,
shown in Fig. 1(c), line-to-ground voltages can be
derived from switching states Sa, Sb; and Sc, and the
results are given in Table . If the inverter is connected to
a balanced three-phase load, corresponding phase
voltages can be derived from line-to-ground voltages
using (1). Then, these phase voltages are transformed
into the agreference frame by (2

as — 1 Vag
ERTEE T
UCS

7able 1. Switching States And Line-To-Ground Voltages

Switching IGBT Switching Line to ground
state Sequence of the Voltages
SarSpSe leg (Top to Vag:VhgVeg

Bottom)
0 0011 0
1 0110 v,
2 1100 V. +Vy
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Vas 5 1 T2 T 2| [Vas
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Vo 2 2 | [vgs

1 1 1

The locations of small and medium vectors vary
with dc-link voltages as shown in Fig. 2. However,
locations of large vectors (200,220,020,022,00
2, and 2 0 2) depend only on the total dc-link voltage
and would remain unchanged if the total voltage is
constant. When capacitor voltages are balanced,
positive and negative small vectors (211,221,121, 1
22,112,212,100,110,010,011,001,and10
1) coincide and only one inner hexagon is formed as
shown in Fig. 2(b). Furthermore, medium vectors (2 1 0,
120,021,012,102, and 2 0 1) reach midpoints of
the outer hexagon. If an unbalance is present, small
vectors split and two separate inner hexagons appear
as shown in Fig. 2(a) and (c). In addition to that,
medium vectors move toward large vectors. The size of
the inner hexagon formed with negative small vectors
depends on the battery voltage, which is nearly constant
in the proposed system. Similarly, the size of the inner
hexagon formed with positive small vectors varies with
the super capacitor voltage. The circles marked with
dotted lines in Fig. 2 represent the path of the reference
voltage vector. In the proposed method, the super
capacitor voltage is allowed to vary in a way that this
circle will always remain within the outer hexagon and
middle inner hexagon. If the normal SPWM with two
equal carriers, as shown in Fig. 3(b),

Vos &

Sn.'l.'fur 2

Fig. 2 (a) :Space vector diagram for VU< VL



Fig. 2 (c) : Space vector diagram for WU > VL

is used, a dc offset will be present in the inverter output
voltage. This effect is clearly visible in the fundamental
component shown in Fig. 3(c).where the carriers are
modified according to the voltage imbalance as shown
in Fig. 3(e). Equations (3) and (4) are used to determine
the amplitudes AU and AL of new carriers

_ 2Vy

AU - Vu+Vy (3)
_2vy

AL - Vu+Vy (4)

Therefore, a novel space vector modulation
method has been developed, from the scratch, to
reduce voltage stresses and to produce desired
fundamental components even at large imbalanced
conditions. The result of the proposed SVM technique is
shown in Fig. 3(h). Its fundamental component is very
similar to that of the waveforms shown in Fig. 3(g), and
hence, it is not shown here exclusively. A detailed

description of the proposed SVM technique is given in
Section lIl.

[II. IMPLEMENTATION OF SVM TECHNIQUE

Fig. 3 : Block diagram of the proposed technique

A simplified block diagram of the proposed
SVM technique is shown in Fig. 3. The amplitude rand
the angle of the reference voltage vector are
generated by the grid side inverter controller. Currently,
serving sector of the space vector diagram is derived
from the phase angle. However, due to the presence of
two candidate triangles, four different limit angles, 61,
62, 63 , and 64 , need to be calculated for a given
sector. First two limit angles (61 and 62 ) are related to
the triangles formed with lower small vectors as shown
in Fig. 5(a) whereas the other two limit angles (63 and
04 ) are associated with the triangles formed with
positive small vectors as shown in Fig. 5(b). For the
simplicity of subsequent calculations, dc-link voltages
are transformed into two variables x and y using (5).
These two values are directly related to the lengths of
triangles as marked in Fig. 4. Limit angles are calculated
using (6)—(10), where a is an intermediate variable.

Vq' 5

120

Fig.4 (a) : Limit Angles for Triangles Formed with Lower
Small Vectors
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Fig. 4 (b) :Limit Angles for Triangles Formed with Upper
Small Vectors

x:§VU' y=§VL (5)
a = sin™?! (L> (6)

2/ (x+y)%2-3xy

(5P
o= a—sint () @
6, = sin™! (@) (8)

2r

03 = ——sin™! (g) ©)

(10)
(1)
(12)

0, =a-— % —sin™t (’T—Csin (a - 2?"))
z2=dVy +dyVy + dsVs

d1+d2+d3=1

The limit angles given in (7)-(10) are valid only
for sector 1. Once the limit angles are calculated, the
triangle and corresponding three vectors can easily be
derived. After finding the three vectors, the next step is
to determine switching times. According to the well-
known volt-second balancing principle, a given
reference vector can be synthesized by three adjacent
vectors. Equations (11) and (12) provide the
mathematical description of this process. Equations
(13)—(16) are used to calculate corresponding switching
times o1 — a8 that are expressed as fractions of the
sampling time.

