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Editorial

Once again, here is another volume of this journal that brings to you some latest
research and development papers in various fields of technology. Presently, as we all
know, our country is facing an ongoing power crisis. Engr. Tahir Basharat Cheema has
contributed an informative article discussing the basic pillars of a Viable Power Sector
and has suggested measures for strengthening the generation, fuel and customer mix for
a healthy power system.

Engr. Prof. Dr. Suhail Qureshi has contributed an exciting paper that introduces an
amazing creative approach for generating electricity from speed breakers and its
connection to Smart Grid. An enormous amount of energy can be converted to
thousands of electrical units by installing an electromechanical system under speed
breakers on roads and the energy generated can share load of national grid. This would
help cover up alittle bit of energy shortage and also reduce the local electricity bills.

Another excellent paper explains the great idea of solar-wind hybrid power generation

Jor charging UPS batteries in homes. This again would reduce the electric bills.
Another paper describes an effective system developed for the prevention of Electricity
Theft caused by direct rigging. All these measureswould help tackle the ongoing power
crises.

This volume also includes a research analysis of compression techniques of medical
images for diagnoses of different diseases. This would help dealing with the huge
storage needs and fast transmission requirements. Another paper explains a modern
Earthquake Monitoring System.

Thus, a lot of latest research papers in various fields of Electrical and Electronics
Engineering have been included in his volume. We are thankful to the Higher Education
Commission who has awarded category-Y to our research journal, "New Horizons".
Hearty CONGRATULATIONS to all our members on this up-gradation of our journal. I
am happy to see that our team is working hard to improve this journal to become
number-One latest research information source for the engineers in the country.

The Editor
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The Three Pillars of a Viable Power Sector!

By Engr Tahir Basharat Cheema
President (Elect)
Institution of Electrical & Electronics Engineerakstan (IEEEP)

The power crises has catapulted the power sectdheo
forefront. Every body is talking about it's workjrand also
advising the government as to what needs to be. dbtast
of the arm-chair experts talk about some missingigro
policy and that necessary resolve is not evide®ome of
the more brave advice that alternate energy shmaikdpped
with wind and solar swinging the fates in our famou
Though freeing ourselves from oil and gas is anartgnt
requirement, the various pre-requisites to indurctiof
alternate energy and the needed financial deptiorisially
swept under the carpet. That the base load regeires and
those pertaining to peaking demands are two diftere
realms needing different solutions is also conwuathie
forgotten. There is thus a need to dilate uponsihigect
and explain the various facets of a viable powartae
And in order to do so, we will concentrate on the
generation, the fuel and the customer mix alone —
incidentally, the basic parameters of any viablevgo
sector.

Going back to 1976, when Tarbela was commissiometl a
which added a hefty 3600 MW to the national tally see
that the then hydel-thermal ration drastically daedh and
improved in favour of hydel to 80:20. The recoetlst us
that the 20% thermal generation too was basicalyed by

Muzzafargarh and KAPCO plants) would reduce the obs
generation by at least Rs.6.00 per unit with aruacdative
positive effect on the yearly expenditures of PERfyQipto
Rs.75 billion. The needed volume of gas can beemad
available as part of a national policy. And as tisi only
destined to be specially made available for 2-3rgjea
concurrently efforts have to be made to convert théd
thermal plants, both in the public and the privedetors, to
coal. This can be done through PSDP funding, tidip
private partnership (PPP) mode or simply througimegdéng
of the supplier's or the buyer's credit for convers
equipment (including EPC contracts). All of thesays of

conversion are doable and can be taken up through a

consensus of the experts.

The third of the pillars pertains to the issue lod topsided
customer mix, which the utilites have to face éae't
moment, having a burden of Rs.50 billion or so. iAs
simply detrimental to the financial stability ofethutilities,
the issue is of equal importance in comparison he t
negative generation and fuel mix. It is seen #igbresent
out of the total 19.662 million customers of PEP@Mefty
9.3 million customers can in a way, be categoriasdhe
life line customers. These customers use upto xanmuen
of 100 units per month and are being charged at ey

gas and thus was not burdening the customers muchates in comparison to rest of the customer base.

Unfortunately, this trend which stabilized at 70i8Gavour
of hydro-generation has since changed for the wanskethe

generation mix now stands at 30% only for the hyde
component with 46% of the rest using RFO as the fue

against just 5.6% world average. The small usdggas,
coal and nuclear fuel does not seem to list tharizal away
from expensive oil.

As presently, the hydel tariff being changed by VID¥Pis

Rs.1.18 per unit while the same for RFO fired theromits
can be above Rs.15.00 on the average, one cannentgg
negative effect the changed ratio would have orptiee of
electricity. However, one thing is for sure — thigneration
mix has to necessarily change in favour of hydahtd. On

The present tariff for the 1-50 units usage catggoijust
s.1.87 per unit, while the  1-100 units usagald allow
he DISCOs / KESC to bill the customers at the rafte
Rs.4.36 per unit. Imagine the level of these rates
comparison to the calculated cost of service whtgbresent
is a little above Rs.10.00 per unit on the averalgeother
words, cross-tariff and general subsidies pay fbe t
sustenance of the utilities and to do away withitheden of
this group of customers and thus it is extremelgrouas for
the utilities. As the subsidies do not fully cotee gap, the
loss has to be borne by the distribution compamidgve to
be passed on the other categories of customensajmesof
enhanced tariffs. Unfortunately, this categoryco$tomers

the other hand, as hydel generation depends upen tlis on the increase due to heightened rural elegtiébn and

completion of long gestation projects, which toe aubject
to many a wrangling in the Pakistani context, wH have
to come-up with some other solution in the short and
concurrently work on hydel projects in the long .ruhe
answer lies in the improvement of the fuel mix the
thermal plants. This would be a change from thesgnt
pre-dominantly RFO usage to gas in the first insta(for
about 2-3 years) and eventually the needed traisfeoal,
which can be indigenously mined or of the impontadety.
According to financial experts, changeover from RB@as
for about 3000 MW of thermal generation (at Jamshor
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unplanned urbanization through what is known as<thehi
Abadies.

The question arises as to why should the socidigalli
obligations of the governments be made to burdem
utilities.  As such, the requirement is to bill athe
customers at a uniform rate — at least for the dwicethe
commercial, the industrial and the agriculture gates.
Consequently, the present load suppression modtlriff
formulation has to be scrapped and instead the ryouve
use, the less you pay model has to be acceptdikasile.



On the other hand, because the less endowed custome
has to be taken care of, the group can be supptintedgh
targeted subsidies. Power stamps similar to faachgs of
the yesteryears and those in vogue in the develomettl
and specifically the USA can also be issued. heiotvords,
the utilities would issue regular bills to all costers
including the life line category and at the timepafyment,
the power stamps can be redeemed at the bankshuljee
data bank collected for the BISP through the pgveurvey
can easily be used to assist the life line custenmegetting
the subsidies. In this manner, both the customedsthe
utilities can benefit.

Through the above measures, all the three badarpibf a
healthy power system / sector can be strengthened
otherwise, we will not be able to tackle the ongopower
crises and nor would the sector be able to delivefect,
spoiling of the generation, the fuel and the customix is
the reason for high power tariffs in the countr@apacity
shortages is another story needing separate spadiate
upon.

*kkk

Quotations

The secret to a long life is to stay busy, get tyleof
exercise, and don't drink too much. Then again t
drink too little

Anyone stops learning is old, whether at trwnety
eighty. Anyone who keeps learning stays young.
Henry Ford

The first forty years of life give us the text, thext
thirty supply the commentary.
Arthony Schopenhaue

Euripides

| am ready to meet my Maker. Whether my Make
prepared for the ordeal of meeting me is anothdtema
Winston Churchill

If you are afraid to die, you will not be able ieel.
James Baldwin

Remember that the most beautiful things in the av
are most useless; peacocks and lilies, for instance
John Ruskin

Whatever’s begun in anger ends in shame.
Benjamin Franklin

Constant attention by a good nurse may be jus
important as a major operation by surgeon.
Dag Hammarskjsld

Look to your health, and if you have it, praise Gand
value it next to a good conscience; for healthhis
second blessing that we mortals are capable @
blessing that money cannot buy.

Izzak Walton

One must eat to live, not live to eat.
Molieere

People who drink to drwon their sorrow should biel
that sorrow knows how to swim.
Ann Landers

Character is the result of two things — mentaltadt
and the way we spend out time.

Elbert Hubbard
What's the difference between a stumbling block
stepping stone?

Hermann Smith-Johannson, at age 1

When good men die, their goodness does not perislh).

The way you approach if.
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Queuing Theoretic Analysis of a WSN based Earthgu&nitoring System

Sanam Memon*, Wanod Kumar*,
and Muhammad Asim Ali**
*Department of Electronic Engineering, MUET Jamshd?akistan
**Department of Electrical Engineering, Sukkur IBRakistan

Abstract:

Earthquake monitoring and detection has been inagre
focus for many years. A possible solution of thabfem is
the deployment of an efficient system that can rgéme¢he
warning for the earthquake as early as possibles Knd
of deployment not only helps to save human livésalso
provides support in exploring many hidden factswulgpeat
disaster. In this paper, performance analysis oféléss
Sensor Network (WSN) based earthquake monitoristg sy

a detailed analysis based on queuing theory foretugl
WSN is carried out for analyzing the mean systefaydand
utilization. Single node of WSN acts as a compl@€eN
node and combination of number of nodes represants
network of nodes (i.e. WSN). Theses nodes trantmeir
packets to a centralized node which further comuatsi
these packets to main office using wireless/wiradkbaul
link.

Following the introduction, the paper is organized

is carried out using queuing theory. The WSN nodefollows: Section Il describes Related Work. Sectibh

transmit their data to a centralized node which ttier
sends this data to main station using a wirelessfi
backhaul link. This scenario is modeled using tweLes;

presents Studied Scenario. In section IV, mathemlati
model for the proposed design is discussed. The
performance analysis is carried out in section ‘pd?

M/M/1 queue and M/D/1 queue. The performance of theoncludes in section VI.

system is evaluated and compared in terms of mgstemn
delay and utilization for both queuing models. Thsults
reveal that the system delay decreases with iner@ashe
data rate of the communication link (server).

Keywords: delay, earthquake, queuing, WSN.
I. Introduction

Earthquake is a type of natural disaster. Thisstiisaoccurs
due to the sudden release of stored energy in #eh'E
crust that creates seismic waves [1]. On 26 Dece2b@4,
an earthquake of magnitude 9.0 caused huge losarnén
lives in Indonesia and its neighboring countriekafTgreat
loss motivated scientists and researchers to discoew
mechanisms for detecting and monitoring the eaghegso
that people can get warning in time, and thus arogs
loss can be avoided. The WSN based monitoring syse
one of these paradigms considered.

A node in wireless sensor network is capable okisen
processing, and communicating with other nodeshia t
range or a centralized entity (node). This helpsliserve

Il. Related Work

In [1], a novel early warning system for earthqubksed on
WSN is proposed. This WSN consists of several thods

of nodes, each node consists of a single antendahmse
nodes cooperate with each other to form a mulpienna
WSN known as Virtual MIMO WSN. Researchers in [2]
believe that animals act abnormally before and rafte
earthquake and their behavior is helpful in thedfmtéon of

an earthquake. On that basis, they have proposedeaall
network architecture in which middleware software
infrastructure, WSN, end user system, differenteckers,
mobile base stations and animals play major raie[3l,
authors highlight the importance of location andisiy of
low cost sensors used in QCN in order to detectramwiitor
the seismic activities efficiently and accurately.
Researchers in [4] have replaced traditional se&ismi
networks with a new, more efficient and inexpensive
alternate named as QCN using MEMs accelerometdB]In
authors have developed an accelerometer which geevi
high sensitivity and a wide measureable range, eninil a

and react according to the condition in a particulayagitional accelerometer, there is a tradeoff leetw the

environment. WSNSs are application specific; hedesign
considerations are different for each applicatip A node

in WSN consists of a transmitter, receiver or ascaiver
for detecting, measuring and transferring the datghe
central node/server. Such a network called Quakekea
Network (QCN) is built upon the Berkeley Open
Infrastructure for Network Computing (BOINC) softwea
for volunteer computing [3]. The QCN is a largewatk of
low-cost sensors connected to volunteer compuiarsa
specific region to monitor seismic events.

Recently, an increased interest has been obsenvatbtyze
the network performance using analytical or simaoiat
tools before the actual deployment. In this regénd
Queuing theory offers a promising analytical salatito
evaluate the performance of such networks in teohs
quality of service (QoS) parameters. Thereforehis work,

6

measureable range and sensitivity.

Authors have designed an alarm system in [6] terdehe
the magnitude of the longitudinal wave with thephef the
accelerometer and compared it with the predeternine
threshold. If that magnitude is found to exceed the
threshold, then the notification for earthquakéhie form of
alarm is sent to the concerned alarm devices ofiéeork.
Authors in [7] have taken initiative towards desifra new
wireless sensor node that is not having only mimmu
physical size and less power consumption but atde
perform simple processing on the acquired datarderoto
reduce the amount of data that is to be storedeanode. It

is based on an ultra-low power System on Chip (SOC)
microcontroller with a temperature sensor and axi8-a
accelerometer.



Traditionally queuing theory has been used to amalye
performance of communication networks. Howeverthte
best of our knowledge, little work has been carmed in

regards to WSN for earthquake monitoring using thi

In this section we present the analytical modebthiyl/M/1
queue and M/D/1 queue.

&)  M/M/1 Queuing Model:

theory. In [8] WSN is modeled using the open quguin | scenario considered, each node transmits thee iatket

network theory for path planning. The issue of pat

planning is solved by calculating the path delayind out
the optimal path for efficient data transmission WSN.

'\Nith mean arrival rateln, hence the combined arrival

process becomes Poisson process with mean arawal r

Authors in [9] have derived the expression for the‘l = M4, These data packets are sent to a centralized node

distribution and first two moments for both steadgte and
transient conditions for different random variabéesl then
investigated the output process of M/D/1 queuirsiey.

The issue of WSN scaling is highlighted in [10].uthors
found that network dynamics mainly depends on ngtwo
operations rather than environmental changes
environment is able to put an unpredictable effecsensor
network. They also found that network indicatorai’ta
identify the problem if small portion of nodes bettecks
the whole network.

