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 Proportional  air Multiusers Selective and Switched Channel 
Scheduling Schemes  

By Rupinder   aur  & Muhammad Ejaz Aslam Lodhi 
Igit New Delhi, India 

Abstract - Presents increasing demand of rates in any digital communication system that excites 
the research idea of scheduling channel access methodology so as to results in maximizing the 
sum rate. The reduction in feedback messages for channel state information provides great 
savings in channel bandwidth for multiuser switched diversity scheduling  systems. The present 
proposed work demonstrates that maximization of sum capacity can be achieved using 
optimization of per user threshold rate along with some prior estimation of channel state 
information.The results shown in higher achievable rate. Furthermore the proposed novel 
multiuser switched diversity MUSD system also achieves proportional fairness criteria along with 
decentralization of optimization threshold channel. 

Keywords : multiuser diversity; per user threshold; proportional fairness scheduling.  
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Proportional Fair Multiusers Selective and 
Switched Channel Scheduling Schemes 

Rupinder Kaur α & Muhammad Ejaz Aslam Lodhi σ  

    
   
      

 

Abstract

 

-

 

Presents increasing demand of rates in any digital 
communication system that excites the research idea of 
scheduling

 

channel access methodology so as to results in 
maximizing the sum rate. The reduction in feedback messages 
for

 

channel state information provides great savings in channel 
bandwidth    for    multiuser   switched    diversity    scheduling

 

systems. The present proposed work demonstrates that 
maximization of sum capacity can be achieved using 
optimization

 

of per user threshold rate along with some prior 
estimation of channel state information.The results shown in 
higher

 

achievable rate. Furthermore the proposed novel 
multiuser switched diversity MUSD system also achieves 
proportional

 

fairness criteria along with decentralization of 
optimization threshold channel.

 

Keywords

 

:

 

multiuser

 

diversity; per user threshold; proportional 
fairness scheduling.

 
I.

 

Introduction

 
ne of the features of multiuser communication on 
fading

 

channels is multiuser diversity [1]. By 
exploiting the fading

 

conditions independently, 
the multiuser diversity gain can

 

be obtained and 
scheduling only the users with good

 

channels [2]. To 
maximize the capacity of information of

 

the uplink in 
single-cell multiuser communications with

 

frequency-flat 
fading at any given time, only one user is

 

allowed to 
transmit with the best channel condition.

 

Transmitting over the best channel maximizes 
the system

 

sum-throughput, but results in “Unfair”

 

allocation of the

 

wireless resources among the users. 
Proportional fair

 

scheduler (PF) which has been studied 
in this paper provides

 

a good compromise between 
multiuser diversity gains and

 

fairness [3]. The main goal 
of this research work or project

 

work is to develop a 
noble architecture or design of

 

Multiuser switched 
diversity scheduling scheme that can

 

accomplish the 
following objectives:

 
a)

 

Obtain the fairness in Scheduling scheme

 

Design a system in which a single radio or air 
link

 

resource can be used for  Multi user  communication

 

scenario. In spite of conventional selection based

 

scheduling here in this research work, a switching

 

based scheduling scheme has to be obtained  that  may

 

perform better than the existing systems.

 
 
 

b) Comparison 
A comparison of MUSD schemes with full-

feedback multiuser selective diversity opportunistic 
scheduling schemes is needed to evaluate how much 
rate we lose due to the feedback savings. 

  
 

 
 

 
 

 
 

 
 

 
 

 

 
Multiuser switched diversity is to find user with 

good channel condition instead of best user among all 
suggested in [7].so channel condition if acceptable or 
not will be determined by considering predefined 
threshold .per user channel state threshold will be used 
in this paper[8]. All the users are assigned with time 
slotted channel .each time slot channel will send one bit 
flag signal if its achievable rate is more than threshold 
[9] .so feedback in MUSD will be reduced by assigning 
this threshold and assigning time slotted channel to 
users instead of per user feedback channel. This 
method also removes the congestion by using ordered 
scheduling. 

II. Review of Multiuser Selection 

Diversity 

R Knopp and Humblet in [2] explained the 
power control mechanism at transmitter in which 
capacity is increased by transmitting one user at one 
time over the entire bandwidth having Best channel 
quality. Received power is estimated at base section to 
control the transmit power to obtain high capacity. D. 
Tse in [10] provide solution to multi path fading and 
losses by dynamically allocation to resources to users 
based on  condition of channel  quality of users. So when 

O
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c) Compare the developed system output
With existing full feedback multiuser diversity

scheduling system In all wireless communication 
system, transmitter send pilot signal to all the receivers 
to measure the condition of channel mention in [4].in 
opportunistic system, mobile user continuously send the 
feedback information to base station which causes 
wastage of air link resources and mobile battery 
power.so there is need to reduce the feedback load by 
different methods[5]and [6]. Different methods that can 
be employed are lossy and lossless compression 
,scalar quantization method, Schemes exploiting the 
fact that only the best user will be allowed to transmit 
(max-SNR scheduling), and consequently that feedback 



the reception at base station is week user as allocated 
with more power. T Ericksson and Tony Ottoson in [5] 
states that sum capacity can be increased by feedback 
reduction methods. Feedback can be minimized without 
losing gain by different methods. First: Quantization, in 
which SNR is quantized before transmission. Second: 
Max SNR, in which users with only high SNR send 
feedback. Users with low SNR is unnecessary. Third: 
Data Compression, In this lossy and lossless 
compression techniques are used. Lossy compression 
techniques are transform coding and linear prediction 
coding etc. lossless compression techniques are 
arithmetic coding and 54Lempel ziv etc. M. S Alouni in 
[11] explained that user transmit information only when 
its channel quality exceed threshold. if channel quality of 
number of users exceed threshold  then  random  user is 
selected. But the problem occur when multiple users 
reply to same threshold then chances of collision occur. 
So Aim of this paper is to provide solution of various 
challenges occur in MUSD system. These challenges 
are; user with strong channel may not get access to the 
channel, so need is to obtain the fairness by scheduling 
the users with best channel conditions first rather than 
others; optimization at central scheduler is not easy 
because it needs knowledge of pdf of all the users [12]; 
comparison of multiuser switched diversity with full 
feedback is required to calculate how much rate is lost. 
We propose proportional fairness scheme in multiuser 
switched diversity scheduling by using per-user 
threshold optimization with the principal function of 
maximizing the sum of the logarithms of the achievable 
rates. For each user, independent equations are used 
that provide solution to optimization. 

III. System Model 

Consider if there is no delay in the decision of 
scheduling and block fading channel are used as 
medium between base station and users. Time slotted 
channel is used in orthogonal access scheme 
manner[13]. Each user is allocated with slotted channel 
include guard band and data burst .guard band is used 
to send flag signal to base station if its channel quality is 
higher than feedback threshold. Scheduling is done on 
following conditions if its channel quality is better than 
threshold Value [14]. Users prior to given one has 
achievable Rate less than threshold value. Consider if  
ri

*
 is the threshold value of user i where achievable rate 

of user I is ri. User i is scheduled only if  ri*<ri.r is vector 
of achievable rates of m users r= [r1 r2 ………. . rM]  in 
this paper, threshold is computed in term of achievable 
rate. 

Channels are considered to be stationary and 
independent to each other. Probability density function 
of rate is fR (r) .pdf  of m users are given by      
is SNR of ith user than   achievable rate in term of snr 
is given as ri_ = log (1 +γi)

 

and interm of PDF of snr is

 

fR

 

(r) = exp(r) . fr

 

(exp(r)-1).

 
Conditional and unconditional Expected achievable 
rates of

 

user

 

In switched scheduling systemic Average 
Achievable rate

 

by each user is calculated terms of 

           
fri

 

(γi). The conditional

 

expected achievable rate by user 
i is given as

 
 
 
                                                                                  

(1)

 
Where E[] is the expectation operator. Whereas, 

the

 

unconditional expected value of the achievable rate 
by user

 

i, denoted as Ri, equals

 

 

 

(2)

 As the fading channels are independent so 
event r 

 

Si

 

happens with probability Pr            

 
Users are scheduled by different time slotted 
channels.so channel

 

access ratio can be calculated as

 
 
 
 
IV.

 

Optimization of per user

 

Threshold

 
In multiuser switched scheduling different users 

use its

 

different threshold. in comparison to conventional 
system in

 

multiuser switched scheduling higher capacity 
is obtained

 

when the optimal threshold is used. Per user 
threshold can

 

be optimized by maximizing the sum 
capacity of all users.

 

Optimization problem can be 
formulated as

 

 

 

(3)

 
Threshold optimization of achievable rate is 

given by        .the

 

sum  achievable  rate, Φ

 

can   be 
maximized by equation                     To obtain the 
optimal value of threshold,

 

gradiant of 

 

is taken w.r.tri
*

  

for three conditions .these are

 

i>j, i=j, i<j and equate it
 equal to 0 solved using [9].  by

 

putting   values   in
                       M.Computing result will be

 

 

 

(4)

 

maximize the sum capacity to obtain the optimal value 
of

 

threshold is always not desirable as it causes 
problem in

 

fairness so another method proportional 
fairness scheduler is

 

used.

 

V.

 

Proportional Fair Scheduler

 

Scheme

 

Proportional fairness that provides a good 
trade-off between

 

the aggregate rate over the network 
and fairness among user

 

[15]. Contention problem in 

© 2013  Global Journals Inc.  (US)© 2013  Global Journals Inc.  (US)
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R
c
i =E [ri|rϵsi ] = � r	f
��r��	dr!�

     

∏ f
��r ��
�
��� .if γ �

Ri=E[ri] = E [ri|r ϵ si]. Pr{r ∈Si} = Πj<i fRj(rj
*
).� r	f
��r��	dr!�

∗

ARi = (1-FRi (ri 
*
) .Πj<i fRj(rj

*
)). 

(��
∗) …………��

∗*+ arg 				max(/0∗*…………/1∗*+ ∅

�3∗)

∅ = ∑ 5�
�
���

∅

6∅

6/7
∗ = 0,∀i ≤ M

�3∗)  =
∑ $%
1
%<7

∏ =>?�/@
∗�*?A7B0

system can be resolved by Proportional fairness 
scheme by allocating each user with capacity according 
to its channel condition.in proportional fairness scheme 

∈Si} = ∏ #$%��&
∗�&'�



 
 

 

optimization can be obtained by

 

maximizing the sum of 
log of achievable rates  

 

            

 

.

 

gradient and equate it equal to ZZZZzero, optimal  value  of 

 

threshold is obtained.

 

 

(5)

 

 

 
 

 
  
 

 
 

 
 

 

 

(6)

 

VI.

 

Simulation Results Comparison

 

with 
ul- eedback Schemes

 

The performance of MUSD scheduling schemes 
is

 

compared with the performance of full-feedback 
selective

 

scheduling schemes in given figures. Sum 
capacity for

 

multiuser selective diversity is evaluated and 
then compared

 

with switched diversity in which 
feedback bits are

 

minimized by comparing the 
achievable rate with optimal

 

threshold value. Analyse the 
case of independent and

 

identically distributed Rayleigh 
block-faded channels.

 

Comparison between multiuser 
switched and multiuser

 

selective diversity schemes 
under i.i.d. Rayleigh blockfading

 

conditions is 
considered for average SNR of 30db

 

and eight no of 
users. The maximum sum achievable rates

 

are used for 
the comparison. The sum capacity were

 

computed for 
the MUSD scheme and selective system

 

where the per-
user thresholds optimization shows that

 

switched

-diversity scheduling schemes operate within 0.3

 

bits/sec/Hz from the ultimate network capacity of full

 

feedback systems in Rayleigh block

-

fading conditions 
over

 

wide range of SNR and for any number of users. 
Also

 

proportional fairness is achieved as the no of user 
are

 

increased.

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Figure 1: Maximum sum achievable rate of the selection 
diversity system

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2

 

:

 

Maximum sum achievable rate (capacity) 
comparison between

 

the selection diversity system 
(dashed red lines) and the switched diversity

 

system 
(dashed blue lines) as a function of the toatal feedback 
load in

 

feedback bits. Results are based on average 
SNR of 30 db

 

 

 

 

 

 

 

Figure

 

3

 

:

 

Maximum sum achievable rate (capacity) 
comparison between

 

the selection diversity system 
(dashed red lines) and the switched diversity

 

system 
(dashed blue lines) as a function of the total feedback

 

bits. Result is

 

based on average SNR of 30db
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M independent equations are used for 
optimizing the system instead of solving dependent 
equations in case of MUSD scheduling schemes. So 
channel of each individual user and location of each 
user will determines its optimal value of achievable 
threshold.so threshold value of each user is obtained 
locally in this case.so in this base station need not to 
have knowledge of pdf of all user channel thus eliminate
the challenge of centralized threshold optimization of
conventional MUSD schemes. Optimal value of 
threshold in the form of SNR is

F F
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Abstract - Testing time, power dissipation and others are 
major challenging optimization problems while testing digital 
circuits and VLSI circuits. Unluckily, most of these problems 
are frequently solved by heuristic ways which do not assure 
best solution. The analysis of situation of art models and 
answers in such optimization problems were carried out in this 
paper, especially for power optimization in digital VLSI circuit 
testing. 
Keywords : very large scale integration (VLSI), inte-grated 
circuit(ic), low power testing, bist, ate, scan test. 

I. Introduction 

he method of checking the fabricated IC's for any 
wrong behavior due to errors like rational error, 
holdup error, falsehood faults[1],etc is called VLSI 

testing [1][2][3].Testing is made by creating and putting 
test vectors which are a set of binary vectors in to the 
entry of the circuit. Error is found by checking the 
outcome for the said test vector with kept answers. High 
fault coverage is the main problem at the early stage of 
circuit design and testing. Due the latest emerging 
technology the focus is more towards the new target 
which has limited test data quantity, condensed test 
instant and small control testing etc. All possible errors 
have to be tested in the circuit. To test all the errors in 
the complete circuit we may require more test vectors. 
More than one error can be detected by a single test 
vector and for a single error more than one test vector 
can be generated. We must create a set of test vectors 
so that more number of errors can be covered with 
smallest amount of test vectors. The control dissipated 
during the normal mode of operation is much lesser 
when compared the power dissipated during testing of a 
circuit. The major cause for this difficulty is superior 
toggling count of the recall component like flip flops. 
The main aim of checking of chronological circuit is to 
know such series of test vectors that have more error 
coverage and also has an optimized toggling 
calculation. Reordering the test vectors in the exami-
nation sequences is the easiest way to improve the 
power in testing, by checking this the test vectors are 
not customized, the test reporting is conserved. 
 

 Professor & Head of ECE, Ravindra College of Engineering 
for women, Kurnool, A.P, India.  E-mail : ysgoud18@yahoo.co.in   

Professor in ECE Department, Geethanjali College of 
Engineering and Technology, Cheeryal (V), Keesara (MDL), RR Dist. 
E-mail : bkmadhavi2009@gmail.com 

In this paper during digital VLSI circuit testing 
we used the modern confirmation of the state of art 
models to improve the power consumption. The major 
reason for considering power usage throughout test 
application is that power and energy of a digital system 
are much higher in the test mode than in system 
mode [4, 5, and 6]. The motive is that control reduction 
system mode only starts a few modules where as the 
test patterns affect as many nodes swapping as 
probable at the same time. One more reason is the 
continuous practical contribution vectors functional to a 
specified circuit has a significant connection, while the 
connection between the successive test patterns can be 
very small [7]. 

II. Taxonomy of Low Power Testing 

a) Problems of VLSI circuit testing in negligible power 
The latest improvement of complex, high 

performance, low power devices put into practice in 
profound submicron technologies generates a new 
class of many difficult electronic products, like laptop 
computers, cellular telephones, audio and video 
based multimedia products, energy efficient desktop 
computers. Power management becomes a critical 
factor which cannot be ignored during test development 
because of this new class of systems. There are three 
key factors for checking the control properties of a 
scheme under test [2]: 
• The Switching action created in the circuit 

throughout test application is directly corresponded 
by the consumed energy, and during the remote 
testing this has an effect on the battery life. 

• The ratio between energy and the test time gives 
average power consumption. This factor is of high 
importance than the energy because hot spots and 
reliability problems are caused by high power 
consumption. 

• The maximum switching action created in the circuit 
in test throughout one clock cycle is corresponded 
by the highest power consumption. The thermal and 
electrical limits of the mechanism and the system 
wrapping necessities [3] are determined by peak 
power. 

Academic researchers have been carried out on 
low power design and separately tests have been 
conducted, during external testing or BSIT the industrial 

T 
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practices have needed ad hoc solutions for power 
consumption [8].The solutions include: 
• To bear the high current during testing the power 

supply,  
• Package and cooling is over sized. 
• Tests are conducted at reduced operational 

frequency. 
• Needs appropriate test planning and partitioning of 

the system. 
While working with high density systems like 

modem ASICs and MCMs, in the design phase we have 
to assure all the power constraints so that we can 
conduct a non destructive test. Other than the need for 
stop the circuit under test (CUT) from destruction we 
also have to consider other factors for reduced power 
consumption during test application like price, 
dependability, presentation confirmation, independence 
as well as knowledge connected issues. All of these 
problems are discussed in the sequel. 

The effect of strong limit on the energy 
dissipation is due to the constraints of consumer 
electronic products that need plastic packages. The 
CUT requires a highly costly package in effect as a lot of 
switching action during the test leads to an increased 
high current flow (an increased peak 
power).Furthermore, it has been found that wearing 
away of conductors and ensuing stoppage of circuits is 
caused by electro migration. Electro relocation rate, 
prominent temperature and existing thickness caused 
by extreme switching throughout test application are 
determined by the main parameters like temperature 
and current density which drastically lowers the 
dependability of circuits in test.

 
In circuits equipped with 

BIST this phenomenon is very severe because these 
circuits are test regularly, for example in online BIST 
approach.

