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Abstract—This paper proposes a new decentralized voltage
control approach for distribution system in order to deal with the
intermittent fluctuations of the renewable energy resources. In
this regard a systematic partitioning method which splits
distribution networks' graph is presented. Furthermore, an
adaptive Particle Swarm Optimization (PSO) algorithm is used to
solve the voltage regulation problem in order to optimize the
reactive power of the Distributed Generations (DGs) in the
related partition. The proposed method is evaluated on the well-
known PG&E 69-bus distribution system and the results are
compared with another method based on Interior Point
Algorithm (IPA) in both decentralized and centralized manner.
These results demonstrate the ability and efficiency of the
proposed method for online voltage profile control of smart grids.

Index Terms-- Decentralized control, distribution grid
partitioning, optimal reactive power control, zonal voltage
regulation.

[. INTRODUCTION

Increasing penetration level of DGs changes the distribution
networks' nature from passive to active. This change creates
some problems such as voltage fluctuations in these networks;
thus, considering how to deal with the negative impacts of
DGs is essential. Conventional methods, manage voltage and
reactive power of distribution grids by under load tap
changers, step voltage regulators and static VAR
compensators [1]. However, there are some problems due to
the slow time constant as well as wear and tear of some
compensators to act fast and reliable. So, new methods for
efficient voltage and reactive power control is needed.
Existing DGs interfaced with power inverters are appropriate
resources for management of voltage and reactive power.
There are two main methods in order to control these
resources: local and coordinated control [2, 3]. The methods
based on local control have high response time, but they are
not optimum due to the local data utilization. Moreover, the
lack of enough knowledge about other parts of the network
may lead to decision mistakes [4]. The other methods which
are based on coordinated control optimize the participation
proportion of reactive power controllers in voltage
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management problem by a bidirectional communication
infrastructure between Control Center (CC) and all these
devices. Most of the previous coordination methods are based
on centralized architecture in which one center supervises all
network’s operations [5, 6]. According to the increased
number of DGs and consequently the controllable variables in
a smart grid, the execution time required for optimization
process and the amount of information which need to be
processed will greatly increase in this architecture so that a
majority of them cannot be implemented as online. Therefore,
it is necessary to implement coordinated methods as
decentralized ones. In this regard, some researches try to
decompose original centralized optimization problem to some
smaller sub-problems and solve them in a parallel manner;
however, the disadvantage is that a special center for
coordinating the slave centers is needed [2, 7]. Furthermore,
such solutions suffer from high building costs and single point
failure [8].

Based on presented literature, this paper proposes a
decentralized solution which eliminates the mentioned
demerits of decentralized methods for coordinated voltage
regulation problem in power distribution systems. The
proposed method improves the computational burden and
response time for online operation by dividing the distribution
network into some smaller partitions. One of the major
challenges in the partitioning of a network is how to determine
boundaries of each partition. As well as the voltage regulation
problem, network partitioning has been used in other
problems, such as self-healing and network restoration [9],
prevention of cascading events [10], rotor angle stability [11]
and etc. These problems are analyzed by different partitioning
methods such as graph-based solution [10], Spectral-based
solution [12, 13], electrical distance based solution, and etc.

The first contribution of this paper is proposing a pattern
matrix for the partitioning stage with respect to the voltage
regulation issue and then providing a systematic spectral-
based approach for partitioning this matrix which can be used
for systems with different dimensions. Also there is not any
dependency on the number and location of DGs in each
partition; therefore, the boundaries of each partition are robust.
The second contribution is an adaptive solution based on the
PSO algorithm for each partition which calculates the
optimum reactive power set points of DGs in an acceptable
time which is essential for online computation. In comparison
to other centralized approaches, the advantage of this approach
is to reduce the computational burden and to eliminate the
need for all network’s information.



The reminder of the paper is organized as follows: section
II presents the partitioning approach and its algorithm. Section
IIT  describes proposed coordinated voltage regulation
algorithm for each partition. Section IV demonstrates the
simulation results on the well-known PG&E 69-bus
distribution system. Finally, the conclusions are drawn in
section V.

II. NETWORK PARTITIONING

This section will seek the boundaries of smaller partitions
of the original network in a way that each partition is
composed of buses which are closely connected to each other
from voltage regulation perspective. The spectral method
which is a powerful network partitioning method can fulfill
this purpose by suitable definition of a graph for the network.