A= (XY, — Xo1) + (63 — X3¥2) + Cesyy —x1y5)  (13)

(14)

_ (xo(v2 — ¥3) + ¥o(x3 — x2)) + (x2¥3 — X3¥2)

© 2013 Global Journals Inc. (US)

d, = (x0(Y3—¥1)+¥0(x1—x3))+(x3y1-X1¥3)
2= A

(15)

(16)

da = (0 (Y1=¥2)+¥0 (x2—x1)) + (X1 Y2 —X2¥1)
3™ A

Where (xn, yr)n =0, ..., 3 are the coordinates
of vector points.

IV.  SIMULATION AND RESULTS

The five level diode clamped multilevel inverter
simulation results and analysis describe in this section. It
has described open loop and closed loop output of
DCMLI phase voltage of DCMLI,

a) Simulation Diagram for PV System

The simulation diagram for five levels DCMLI
with PV is shown in the Figure 5.The PV is used as the
input source. The PV simulation model diagram is given
below with clearly. in this two Panels are connected.

Fig & : Simulation Diagram for PV System

b) Simulation Diagram for Open Loop Diode Clamped
Muiltilevel Inverter

T

rrr\ﬂ

aa These-fhase
¥-IMeasurement

Fig 6 . Simulation Diagram for Open Loop Diode
Clamped Multilevel Inverter

The simulation diagram for open loop DCMLI
with PV is shown in the Figure 6.The modeling of five
levels DCML inverter has been developed by using
MATLAB. The simulation model parameters are given in



table 3.With the use of this proposed method harmonics
are eliminated. Therefore the efficiency of inverter is
increased.

c) Simulation Diagram for Space Vector Modulation

[

‘.‘WN—1

ofe—s 4T
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Fig. 7. Simulation Diagram for SVPWM Techniques

The simulation diagram for space vector
Modulation is shown in Figure 7.With the use of this
proposed method harmonics are eliminated. Therefore
the efficiency of the inverter is increased. Some soft
switching method can be used for multilevel inverter to
reduce the switching loss and to increase the efficiency.

ad)  Simulation Diagram for DCMLI with SVPWM

Fig. 8 : Simulation Diagram for DCMLI with SVPWM

The simulation of DCMLI with SVPWM is shown
in the figure.8. This is done by using space vector
PWM.A reference signal is compared with two triangular
carrier signals that are phase shifted by 90 degree. The
resulting PWM signals control the corresponding
switches. This control strategy is used to get accurate
five level stepped outputs for Diode clamped multilevel
inverter.

V.  RESULT AND ANALYSIS

a) Simulation Waveform for Photovoltaic Systern

7 SAREURUPIRINEN.; IEWIRSRTNERIIRIN - SPSNITIROI s sl i s

o

BV Output
Voltage (Volts)

Fig. 9 Input Voltage from Solar Panel

An input voltage of 12V is shown in the Figure
9.An accurate PV module electrical model is presented
based on the Shockley diode equation. The general
model was implemented on MALTAB scrip file, and
accepts irradiance and temperature as variable
parameters and outputs the I-V characteristic.

b) Simulation Waveform for Open Loop

B

50 h
o
0 HN
1ol

Eig. 10 : Output Voltage Waveform for Open Loop

The output of DCML Phase voltage is shown in
Figure 10.It has 100V, 50 Hz frequency. The phase
voltage has three levels, positive half cycle of hundred
volts and negative half cycle of hundred voltages. The
five level output are in stepped waveform the X-axis
consists of time period in miliseconds and Y- axis
consists of voltage in volts.

c) Simulation Waveform for Space Vector Moaulation

40

Wiagennets
u
[

' . L L L '
[ 06 1 16 E 2.6 a a6 4 an [
Time in me x 10*

Fig. 11 . Space Vector Modulation Output Voltage

The Space Vector Modulation Output Voltage is
shown in Figure 11.1t has 40V, 50 Hz frequency. The
phase voltage has five levels, positive half cycle of fourty
volts and negative half cycle of fourty voltage. The five
level output are in stepped waveform the X-axis consists
of time period in milliseconds and Y- axis consists of
voltage in volts.
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d) Line Voltage Waveforms of the Diode Clamped
Multitevel Inverter Output

Fig. 12 Line Voltage Waveforms of the DCMLI

The Figure 12 is the Line Voltage Waveforms of
the Diode Clamped Multilevel Inverter Output.