It has been suggested in [11] that by using vagidblta rate
with automatic rate selection not only network fete but

b

for further communication to the main station using
backhaul connection. This scenario is modeled asl/l/
queue [12]. Central node further forwards the qmtekets
with service rate p using the First-In First-OutlHB)
priority. The complete representation of this WShiséxd

ystem for earthquake monitoring using M/M/1 iswhan
Uﬁgure 1. Figure 2 shows the state transition diagrof
M/M/1 queue represented as a birth-death model.

also average power consumption can be reduced €nd i Figure 2: The state transition diagram for M/M/1 queue

essential for improving scalability and minimizingtwork

overhead. This technique when compared with othef he equilibrium probability for M/M/1 queue is

techniques provided energy consumption with 40%nsgav
[ll. Studied Scenario
The USB sensor/accelerometer and computing capabi

detected with the help of MEMS accelerometer presen
WSN node. The information (seismic data) is coédcby
every node individually and transmitted to the calited
node in terms of data packets as shown in Figufdhé.data

transmission (in form of packets) froM sensor nodes and
reception at centralized node is modeled as M/Mitl a
M/D/1 queues [12]. Here single server is considewbith
is wireless/wired backhaul link to the main statigvithout

loss of generality, in this workM  WSN nodes are
assumed to have the same mean packet arrival#sate

which further collectively sums to thd 4., . Packet arrival
rate of each node follows a Poisson distributiothvmean

An. The arrived packets are further communicatedhto t
main station by central node using a service @tg.aim in
this paper is to analyze the performance of WSNedtas
earthquake monitoring using queuing theory in temms
average system delay and utilization.

Packet arrival
from Node 1

Centralized Node
M/M/1 or M/D/A
queue

Packet arrival
from Node 2

MA,

A

Packet arrival
from Node M

M
Figure 1: Queuing Model for the Proposed System
IV. Analytical Modeling

li
constitute a single WSN node. The ground motion i

Pn=p™ (1 —p) (1)
where £ = ,1;;“ is the traffic intensity,® is number of
Jackets [12]. To ensure the stability of the system

£ should be less than 1. It means that arrival satarialler
than service rate; otherwise the number of packét&eep
increasing with passage of time.

The mean number of packets in the system is
od
L= z np,,
n=b

The average delay experienced by each data paskbti
combination of waiting time in the queue and sear\iene
and can be calculated using Little’s theorem [12] a

|: 2 :I

W = L (3)

- A LN &

The utilization of the system is given by

A -

U=-=p 4]
1}

a) M/D/1 Queuing Model:

In M/D/1 queuing model, the arrival process is Bois
distributed and service time of each packet is @onig9].
Service time is fixed because both the packet leagd the
data rate of link are deterministic.

The mean number of packets in the system

_P~
201—p)

L=p+ (5)



The mean system delay in this model is

2—p

W=t

(6

V. Performance Evaluation

All M WSN nodes send their data to a centralized node 3% oyt1l.3ms

shown in figure 1. The communication through tresitcal
node is modeled as both M/M/1 and M/D/1 queue. iHad

packet length (i.e100 Bytes ) used in [11] is considered
here. The communication link used for transferruhata

from M WSN nodes to the main station through
centralized node has data rate of 1Mbps [10]. Hetlee
packets

. JbZSG—___ :
mean service rate turns out to be sec: . In this

work, we evaluate the performance of the WSN for
earthquake monitoring using average packet delay an

utilization as QoS metrics for both M/M/1 and M/D/1
gueuing models.

Figure 3 shows the impact of traffic intensity dwe tsystem
delay. This analysis of mean system delay is nacgss

order to select the values of(traffic intensity), in such a
way that the delay can be as minimum as possitdetlaa
warning for earthquake may be generated and preddss
time. The results reveal that the average delathefdata
packets increases with the increase imalues. In case of

M/M/1 queue, the system delay is very low &= 0.1
The delay starts to increase rapidly wherexceeds 0.2.

This is because the arrival of data packets ff¥fmWSN
nodes increases and a single server has fixed ceervi
capability. The maximum mean delay caused by tlstéegy

to the data packets generated by source nodkms . In
case of M/D/1 queue, the service time (providedsimgle
server) is fixed for each WSN packet and the megatem
delay is reduced compared to the M/M/1 queuing rhode
This is due to the uniformity of the service rate.

x10°
4

r T T T T
---------- M/M/1 packet size 100 Byte data rate 1Mbps

s M/D/1 packet size 100 byte data rate 1Mbps

| |
| B

Mean System Delay (sec)

Traffic Intensity

Figure 3: System Delay as a function of Traffic Intensity
with 1 Mbps link

Now, we consider data rate of communication linkb®

2 Mbps with same packet size and data generation rat
Hence, the service rate of the system doubles ahg \of

8

the traffic intensity becomes half compared to the
parameters considered for results shown in Figur&\3th
this communication link, each packet is servedefadh this
system setup, as shown in Figure 4, the mean delay

M/M/1 queue a¥

= 0.0¢ s |ess tharl-7 ms compared

to previous setup (with link rate of 1 Mbps) whétravas

is lower compare

x10*

. Moreover, for M/D/1 queue, the mean delay

d to M/M/1 queue.

65— ——+——— - —— 4 - —— - —— - ———

Mean System Delay (sec)

Traffic Intensity

Figure 4: System Delay as a function of Traffic Intensity

o
©

with 2 Mbps link
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Figure 5: Utilization as a function of Traffic Intensity

System utilization is directly proportional to theaffic
intensity values for both queuing models. The z4iiion is

the measure of h

ow much server is busy and is @qul.

It is due to the fact that depends on the arrival of packets
(with the mean service rate of the system is kepstant).

As arrival rate of data packets increas@s,increases and
this in turn causes utilization to increase. Tlifeat always
gives a linear curve when utilization is plottechimgt traffic
intensity. It is shown for M/M/1 queue in Figure BA/D/1
gqueue has a linear trend as well.

IV. Conclusion

In this paper,

performance analysis of WSN based

Géarthquake monitoring system has been carriedroutthis
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Abstract

the chance to become producer of easy and cleaigyene

A solar-wind hybrid power generation system hasnbee The solar systems can be installed on a small houaebig

presented here. The application based systemriiigst in
this paper is designed on the basis of the solat aimd
data for Pakistan. The power generated by the syste
intended for domestic use. The most common source

industry. The solar panel uses the solar irradiatme
generate electrical energy. A solar panel usesggnarthe
incident photons on its surface to generate etsdtdharge.
fhe solar panel consists of small silicon cellse Tdell

unconventional power in homes is battery based upgutput voltage for a single cell is of the orde0ofV (under

(Uninterrupted power supply) inverter. The UPS e
charges the battery with conventional grid powehisT
system will charge the battery of UPS inverter biyng only
wind and solar power, which will make the systerstco
effective and more reliable. The reason for usinthlsolar
and wind is that recent studies have proven thabkioed
system can be more productive and consistent ahdr ot
thing is that neither of them can be used for curus
power generation. In the system illustrated in thégper the
solar-wind system provides power periodically whish
controlled by electronic methods and a microconénols

open circuited conditions) which cannot be utilizéxt
power generation. These cells are placed in spaesHel
combinations to get usable voltage. The other rabdav
energy resource is the wind energy. The wind enésgy
utilized by converting the kinetic energy of wind to
rotational motion by using a wind turbine. Thisatidnal
motion is converted into usable electrical enerfggr this
purpose a wind generator has been used which osnéai
wind turbine and an alternator. The systems witly solar
or wind generation are productive but there arebleros
linked with both of them. The solar power is notiable

switching action is provided from the microconteolto the
battery charging based on the power received fratars
photovoltaic panel and wind generators. In this @apan
efficient system has been presented comprisingolafr s

hybrid system containing solar and wind has beesigded
to overcome these shortcomings. A system has been
designed in this paper which utilises both solad &nind
power generation systems. Recent researches firetleof

panel, wind generator, charge controller and Chargerenewable resources shows that the solar and wibddh

storage unit (battery). Solar panel is selectedtlas main
input and the wind resource will be used only ia #étbsence
of the solar photovoltaic (PV) output.

Keywords photovoltaic, hybrid, UPS, grid

1. INTRODUCTION

In the recent times the need for energy has ineckas

globally. The electrical energy has now becomebidme for
almost everything. This has made us to increasespergy
production which in turn has put extra pressure@onnon-
renewable resources. The other way is to genenaigg by

power generation system can work with increaseguist
and increased practicality [6]. The block diagramthus
system has been shown below

Fig 1: Block diagram of the solar wind hybrid syate

using renewable resources of energy. The renewabeBJECTIVES

resources like hydro power are being utilized toegate
power but these projects take years to completetiaeick
are lots of other factors involved which discouraglese
projects. The more suitable form of renewable eparghe
modern era is the solar energy. The solar energyhbea
utilized in many ways. The two of the most basiesusf
sun light to make electrical energy are:

Solar Photovoltaic.
Solar Thermal.

Solar photovoltaic is a system to convert light rgge
(photons) into electrical energy. Solar thermal nset use
the heat energy of the sun to generate electrinatgy
thermally. The solar water heaters and steam baskd
turbine are the systems where solar thermal tedknig

The rising environmental pollution, limited fos$ilels and
natural gas reserves and the unfriendliness of thes for
electric power production is resulting in growimgerests in
the utilization of renewable sources of producitectical
energy. The emerging green technologies like pluitaic
and wind turbine generator technologies is creating
opportunities for generating electric power in arrhless
manner throughout the world.

Estimates by the World Bank claim that as much @s 4
percent of the world population still lives in @fies and
rural areas are not tied to utility grids. A moeagible way
of providing electricity to such rural arias is biging the
new renewable technologies rather investing instraasion
infrastructure to connect them to the main utilggwer

used. The paper presented here is based on the soffids. For the villages farther than 3 KM from thearest

photovoltaic systems. The solar photovoltaic hagmius
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transmission line, it is wusually economically morewind turbine and solar technology is one of the tmos

convenient to use a hybrid based stand alone system capable alternative energy technologies.

Solar radiation and wind speed are having complésmgn Table 1 Non Renewable and Renewable
profiles among the unpredictable and randomly belgav Non-Renewable Renewable
renewable energy sources. Stand alone hybrid system

usually take advantages of this particular charesties - Natural gas - Hydro
cqmblng _photo voltaic panel and wind mills in camgtion . Ultra supercritcal . Wind

with a diesel power backup generator. However tliese Pulverized coal

generator demands fuel supply then their use ilatso as

. . . Integrated coal . Solar
can be troublesome and, in comparison with reneavabl Gasification
energy source, uneconomical. In some applicatiey tan
be avoided by including in the system adequate ggner - Nuclear - Biomass
devices like battery bank. Since storage costlinegresent . Ultra clean coal . Geothermal
the major economic restraint, usually PV and wigsteams combined cycle / hot rocks

are appropriately sized to minimize its requirerserso ]
wind power is lower in cost than PV power approxisha  ©- Advantages of Wind Energy
by a factor of five, so it often gets the main rafe  The most significant advantage of the wind enesgthat it

generation. is produced by the source which is most unlikelyaaish as
3. Requirement of Alternates of Energy and its Scapin compared to other natural sources like coal, negas
Pakistan Wind energy is safe for the environment becausledts not

Due to the advancement in electronics almost everproduce chemicals like Carbon dioxide. So it does n
appliance that we use now is running on electricargy. ~ Pollute air.

According to the predictions of the IEA (Internaifd The most cost effective source of energy among the
Energy Agency) the natural sources (Water, NaiBead) of  renewable energy sources is the wind energy, whasis
electrical energy that are used most commonly flectécal only 4 to 6 American cents per KWH relating to the
energy production will be able to provide enerdy2030-  environment and location of the installation.

35. Reacting on these facts provided by IEA manynties
are taking steps to get maximum energy from otla¢ural
sources for their future use. Realizing this probRakistan
is also taking steps to provide energy from otloerses and . ) . )
the main concentration is on Wind and Solar teabgies.  Wind energy is “home-grown” and green (i.e enviremm
Pakistan government has a goal of getting at [é#sof the friendly)

total energy from these two sources by year 20306.Disadvantages

Achieving 9700 MW from wind power is planned by yea
2030. With this government will be able to providg74
far-flung distant of utility grids villages of Badhistan and
Sindh Provinces. Alternative Energy Development rdoa
(AEDB) is looking for the National and Internationa Now a day’'s most of home appliances are dependent o
Companies which are interested in producing enéﬂw eleCtriCity SO they require 6|ectriCity for 24 hSUbUt wind
the alternate sources. AEDB has started its firgisp of ~€nergy source can not provide energy all the timeabse
providing electricity to the 400 remote areas aidbi and Wind does not blow all the time.

Balochistan within few years. A wind power source does not produce chemicalstiasr o
4. Hybrid Power System sources do but they produce noise pollution whichaused
by the movement of its rotor blades.

The most suitable place for wind turbines is farard
mostly farms are placed in countryside areas aisdwiil
also help in providing electricity in rural areas.

Wind power is an economical energy source butnial
cost is much greater than the initial investmentotier
energy sources like coal and natural gas.

A hybrid power system is in which the load is pdmd by
two or more power sources. Renewable energy squrces. Advantages of Solar Energy
such as solar and wind are normally combined witbhe
other because they are the most powerful energgcesu
Hybrid systems can be designed to fulfil the regmients at
lowest acceptable cost, which is the key to gettiagket.

The energy consumption is gradually increasing el
deregulation of electricity has caused that the warhof
production capacity of high power stations canmidfil fthe
demand. A method to fill out the space is to mak
alternative energy sources e.g. wind turbine, sphamels, Solar cells are reliable, modular, durable and gelye

micro turbines and photovoltaic system. Now a dag t maintenance free and therefore, suitable energgaiated
and remote areas.
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Solar cells convert the solar radiation directlytointhe
electricity using photovoltaic effect without goitigrough a
thermal process.

Deserts and remote areas are ideal place for the power
generation because they provide maximum solar pewwdr
the space for the solar panels. So this will helprioviding
ethe electricity to the rural areas of Pakistan.



Solar cell are quite, compatible with almost aWieonment s
respond instantaneously to solar radiation and hane
expected lifetime of 20 or more years.

8. Disadvantages

Currently, solar energy is only viable for indivalu
household use rather than large-scale production.

In winter, there is a decrease in power generatedtd the
decrease in sun and there is no generation at night

10. Current Wind energy applications in Pakistan:

AEDB installed a total of a 140 micro Wind Turbin@s39
of 500 watt each and one of 10 KW) in remote vilagf
Sindh and Balochistan Provinces to supply power
residents for household utilization. The mechanigias
designed such that one turbine was utilized totefhecs

household. Most of the turbines installed by AEDRBrev
imported from China and a few were manufactureallpc
The details in this regard are as follows:

to

Highway Emergency Telephones are being poweredgusin g 1 Imported

solar energy.

