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A Voltage Control Method based on Constants of Four Terminals
Network Modeling of Distribution Networks

Xia Yang*, Il Hyung Lim’, Myeon-Song Choi*, Seung-Jae Lee* and Tae-Wan Kim*

Abstract — In this paper, a new algorithm of optimal voltage control is proposed for the Distribution
Automation System (DAS) based on constants of four terminal network modeling. In the proposed
method, the voltage profiles along feeders are estimated from the measurement of the current and
power factor by a Feeder Remote Terminal Unit (FRTU) installed at each node. Whenever the voltage
profile violates the restriction, the voltage control strategy is applied to keep the voltage levels along
the feeders within the pre-specified range through the modification and coordination of the transformer
under-load tap changers (ULTC), step voltage regulator (SVR), as well as shunt condenser. In the case
studies, the estimation and control of the voltages have been testified in a radial distribution system

with 11 nodes.
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1. Introduction

Consideration of voltage control has always been a
major factor in the design of distribution systems. It is a
statutory requirement in many countries that customers o
continuity, and freedom from distortion [1]. There are
many types of voltage and reactive power control devices.
For example, an automatic voltage regulator is usually
installed to control the secondary bus voltage of a main
transformer at a distribution substation through the action
of transformer under load-tap changers (ULTC). The
allowable range of the Step Voltage Regulator (SVR) is
the 5% difference from the rated voltage level at maximum.
A shunt condenser is installed along the distribution
feeders to adjust the reactive power. While following the
variation of power demand, the bus voltages vary and
occasionally violate the acceptable level. In order to
maintain the voltage profile within the acceptable limits
and minimize power and energy losses, current setting of
these control devices should be properly modified and
coordinated [2-5].

In the previous works, a number of approaches based
on mathematical optimization algorithms, such as nonlinear,
linear, quadratic programming, Newton, and interior method
have been proposed to optimize reactive power and
voltage control in power systems. Many methods are proposed
for reactive power and voltage optimization in distribution
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systems [6-9]. The fuzzy-based method {10-13] and expert
system [14, 15] have also been used in voltage control. A
probabilistic load flow analysis based voltage and reactive
power control algorithm has been employed as well [16].
In addition, a normalized weighting method has been
presented, taking into account four important objectives
including reactive power, feeder loss, voltage deviation,
and voltage profile [17]. Of course, each method has its
strengths and weaknesses [18]. According to the rapid
development of information technology (IT), communication
and control technologies, many intelligent devices have
been extensively developed such as communication devices,
remote control and monitoring devices, etc. In the modern
distribution automation system (DAS), feeder remote
terminal units (FRTUs) are widely used to collect data.
Therefore, a DAS-based voltage control algorithm is needed.

In this paper, a new voltage control algorithm is proposed
for DAS through the modification of ULTC, SVR, and
shunt condenser. But at present, the measurement data
from FRTUs such as voltage magnitudes contain many
errors, and so a distributed load modeling based load flow
algorithm has been introduced to solve this problem. If the
voltage magnitudes are not within an acceptable range, the
voltage control algorithm is performed to reset those
control devices. The remainder of the paper is organized
in five sections: Sections 2 and 3 formulate a network
modeling and a new load flow algorithm for estimating
voltage profiles, Section 4 provides the proposed voltage
control algorithm, and Section 5 presents the test results to
verify its effectiveness. The conclusion is reached in
Section 6.
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2. Network Modeling
2.1 Characteristics of DAS

DASt enables an electric utility to remotely monitor,
coordinate, and operate distribution components, in a real-
time mode from remote locations. It also involves collecting
data and analyzing information to make control decisions.
Feeder Remote Terminal Units (FRTUs) play a critical
role in measuring and acquiring the magnitude and phase
angle of the voltage and current at each node. Unfortunately,
the problem is that the voltage magnitude has much error
whereas the phase angle of voltage, current magnitude,
and phase angle of the current are very reliable. The proposed
algorithm can solve this issue to get an accurate value of
the voltage profile [19].