 
Due to high activity not only the reliability but 

also autonomy of remote and portable systems 
motorized by batteries

 
suffer. Remote systems 

frequently work mainly of their time in standby state with 
nearly no power consumption, intermittently by regular 
self tests. Therefore the lifetime of the batteries is 
increased by saving power during test mode.

 

The below two points emphasizes on 
importance of power minimization problem. Firstly, to 
get rid of too much of heat produced during test 
application the present

 
tendency in circuit design 

towards circuit miniaturization (for portability for 
example)

 
avoids the use of special cooling equipment. 

Next, the rising use of speed testing to find slow chips 
no more allows compensating the raise

 
of power 

indulgence in test by
 
reduced frequency of testing. 

Earlier, test was basically applied at rates much lesser 
that a circuit's normal clock rate because

 
only the 

treatment of fixed at faults were considered to be 
important. Currently the test to recognize slow chips via 
delay testing is done by aggressive timing. The 

high order for presentation specialized dies contrived for 
use in MCMs is seen in this fact. 

One more factor that demonstrates the 
criticality of this crisis is that the potential of a circuit in 
dispersing power is not constantly the same during 
the test and normal form of function. In practical 
checking of the die immediately after engraving on the 
wafer, the exposed die is not yet packed and has very 
less option for power or warmth indulgence. 
throughout it normal use, the is die is packed 
considering the quantity of power that needs to 
be dissipated and at times has extra options like heat 
dissipated fins. Therefore, during bare die testing 
because of the absence of packaging the conventional 
heat removal techniques cannot be used. The 
applications based on MCMs technology may have a 
problem because of this, for example, without the 
access to the completely tested bare dies we cannot 
realize the possible advantages in circuit density and 
performance. The overall yield and increasing 
production cost is affected if proper care is not taken to 
lower the power dissipation during bare die, the die in 
the test may be damaged. There are two other factors 
encouraging the lessening of power in check is given 
below. The first one is related to the problems found in 
testing memories via wafer probes[12].High Switching 
action during testing causes high power and ground 
noise which are mainly serious during the wafer probing 
since the power provide links are pitiable. The logical 
state of circuit lines are erroneously changes because of 
the high noise, because of which a few good dies fail 
the test, causing unavoidable loss of yield. 

The next reason is concerned with the problems 
rising during BIST. External testing becomes very tough 
with modern technologies and Modem design, a 
promising solution to VLSI testing problems is emerged 
through BIST. The design used to test methodologies 
which aim at finding defective mechanism in a 
arrangement by adding test logic on the chip is called 
BIST. The Various advantages of BIST are enhanced 
testability, at regulator speed test of modules, minimum 
need for automatic test tools and support during system 
maintenance [12][13].Furthermore, with the upcoming 
core based "system-on-a-chip" designs, BIST has 
always been one of the most good testing methods as it 
helps to maintain the rational property of the design. In 
BIST, the creation of the patterns are generally got from 
the Linear Feedback Shift Register (LFSR), the 
advantage of this is compact size and the ability to work 
as a Signature analyzer too. Unluckily there in increase 
in total energy consumption because of the excitation 
from the LFSR therefore achieving acceptable coverage 
levels require larger test lengths. The autonomy of 
portable equipment is reduced with increase in energy 
consumption, mostly in application where periodical 
tests are applied. With this when the test vectors are 
used with supposed process occurrence, the normal 
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power indulgence maximizes when compared to the 
power indulgence in the ordinary mode. This is because 
of the fact that when a given circuit in its normal mode of 
operation is applied with continuous functional input 
vectors has significant correlation; whereas consecutive 
vectors of a series created by an LFSR is proven to have 
less correlation [15]. This would compel the use of 
special packages and cooling systems to maintain the 
thermal conditions under specifications, therefore the 
final product cost is increased. It is very significant to 
lessen the power/energy indulgence in testing in order 
to assure the cost, performance verification, and 
autonomy and reliability constraints. 

Let’s look into another point related to scan 
supported BIST. Scan supported self test architectures 
are extremely famous because of it less impact on 
performance and area[14].Considering small power, 
scan supported architectures are incredibly costly 
because of every test outline is escorted with a alter 
operation with elevated power utilization to supply test 
model and check the test reply. This is popular in 
industrial surroundings. To limit the energy indulgence 
when scan shifting it had to convene the specific power 
restrictions throughout test mode and shun 
system destruction. 

b) Low Power Testing Strategies 
The power degenerates in a CMOS circuit 

come because of indict and release of capacitances in 
switching. To clarify this power indulgence through test, 
let us believe a circuit made up of N nodes, and a test 
succession of length L used to the circuit inputs. The 
regular power used at nodule i  per switching is ½. iC .

2
ddV  Here iC is the equal productivity capacitance at 

nodule i and 2
ddV the energy supply voltage. A high-

quality estimate of the energy used at nodule in a time 
interval t is ½. iS . 2

ddV  , here iS is the regular number of 

changes during this period (also known as the switching 
movement factor at nodule i). Moreover, nodules linked 
to additional one logic gate in the circuit are nodules 
having a elevated productivity capacitance. Depending 
on this reality, and in a primary estimate, it can be said 
that productivity capacitance iC  is relative to the fan out 

at node i , named as iF  [Wang 1995]. Thus, an 

estimation of the energy iE used at node i  throughout 
the instance interval t is given by: 

2
0

1 . . . .
2i i i ddE S F C V=  

 0C  is the least productivity capacitance of the 

circuit. As to the appearance, energy utilization at the 
logic stage is a task of the fan out iF and the swapping 

task factor iS . The fan out is shown by circuit topology, 

and the action feature iS  can be checked by a 

judgment simulator. The product .i iS F is called 

weighted switching action (WSA) at node i and 
shows the only changeable part in the power used at 
nodule i in test application. 

Based on the formulation above, the energy 
used in the circuit following function of a pair of 
succeeding input vectors 1( , )k kV V− can be articulated 

by: 

( )
i

2
Vk 0 dd i

i

1E = .C .V . S k .F
2 ∑  

Here i ranges from corner to corner all the 
nodules of the circuit and ( )is k is the quantity of 

changeover initiated by kV  at node i . Currently, let us 

think the full test sequence of length L  needed to reach 
the plan fault action. The whole power used in the circuit 
after the function of the whole test series is shown 
below; here k ranges from corner to corner all the 
vectors of the test series. 

( )
i

2
total 0 dd i

i

1E = .C .V . S k .F
2 ∑

 

By clarity, energy is specified by the ratio linking 
power and occasion. The immediate power is usually 
estimated as the quantity of energy needed through a 
tiny instant of time t small such as the piece of a clock 
cycle instantly subsequent the system clock increasing 
or declining edge. Therefore, the immediate energy 
degenerate in the circuit after the submission of a test 
vector is shown by: 

( )P V =E /tk Vk smallinst  

The peak power communicates to the greatest 
value of immediate energy checked during test. 
Consequently, this is shown in terms of the maximum 
energy used in a low moment of time in the test session: 

( )P ( / )peak k inst k k Vk smallMa P V Ma E t= × = ×
 

At the end, the average power used in the test 
session could be checked from the whole power and 
the analysis time. Taking into account that the analysis 
time is said by the product L.T, where T matches to the 
supposed clock period of the circuit, the regular energy 
can be shown as follows: 

P / ( . )average totalE L T=
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Though the expression on power and energy 
stated above is based on a simplified model, it is 
precise enough for the planned use of power analysis 
during test. Based on the above expression and 
considering that a given CMOS technology and a 
provided voltage for the circuit, it seems that the 

switching action factor is the  only factor  that  has  force 
on the power, peak power and average power. This tells 
us that most of the methods suggested till now for 
decreasing the power and energy during the test are 
based on the lowering of the swapping action aspect. 

 

c) Low power external testing usimg Automatic Test Equipment 

Figure 1 : Basic principle of external testing using ATE 

Since the Design complexity of state of art VLSI 
circuits, automation is majorly considered for creating 
test process. The fundamental code of exterior testing 
using automatic test apparatus with the three basic 
components is shown in Figure 2: manufacturing 
defects, for integrated circuit parts are tested under this 
circuit; automatic test equipment (ATE) including control 
processor, timing module, energy module, and 
format module; ATE memory that gives analysis model 
and checks test responses. The summary of the 
previously outlined components are presented                  

below [16]. 

The tests are applied
 
to the circuit under test 

(CUT) which is
 
piece of silicon wafer or packaged 

apparatus to
 
detect manufacturing defects. Since

  

checking
  

will join and separate millions of pieces to ATE 
to independently test every part so the

 
links of the CUT 

pins and bond
 
pads to ATE

 
has to be robust and easily 

changeable.
 

Control processor, timing module, power 
module and format module are there in the ATE.

 
Control 

processor is a swarm computer
 
which manages the flow 

of the test procedures
 
and corresponds to the other ATE

 

modules even if CUT is
 
non faulty or faulty. The clock 

edges required for every pin in the CUT is defined by the 
timing module. The signal to the pin will go high or low 
based on the

 
test model information with timing and 

format in sequence that
 
is extended by the format 

module, the power supply to CUT is given by power 

module and it is accountable for exactly calculate power 
and voltages. 

The ATE memory has test patterns given to the 
CUT and the anticipated non faulty responses are 
evaluated with the definite answer when testing 
happens. Voltage reply with mille volt correctness at a 
timing precision of hundreds of picoseconds is 
measured by State of art ATE [16]. Automatic test 
pattern generation (ATPG) algorithms are used to get 
test patterns or test vectors kept in ATE memory [17]. All 
through this paper from now on the test model and test 
vectors are made use of randomly. Random and 
deterministic algorithms are the classifications of ATPG 
algorithm. Random ATPG algorithms involve creations 
of random vectors and the test efficiency is got by error 
reproduction [24]. ATPG algorithms create tests by 
doing a structural net list at the logical level of concepts 
using a particular error list from a error world. 
 Deterministic ATPG algorithms generate smaller  and 
superior value tests in stipulations of test effectiveness 
when compared to Random ATPG algorithms, at the 
cost of extended computational time. Low controllability 
and capacity to scrutinize the inner nodules of the circuit 
are caused by the increased computational time related 
with deterministic ATPG algorithms. For sequential 
circuits this problem is extra severe in spite of the latest 
advancements in ATPG [18] computational time is huge, 
and test efficiency is not adequate. Additionally, the 
problem of getting increased test efficiency is very 
difficult and time consuming because of the increasing 
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difference among the quantity of transistors on a chip 
and the inadequate input/output pins. 

The technique that improves the testability, in 
conditions of controllability and capacity to observe, by 
including the test hardware and introducing 
particular test leaning decisions in the VLSI design 
flow is called Design for testability (DFT) as seen in 
Figure 1. This frequently results in smaller test 
application time, increased fault coverage and hence 
tests efficiency and easier ATPG. Scan based DFT is the 
most general DFT methodology wherever chronological 
basics are adapted to scan cells and initiated into 
a linear shift register. This made by keeping a scan 
mode for every scan cell where the information is not put 
in equivalent from the combinational part of the 
circuit, because it is shifted in order from the earlier 
scrutiny cell in the change register. Scan depending on 
DFT is additionally separated into entire scan and partial 
scan. The major benefit of full scan is that 
by changing all the chronological elements to scan cell 
that lessens the ATPG difficulty for chronological circuits 
to the additional computationally tractable ATPG for 
combinational circuits. In contrast, partial scan changes 
the subset of sequential elements going to lower test 
area slide at the expenditure of many complexes ATPG. 
How the test patterns are applied to CUT is described 
by the introduction of scan based DFT which leads to 
the change of the test application strategy. A test 
pattern is applied to each clock cycle in the case of 
amalgamation circuits or non scan series circuits, 
Every test model is used in a scan cycle when scan 
based DFT is used. 

d) Low-Power Scan Testing 
The problem of too much power during that test 

that is in the context of scan testing is much harsh than 
in practical mode. This is mainly due to the fact that 
application of every test model in a scan plan needs a 
quantity of shift clock cycles that add to an needless 
raise of switching activity [19][20]. A study reported in 
[21] expresses that when 10% 20% of the memory 
fundamentals (D flip flops and D latches) in a digital 
circuit modify state in one clock cycle in functional 
mode, 35% 40% of such memory elements while 
reconfigured as scan cells can swap state in scan 
testing. All scan cells can change state. One more 
report[22] further indicates that the power used during 
the functional operation is 3 times lesser than the power 
used in scan testing, in normal functional operation the 
power is 30 times lesser when compared to the peak 
power. 

Scan design needs reconfiguration of memory 
elements (regularly D flip flops) in scan cells and next 
joining them jointly to create scan chains [19] [23] 
[20]. Every scan test pattern has to be first moved into 
the scan chains during slow speed testing. To do this 
we need to set the scan cells to shift mode and putting 

a quantity of load/unload (shift) clock cycles. In order to 
avoid high power dissipation scan shifting is usually 
done at low speed. To incarcerate the test reply of the 
plan into scan cells capture clock cycle is used. To do 
this we need to set the scan cells to normal/capture 
mode. For this setting generally a scan enable signal 
(SE) is used. The scan design is in shift mode when SE 
is set to 1 and when it is set to 0, the circuit is moved to 
normal/capture mode. 

From the early 1990s, in the industry to check 
stuck at faults and bridging faults this slow speed scan 
test method has been extensively used. The Figure 7.2 
shows the shift and capture operations for the classic 
scan design with the connected current waveform for 
every clock cycle. This current waveform changes from 
cycle to cycle since current is relative to the number of 
0- to -1 and 1-to-0 changeover on the scan cells which 
in turn makes swapping in the circuit under test (CUT). 

The excessive power during (slow- speed) scan 
testing can be divided into two sub problems: extreme 
power in the shift procedure (known as extreme shift 
power) and extreme energy in the capture procedure 
(known as extreme capture power) [Girard 20021]. 
When a lot of flip-flops change their output values at the 
same time after capture operation the latter is proposed 
to deal the issues that raises during the clock skew. 
Many methods have been intended to decrease shift 
power, capture power or both simultaneously during 
slow speed scan testing since the last ten years. 

e) Low power testing in BIST 

Lately new methods have come to handle with 
the energy and power issues in BIST. To shorten the 
BIST implementation of tough IC’s, particularly during 
higher levels of test activity Zorian [25] offered a 
distributed BIST control scheme. When the average 
power is decreased as a result the temperature 
associated issues are avoided by the amplifying

 
the 

check time limit. On the flip side
 
the self-sufficiency of 

the system is not
 
increased and the total energy remains 

the same.
 

Cheung et al. in [26] suggested a technique for 
the low power test of RAMs. It reduces the energy usage 
which conserves the test time; the average power is also 
reduced.

 

Based on the two different speed LFSRs [27] 
Wang et al. suggested a BIST strategy called Dual 
Speed LFSR. They attain a reduction in

 
the regular 

energy and power usage between 13% and
 
70 %

 
with 

no error of mistake treatment.
 

Lately, Hertwig et al [28] suggested a reduced 
power strategy for scan based BIST. Energy saving 
ranged

 
from 70% to 90% evaluated to

 
standard scan 

based BIST architecture is got from this original design 
of scan path elements. Zhang et al.

 
in [29] suggested 

another low power method for scan –
 
based BIST.
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The issue of power limitation in test application 
for BIST circuit is also seen in [30]. The major restriction 
is to decrease the energy consumption with changing 
the stuck at fault coverage. It is seen that energy 
consumption is not influenced by polynomial selection, 
regarding energy consumption seed of the LFSR is the 
major important factor. Thus, a technique based on 
simulated annealing algorithm is suggested to 
choose the seed of a known LFSR that gives the 
least power usage. The untried results collected on the 
ISCAS benchmarks display difference if the weighted 
swapping action starting from 147% to 889% based on 
the selected LFSR seed. 

A test vector inhibiting method to sort the non- 
detecting sub sequences of a pseudo random test order 
created by a LFSR is shown by Girard et al. in[31]. 
To accumulate the initial and final vectors of the non 
detecting sub sequences to b filtered is done by using 
the decoding logic To carry out a discerning 
filtering action a D type flip flop functioning in the snap 
style is made use of to change the enable/disable mode 
of LFSR. Decrease in the energy consumption is in the 
choice from 18% to 78% with a small cost 
in conditions of region slide of the BIST structure (below 
than 3% of the circuit area). Manich et al. in [32], 
suggested a enhancement method where the filtering 
action is complete to all the non-detecting subseries. 
The main thought is based on the amalgamation of all 
the deciphered logic modules. For some of the 
experimented benchmark circuits Energy and average 
power usage savings can reach a level of 90%. 

In [33], a original low power/energy BIST 
approach based on circuit partitioning is suggested. The 
aim of this approach is to reduce the average power 
and energy usage during pseudo-random testing and to 
decrease the peak power usage without changing the 
fault coverage. The main idea is to divide the actual 
circuit into two structural sub circuits so that every sub 
circuit can be sequentially tested through two various 
BIST sessions. The average power of the swapping 
action in a instance time (i.e. the average power) as well 
as the peak energy usage is reduced when dividing and 
planning the test session. Furthermore, the total energy 
usage during BIST is also decreased because the test 
length needed to check the two sub circuits is not so far 
from the experiment length for the actual circuit. By 
slightly modifying conventional TPG structures the 
suggested approach can be put to whichever test-per-
scan or test-per-clock BIST schemes. Results on ISCAS 
circuits presents that regular energy lessening of up to 
62%, high power decrease of up to 57%, and power 
decrease of up to 82% can be got at very less price in 
conditions of vicinity slide and with approximately no fine 
on the circuit with regards to timing. 

III.
 

Current State of the Art
 

The

 

key idea for taking into account power 
usage

 

in test application is that energy and power of a 

digital scheme are

 

generally

 

supreme in test mode than 
in system mode [34]

 

[35] and [36]. The

 

motive is that 
test models result as

 

much nodes switching as 
possible

 

but a energy saving system mode only triggers 
some modules at the identical time.