Keeping vaccine and medicine
refrigerators.

cold by powering

A total of 124 micro wind turbines of 500 watt cajig were
imported from China. The turbines were of (Model. ldad
detail). These turbines have been installed asigtail given

“Empower Consultants of New Zealand is a renewabléelow.

energy specialist is working on the project in tlesserts of
Gawadar (Balochistan). The goal of the projecbigrovide

approximately 30 kWh and to facilitate the poor gleoof

that remote area.” “ The ‘prime mover’ for the pdj is

centered on a 6 kW solar PV array, with a 10 k\Weiter,

large capacity (90 kwWh) battery bank, 100 Amp 120C/
solar charge controller and 7 kW backup diesel geoe
forming the backbone of the system”.

Solar energy does not have large scale implementanti

All these turbines have satisfactory results. Tihecfionality
of these turbines has been very good. Though, theysiem
installed in house experienced failure. Almost 66%tthe
turbines got drained. This happened because thdledsve
utilized more power than permitted.

10.2 Locally manufactured

A total of 15 micro wind turbines 500 watt capacitsere
developed through local market. The generatorsttiese

Pakistan. Different companies are making, watchesy,hines were imported from China. Resets of thie were

calculators and cellular phones powered by photaiol

cells, battery chargers, garden lights and low powey,mal Karachi.

photovoltaic lamps.

The Siemens Pakistan has installed microwave Epleater
stations on the Lahore-Islamabad Motorway, in that S
Range area and more than 350 emergency call boxes.

9. Current solar energy applications in Pakistan

Now in Pakistan different technologies are usin¢gaSand
photovoltaic technologies on small scale.

9.1. Solar Water Pumping & Home Electrification in a
Balochistan, Pakistan

The main purpose of this project was to help wombo are
working to get water from the well and also to pdevthe
villagers lights in the evening. This will also pelillagers to
save money.

This project was a low cost because most of thepcments
installed do not require any maintenance. PV pansésd
have an average life of 30 years. Hand pump is&ggdeto
last about 4 years. The lights have also estimétedof
about 1 year. Both photovoltaic and solar
technologies have great potential and applicatidhakistan;

manufactured within the factory. The developer \&dmh
These turbines were installed itovaing
locations.

These turbines have not given successful resules tdu
malfunctioning blade design. Most of these havenbee
dismantled.

11. Pakistan Council for Renewable Energy Technoldgs

PCRET installed a total of 134 micro wind turbines
remote villages of Sindh Province to supply power t
residents for household utilization. Most of thebines
installed by PCRET were imported from China ancew f
were imported from China and a few were manufadture
locally. The details in this regard are as follows.

11.1 Imported

In year 2002, 14 micro wind turbines (6 of 500 Watach
and 8 of 300 watts each) were imported from China.of
these , 8 were installed in coastal belt of Balsin ( 3 at
Dhoajee, 2 at Phore and 3 at Mata Mandar Hingkgpklla)

thermagnd 6 wind turbines were installed in the coaatehs of

Sindh (one at super High way Karachi, 3 at Gujjd 2nat

however, they are not being utilized on major scaléharo Chan).

anywhere in Pakistan. On small scales the solamggrieas
been utilizing for more than 25 years. The follogvia some
of the application areas of solar thermal and phuaitaic
technologies.

In 2004, PCRET imported 116 micro wind turbines560
watts each and installed in remote coastal are&noth and
Balochistan. Through this Project, 1,430 househudde
been given electricity. All these turbines wereoathina

Most efficient way to utilize solar energy is using made, PCRET has Installed these turbines throwgbvin

photovoltaic cells it converts solar radiation®idt voltage.
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11.2 Local

PCRET also has made efforts to initiate local mactufring
Of 500 watts wind turbines under ToT from China &ati0
Kw wind turbines under ToT from some European coest
These turbines have passed all the laboratory éestsnow
are going under field testing phase, the detailprofate
company who have been engaged by PCRET.

12. Current Wind energy applications in Pakistan

Windmills are also used to provide electricity the street
lights. These types of street lights are used aferide
Housing Authority (DHA)
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14. Future Enhancements

14.1 Low Cost Wind Turbine Implementation

In future a low cost wind turbine can be constrddteat can
be connected to our system with some enhancements.
14.2 Solar Panels with Tracking System

Developing a tracking system for the solar pandigkvwill
ensure maximum energy transfer from sun.

14.3 Improving capacity of batteries at low cost

Another aspect that can be improved is the incréase
capacity of batteries.

14.4 Efficient and Low cost Solar Panels

Someone can work on the solar panels so that te riegm
cost effective.

The graph below is showing the percentage use ef thREFERENCES

electricity for the different sectors of Sindh. $hgraph
shows that maximum consumption is in domestic sez$o
the electricity costs more when it is produced fréime
conventional sources, so there should be some woffice
the production of electricity from the other natuesources.

Graph-2: Electricity consumption in province of @mn

13. Proposed Work:

The main objective of the project is that it shobi&lable to
run 1 KW load at 50 Hz. We have divided this projeto
different phases and each phase has a specific goal

The top level diagram of a hybrid renewable enesgyrce
is given below:
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Simulations of Interleaving Two Switched-Inductor Hybrid DC Boost
Converters For Fuel Cell Applications
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Abstract ripple minimization, inductor size reduction, andifarm
This research paper introduces the interleavingtab  heat dissipation [5]-[8].

switched-inductor hybrid units for increasing outpDC

voltage of a DC converter. The bene ts of the prsgm
converter include high DC voltage gain and reduciggle

current. The proposed converter operates in fourdeso
working of all the four modes are discussed. A eational

method of controlling the proposed converter is fadd.

Simulated steady state analysis including wavefoohs
converter input current, inductor current and vajes,

power electronics switching device current and agds,

output load current and voltages are presented.uRes
show that the proposed converter demonstrates the
maximum efficiency of approximately 85% at a datyorof

0.4.

Index Terms

Energy Conversion, Fuel Cells, Energy System Modeli
DC-DC Power Conversion, Interleaved Step-Up Dc
Converter, Switched-Inductor Step-Up Dc Converter.

The switched-inductor hybrid circuit technique assgnted
by Axelrod et al. [10], provides an excellent higrC
voltage gain. In addition, this technique reducesremt
stresses in the power electronic switching devibes lead
to low conduction losses [10]-[11], however, thsuis of
ripple current may rise as D decreases.

This research paper proposes a circuit topology tha

1. INTRODUCTION

Wing to the overwhelming applications of fuel cell_C),
electrical engineers and researchers have coredbut
remarkable research in this area. The major reseaeas
include portable power, transportation, and coriaacof Fig. 1. The proposed interleaved switched-indudigbrid DC boost
FCs to distribution-grid (distributed generationpn ireutt
inherent characteristic of a typical FC is thagé&nerates

low DC output load voltage [1], which is usuallys¢ethan

the voltage required for DC-link voltages. TherefoFCs

are used in various applications by means of a 2@-gp

boost converter. One disadvantage of convention@l D
boost converter is that the Iter-capacitor is naiin large

to reduce the ripple current. Another problem iattthe

output load voltage is sensitive to duty ratio Bpecially

when this ratio ranges from 0.5 to 1 [2].

Isolated DC boost converters equipped with power

transformers are normally bulky in volume. The pgam@a

inductance of the transformer cause efciency dduomg

factors such as unavoidable voltage burden, exaessi

transient current, conduction losses during thaimbgy on

and off the power electronics switching elementd an

electromagnetic interference (EMI) [3]. ConventibizC

converters employing coupled-inductors or  yback

transformers, comfortably step up output voltage,

nevertheless the leakage inductance of the coupthdtor

causes high voltage stress and decreases the refycig].

Techniques have been proposed to resolve the above

mentioned problems [5]-[11]. Interleaved DC boOStFig. 2 Generation of the duty cycle signal. (a)toancircuit scheme. (I
converters include features such as output loadegtr the timing waveforms.
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Fig. 2 Various operating modes along with curréomvfpath, of the of the proposed switch-inductobifiy DC converter. (a) Mode 1. (b) Mode 2. (c)

Mode 3. (d) Mode 4

interleaves two switched-inductor hybrid units. Therit
of using the switched-inductor hybrid unit is thet
provides a DC voltage gain to the load. Whereas, th
merit of interleaving includes ripple current retlog,
whereas another merit is that additional switchretlsctor
hybrid units can be interleaved, and the circuityrba
expanded. It is understood that by interleavingitamitl
switched-inductor hybrid units, the ripple curremiy
further decrease. Such a technique may aid in neguc
the lter capacitor size. The scope of this reshgpaper
is to demonstrate the interleaving of only two sivd-
inductor hybrid units.

2. INTERLEAVED SWITCHED-INDUCTOR
HYBRID DC BOOST CONVERTER

Fig. 1 displays the proposed interleaved switched-
inductor hybrid DC boost converter circuit. A fusgll is
connected to two switched-inductor hybrid units,eveh
switched-inductor hybrid unit number 1 consists of
inductors I3 and L, and fast-switching diodes;PD,, and
Ds. Similarly, switched-inductor hybrid unit number 2
consists of inductors J.and L, and the fast-switching
diodes are R Ds, and . Switched-inductor hybrid unit
number 1 and 2 are interleaved by the help of MORB§E
-1 and -2, respectively. Diodes;@and 0, and DB, are
used as reverse current blocking diodes. Whereas &
Iter capacitor and R is the load resistance. It is assumed
the inductors L, Ly, Ls, and L, have identical symmetry
and value.

2.1 Generation of Control Sequence

Fig. 2(a) displays the control scheme where a fanct
generator generates a triangular voltage foavevy.
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This triangular voltage is fed to the invertingniémal of
operational ampli er (op-amp) 1 and to the non-irtirey
terminal of op-amp 2. Both op-amps are being used a
comparators. The non-inverting terminal of op-amgs 1
provided with the reference voltagger The inverting
terminal of op-amp 2 is provided with a modied
reference voltagexer, given as

Veer = Vcc ~ Veer 1)

Where \tc is the peak voltage of triangular voltage
waveform as shown in Fig. 2(b). The outputs of oypa -

1 and -2 are connected to separate commercial MOSFE
drivers such as model IR2110 manufactured by
International Recti ef. The output voltage signals of
individual drivers, i.e.,vg; and vg, drive the gate-
terminals of MOSFET-1 and -2, respectively.

2.2 Working of a Switched-Inductor Hybrid Unit
Depicted in Fig. 1, the working of a switch-inducto
hybrid unit will be presented. For example, as ME%HA

is switched ON inductor Lis energized through fDand

L, is energized though DThe voltage polarity appearing
across inductors,land L, are the same as of the fuel cell
voltage, \bc, under such condition the inductors appear in
parallel con guration. Ifi_; is the current in |, andi, is

the current in b, since the inductors are in symmetry,
then

V,

S, = - (tz'tl) @

L

where { and } represent the starting and ending time of
mode-1, respectively.

L1



Fig. 3 Simulated response of the proposed switdhddetor hybrid DC converter (a) for D= 0.3 (b) for 0.5 (c) for D= 0.7

However, when MOSFET-1 is switched OFF, the voltage Ve = Voo TV, H Y, ®3)
polarity of inductors L and L, reverses in direction. The 2.3 Working of the proposed circuit

reverse polarity across inductors Bnd L, reverse bias With reference to Fig. 1, the steady state analybihie proposed
diodes D and I, respectively. With B and I} reversed interleaveq switched-inductor hybrid DC convertedescribed in
biased, the current owing in L ows through and B and the following four modes. It shoyld be noted thattbMOSFETSs
then through L Therefore, inductorsland L, become a have same turn-on and wrn-off times.

series circuit. Assuming a zero voltage drop acrass Mode-1: Fig. 3(a) demonstrates the instant when MEIS1 is
conducting diode, the voltage appearing acrossode,v,,  turned ON and MOSFET-2 is OFF. Inductogsdnd Lo, of

is expressed as,
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switched-inductor hybrid unit 1, appear in paralteln guration

and are charged with a constant voltage. For thielssd-inductor
hybrid unit 2, since MOSFET-2 is turned, the industl; and Ly

appear in series con guration. The voltage strebseoved at
source-terminals of MOSFET-2 is essentially eqoathte output
load voltage.

Mode-2: Fig. 3(b) demonstrates the instant wheh MOSFET-1
and -2 are turned off. The inductors of switchediictor hybrid
unit 1 are now in series con guration. Similarlyetinductors of
switched-inductor hybrid unit 2 are now also in iesgr
con guration In this mode inductors of both switchimductor

Parameter D=03 D=05 D=0.7 Unit
Min. Max. Min. Max. Min. Max.

in 21 4.12 7 10.27 20.37 28.13 A

Vi1, Via, Vs Via -6.2 13.78 -13 13 -26.12 107V
iL1, L2, iis, s 0.75 1.56 1.93 3.24 6.1 7.54 A
Vp2, V3, Vps, Vb -5.33 0.86 -12.13 0.86 -25.24 0.91 \
Vmost, Vmos2 0.43 26.51 11 40 3.38 66.34 \
imos1, imos2 -0.1 3.13 -0.1 6.4 -0.1 15.08 A
A 23.4 24.8 37.5 38.4 56.44 64.58 \Y
i 1.56 1.65 2.5 25 3.76 4.3 A
ic1 -0.6 1 0.8 2.56 -4.3 3.85 A

Fig. 4 Simulated performance of various parametérthe proposed switch-inductor hybrid DC convexgcuit as D ranges from 0 to 1 (a) shows the
average input current (b) shows the power dissipati MOSFETS -1 and -2 (c) shows the average olpd voltage (d) shows the efficiency

hybrid units are essentially discharging via thedloThe voltage
stress observed at source-terminals of both MOSFETs
essentially equal to the output load voltage.

Mode-3: Fig. 3(c) demonstrates the instant when FEB1 is
turned off and MOSFET-2 is on. For the switcheddictdr
hybrid unit 1, the inductors ;L and L, appear in series
con guration. The voltage stress observed at setenminal of
MOSFET-1 is essentially equal to the output loadtage.
Inductors L and L, of switched-inductor hybrid unit 2, appear
in parallel con guration and are charged with a stamt voltage,
i.e., Voc.

Mode-4: Fig. 3(d) demonstrates the instant when RE-1
and -2 are both turned on. In this mode, all indisctof
switched-inductor hybrid unit 1 and 2 appear in aflar
con guration, and are in charging state. Duringstimode-4,
since the diodes ) Dg, and 03, are reversed biased, therefore,
the capacitor €discharges through the load resistor.