2.2 Problem of Voltage Control

Voltage control can be a difficult task in distribution
systems due to the lack of voltage monitoring points,

irregularity of load patterns, unbalance conditions, etc. Fig.

1 shows the voltage control in a Distribution Automation
System (DAS), in which there are three voltage control
devices such as ULTC, SVR, and a shunt condenser. The

DAS server can connect all FRTUs and all control devices.

Fig. 1. Voltage Control in DAS

FRTUs collect such data including voltage magnitude.
However, the problem is that the data of voltage magnitude
contain significant errors. Thus, the voltage control scheme
would have a big error with the contribution by those
incorrect data. So an accurate load flow algorithm is required
to estimate the value of the voltage profiles along the
feeders. On the other hand, the coordination of the voltage
control devices is required. But the coordination between
various devices for voltage control is a complicated task.

A fixed coordination strategy cannot provide optimal
operation of these devices in all situations due to randommness
of the load pattern {20]. The proposed method can be used
as an online program for monitoring voltage drop, but it is
implemented based on periodically measured polling data.
Note that the data synchronization requires the setup of
GPS. In this paper, this data synchronizing issue is
purposefully omitted.

2.3 Distributed Load Modeling

In DAS, Feeder Remote Terminal Units (FRTUs) play
the critical role of measuring and acquiring the magnitude
and phase angle of the voltage and current at each node.
However, the problem is that the voltage data is incorrect
with a significant amount of error whereas the current data
is near true value. Therefore, the proposed algorithm
contributes to solve this issue based on a new load
modeling.

&H--J.--.'.

Equalized distributed load F

[L]:Load [F]:FRTU

Fig. 2. Distributed load modeling in one-section feeder

Fig. 2 presents a new modeling of a distribution system
which considers that the load is uniformly distributed
along the line.

The load information is very important for load flow
analysis, especiaily when it comes to a complicated radial
distribution system, where the different loads are distributed
in different lines. The consumption of electric power for
loads varies with the voltage level, so the load can affect
the voltage magnitude. In the proposed algorithm, the
modeling of the distributed load and the distributed current
is utilized.

2.4 Constants of Four Terminals

In a complicated radial system, it is very hard to get the
solution of load flow for each node. Thus, the method of
constants of four terminals has been used to simplify the
process of load flow calculation.

KR 0

4 B, cosh B, - Z, sinh f3,
{Ck DJ - —Zisinh p, coshp, 2)

k



356 A Voltage Control Method based on Constants of Four Terminals Network Modeling of Distribution Networks

The coefficient matrix (2) is called the constants of four
terminals, which is a basic form. In radial distribution
networks, there are many different configurations at different
nodes, so the extensional forms of constants of four terminals
should be analyzed.

2.4.1 Node with outgoing current

Fig. 3 displays the case of a node with outgoing current.
I,is an incoming current and I, is an outgoing current at
the node g¢. The extensional form of four terminal
constants is expressed in (3).

4 B coshf, +Y 7 sinhf, —Z, sinh g,
T 1
= 1 .
(C, D,J - Zsmh B =Y, coshB,  coshp, )
p q r
I I Iq
| k a | g 1 |
I
q

Fig. 3. Node with outgoing current

2.4.2 Node with lateral

In radial distribution networks, a node with lateral is a
common case as shown in Fig. 4. Where, 7, is the incoming
load current; 1,4 is the load current flowing in section £;
1,5 is the load current flowing in branch section /; k,, is the
current distribution factor in section k; and £, is the
current distribution factor in section /. The extensional
form of constants of four terminals is shown in (4).
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Fig. 4. Node with lateral

2.4.3 Node with transformer

The equivalent circuit modeling of SVR is shown in Fig.

5, where z is the impedance of the transformer and the
ratio of the transformer is 1:a. So the extensional form of
constants of four terminals is achieved below.

Fig. 5. Node with transformer
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In complicated radial distribution networks, the extensional
forms of constants of four terminals can be integrated due
to the aforementioned three cases, thus the estimation of
voltage profile could be greatly simplified.