A. Graph Theory

Considering N as a set of nodes of a graph and E as a set of
weighted edges, G= (N, E) represents the graph which will be
partitioned. In distribution networks where a unique number is
allocated for each bus, by proper definition of G, N represents
the same number of network buses and the weight of edge,

e= (vi,v].) , represents the cost of putting the two buses in
two separate partitions.

B. Pattern Matrix Derivation

Using the input data, graph partitioning algorithms provide
the possibility of clustering objects in several separate groups.
Indeed, input data reflect the similarity or the difference
between objects that are mainly expressed as a matrix named
pattern matrix [14]. Therefore, a key step in the partitioning
problem is to find pattern matrix. According to the goal of
voltage regulation problem, buses voltage variations specify
this similarity or difference which is in correspondence with
changes in their power consumption to each other; it is called
the sensitivity matrix. Therefore, in order to partition a
distribution network, at first this matrix must be calculated as
follows:

The vector of buses voltage variations versus active and
reactive power consumption could be rewritten as (1):

[AV]=[S"1[Ap]+[S™][Aq]

Where vectors[AV], [Ap] and [Agq]
variations, active and reactive power consumption of buses

(h
depict voltage

respectively. Furthermore, [S™] and [S'] are sensitivity

matrices of voltage variations versus consumed active and
reactive power variations, respectively. In distribution
systems, it should be noted that the bus voltage angle is not
important and the magnitude of voltage drop between the two
adjacent buses can be approximately calculated in per unit
according to the following equation [15]:

Vi=V,=R;-P+X,-0, (2)

Where V, and Vj are the voltage magnitude of two

adjacent buses 7 and j, respectively. R ’ X Iz Pj , and Qj are

2

resistance, reactance, active and reactive power flow of the
line between these buses, respectively. Given that the first bus

of the network with 0 index is a slack bus, V, can be

calculated by applying eq. (2) recursively in upstream line as
follows:

V;=V0_;(Rj'Pj+Xj'Qj) (3)
JEL;

where L, is the set of connecting line section between bus i
and the slack bus. In order to express the above equation in

term of active and reactive power consumption, ¥, can be

state as eq. (4):

N
V.= V()_Z(R;q P+ X q,)

J=1

“)

Where p; and g, (Notice for lower letter in comparison
with P/ and Q i) are active and reactive power consumption

of bus j respectively. R}’ and X [* are the equivalent resistance

and reactance calculated from the common path connecting
between bus 7 and j to the slack bus. In order to calculate

[R“] and [ X /] for a radial distribution system, the direct

load flow approach presented in [16] can be used. This
approach is based on the development of two matrices
representing the relationship between the Bus Injection to
Branch Current (BIBC) and Branch Current to Bus Voltage
(BCBYV). In this regard, these matrices can be obtained as
follows:

[R“]=real([BCBV]-[BIBC)) = real ([ DLF])

[X*]=imag([BCBV ]-[BIBC]) = imag ([DLF]) ()

According to eq. (4), the discussed [S™] and [S™] in
eq. (1) will be equal to [R“?] and [ X “/] so:

[S7]=[R"]

6
[$]=1x"] ©

Considering the sensitivity matrix as a pattern matrix, the
partitioning algorithm is described in the next subsection.

C. Graph Partitioning Algorithm

In the graph theory, a weighted graph in which each edge
has a capacity has many applications. According to (5) and
(6), the proposed pattern matrix is a real symmetric matrix.
The main tool for network partitioning is to calculate the
spectrum of one of the matrices related to network graph such
as normalized or unnormalized laplacian matrix, adjacent
matrix, or other related pattern matrices of the network graph.
Spectrum based partitioning methods present general
information about the structure of a graph using eigenvalues
and eigenvectors of graph matrices. It should be noted that real
symmetric matrices have real eigenvalues [17]. By sorting
these eigenvalues for proposed pattern matrix, the signs of the
elements of the eigenvector associated to the second largest



eigenvalue partition the network into two separate closed
parts. After partitioning the network into two parts, this
process is repeated again for the largest partition which has the
most number of buses. According to the network dimensions
as well as the number of buses, this procedure will be
continued in each step for the largest partition until the
number of partitions achieves to a desired one. The optimum
number of partitions can be determined with respect to the
maximum acceptable time required for online calculations in
each partition.