 

One more motive

 

is 
that succeeding practical input vectors put to a said 
circuit during system mode has a

 

important connection, 
but the connection

 

among successive test models can 
be very less [37].

 
In the last decade [-94, 116] there was 

extensive research done

 

on less power model and 
testability of VLSI

 

circuits. With the introduction

 

of 
profound sub-micron technology and tense acquiesce 
and consistency restraint in order to execute a non-
destructive test for supreme show VLSI circuits energy 
indulgence in test application

 

should

 

not to surpass the 
energy restraint set by the energy degenerate when the 
practical process of the circuit [52], [60], [69], [103], 
[111], [125]. This is because unnecessary energy 
indulgence in the test application that happens by 
elevated swapping action may cause the next two 
problems [69], [118], [126]:

 i.

 
Reduced reliability caused by the below

 

two causes: 
heat indulgence and electro migration.

 

Using the 
special cooling equipment to remove extra

 

heat 
indulgence in test application that happens by 
supreme swapping action is

 
tough and 

expensive
 
as tests are used at superior levels of 

circuit incorporation such as BIST.
 
Thus, 

extra
 
warmth indulgence may cause everlasting 

harm of the circuit in test or influence the 
dependability by

 
increasing

 
corrosion mechanisms 

[118]. Also electro migration rate
 
goes high

 
with 

heat and present compactness that is not estimated 
by state of the art approaches [82], [117] which 
suppose signal correlations that are removed after 
DFT

 
techniques such as scan or scan BIST 

are
 
used.

 ii.
 

High
 
power/ground noise joined with huge resistive 

voltage fall
 
causes manufacturing yield loss.

 
If one 

test is a exposed dice through manufacturing test 
making use of  routine test tools (Section 1.2), 
energy should be complete during probes that have 
supreme inductance than the energy and ground 
pins of the circuit pack-age that leads to 
considerably higher power/ground noise. The other 
side shows resistive voltage fall that happens by big 
greatest immediate current going in the energy lines 
is miscalculated by methods [82], [117]

 
because 

they assume signal connections
 
that are damaged 

when making use of scan based DFT
 
techniques. 

Thus, high power/ground noise joined with large 
resistive voltage drop can erroneously modify

 
the 

judgment state of circuit lines cause a few fine 
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circuits to fail the test, causing the unwanted loss of 
manufacturing yield.

210



 
 

Design

 

methods at the logic stage of 
concept

 

causes sources of high power dissipation 
during test application and that can be further classified 
as:

 
a)

 

The

 

algorithms [42], [48], [81], [85], [108], [113], 
[115], [122]

 

synthesizes the low power 
combinational circuits

 

that look to optimize the 
signal or change probabilities of circuit nodes 
making use of the spatial addiction in the circuit 
(spatial

 

connection),

 

and presumptuous the change 
probabilities of first inputs to be known 
(temporal

 

connection) [99]. The utilization

 

of spatial 
and temporary associations in the practical process 
for less energy mixture of combinational circuits 
causes elevated swapping action through test 
application as

 

connection between consecutive

 

test 
patterns created

 

by repeated test model creation 
(ATPG) algorithms is very less [109]. This is since a 
test pattern is created

 

for a said goal error devoid of 
any

 

thought

 

of the earlier test model in the 
test

 

series. As a result, increased switching activity 
is caused by lower connection between successive 
test patterns during test application

 

and therefore 
energy indulgence when evaluated to practical 
process [126].

 
b)

 

State

 

job algorithms that use state change 
probabilities [46], [47], [49], [55], [98], [108],

 

[116] 
synthesize the low power sequential circuits.

 

The 
state changeover likelihood are calculated

  
considering

 

the key in likelihood allocation and the 
state changeover graph that are suitable in 
functional operation.

 

When scan DFT technique is 
used these

 

two hypotheses are not suitable in the 
test mode of

 

operation.

 

Whilst changing the test 
results, the scan cells are

 

linked to uncorrelated 
values that destroy the connection between 
successive functional states. Moreover,

 

in the case 
of data lane

 

circuits with

 

huge

 

amount of states that 
are created for less energy making use of the 
relationships among information transfers [53], [84], 
[86], [87], [88], [89], [90], in the test manner 
scrutinize registers are

 

linked uncorrelated values 
that are not at all

 

get to useful process that may 
cause supreme energy indulgence in the efficient 
operation.

 
Design methods

 

at the register-transfer stage of 
concept

 

causes

 

elevated energy indulgence in test 
application

 

due to the following. Power

 

aware 
architectural

 

choice such as power managing where 
blocks are not

 

concurrently activated during functional 
operation [45], [90] uses systems which include

 

a 
elevated quantity of memory fundamentals and 
multifunctional implementation

 

units.

 

Therefore, motion-
less blocks do not add to extravagance in the realistic 
procedure. The innovative standard for energy 
association is the systems and their work understanding 

varied workload in the practical process [44]. 
Nevertheless, such an supposition is not suitable in test 
application. To decrease test application time when the 
system is in the test mode, simultaneous impleme-
ntation of tests is needed. Thus,

 

by concomitantly 
implementing tests a lot of blocks will be energetic at 
the identical time heading to a

 

difference

 

with the energy 
management strategy. This will cause elevated power 
indulgence in test application in contrast to practical 
process.

 
To overcome the low connection between 

repetitive

 

test vectors in test application in 
combinational

 

circuits a new ATPG tool [126] was 
suggested. In spite of

 

having, the objectives of 
protected and

 

low-cost

 

testing of low power circuits the 
method in [126]

 

maximized the test application time. A 
special method

 

for decreasing energy indulgence in test 
submission in combinational circuits is based on test 
vector order [61], [63], [72], [74], and [75]. 
The

 

fundamental

 

thought ahead of test vector order is 
to

 

get

 

a new array of the set such that

 

connection 
between consecutive test patterns is maximized.

 
The

 

severity of the test vector-ordering problem 
that is

 

minimized to get a minimal

 

cost Hamiltonian path 
in a full, undirected, and weighted

 

graph due to

 

the 
working time in [61] is very high.

 

The elevated 
calculating time is triumphed over by the methods 
suggested in [63], [72], [74] where test vector order 
assumes a high relation among swapping action in the 
circuit under test and the hamming space [63], [74] or 
changeover density [72] at circuit primary inputs. For 
joined circuits employing BIST many

 

methods for 
reducing power dissipation were planned

 

newly [50], 
[57], [58], [71], [73], [95], [96], [97], [120], [123], [124]. 
In [120] the usage of two speed linear response

 

shift 
register (DS-LFSR) lessens the changeover 
compactness at the circuit inputs causing redu-
ced

 

power indulgence. The DS-LFSR function with a 
unhurried and a standard speed LFSR, in order to 
amplify the association among successive patterns. 
It

 

has to be known

 

that the slow LFSR has both a 
unhurried clock and a standard clock as

 

inputs; it also 
has

 

a control signal that chooses the

 

suitable clock 
based

 

on the process. It was shown in [120] that test 
competence of the DS-LFSR is elevated than in the case 
of the LFSR based on a primal polynomial with a fall in 
energy indulgence at the

 

cost of much complex control 
and clocking. Best

 

influence sets for entry signal 
allocation are dogged in order to

 

reduce average power 
[124],

 

the best early circumstances in the cellular 
automata (CA) cells used for model

 

creation [123] found 
when the peak power is reduced.

 

It was confirmed in 
[50] that all the

 

ancient

 

polynomial LFSR of the identical 
size,

 

generate

 

the similar energy indulgence in the 
circuit under test,

 

therefore

 

recommending the use of 
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the LFSR with the lowest number of XOR gates because 
it yields the least power dissipation by itself. A 



 varied

 

answer based on reseeding LFSRs and test 
vector restrained to filter a couple of non-detecting sub-
sequences of a pseudorandom test

 

series was 
planned

 

in [-68, 70]. A sub-sequence is non-detecting if 
all the faults originate by it are

 

also seen by additional 
notice sub sequences from the pseudorandom 
test

 

series.

 

An improvement of the test vector 
restraining

 

methods was shown

 

in [73], [95], [96], [97] 
where all the non-detecting sub-sequences are 
removed. The fundamental standard of filtering non-
detecting

 

series

 

is to used for decoding judgment 
to

 

find

 

the primary and the final vectors of

 

every non-
detecting series. Later finding

 

the initial vector of a non-
detecting

 

series,

 

the restrained structure making use of 
a broadcast gates network facilitating signal spread 
[104], stops the submission of test vectors to the CUT. 
The

 

seed memory is made of two parts which is the 
exact feature of the proposed BIST structure: the first 
part has

 

seeds for arbitrary prototype challenging errors 
and the second part

 

has seeds to inhibit the non-
detecting series [71]. The seed memory joined

 

with the 
interpreted logic is enhanced than only decoding logic 
in terms of less energy indulgence and elevated error 
treatment, at the

 

cost of higher BIST area overhead.

 
For filtering non-detecting vectors motivated

 

by 
the pre-computation structural design [39] is shown 
in[58] in different approaches.

 

The MASK block is a 
circuit with a latch-based architecture or AND-based 
architecture which also

 

removes or keeps unchanged

  
the vectors made by the LFSR. The facilitate logic 
trappings

 

a partly specific

 

Boolean function whose on-
set [62] is the set of the unchanged

 

vectors and whose 
off-set is the set of the removed (non-detecting) vectors 
[58].

 

A progress in area overhead linked with filtering 
non-detecting vectors without fine

 

in error coverage or 
test submission time was

 

got

 

making use of non-linear 
hybrid cellular automata [57]. The hybrid cellular 
automata

 

creates

 

test models for the CUT making use 
of cell configurations optimized for less energy 
indulgence under set error treatment and test appl-
ication time constraints. The

 

promptness

 

of multiplier

 
units and linear sized test set

 

needs

 

reaching elevated 
mistake treatment guide to competent low power.

 
BIST implementations for information trail [43], 

[76], [77], [78], [80]:

 

In spite

 

of the accomplishment kind 
of the test pattern producer,

 

in terms of power 
dissipation [106] BIST architectures extensively differ 
one from another.

 

The three diverse architectures were 
checked for

 

energy

 

indulgence, BIST area transparency 
and test application

 

time. It was seen [106] that the 
architecture

 

having

 

an LFSR and a transfer register 
SR

 

creates lower

 

energy indulgence, BIST

 

area 
transparency and test relevance

 

time when evaluated to 
a single LFSR and two LFSRs with mutual feature 
polynomials.

 

Though, this is achieved at the cost

 

of 
subordinate error treatment and therefore

 

decreased

  

test competence owing to the customized

 

series

 

of 

model practical to the CUT that does not

 

find

 

all the 
accidental model unwilling faults.

 
The power dissipation as described in [70] is 

influence by circuit

 

division into sub-circuits and 

 
cognized sub-circuit. Test development

 

have the 
major

 

reason for circuit partition is to get two diverse 
structural circuits of

 

roughly the same size, so that every 
circuit can be sequentially

 

experienced in two diverse 
sittings. To reduce

 

the BIST area transparency of the 
ensuing BIST scheme, the quantity of associations 
among the two sub-circuits has to be

 

as less as 
possible.

 

It was revealed in [70] that by dividing a single 
circuit unit into two sub-circuits and implement two 
succeeding tests, reserves in energy indulgence can 
be

 

got

 

with approximately the similar test application 
time as in the case of a single circuit unit.

 
Even though the methods planned for

 
reducing

 

energy indulgence in test application in 
combinational circuits at the judgment stage of 
concept

 

gives good results, they can additionally be 
joined with the methods proposed at register-transfer 
level.

 
A test pattern creation

 

method for less energy 
indulgence was projected in

 

[56] to reduce energy 
indulgence in non-scan chronological circuits in 
test

 

application. The technique

 

is developed on three 
self-regulating steps including unnecessary test 
model

 

creation,

 

power indulgence size and optimum 
test

 

series

 

assortment. The explanation suggested in 
[56] that is based on genetic algorithms gets significant 
savings in energy indulgence, that cannot be realistic to 
scan sequential circuits anywhere variable energy 
extravagance is the major contributor

 

to the whole 
energy indulgence.

 
To

 

reduce shifting

 

energy indulgence in scan in 
order circuits,

 

test vector inhibiting methods suggested 
for combinational circuits are comprehensive to scan in 
order circuits [59].

 

Whether

 

the examination example to 
be shifted fit in to the subset of notice

 

sequences is 
detected based

 

on the substance of the LFSR the 
decoding

 

logic.

 

If the model is non-detecting the 
dissemination throughout the SR and scan chain is 
blocked. In [68] the test vector restrained

 

method

 

is 
complete where the modules and modes with the 
maximum power indulgence are recognized, and gating 
logic is initiated to

 

lower power dissipation. In spite 
of

 

considerable savings in energy indulgence vector 
recognition and gating logic

 

begin not only important

  
area overhead but also significant presentation 
degradation for changed

 

scan cell design. In [114] a 
fresh scan BIST arrangement was suggested

 

that A

 

very 
elevated fault coverage can be got by a small number of 
clusters of test

 

vectors based on the experimental 
observation in [114] a new scan BIST structure. Even 
though not targeted particularly

 

for small energy 
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indulgence in test application the approach in [114], 
gives elevated error treatment with connected scan 



 
pattern that can also cause less energy indulgence. A 
same

 

method is in use

 

in the little changeover random 
test model

 

creator

 

(LT-RTPG) projected in [121], where 
adjacent bits of the test vectors are allocated the same 
values in most test vectors. A straightforward and 
quick

 

way

 

to compact scan vectors with achievable 
devoid of

 

more than

 

energy indulgence was projected in 
[110]. All the preceding

 

scan-based BIST techniques 
[59] [68] [110] [114] [121] initiate test area overhead 
and/or additional show degradation when compared to 
scan DFT

 

techniques.

 
A diverse method [61] based on test vector and 

scan cell order

 

reduces

 

energy indulgence in full scan 
chronological circuits devoid of any overhead in test 
area or show deprivation. The input series at the main 
and pseudo inputs of the CUT, though uneven out test 
reply in the case of regular scan design is considerably 
customized when reorder scan cells and test vectors. 
The new series got after reorder will direct to lower 
switch action and therefore lessen energy indulgence 
due to superior connection between successive pattern 
at the main and pretend inputs of the CUT.

 

Additional 
benefit of the post-ATPG method

 

projected in [61] is 
that lessening of energy indulgence in test application 
got

 

devoid of any cut in error treatment and/or augment 
in test application time. The

 

method

 

is test set 
dependent, which means that energy limit depends on 
the size and the worth of the test vectors in the test set. 
Due to its test set belief, the method planned in [61] is 
computationally not feasible because of big 
computational time

 

needed to discover the huge design 
space.

 
A diverse

 

method to get

 

energy reserves is the 
use of extra key input vectors,

 

leads to additional 
volume of test data [-88, 189]. The

 

method

 

planned in 
[119] exploits the unneeded in sequence that

 

comes 
during scan shifting to reduce

 

switch action in the CUT. 
Though shifting out the pseudo output part of the test 
reply in the clock cycles, the price of the main inputs 
is

 

superfluous. Thus

 

this superfluous data can be 
broken by compute an additional main input vector for 
every

 

clock cycle of the scan cycle of

 

each test pattern. 
On the other hand, in spite of getting considerable 
power savings the methods needed huge

 

test request 
time, which is linked to a extensive computational time, 
and a big quantity of test data. The volume of test data 
is reduced in [79] where a D-algorithm like ATPG [38] is 
created to

 

create

 

an only control vector to mask the 
circuit action while variable out the test 
responses.

 

Nothing like the method

 

planned in [119] 
based on a huge number of additional

 

main input 
vectors, the explanation presented in [79] employ a 
single extra chief input vector for all the clock cycles of 
the inspect cycle of

 

each test pattern.

 
The input control method

 

projected in [79] can 
additional be mutual

 

with earlier projected scan cell and 
test vector order [61] to realize,

 

though, modest savings 

in power dissipation in spite of

 

a considerable decrease 
in volume of test data when compare to [119].

 

On the 
other hand, both methods

 

based on extra main input

 

vectors [-88, 189]

 

needs

 

elevated computational time 
and therefore are infeasible for great chronological 
circuits.

 

In spite of their effectiveness for 
reducing

 

energy indulgence in scan chronological 
circuits,

 

the previous methods

 

trade off one test 
parameter at the

 

advantage

 

of an additional test 
parameter of the scan based DFT technique.

 

Thus new 
methods are needed

 

for small to average sized and big 
scan

 

serial

 

circuits.

 

To defeat the difficulty of high power indulgence 
in test application at RTL, frequent power-constrained 
test preparation algorithms were projected under a BIST 
environment [51], [54], [91], [92], [93], [100], [101], 
[102], [105], [107], [125]. The

 

method

 

in [125] 
schedules the tests under power constraint by 
assemblage and order based on floor plan in sequence. 
An

 

additional investigation in the explanation space of 
the development difficulty is provide in [54] where a 
provide distribution

 

graph formulation for the test 
expansion complexity is given and tests are scheduled 
concomitantly devoid of

 

more than

 

their power restraint 
during test application. To shorten the preparation 
difficulty the bad case power indulgence (maximum 
immediate power indulgence) is used to distinguish the 
energy limitation of

 

every

 

test. The test compatibility 
graph is annotated with energy and test application time 
information. The power rating characterized 
by

 

high

 

power dissipation and test application time are 
used for scheduling unequal length tests under a power 
constraint. To conquer the recognition of all

 

the cliques 
in a graph and the covering table minimization trouble 
applied in [54], which are well known NP-hard troubles, 
the solutions planned in [100], [101], [102] use list 
scheduling, left edge algorithm and a hierarchy 
growing

 

method

 

as an heuristic

 

for the block test 
preparation difficulty. Power forced test preparation is 
comprehensive to system on a chip in [51], [105], [107]. 
Test communications and power unnatural test 
preparation algorithms for a scan-based architecture are 
accessible in [91], [92], [93].