Table 2. Proposed Interleaved Switched-Inductor ridylbc Boost
Converter Maximum And Minimum Voltage And CurrenalMes For
Variuosd Kept Equal To 0.3, 0.5, And 0.7
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3. SIMULATED RESULTS

The proposed interleaved switched-inductor hybridC D
converter circuit is simulated using Proteus Virt&ystem
Modeling (VSM)TM software from Labcenter Electroshit.
Proteus VSMTM had been selected as it routines anmede
SPICEL circuit simulations. SPICE abbreviates fanuation
Program with Integrated Circuit Emphasis.

With reference to Fig. 1, the circuit parameters aet as
follows; input voltage W¥c=15V, inductors L, L,, Ls, and Ly =
500pH each, capacitor;& 10uF (polarized capacitor), diodes
D, to Dy are fast switching diodes (e.g., model number SBJFk1
both MOSFETs -1 and -2 were IRFP460, whereasiR .
These circuit parameter were so selected that trvecter
operates in continuous conduction mode (CCM).

The control signals for driving the MOSFETs-1 aldhs shown
in Fig. 2, were generated by setting the frequen€ythe
triangular voltage waveform to 10kHz, and a pedkage, \cc,

=10V. As indicated in the gure, the duty cyclevariable from
0 to 1. The reference voltagger, was variable from 0 to 10 V.

1) Results for D = 0.3 (D < 0.5)Fig. 4(a) displays the voltage
and current waveforms of the proposed interleaweiticlsed-
inductor hybrid DC boost converter for D = 0.3. @mode-1, -
2, and -3, are present whereas mode-4 is absentarFnput
voltage of 15V, the minimum and maximum voltage andent
values of various circuit components are summariaethble .
Such a summary may also be useful in determiniregnihl



properties of electronic components in the circliite observed
average DC output voltage is approximately equakty .

2) Results for D = 0.5Fig. 4(b) displays the voltage and current
waveforms of the proposed interleaved switched-étmtuhybrid
DC boost converter for D = 0.5. Only mode-1 anda+®, present
whereas mode-2, and -4 are absent. For an inptagebf 15V,
the minimum and maximum voltage and current valoés
various circuit components are summarized in Tdbl&he
observed average DC output voltage is approximaglyal to
38V.

3) Results for D = 0.7 (D > 0.5)The simulated voltage and
current waveforms of the interleaved switched-indudybrid

DC boost converter for D = 0.7, are presented @n &(c). Only
mode-1, -3, and -4 are present whereas mode-ZenalFor an
input voltage of 15V, the minimum and maximum vgéaand
current values of various circuit components amrsarized in
Table |. The observed average DC output voltage is
approximately equal to 60V, whereas the peak-tdcpmaput
ripple voltage is observed to be 8V.

4. DISCUSSION

A careful examination of Fig. 4 indicates that &ogiven value
of D, the proposed interleaved switched-inductobrtdy DC

boost converter operates only in three modes afadipa. When
D is kept less than 0.5, e.g., as in Fig. 4(a) @bd-2, and -3
are present whereas mode-4 is absent), in thisittmmdD <

0.5), the capacitor C1 charges in mode -1 and -3ewih

discharges in mode -2. However, the condition D.5 i8 an
exception where the proposed converter operatgsiomhode-1
and -3. When D = 0.5, as in Fig. 4(b), the capactocharges
and discharges in the same mode. Whereas, for B,>@., in
Fig. 4(c), only mode-1, -3, and -4 are observedhis condition
(D > 0.5), the capacitor C1 charges in mode -1 -@ndhile it

discharges in mode -4.

Observations of average input current, power-désp in
MOSFET-1 (also applicable to MOSFET-2), output load
voltage, and ef ciency of the proposed converter,aafunction
of D are presented in Fig. 5. Fig. 5(a) displayat tthe input
current increases exponentially as D increasesaha@lue of D
beyond 0.7 the input current becomes excessive.ldrgis can
be explained as follows. The input current is comsd only at
the time when MOSFETs-1 or -2 are switched on Kert
respective time), for values of D less than 0.B¢csithis the
switching time of MOSFETSs is small as compared um-off
time therefore the input current is consumed ldssvever, as D
increase beyond 0.5, the MOSFET turn-on time excéee turn
off time and thereby, causing more current to besamed from
the source. Fig. 5(b) indicates the consequenceacoéasing
the input current is faced by the MOSFETSs in thenfof large
dissipation loss and large stress voltage (alsdeTbFig. 5(c)
suggests that the load voltage of proposed inteztéawitched-
inductor hybrid DC boost converter may be considédireear for
D ranging from 0 to 0.6. An interesting observatismegarding
the efficiency of the proposed converter as shawfig. 5(d).
The simulated results indicate that the proposewexer shows
highest efficiency of 85 % for D = 0.4.

5. CONCLUSION

The main contribution of this research is to putvard a model
of the interleaved switched-inductor hybrid DC certer.
Results have shown that the proposed interleaveittisu-
inductor hybrid DC converter shows stability fortyguratio
ranging from 0.1 to 0.7 . The proposed converter @gerate in

25

four-modes with the help of interleaved switchirgghnique.
The main advantage of the proposed converter isldher
stored energy in the magnetic elements, which ldadkess
weight, size and cost reduction for the inductoks. more
switched-inductor hybrid units are interleaved ttex capacitor
size can be reduced. Simulated results of the pexpoonverter
substantiate the performance of the design system.

6. REFERENCES

[1] W. Li, Y. Zhao, Y. Deng, and X. He, “Interleaved
converter with voltage multiplier cell for high gteip and
high-ef ciency conversion,1lEEE Trans. Power Electron
Vol. 25, No. 9, Sept. 2010, pp. 2397-2408.

[2] Muhammad H. Rashid, “Power Electronics: Circuits,
Devices and Applications,Prentice Hall, 3ed Aug. 14,
2003, pp.176-177.

[3] M. Prudente, L. L. Ptscher, G. Emmendoerfer, E. F.
Romaneli, and R. Gules “Voltage multiplier cellphed to
non-isolated DCDC converters,IEEE Trans. Power
Electron, Vol. 23, No. 2, March 2008, pp. 871-887.

[4] Q. Zhao, and F. C. Lee “High-ef ciency, high step-dc-
dc converters,IEEE Trans. Power ElectronVol. 18, No.
1, Jan. 2003, pp. 65-73.

[5] W. Li, and X. He, “Review of nonisolated high-step-
dc/dc  converters in  photovoltaic  grid-connected
applications,”|EEE Trans. Ind. Electron Vol. 58, No. 4,
April 2011, pp. 1239-1250.

[6] P. Lee, Y. Lee, D. Cheng, and X. Liu, “Steady-state
analysis of an interleaved boost converter with pbed
inductors,IEEE Trans. Ind. ElectranVol. 47, No. 4, Aug.
2000, pp. 787-795.

[7] G. Calderon-Lopez, A. J. Forsyth, and D. R. Nuttall
“Design and performance evaluation of a 10-kW
interleaved boost converter for a fuel cell electrehicle,”
Proc. IEEE Power Electron. Motion Control CaonfAug.
2006, Vol. 2, pp. 1-5.

[8] P. Thounthong, and S. Pierfederici “A new contralv|
based on the differential atness principle for tiphase
interleaved DC-DC converter[EEE Trans. Circuits Syst-
Il: Express Briefs Vol. 57, No. 11, Nov. 2010. pp. 903—
907.

[9] J. Lee, Y. Jeong, and B.Han “An isolated dc/dc eoter
using high-frequency unregulated LLC resonant cdeve
for fuel cell applications,TEEE Trans. Ind. ElectranVol.
58, No. 7, July 2011, pp. 2926-2934.

[10] B. Axelrod, Y. Berkovich, and A. loinovici, “Swited-
capacitor/switched-inductor ~ structures  for  getting
transformerless hybrid DC-DC PWM converter$EZEE
Trans. Circuits Syst-I: Reg. Pape®l. 55, no. 2, pp. 687-
696, Mar. 2008.

[11] L. S. Yang, T. Liang, and J. Chen, “Transfortegs DC-
DC converters with High step-up voltage gainEEE
Trans. Ind. Electron.Vol. 56, no. 8, Aug. 2009. pp. 3144—
3152.

K*kkk



Cellular Communication Using Single band Microstrip Patch Antenna Model

Engr. Omer Igbal, Engr. Abid Hussain Chohan,
Engr. Farhan Fareed Khan
Dept. of Electrical & Electronics Engineering
NFC Institute of Engineering & Technological TraigiMultan, Pakistan

Abstract

The cellular industry was brought into being abg6tyears
from today, presently, producing $400 billion innasml
revenues, intensifying its growth to the hig fsestle, with
superlatively 4.1 billion subscribers from all amad the
world. Moving back to the 1980's, heavily built lakr

handsets that were large and awkward to carry ovejo
were soon replaced by advancements in VLSI techpolo

which empowered size reduction by using microprsmess
chips.

One of the techniques for decreasing the handzgetisithe

incessant is advantageous for advanced efficientythis
requires larger antenna size, thus higher dietectnstant
for designing the compact antenna must be used [1].

usage of compact antennas. A MPA (Microstrip Patch

Antenna) made up of a plane called “ground plané¢’oae

side of a patch. The other side of the patch costai

dielectric substrate. This type of antenna mostgdiin
applications like mobile phones, satellite commatiéns
and etc. because of its beneficial factors, sucless weight
/ volume, less construction costs, capability teiragdate
with MICs (microwave integrated circuits) and lge®file
planar configuration. This research study is basad a
compact microstrip patch antenna which is radiatdl.9

GHz for use in cellular phones and established ltssu

present a practical antenna model for incorporatiom
mobile phone.

[. INTRODUCTION

In its original structure, a MPA is basically madp of
dielectric substrate which have the plane calledbtigd
plane” at one side and radiating patch on the otide as
presented in Figure 1. Radiating patch is usualgenup of
gold or copper which is conducting in nature, ipatae to
pick any desired shape. The feed lines are engrayeding
a photomechanical process on the dielectric substieo

Figure 1 MPA (Microstrip Patch Antenna)

structure [1].

Figure 2 Microstrip patch element shapes [1].

II. DESIGN SPECIFICATIONS
The most basic elements for design of above said

reduce the complexity of exploration and performanc réctangular MPA are as follow:

prediction, the patch is kept circular, square,taegle,
triangular, and ovate or more collective shapeprasented
in Figure 2. The rectangular shape patch lefigthis taken
in the range 00.3334 , <L < 0.500%,,, where, thet is
“free space wavelength”. The patch on MPA is chdselpe
narrow such thatt << 4, where, t' represents the
thickness of patch. Height of dielectric substrake is
taken in the range of 0.003), h 0.050i,. The s,
called “constant of the dielectric substrat).) is taken to

be in the range of 2.20,. 12.0 [1].

Operational Frequency (f,): It is designed to be
functioning in the range of frequency of PCS (183®0
MHz) and the resonant frequency of 1.90 GHz [2].
Dielectric constant of substrate £..): Silicon is dielectric
material and is used in this antenna model.of 11.90 is

selected for this model. The high&r is selected because of
reduction in size [1].

Dielectric substrate height (h): The dielectric substrate
height chosen in this design is 1.50 mm [1].

Ill. DESIGN PROCEDURE

MPA radiates predominantly due to the marginal area

between edge of the patch and ground plane. A digle

The model used for this antenna design is transonisse

substrate with a greater bandwidth and low dielectr [3-10].
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Figure 3 Top view of MPA.
Width Computation (W): The relation given below is used
to calculate width of MPA.

c
W =
|E;-+1

Ef:,_‘\l

Putting the values of constant in the above egnatic-
3x1¢® m/s, =, = 11.90 andf, = 1.90x10 Hz.

W= 31.10x1C° m or 31.10 mm.

Effective dielectric constant computation Er'ﬂff): The
relation given below is used to calculate the eifec
dielectric constant as:

5+ 1 5 -1 7&.
"2 T3 [HLW

By putting, £, = 11.90,W = 31.10x1¢° m or 31.10 mm and
h=1.50x10°m = 1.50 mm we get:

£,e57 = 10.78710.

—1/2

e (20

Ereff

Effective length computation L s¢): L.sr of the

proposed antenna is computed by using the relafioan
below:

c
2f; +f Breff

Putting &, - » = 10.78710¢= 3x1F m/s andf, = 1.90x16
Hz, we get:

Lerr =

L ¢y =24x10°m =24 mm.

Computation of length extension (L): Equation used to
calculate the extension length is given below:

W
(erer + 03) G + 0.264)
AL = 0412k

W
(erejr — 0.258) (- +0.8)

Substitutinge ., ¢ ¢ = 10.78710W = 31.10x10° m or 31.10
mm andh = 1.50x10° m or 1.50 mm we get:
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L = 6.34550x1¢ m or 6.34550 mm.

Actual length of patch computation (): The L is obtained
by following relation given below:

L =Lt —24L .. (3)

By putting L _ ; - = 24x10°m or 24.0 mm and L =
6.34550x10 m or 6.34550 mm we get:

L =22.80x10°m = 22.80 mm.

Ground plane dimensions computation f,g and Wg):

The TL model is only relevant to infinite groundapés, but
in case of practical deliberation, there must bdinite
ground plane. It has been proved that, if the gioplane
size is larger than six times the patch dimensitiesresults
are similar for both finite and infinite ground pkss.
Ground plane size / dimension for this antenna giesi
would be as:

Ly=6R+L (6)
= 6(1.5) +22.8 = 31.8mm
W, =6h+ W ... (7)

= 6(1.5) +31.1 = 40.1mm

Feed point location determination &; ,Y:): In this
antenna design / model coaxial probe feed typesésl.uAs
presenting in Figure 3, the center of the pataledgmrded as

derivation and feed spot is specified by coordisga,¥’;)

from the derivation. The feed point on the patchstrhe at
that spot, where impedance (input impedance) is 58t
resonant frequency. Therefore, a method called &mal
error method is used to determine feed point ard feoint
is chosen where the R.L (return loss) is provedbéo
negative. A point is found there beside the patdiere R.L

is at the lowest degree. Therefoi; will be zero in this

design, andX: will be assorted to search the optimum feed
point.