D. Case Study

Fig. 1 shows the PG&E 69-bus distribution system [18].
After applying the proposed partitioning algorithm for
determining the boundaries of each control partition the results
are obtained and presented in TABLE 1.
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Fig. 1. PG&E 69-bus distribution test system.
TABLEI
Network partitioning results for each partition of test system
Partition Bus index
1 1,2,3,4,5,28,29,30,31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44, 45, 46,47, 48, 49, 50
2 5,6,7,8,9,10, 11,51, 52,53, 54, 66, 67
3 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
68, 69
4 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65

III. ZONAL VOLTAGE CONTROL
In this section the formulation of the decentralized voltage
regulation method and adaptive PSO algorithm are presented
by considering proposed network partitioning in the previous
section.

A. Coordinated Voltage Regulating Formulation

The mathematical modeling of coordinated voltage
regulation in each partition is presented as follows.

N, N,
min  f, = ;Rm,[ g Bm,/ |2 +ZI:| Vm,i - Vm,o | (7
Subject to:
), 1V 1+1DLFL ), —0
B, < B,‘:j* [=1,..,N, (8)
oSy, <y i=1,.,N,

G,max

G,min G
qm,i S qm,i S qm,i
Where R, and B, , are the resistance and the current

flowing through the line / in the m™ partition, respectively;

f,, and N, are the objective function and the number of
buses or branches in this partition, respectively, [V],, [ p],,
and [q], are voltage vector, total consumed three phase
active and reactive powers in this partition respectively; meo
is the voltage of the last bus of the adjacent upstream partition;
4, 1is the reactive power generation of DG unit in bus i in

m™ partition which must be optimized.

In fact, the problem of coordinated voltage regulation is an
optimization problem which aims to minimize the power
losses of the lines inside the partition m as well as voltage
deviation. It also determines the reactive power set points of
zonal DGs subject to zonal load flow equations, voltage, and
line power flow constraints. From the information exchange
point of view, the Zonal Control Center (ZCC) in each
partition receives the expected power delivered to the
downstream partitions, the expected power of zonal DGs, and
the expected load of each bus inside the partition, then after
optimization, it sends the reactive power set points of zonal
DGs to them. The schematic diagram of the communication
links is shown in Fig. 2.
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Fig. 2. Schematic diagram of the communication links for m partition.

B. Adaptive Particle Swarm Optimization Algorithm

The well-known PSO algorithm is used to solve the
problem because of its high convergence speed required for
the online calculations [19]. This algorithm which is inspired
by the particles movement, in comparison with other
intelligent algorithms, is able to converge in a shorter time
with better solutions. The initial position of particles is
produced according to a random population in the multi-
dimensional search space and each particle in each iteration
improves its position based on its own best position which has
ever experienced and the best position which swarm has
experienced. For each particle a velocity is defined which
determines the movement direction of each particle and it is
updated based on three factors in each iteration: the former
velocity, the best former self position and the best former
swarm position. The formulation of the mentioned process is
as follows:



Pos{"" = Pos! + Vel

iter+l ____iter iter iter iter
Vel = o™ Vel +c, -rand, (Pos5,, — Pos/ ")

- . 9
+c, -rand,(Pos,,, — Pos,”") ©)

k=12,.,N

P

iter

. is a potential

where the control variables vector Pos
solution in the population with size N , Which its elements

are reactive power set points of N g zonal DGs inside the
partition m:

Pos = [qu qg,z qg,Ng]T (10)

where POSZ;;SZ and POSZ,: s are also the best position of
each particle and the best swarm position so far, respectively.
¢, and ¢, are learning coefficients and @" is an inertia
coefficient with following appropriate values:

€ =C =2

" =0, (0, —o,,)- itrliter, .

max max

(11)

®..,=04 , o, =09

As the dimension of each partition and the number of
control variables associated with DG units are variant
quantities, therefore an adaptive method is developed to adjust
the population size and the maximum number of iterations for
the optimization algorithm in each partition. This adaptive
method is expressed as follows after several trial and error:

N,=N,+N,+50

iter,,,, =N, +N,

(12)

IV. SIMULATION RESULTS

In order to validate the performance of the proposed
partitioning and voltage regulation methods, a case study is
implemented on the aforementioned test system using a
personal laptop having Core i5 processor, 2.40 GHz, and 4 GB
of RAM in MATLAB software. The modified results of
reference [20] are mentioned in the TABLE II are considered
as location and capacity of 23 DG units installed in the test

System.
TABLEII

Location and capacity of DG units

6,14, 15,18, 19, 20,21, 22, 24, 26, 27, 29, 34, 40, 49, 50,

Location| ) "3 54 55,57, 58. 64

Capacity|75, 75, 75, 225, 75, 75, 150, 75, 75, 75, 75, 75, 150, 75, 75,
(kW) 75, 525,75, 225, 75, 375, 150, 75

In this paper the worst scenarios in voltage regulation of the
studied test case are simulated and the results are presented.
Obviously, when the proposed algorithm succeeds to manage
the voltage problem of the worst cases, it can manage all other
system conditions. The voltage profile is evaluated by two
decentralized and centralized approaches based on the
proposed PSO algorithm. The cases are also evaluated by
these approaches based on the classic IPA which uses partial

derivatives to solve the optimization problem. It is assumed
that the slack bus voltage is 1.0 pu and the acceptable range
for voltage profile is +£1.05 pu.