It has 100V, 50 Hz frequency. The phase
voltage has five levels, positive half cycle of hundred
volts and negative half cycle of hundred voltages. The
five level output are in stepped waveform the X-axis
consists of time period in milliseconds and Y- axis
consists of voltage in volts.

e) Simulation Waveform for DCMLI with SVPWM

PLEFEE TS
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Time in
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Fig. 13 Closed Loop Inverter Output Voltage

The output of Diode clamped multilevel inverter
with space vector modulation phase voltage closed loop
inverter output voltage is shown in Figure 13.It has 40V,
50 Hz frequency. The phase voltage has five levels,
positive half cycle of hundred volts and negative half
cycle of hundred voltages. The five level output are in
stepped waveform the X-axis consists of time period in
milliseconds and Y- axis consists of voltage in volts.

7)) Total Harmonics Distortion Analysis
The Total Harmonics Distortion for open loop
system is given figure 14.

FET analysis

I Fundamental (50Hz) = 36.31 . THD= 37.15%

10

Mag

8
6
4
2
o

0 5 10 15 20
Harmonic order

Fig. 74 . THD Analysis for Open Loop System

The figure 14 Total Harmonics Distortion for
open loop system. The Total harmonic distortion of a
signal is a measurement of the harmonic distortion
present and is defined as the ratio of the sum of the
powers of all harmonic components to the power of the
fundamental frequency. THD is used to characterize the

© 2013 Global Journals Inc. (US)

linearity of audio systems and the power quality of
electric power systems.

Fig. 15 . Total Harmonics’ Distortions waveform for
Closed Loop System with SVM

The figure 15 Total Harmonics Distortion for
closed loop system. In power systems, lower THD
means reduction in peak currents, heating, emissions,
and core loss in motors. The output voltage THD is less
than 12%. Thus by using the proposed scheme THD
and switching losses are reduced.

Table 2: THD comparison

Kind of 2 Level 3 5 Level
the MLI MLI Level MLI  Propose
d ML
THD 58.84% 53.84% 10.16%

From the table 3 different inverter THD values
are compared. The proposed inverter THD value is
obtained as 10.16%, which is the best among all. This
shows that quality of the five level inverter is improved.

V. (CONCLUSION

This paper is the first step to develop a
complete  solar photovoltaic  power  electronic
conversion system in simulation. The Proposed
topologies eliminate the need for additional dc-dc
converters by connecting two battery banks, two super
capacitor banks or a battery bank, and a super
capacitor bank directly across dc links of a diode
clamped five-level inverter. Unavoidable dc-link voltage
imbalance is the major issue with these topologies.
This problem is handled by a novel space vector
modulation technique. Further work is needed to
improve the efficiency by reducing THD and the
hardware will be designed for different power levels.
The THD values for the Traditional, Conventional and
proposed inverters are compared and analysed.
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A Qualitative Segmentation of Drinking Water
Market in Tunisia: Regional Diversification

Ali Bouchrika® & Dr. Fakhri Issaoui®

Abstract - How does the Tunisian consumer react to drinking
water quality? This question is still unexplored because quality
was always assumed to be homogeneous while it is not. This
paper provides answers and allows us to test the importance
of the variable “quality” as a key determinant of global and
regional drinking water demand function (Greater Tunis,
Sousse and Gabes).

Design / methodology / approach : We have used,
through an exploratory survey of a sample of 1200
households, econometric estimates to determine the weight
that Tunisian consumers ascribe to the variable quality in their
water demand functions.

Results : The estimated demand functions in the
regions of Greater Tunis, Sousse and Gabes, revealed the
importance of quality as a fundamental determinant of
quantities requested by consumers. The empirical analysis
has shown that in Greater Tunis water quality is not a
constraint on demand. However, in the regions of Sousse and
Gabes, water quality is an important factor in determining
consumer behaviour.

Research limitations / implications :
results depend on the 2004 survey,

Originality / value : In most developing countries, we
notice absence of real drinking water markets which did not
lead to a true and fair valuation of drinking water. The
integration of the variable quality to estimate regional demand
functions allows Tunisian policymakers to rethink current
drinking water management. Market segmentation based on
qualities will create a fairer market where the consumer pays a
fair price consistent with the quality received.

