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voltage control. An initial requirement for the use of
ANN in this application is to train the ANN with a
number of data generated in real situations. Then ANN is
tested to get desired output states from a number of input
states.
In this paper, the steady state operating characteristics
of the power system is obtained for a five bus system
from load flow analysis using Newton-Raphson method
in ETAP software for varying load conditions and power
factors .The results from load flow analysis are used for
training the Artificial Neural Network (ANN). In this
application, ANN is trained to predict the combination of
capacitors and inductor for various loads and power
factors. The reactive power demand and load bus voltages
are given as inputs. Thus voltage regulation in the 5 bus
system is obtained by placing the SVC device in optimal
position and controlling their ON/OFF condition by ANN
for varying load conditions. The entire ANN is
implemented in dsPIC30F4011. The switching of SVC
devices are shown by LED blinking for the 3 phase 5 bus
system.
For the hardware, the voltage regulation in the single
phase induction motor connected through the
transmission line is considered. The real power, reactive
power, load voltage are given as inputs to the dsPIC ,
which decides the combination of the fixed capacitor(as
the load is inductive) and TCR with firing angle to meet
the reactive power demand. High frequency pulse
triggering method is used for triggering purpose.

Abstract - This paper aims at voltage regulation at all buses
in a five bus system for varying load conditions and power
factors by using Static VAR Compensator(SVC). The load flow
analysis by Newton Raphson method is done for the five bus
system using ETAP software with and without compensation
system. From the results, voltages at load buses, total active
and reactive powers are taken and given as inputs to the
Artificial Neural Network (ANN). The switching of Thyristor
Switched Capacitors (TSC), Thyristor Controlled Reactor
(TCR) and the firing angle for the TCR are given as reference
output to the ANN. The ANN is trained with the load flow
results which are given as inputs and target outputs. After
testing, the entire ANN including weights are implemented in
dsPIC30F4011. The switching of the TSC and TCR, which are
the outputs of ANN are shown by the glowing of LEDs under
varying load conditions and power factors. The hardware
setup is made for voltage regulation in a single phase
Induction motor for varying load conditions using TCR and
Fixed Capacitor (FC). The firing pulses for the TCR is
provided for varying load conditions from dsPIC.
Index terms – Artificial neural Network, static var
compensator, dsPIC, load flow analysis, ETAP.

I.INTRODUCTION
Over the last two decades, voltage instability problem
in power system has become one of the most important
concerns in the power industry. The ability to transfer
reactive power from production source to consumption
areas during steady-state operating conditions is a major
problem of voltage stability. A system mainly enters a
state of voltage instability when a disturbance, increase in
load demand, or change in system condition causes a
progressive and uncontrollable decline in voltage.
Voltage instability and the problem of voltage collapse
can cause the major blackout in the power system. One
main cause for high transmission and distribution losses
is the high percentage of reactive load. The presence of
highly inductive loads is detrimental to the power system
and an increase of such loads leads to increase in reactive
power demand thus decreasing power factor of the system
resulting in higher losses. The presence of capacitive
loads causes supply of reactive power, resulting in
increase in voltage and losses. Placing FACTS devices
like SVC, in a suitable location will help to maintain bus
voltages at a desired level and also to improve the voltage
stability margins [5]. The SVC devices such as Thyristor
Switched Capacitor (TSC) and Thyristor Controlled
Reactor (TCR) can deliver and absorb the reactive power
respectively.ANN based control can be adopted on SVC
to improve dynamic stability, reactive power control and