3. Estimation of Voltage Profile along Feeder

The feeder under consideration serves a large number
of relatively small customers, and detailed knowledge of
these customer loads is not available. An innovative
method has been proposed for estimating the voltage
profile on the study radial distribution system from the
measurements at the feeder head and at the other nodes,
and the knowledge of the feeder parameters.

3.1 Overview

Fig. 6 presents a simple distribution system diagram
which consists of 5 nodes with FRTU respectively. Given
the magnitude and phase angle of voltage and current at
node 0, those data at node 1 can be calculated through the
proposed algorithm. Then the same process would be
handled in the next section between nodes 1 and 2. By
moving sections one by one, the magnitude and phase
angle of the voltage and current at each node would be

obtained.
® ., ©

FRTU: Feeder Remote Terminal Unit

@ Line impedance

Vo, In zl @ vilr 2 @ 3

1
Equalized distribution load
-
¥I P
3
c

i1 & ¢ measured

nly4
nLyd
niyd

Fig. 6. A simple distribution system

The process in the first section between nodes 0 and 1 is
taken out to be analyzed in detail.
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At first, listing the given conditions below:

1. The phase of voltage and current at node 0;

2. Line impedance in the first section;

3. The current magnitude and the angle of power factor
at node 1, with both data being measured by FRTU.

Then, the following data are supposed to be solved:

1. Distributed load admittance in the first section;

2. The magnitude and phase angle of voltage and current
at node 1.

The magnitude and phase angle of voltage and current
along the feeder can be calculated through the above-
mentioned procedures using the measured data from FRTU
and the known voltage and current at the feeder head.

3.2 A New Load Flow Algorithm in DAS

The one-section modeling between nodes p and g is
shown in Fig. 7. Line impedance z, and equalized load
admittance yj are distributed at every dx in the line. The
basic equations of voltage drop and current drop are
illustrated as follows:

dV{(x)=—1(x)zdx (6)
dI(x) =V {(x)ydx (7

Where, zdx is line impedance in the unit length, and ydx is load
admittance in the unit length.

p dx

z; : line impedance q

Vi : equalized load admittance
: Load : FRTU

Fig. 7. A simple distribution system

Through a series of differential calculations, the solutions
of (6) and (7) are obtained below.

V(x)=C coshy,x+C,sinhy, x (8)
I(x)=C;sinhy,x+ C, coshy, x 9)
Where, 7~ V%%t g the characteristic constant of the line.

Taking account of the boundary conditions at the source
side, (8) and (9) are able to be further expressed below.

V(x):Vpcosh}/kx~7—k]psmh7kx (10)
Vi
I(x):ﬁy—kVp sinhy,x+1, coshy,x (D
Vi

Assuming L, is the length of one section, in terms of
(10) and (11), the phase of voltage and current at the load
side would be achieved in the case of x = L;, which are
shown in (12) and (13).

V, =V, cosh B, — 2,1 sinhp, (12)

14
I,= —Z—”sinhﬂk +1,cosh j,
k (13)

Where, Z, :m B =v.L,

In (12) and (13), except for the equalized load admittance
Vi, the other unknown variables can be computed.
If y, is obtained, V, would be achieved easily. Thus, to
get ), some information at the load-side node is needed.
1) The current magnitude is measured by FRTU.
ii) The phase angle difference between the voltage and
the current is acquired by FRTU, and it is identical
to the angle of power factor.

Moreover, there are two cases in the distribution line.
The first case is the line connected with a feeder end; the
second case is the line not connected with a feeder end.
Two kinds of conditions should be respectively found out
in accordance with both cases.

In the first case, the current at the end of the feeder is
zero as given in (14).

q

4
1, == Fsinh f, +1, cosh i, =0 (14)
k

Substituting (12) and (13) into (14), distributed load
admittance y, can be computed through the Newton-Raphson
method.