Keywords . drinking water management - arinking water
quallty - demand function - consumer preferences -
social equity.

The empirical

l. [INTRODUCTION

here is no doubt that water is vital for both humans
Tand for other species. Thus, according to

Frederico Mayor [1999] "Water is first a natural and
ecological good that plays an important role in the
biosphere and whose functions are useful to mankind. It
can not be reduced to that of a raw material exploitable
and expendable at will. It is a social and economic good
whose uses by humans are regulated by law. "

However, despite the importance of this
resource, we notice that it exists in limited quantities and
is unevenly distributed in the world. Moreover, very large
spatial and regional disparities in the quality of fresh
water are recorded. To this shortage is added a
quantitative mismanagement which is explained by
many factors (patterns of unsustainable development,
population growth, drought, ecological imbalances etc.).

The figures show that more than a billion people do not
always have access to clean and safe water. The
problem of quality is one of the leading causes of death
and disease in the world. Climate change and pollution
threaten drinking water which represents only 3% of the
world's water.

Faced with this multidimensional challenge
(political, socio-economic and ecological), the World
Bank, in recent statistics, estimated that water supply
would require $ 180 billion a year for developing
countries in the next 25 vyears, while the current
investment is around 70 to 80 billion. Henceforth, it is
necessary to review current use patterns of this resource
in terms of production and consumption so that any
water use is done while preserving the interests of future
generations.

Tunisia, like many countries in the world, can be
classified as a disadvantaged geographical area where
available water resources continue to decline and where
reserves have reached their threshold. The relative
scarcity of this resource is one of the major challenges
facing the Tunisian decision-makers for a more effective
and efficient management of the said resource.

The current principle of water management
depends, in a large measure, on recorded rainfall. In
other words, the surplus in years of high rainfall must be
used and operated in low rainfall years. But as long as
these resources are often limited, random and unevenly
distributed across the country, this solution remains
inadequate and highly risky. Indeed, a policy of
sustainable development should be based on stable
water resources in order to promote the productive
sectors (agriculture, tourism, agribusiness, etc.).

Urbanization, migration to the capital (Tunis)
and coastal governorates and climate change have
created an imbalance between water supply and
demand. The adjustment to be done is primarily
quantitative and the central constraint to take into
account. It is that of satisfying global demand. However,
this quantitative water resources management did not
often integrate water quality as a decision variable in
pricing policy. That quality is considered homogeneous
by SONEDE despite the huge variation in the physico-
chemical nature of water distributed within and across
regions.

Thus, the underlying objective of this paper is to
study the influence of the variable quality on the
structure of the global and spatial drinking water
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demand in Tunisia. The variable “quality” that was
excluded in the policy of SONEDE may present a critical
factor in changing consumer preferences.

The remainder of this paper is organized as
follows: the second section presents an analysis of
drinking water quality. The third section will describe the
empirical methodology checking for the quality problem
in water resources management. The fourth section
gives the estimation results of the econometric models
and their interpretation. The last section concludes the

paper.

II.  DEFINITION AND ANALYSIS OF THE
QUALITY OF DRINKING WATER IN TUNISIA

In a crude way, quality of drinking water needs
to satisfy two basic criteria. The first takes into account
the enforced national and international standards
determining the physico-chemical characteristics that
water should meet in order to be a drinking water (taste,
clarity, smell ... etc..). The second criterion relates to the
quality of different services and facilities necessary to
ensure efficient production and a continuous
distribution.

In Tunisia, the issue of water quality is always
raised as we easily notice that this good is not
homogeneous either within or across regions. By way of
illustration and not exclusive, treatment of surface waters
in the North of Tunisia offers water quality that complies
with that required by international standards. However,
this quality can cause problems especially in Centre and
in the South of the country. Although the Tunisian
strategy recommends nationally serving water salinity
less than 1.5 g / I. This objective is not fully achieved
between different regions of the country and even within
the same region.

While aware of this problem, in the context of an
approach aimed at improving quality of services to its
customers, "the SONEDE conducted a satisfaction
survey in April 2003 and had two fundamental
objectives. First, assess current quality of service
provided by SONEDE and secondly to measure level of
quality expected by customers. The selected sample
covered 2100 subscribers (in domestic drinking water)
spread over 33 districts and centres and including all
social levels. The results indicate that 19% of customers
believe that quality of supplied water is excellent, 30%
judge it as good, 32% consider it average, while the rest
(19%) consider it bad."