A. Case 1: full load — minimum generation

In this case, all the system loads are at their maximum
power values and DG active power generations are assumed to
be 5% of the rated power. It can be estimated that at the end of
the lines, voltage drop can occur. Fig. 3 represents the results
of the proposed PSO-based solution for this test case. When
DG units only generate active power without reactive power
control (RPC) the voltage profile exceeds the voltage lower
limit. Using the proposed decentralized approaches for
reactive power control of DGs, the system voltages return to
the admissible range as can be seen in Fig. 3. Moreover, the
results of the proposed decentralized approach and the results
of the same solution in centralized manner in spite of the fact
that control processes are independent in different partitions

are the same.
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Fig. 3. Voltage profile control via proposed PSO solution in case 1.

Fig. 4 represents the results of decentralized PSO solution
in comparison with centralized and decentralized IPA. As can
be seen, not only the decentralized IPA cannot eliminate
voltage violation in buses 17 to 27 but also the voltage
improvement is significantly less than the same PSO-based
solution in other buses. However, the proposed decentralized
PSO solution present remarkable results in comparison with

centralized IPA.
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Fig. 4. The comparison of voltage profile control via PSO and IPA solutions.
TABLE III presents the optimum reactive power set points

of DGs based on the presented order in TABLE II.
TABLE IIT
Optimum reactive power set points of DGs with different

centralized and decentralized solution in case 1

71.9375, 71.9375, 71.9375, 215.8124, 71.9375, 71.9375,
143.8749, 71.9375, 71.9375, 71.9375, 71.9375, 36.1891,
143.8749, 71.9375, 71.9375, 71.9375, 503.5623, 71.9375,

Dec.
PSO

215.8124,71.9375, 359.6874, 143.8749, 71.9375




71.9375, 71.9375, 71.9375, 2158124, 71.9375, 71.9375,
Cen. [143.8749, 71.9375, 71.9375, 71.9375, 71.9375, 71.9375,
PSO |143.8749, 71.9375, 71.9375, 71.9375, 503.5623, 71.9375,

215.8124, 71.9375, 359.6874, 143.8749, 71.9375

71.9300, 71.9375, 71.9375, 2158124, 71.9375, 71.9375,
Dec. |143.8749, 71.9375, 71.9375, 71.9375, 11.7006, 53.2519,
IPA [124.7582, 70.3253, 62.9424, 71.9308, 503.5557, 71.9323,

-165.3475, -34.2743, 229.1607, 66.3721, 32.0002

71.9375, 71.9375, 71.9375, 215.8124, 71.9375, 71.9375,
Cen. [143.8749, 71.9375, 71.9375, 71.9375, 71.9375, 71.9375,
IPA |143.8749, 71.9375, 71.9375, 71.9375, 503.5623, 71.9375,

215.8124, 71.9375, 359.6874, 143.8749, 71.9375

B. Case 2: minimum load — maximum generation

In the second case, the loads and DGs are considered to be
25% and 100% of their respective rated values. Fig. 5 shows
the voltage profile of the system before and after the reactive
power control of DGs. As can be seen, without reactive power
control of DGs the biggest voltage violation is found at bus
27. Based on the proposed solution new voltage profiles
within acceptable range are obtained which are similar in both
centralized and decentralized manner. The reactive power set
points of DGs are presented in TABLE IV.
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Fig. 5. Voltage profile control via proposed PSO solution in case 2.
TABLEIV

Optimum reactive power set points of DGs with different
centralized and decentralized solution in case 2