In the second case, two equations as in (15) and (16) are
found out:

i :]q'lq* (15)
V1) =v,, cos’ @, (16)

Substituting (12) and (13) into (15) and (16), the
following further equations can be obtained.

v v, . .
i; = (I, cosh j, —Z—psinh B, cosh §, —Z—’smhﬁk) (17)
. .

k

V 2
[(Vl, coshf, —Z,I, sinh 3, )-(I, cosh 3, o, )J = as)
k

i2(cosg, (v, cosh B, ~ 2,1, sinh )V, cosh§, ~Z,1, sinh B,)’

Where,
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‘s is the current magnitude at load-side node q;

% s the angle of power factor at load-side node g.

In the same way, 3 can be solved through the Newton-
Raphson method in terms of (17) and (18).

For both cases, finally y; is substituted into (12) and
(13) to calculate ¥, and I, which are the magnitude and
phase angle of voltage and current at the load-side node.

4. Proposed Voltage Control Algorithm

In the DAS, because the measured data of voltage
magnitude contain significant errors, this paper first introduced
a corresponding load flow algorithm to estimate the
voltage profiles along the feeders. Following that there
must be some means of regulating the voltage so that
every customer’s voltage remains within an acceptable

level. The proposed voltage control algorithm is based on.

Gradient method, which is the most popular method in the
optimization technique.

4.1 Objective Function

Based on DAS, FRTU can collect data from the
distribution network. All control devices can be remote
controlled by commands and coordinates to keep the
voltages within an allowable range. So the tap positions
on the distribution transformer, the step voltage regulator,
and shunt condenser should be changed. To take into
account these three, the objective function with respect to
X is found as follows. X represents both control variables
A and state variables denoted as V, /.

J(X)=3 w, -]’ (19)
X=14v,17
A=]q, ,az,....ap}T
V=.,V,,.V,1
I1=[1,1,,..1,7

where,
A is control variables;
V is node voltages;
1 is node currents;
Vi 18 Tate voltage at each node;
V, is estimated voltage at each node;
w; is weighting factor at each section;
n is number of total nodes.

The weighting factor w; is introduced in the objective

function because the voltage control is more important in
the section with the heavier load. Moreover, if the constant
N and the deviation between the rate voltage and the
estimated voltage are big, the impact of the objective
function would be big. Also, the voltage control would be
more important at the node with a big voltage deviation.

4.2 Constraints

The state variables V' and [ should meet the circuit
equations. For example, in a distribution system, at
section k between node p and g, the circuit equations are
as follows.

V(X)=V, =AY, ~B,=0 ‘ ~ (20)
[X=1,-CV,-DI,=0 2D

The summary of all those circuit equations in all
sections of the system is denoted as F(X).

FQO=[F"(X),F'(XT (22)
FY X)) =1/ X, £ (X))o /7 O)
FIXO) =4 (X), [ (0o [LQOT

If the control variables change, the state variables such
as node voltage and node current would change as well.

4.3 Solution

In order to get the minimum value of the objective
function, it should meet the following equation.

6J(X+AX)=0 (23)
ot

where,
P
AX =) AX,
=i

oX
AX, === Aa,
Oa,
Aa, = —tﬁJ-
ba,
tis acceleration factor;

k=1,2,...

The gradient of the objective function J(X) is denoted
byvJ,,

) _ X (24)

VJ, == —
¥ 0a, "0x’ a,
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The gradient vectors of those state variables with respect
to the control variables are denoted by v.x i then

vx, = 2% (25)
Oa,
In (4), the partial derivatives of F(X) with respect to the
control variables g, are as follows.

oF(X) _oF(X)
oa, oxX

VX, (26)
Then VX, can be determined as,

VX, :( aF(X)j’ OF (X)

Tox 27

O,

Substituting (24) — (27) into (23), the optimal setting
can then be determined.

5. Case Study
5.1 Configuration of Study System

The configuration of the study system is illustrated in
Fig. 8. There are a total of 11 nodes in this simple radial
distribution system. ULTC is set up at node 1; A SVR is
installed between node 7 and node 8; at node 2, there is a
shunt condenser which is used for reactive power
compensation.

The line parameters are shown in Table 1. In the DAS,
FRTU collect the data such as the current magnitude and
the angle of the power factor depicted in Table 2. But
because there is much error with the measured voltage
magnitude, it is unable to be used for the voltage control
algorithm. The proposed load flow algorithm is dedicated
for estimating the voltage profiles.