 

All the earlier

 

methods

 

for power controlled test 
preparation have unspecified a fixed amount of energy 
indulgence associated with each test. This is an positive 
supposition that is not applicable when employ BIST for 
RTL data paths calculated for less energy due to 
ineffective energy indulgence.

 

Observation: The majority of the

 

previous

 

study 
in less energy testing is alert on scan-based circuits as 
whole-scan is the extensively

 

adopt test approach in the 
industry. In a full-scan circuit, all the internal flip-flops 
(FFs) are replacing by scan-FFs and work in two modes 
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through test: shift style and capture form. In shift style, 
scan-FFs form scan chains, through which test 
stimuli/responses can be shift in/out so that we are 



competent to control/observe all the inside memory 
elements. In capture mode, scan-FFs work as functional 
FFs such that the test stimuli are applied to the 
combinational section of the circuit and the test 
response are stored into these FFs themselves in the 
next clock cycle.

 

It is probable that the test 
power

 

usage

 

exceeds the circuit’s energy ranking in 
both shift mode and confine mode.

 

Methods

 

based on 
scan chain management (e.g, [127][128][134][139]) are 
very efficient in dropping scan shift power, but does not 
help in

 

lessening

 

scan capture power. There are also 
some other

 

methods that decreases

 

the switch actions 
of the CUT by captivating benefit of the ‘don’t-care’ bits 
in test cubes, e.g., the low-power routine test 
pattern

 

creation (ATPG) methods

 

in [129][137] and the 
test vector treatment

 

techniques in [130][133]

 

[135][138]. A few of them are able to decrease

 

scan 
shift power whilst the others are supportive in 
decreasing

 

scan capture power. Yet after apply the 
above

 

methods,

 

it is potential that there remain some 
patterns that exceed the circuit’s power rating if the CUT 
is large. One answer in this case is to replay low power 
ATPG for the faults that were

 

found by those 
problematic patterns [136]. On the other hand,

 

even if 
such ATPG tools are available, they

 

usually result in 
bigger test data volume and are computationally

 

very 
costly.

 

Another solution is to partition the original circuit 
into multiple sub-circuits and test them separately 
through clock gating [131]. This not only significantly 
reduces the power

 

used

 

in the logic part, but 
also

 

decreases the power used

 

in clock tree, which is a 
major contributor to test power consumption. 
Partitioning the circuit for test, nevertheless, frequently 
involve rerunning the lengthy ATPG procedure for the 
partition sub-circuits and solve the difficulty of how 
to

 

get

 

satisfactory responsibility coverage for the glue 
logic between sub-circuits. An motivating question is 
whether partition for test can be done with no mention 
the said limitations?

 

Regular power

 

usage during scan testing can 
be managed by minimizing

 

the scan clock occurrence, 
a well known explanation used in industry. In difference, 
peak power

 

usage

 

during scan testing is self-
determining of the clock occurrence and therefore is 
greatly

 

tougher

 

to control. Among the power-aware scan 
testing

 

methods

 

shown, some of them relate openly to 
peak energy. As said in new

 

industrial experiences 
[140], scan pattern in various designs may use greatly 
more peak power over the regular mode and can 
answer in failures in manufacturing test. For example, if 
the immediate

 

energy is high, the temperature in some 
part of the die can

 

go beyond

 

the boundary of thermal 
ability and then reason immediate injure to the chip. In 
practice, demolition really happens when the

 

immediate 
power exceeds the high

 

power grant during many 
succeeding clock cycles and not just during in one 
single clock cycle [140].

 

Thus,

 

such temperature-related 

or heat indulgence issue speak about more to important 
regular power than peak power. The main issue 
with

 

extreme peak power concerns yield decrease

 

and 
is made clear in the follow-up.

 

With elevated speed,

 

too much

 

peak power in 
test reason high rates of current (di/dt) in the energy and 
ground rails and therefore leads to

 

high

 

energy and 
ground noise (VDD or Ground bounce). This 
may

 

incorrectly modify

 

the logic state of some circuit 
nodes and reason some superior dies to fail the test, 
therefore leading to needless

 

loss of yield. Likewise, IR-
drop and crosstalk things are occurrence that may 
explain up an error in test mode but not in efficient 
mode. IR-drop refers to the quantity of 
reduction

 

(increase) in the power (ground) rail voltage 
due to the confrontation of the devices among the rail 
and a node of attention in the CUT. Crosstalk relates to 
capacitive coupling between neighboring nets within an 
IC. With high peak power demands during test, the 
voltages at some gates in the circuit are

 

minimized. This 
causes these gates to display

 

superior delays, probably 
foremost to test fails and yield loss [10]. This

 

experience 
is reported in many

 

reports from a mixture of 
companies, in particular when at-speed changeover 
delay testing is done [140]. Typical example of voltage 
drop and ground rebound responsive applications is 
Gigabit switches contain millions of logic

 

gates.

 

Methods based on scan chain handling [141] 
are very efficient in minimizing

 

shift power, but generally 
do not help in falling detain power. In particular, the 
scan chain segmentation

 

method is extensively

 

utilized 
in the industry due to the fact that it

 

is easy to execute 
and highly effectual in reducing shift power.

 

Several research groups have also proposed 
minimizing test power by modifying the circuit under 
test. This includes clock gating [142], insert circuitry 
among the scan chains and the combinational portion of 
the CUT to block changeover [143][144][145], scan 
enable disable [146] and circuit virtual partitioning [147]. 
Circuit alteration

 

methods are able to minimize

 

both shift 
power and capture power, though, frequently at a higher 
design-for-testability (DFT) cost.

 

When compared to the above DFT-based 
methods, minimizing

 

test power during successful test 
scheduling and/or test cube treatment methods does 
not incur any DFT overhead.

 

Power-constrained test scheduling is

 

frequently

 

conducted in core-based testing, in which we cautiously 
select surrounded cores that are tested

 

concurrently

 

according to a agreed energy resources [148]. Often 
times only a little bits in a test model are

 

necessary

 

to 
notice all the fault enclosed by it; while the lingering bits 
are “don’t-care bits” (also known as X-bits). here are 
also many

 

methods that minimizes

 

the switch behavior 

© 2013  Global Journals Inc.  (US)© 2013  Global Journals Inc.  (US)

 X
III

  
Is
su

e 
V
II 

V
er
sio

n 
I 

  
  

  
  

  
  
  

  
  

2

  
 

(
)

Ye
ar

01
3

2
F

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  

V
ol
um

e

14

Bench Marking Models of Low Power VLSI Testing Strategies: Current State of the Art

of the CUT by captivating improvement of this property, 
e.g., the low-power routine test model creation (ATPG) 
methods in [149][150][151], test compression approach 



 
  

in [152], and the assorted X-filling

 

methods

 

projected 
freshly in [153][154][155][156]. The test cubes may 
have as much as 95%~98% X-bits [157]. They can be 
generously filled with moreover logic ‘0’ or logic ‘1’ 
devoid of affecting the CUT’s fault reporting. Low power 
X-filling

 

methods use

 

this quality to accomplish shift 
power and/or capture power decrease. As a absolutely 
software-based solution, these X-filling method do not 
initiate any DFT overhead and therefore are simply 
integrated into any test flow. It must also be noted that, 
even if the known test cube is fully particular, the don’t-
care bits can motionless be

 

known with method

 

such as 
the one projected in [158]. Filling X-bits to

 

minimize 
scan shift power is to create

 

less difference among 
adjacent scan cells.

 

Observation

 

: It is shown in [153] that logic 
value difference occur in diverse position have diverse 
impact on the shift power indulgence. Filling X-bits 
to

 

minimize

 

capture energy is very diverse from the 
above. The aim is to

 

minimize

 

the hamming distance 
flanked by the input and output of

 

each

 

scan-FF in 
capture mode (denoted as the scan capture transition 
count), which is revealed to be closely

 

connected

 

with 
the circuit's switching activity. In [154], Wen et al. 
first

 

existing low-capture power X-filling techniques

 

(denoted as LCP-filling) in the literature. Their method 
tries to

 

minimize

 

the scan capture transition count as 
much as possible by filling X-bits one by one through 
implication and line justification

 

ATPG procedures. The 
filling order of the X-bits extensively affects the results of 
their method and one of the main boundaries of their 
technique is that they try to

 

lessen changeover in a 
single scan cell in every filling step, devoid of 
considering its

 

effect on the other X-bits. To 
minimize

 

the computational complexities of the ATPG 
measures utilized in [154], Remersaro et al [155] 
introduced a probability-based X-filling method (namely 
preferred fill) to decrease capture energy.

 

On the other 
hand,

 

their technique is not capable to weight X bits on 
capture power reduction efficiencies to get the optimal 
filling order among them. Because of their diverse 
objectives, low-shift power X-filling method may result in 
higher capture power indulgence, and vice versa. As a 
consequence, it is essential to consider both shift power 
lessening and capture power reduction during the X-
filling development. [156] Takes a fully individual test set 
as input and generates a new test set with summary 
shift power and capture

 

power. The authors first identify 
X-bits in the test set and then fill 50% of the X-bits using 
preferred fill [155] while the outstanding X-bits are filled 
next using adjacent fill [153].

 

Both shift power and capture power can be 
lessen with X-filling procedure in [156],

 

filling half of the 
X-bits for capture power

 

minimization

 

and the other half 
for shift power

 

minimization is not a very good 
approach. This is because;

 

the shift power indulgence 
and the capture power indulgence should be dealt with 

another way. The

 

major

 

purpose in shift power lessening 
is to

 

reduce

 

the average test power indulgence as much 
as promising, so that we are able to use

 

increased shift 
frequency and/or higher test parallelism to minimization 
of

 

the CUT’s test time and hence cut down the test cost; 
while the main duty in capture power

 

minimization

 

is to 
keep it under a safe peak power limit and it is

 

needless 
to minimize

 

it to be the least value.

 

Test during burn-in at the wafer level augment 
the repayment that are

 

resulting

 

from the burn-in 
procedure. The monitoring of de-vice responses while 
be relevant apt test stimuli during WLBI leads to the 
easier recognition of faulty devices. This process can be 
referred as “WLTBI”; it is also referred to in the literature 
as “test in burn-in” (TIBI) [159], “wafer-level burn-in test” 
(WLBT) [162], etc. WLTBI technology has

 

lately made 
fast advances with the arrival

 

of the “known good die” 

(KGD) [163], i.e., devices that are sold as tested bare 
die. KGDs are construction blocks of complex system-
in-package (SiP) de-sign, wherever chips with

 

various 
functionalities are united

 

in a single package. The 
mounting

 

order

 

for KGDs in complex system-on-a-chip 
(SoC)/SiP architectures, multichip modules, and stacked 
memories, show the significance for cost effectual and 
feasible WLTBI solutions [160]. WLTBI will also make 
possible advance in the manufacture of 3-D ICs, where 
exposed dies or wafers

 

have to

 

be checked prior they 
are perpendicularly stacked. WLTBI can therefore be 
seen

 

as an facilitate technology for cost competent 
manufacture of reliable 3-D ICs. The

 

vital methods used 
for the testing and burn-in of entity chips are the similar 
as those used in WLTBI. Test and burn-in

 

need the 
accessibility

 

of fitting electrical excitation of the 
device/die under test (DUT), irrespective of whether it is 
done on a package chip or a bare die. The only 
dissimilarity lies in the mode of delivery of the electrical 
excitation. Mechanically contact the leads provide 
electrical unfairness and excitation during conservative 
testing and burn-in. In the case of WLTBI, this excitation 
can be provided in any of the following three ways: the 
probe-per-pad method, the sacrificial metal method, 
and the built-in test/burn-in method [164].

 
The built-in test/burn-in technique involves the 

use of on-chip design-for-test (DFT) communications 
to

 

get WLTBI. This method

 

allows wafers to undergo full-
wafer contact using far fewer probe contacts. 
The

 

existence of complicated

 

built-in DFT features on 
current day ICs makes “monitored burn-in” possible. 
Monitored burn-in is a process where a DUT is provided 
with input test patterns; the output responses of the DUT 
are monitored online, thereby leading to the 
identification of failing devices. It is therefore clear that 
WLTBI has a important possible to lower the generally 
product cost by flouting the barrier among burn-in and 
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test process. As a result, ATE manufacturers have 
lately introduce WLBI and test gear that give full-wafer 



 
contact during burn-in and also provide test monitoring 
capabilities [160], [162], [165].

 
There are

 

many practical challenges 
connected

 

with WLTBI; these comprise full contact burn-
in and competent thermal control [164]. Winning WLTBI 
process also

 

needs

 

during understanding of the thermal 
characteristics of the DUT. To keep the burn-in time to a 
least, it is

 

necessary

 

to test the devices at the superior 
end of their temperature cover [161].

 

Furthermore,

 

the 
junction temperature of the DUT need to be maintain in 
a small window such that burn-in prediction are

 

precise.

 
For scan testing Power management for WLTBI 

is very significant. The semi-conductor industry [166] is 
now extensively used in Scan-based testing. 
Although,

 

scan testing leads to composite power 
profiles in test application; in exacting, there is a 
important variation in the energy

 

usage

 

of a device 
below test on a cycle-by-cycle basis. In a burn-in 
environment, the high inconsistency in scan 
power

 

negatively

 

affects prediction on burn-in time, 
ensuing in a device individual subjected to

 

extreme or 
inadequate burn-in [167]. Erroneous

 

prediction may also 
effect in thermal runaway. Dynamic burn-in using a full-
scan circuit automatic test pat-tern

 

creation

 

(ATPG) was 
projected in [168] with the aim of

 

increasing

 

the number 
of transition in the scan chains.

 
Observation

 

:

 

In the semiconductor industry the 
maximum power usage

 

of ICs in scan-based testing is 
a

 

severe

 

apprehension in the semiconductor industry; 
scan power is regularly some times

 

more

 

than the 
device power indulgence in normal circuit operation 
[169].

 

Too much power usage

 

in scan testing can lead 
to yield defeat. As a consequence, power

 

reduction 
during test pattern application has lately expected a lot 

 
Research has alert on model order to

 

lessen

 

test power 
[170], [176], [177]. The pattern-ordering difficulty has 
been mapped to the well-known wandering salesman 
trouble (TSP) [176], [177].

 

The burn-in at wafer-level 
needs low variation in power usage during testing 
semiconductor devices [161]. The need of

 

WLTBI is not 
addressed in the test-pattern re-ordering method that 
reduces the dynamic power usage. Particular 
methods

 

need to be urbanized to address this feature of 
low-power testing, i.e., the order of test model to

 

reduce 
the overall variation in power usage.

 IV.

 

Conclusion

 
As devices grow in gate count, scan test data 

volume and function time grows as well, even for single-
stuck-at faults with single-detection. This causes a grave 
difficulty on manufacturing test because, as test data 
volume increase, it takes more tester memory to hold 
the whole test set, and longer to bring the test set 
through restricted test channels, both important to 
higher test cost. In addition, considerable research on 

low power design and testability of VLSI circuits have 
been shown that the power

 

used

 

in test mode of 
operation is

 

frequently much higher than the power used 
in normal mode of process due to the high swapping 
action in the nodes of the circuit under test which may 
effect in

 

increased

 

dynamic power indulgence or higher 
supply current demand. This can reduce

 

the 
dependability of the circuit under test due 
to

 

high

 

temperature and current solidity which cannot be 
tolerated by circuits designed using power

 

reduction 
method.

 

Unnecessary power indulgence may root hot 
spots that could harm the CUT. High supply current may 
cause extreme power supply droop causing to bigger 
gate delays that cause good chips to fail tests causing 
yield loss.

 
Many

 

studies from academia and industry have 
revealed the need to

 

minimize

 

energy expenditure 
during test of digital and memory designs. This need is 
caused by the fact that generally test power could be 
more than twice the power

 

used in normal functional 
mode. Since

 

test throughput and developed yield 
are

 

frequently

 

exaggerated by test power,

 

different test 
solutions have been projected over the past decade. In 
this chapter, we converse many low-power test solutions 
to tackle the above-mentioned problems. Both structural 
and algorithmic solutions are described the length of 
with their collision on parameters such as fault reporting, 
test time, area transparency, circuit show penalty, and 
design flow alteration. These explanations cover a wide 
spectrum of difficult environments, together with scan 
testing, scan-based BIST, test-per-clock BIST, test 
compression, and memory testing.

 External testing with ATE becomes very 
expensive, as the complexity of modern chips increases. 
The BIST design technique has been 
extensively

 

adopted in the design of VLSI circuits in 
order to facilitate the chip to test itself and to evaluate its 
answer with a satisfactory cost.

 

On the other hand, the 
main problem in logic BIST methods

 

is that energy 
utilization during BIST can

 

go beyond

 

the power rating 
of the chip or enclose.

 

High

 

average power can cause 
heat of the chip and

 
high peak power can create noise-

related failures. It is
 
predictable that low power test 

compression methods and functional test 
techniques

 
need to be projected to like-minded with 

logic BIST effectively.
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Three-Point Binary Median Filter Implementation 
using Single-Electron Transistor 
Anbarasu Paulthurai α, Balamurugan Dharmaraj σ & S. Rajasekaran ρ 

Abstract - Non-linear filters are large family of filters used in 
signal and image processing. They have found numerous 
applications such as in digital image restoration, speech 
processing and coding, digital TV applications, etc. In this 
paper, three-point median filter is designed using single-
electron transistor. In single-electron transistor bits of 
information are represented by the presence or absence of 
electrons at conducting islands. Single Electron Transistor 
(SET), distinguished by a very small device size low power 
dissipation, high speed and  high  performance,  is  one  of  
the most  promising  nano electronics  devices  to  replace  
conventional CMOS. The SET technology  offers  the  ability  to  
control  the  motion  of  individual  electrons  in  the  designed  
circuits . The Non-linear filter is simulated using a Monte Carlo 
technique by PSPICE9.1 and their correct and stable logical 
operation is confirmed.  
Keywords : coulomb blockade, electron states, SET, 
single -electron circuits, Non-linear filters; Image 
processing. 