Low levels of satisfaction are recorded
especially in the South where salinity is relatively high.
These results confirm bacteriological studies and
analyzes by samples that showed evolution (in
percentage) of filthy water (i.e. quality of drinking water
is a consumption problem for users) for the whole of
Tunisia, reaching 1.5% in 2009 and ranged from a

© 2013 Global Journals Inc. (US)

minimum of 0.4% recorded in the northern regions to a
maximum of 1.7% recorded in the South.

It follows from what has been mentioned above
that quality of drinking water is a serious problem in the
Tunisian context which makes its current management
inefficient and unfair especially that the constraints
faced by decision-makers are numerous (scarcity,
unequal distribution, quality heterogeneity etc..). In other
words, variability of water quality within and across
regions needs a price discrimination policy that takes
into account scarcity of the resource and financial
resources of users.

[11. EMPIRICAL METHODOLOGY

To analyze the problem of drinking water quality
in Tunisia, we used a study of a statistical survey
conducted on a sample of 1,200 households. The
underlying thinking behind this study is to cover and
represent all professional categories of consumers who
are served water from the SONEDE. Variation in
consumer preferences is detected by the personal
assessment of households questioned about their
drinking water consumption (taste, smell, clarity, etc.).

a) Presentation of the Survey

As already mentioned, the survey we conducted
during 2004, allowed us to better understand
households behaviour with respect to their consumption
of drinking water and their reactions towards a set of
independent variables of strategies of consumption. To
meet the ratio of 10% of the population base as
minimum size of the sample, the total size of the sample
is 1200 households. To involve all socio-professional
categories we had recourse to a stratified sampling
design  which allowed us to ensure their
representativeness. Each stratum includes a definite
socio-professional category and classified according to
a given number of individuals. Finally, each stratum is
distributed in their appropriate cities.

The questions of the questionnaire are
designed to clarify two distinct problems. First, how
consumers feel they current water management and
secondly, how they know to evaluate the water quality
they consume. The basic unit of our sample is the
"household" while the independent variables of demand
function are household income, quality of drinking water,
the quantity of bottled water consumed, existence of
alternative sources, type of occupied residency,
household size and education level (Point (1993) and
Howe (1982)).

b) Functions of Global and Regional Demand
Research focusing on estimating water demand
function are scarce and mostly exploratory in nature,
since consumed water quantity is often independent of
current costs incurred by distribution companies.
According to Point [1993] analysis of drinking water



demand is primarily focused on the needs. Quantity of
water consumed and prices depend on the particular
evolution of population as well as their lifestyle.

Among the few studies that have focused on
estimating drinking water demand function include
those of Howe [1982] and Point [1993]. The first has
linked consumption and price through a cross-sectional
analysis. Point [1993] focused on the problem of
sharing water resources between different users. To do
this, the author took into account three categories of
use; commercial, industrial and domestic. The results
indicate that price elasticity is around -0.167 compared
to average price for the department of Gironde in France
(such a study is conducted to estimate drinking water
demand, throughout Tunisia and for "domestic use"
category in 2004, which reached an elasticity
approaching - 0.42 compared to the average).

Like in several countries of the world and
Tunisia, the demand function model does not include
water quality as a variable. This variable can be fixed in
advance by the supervisory authority as in France where
it offers a multitude of water agencies available to
consumers. In other countries such as Tunisia quality is
considered, or rather assumed, as a homogeneous
entity, although it is not.

Therefore, the introduction of the variable quality
in the demand function model aims at anticipating
changes in consumer preferences due to a change in
the nature of quality offered. Indeed, these variations
can be explained by the negative or positive effect that
the variable quality may have on the quantities
consumed by households expressed by the amount of
the bill. To achieve this goal, drinking water demand
function model should take the following form:

Vi =yt X +Q,Z;, + 6

Where Y; represents the amount spent by a
household to purchase drinking water, X; represents a

vector of variables related to water management and Z,

represents a vector of variables related to households’
socio-economic characteristics.

Therefore, according to the followed empirical
procedure, this model will be estimated in various ways.
At first, demand function estimation will include all
observations in the sample, and this to see and
understand the inter-regional impact and how quality
varies from one region to another. In a second step,
estimation of demand function is done separately in
three major geographical areas of Tunisia, namely
Greater Tunis, Sousse and Gabes, to infer intra-regional
information on drinking water management.