Table 1. Line Parameters and Current Distribution Factor

Table 2. Data from FRTU at Each Node

Current Magnitade Angle of Power
Node Number (p-u) Factor (rad)

1 1.000 pi/8
2 0.400 pirg
3 0.225 pi/&
4 0.075 pi/g
5 0.050 pi/8
6 0.400 pi/8

0.200 pi/8
8 0.250 pi/8
9 0 pi/8
10 0 pi/8
11 0 pv/8

Section Node Resistance | Reactance ‘Cu.rren‘t
Number | Number {(p.u) (pu) Distribution
Factor
1 1-2 0.0058 0.0029 0.5
2 2-3 0.0308 0.0157 1.0
3 3-4 0.0228 0.0116 0.5
4 4-9 0.0238 0.0121 1.0
5 3-5 0.0511 0.0441 0.5
6 5-10 0.0117 0.0386 1.0
7 1-6 0.1068 0.0771 0.5
8 6-7 0.0643 0.0462 1.0
9 7-8 0.0010 0.0400 1.0
10 8-11 0.0123 0.0041 1.0

In addition, the ratio of the transformer is 1 : 0.8, and
the compensation factor of the shunt condenser is 0.03.

5.2 Test Results

Based on the study system, the objective function is
expressed in (28).

J(X) =Y v, =7’

(28)
where, the weighting factor is set as 1.

X =[4,V I
A=la,.a,,a,]" .V =V, V,.. /. 1 1 =1, 1.0, 1,

It is assumed that a; denotes the control variable of
ULTC at node 1; a; denotes the control variable of the
shunt condenser at node 2; and a; denotes the control
variable of SVR at node 7.

At the initial settings, a; = 1.0, @; = 1.0, and a3 = 0.8.
The estimation results are tabulated in Table 3.

Table 3. Estimation of Voltage and Current at Initial Setting
of Control Variables

Control a=10, a=10, ;=08
Variables
Voltage (p.u.) Current {p.u.)
Node . Phase . Phase

Number Magnitude Angle Magnitude Angle
i 1.0000 0 1.0000 -0.3927
2 0.9971 -0.0003 0.4000 -0.3052
3 0.9749 0.0212 0.2250 -0.2837
4 0.9726 0.0208 0.0750 -0.2841
5 0.9698 0.0191 0.0500 -0.3736
6 0.9425 -0.0141 0.4000 -0.4068
7 0.9194 -0.0200 0.2000 -0.4127
8 0.7315 -0.0325 0.2500 -0.4127
9 09716 0.0207 0.0000 -0.1244
10 0.9692 0.0183 0.0000 0.5148
11 0.7299 -0.0323 0.0000 -0.4461
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Note that the results converge into 5 or 6 iterations in
the proposed load flow algorithm.

The proposed voltage control strategy is determined to
keep the voltage levels along the feeders within an
allowable range. Modifications of the transformer under
load tap changers (ULTC), step voltage regulator (SVR),
as well as shunt condenser are as a, = 1.0394, a, = 0.9742,
and a; = 1.0764, respectively. The estimation results are
listed in Table 4.

Table 4. Estimation of Voltage and Current with Resetting
of Control Variables using Voltage Control Algorithm

A Voltage Control Method based on Constants of Four Terminals Network Modeling of Distribution Networks

The voltage magnitude determined by the proposed
method has been greatly improved since there is a big
voltage drop at node 8 and node 11.