I. INTRODUCTION 

he downscaling of complementary metal-oxide 
semiconductor (CMOS) technology is still in rapid 
progress and the increase in power consumption 

has become a major limiting factor in constructing large-
scale integrated circuits. Consequently, the single-
electron transistor (SET) has attracted considerable 
attention in recent years because of its potential for high 
packing density and low power consumption.[1] A 
variety of useful devices and concepts utilizing the 
single-electron tunneling features, such as, cellular 
automata, the binary decision diagram device,[2] and 
SET logic gates,[3,4] have been proposed and tested 
by actual devices.  

To operate a SET circuit at room temperature, 
Coulomb islands constituting the circuit should be made 
extremely small to provide large charging energy that is 
sufficient to overcome thermal agitation. However, since 
the operation of a SET is strictly controlled by the 
amount of charge induced at the center island, reducing 
capacitances by scaling of a device should be 
accompanied by increased voltage and current levels.  
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Thus, in contrast to the MOS transistor, the 
power consumption of a SET increases as the possible 
operation temperature rises, and the possibility of the 
integration of above 1011/𝑐𝑐𝑐𝑐2 is questionable, since on 
the order of 10−9 W will be dissipated per elementary 
gate at room temperature [5]. 

Non-linear filters include well-known filter 
classes, such as rank order filters (median, min, max, 
etc.), morphological filters (opening, closing), etc. Rank 
order filters exhibit excellent robustness properties and 
provide solutions in many cases, where linear filters are 
inappropriate. Linear filters have poor performance in 
the presence of noise that is not additive as well as in 
cases, where system non-linearities on non-Gaussian 
statistics are encountered [6].  

In this paper we present the implementation of 
three-point median filter using single-electron transistor. 
The single-electron transistor circuits have been 
designed and simulated using a Monte Carlo                    
method [7]. 

II. Single-Electron Circuits 

Single-electron circuits consist of conducting 
islands, tunnel junctions, capacitors, and voltage 
source. The islands are arbitrarily connected with tunnel 
junctions, capacitors and voltage sources. The basic 
principle of single electronics is that one needs 
Coulomb energy 𝐸𝐸𝑐𝑐 to charge an island with an electron. 
This energy is: 

                                            𝐸𝐸𝑐𝑐   = 𝑒𝑒2

2𝐶𝐶𝑖𝑖
                                            (1) 

Where C𝑖𝑖  is the capacitance as ‘seen’ by the 
island and 𝑒𝑒 is the elementary charge. Electrons tunnel 
independently from island through tunnel junctions. To 
assure that electron states are localized on islands all 
tunnel resistances must be larger than the fundamental 
resistanceRq : 

                    𝑅𝑅 > 𝑅𝑅𝑞𝑞 = ℎ
𝑒𝑒2 ≅ 25,813  Ω                           (2) 

Where h is Planck’s constant. 
To simulate the tunneling of electrons from 

island to island in a single-electron circuit, one has to 
determine the rates of all possible tunnel events. The 
tunnel rate of a possible tunnel event depends on the 
change in the circuit’s free energy caused by this 
particular event [8]. The free energy 𝐹𝐹 of a single-
electron circuit is the differences of the electronic 

T 
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energy, 𝑈𝑈 stored in its capacitances and the work done 
by the voltage sources of the circuit 𝑊𝑊: 

                              𝐹𝐹 = 𝑈𝑈 −𝑊𝑊                                            (3) 

The electrostatic energy is given by: 

                                    𝑈𝑈 = 1
2

(𝑞𝑞, 𝑣𝑣) �𝑉𝑉𝑄𝑄�                          (4) 

Where, 𝑞𝑞 and 𝑣𝑣 are the unknown parts of the 
island charge and voltage matrices, respectively, and 𝑄𝑄 
and 𝑉𝑉 are the known parts of the island charge and 
voltage matrices, respectively. The work done by the 
voltage sources is given by: 

                        𝑊𝑊 = ∑ ∫𝑉𝑉𝑛𝑛(𝑡𝑡)𝑖𝑖𝑛𝑛(𝑡𝑡)𝑑𝑑𝑑𝑑      (5)𝑛𝑛                 (5) 

Where V𝑛𝑛(t) is the voltage of the nth  voltage 
source and i𝑛𝑛(t) is the current through the nth  voltage 
source. 

The tunnel rate 𝑟𝑟for a particular tunnel event is 
given by: 

                  ᴦ = ∆𝐹𝐹

�𝑒𝑒2𝑅𝑅𝑇𝑇�1−𝑒𝑒𝑒𝑒𝑒𝑒⁡�−∆𝐹𝐹𝑘𝑘𝑘𝑘���
                                (6) 

Where ∆F is the  change in free energy caused 
by this particular tunnel event, (index) RT is the tunnel 
resistance of the tunnel junction through which the 
electron is transported, and 𝑘𝑘𝑘𝑘 is the thermal energy (𝑘𝑘  
is the Boltzmann’s constant, and 𝑇𝑇 is the temperature). 
Once the tunnel rates for all possible tunnel events are 
known the actually occurring event is determined using 
a Monte Carlo method combined with an exponential 
distribution of tunnel events [8]. The time duration of a 
particular event is given by: 

                                 ∆t = − ln (𝑟𝑟)
ᴦ

                                           (7) 

Where r is an evenly distributed random number 
in the interval [0, 1]. Among all possible tunnel events, 
the event with the shortest time duration takes place [9]. 

a) The SECS simulator  
SECS is a single electron circuit simulator 

based on the Monte Carlo method. The circuit is 
designed using ORCAD Capture CIS. A single electron 
component library has been developed for this purpose. 
This library includes the components of node, ground 
node, capacitor, tunnel junction and source. The node 
component can be used either as potential node or 
charge node. In the second case the background 
charge can be set to a desired value. The tunnel 
junction parameters are its capacitance and resistance. 
The resistance of a tunnel junction includes the 
modeling of the density of states and the transmission 
probability. In the single electron component library 
there are five types of sources, constant, linear, pulse, 
sinusoidal and a combination type source, which is 
used when a combination of values between two or 
more sources is needed, as for example in the stability 

plot diagram. This design environment provides great 
convenience for designing and manipulating large 
circuits.  

The simulation uses the description of the circuit 
provided by ORCAD. Initially SECS parses the 
description of the circuit and performs a circuit error 
check. Then the simulation is initiated according to the 
parameters of temperature and simulating time defined. 
During the simulation, the free-energy of the circuit at 
each time step is calculated. Then the difference of the 
circuit’s free energy is calculated for every possible 
tunnel event DF. From the difference of the circuit’s free 
energy a rate, G, is calculated for all possible events. 
The tunneling rate is used to calculate the time 
interval  𝑡𝑡, for every event to appear. The event that will 
eventually take place is the one that corresponds to the 
smallest time interval. The voltages and charges are 
updated according to the chosen tunnel event and the 
time advances according to𝑡𝑡. Following this procedure 
by the time that the simulation ends the macroscopic 
behavior of the circuit is determined. This algorithm 
provides a real time simulation of the behavior of the 
circuit. Simulation results are obtained in a graphical 
form of plots of voltage, current, charge and free-energy 
versus time [10]. 

III. Power Consumption in Set Circuits 

In general, there are three components that 
constitute the amount of power consumed in circuit 
operation: dynamic, short-circuit, and leakage power. 
The dynamic power is consumed due to the charging 
and discharging of the output capacitance 𝐶𝐶𝐿𝐿 when 
logic switching occurs, and thus, is inevitable in circuit 
operation. Short-circuit power occurs when both the 
nSET and pSET are turned-on simultaneously, 
conducting short-circuit current from the supply to the 
ground. The power resulting from the short-circuit 
current is only a minor fraction of the total dissipation, as 
long as the output transient times are relatively large 
compared to the input rise and fall times. However, the 
short-circuit power in SET circuits is also a function of 
operation temperature, and, as the temperature 
increases, it make up a considerable portion of the total 
power.  

The most significant component of the power 
consumed in the SET circuit is the leakage power. An 
ideal complementary circuit does not dissipate power 
when the input does not change. However, in a circuit 
composed of SETs, leakage power is dissipated by the 
thermal enhancement of normal tunneling and co-
tunneling. The static leakage power due to the thermal 
enhancement of normal tunneling makes up a consi-
derable portion of the total power as the operation 
temperature increases. 

Because the dynamic power has a quadratic 
dependence on the supply-voltage, and both the current 
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level and voltage level rise as the dimensions of SETs 
are scaled down, supplyvoltage scalability, while device 
parameters[11]. 

IV. Basic Single-Electron Logic Gates 

a) The single-electron and gate  
The SET AND gate is shown in Fig. 1. The 

circuit comprises Six Single Electron Transistor (3 nSET 
and 3 pSET). Instead of two paralleled sourcing (upper) 
transistors connected to 𝑉𝑉𝑑𝑑𝑑𝑑  and two series-connected 
sinking (lower) transistors connected to ground. As with 
the NAND gate, SET transistors U1

 and U3
 work as a 

complementary pair, as do transistors U2
 and U4. Each 

pair is controlled by a single input signal. If either input A 
or input B are "high" (1), at least one of the lower 
transistors (U3

 or U4) will be saturated, thus making the 
output "low" (0). Only in the event of both inputs being 
"low" (0) will both lower transistors be in cutoff mode and 
both upper transistors be saturated, the conditions 
necessary for the output to go "high" (1).The AND 
function built up from the basic NAND gate with the 
addition of an inverter stage on the output. The voltage 
𝑉𝑉𝑑𝑑𝑑𝑑  is constant and its value is 25mV.  

 

Figure 1 : Internal Circuit of AND gate 

The operation of the AND gate is shown in Fig. 
2. Fig. 2(a) and (b) shows the time variation of input 
voltages V1

 and V2, respectively. The inputs are piece-
wise constant and apply all possible combinations of 
logic ‘0’ and ‘1’ to the gate. Fig. 2(c) shows the time 
variation of output voltage.  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure

 

2

 

:

 

Simulated input (A, B ) and Simulated 

              

output (C)

 

b)

 

The single-electron OR

 

gate 

 

The SET OR gate

 

is shown in Fig. 3. The circuit 
comprises

 

eight Single

 

Electron 

 

Transistor

 

(4 nSET and 
4 pSET). As with the NOR gate, SET transistors U1

 

and 
U4

 

work as a complementary pair, as do transistors U2

 

and U5 likeU3

 

and U6 . Each pair is controlled by a single 
input signal. In this circuit upper transistors U1, U2

 

and 
U3areserially connected and lower transistors U4, U5

 

and 
U6

 

connected in parallel

 

sourcing

 

to ground. As with the 
NOR gate, SET transistors U1

 

and U3

 

work as a 
complementary pair, as do transistors U2

 

and U4. Each 
pair is controlled by a single input signal. If both the 
input A and

 

input B are "high" (1), both the lower 
transistors (U3

 

and U4) will be saturated, thus making the 
output "low" (0).
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Figure 3 :  Internal Circuit of OR gate 

Only in the event of both inputs being "low" (0) 
will both lower transistors be in cutoff mode and both 
upper transistors be saturated, the conditions necessary 
for the output to go "high" (1).The OR function built up 
from the basic NOR gate with the addition of an inverter 
stage on the output. The voltage 𝑉𝑉𝑑𝑑𝑑𝑑  is constant and its 
value is 25mV.  

The operation of the OR gate is shown in Fig. 4. 
Fig. 4(a), (b) and (c) shows the time variation of input 
voltages V1, V2

 

and V3, respectively. The inputs are 
piece-wise constant and apply all possible 
combinations of logic ‘0’ and ‘1’ to the gate Fig. 4(d) 
shows the time variation of output voltage

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4

 

:

 

Simulated input (A B C) and Simulated 

               

output (D)
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V. The Binary Median Filter 

A commonly employed filter for restoring binary 
images is the median filter. Given a window W 
containing an odd number of pixels, say n, the binary 
median filter is defined in the following manner for each 
pixel z, W is translated to z and the filter outputs 1 if 
more than n/2 pixels in Wz are onevalued; otherwise the 
filter outputs 0. Medians are used to suppress impulse 
noise and exhibit good edge preservation if not 
excessive and uncorrupted image does not possess 
much fine detail. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5

 

:

 

Logic circuitry for three-point binary median 
filter implementation

 
A Boolean function is a binary function 

h(x1,x2.xn) defined on n binary variables [12]. Since each 
variable can take on two values, 0 or 1, there are 
2𝑛𝑛possible arguments for h. In conjunction with a 
window W, a Boolean function defines a binary window 
operator J on binary images via the one to-one 
correspondence between the variables and pixels in the 
window. J(A) is defined at a pixel z by translating the 
window to z and applying the Boolean function h to the 
binary values in the translated window. As an example, 
consider the median function. The window consists of 
three pixels. For instance, it might be the pixel at which 
the value is being computed together with its left and 
upper neighbors. Or it might be a three-point filter 
defined on a binary digital signal, which is a subset of 
the set Z of integers or, equivalently, an one-dimensional 
string of 0 and 1 s. Logically [12],

 
h(x1;x2;x3)

 

=x1x2+x1x3+x2x3

 
If the input signal is

 
000001100100111011000111100000

 
Then, the filtered output is 

 
000001100000111111000111100000

  
The filter is implemented by the gate structure 

shown in Fig. 5. 
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Figure 6 : The single-electron circuit for the three-point binary median filter 

The single-electron circuit for the three-point 
binary median filter is shown in Fig. 6. The single-
electron filter comprises three two-input single-electron 
AND gates and one three-input single-electron OR gate. 
The single-electron AND gate comprises three NSET 
and three PSET which are U1–U6. The OR gate 
comprises four NSET and four PSET which are U19–U26. 
The inputs X1–X3and the output of the logic circuit shown 
in Fig. 5, correspond to the input voltages V1–V3 and the 
output voltage of single-electron circuit is shown in Fig. 
6.  Power to the single-electron circuit is supplied by the 
voltage sources V1, V4-V10. These voltage sources are all 
equal and are connected to drain. The ground voltages, 
all equal to 0𝑉𝑉. The input voltages are applied to the 

gate of the SET and, therefore, no electron transport 
from the voltage sources to the circuit or vice-versa is 
possible. The output of the three AND gates, are 
connected to the inputs of the OR gate. 
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 Figure 7

 
:
 
The operation of the single-electron three-

point binary median filter. (a)–(c) Time variations of 
the input voltages V1–V3, respectively. (d) Time 
variation of the charge at the output node

 
N14

 
Fig. 7 shows the operation of the single-electron 

three point binary median filter. The time variations of the 
input voltages V1, V2 and V3 are shown in Fig. 7(a)–(c), 
respectively. The input voltages are piece-wise constant 
and apply all possible combinations of logic ‘0’ and ‘1’ 
to the filter. Fig. 7(d) shows the time variation of the 
voltage at the output. The voltage V0 at the output 
section varies from 0to 25𝑚𝑚𝑚𝑚. The electron is well 
confined into the output section and the single-electron 
operation is stable.  

VI. Conclusion 

The imaging algorithms tend to be 
computationally intensive, especially when directly 
implemented on standard sequential hardware. Real-
time processing for digital imaging concerns efficient 
deterministic implementation of algorithms. In this paper 
we designed a three-point median filter using nano 
electronic single electron circuitry. This nano electronic 
filter was simulated by using PSPICE 9.1 at the voltage 
of25𝑚𝑚𝑚𝑚. The proposed non-linear filter is constructed by 
26 transistors and 13 resistors, using single electron 
transistor (SET) .The proposed three-point median filter 
implementation using single-electron transistor has the 
potential advantages of less power, smaller area 
requirements and faster processing compared to 
conventional microelectronic implementation. 
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Abstract

 

-

 

This paper proposes a new approach of unified

 

power quality conditioner which is made up of a matrix 
converter to mitigate the current harmonics, voltage sags and 
swells

 

and control the power flow with Bi directional

 

capability

 

for windmill. Matrix

 

converter injects the compensation voltage 
on the load-side, so it is possible to mitigate the voltage 
sag/swell problems, resulting in an efficient solution for 
mitigating voltage and current related power quality problems. 
Thus, the proposed topology can mitigate the voltage 
fluctuations and current harmonics without energy storage 
elements and the total harmonic distortion produced by the 
system also very low.

 

Due to the bidirectional power flow 
capability  of matrix converter the proposed unified power 
quality conditioner capable to control the power flow

 

of the 
windmill

 

more over it also transfer power bi -directional. The 
space-vector modulation (SVM) is used to control the matrix 
converter. Matlab/Simulink based simulation results are 
presented to validate the approach.

 

Keywords : matrix converter, unified power quality 
conditioner, current harmonics, voltage sag/swell, non 
linear load,

 

windmill, matlab/

 

simulink.

 
I.

 

Introduction

 
ower  quality   is   the   set   of  limits  of  electrical 
properties that allows electrical system to function 
in a proper manner

 

.

 

Power quality problems 
produced by

 

a large increase

 

of the load current, like 
starting a motor or transformer energizing. The

 

flexible 
AC transmission system (FACTS), improve the reliability 
and quality of power transmission system, the custom 

 

power

 

devices

 

enhance

 

the quality and reliability of 
power that is delivered to customers[1]. The main 
causes of a poor power quality

 

at customer side are 
harmonic currents, poor power factor, supply voltage 
variations, etc. [2]. In recent years the demand for the 
quality of electric power has been increased rapidly.