-39.7995, -39.7995, -39.7995, -119.3985, -39.7995, -39.7995,

Dec. |-79.5990, -39.7995, -39.7995, -39.7995, -39.7995, -39.7995,
PSO [-79.5990, 39.7995, 39.7995, -39.7995, -278.5965, -39.7995,
-119.3985, -39.7995, -198.9975, -79.5990, -39.7995
239.7995, -39.7995, -39.7995, -119.3985, -39.7995, -39.7995,
Cen. |-79.5990, -39.7995, -39.7995, -39.7995, 39.7995, 39.7995,
PSO [79.5990, 39.7995, 39.7995, -39.7995, -278.5965, -39.7995,
-119.3985, -39.7995, -198.9975, -79.5990, -39.7995
39.6418, -39.6643, -39.6684, -119.2785, -39.6820, -39.6852,
Dec. |-79.4847, -39.6863, -39.6906, -39.6915, 0, 0, 0, 0, 0, -39.6589,

IPA |278.4578, -39.6873, -56.8492, -7.9066, -173.9031, -57.1473,
-33.2910

-39.7977, -39.7989, -39.7989, -119.3979, -39.7989, -39.7990,
Cent. |-79.5985, -39.7990, -39.7990, -39.7990, -39.5246, -39.7815,
IPA|-79.5927, 39.7968, 39.6248, -39.7979, -278.5949, -39.7986,
-119.3976, -39.7986, -198.9966, -79.5981, -39.7987

C. Discussion

The proposed decentralized PSO based solution, in addition
to presenting more optimum results, provides acceptable
results compared to both centralized methods. The indices in
TABLE V show the energy losses and voltage violation for
four controlled solutions in case 1 has reduced. But in case 2,

because of the confliction of objective functions the energy
loss has been increased in order to improve the voltage

deviation.
TABLE V
The comparison of PSO and IPA based methods

w/o RPC|Dec. PSO|Cen. PSO|Dec. IPA|Cen. IPA
Loss (kW) in case 1 136.8 | 123.1 | 123.11 | 107.6 | 123.1
Voltage Deviation in case 1| 2.38 1.41 1.41 1.661 1.41
Loss (kW) in case 2 85.6 | 141.16 | 136.85 | 132.45 | 141.16
Voltage Deviation in case 2| 1.56 1.03 1.06 1.1 1.03

The major advantage of the proposed decentralized
approach in comparison with centralized methods is to provide
the capability of online implementation. In this regard, as can
be seen in TABLE VI the maximum execution time which is
obtained for partition 1 is less than 1.5 s. The notable speed of
the proposed solution comes from the fact that the proposed
decentralized method developed for the distribution systems
does not need the time-consuming procedure of the centralized
methods. Indeed, separating the optimization algorithm in four
partitions does not need all system data in the optimization
problem. In fact, by the use of the zonal data in each partition,
only the effects of the controllable variables in same partition
are considered for voltage control in this partition.

Some other details about adaptive feature of the proposed
method have been described in TABLE VI. As can be seen, by
changing partition dimensions and the number of variables,
the population size and the maximum iteration required for
algorithm convergence will be different in various partitions
and result in different execution time at each center.

TABLE VI

The parameters and time details of the proposed adaptive

method for each partition.

Partition 1 12 |3 |4
Bus No. 28 (13 |19 |12
DG No. 5 14 |19 |5
Population Size 83 |67 |78 |67
Maximum Iteration 33 |17 |28 |17
Execution Time (s) in Case 1|1.44|0.58|1.01{0.49
Execution Time (s) in Case 2{1.45]|0.59|1.01|0.50

The simulation results show by splitting one global
centralized problem to some smaller decentralized ones, the
computational burden decreases and the possibility of online
optimization is achieved. As the simulations in this paper are
performed on a personal laptop, the execution times will
surely have further decrease via stronger processors in control
centers.

V. CONCLUSION

This paper, initially presents an approximate solution for
calculation of distribution system voltage sensitivity matrix
versus consumed active and reactive power variations. Then,
the network graph has been partitioned according to this
pattern matrix using the spectral partitioning method. After
that, the adaptive particle swarm optimization algorithm is
used in each partition to determine optimum reactive power
set points of DGs.

In order to validate the performance of the proposed
method, the well-known 69-bus distribution test system is
divided to four control partitions, and then by considering 23



DGs the proposed decentralized method as well as the
centralized one are simulated under two different operating
conditions. In comparison with the classical IPA, the results
prove the ability of the proposed decentralized PSO based
method for successful voltage regulation in an admissible time
required for online computations.

VI. REFERENCES

[1T W. H. Kersting, Distribution System Modeling and
Analysis, New York, NY, USA: CRC Press, 2001.