6. Conclusion

Due to the required measurement data from FRTU at
each node along feeders in DAS, the proposed voltage
control strategy is determined to keep the voltage levels
within the allowable range through the modification of the
ULTC, SVR, and shunt condenser. In the mean time, this

Control a=1.0394, a,=09742, as=1.0764 paper presents a fairly precise load flow algorithm to
Variables estimate the voltage profiles in a distribution system. The
Node Voltage (p.u.) Current (p.u.) test results have verified its effectiveness based on a
Number | Magnitude Phase Magnitude Phase simple radial distribution system with 11 nodes.
Angle Angle
1 1.0394 0 1.2014 -0.4289
2 1.0363 -0.0001 0.4277 -0.3939
3 1.0133 0.0215 0.2321 -0.2818 Acknowledgements
4 1.0108 0.0211 0.0779 -0.2838
5 1.0080 0.0194 0.0520 -0.3733 This work was supported by the 2nd Brain Korea 21
6 0.9605 -0.0182 0.5645 -0.4145 Project and the ERC program of MOST/KOSEF (Next-
7 0.9252 -0.0269 0.3602 -0.4193 generation Power Technology Center) and the Ministry of
8 0.9905 -0.0393 0.3347 -0.4193
9 10098 | 00209 | 00000 | -0.1244 Commerce.
10 1.0073 0.0186 0.0000 0.5148
11 0.9868 -0.0391 0.0000 -0.4461
V= 1L120° I,=04 1,=0.225 =007
1, = 1.0 < (pi/g)° &, =(pi/8)° b,=(pi/8)” b ,=(pi/8)”

0 @)

©
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Fig. 8. An example of a radial distribution network



(1]

(2]

(3]

[4]

(5]

[6]

[7]

[9]

[10]

(1]

[12]

Xia Yang, Il Hyung Lim, Myeon-Song Choi, Seung-Jae Lee and Tae-Wan Kim 361

References

R. O' Gorman, M. A. Redfern, and H. Al-Nasseri,
“Voltage control for distribution systems,” Infernational
Conference on Future Power Systems, 2005, pp. 1-6.
R.-H. Liang, and C.-K. Cheng, “Dispatch of main
transformer ULTC and capacitors in a distribution
system,” IEEE Trans. Power Delivery, vol.16, pp.
625-630, Oct. 2001.

T. Hiyama, Y. Matsumoto, and S. Nagaie, “On-line
estimation and control of voltage profile along
6.6kV feeders,” in Proceedings of IEEE/PES
Transmission and Distribution Conference and
Exhibition: Asia and Pacific, 2005, pp. 1-5.

J. H. Harlow, “Load tap changing controls as a
power system nerve center,” in Proceedings of
IEEE Power Engineering Society Transmission and
Distribution Conference, 1994, pp. 619-624.

E. T. Jauch, M. V. V. 8. Yalla, and A. P. Craig,
“Coordinated  adaptive  distribution  volt/VAr
controls,” [EEE Transmission and Distribution
Conference, vol. 2, 1999, pp. 740-745.

Y. Liu, P. Zhang, and X. Qiu, “Optimal reactive power
and voltage control for radial distribution system,” in
IEEE Power Engineering Society Summer Meeting,
vol.1, 2000, pp. 85-90..

A. C. Nerves and F. J. Savet, “Voltage and reactive-
power control optimization in a distribution system,”
IEEE Region 10 Conference, 2006, pp. 1-4.

R. Baldick, F. F. Wu, “Efficient integer optimization
algorithms for optimal coordination of capacitors
and regulators,” IEEE Transactions on Power Systems,
vol. 5, no. 3, pp. 805-812, Aug. 1990.

M. Kaplan, “Optimization of number, location, size,
control type, and control setting of shunt capacitors
on radial distribution feeders,” IEEE Transactions
on Power Apparatus and Systems, vol. PAS-103, no.
9, pp.2659-2665, Sep. 1984.

A. Auygugliaro, L. Dusonchet, S. Favuzza, and E. R.
Sanseverino, “Voltage regulation and power losses
minimization in automated distribution networks by
an evolutionary multiobjective approach,” IEEE
Transactions on Power Systems, vol. 19, no. 3, pp.
1516-1527, Aug. 2004,

Y.-Y. Hs and F-C. Lu, “A combined artificial neural
network-fuzzy dynamic programming approach to
reactive power/voltage control in a distribution
substation,” JEEE Transactions on Power Systems,
vol. 13, no. 4, pp. 1265-1271, Nov. 1998.