  

Unified power quality conditioner (UPQC) is one of the 
best customs Power

 

devices

 

used to compensate both 
source and load side problems [3].

 

It consists of shunt 
and series converters connected back to back to a 
common DC link. It can perform

 

the

 

functions of both D-
statcom

 

and DVR.

 

Fig. 1 shows a basic system 
configuration of a general UPQC consisting of the 
combination of a series active filter and shunt active filter 

[4]. The main aim of the series active filter is harmonic 
isolation between a distribution system and a load. It 
has the capability of voltage flicker/ imbalance 
compensation as well as voltage regulation and 
harmonic compensation at the utility-consumer point of 
common coupling (PCC). The shunt active filter is used 
to absorb current harmonics, compensate for reactive 
power and negative-sequence current, and regulate the 
DC-link voltage between both active power filters [5].  

 
Figure 1 : Basic structure of unified power quality 

conditioner 
Unified power quality conditioner consists the 

DC bus and its DC capacitor must be designed. Dec 
capacitor achieves two goals, i.e., to comply with the 
minimum ripple requirement of the DC bus voltage and 
to limit the DC bus voltage variation during load 
transients. But the proposed matrix converter based 
UPQC there is no need of DC capacitor. 

All the series active filter is controlled by the 
voltage source converter. But voltage source converter 
has some draw back present.  Due to switching loss, 
capacitor leakage current, etc., the distribution source 
must provide not only the active power required by the 
load but also the additional power required by the VSI to 
maintain the DC-bus voltage constant. Unless these 
losses are regulated, the DC-bus voltage will drop 
steadily. Moreover VSC based converter produces more 
harmonics and switching losses high. 

The windmill is the most important non 
conventional energy source. Various wind turbine 

P
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generators available to convert wind energy to electrical 
energy. Particularly induction type wind turbine 
generator  is commonly used for its rugged construction 
,long life and more power handling capacity. This type of 
windmill affected by power quality problems like voltage 
sag,swell and current harmonics.[6] Induction type wind 
generator initially drawn current from the grid and deliver 
power through same grid.here the power is bidirectional. 
Many FACTS are used to solve the power quality issues 
in windmill [7] .Conventional unified power quality 
conditioner VSC based converter used,which is unidir-
ectional. So conventional power unified quality 
conditioner  not suitable for induction type windmill. 

In this paper a matrix converter based unified 
power quality conditioner compensates voltage sag and 
swell and current harmonics compared and bidirectional 
power flow capability  

II. Matrix Converter 

In this paper proposes a matrix converter based 
unified power quality conditioner for wind mill  instead of 
VSC based unified power quality conditioner. Although 
matrix converter was initially introduced as an AC Driver, 
due to its advantages may be used in voltage 
compensation applications like series active filter, DVR 
[8]  and shunt active filter [9]. 

A matrix converter can operate as a four 
quadrature Ac-Ac converter circuit. The output voltage, 
frequency and its amplitude and also the input power 
factor can be controlled by utilizing the proper 
modulation method (SVM). The main drawbacks of this 
topology are the need for fully controlled bi-directional 
switches and complex algorithm to perform 
commutation. The nine matrix converter switches can be 

represented as  a  3×3  matrix  
















=

333231

232221

131211

SSS
SSS
SSS

S

          

                           

(1)

 

The relationship between load and input 
voltages can be expressed as

 
                           [ ] [ ]TcbaCBA vvvSvvv =                        

(2)

 

Input

 

phase currents can be related to the 
output phase currents (9), using the transpose of  matrix

 
                       [ ] [ ]TCBA

TT
cba iiiSiii =                              (3)

 

III.

 

Proposed Unified Power Quality 
Conditioner for Windmill

 

The proposed unified power quality

 

conditioner 
for wind mill

 

is designed using a matrix converter is 
shown if figure

 

3. labc

 

are the smoothing inductor. C

 

(abc)

 

is 
the smoothing capacitor. One step up transformer is 
used for step up the matrix converter input voltage. So 

the matrix converter injects the significant current to 
PCC

 

for current harmonic mitigation.

 

 

Figure

 

2

 

:

  

Proposed unified power quality conditioner

 

In this paper, the step up transformer was 
simply modeled by a current source (itrans)

 

and the focus 
to

 

put on the control of the input current for the active 
filtering function. Because matrix converter transfer ratio 
is limited to 0.876. 

 

In series part a unified

 

power quality conditioner

 

is designed using the same matrix converter topology. 
.Series filter removes the voltage ripples. The series 
transformer also called injection transformer which 
injects the appropriate voltage to the load to 
compensate the voltage and removes the harmonics.

 

more over the series part control the power flow bi 
directionally by adjusting the matrix converter switching.

 

Figure.4 shows the fundamental representation 
of matrix converter based unified power quality 
conditioner for windmill. Vpcc

 

is the point of common 
coupling. 0∠sV

 

is the source voltage.

 

β∠cI

 

Is the injected 

current for current harmonic mitigation

 

mmA α∠

 

is the 

matrix converter amplitude and its phase angle.      
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Figure 4 :  Fundamental diagram of  proposed unified 
power quality conditioner connected to an induction 

wind turbine generator 

90=∠γinjV  is the injection voltage for voltage 

compensation. UPQC’s series active filter work as 
isolators, instead of generators of harmonics and, 
hence, they use different control strategies.  Now, here 
UPQC’s series active filters working as controllable 
voltage sources. With this approach, the evaluation of 
the reference voltage for the series filter is and shunt 
active filter required.  

IV. The Control System of Matrix 
Converter Based Unified Power 

Quality Conditioner for Windmill 

a) Series part control system of UPQC 
The output terminal voltage and input terminal 

current consider the low frequency transformation 
function (4) and set a sinusoidal input voltage, as 
follows:  

               















++
−+
+

=
)3/2cos(
)3/2cos(

)cos(

00

00

00

παω
παω

αω

t
t

t
Vv iabc

                          (4) 

                















++
−+
+

=

−+==

)3/2cos(
)3/2cos(

)cos(
))1((

00

00

00

21

παω
παω

αω

t
t

t
qV

vDaaDvDv

i

abcabcABC            

  (5)

 

Where ϕ is the output (or load) angle. Using 
equation (5), the MC output currents can be written as 
follows:    

      
{



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
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
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t
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(6)

 

Assume the desired input current to be  
 

              












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+++
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(7) 

Where iϕ  is the input displacement angle. 

                     








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(8)  

b) Power flow control 
Considering a symmetrical and balanced three-

phase   system and applying Kirchhoff laws to the AC 
line currents are obtained in coordinates 

           
dddq

d vRovL
L

i
L
Ri

dt
di

−+−= (1

22

2ω
                       

(9)

 
         

qqqd
q vRovL

L
i

L
Ri

dt
di

−+−= (1

22

2ω
                     

(10)
 

The active and reactive power of end generator 
is given in dq coordinates by 

                       
















−

=








q

d

dq

qd

i
i

vv
vv

Q
P

                                 
(11) 

The active and reactive power P and Q are 
given by (12) and (13) respectively 

                          qdivQ −=
                                 (12)  

                          ddivP =
                                    (13) 

 

 
 

Figure 5 : Control system of series part of proposed 
unified power quality conditioner 

        

22
* ..

qd

qd
d

vv
vqvP

i
+
+

=
                           

(14)
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22
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qd
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vv
vqvP

i
+
+

=
                        

(15)
 

Reference dq currents converted to a reference  
voltage as shown in equation 

  
Figure 6 : Control system of shunt part of proposed 

unified power quality conditioner 

                     
ddd iiv ** −=

                              
(16)

 

                    
qqq vvv ** −=

                              
(17)

 
For space vector modulation dq values 

converted to αβ coordinates. 

c) Shunt part control system of UPQC 
The load current is measured and transformed 

from the fixed abc-reference frame to the rotating dq-
reference frame using the relation (18) and the angle of 
the voltage at the Point of Common Coupling (PCC). 

      .
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3
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3
2
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Since the rotating dq -reference frame is based 
on the angle of the voltage at the PCC, the d and q load 
current components represent respectively the active 
and reactive components of the load current. The 
control objective is to compensate all the load current 
components except for the fundamental active load 
current component. Therefore a High Pass Filter (HPF) 
is introduced to filter out the fundamental component of 
the active current. Only the harmonic and reactive 
components remain in the current reference. The active 
current that is produced by the transformer also needs 
to be added to the active current reference as the matrix 
converter . Finally are obtained the references d* mc

, q * 

mc

 
and which are provided to the outer current control 

loop. All entities marked with asterisk are reference 
values as opposed to real/measured values.

  
 
To control the current we

 
use eq. (19)

 

                         
 
  

cpccmcf vvi
dt
dL −=    

 
                         (19)

 

When eq. (20) is converted into the rotating dq-
reference frame, cross-coupling terms appear as shown 
in eq. (21). Which must be compensated. When 
transforming to the rotating dq reference frame again 
cross coupling terms appear  
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Table 1 : Simulation parameter of matrix converter 
based UPQC 

 
   
 
 
 
 
 
 
 
 
 

Table 1. Shows the system parameters of the 
proposed matrix converter based series active filter. 

V. Simulation Results 

In this work three phase matrix converter based 
unified power quality conditioner used to compensate 
the voltage sag/swell, current harmonics and control 
power flow and transfer power bi-directional for an 
induction wind mill connected network. The source 
voltage is 440 Vrms, 60Hz. Table 1 shows the proposed 
system main parameters. It includes source impedance 
parameters L and C values for passive branches used 
system has been simulated. All the simulation is 
performed by the Matlab/Simulink model in discrete 
form. The sample time of the discrete value is 3x10-4sec 

a) Result for proposed UPQC based compensation 
for current harmonics 

Figure 7 shows the matrix converter based 
shunt active filter to mitigate the current harmonics 
efficiency compared to conventional techniques. Figure 
7. (a) Shows the supply voltage and the waveform is 
sinusoidal. Figure7. (b) Shows the waveform of current 
after proposed compensation. The wave form also 
sinusoidal and the harmonic content is Low/. Figure7. 
(c) Shows the total harmonic distortion level. The total 
harmonic distortion is 2% only. It is clear from figure 7. 
(c) that the current injected by the matrix  converter 

Parameter Value 
vsource 440v 

Ls 2mh 
Lf 0.5mh 
cf 200µf 
Rf 0.1Ω 
Ci 2µf 

Matrix converter 
Switching frequency 

1200Hz 

Power system 
frequency 

60Hz 
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compensates the harmonic of the nonlinear load. The 
THD of the source current is reduced from 30% to 2% 

 

 

  
Figure 7 :  Proposed matrix converter controlled current harmonic mitigation 

(a) Supply voltage (b) supply current after proposed compensation (c) total harmonic distortion of supply 
current 

b) Result in proposed UPQC based compensation for 
voltage sag /swell condition 

Figure 8 shows the single phase representation 
of the proposed unified power quality conditioner in 
another case2. The supply voltage is 440 volts and load 
also reduced. Figure.8a shows the supply voltage at 
sag and swell conditions. At 0.1 sec to 0.2the voltage 

sag accrued the voltage sag voltage is at 100 volts. 
Moreover  the voltage sag accrued at 0.3 sec to 0.4 sec 
of 50 volts. Figure 8.b shows the matrix converter based 
compensation compensate the voltage sag and swell. 
Figure 8 .c shows the output of the matrix converter total 
harmonic distortion. It contains less than 2% of 
harmonic present. 

 

 
 

Figure 8 :  Proposed matrix converter based UPQC voltage compensation (single phase) 

(a) Load voltage after proposed compensation (b) supply voltage (c) total harmonic distortion of load voltage 
 

A Novel Unified Power Quality Conditioning System for Power Quality Improvement and Bidirectional 
Power Flow Control for Windmill

© 2013   Global Journals Inc.  (US)

G
l

  
 

V
ol
um

e  
X
III

  
Is
su

e 
V
II 

V
e r

sio
n 

I 
  

  
  

  
  

  
  

  
  

37

(
)

Ye
ar

01
3

2
F

ob
al
 J
ou

rn
al
 o

f 
R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  



c) Result For injected voltage  for voltage sag and swell  conditions 

Figure 9 : Injected voltage (a) supply voltage (b) injected voltage3 phase (3phase) (c) injected voltage (single phase) 

Figure 9. shown the voltage injection through 
proposed unified power quality conditioner. Figure 9. (a) 
Shows the fluctuated voltage. The Figure 9. (b) Shows 

the corresponding injected voltage through the 
transformer

 
and its matrix converter output voltage 

shown in
 
figure 9(c). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

d) Result For power flow control using a matrix converter based UPQC 

 Figure 10 : Power flow control using a matrix converter based unified power quality conditioner 

Fig 10 shows the power flow control using the 
proposed matrix converter based unified power quality 
conditioner. fig10.(a) shows the load voltage. The 
nominal load voltage is 440 v. Fig 10. (b) Shows the 
load current.fig10.(c) shows the real power is controlled 
at 1 sec to 1.5 sec. figure 10. (d) Shows the P ref Value.  

The P

 

Reference

 

value set 1 per unit. So

 

the full 
power is allowed to the load via unified power quality 
conditioner.

 

After

 

1 sec the power is set at0.94

 

per unit.

 

Up

 

to 1.5 sec/.

 

The

 

unified

 

power quality conditioner 
series part controls

 

the power as shown the simulation 
result.
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e)

 
Result For power flow

 
control using a matrix converter

 
based UPQC

 
Figure

 
11

 
:
 
Bi-directional

 
power flow using a matrix converter

 
based unified power quality conditioner

 

Fig 11 shows the bidirectional power flow 
capability of matrix converter based unified power 
quality conditioner connected windmill Fig11 (a) shows 
the windmill terminal voltage of 440volts.figure11 (b) 

shows the wind mill’s power is fed to grid from 0sec to 
10 sec. So the matrix converter based unified power 
quality conditioner transfer power from the load side to 
source side hence the power flow is negative.

 
After

 
10.3 

sec the wind mill is disconnected from the load side.
 
So 

the power transfer is stopped and the load consumes 
power from the source side.

 
So the power flow is 

another direction as shown in figure power 11.(b).
 
Fig

 
11 

(c)
 
shows

 
the corresponding current from the source.

 

Due to wind mill connected to load side the source
 
side 

load demand is shared by the wind mill power.
 
After 

disconnecting the wind mill
 

at 10.3 sec
 

the source
 

current is increased as shown.
 

VI.
 

Conclusion
 

In this paper investigated
 

the use of matrix 
converter based unified power quality conditioner to

 

mitigate the voltage sag/swell,
 
current harmonics

 
and

 

power flow. This paper also analyzed the bidirectional 
power capability

 
Unified Power Quality Conditions.

 
This 

can be achieved
 

by change
 

switching
 

of matrix 
converter .The proposed UPQC’s Series active filter 
handles both balanced and unbalanced Situations 
without any difficulties and injects the appropriate 
voltage component to correct any abnormalities

 
in the 

supply voltage to keep the load voltage balanced and 
constant at the nominal Value.

 
Moreover

 
this

 
control the 

power to the load
 

also.
 
The proposed unified power 

quality conditioner is implemented to wind mill the 
power transfer also

 
achieved. Moreover

 
the shunt 

control system controls
 
the remove the current harmonic 

of load.
 
Based on simulation results the matrix converter 

based UPQC also mitigates the current harmonics 
efficiently with low total harmonic distortion,

 
voltage ag 

and
 
swell and control the power flow bidirectional.
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A Review on UPQC for Power Quality 
Improvement in Distribution System 

B. Gopalα , Pannala Krishna Murthy σ & G.N. Sreenivas ρ 

Abstract  -   In recent years, Power engineers are increasingly 
concerned over the quality of the electrical power. In modern 
power system consists of wide range of electrical, electronic 
and power electronic equipment in commercial and industrial 
applications. Since most of the electronic equipments are 
nonlinear in nature these will induce harmonics in the system, 
which affect the sensitive loads to be fed from the system. One 
among the many compensating devices is Unified Power 
Quality Conditioner (UPQC) which specifically aims at the 
integration of series-active and shunt-active power filters to 
mitigate any type of voltage and current fluctuations and 
power factor correction in a power distribution network, such 
that improved power quality can be made available at the 
point of common coupling. In This paper presents a 
comprehensive review on the unified power quality conditioner 
(UPQC) to enhance the electric power quality at distribution 
levels. This is intended to present a broad overview on the 
different possible UPQC system configurations. 
Keywords : power quality (PQ), harmonics, voltage sag, 
voltage swell,  active power filter (apf), unified power 
quality conditioner (UPQC).  

I. Introduction 

he quality of the power is effected by many factors 
like harmonic contamination, due to the increment 
of non-linear loads, such as large thyristor power 

converters, rectifiers, voltage and current flickering due 
to arc in arc furnaces, sag and swell due to the 
switching (on and off) of the loads etc. These problems 
are partially solved with the help of LC passive filters. 
However, this kind of filter cannot solve random 
variations in the load current waveform and voltage 
waveform. Active filters can resolve this problem, 
however the cost of active filters is high, and they are 
difficult to implement in large scale. Additionally, they 
also present lower efficiency than shunt passive                  
filters [1].  

  

  
  

  
 

 

  
 
   

 

This paper focuses on a unified power quality 
condition (UPQC). The UPQC is one of the APF family 
members where shunt and series APF functionalities are 
integrated together to achieve superior control over 
several power quality problems simultaneously. It is 
noticed that more than half of the papers on UPQC have 

been reported in the last five years, which indeed 
suggest the rapid interest in utilizing UPQC to improve 
the quality of power at the distribution level [2],[3]. 

The UPQC is a combination of series and    
shunt active   filters   connected   through   a common 
DC link capacitor. The main purpose  of a UPQC  is  
to  compensate  for  supply  voltage  power quality 
issues   such   as,   sags,   swells,   unbalance, flicker, 
harmonics, and for load current power quality problems  
such  as,  harmonics,   unbalance,  reactive current 
and neutral current [4]. 