IV. RESULTS AND DISCUSSION

a) Descriptive Analysis

Through a rough view of the information
gathered from the questionnaire, we can draw the
following conclusions:

i.  The most frequent quarterly amount of the bill is 30
dinars. This amount is spent by 138 households
which represent 11.5% of our sample.

i. Availability of drinking water is not generally a
problem for the Tunisian consumer given that this
resource is distributed continuously throughout the
year (359.11 / d 365) and given a rate of availability
approaching 98.6%. The few disturbances and
interruptions are recorded during summer season.

ii.  Households with higher incomes are more likely to
put at risk current water quality and this because
they have the means to substitute it. The figures
confirm the hypothesis that the proportion of
households (86.4%), who had a poor evaluation (to
an average limit) of water quality provided by
SONEDE mostly belongs to the class of rich
households.

iv.  Most respondents have no idea about SONEDE
pricing policy. Those who know pricing (16.9%)
generally have a secondary second cycle or higher
education level.

v. Analysis also indicates that 24% of households
have alternative sources (Magin, Well, others ...) in
favour of domestic consumption. This category of
consumers is assumed to be in search of new
water sources substitutable to SONEDE water
especially if that category believes that drinking
water quality is bad.

vi.  According to the results of the survey, 57.1% of
households use bottled water. This type of good is
indeed an effective solution for a broad class of
consumers, especially in the case where drinking
water quality poses problems in terms of
consumption. Most respondents believe that
bottled water is a necessity especially for those
who have some diseases (renal failure, etc.) or
who have fear of having them. Faucet water and
irrespective of its quality is assumed to have a
lower quality than that of bottled water. We note
that in average each household consumes 5.19
liters per week.

vii.  Most respondents felt that drinking water quality is
bad or average at most (86.4%) while only 13.6%
consider it satisfactory.

b) Econometric Analysis

Data processing of the statistical survey
indicates that water demand depends on a complex
structure of variables which are alternative sources,
household size, how consumers evaluate faucet water
quality, occupation of housing and income level. These
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variables have a significant effect on determining
consumer behaviour towards demanded water quantity.

The econometric analysis aims at estimating the
coefficients of these variables based on econometric
methods appropriate for estimating evaluation functions
in order to have highly significant results, which may be
consistent with economic intuition, and useful to the
design and implementation of all appropriate policies for
sustainable management of a resource that is becoming
dramatically scarce.

In this context, the main objective of the various
econometric estimation is to determine the variables that
are capable of influencing consumer behaviour. Then,
the variables retained the in various econometric
regressions are given by:

i. MFEPT : Amount of Quarterly Water Bill
ii. SAE: an alternative water source of household.
ii. Achat: amount spent on the purchase of bottled
water.
iv. LIT : number of liters of bottled water consumed
per week.
v. Qualité : quality of tap water.

MFEPT, =7,870 + 4,009 Taille; + 0,0123 Revenu,,

(5,553) (20,406) (14,918)

vi. Prop: a variable for the legal nature of housing
occupation (1 if owner is 0 otherwise).
vii. Taille: household size.
viii. Nivist: educational level of the interviewee.
iX. Nbdac: number of people in the household.
X. Prof: occupation of the interviewee.
xi. Revenu: household income.

Construction of econometric models resulted in
a mixed set of independent variables; in this case we
speak of covariance models. The goodness of fit of
these models also depends on the choice of predictors.
It is desirable to select a limited number of variables,
non-redundant and with predictive power. The most
common technique used to select the most explanatory
variables is the Forward Stepwise Regression method®.

i. Global Dermnand Function

Applying a "Forward Stepwise Regression"
allows us to overcome problems encountered in a
multicolinearity model. Therefore, the model chosen
(after testing normality of errors) and corrected of all the
problems of heteroskedasticity and autocorrelation of
errors allowed us to obtain the following results:
-21,400 SAE, - 0,305 LIT, + 1,125 Qualité, (1)

(-21,408) (-4,130) (1,692)

R?=0,523 R?*=0,521

Indeed, it is observed that the size variable has
a positive and significant coefficient with an error risk of
1%, which means that water consumption increases with
number of people who constitute the household. The
coefficient on household income is also positive and
significant at an error risk of 1%. This result is consistent
with economic predictions as long as the richer the
household is the more water it consumes. Thus, a
household with a high income had to pay a higher
MFEPT.

The variable SAE coefficient is negative and
significant at the 1% level. This means that when the
household has alternative water sources, drinking water
consumption decreases. This confirms the economic
theory that states that a demand for a good decreases
when the consumer makes use of perfect or near
perfect substitutes.

The coefficient on LIT is negative and significant
at the 1% level. Indeed, as consumers use mineral water
they spend less on purchasing drinking water delivered
by SONEDE.