IV. SIMULATION SETUP AND RESULT

The software which is put to use to conjure up the
microstrip patch antenna is FEKO software. It isnptete
wave electromagnetic simulator which analyzes dhffie
shapes of multilayer structure. It is used to plod calculate
current distributionsS;; parameters, VSWR and radiation
patterns also. Putting it to simplicity, width aleshgth of the
ground and patch rounded off to the following valaes:L

= 22x10° m, W = 31x10°* m, L ; = 31x10® m andWg =
40x10° m.

A. Calculation of Antenna bandwidth and Return Iss:

For feeding, “co-axial probe type feed” is used.idt
designed to a radius of 0.50x3M. 1.70x18 to 2.1x168 Hz
frequency range is selected. Approximately 401 fsoare
selected to determine the accurate / precise sesult



Table 1 Center frequency, bandwidth and return loss
calculation for different feed location.

Bandwidth will be accessed from RL plot, whereamter
frequency is chosen where the RL is least. The wahl is
from the category of frequencies above which théure
loss is superior to -9.50 dB (where -9.50 dB cqroesls to
a VSWR of 2). The optimum feed point accordingthie

table 1 is found at¥;,¥;) = (4, 0) where RL -31.3585 dB is

achieved. The antenna bandwidth at this feed pwint
calculated (shown in Figure 4) to be around 23.2&Nnd

B. Plots of Radiation Pattern:

Elevation pattern for = 90, = 0 is important because
MPA radiates to its patch. Figure 5 below presantgnna
gain at 1.912x1DHz for = 90, = 0 degrees. The

antenna’s greatest gain is obtained in broadsidectiin
and this gain is measured to be 1.87 dB both fer90 and

= 0 degrees. The back lobe radiation is measurdxb t-
5.30 dB for above plot which is very small. It alsxluce
amount of electromagnetic radiations moving towarskr’s
head and this is an additional benefit of using #mtenna in
cellular phone. The three-Dimensional plots for sthi
proposed antenna are displayed in Figure 6 at rdiffe
angles.

C. Other Calculated Parameters:

Some other calculated parameters, thus named, 3edBh
width for the antenna at 1.9120 GHz, gain, antenna
efficiency, and directivity are (106.85, 110.24)37217 dB,
42.77%, and 5.56 dB respectively.

the center frequency 1.9120 GHz is achieved. This

frequency is near to the required design frequefic®
GHz). It is also noted that the maximum bandwidsh i

obtained at¥:,Y;) = (4.75, 0).

Figure 4 Return losses at different feed locations.
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Figure 5 Elevation Pattern of proposed antenna fer90,
=0 degree’s.

Figure 6 (a) 3-diemensional radiation pattern inp{@he along Y-axis.
(b) 3-diemensional radiation pattern in XY plaeng Z axis.



V. CONCLUSION

The ground plane
devised to be 31 mm by 40 mm, while the patgh
measurements stand at 22 mm by 31 mm, precisedy, th
antenna is shrink well in accordance with the adjest
space in a typical cellular phone, measuring alidub cm
by 4.5 cm.

For compulsory antenna orientation, radiation patggots
are obtained. The decreased back lobe radiation isaw
remarkable invention, which helps in diminishing
electromagnetic energy amount radiated toward$fi¢lael of
the phone holder. An adequate bandwidth of 23.282 MH
obtained in this proposed antenna design, whiclals$®
beneficial for cellular gadgets in the PCS varisiyce 30
KHz channels are used by GSM and TDMA systems.

Aims have been set to encompass this concept umeftio a
multiband design. Engineers have foreseen the aédan
future of cellular phones, and one of the featunesild
include a single handset to provide a large numidfer
applications. Indoors, the cell phone / handset lgvoy
function in identical frequency range of a cordigs®ne,
and attached to local telephone exchange. Whenooutd
handset would connect to mobile networks, and fram
distance, or far from home; the handset would conwia
satellite to arrange signals to the user.
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Everything that irritates us about others can leado
an understanding of ourselves.
Carl Jung

The mind is its own place, and is itself, can mak
Heaven of Hell, a Hell of Heaven
John Milton

The object of all psychology is to give us a tot3
different idea of the things we know best.
Paul Valey

Judgment is more than skill. It sets forth on ieitual
seas beyond the shores of hard indisputable fa
information.

Kingman Brester

| have always thought the actions of men the |
interpreters of their thoughts to old age.
Friedrisch Wilhelm Nietzche

Iron rusts from disuse, stagnant water loses iti&ypu

ctual

pest

and in cold weather becomes frozen; ever so does

inaction sap the vigors of the mind.
Leonardo da Vinci

Everyman who expresses a honest thought is a sd
in the army of intellectual liberty.
Robert G. Ingersol

Learning without thought is labor lost; thought hatit
learning is perilous.
Walter Lippmann

One must learn to think well before learning tonkh
afterwards it proves too difficult.
Anatole France

When he who hears does not know what he who sp
means, and when he who speaks does not know wh
himself means — that is philosophy.

Voltaire

The first test of a truly great man is his humility
John Ruskin

Prejudice is the child of ignorance.
William Hazlitt

The nobler a man, the harder it is for him to saspe

inferiority in others.
Cicero

Idie

eaks
at he

[11] www.feko.info.
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Abstract:

In this article, the concept of long reach passogtical
network (LR-PON) is discussed in the opening sect®o

number of access techniques are available but OCDM

technology is proposed for this network. There arany

OCDMA coding schemes. Among these, a 2-D Prime/OO

code family is selected for encoding and decodintpé LR-
PON on the grounds of
performance. This combination is simulated with tvgers

its cardinality and good

section 1. Simulation set up is described in gettV. In
the last section of this article, results have baralyzed

and performance of LR-PON OCDMA network is

Evaluated.

Il. Long Reach PON (LR-PON)

g general LR-PON architecture consists of an emldrg
shared optical fiber linking the central office (Lénd the
local user exchange, and optical splitter conngctin
subscribers to the fiber. The basic idea of LR-P®No

to prove the feasibility of this scheme. The sitnutais
done for 100 km without any dispersion compensatin
arrangements. Results establish that this is aleia®tup
and can be deployed in the future access netwaorksdst
efficiency and improved performance

enhance the reach of the network and reduce thietsing
fodes. This causes a much simpler architecture and
produces a hierarchy of telecom networks. A codsdibn

of access and metro networks [5-6] is achievedmg Ireach
networks as illustrated in fig. 1. LR-PON reducesthb
Key Words: Optical Code Division Multiple Access network capital expenditure (CapEx) and operatiogt c
Network (OCDMA), Long Reach Passive Optical Network (OpEXx) [7].

(LR-PON), 2-D coding, Optical Orthogonal Codes (GC

. INTRODUCTION

Wide scale deployment of fiber to the home (FTTHjhe
breakneck speed is the latest phenomenon in thesscc
network and it is developing a new type of passipécal
network (PON) that is beyond 20 km, called longetea
(LR) PON [1-2]. This is flourishing due to the larg
bandwidth demands in access network [3].

LR-PONSs have usually larger split ratios. This tesin the
reduction of the cost of the equipment becausecalpti
components are shared by

There are a number of optical access technologied in
LR-PON from TDM to WDM to hybrid of TDM with other
technologies. Among these, OCDM is considered as a
potential candidate for future access network beeauhas
some advantages over other access solutions. riges to
fulfill the rising demands of higher bandwidth ard
provide spectrally efficient access networks [4].

Fig. 1 Simplified Long-Reach PON

each subscriber among customers. Thus the cosheof t
equipment for each subscriber is reduced.

As per ITU-T standardization, Gigabit PON (GPON) is
designed for 60 km distance between Optical Linemiieal
There are various coding schemes used in OCDMAOLT) and farthest Optical Network Unit (ONU) with
networks. Since 2-D codes have higher cardinalisy amaximum 1:64 split ratio [8]. To further increadeetlink
compared to 1-D codes, these will be used in theorks  reach and coverage of OLT, optical amplifiers arbe used
having larger number of users. One of these 2-Degad  in GPON. Researchers in 1990s were also interestéuk
prime/O0C code. It uses OOC code in the time doraath idea of extending the reach via intermediate optica
prime coding is done for wavelength domain. amplifiers [9]. However, the maximum reach of Dense
. , L Wavelength-Division-Multiplexed-Passive-Optical-Metrk
In this paper, LR-PON along with OCDMA is simulated B S L .
Section Il gives a brief overview of LR-PON. Aftdérat, 2- (DWDM-PON) is limited due to chromatic dispersialOf

i T . 11]. It can be mitigated by using several dispersio
D OCDMA code Prime/OOC OCDMA s discussed in compensating measures such as applying opticallesing
40

By combining OCDMA with long reach access netwak,
better and cost-effective solution can be develdipedast

mile section. When both of these are blended,ntmaduce

a viable network solution that will have cost afficcy and

enhanced performance.



sideband with carrier (OSSB+C) modulation, an atic
carrier suppression modulation, Chirped Fiber
Gratings (FBG) [12], and Dispersion CompensatiobeFi
(DCF) [13]. In recent years Fiber Bragg Grating8@s)
[14] and Dispersion Compensation Fiber (DCF) hagerb
identified as effective remedies for minimizing #féects of
chromatic dispersion and improving the bit errotesa
(BER) [15].

simultaneous users. The desired codes should Have t

Bragdowest cross-correlation in order to eliminate MAL.

Now let us discuss a new 2-D code family. This code
family, based on wavelength-time was introducegdrime /
OOC [18] with particular aim to increase the caadiiy of
the code. In order to increase the number of coflescode
family, cross-correlation was increased from 1 t&@r this
purpose, i, w, , 2) was used. This increased cardinality

In this proposed simulation, no any such dispersioran pe useful in the applications where broadbandces
compensation techniques have been applied. Onlyepow e offered with different data rates. Constructieails of

boosting component EDFA is used.

Now the 2-D selected for this simulation is briedigscribed
in the following section to give a theoretical urstanding.

lll. 2-D Codes in OCDMA

In OCDMA, coding is done on signal by using timardon,
frequency domain or combination of both. Besidgmce
and polarization are also two another dimensioresl dsr
OCDMA coding. The later set of dimension is usedwB-
D are required to be developed.

In 1-D code, only one aspect is used to encryptddiz.

Like time spreading or frequency hopping. Theiringdand

construction is simple. But 1-D codes have manyplgms.

Their cardinality is low and can sustain only liedtnumber
of simultaneous users equivalent to their cardinali
Secondly, if the codes use frequency spreading, tie no.

of subscribers is in direct proportion to the léngf code or
in other words related to the frequency spreaditigen the

number of subscribers grows, multiuser interfereats

accumulates. Therefore the bit error rate alsoesses
forcing the system to reduce the number of simelbasly

communicating subscribers.

To overcome these shortcomings, many 2-D code ignil
have been developed in the past for time spreadim
wavelength  hopping dimensions [16], [17].
dimensions space and polarization are also used
formulate 2-D and 3-D codes.

A 2-D code is represented byn, w, ,, ). mxnis a two
dimensional matrix consisting of rows and columnd an
represents the number of wavelengths and n is nuahbe
time chips. It is also equal to the cod lengttis the weight
of the code, , is the autocorrelation and is the cross-
correlation as defined below.

m—1in—1

i=0 j=0

(1)

M=1m=1
Z Z-‘f:',j}‘:,jmr =% i
i=0 j=0

Wherex {0,1}, is the chip duration (O

stands for modulo-n addition.

(2)

n-1) and

this code family can be found in the above refegerkor
time spreading, OOC is applied and in the wavelengt
domain, prime codes are used.

Cardinality of any OCDMA code can be defined bgn, w,
a» o). For 1-D OOCcardinality can be optimized as given
in equation 3.

»

for odd w
3)

@ w1300 = Yy — 1

7 —1
For OOC (n, w, 2, 1), cardinality can be approxmdaby
the relation (4):

for even w

»

2(n—1
y, for odd w
D w2006 = Y96 1 (4)
Fhaltady 2(h—1)
—F for erenw

To complete the comparison, cardinality of OOCwn1,1)
is givenineq.5

o -1
(oW, 1.1300C — wiw — 1)

(5)

Other From these three relations, it can be verified that

wardinality of OOC (n ,w, 1, 2) is the highest.

Now we will discuss prime codes that are widelyduge
OCDMA.

For prime codes, cardinality 8. The cardinality of the 2-D
Prime/OOC code can be definedfagy, 1, 2) x pz.

The performance of prime code in terms probabdiftgrror
at various values of prime number can be determinethe
relation (6)

SR O R
2t A 2p3

Here p is the prime number and N is the number of
simultaneous users. Th represents the thresholdeval
Performance curves for different values of p anegiin
figure 2.

2-D codes also suffer from the same problem of low

cardinality. Therefore there is always a need fow rtodes
and new code families with good properties and ravi
large cardinality in order to cater to a large nemiof
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Fig. 2 Performance curves of Prime code

limited to 1 Gb/s. For wavelength hopping and emogd
FBG filters are utilized with spectral width of Orin. A
series combination of FBG is used to get the ddsire
reflected spectral components constituting the 2-D

Table 1 Parameters used in OCDMA LR-PON simulation

Parameter Value
SMF Length 100 km
Dispersion of SMF 16.75 ps/nm/km
Attenuation Coefficient 0.2 dB/km
of SMF

Non Linear index 2.6 x 10°° nf/W
coefficient of SMF

Figure 2 displays the behavior of prime codes. When

increase the prime number, the performance incseasd

the code can support increased number of simultestgo
active users.

If the value of prime number is increased, thereby
increasing the length of code, bit error ratessfdll means
that with lengthy codes, OCDMA network will provide
better performance. Besides long codes will haweeto
cross-correlation and therefore are suitable fqaliagtion

where MAI is high and needs to be reduced. Howevercode. Since there are 4 marks in the code set, @sFide

Responsivity of Photg 1 AW
detector

Dark current of photd 10 nA
detector

Spectral width 0.8 nm
Data Rate 1 Gb/s
Noise Figure (NF) of 4 dB

EDFA

lengthy codes result in increased complexity foe th added serially in the simulation to encode thealign

network.

To extend the

reach of the OCDMA network from

V. Simulation Setup

conventional 20 km to very high distance of 100 lan,
optical amplifier is used to boost the sagging powe

In this simulation, 2-D OCDMA encoding and decodiBg petween two sections of the fibers as shown imég

done. For the encoding in time spreading (13, £2)100C

code is used and for wavelength hopping, prime codEor the transmitter and receiver side, simple OOK
havingp equal to 7 is used. It means that no. of wavelengt modulation format is employed to keep simulated

is seven but code weight is four. Therefore fouvelangths

will be used for encoding.

environment less complicated. The broadband souares
both users have zero powers. At the receiver sidect

detection is done.