II. Power Quality Problems 

Power quality is very important term that 
embraces all aspects associated with amplitude, phase 
and frequency of the voltage and current waveform 
existing in a power circuit. Any problem manifested in 
voltage, current or frequency deviation that results in 
failure of the customer equipment is known as power 
quality problem. 

The increasing number of power electronics 
based equipment has produced a significant impact on 
the quality of electric power supply. The lack of quality 
power can cause loss of production, damage of 
equipment or appliances, increased power losses, 
interference with communication lines and so forth. 
Therefore, it is obvious to maintain high standards of 
power quality [3]. 

The major types of power quality problems are: 
Interruption, Voltage-sag, Voltage-swell, Distortion, and 
Harmonics. 

a) Interruption 
 

 
 

Figure 1 :  Interruption 

An interruption is defined as complete loss of 
supply voltage or load current as shown in Fig. 
2.Interruptions can be the result of power system faults, 
equipment failures, and control malfunction. There are 
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three types of interruptions which are characterized by 
their duration: 

1. The    momentary    interruption   is defined as the   

complete loss of supply voltage or load current    
having a duration between 0.5 cycles & 3 sec. 

2.
 

The   temporary  interruption is the complete loss
 

lasting  between 3 seconds and 1 minute,
 

3.
 

The   long   term   interruption   is an interruption
 

Which has a
 
duration of more than 1 minute.

 

b)

 
Voltage Sags

 

 

Figure

 

2 :

 

Voltage

 

Sags

 

Voltage sags (dips) are short duration 
reductions inrms voltage   caused by short duration 
increases of the current. The most common causes

 

of 
the over currents leading to voltage sags are motor 
starting, transformer energizing and faults. A sag is 
decrease in voltage at the power frequency for duration 
from 0.5 cycle to 1min. Voltage sags are usually 
associated with system faults but can also caused by 
energisation of heavy loads at starting of large motors  
as shown in Fig. 3.

 

c)

 

Voltage

 

Swells

 

 

Figure

 

4 :

 

Voltage

 

Swells

 

Voltage

 

swell

 

is

 

an

 

rms

 

increase

 

in

 

the

  

ac

 

voltage,

 

at

 

the

 

power

 

frequency,

 

for

 

duration

 

from

 

a

 

half  cycle 

 

to 

 

a 

 

few 

 

seconds

  

as 

 

shown

  

in 

 

Fig 

 

4. 
Voltage

 

swells

 

are normally

 

due to lightning, switching 
and sudden decreasing in loads,

 

which leads

 

to 
damage to the motors,

 

electronic

 

loads

 

and

 

other 
equipments.

 

The

 

severity of

 

voltage

 

swell

 

during

 

a

 

fault

 

condition

 

is

 

a

 

function

 

of

 

fault

 

location,

 

system

 

impedance

 

and

 

grounding.

 
 

d)

 

Waveform

 

Distortion

 
 

 
 

Figure 3 :  Distorted
 
Waveform

 

Voltage
 

or
 

current
 

waveforms
 

assume
 

non-
 

sinusoidal
 

shape
 

called
 

distorted
 

wave
 

as
 
shown

 
in

 

Fig
 
5.

 
When

 
a
 
waveform

 
is

 
identical

 
from

 
one

 
cycle

 
to

 

the
 

next,
 

it
 

can
 

be
 

represented
 
as

 
a
 

sum
 

of
 

pure
 

sine
 
waves

 
in

 
which

 
the

 
frequency

 
of

 
each

 
sinusoid

 
is

 

an
 

integer
 

multiple
 
of

 
the

 
fundamental

 
frequency

 
of

 

the
 
distorted

 
wave.

 

e) Harmonics 
 

 

Figure 4 :  Waveform
 
with

 
3rd

  
Harmonic

 

Harmonics
 

are
 

sinusoidal
 

voltages
 

or
 

current
 

having frequency that are integer
 

multiples of the 

fundamental
 
frequency.

 
Here,

 
3rd  

 
harmonics

 
is

 
seen

 

in the
 
Fig.

 
6.

 

In order to meet PQ standard limits, it may be 
necessary to include some sort of compensation. 
Modern solutions can be found in the form of active 
rectification or active filtering. A shunt active power filter 
is suitable for the suppression of negative load influence 
on the supply network, but if there are supply voltage 
imperfections, a series active power filter may be 
needed to provide full compensation

 

III.
 

Basic Configuration of upqc
 

In recent years, solutions based on flexible ac
 

ransmission systems (FACTS) have appeared. The 
application of FACTS concepts in distribution systems 
has resulted in a new generation of compensating 
devices. A unified power-quality conditioner (UPQC) is 
the extension of the unified power-flow controller

 
(UPFC) 

concept at the distribution level. It consists of combined 
series and shunt converters for simultaneous 
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compensation of voltage and current imperfections in a 
supply feeder. However, a UPFC only needs to provide 
balance shunt and/or series compensation, since a 
power transmission system generally operates under a 
balanced and distortion free environment. On the other 
hand, a power distribution system may contain dc 
components, distortion, and unbalance both in voltages 
and currents. Therefore, a UPQC should operate under 
this environment while performing shunt and/or series 
compensation [5]. 

 
 

Figure 5 : Basic  Configuration of the UPQC 

The main purpose of a UPQC is to compensate 
for supply voltage power quality issues, such as, sags, 
swells, unbalance, flicker, harmonics, and for load 
current power quality problems, such as, harmonics, 
unbalance, reactive current, and neutral current. Fig.1 
shows a single-line representation of the UPQC system 
configuration. The key components of this system are as 
follows. 
1. Two  inverters  one   connected  across  the  load 

which acts as a shunt APF   and   other connected   
in  series  with  the  line   as  that  of series APF. 

2. Shunt coupling inductor LSh    is    used   to Interface 
the shunt   inverter to the network. It also helps in    
smoothing the current wave shape.   Sometimes   
an isolation   transformer is   utilized to    electrically   
isolate the inverter from the     network. 

3. A common dc link that can be formed by using a 
Capacitor or an inductor. In Fig. 1, the dc   link is    
realized using a capacitor which interconnects the   
two inverters and also maintains a constant self 
supporting   dc bus   voltage     across it.                                                                                                                              

4. An LC   filter that serves as a passive low-pass filter 
(LPF) and helps to eliminate high- frequency   
switching ripples on generated inverter output 
voltage. 

5. Series injection transformer that is used to connect 
the series inverter in the network. A uitable turn ratio 
is often considered to reduce the    current or and 
voltage   rating of   the series inverter. 

The integrated controller of the series and shunt 
APF of the UPQC to provide the compensating voltage 
reference VC* and compensating current reference IC * 
to be synthesized by PWM converters                  [6], [7].  

The shunt active power filter of the UPQC can 
compensate all undesirable current components, 
including harmonics, imbalances due to negative and 
zero sequence components at the fundamental 
frequency. In order to cancel the harmonics generated 
by a nonlinear load, the shunt inverter should inject a 
current as governed by the following equation: 

                     IC(ωt)=I*L(ωt)-IS(ωt)                             (1) 

Where IC(ωt), I*L(ωt), and IS(ωt) represent the 
shunt inverter current, reference load current, and actual 
source current, respectively. 

The series active power filter of the UPQC can 
compensate the supply voltage related problems by 
injecting voltage in series with line to achieve distortion 
free voltage at the load terminal. The series inverter of 
the UPQC can be represented by following equation: 

                             VC(ωt)=V*L(ωt)-VS(ωt)                       (2) 

Where VC(ωt),V*L(ωt),and VS(ωt) represent the 
series inverter voltage, reference load voltage, and 
actual source voltage, respectively[8] [9]. 

IV. Classification of upqc 
The Unified Power Quality Conditioner are 

classified on   various   bases   like   converter   used, 
topology, supply type and compensation method. The 
UPQC  is  classified  in  two  main  groups  which  is 
based on, Physical structure  and Voltage sag 
compensation [4]. 

a) Physical Structure 
The  key  parameters  that  attribute  to  these 

classifications  are:  Type  of  energy  storage  device 
used,  Number  of  phases,  and  Physical  location  of 
shunt and series inverter. 

1. Converter based classification 

a. VSI (voltage source inverter) 
b. CSI (current source inverter) 

2. Supply system based classification 

a. Single-phase 

i. Two H-bridge (total 8 switches)  

ii. 3-Leg topology (total 6  switches) 

iii. Half Bridge (total 4 switches) 

b. Three-Phase 

i. Three-wire 

ii. Four-wire 

• Four-Leg 

• Split Capacitor  

• Three-H Bridge 

3. UPQC Configuration based  classification  

a. UPQC-R (Right Shunt) 

b. UPQC-L (Left Shunt) 

c. UPQC-I (Interline) 

d. UPQC-MC (Multi-Converter) 

A Review on UPQC for Power Quality Improvement in Distribution System
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e. UPQC-MD (Modular) 
f. UPQC-ML (Multilevel) 
g. UPQC-D (Distributed) 

h. UPQC-DG (Distributed Generator integrated) 

b) Voltage Sag Compensation 

The
 
voltage

 
sag

 
on

 
a
 
system

 
is

 
considered

 
as 

one
 

of
 

the
 

important
 

power
 

quality
 

problems.
  

There 
are

 
mainly

 
four

 
methods

 
to

 
compensate

 
the

 
voltage

 

sag in
 
UPQC-based

 
applications.

 

1.
 

UPQC-P
 
(Active

 
Power

 
Control) 

 

2.
 

UPQC-Q
 
(Reactive

 
Power

 
Control)

 

3.
 

UPQC-VAmin
 
(Minimum VA

 
Loading) 

 

4.
 

UPQC-S
 
(Active-Reactive

 
Power

 
Control)

 

Table

 

1

 

:  

 

Comparison   

 

between   

 

Voltage   

 

Source 
Inverter

 

and

 

Current

 

Source

 

Inverter

 

Voltage

 

Source

 

Inverter

 

(VSI)

 

based

 

Current

 

Source

 

Inverter

 

(CSI)

 

based

 

1.  

 

The   

 

UPQC   

 

may   

 

be

 

developed

  

using

  

PWM

 

  voltage

 

source

 

inverter

 1.  

 

The   

 

UPQC   

 

may   

 

be

 

developed

  

using

 

PWM

 

current

 

source

 

inverter

 

2. VSI

 

shares

 

a  

 

common

 

energy storage  capacitor 
(Cdc)

 

to

 

form

 

the

 

dc-link

 
2.CSI

 

shares

 

a

 

common

 

energy

  

storage

 

inductor(Ldc)

 

to

 

form

 

the

 

dc-link

 

3.

 

Advantages:

 

-

  

Lower

 

cost,

 

-

  

Smaller

 

physical

 

size,

 

-

  

Lighter

 

in

 

weight,

 

-

  

Cheaper,

 

-  Capability  

 

of  

 

multilevel

 

operation,

 

-

 

Flexible

 

overall

 

control,

 

-    

 

High   

 

efficiency    

 

near

 

nominal

 

operating

 

point.

 

3. 

 

Advantages:

 

-

 

Open

 

loop

 

current

 

control

 

is

 

possible,

 

-

  

High

 

efficiency

 

when

  

the load

 

power

 

is

 

low.

 

4.

 

Disadvantages:

 

-

  

Low 

 

efficiency 

 

when

  

the

 

load

 

power

 

is

 

low,

 

-    

 

Limited 

 

life time 

 

of

  

the

 

electrolyte

 

capacitor.

 
4.  Disadvantages:

 

-   

 

Bulky   

 

and   

 

heavy   

 

dc

 

inductor,

 

-

  

High

 

dc-link

 

losses,

 

-

  

Low

  

efficiency

 

near nominal

 

operating

 

point,

 

-   

 

It  

 

cannot  

 

be  

 

used  

 

in multilevel operation.

 

5. The VSI based UPQC 
system configuration is 
shown in given Fig. 7.

 
5.  The CSI based UPQC 
system configuration is 
shown in given Fig. 8.

 
 

 

Figure 6 : VSI based UPQC system configuration 

 

Figure 7 : CSI based UPQC system configuration 

From the comparison given in TABLE-1one 
can find that VSI based UPQC topology is more 
popular than CSI based UPQC topology. 

To mitigate power quality problems in the 
distribution system and UPQC’s different config-
urations are classified based on the type of supply 
system. There are mainly two types of supply a) single-
phase and b) three-phase. 

Single-phase two-wire two-Hbridge UPQC 
configuration is as  shown in Fig. 9. Another two 
topologies first is 3-leg topology (total 6 switches). 
Apart from total 6 switches, 4  switches are used in 
series  inverter  and  2  switches  are  used  in  shunt 
inverter.  Second alf-bridge topology, 2 switches are 
used in series inverter and 2 switches used in shunt 
inverter [10]. 
 

 
 

Figure 8 : Single-phase Two-wire UPQC based  on 
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Two H-bridge configuration (eight switches) 
Three-phase three-wire UPQC configuration is 

as shown in Fig 10. Several non-linear loads, such as,  
diode  rectifier, adjustable speed drives  (ASD), 
controlled   rectifier  etc. are fed from three-phase three-
wire UPQC system [11] [12]. 
 

 
 

Figure 9 : Three-phase Three-wire (3P3W) UPQC 

The combinationof three-phase and single- 
phase loads are supplied by three-phase four-wire 
(3P4W) UPQC configuration. 

For neutral current compensation in three- 
phase  four-wire (3P4W) system, various shunt inverter 
configurations are given,  namely,  four-leg (4L),  two  
split-capacitor  (2C)  and  three-H  bridge (3HB)                
[13] [15]. 

The 3HB topology use three single-phase H- 
bridge inverter connected to same dc bus of the UPQC. 
The 2C topology use two split-capacitor on dc side 
and the midpoint of two capacitor is at zero potential 
which is used as connection point for the fourth wire. 
Among all three topologies four-leg (4L) is give better 
control over neutral current due to four-leg. In this 
paper three-phase four-wire based on four-leg (4L) 
shunt inverter topology [24], is shown in Fig. 11. 

 

Figure 10 : Three-phase Four-wire (3P4W) UPQC  
based on Four-leg (4L) shunt inverter topology 

The  comparison  of  single-phase  UPQC  and  
three- phase  UPQC  is  given  in  TABLE-2  which  
gives detailed information about both the  sources. 

Table 2 :  Comparison between Single-phase  UPQC 
and  Three-phase UPQC 

Single-phase  UPQC  
(1P  UPQC)  

Three-phase  UPQC  
(3P  UPQC)  

1.  Single-phase   UPQC   is  
possible   in  single-phase 
two-wire  (1P2W)  

1.   Three-phase   UPQC   is  
possible   in  three-phase  
three-wire    or    three-phase 
four-wire  (3P3W or  3P4W)  

2.  Single-phase   UPQC   is  
further  classified  on:  
   (i) Two H-bridge  
   (ii) 3-Leg topology  
   (iii) Half Bridge  

2.    Three-phase    four-wire  
UPQC  is  further   classified  
on:  
    (i) Four-Leg  
    (ii) Split Capacitor  
    (iii) Three-H Bridge  

3.  In single-phase system  
load reactive current, current 
harmonics are major 
problems  

3.-  In three-phase three  wire  
system apart from reactive 
current, current  harmonics 
additional problem is current  
Unbalance.  In three phase 
four-wire system additional 
neutral  current problem  

4. Voltage related power 
quality  problems are similar 
for both single and three  
phase system except voltage 
unbalance compensation is 
not required in single-phase 

system 

4. Voltage related power 
quality problems are similar for 
both single and three  phase 
system except  voltage 
unbalance com-pensation is 
required in three-phase  system  

There are various types of configurations of 
UPQC is given in above classification. Fig. 7 to 11 all 
are represents right shunt UPQC  (UPQC-R) and when 
in Fig. 7 to 11 shunt inverter is located in left at that 
time it is called left shunt UPQC (UPQC-L). Among 
this two configurations UPQC-R is commonly used 
because current flow through series transformer is    
mostly sinusoidal. The UPQC-L is rarely used due to 
interference between shunt inverter and passive filters. 

First,   the   comparison   between   Interline   
UPQC (UPQC-I) and Multi-converter UPQC (UPQC-MC) 
[23] is given in TABLE-3. 

Table 3 : Comparison between Interline UPQC and   
Multi- converter UPQC 

Interline UPQC (UPQC-I) Multi-converter UPQC 
(UPQC-MC) 

1. In Interline UPQC two 
inverters are connected 
between two distribution 
feeders. 

1. In UPQC-MC third 
converter is added to 
support dc bus. 

2. One inverter is connected in 
series with one feeder while 
other inverter is connected in 
shunt with 

other feeder. 

2. The third converter is 
connected either series or 

parallel with feeder. 

3. UPQC-I can control and 3. It can control and 

A Review on UPQC for Power Quality Improvement in Distribution System

© 2013   Global Journals Inc.  (US)

G
l

  
 

V
ol
um

e  
X
III

  
Is
su

e 
V
II 

V
e r

sio
n 

I 
  

  
  

  
  

  
  

  
  

45

(
)

Ye
ar

01
3

2
F

ob
al
 J
ou

rn
al
 o

f 
R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  



manage flow of real power 
between two feeders. 

manage flow of real 
power between multi  
feeders. 

Second, the comparison between Modular   

UPQC (UPQC-MD) and Multi-level UPQC (UPQC-ML) 
[20], [26], [27] is given in TABLE-4. 

Table 4 : Comparison between Modular UPQC and    
Multi-level

 
UPQC

 

Modular UPQC
 

(UPQC-
 
MD)

 Multi-level UPQC
 

(UPQC-ML)
 

1. In UPQC-MD several H-
bridge

 
modules are conne-

cted in cascade in each 
phase.