MFEPT, = 6,737 + 4,691 Taille, + 19,588 Revenu, — 0,00677 SAE,

(-10,627)

(3,381) (13,348)

R? =0,560

The estimated model indicates that the
coefficients of size and household income are positive

© 2013 Global Journals Inc. (US)

The coefficient of the variable “faucet water
quality” is positive and statistically significant at the 10%
level. This implies that amount of bill varies with the level
of quality estimated by households (good - average -
poor). Therefore, amount of bill is low in case of poor
quality especially if the household has an alternative
source.

ii. Spatial Demand Function

In this section we try to estimate demand
function in the regions of Greater Tunis, Sousse and
Gabes to know the specifics of consumption structure
and consumer behaviour in each of them. To this end,
we will introduce permanent and fundamental variables
in the construction of a valid econometric model for
each region.

a. The Greater Tunis Area
For this region the estimated model has the
following results:

(2)

(5,176)

R2=0,556

and significant with an error risk of 1%. These results are
perfectly logical because large families or who have high



incomes consume more water. In addition, the variable
SAE coefficient is negative and significant at an error risk
of 1%, which means that consumption decreases with
the existence of alternative sources, in which case
consuming SONEDE water becomes smaller.

b. The Sousse Area
In this region the linear regression estimated is given by:

MFEPT, =41,761 —1,553 Taille, + 0,00451 Revenu,, + 4,827 Qualité, , (3)

(12,183) (-2,881)

R*=0,228

In this region, the coefficient on Taille (Size) is
negative and significant at an error risk of 1%. This result
is not consistent with reality, since in principle water
consumption increases with household size. Can we say
that there is some correlation between family size and
household wealth? A priori, the answer is positive, which
means that a small family is probably richer and
therefore it consumes more water.

The coefficients on income and water quality

(2,464) (2,194)

R?=0,220

are positive and significant at the 5% level. As
household income increases, more water is consumed.
Moreover, when drinking water quality improves then
consuming water increases, thereby increasing the
amount spent by consumers.

c. The Gabes Region
The linear regression estimated in this region
gave the following results:

MFEPT, =11,454 + 2,436 Taille, + 0,00949 Revenu, —15,975 SAE, — 0,663 LIT, + 2,074 Nbdac, (4)

(3.352) (3.291) (3.886)

(-4,868) (-2.387) @779

R?=0,355 R?=0,338

The coefficients on Size, SAE and income are
significant at the 1% risk level. Size and income have
positive coefficients but SAE has a negative coefficient.
The coefficient of the variable Nbdac is positive and
significant at the 10% risk level, which means that when
the number of people in a household increases there will
probably be a wealth effect that is created and
encourage the said household to consume more
drinking water, resulting on a positive effect on MFEPT.
The coefficient on LIT is negative and significant at an
error risk of 5%. This means that in this region, there's a
general movement towards consuming bottled water to
replace SONEDE water especially for drinking.

V. CONCLUSION

The estimation of water demand function
indicated that the dependent variable (MFEPT) in the
different models is influenced by many variables that
need to be integrated in water management. The most
important variable is the quality variable which essential
in household consumption structure. The estimation of
regional demand functions in the areas of Greater Tunis,
Sousse and Gabes showed that variation of the variable
MFEPT is mainly due to household size, income, SAE
and especially the variable quality which differs
significantly between these three regions. In Greater
Tunis, this variable is not problematic while in the other
two regions of Sousse and Gabes, the situation
becomes more complicated. In these two regions faucet
water quality is a dominant factor in explaining
consumer behaviour. Indeed, in the region of Sousse bill

amount varies directly with the level of quality offered,
while in the region of Gabes this variation is explained
by the fact that consumers are looking for substitutable
goods (SAE, LIT).

However, despite its importance in water
management, the variable quality is still neglected by
decision-makers. Should we rethink SONEDE pricing
policy and restructure it so that it is fairer and more
effective? The answer is, a priori, positive because the
current strategy of drinking water management in
Tunisia has reached almost its limits. Thus, it would be
wiser to recognize heterogeneity in the quality of water
distributed and price according to the quality offered
taking into account households’ socio-economic status
and this to ensure their right to healthy and pure water
consumption.
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independent variables, it is necessary to have
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APPENDIX 1

% Phase 1 : questions relatives a la gestion de I'eau.

Q1 : Pouvez vous m’indiquer le montant de votre facture d’eau trimestrielle ?
Combien?..............

Q2 : Avez-vous une idée sur la tarification de I'eau potable ?

Non |:| Oui |:|

Q3 : Quel est le nombre de jours pendant lesquels I'eau est régulierement disponible dans I'année ?

Q4 : Avez-vous des sources alternatives d’eau (magin, puits, autres...)