Two codes have been used in this simulation for inaers:

Code for user oneis; ,0 300000 ,00 0 and for Parameters used in this simulation are summarized i

second useris; s0 ;00000 ,00 0. As it can be seen, table-1.

there are two common wavelengths between the twlexo
Therefore cross-correlation of this coding schem@.iThe

reason for high value of cross-correlation is ttaege the Results of the simulation are presented here irfdha of
BER curve against the received power detected ley th

coding set. Optical orthogonal coding is done rimeti

V. Results and Analysis

photodiodes. Both users have same

Fig. 3  Simulation setup for OCDMA LR-PON

domain. For the encoding in time domain, opticdlefi
delay line (FODL) is used. Since FODL can only s
high data rates of 1 Gbh/s at maximum, therefora daie is
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Fig. 4 BER diagram for two users



BER characteristics. At BER TQreceived optical power is
around -25 dBm. Second user

(1]

(2]

(3]

Fig. 5 Eye diagram of two users

exhibits better power sensitivity as compared st fone. In
fig. 5 eye diagrams of the two users are given.sEye
clear and wide open reflecting a fault free trarssioin.
Figure 6 displays the eye diagram of both userswdoeles
mapped on these are reversed. It proves that tthescoan
interchangeably be applied without degrading thstesy
performance.

(4]

(5]

(6]

Fig. 6 Eye diagram of users with Codes reversed 7]

These diagrams establish that upto 100 km OCDMA
network can be extended without deteriorating tragsion.

It is therefore concluded here that an OCDMA nefwzan
be applied in the last mile section for longer alistes to
extend the telecom services in the far flung amedke cost
efficient and spectrally efficient schemes. Thisugdation
affirms the viability of this combination of OCDMAvith

LR-PON.

(8]

VI.

In this paper, the concept of long reach passivicap
network (LR-PON) is discussed in the opening sectit
number of access techniques is available but OCDMA
technology is proposed for this network. There muany
OCDMA coding schemes. Among these, a 2-D Prime/OOC
code family is selected for encoding and decodimghie

Conclusion
[9]

VII.
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Memory is the mother of all wisdom
Aeschylus

Memory is a net; one finds it full of fish when tekes
it from the brook, but a dozen miles of water hawe
through it without sticking.

Oliver Wendell Holmes, S|

Better by far that you should forget and smile tkizat
you should remember and be sad.
Christina Rossett

Obstinacy is the result of the will forcing itséffo the
place of the intellect.
Arthur Schopenhaue

Smallness of mind is the cause of stubbornnessyan
do not credit readily what is beyond our view.
Francois de La Rochefoucau

Opinion is ultimately determined by the feelingeds
not by the intellect.
Herbert Spence

Prejudice is an opinion without judgment.
Voltaire

Give every man thine ear, but few thy voice.
William Shakespears

Prejudice is the chains forged by ignorance to kaep
apart.
Marguerite, Countess of Blesingtg

The ignorant are always prejudiced and the pre@d
are always ignorant.
Charles Victor Romar

Minds are like, parachutes: they only function wh
open.

Thomas R. Dewar

Prejudice is the child of ignorance.
William Hazlitt

Knowing your own darkness is the best method
dealing with the darkness of other people.
CarlJung

Work and love — these are the basics. Without th
there is neurosis.
Theodore Reik

=

d

|

en

for

44



System Design for Prevention of Electricity Theft
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Abstract

This paper describes the effective system develégred
the prevention of Electric Power theft caused bedi
rigging. The approach used is to make the eledyrici
useless at distribution transformers and to resttine
electricity to useful form by passing it through dified
Energy Meter which is exclusively responsible for
providing useful electricity to genuine consumerkis
can be achieved by stepping up voltage by a factor
‘k’(where k=2, 3, 4 ) on low tension side of dibtrtion
transformer for short duration in each periodic ental
with the help of circuit developed at transformédes
This rough form of voltage if used by direct riggion
electric power conductor, would cause the damagghéo
appliances. While the genuine consumer gets thpplgu
through modified Energy Meter, which has the apitit
detect this rough voltage waveform and converaitkbto
normal voltage. In this way one of the major causés
electricity theft can be controlled by very econcathi
simple and technical approach. This circuit has muc
flexibility in the design so it is less probabledevelop a
remedy to bypass this design for pilfering.

Index Terms — Direct rigging, distribution transfeer,
energy meter, electric power conductor.

|. INTRODUCTION

The theft of electric service is an issue that ic&s to
infect utilities across the world. Theft appearsniany
forms, ranging from sophisticated electronic deicgpto
simply never paying a reasonable bill. As technigsg
develop to accelerate and improve efficiency ofariay

and billing, new methods arise to attempt to defrau
utilities. Besides the fact that electricity thisfta crime, it
also creates an unjustified burden for ratepayerathom

the cost associated directly with stolen energy and
associated revenue protection programs is often
distributed. Several reports indicate the prevaent
electricity theft in developing countries rangenfr@0 to
30% losses in the distribution network [1], wher¢ak
reported a wider range of 10 - 40% losses. Malairsia
2004, recorded revenue losses as high as USD2#emil
and in 2010-11 RM150 to 500 million a year [3-4].
Pakistan has also suffered a mammoth Rs.150 bitiss

on account of power theft and line losses in 20351
Moreover the developed countries like USA and Canad
have also not been spared by this peril and have
documented huge revenue loss, that amounts toll&bi
and $100 million, respectively, in 2010 [6-7]. Slanly
South Africa documented the revenue loss due tib tiie
electric power ranging from R2.5 to R3.6 billiorr pear

on average, which in the year 2009 even increas&#1t0
billion [8-9].
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A lot of methods have been developed so far togmev
the theft of electricity [10-11]. One good approaish
given by [12] which involves measuring the totabeyy
units provided by the distribution transformer athen
comparing it with the sum of energy units consurbgd
each meter, the difference tells about the ungshich
may be due to theft or line losses. Another metlitd 3]
uses the power line impedance technique, whichhwego
disconnection of subscribers and then a low voltigeal

of 2V at 150Hz is transmitted to the network toedét
impedance of the network. This impedance is then
compared with the installed impedance values amd th
difference indicates the theft location with redpecthe
location of genuine consumer. On the other hand [14
proposes application of smart resistance, incotpdrin
Smart Meter as a mode of detecting illegal eleityric
usage. But very less work is available for devalept of

a system which is independent to eradicate the thfef
electric power mainly by direct rigging.

It is therefore vital to develop a durable systean f
prevention of electricity theft. Keeping in view eth
excessive losses and autonomy requirement, thierays
has been developed which is self-sufficient to gubt
against theft of electricity caused by direct riggi

A.
chematic Diagram of System

The schematic diagram for the implementation o8 thi
system is shown in figure 1 below:

TS
e
Tmns‘former‘

Fig. 1. Schematic Diagram of Design Circuit

It can be seen in the figure 1 that normal vatagpply
provided by distribution transformer is disturbey the
auxiliary transformer intermittently, which if fedirectly

to the equipment, causes damage to its insulatidrtfaus
the equipment itself. The over voltage appearssfart
duration which is customizable e.g. 3 to 5 secahgding

10 minutes interval. Moreover the magnitude of
overvoltage is configurable by varying the factor This
much customization enables to avoid any potential
remedy by the thieves of electric power to bypass
electricity theft protection system. Therefore the
possibility of using this form of power by diredgging is
ruled out. While the same form of power after pagsi
through Energy Meter becomes useful for consunsfess.



the circuit designed for detecting the disturbedefarm
and converting it back to its normal form is impkmted
in Energy Meter.

This method of disturbing electricity is very clean
flexible and free from any considerable harmonlusst
has no prominent effect on the reliability of power
system. Also the components used for designing the
circuits are elementary, ensure longer lifespam are
economical.

II. DESIGN OF CIRCUITS
The design mainly consists of two sections

Transformer Side Circuit
Energy Meter Side Circuit

A. Design of Transformer Side Circuit

1) Simulation Diagram: Simulation diagram of the
circuit which will be explained ahead is shown belo

Fig. 2. Circuit Diagram of Distribution Transformer sidecBen

2) Working Principle: The circuit on transformer side
produces the over voltage by switching the primary
winding of auxiliary transformer in parallel withpdnase of
distribution transformer and its secondary in seniéth
load as shown in the figure 3.

Fig. 3. Simulation for Producing Over Voltages

The circuit on the transformer side consists ofyamhe
unit and works for each of the three phases peradigi
by switching alternatively between the phases asnté
minimizing the cost of equipment required.

3) Explanation:The block diagram of transformer side
circuit as shown below will be explained ahead. Bluek
diagram comprises of following components:
- Control circuitry

Switching circuit

Auxiliary transformer

AC/DC converter

Voltage regulators
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Auxiliary CTO The
Transforme onsume
/I\ Meters
Distribution Switching :
Transforme Circuit
L > AC/DC Voltage ~| Control
i 7 |Converte Regulator] Circuitry

Fig. 4. Block Diagram of Transformer Side Circuit

a) Control Circuitry: This circuitry consists of two main
components of which one is microcontroller and
second one is Darlington pair. Microcontroller sed
here to control the duration of high voltage (440
Volts) pulses. Whereas the Darlington pair is used
amplify the output current from microcontroller in
order to feed the appropriate current to switching
circuit. Both these circuits are explained below.

(b) Microcontroller: A microcontroller  produces
periodic pulses to control the over voltage andnadr
voltage in different intervals of time. This
microcontroller gives signal to Darlington pair whi
in turn makes the relays RL1 and RL2 active or
inactive. The relays are fed through voltage regula
U1 as shown in the figure 2.

As the current during the active condition of ysla
flows through the Darlington pair, which itself drs:
very small current i.e. pA from microcontroller.
Therefor micro-controller is protected against the
overloading.

(c) Darlington Pair: Darlington pair draws very small
current from microcontroller to drive relays when
high input signal is given by microcontroller.

As the current gain of Darlington pair is given as

Gﬂ-iﬂﬂp = Gﬂniﬂql e Gﬂ-i-ﬂq! (1)
Gﬂp = GQ]_ kS GQ: (2)
If Q1 and Q2 are identical, then

Gpp = Gg~ ..(3)

We know that the current gain is

I ..(4

Cpp :f @

I ..(5
;—p — GQ: ( )
Iop =Go* % Iy ++(6)

For desired output current, input current can haéb In
order to limit the input Current to avoid the loagliof
microcontroller, transistors of high gain should be
selected.



(d) Switching Circuit: This circuit consists of relays
which control the switching of auxiliary transforme
and load. The detail of relays is as under:

(@) Relays:When the normal voltage is supplied to
load, all the relays are de-energized and the
connection of main supply and load is made
through normally closed (NC) contact of RL2.
When microcontroller gives high signal, both
relays are set active. Direct connection of main
supply to the load is terminated. At the same
time, voltage having value equal to sum of main
supply voltage and secondary winding of
auxiliary transformer is supplied to the load.

b) Auxiliary Transformer: Auxiliary transformer
increases the magnitude of supply voltage by a
factor of 'k’ depending upon its turn ratio. It is
switched in the main circuit intermittently to
make the electricity unusable. In the figure 2 this
transformer is named as TR1.

c) AC/DC converterAC/DC converter is used here
to supply the 12/5 volts DC. 12 volts are supplied
to switching circuit and 5 volts to the control
circuitry. It consists of following components:

i. Potential Transformer TR2: Potential
transformer steps down the supply voltage to
value required by sensing circuit.

i. Diode Bridge RectifierDiode Bridge Rectifier
converts ac supply to dc for power supply
requirements.

iii. Capacitor: Capacitor removes ripples from
rectified dc supply to make it smooth and
supplies power to voltage regulators.

iv. Voltage Regulator: Voltage regulators provide
fix dc voltage to the relays for their proper
operation. Two voltage regulators (LM7805,
LM7812) are used to provide DC voltage to
relays and microcontroller.

B. Design of Energy Meter Side Circuit

1) Simulation Diagram:Actual simulation diagram of
meter side circuit for single phase is shown infig5.

Fig. 5. Simulation Diagram of Meter Side Circuit
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2) Working Principle:The circuit on energy meter side
works by switching in a step down autotransformenird
the period when there is overvoltage detected from
transformer side to keep the voltage supplied &ldad
equal to its nominal value.

The purpose of this circuit is to
Sense the voltage level of main supply.

Switch the auto transformer in the circuit in
order to provide nominal voltage to the load
during over voltage period.

Switch the auto transformer out of circuit at the
end of over voltage period.

3) Explanation: The block diagram of energy meter
side circuit as shown in figure 6 will be explairatead.

N to

Transformel :

Circuit

Side Circuit | |

Fig. 6. Block Diagram of Energy Meter Side Circuit

The block diagram comprises of following components

Voltage sensing circuit
Switching circuit
Autotransformer

a) Voltage Sensing Circuiffhis circuit is designed such
that it gives dc volts analogous to the ac voltgsainput
side. A transformer, bridge rectifier and capacigires
DC voltage proportional to AC voltage value of main
supply.

This voltage is sensed by Zener regulators. Fomr ove
voltage, D5 and D6 have greater value of voltagessc
them, which is enough to turn the relays K1 and®g

as shown in the figure 5. These two relays are ected

in such a way that the load has nominal value dge
across it due to step down action of auto transéorm

At the same time, D7 has enough value of voltagake
transistor Q1 in saturation state. As coil of rely is
connected to collector and emitter terminals, timdy o
voltage that appears across it will be VEC (sat)isT
voltage is not enough to operate Relay contactKiis
during the over voltage period, K3 is kept de-eized)

In order to ensure proper operation of voltage isgns
circuit, first it would be evaluated at over vokagnd
normal voltage conditions:

(&) Over Voltage CalculatiariLet L1 be the coil of relay
connected in parallel with D1 Zener diode, as shiwthe

figure 7, and’Pui1 be the voltage required to operate relay
then

r —
1':'.'1 -

IfﬁHEH + Fﬂul& (7)



Fig. 7. Zener Voltage Regulator

Current!/ x through relay coil will be

I, = Veunr ..(8)
H}'{
HereR & is the resistance of the coil.
Now the curren{in through the resistor R will be
Lin = Ipgmimy + Ix --(9)

Here Iz emimy is current through Zener diode determined
practically.