R.-H. Liang and Y.-S. Wang, “Fuzzy-based reactive
power and voltage control in a distribution system,”

[13]

[14]

[15]

[16]

[19]

[20]

IEEE Transactions on Power Delivery, vol. 18, no.
2, pp.610-618, April 2003.

G Ramakrishna and N. D. Rao, “Fuzzy inference
system to assist the operator in reactive power
control in distribution systems,” JEE Proceedings on
Generation, Transmission and Distribution, vol. 145,
no. 2, 1998, pp. 133-138.

J. R. P-R. Laframboise, G. Ferland, A.Y. Chikhani,
and M. M. A. Salama, “An expert system for reactive
power control of a distribution system. Part 2:
system implementation,” IEEE Transactions on Power
Systems, vol. 10, no. 3, pp. 1433-1441, Aug. 1995.

L. L. Tan and M. Negnevitsky, “Expert system
application for voltage and var control in power
transmission and distribution systems,” [EEE
Proceedings on Transmission and Distribution
Conference, 1996, pp. 531-536.

N. D. Hatziargyriou and T. S. Karakatsanis,
“Distribution system voltage and reactive power
control based on probabilistic load flow analysis,”
IEE Proceedings on Generation, Transmission and
Distribution, vol. 144, no. 4, 1997, pp. 363-369.
C.-C. Kuo, P.-H. Chen, C.-L. Hsu, Y.-T.Chao, “The
reactive power and voltage control of distribution
systems using the normalized weighting method,”

IEEE/PES  Transmission — and  Distribution
Conference and Exhibition: Asia and Pacific, 2005,
pp- 1-6.

R. O Gorman and M. A. Redfern, “Voltage control
problems on modern distribution systems,” in [EEE
Power Engineering Society General Meeting, vol. 1,
2004, pp. 662-667.

X. Yang, M.-S. Choi, L-H. Lim, and S.-J. Lee, “Load
flow analysis for distribution automation system
based on distributed load modeling,” KIEE Trans.,
vol. 2, no. 3, pp. 329-334, Sep. 2007.

K. M. Liyanage, C. C. Liu, S. I. Muchlinski, and A.
Fide, “Intelligent systems for distribution
automation,” [EEE International Conference on
Systems, Man, and Cybernetics, vol. 2, 1994, pp.
1098-1103.



362 A Voltage Control Method based on Constants of Four Terminals Network Modeling of Distribution Networks

Xia Yang

She received her B.S. in Information
Science and  Engineering from
Northeastern University, Shenyang,
China in 2002, and her M.S. in Electrical
Engineering from Myongji University,
Yongin, Korea in 2004, where she is
currently pursuing her Ph.D. Her major research fields are
power system protection, automation, and control.

11 Hyung Lim

He was born in Seoul, Korea, in 1979.
He received his B.S., and M.S. degrees
in Electrical Engineering from Myongji
University, Yongin, Korea in 2007. He
i is now working towards his Ph.D. at
Myongji University. His research interests
are power system control and protective relaying, including
artificial intelligence application.

Myeon-Song Choi

He received his B.S., M.S., and Ph.D.
degrees in Electrical Engineering from
Seoul National University, Korea, in
1989, 1991, and 1996, respectively. He
was a Visiting Scholar at the University
of Penn State in 1995. Currently, he is
a Professor at Myongji University. His major research
fields are power system control and protection including
artificial-intelligence application.

Seung-Jae Lee

He received his B.S. and M.S. in
Electrical Engineering from Seoul
National University, Korea, in 1979
and 1981, respectively, and his Ph.D.
from the University of Washington,
Seattle, USA, in 1988. Currently, he is
a Professor at Myongji University and Director of NPTC
(Next-generation Power Technology Center). His major
research fields are protective relaying, distribution
automation, and Al applications to power systems.

Tae-Wan Kim

He received his B.S., M.S. and Ph.D.
degrees in Computer Science and
Engineering from Konkuk University,
Korea in 1994, 1996, and 2008,
respectively. He worked with the
Electro-Mechanical Research Institute
at Hyundai Heavy Industries for 7 years. Currently, he is a
Research Professor at Myongji University. His major
research fields are industrial communication, real-time
systems, and compilers.