Non [ | oui [_]

Q5 : Achetez-vous de I'eau en bouteilles ?

Non [ ] oui [ ]

Q5 a: Combien de litre parsemaine ?...............ocooeeinnn,

®,

% Phase 2 : questions relatives a la qualité de I'eau potable.

Q6 : Que pensez-vous de la qualité de I'eau de robinet ?

Bonne [ | Moyenne [ ] Mauvaise []

Q7 : Quelles sont les raisons de cette appréciation ?

Son go(t Oui |:| Non |:|
Sa limpidité  Oui |:| Non |:|
Son odeur Oui |:| Non |:|

.

% Phase 3 : questions relatives aux caractéristigues socioéconomiques.
Q8: Genre Homme |:| Femme D

Q 9 : Etes vous locataire |:| Propriétaire |:|

Q 10 : Quelle est la taille de votre ménage ?
................................ personnes.

Q 11 : Quel est votre niveau d'instruction ?
Analphabete I:l Secondaire 2eme cycle |:|

Primaire |:| Supérieur |:|
Secondaire 1% cycle |:|
Q 12 : Quel est le nombre d’actifs dans votre ménage ?.................

Q 13 : Quelle est votre profession

Journalier |:| Ouvrier |:| Indépendant agricole |:|

Indépendant industriel [ ] Indépendant commercial [ ]| Cadre [ ]

Q 14 :Quel est le montant total des revenus mensuels nets de votre ménage?
Combien ?.......c.ocoen,

................. /365.
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Analyse statistique du questionnaire
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Tableau 1 . Connaissance de la tarification Tableau 2 . Sources alternatives d'eau potable
. Pourcentag Fré Pourcentage
: réquence | Pourcentage ;
Fréguence | Pourcentage o valide q g valide
Non 097 83,1 83,1 Non 911 75,9 76,0
Valide| Oui | 203 16,9 16,9 Valide | OUl | 289 24,0 24,0
Total 1200 100,0 100,0 Total 1200 99,9 100,0
Tableau 3 . Qualité de l'eau de robinet
Fréquence | Pourcentage | Pourcentage valide | Rourcentage cumulé
Mauvaise 561 46,8 46,8 46,8
Moyenne 476 39,7 39,7 86,4
Valide
Bonne 163 13,6 13,6 100,0
Total 1200 100,0 1000
Tableau 4 Consommation d’eau embouteillée
Fréguence Pourcentage Pourcentage valide
Valide Non 515 42.9 42,9
Oui 685 571 57,1
Total 1200 100,0 100,0
lableau 5 Genre
Fréquence | Pourcentage Pourcgntage
valide
Féminin 473 39,4 39,4
Valide [ pasculin 727 60,6 60,6
Total 1200 100,0 100,0
Tableau 6 Occupation du logement
Fréquence |Pourcentage Pourcgntage
valide
Locataire 326 27,2 27,2
Valide|Propriétaire 874 72,8 72,8
Total 1200 100,0 100,0

(Us)



Tableau 7 . Niveau d'instruction du chef de ménage
Fréquence | Pourcentage Pourcgntage Pourcentgge
valide cumulé
Néant 128 10,7 10,7 10,7
Primaire 179 14,9 14,9 25,6
Secondaire 1er cycle 165 13,8 13,8 39,3
Valide| Secondaire 2éme 045 20.4 20,4 50.8
cycle
Supérieur 483 40.3 40.3 100.0
Total 1200 100,0 100,0
Tableau 8 . Profession du chef du ménage
Fréquence | Pourcentage | Pourcentage valide
Journalier 139 11,6 11,6
Ouvrier 216 18,0 18,0
Ind. agricole 134 11,2 11,2
Valide | Ind. Industriel. 274 22,8 22,8
Ind. commercial 178 14,8 14,8
Cadres 259 21,6 21,6
Total 1200 100,0 100,0
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The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).
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halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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the first 100 characters of any legend should notify the reader, about the key aspects of the figure.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose
®  Fundamental goal
®  To the point depiction of the research

e  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e Significant conclusions or questions that track from the research(es)

Approach:
. Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
e A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
e  Center on shortening results - bound background information to a verdict or two, if completely necessary
¢  What you account in an conceptual must be regular with what you reported in the manuscript

®  Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

Explain the value (significance) of the study

®  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
® Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

®  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

Describe the method entirely

To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e Simplify - details how procedures were completed not how they were exclusively performed on a particular day.
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  |leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

&  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

e Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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ADMINISTRATION RULES LISTED BEFORE
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US)

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)

®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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