During over voltage condition the voltage across th
resistance and zener diode in figure 7 will be

Vinomimy = Tinflin + Vouer ...(10)

Substituting value ofi» from equation 9 to equation 10,
we have

Vin ominy = (g imimy g B + Vour -(11)

If the ripple factor i& , then the ripple voltagé- will be

V= Vinimimy % 7 ..(12)
And the peak value of ripple volta&‘rw will be
Vg = V2 X Viggmimy % 7 --(13)
The peak value of input voltage will be
Vin over) = Vinmimy T 1’:"','.:- ...(14)
The current through R3, in figure 5, will be
Lo = 84— Voom ...(15)
RZ — R—
a3

The current passing through transistor Q1 will be

~ ...(16)
Igy = R

Here Vinimim» = 84V During the over voltage, the
maximum curren{z= drawn from supply will be
.ITM.: .ITR-1+ IR!+IR!+.ITQ1 ...(17)

Herelin = Tr1 = Igz.
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(a) Normal Voltage Calculatiori:et the over
voltage =y RV
Where y is the factor by which over voltage will be
generated and depends upon the ratio of auto tnanef.

If auto transformer ratio is 1:1, then y =2, Ifstl1:2, then
y =3 and so on.

At normal voltage supply, voltage across capaditiirbe
reduced by a factor of z i.e.

..(18)

F:'ﬂ iouar)

=
&
F4

If z=2, then
IIr:ri".". {over) ---(19)

Vo in =
in (normal) 2

Let under normal condition of supply voltage, the
voltages across Zener diodes and transistor

are VS.DE normall Vzﬂ &inormall * Vzﬂ'.'-" inormall

and"rEc {normal .

Now currents through R R, R and Q will be
determined by the following equations

[oe = Vin imormaly Vaps {mormal) ...(20)
R1 — Hj_

_ Vin (mormal) Vape {rormal (21)
IR! - R
2

Jow = 1",;"1 (mormal) Eﬂ}? {rormal (22)
RrR3 — H
2

[oe = Vin hormady — Vec rorman -(23)
F1 = R,

During the normal voltage, the maximum current draw
Tne will be

jl'r= I.R1+IRJ+ IR!+IQ1 (24)

When transition occurs from over voltage to normal
voltage, voltage across capacitor varies from

Vin énormaty to Vinimin'. For a continuous supply to
load, time of this transition must be short enotmhvoid
low voltage to load. During this transition, curteis
provided by the capacitor only (due to reverse dias
diodes).

Current supplied to the rest of the circuit by tdagacitor
also varies as the voltage across capacitor drops f

Vin norman to H‘n{mm}, and the variation of current
will be from o to 1.
As we know that

d 2
I= E—L ...(25)
dt



Here for the sake of simplicity, we take the averaglue
of currents{m: and!«.

I+ 1, ...(26)
favg = =5 —
And
at ..(27
€= lup (27)

If the transient time is limited to 15 millisecandand the
change in voltage is 5V, then approximate value of
Capacitor will be

15m ...(28)
€= lavs 5~
€ =3I, x 1073F ..(29)

This sensing circuit has following components:
AC/DC Converter
Zener Diodes

(b) AC/DC ConverterAC/DC converter is used in
meter side circuit to provide appropriate dc vadtaty
Zener diode, so that Zener could detect the voliegsl. It
has following components:

() Potential  Transformer: The potential
transformer steps down the nominal ac voltage to
permissible lower voltage, so that this lower vgétacan
further be used for conversion into DC by usinglbei
rectifier.

Now, as maximum current drawn by the sensing dirisui
during the overvoltage condition it

So load Resistance for capacitor will be

:rfll {mind ﬂ (30)

R, =
L Tow

To find the value of ripple factdf we use the following
relationship for 50 Hz

2887
R, C

For excellent power supply ripple voltage must bssl
than the 5% [15].

(31)

T =

So,
r =350 =005
Vo = Vinigwery % 7 ..(32)
And the peak value of ripple voltage
Vg = V2 X Vi uemX 7 ..(33)

The peak value of input voltage will be
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Fac'{psakf = Vintovern ¥+ 1’7"','.:\ + 2V ..(34)
Here Vo is voltage drop across single diode.
The RMS value of ac voltage can be found by
, _ Vac‘{psakf (35)
ac irmsr — T =
V2
And the current rating of transformer will be
Hence
1 I ...(36)
ac irmsr T T =
w2

Due to use of bridge diode rectifier, the transferm
utilization factor becomes 81% [16].

So VA rating of potential transformer will be

VA rating of potential transformer

:Il:anlrmj' x "'ral:'rms'} 81
0 .

VA rating of potential transformer
= 123 (Ijfac (rms) ) x V (ac (rms]) )

(i) Diode Bridge Rectifier:Diode Bridge Rectifier
converts ac voltage to dc for power supply requéasts.

(iii) Capacitor: Capacitor removes ripples from
rectified dc supply to make it smooth. The value of
capacitor ¢ as shown in figure 5 should be large enough
so that it can provide DC voltage to the Zener izgu
But at the same time it should not be very largegose
unnecessary time delay during the transition ofagas.

(c) Zener Diodes:Zener diodes are used here for
sensing purpose. They have specific DC voltage sacro
them during the normal and overvoltage AC condgjon
which help them to energize or de-energize thes coil
relays as required.

b) Switching Circuit it consists of three relays K1,
K2 and K3 as shown in figure 5. Its operation dejsen
upon the dc voltage supplied by the sensing cittcuthe
relay coils.
During normal voltage level of main supply the aok
across D5, D6 and D7 will not be able to operat th
relays K1 and K2. So the relays K1 and K2 will réma
de-energized and the auto transformer is out otitfogiit.
At the same time, the transistor Q1 gets out afratibn
state and Y will become large enough to operate K3. As
a result K3 makes the direct connection of the lodtt
the main supply.

The calculation of overvoltage and under voltage fo
relays K1 and K2 have already been discussed uhder
section of voltage sensing circuit.



C) Autotransformer:The purpose of autotransformer
is to step down the voltage during over voltageditton

to provide nominal voltage to the load (domestic
consumer) uninterruptedly. Auto transformer musteha
turn ratio of (1/y) in order to provide nominal tede to
the load. As KVA for each Domestic connection is
selected as 6 KVA, so required KVA rating of auto
transformer will be (6KVA/y) [17].

As the auto transformer will be used for short perof
time so the required KVA for auto transformer wike
reduced by a factor specified by the manufacturer.

If reduction factor is ‘L’, then

VA rating required for auto transformer = L(6KVA/Y)
Where L is less than or equal to unity.

[ll. M ODIFICATION IN DESIGN

The voltage sensing circuit on meter side has been
designed for voltage variation of 200V to 320V. In
Pakistan sometimes voltage drops up to 160V in some
areas due to long length of feeders. In orderHerdircuit

to work in this condition, there are two solutions.

4) Redesign the CircuitRedesign the complete circuit
for minimum voltage level of 160V. In this method a
parameters of the circuit will have to be designed
according to the requirement.

5) Change the Turn Ratio of Potential Transformer:
Increase the sensing voltage by increasing theratio of
potential transformer in order to step up the \g#tao a
value required by the sensing circuit. The ratio of
transformer selected for minimum voltage i.e. 206V
design is 50:1

For 200V secondary voltage will be
200

Voer = =0 = 4V
For 160V secondary voltage must also be 4V for grop

working of sensing circuit. Turn ratio can be céted as

Vooe = 4V
160
Veee = —
160
n= —
1’1F'I"
160
n= — == 40 twrns

So the turn ratio should be 40:1 for 160V input.
IV. FINAL FABRICATED PROTOTYPE CIRCUITS

The proposed system was not only simulated using
MATLAB, NI Multisim 10, Keil pVision 3 and Proteus
7.6 Professional, but also fabricated. The finalomk of

the circuits is shown in the pictures below:
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Fig. 8. Exterior View of Fabricated Circuits

Fig. 9. Interior View of Transformer side Circuit

Fig. 10. Interior View of Meter side Circuit
V. CONCLUSION

a. Cost/Benefit Ratio

Cost to benefit ratio is calculated in order tdreate the
value of practical implementation of the project. this
report, cost to benefit ratio has been calculated f
Peshawar Electric Supply Company (PESCO) in order t
indicate the importance of project.



1) PESCO Cost to Benefit Ratio Analysis:

The cost to benefit ratio has been calculated éonektic,

commercial and agricultural customers as follows.

From [18] the sum of the above mentioned consurnsers

given as

Total number of consumers = 2564408

a) Energy Meter Circuit Cost

TABLE |. ENERGY METERCIRCUIT COST
Sr. No. Components Cost (Rs.)
1. Potential Transformer (PT) 50
2. Diodes 8
3. Capacitor 6
4. Resistor 2
5. Zener Diode 12
6. Transistor 2
7. Relays 140*3 = 42(
8. Autotransformer 375
9. Circuit Manufacturing Cost 50
Total cost 925

Cost of single meter circuit with 20 % margin

=925+(

20

= R=.1110

b) Transformer Circuit Cost

TABLE Il. TRANSFORMERCIRCUIT COST
Sr. No. Components Cost (Rs.)

1. Relays 500

2. Potential Transformer (PT) 150

3. Diodes 8

4, Capacitor 10

5. Transistor 4

6. Voltage Regulators 10

7. Microcontroller 70

8. Auxiliary Transformer 4900

9. Manufacturing Cost 400

10. Installation Cost 5000
Total cost 11052

Total cost of Transformer circuit with

20% safety margin = 11052 + ({0.2)(11052)

= Rz.13263
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. : . (Total number ofy [Cost of single
Total cost for consicered consumers (Meters) = ( A — f )( mg*gﬂf st cﬂ ”)

= (2564498 )(1110)
= Rs5.2846592750

Similarly, the cost for the total transformer Cciitsu
installed can be calculated as

Total mumberof ¢ Cost of single 1|

Total cost for Transformer circuits =1, . .
Transformer circuits/\ Transformer circuit)
Where

Toial number of consumers
Number of consumers per transformer

Total number of transformer circuits =

_ 2564498
T 20

= (128225)(13263)
= Rs.1700648175

Now the Grand total of cost is given as
= (Total cost for Transformer circuits) + [Tsmi cost for considered consumers [metm])

Grand Total = R5.4547240955
The following data for losses is collected for teanths.

Now the total losses will be calculated as follows,
Total units generated in PESCO = 9483.06 GIWh
Units billed = 6307.31 ¢Wh

Total units lost = 3175.75 GIVh

So,the losses in percentage are = 33.5%

Now, the actual losses of 3.5% will be subtractexnf
total losses to get the theft losses. [18]

Total theft losses = (3175.75)(1 — 0.035)

= 3064.6 GWh

= 3.0646 x 10° KWh

If the cost per unit (KWh) is Rs. 10 then

Total revenue lost due to theft = (3.0646 = 10% KTWh)(1(

= R5.3.0646 x 10%°

This is loss for ten months, and then loss forax yéll be
calculated as,

) /3.0646 x 1010}
Total revenue lost due to theft per year = |. —_—

,

12
0

= R5.3.67752 x 101®



Since the component having minimum life used in the

circuit is relay that has life span di0® number of
operations (available in the market). The relayrafes
ones a ten minutes, it will operate 144 times a Gaythe
number of relay operations in a year will be,

144 % 30 % 12 = 51540

Hence the total life of a relay and the circuitlig,
10%

51840

Considering safety margin, it is assumed that rblay a
life span of 15 years for this project.

=19 vears

Now,

Total revenue loss due to theft for
= Total revenue lost per yvear ¥ 13

= (3.67752 x 10%*9)(15)
= Rs5.551628 % 1olt

This revenue loss can be recovered as a benefiteif
designed circuit is implemented.

15 vyears

Hence,

4547240955 )
5.51628 x 10t

Cost to benefit ratio = 0.00824

6) Calculation for the Recovery Period of Initial Cost
This calculation gives the time period in whichstproject
will recover its initial cost after its implemeniat. First of
all monthly loss will be calculated then total cesli be
divided by this monthly loss to get the recowg period in
months.

Cost to benefit vatio = (

of developing the gap between supply and demand of
electrical energy in Pakistan. This project add¥ess
precisely the same problem with appropriate satutio

Following are the actual results for the wavefoahshe
output of the energy meter side circuit when thgpouof
distribution transformer side circuit changes froormal

to overvoltage and overvoltage to normal. These
waveforms are obtained by the simulation perforrired
NI Multisim 10.0 and Proteus 7.6 Professional.

Fig. 11. Output of Energy Meter Side Circuit during Normailtage to
Overvoltage Transition at the Output of Transfori@iete Circuit

Total revenue lost due to theft in 15 years

Monthly loss = 15 % 12

5.51628 x 10!
15 x 12

Monthly loss = Rs.3.0646 X 107 yence,

Monthly loss =

Grand Total of initial cost
Monthly loss

4547240955
3.0646 x 10°

Aecovery Period = 148 months % 1.5 months

Recovery Feriod =

Recovery Period =

So the circuit’s initial cost will be recovered atmost 45
days.

B. Results

In this Project the goal was to make the distrifmuti
system efficient enough to prevent theft of eledtyi
Distribution Loss due to theft is one of the majeasons
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Fig. 12. Output of Energy Meter Side Circuit during Overagié to
Normal Voltage Transition at the Output of Disttilom
Transformer Side Circuit.