 

1. UPQC-ML is based on 
3-

 
level neutral point 

clamped
 
topology.

 

2. The H-bridge modules for 
shunt inverter

 
is connected in 

series through multi-winding  
transformer, while, series 
inverter is connected in series 
with 

 
using series transformer.

 

2. In UPQC-ML three-level
 

topology require double
 

semiconductor switches.
 

3. UPQC-MD can be useful to 
achieve higher power levels.

 3. UPQC-ML can also be 
useful to achieve higher 
power levels.

 

Third, the 
 
comparison 

 
between 

 
Distributed

  

UPQC (UPQC-D)
 
and

 
Distributed Generator  

 
Integrated

 

UPQC
 

(UPQC-DG)  [14] [16] [19] [21], is
 

given
 

in
 

TABLE-5.
 

Table 5 : Comparison between UPQC-D & UPQC-DG
 

Distributed

 

UPQC (UPQC-D)

 

Distributed

 

Generator 
Integrated

 

UPQC

 

(UPQC-
DG)

 

1.

 

UPQC-D

 

topology

 

is

 

also

 

known as 

 

3P3W 

 

to

  

3P4W

 

Distributed

  

UPQC

  

because 
3P-4W

 

system

 

is

 

realized

 

by

 

using

 

3P3W

 

system.

 

1.    The   

 

UPQC   

 

can   

 

be

 

integrated with one    

 

or 
several

 

DG

 

systems

 

which

 

are nown

 

as

 

UPQC-DG.

 

2.  In  UPQC-D 

 

system

  

the

 

neutral

 

of series

 

transformer 
is

 

used

 

as

  

neutral

 

of

 

3P4W system.

 

2.

 

The

 

output

 

of DG

 

system

 

is connected to dc

 

bus

  

of

 

UPQC

 

to

 

com-
pensate voltage 

 

and  
current 

 

related problems.

 

3.  Fourth 

 

leg  is 

 

added

  

to

 

3P

 

4W

 

UPQC to compensate 
neutral

 

current

 

flowing

 

towards transformer

 

neutral

 

point.

 

3.

 

In UPQC-DG

 

battery

 

can 
be

 

added

 

at

 

dc

 

bus

 

which

 

is used as stored

 

power

 

and used

 

as

 

backup which

 

give benefit

 

for

 

removing 
voltage

 

interruption.

 

Finally, 

 

the 

 

classification 

 

is 

 

based 

 

on 

 

voltage

  

sag compensation 

 

is 

 

given 

 

in 

 

this 

 

section.
  

 

There

 

are mainly

 

four

 

methods

 

to

 

compensate

  

voltage

 

sag  in UPQC

 

based

 

applications,

 

The

  

comparison

 

between

 

Active

 

Power

 

Control

 

(UPQC-P)

 

and

 

Reactive

 

Power

 

Control (UPQC-Q)

 

is

 

given

 

in

 

TABLE-6.

 
 

 
  

  

1. The voltage sag is 
mitigated by injecting active 
power through series inverter 
of UPQC.

 1. The voltage sag is 
mitigated by injecting 
reactive power through 
series inverter of UPQC.

 

2. In Active Power Control

 

P is referred as active power.

 

2. In Reactive Power 
Control Q is referred as 
reactive power.

 

3. To compensate equal

 

percentage of sag UPQC-P 
requires smaller magnitude 
of series injection voltage 
compared to UPQC-Q.

 
3.To

 

compensate equal 
percentage of sag UPQC-
Q requires larger 
magnitude of series 
injection voltage compared 
to UPQC-P.

 

The comparison between Minimum VA

  

Loading 
(UPQC-VAmin)

 

and

 

Active-Reactive

 

Power

 

Control 
(UPQC-S)

 

[29],[30],

 

[31],  is

 

given

 

in

 

TABLE-7.

 

Table 7 : Comparison between Minimum VA loading and 
Active  &  Reactive Power Control

 

Minimum VA loading

 

(UPQC-VAmin)

 

Active & Reactive Power

 

Control (UPQC-S)

 

1. This method is used which 
is injected certain optimal 
angle with respect to source 
current.

 
1. In UPQC-S the series 
inverter is delivered both 
active and reactive power.

 

2. The series voltage 
injection and the current 
drawn by shunt inverter must 
need for determining 
Minimum VA loading of 
UPQC.

 

2. The series inverter of 
UPQC-S perform voltage 
sag and swell com-
pensation and sharing 
reactive power with shunt 
inverter.

 

V.

 

Control Strategies of upqc

 

Control strategy play very important role

 

in 
system’s

 

performance.

 

The

 

control

 

strategy

 

of

 

UPQC

 

may

 

be

 

implemented

 

in

 

three

 

stages:

 

i.

 

Voltage

 

and

 

current

 

signals

 

are

 

sensed

 

Com

 

pensating commands in   

 

terms

 

of voltage and    
current    levels    are   derived.

 

ii.

 

The  

 

gating    signals    for       

 

semiconductor

 

Switches  of  UPQC  are  generatedusing  PWM,  

 

hysteresis

 

or fuzzy 

 

logic  

 

based

 

control

 

techniques

 

iii.

 

In 

 

the 

 

first 

 

stage 

 

voltage 

 

signals 

 

are 

 

sensed

  

using power 

 

transformer 

 

or 

 

voltage 

 

sensor 

 

and  

 

current

 

signals 

 

are  

 

sensed  

 

using  

 

current  

 

transformer  

 

or

 

current

 

sensor.

 

In

 

second

 

stage

 

derivation

 

of

 

compensating 
commands

 

are

 

mainly

 

based

 

on

 

two

 

types

 

of

 

domain 
methods: 

 

(1) Frequency domain

 

methods, and (2)

 

Time

 

domain

 

method.

  

Frequency domain methods,

 

which,

 

is

 

based

 

on

 

the

 

Fast

 

Fourier

 

Transform

 

(FFT) of 
distorted

 

voltage or current signals to extract 
compensating

 

commands.

 

This

 

FFT

 

are

 

not

 

popular 
because of

 

large

 

computation,

 

time

 

and

 

delay.
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Table 6 :  Comparison between Active Power Control 
and    Reactive Power   Control

Active Power Control Reactive Power Control
(UPQC-P) (UPQC-Q)



control

 

techniques

 

of

 

UPQC

 

are:

 

•

 

The

 

instantaneous

 

active

 

and

 

reactive

 

power  or 

 

p-
q  theory,

 

and

 

•

 

Synchronous

 

reference

 

frame

 

method

 

or

 

d-q

 

theory.

 

In  

 

p-q  

 

theory  

 

instantaneous  

 

active  

 

and  

 

reactive powers

 

are computed, while, the d-q theory

 

eals with the current independent of the supply voltage. 
Both methods transforms voltages and currents from 
abc frame to stationary reference frame (p-q theory) or 
synchronously rotating frame (d-q theory) to separate 
the fundamental and harmonic quantities.

 

In third stage the gating signals for 
semiconductor switches of UPQC based on derive 
compensating commands in terms of voltage or current. 
Then, these compensating commands are given to 
PWM, hysteresis or fuzzy logic based control techniques 
[25] [28].

 

VI.

 

Technical and Economical 
Consideration

 

Technical

 

literature

 

on

 

the

 

APFs

 

can

 

be

 

found

 

since early 1970s

 

[1].

 

However,

 

the

 

use

 

of

 

UPQC

 

to

 

enhance

 

electric

 

power system

 

quality

 

is

 

reported

 

since

 

mid

 

1990s

 

[3].

 

Among

 

the

 

various

 

power

 

quality

 

enhancement devices,

 

STATCOM

 

and

 

few others

 

are

 

commercially

 

available

 

[2].

 

The

 

technology

 

to

 

develop

 

commercial

 

UPQC

 

system is

 

available

 

today; however,

 

the

 

overall

 

cost

 

and

 

complexity of such a

 

system

 

still

 

imposes

 

some

 

limitations. A

 

250-kVA

 

prototype

 

developed

 

at

 

C-DAC, Thiruvananthapuram,

 

India

 

[17],

 

is

 

the

 

most

 

viable

 

reported

 

prototype.

 

The

 

capacity

 

of

 

small and

 

large-scale

 

renewable

 

energy

 

systems

 

based

 

on

 

wind

 

energy,

 

solar

 

energy,

 

etc.,

 

installed at

 

distribution

 

as

 

well

 

as

 

transmission 
levels

 

is

 

increasing

 

significantly.

 

These

 

newly

 

emerging

 

DG

 

systems

 

are

 

imposing new challenges

 

to

 

electrical

 

power

 

industry

 

to

 

accommodate them without

 

violating

 

standard

 

requirements (such

 

as,

 

IEEE

 

1547, IEEE

 

519). 
In

 

terms

 

of

 

power

 

quality,

 

the excessive

 

feeder

 

voltage

 

rise

 

due

 

to

 

reverse

 

power

 

flow from

 

DG system

 

and

 

power

 

system

 

stability

 

is

 

of significant

 

importance. 
Moreover,

 

most

 

of

 

the

 

DG

 

systems

 

utilize

 

power

 

electronic

 

converters

 

as

 

interfacing

 

device

 

to

 

deliver

 

the

 

generated power

 

to the grid.

 

The

 

switching

 

operation

 

of

 

these

 

systems

 

is

 

contributing

 

as

 

increased harmonic 
levels

 

both

 

in

 

the

 

grid

 

voltages

 

and currents.

  

In

 

this

 

paper,

 

several

 

UPQC

 

configurations

 

and

 

topologies have

 

been

 

discussed. Among

 

these

 

configurations,

 

UPQC-DG

 

could

 

be

 

the

 

most

 

interesting

 

topology for

 

a

 

renewable energy based

 

power

 

system.

 

This

 

configuration can

 

offer

 

multifunctional options,

 

namely,

 

active

 

power

 

delivery

 

from

 

DG

 

system

 

to

 

grid

 

(normal

 

DG

 

operation), voltage and current related

 

power

 

quality

 

compensation

 

(UPQC

 

operation),

 

and

 

uninterruptible

 

power

 

supply

 

operation.

 

Commercial 
products

 

have

 

started

 

to

 

appear

 

in

 

the

 

market

 

to

 

increase the renewable

 

energy

 

system

 

connectivity

 

by

 

compensating some of

 

these

 

problems.

 

As

 

the

 

penetration

 

levels

 

of

 

DG system

 

on

 

the

 

existing

 

power

 

system

 

continue to

 

increase, the utilization

 

of

 

active

 

compensating technologies

 

(such

 

as,

 

flexible

 

ac

 

transmission system

 

devices

 

and

 

APFs)

 

is

 

expected

 

to 
increase gradually.

 

VII.

 

Conclusion

 

The power quality problems in distribution 
systems are not new but customer awareness of these 
problems increased recently. It is very difficult to 
maintain electric power quality at acceptable limits. One 
modern and very promising solution that deals with both 
load current and supply voltage imperfections is the 
Unified Power Quality Conditioner (UPQC). This paper 
presented a review on the UPQC as a tool to enhance 
the electric power quality at distribution level. The UPQC 
is able to compensate supply voltage power quality 
issues such as, sags, swells, unbalance, flicker, 
harmonics, and for load current power quality problems 
such as, harmonics, unbalance, reactive current and 
neutral current. Among all these configurations, UPQC-
DG and UPQC-ML are the most vital topologies to 
achieve better reliability and power quality at higher 
power rating of the system. Therefore with the help of 
these topologies can meet required load demand in 
future, increase the production in industries and 
increase the economy of the country.
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Process of submission of Research Paper     
  

The Area or field of specialization may or may not be of any category as mentioned in 
‘Scope of Journal’ menu of the GlobalJournals.org website. There are 37 Research 
Journal categorized with Six parental Journals GJCST, GJMR, GJRE, GJMBR, GJSFR, 
GJHSS. For Authors should prefer the mentioned categories. There are three widely 
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at 
Home page. The major advantage of this coding is that, the research work will be 
exposed to and shared with all over the world as we are being abstracted and indexed 
worldwide.  

The paper should be in proper format. The format can be downloaded from first page of 
‘Author Guideline’ Menu. The Author is expected to follow the general rules as 
mentioned in this menu. The paper should be written in MS-Word Format 
(*.DOC,*.DOCX). 

 The Author can submit the paper either online or offline. The authors should prefer 
online submission.Online Submission: There are three ways to submit your paper: 

(A) (I) First, register yourself using top right corner of Home page then Login. If you 
are already registered, then login using your username and password. 

      (II) Choose corresponding Journal. 

      (III) Click ‘Submit Manuscript’.  Fill required information and Upload the paper. 

(B) If you are using Internet Explorer, then Direct Submission through Homepage is 
also available. 

(C) If these two are not conveninet , and then email the paper directly to 
dean@globaljournals.org.  

Offline Submission: Author can send the typed form of paper by Post. However, online 
submission should be preferred.                    
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Preferred Author Guidelines    

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed) 

 Page Size: 8.27" X 11'" 

• Left Margin: 0.65 
• Right Margin: 0.65 
• Top Margin: 0.75 
• Bottom Margin: 0.75 
• Font type of all text should be Swis 721 Lt BT.  
• Paper Title should be of Font Size 24 with one Column section. 
• Author Name in Font Size of 11 with one column as of Title. 
• Abstract Font size of 9 Bold, “Abstract” word in Italic Bold. 
• Main Text: Font size 10 with justified two columns section 
• Two Column with Equal Column with of 3.38 and Gaping of .2 
• First Character must be three lines Drop capped. 
• Paragraph before Spacing of 1 pt and After of 0 pt. 
• Line Spacing of 1 pt 
• Large Images must be in One Column 
• Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10. 
• Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10. 

You can use your own standard format also. 
Author Guidelines: 

1. General, 

2. Ethical Guidelines, 

3. Submission of Manuscripts, 

4. Manuscript’s Category, 

5. Structure and Format of Manuscript, 

6. After Acceptance. 

1. GENERAL 

 Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial, 
while peer reviewer justify your paper for publication. 

Scope 

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of 
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology, 
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization. 
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global 
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will 
not be accepted unless they have wider potential or consequences. 

2. ETHICAL GUIDELINES 

 Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities. 

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication 
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals 
Inc. (US). 

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings. 
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before 
submission 

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According 
to the Global Academy of R&D authorship, criteria must be based on: 

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings. 

2) Drafting the paper and revising it critically regarding important academic content. 

3) Final approval of the version of the paper to be published. 

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The 
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along 
with address. 

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere. 

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this 
paper. 

Please mention proper reference and appropriate acknowledgements wherever expected. 

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the 
author's responsibility to take these in writing. 

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the 
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved. 

3. SUBMISSION OF MANUSCRIPTS 

 Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of 
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to 
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below. 

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

Complete support for both authors and co-author is provided. 

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

Research letters: The letters are small and concise comments on previously published matters. 

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words 
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and 
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as 
follows: 

 Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and 
comprise: 

(a)Title should be relevant and commensurate with the theme of the paper. 

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions. 

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus. 

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared. 

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition; 
sources of information must be given and numerical methods must be specified by reference, unless non-standard. 

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable 
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design 
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to 
have adequate numerical treatments of the data will be returned un-refereed; 

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript 
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable, 
that manuscripts should be professionally edited. 

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary. 
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When 
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater. 

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed 
by the conventional abbreviation in parentheses. 

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration, 
1.4 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 10-3 m. Chemical formula and solutions must identify the form used, e.g. 
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by 
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search: 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

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

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

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE

 
Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 

6.1 Proof Corrections

 
The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

 
The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 

6.3 Author Services

 
Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 

6.4 Author Material Archive Policy

 
Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 

6.5 Offprint and Extra Copies

 
A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

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

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

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

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

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

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

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 



 

  

 
 

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

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

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

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

 

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

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

 

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

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

 

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

 

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

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

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

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

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

18.



 

 

   

 

sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

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

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

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

 

Key points to remember:  

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

Final Points:  

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

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 
improve your memory. 

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

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

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

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.



 

  

 
 

Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

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

 

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

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

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

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 



 

 

   

 

shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline of job done, it is always written in past tense 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

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

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 
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Abstract: 

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

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

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 

                   



 

  

 
 

principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

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

Results: 

 
 

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

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 
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Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 



 

 

Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

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

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  
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Content 

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

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



 

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

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 
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Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

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



 

 

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

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

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

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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Index 
 

A 

Accomplish · 2, 35 
Adequate · 24 
Algorithm · 24, 26, 32, 41, 47, 55 
Amalgamation · 25, 26 
Amplitude · 55, 64 
Arbitrary · 30 

  

C 
Chronological

 
· 18, 25, 31, 32

 Cognized
 
· 31

 Complementary
 
· 46, 47, 48, 52

 
  

D
 

Deterministic

 

· 24, 52

 

E
 Emphasizes

 

· 19

 
Engraving

 

· 20

 
  

Estimation

 

· 2, 8, 21, 40

 
  

 

  
  

H

 

  

Hertwig

 

· 25, 37

 

Heuristic

 

· 18, 32

 

Homojunction

 

· 11

 
 

 

 

 

 

I

 

Inappropriate

 

· 46

 

Inhibiting

 

· 26, 31

 

L

 

Lithography

 

· 10, 15

 

M

 

Magnitude

 

· 11

 

Manufacturing

 

· 10, 11, 15, 23, 27, 34, 36

 

Morphological

 

· 46

 

N

 

Nichrome

 

· 10, 13, 15, 16

 

P

 

Pioneered

 

· 11

 

Polynomial

 

· 26, 28, 41

 

Prominent

 

· 19

 

S

 

  

Schottky

 

· 11, 12

 

Scrutinize

 

· 24, 28

 
  

Sinusoidal

 

· 47, 57, 59, 66, 69

 

U

 

Unavoidable

 

· 20

 

Unhurried

 

· 28
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