[2] B. Zhang, A. Lam, A. Dominguez-Garcia and D. Tse,
"An Optimal and Distributed Method for Voltage
Regulation in Power Distribution Systems," Power
Systems, IEEE Transactions on, vol. 30, no. 4, pp. 1714-
1726, 2015.

[3] M. Farivar, R. Neal, C. Clarke and S. Low, "Optimal
inverter VAR control in distribution systems with high
PV penetration," in Proc. IEEE Power & Energy Soc.
General Meeting, San Diego, CA, USA, 2012.

[4] K. Tanaka, M. Oshiro, S. Toma, A. Yona, T. Senjyu, T.
Funabashi and C.-H. Kim, "Decentralised control of
voltage in distribution systems by distributed generators,"
Generation, Transmission & Distribution, IET, vol. 4, no.
11, p. 1251-1260, 2010.

[5] A. Cagnano and E. D. Tuglie, "Centralized voltage
control for distribution networks with embedded PV
systems," Renewable Energy, vol. 76, pp. 173-185, 2015.

[6] E. A. Paaso, Y. Liao and A. M. Cramer, "Formulation
and solution of distribution system voltage and
VARcontrol with distributed generation as a mixed
integer non-linearprogramming problem," Electric Power
Systems Research, vol. 108, pp. 164-169, 2014.

[7T P. Sule, S. Backhaus and M. Chertkov, "Optimal
Distributed Control of Reactive Power Via the
Alternating Direction Method of Multipliers," Energy
Conversion, IEEE Transactions on, vol. 29, no. 4, pp.
968-977, 2014.

[8] W. Zhang, W. Liu, X. Wang, L. Liu and F. Ferrese,
"Distributed Multiple Agent System Based Online
Optimal Reactive Power Control for Smart Grids," Smart
Grid, IEEE Transactions on, vol. 5, no. 5, pp. 2421-2431,
2014.

[91 H. You, V. Vittal and Z. Yang, "Self-healing in power
systems: An approach using islanding and rate of
frequency decline-based load shedding," Power Systems,
IEEE Transactions on, vol. 18, no. 1, p. 174181, 2003.

[10] H. Mehrjerdi, S. Lefebvre, M. Saad and D. Asber, "A
Decentralized Control of Partitioned Power Networks for
Voltage Regulation and Prevention Against Disturbance
Propagation," Power Systems, IEEE Transactions on, vol.
28, no. 2, pp. 1461-1469, 2013.

[11]G. Xu and V. Vittal, "Slow coherency based cutset
determination algorithm for large power systems," Power
Systems, IEEE Transactions on, vol. 25, no. 2, p. 877—
884, 2010.

[12] P. Lagonotte, J. Sabonnadikre, J. Cost and J. Paul,
"Structural analysis of the electrical system: application
to the secondary voltage control in France," Power
Systems, IEEE Transactions on, vol. 2, p. 479-484, 1989.

[13] P. K. Chan, D. F. Schlag and J. Y. Zien, "Spectral K-way
ratio-cut partitioning and clustering," [EEE Trans.
Comput. Aided Design Integr. Circuits Syst., vol. 11, no.
9, p. 1088-1096, 1994.

[14] M. D. Amadou, H. Mehrjerdi, S. Lefebvre, M. Saad and
D. Asber, "Area voltage control analysis in transmission
systems based on clustering technique," Generation,
Transmission & Distribution, IET, vol. 8, no. 12, p.
2134-2143,2014.

[15] M. Elkhatib, R. El-Shatshat and M. Salama, "Novel
coordinated voltage control for smart distribution
networks with DG," Smart Grid, IEEE Transactions on,
vol. 2, no. 4, pp. 598-605, 2011.

[16] T. Jen-Hao, "A direct approach for distribution system
load flow solutions," Power Delivery, IEEE Transactions
on, vol. 18, no. 3, pp. 882-887, 2003.

[17] C. Godsil and G. F. Royle, Algebraic graph theory,
Verlag, New York: Springer, 2001.

[18] M. E. Baran and F. F. Wu, "Optimal capacitor placement
on radial distribution systems," [EEE Transactions on
Power Delivery, vol. 4, no. 1, pp. 725-734, 1989.

[19] K. J and E. R, "Particle swarm optimization," in /EEE
international conference on neural networks, Perth, WA,
1995.

[20] S. A. Arefifar and Y. A.-R. 1. Mohamed, "DG mix,
reactive sources and energy storage units for optimizing
microgrid reliability and supply security," [EEE
Transactions on Smart Grid, vol. 5, no. 4, pp. 1835-1844,
2014.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