Fig. 13. Normal Voltage to Overvoltage Transition at the iutitof
Distribution Transformer Side Circuit



Fig. 14. Overvoltage to Normal Voltage Transition at the guitof
Distribution Transformer Side Circuit

This project has the following major Benefits in it

Flexible Solution
Cost Effective
No Human Intervention

i) Flexible SolutionThe solution is not only unique
but also flexible in the manner that switching
intervals and pulse voltage magnitude are
customizable, which provides protection against
design theft.

i) Cost EffectiveThe design is also cost effective
as depicted by the cost to benefit ratio (cost
recovers in almost 45 days) results.

i)  No Human InterventionThe circuit makes the
distribution system self-efficient to avoid theft o
electricity. Hence the human intervention (Line-
men, meter reader) is no more encountered.
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A PWM-Based Technique to Measure Phase Angle Betwe&C Voltage and Current
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Abstract avoid this method as it has limitations of clockduency
resolution especially at low phase differences. @roposed

S . circuit is simple and robust and such a circuitth® best of
circuit to measure the phase difference between tw

. . . ur knowledge, has not been presented before.
sinusoidal signals. We have proposed a method tha

converts the phase-difference into a DC voltage. - METHOD:WORKING ~ OF  THE  PROPOSED
mathematical relationship between the phase diffegeand CIRCUIT

the DC voltage is also developed. Simulations & thFig. 1 presents the proposed circuit where the maimer-
proposed circuit at various phase-angles are présgnthe  circuit consist of an ac voltage soureg, a current-sensing

This research paper presents a simple and costiaxffi

simulation results agrees with the theoretical gs&. resistor Re, and an ac load comprising of load inductance
Index Terms-Power factor, Phase meter, AC load, PWM L, and load resistance  RAs the main power-circuit input
technique. current, iy, flows through the circuit, it is the phase
difference between;, andij, that is required to measured.
1. INTRODUCTION The remaining parts of the proposed circuit will be

The phase difference between two sinusoidal sigresisbe ~ Presented as follows.

measured by a number of methods [1-9]. M.Salam@hBan 2.1 Zero-crossing detection

Jarc [1] have discussed the simulation results sfgaal- . . .
phase meter. The authors have claimed a precismlsig ©ON€ component that is used in most phase angletitete
phase meter with accuracy more than 0.02%. In iaddit circuits is the zero-crossing detector (ZCD). _Tf@DZmay
the authors have listed a few limitations of thepmsed P€ Used as areference or as an agent to detenstaet any
signal-phase meter including prior frequency infation, ~ €l€ctric signal crosses zero volts or amperes. Zé®-
and that the signal factors such; amplitude, phas&r0SSing component in itself is a circuit and many
frequency, and offset voltage, should have a snafi of researchers have proposed various circuit schemes a
change ar;d the change ought,be modest. N. M. \kuaijd algorithms for detecting the time at which a signal
L. V. Saranovac [2] have proposed two algorithmeed experience_s a zero-crossing [10]-[13]. In this_mesle_ paper
as, the simple algorithm (SAL) and a modified SAL 2 conventional ZCD as presented_m [13] is gtlllzé'd)
(MSAL), for computing phase difference between twodetect the zero crossing of the signals, and i, two
sinusoidal signals. B. Djokic and E. So have regbra ndependent ZCDs are connected. Reference to Fithel
nonsynchronous multirate digital filtering [3] akihm that  fiIrst ZCD is labeled as circuit-A and it is connetttbetween
determines that phase angle of deformed periodjoats.  Vin and grqund. Circuit-A is used o detect the zeussing
The authors proposed a method that functions foroad pf thev;, signal. The second ZCDis labeled as circuit-B, it
bandwidth while maintaining its accuracy. Earlier;J. Lee 1S used to detect the zero crossing of the cursigmial ij,.

et al [4] had evaluated a phase detecting techrfguewM | n€ voltage appearing across the input terminairotit-B
rectifiers. While using rectifiers the voltage sigrfor the IS 9IVEN @SVrsen= iin X Reen The resistor R,should have an
supply source is deformed, therefore, the true elamle insignificant value compared_ to fche ac load. As a
between source voltage and current becomes crifide ~ consequence, the voltagese, is trivial and has to be
distortion of the source signal had been approadhed amplified before zero-crossing of the currépt can be
applying active filters. M. A. Elela and M. Altugii[5]  detected.

proposed a frequency-insensitive phase meter, wtte¥e Fig. 2 depicts the detail schematics of circuit#daB, in
phase to be measured was converted into a frequéihey poth figures conventional ZCD as suggested in [A8%
frequency was measured to find the phase. R. Mithel been utilized. Fig. 2(a) displays the details ofcuit-A
showed the digitizing of two sinusoidal signals andwhich circuit produces a pulse of short duratioergwtime
proposed an algorithm that measures the phase d&ygle the input signal i.evi, crosses zero-volts. The output signal
least-square method [6]. of circuit-A is labeled as,.,ce Fig. 2(b) shows the internal

Two interesting independent research papers, tseky S. circuitry of ci_r_cuit—B that consists of_ a voltagellbwe_r,

M. Mahmud et al [7] and the second produced by K. mVYeltage amplifier, and a ZCD. The input voltageen is
Ibrahim and M. A. H. Abdul-karim [8], demonstratdse applied to an operatlo_nal amp"f'?r based voltagk)Wer.
application of the dual-slop method for determinitite The voltage foIIow_er W|II_ serve to !solate the Immstanc_e,
phase angle between two periodic signals however. Rsen from the non-inverting amplifier and ZCD. Essaliyi,
classical method to measure the phase differencedsunt 0Ny the voltage across;Ris transferred to the amplifier.
the number of pulses in the time interval betweernz 1 he non-inverting amplifier is applied to amplifiyet trivial
crossing of the voltage and current signal [9]. Wied to voltage ofvgsen Succeeding the non-inverting amplifier is a
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conventional ZCD. The output of the ZCD of circBitis  volts. Sincevi,¢q is connected to the R-pin of the R-S flip
labeled as/y¢q. flop, the short duration pulse o, resets thep.m to logic
zero. From time,tto T/2 thev,,m remains at logic zero. In
fig. 3, the traces,,m represents the output-Q of the R-S flip
flop. It is observed that that on state (logic 0B&Vyum
varies directly proportionally with the phase difface
betweernv, andij,. From t = 0 to tthe amplitude o¥p,m is
Vpvolts.

Fig. 3 displays an exemplary timing waveforms oé th
proposed circuit, where the tracgs andi;, represent the
input voltage and current signal, respectively. Time
period of input voltages, is represented as T. The phase
difference between,, andij, is presented by. The traces
Vy.zcd @nd Vi ;g are the output signal of circuit-A and -B,
receptively. Signalsi..cq andv,,cq both exhibit a pulse of 2.3 PWM to DC voltage converter
amplitude \bp volts every-time signalsvy,, and i,

experience a zero-crossing, respectively. The nengi The PWM to DC voltage converter stage shown in Fig.

Fig. 5 The proposed circuit to measure phase diffez betweew, andij,.

Fig. 6 Conventional ZCD circuitry [13], where (djosvs details of circuit-A, and (b) shows detail<ibEuit-B.

tracesvyym and vy, will be discussed in the following consists of a resistor R and capacitor &; circuit. The
sub-sections. Zener diode is used for over-voltage protectiore rput

. . : of the PWM to DC voltage converter stage is thanaig
2.2 PWM Generation Using R-S Flip Flop Vowm Whereas, the output of the PWM to DC voltage
The R-S flip flop circuit shown in Fig. 1, is a sgmtial ~ converter stage i&,. As shown in fig. 3, the time period
circuit created with the help of two NOR gates. [€ab  of the signal ¥.m is T/2. From circuit theory it is know
exhibits the truth-table for a R-S flip flop [14Rriefly,  that for a RC circuit, as in the PWM to DC voltage
the R-S flip flop output-Q with be logic one wheamput  converter stage, if 5xg x Gy >> T/2, then the voltage
terminals S and R are logic one and zero, resmdgtiv Vo, appearing across the capacitoy,€an be expressed
Likewise, the output-Q will be logic zero when SdaR  as,
are logic zero and one, respectively. As shownign E,
the signalv,,cq is connected to the set-pin (S-pin) and v =T )
signalvi.,cq is connected to the reset-pin (R-pin), of the R- “ RrR.C, "
S flip flop. The output of the R-S flip flop i.eoutput-Q is
labeled as/ym Reference to fig. 3, at time t = 0, the input \yith reference to fig. pum can be expressed as,
voltagevi, crosses a zero volt, the signal.q produces a
voltage pulse of W, volts for a short duration Vv, for O<t<t,
(approximately 200s). Sincev,. .4 is connected to the S- Vowm ={
pin of the R-S flip flop, the short duration pulse v,_,.q 0
sets thev,,m to logic one. At time,t the signal;, crosses
a zero, the signaj_,q produces a voltage pulse ofy Therefore, (1) can be rewritten as,
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fort <t < T/z



1 4, T2
Ui T w ot = Vpdt+ Odt (6)
1 i 1 M 0 L
- ' phase angle 0: ' ! out ~out !
din eé;nl//_-:\_: E
_URsen . ! ' ; ! 1 t,
(__R“_.n ) :_/: : :\__: = ]\/Pdt (7)
------ 1----------' : { ROUICOUt °
L— H$ VYbp 5 “ i "
' | — , v,
P ; =——(t) ®)
LI p— 3‘-’[)9 E " E out out
- ' ; ' ! Since = t, therefore,
Tpwm " '
v 'r }
___,_..-—"":-—l—_._____ql_____-—-":-——____‘__l w
Yont : : : :
[ t T/2 T (time)

Fig. 7 The proposed circuit exemplary timing wavefs ofviy, iin, V-zcd,
Vi-zeds prmy andVout.

Fig. 8 Waveforms ofin, iin, V-zcd, Vi-zeas Vowm, @NAVoue The value ofz changes as the phase difference changes. (a)ptiaese difference is 2@eg (b) when
phase difference is 8@eg (c) when phase difference is 88g.

Therefore, (5) can be rewritten as, 3. SIMULATION RESULTS AND DISCUSSION
V.g The proposed circuit presented in Fig. 1 was tanl simulated
LT (10) in Proteus Virtual System Modeling (VSM)TM softwairem
R,C.W Labcenter Electroni¢¥. Proteus VSN had been selected as it
routines mixed mode SPICE circuit simulations. Tdiecuit
That is, the phase anglecan be expressed in terms\wgf; can parameters are set as followg; = 220V(rms), time period of
be expressed as, by rearranging (7), Vj,i.e., T=20ms, R,=1 , L, = 100mH, R is variable from
zero to 2600 . To apply (1), the condition 5x R xCp >>
_WR,C oV _ 2P R, GV 11 T/2, has to be maintained, thereforg,®s selected as 1k and
7= Vv B v (11) Cout @S 570F. The voltageVs is set to 5V. The output voltage
P P Vout IS measured using a DC voltage meter. The phagle &
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evaluated by placing the measured valuevgf in (8) and
solving for . Fig. 4 demonstrates the response of the proposed
circuit for four different values of phase angléeTphase angle
had been varied by varying the value ¢f Rhe figures presents
the waveforms of,, iin, Vi-zca Vized: Vpwm: @ndVo, for different
values of R. For Fig. 4(a), R= 86 , as seenj, = 0.581V,
placing this value ofi, in (8) reveals = 20 deg. At the same
time, the phase angle can be calculated from timaufia,

— -1 WLL
G, =tan — (12)

Placing L.=100mH and R=85 in (9) gives ., =20.2deg.
Similarly, keeping L same as before and changingt® 18 ,
the

Fig. 9 Comparison of the phase-difference obtaitiebretically i.e.,
calc Verses , found with the help proposed circuit.

DC voltage ofv,,=1.67V and the evaluated phase angfeom
(8) 59.8deg, whereas the calculated phase angle=60 deg.
Again reference to fig. 1, if R1 then thev,,=2.46V and
phase angle=88 deg, whereas the calculated phase angle
=88.1deg.

To further test the proposed circuit, the load stesi R was
varied from zero to 2600 whereas the load inductance was
kept constant of 100mH and the capacitgy, @oltage i.e.Vou
was observed. The phase anglevas found from the value of
Vout and compared with the phase anglg. Fig. 5 present the
comparison, the agreement betweeand ., Substantiate the
proposed circuit. However, the observed differehetveen

and ., is due to the insertion of current sensing resiRgQ,
For example when Rhad been set to zero-ohms the total
resistance of the circuit was 1 due thg,R

4. CONCLUSION

The objective of this paper was to present a moflel PWM
based measurement of phase angle. The proposedt ciras
simulated and results were compared with the thieafeesults.
The simulated results agreed with theoretical tesulhe
proposed model is simple to build and low-cost.c8irthe
proposed circuit produces a DC voltage that is priggnal to
the phase angle, this DC voltage can be easily extewvto a
digital signal for applications to microcontrollerpersonal
computers, or DSP cards.

57

5. REFERENCES

[1] M. Salamon, and B. Jarc, “Macromodel of Precisen&lig
Phase Meter,” Modeling and Simulation in Enginegrin
vol. 2012, Sep. 2012.

[2] N. M. Vucijak and L. V. Saranovac,“A Simple Algdrin
for the Estimation of Phase Difference Between Two
Sinusoidal Voltages,” |IEEE Trans. Instrum. Measl, 59,
no. 12, 2010, pp. 3152-3158.

[3] B. Djokic and E. So, “Phase measurement of distorte
periodic signals based on nonsynchronous digitatifng,”
IEEE Trans. Instrum. Meas., vol. 50, no. 4, 2004, §64-
867.

[4] S.-J. Lee, J.-K. Kang, and S.-K. Sul, “A new phase
detecting method for power conversion systems
considering distorted conditions in power syste@gnf.
Record of the 1999 IEEE Indust. Appl.Conf., ThiRgurth
IAS Annual Meeting, vol. 4,1999, pp. 2167-2172.

[5] M. A. Elela and M. Alturaigi, “Switched capacitoigital
phase meter,” IEEE Instrum. Meas. Technology Conf.,,
IMTC/95. Proceedings. Integrating Intelligent
Instrumentation and Control, April, 1995.

[6] R. Micheletti, “Phase angle measurement between two
sinusoidal signals,” IEEE Trans. Instrum. Meas.l. v,
no. 1, 1991, pp. 4042.

[71 S. M. Mahmud, A. Rusek, and S. Ganesan, ‘A
microprocessor-based dual slope phase meter,” IEEE
Trans. Instrum. Meas., vol. 37, no. 3, 1988, pp-378.

[8] K. M. Ibrahim and M. A. H. Abdul-karim, “A novel dital
phase meter,” IEEE Trans. Instrum. Meas., vol. IM36.
3, 1987, pp. 711-716.

A. Nemat, “A digital frequency independent phase meéter

IEEE Trans. Instrum. Meas., vol. 39, no. 4, 1998, §65-
667.

B. Basu and M. Basu, “Predictive zero-crossing detacti
algorithm by time localised iterative least-square
technique,” in Proceedings of the 201f!1&uropean
Conference on Power Electronics and ApplicationBEE
2011), pp. 1-7, 2011.

[9] R. W. Wall, “Simple methods for detecting zero sing,”
29th Annual Conf. of the IEEE Indust. Elect. Sogiet
IECON, vol. 3, 2003, pp. 2477-2481.

[10] S. Valiviita, “Zero-crossing detection of distortdihe
voltages using 1-b measurements,” IEEE Trans. Hhett.,
vol. 46, no. 5, 1999, pp. 917-922.

[11] R. W. Hilsher, “A unique discrete zero-crossingedtdr,”
Electronic Design, Vol. 47 Issue 7, April 1999, pp2.
Available: http://electronicdesign.com/componenigjue-
discrete-zero-crossing-detector

[12] M. M. Mano, “Digital Design,”, 3rd ed. Prentice Hal
2001, pp 205-206.



58