II. FLEXIBLE AC TRANSMISSION SYSTEM
FACTS is defined by the IEEE as “a power electronic
based system and other static equipment that provide
control of one or more AC transmission system
parameters to enhance controllability and increase power
transfer capability”. These systems can provide
compensation in series or shunt or a combination of both
series and shunt. The FACTS can attempt the
compensation by modifying impedance, voltage or phase
angle [4].
A.
Shunt Compensation
Shunt compensation is used to influence the natural
electrical characteristics of the transmission line to
increase the steady-state transmittable power and to
control the voltage profile along the line. The shunt
compensator like STATCOM can be operated either to
provide capacitive or inductive compensation depending
on the specific requirement. The impedance of the shunt
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controller, which is connected to the line voltage, causes
limit. Once the bus voltage magnitudes and their angles
a variable current flow, and hence represents an injection
are computed, the real and reactive power flow through
of current into the line. As long as the injected current is
each line can be computed. Due to quadratic convergence
in phase quadrature with the line voltage, the shunt
of bus voltages in the Newton Raphson (NR) method,
controller only supplies or consumes variable reactive
high accuracy is obtained in a few iterations. Therefore,
power. The ultimate objective of applying reactive shunt
for large systems, the NR method is faster and more
compensation in a transmission system is to increase the
accurate than any other known methods.
transmitting power capability from the generator to the
load, which is required to improve the stability of the
IV. ARTIFICIAL NEURAL NETWORK (ANN)
system. The main purpose of shunt compensation is to
ANN is a network of simple processing elements called
provide steady state and dynamic voltage control, reactive
neurons, which can exhibit complex global behavior
power control of dynamic loads, damping of active power
determined by the connection between the processing
oscillations and improvement of system stability.
elements. This is an artificial representation of our human
brain. The back propagation algorithm is used in layered
feed-forward ANN [1]. This means that the artificial
neurons are organized in layers, and send their signals
“forward”, and then the errors are propagated backwards.
These models have the three subgroups of processing
elements such as Input layer, Hidden layer and Output
layer. Different activation functions can be used in these
layers to get the output of ANN. Fig. 2 shows the
structure of ANN.

B.
Static Var Compensator (SVC)
SVC is “A shunt-connected static Var generator or
absorber whose output is adjusted to exchange capacitive
or inductive current so as to maintain or control specific
parameters of the electrical power system”[3]. Basically,
SVC consists of a combination of fixed capacitors or
reactors, TSC and TCR, connected in parallel with the
electrical system as shown in Fig. 1. The basic structure
and idea of the TSC is to split up a capacitor bank into
sufficiently small capacitor steps and switch these steps
on and off individually, using anti-parallel connected
Thyristors as switching elements.
TCR is “A shunt connected, thyristor controlled
inductor whose effective reactance is varied in a
continuous manner by partial conduction control of the
thyristor valve.” TCR is a subset of SVC, in which
conduction time and hence, current in a shunt reactor is
controlled by a thyristor based AC switch with firing
angle control. TSC is a “A shunt-connected, thyristorswitched capacitor whose effective reactance is varied in
a stepwise manner by full- or zero-conduction operation
of the thyristor valve.

Fig. 2 Simple Neural Network

In this paper, Hyperbolic tangent sigmoid transfer
function is used for input layer. Log-sigmoid transfer
function is used for hidden layers and output layers.
Gradient descent with momentum back propagation
strategy is used for ANN.
V. SIMULATION OF THE FIVE BUS SYSTEM
Fig. 3 shows the five bus system considered under
study. The 5 bus system consists of solar, hydro, wind
generators at bus 3, bus 4 & bus 5 respectively. Loads are
connected at bus 2 and bus 4. For the system, the base
Power is chosen as 1kVA and base voltage as 400V.
Specifications of 5 bus system are as follows:
V1=Voltage at first bus in kV.
V2= Voltage at second bus in kV.
V3= Voltage at third bus in kV.
V4=Voltage at fourth bus in kV.
V5= Voltage at fifth bus in kV.
Slack bus Power=Pa; Solar bus power=Ps;
Hydro
Power=Ph; Wind Power=Pw.

Fig. 1 Schematic diagram of SVC

III. LOAD FLOW ANALYSIS
The load flow analysis provides us the sinusoidal
steady state of the entire system - voltage, real power,
reactive powers and line losses. It provides solution of the
network under steady state condition subjected to certain
inequality constraints such as nodal voltages, reactive
power generation of the generators etc. Load flow studies
give the voltage magnitudes and angles at each bus in the
steady state. This is rather important as the magnitudes of
the bus voltages are required to be held within a specified
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Table I: Voltage profile at all buses for varying load at 0.6
A.
Load Flow Analysis for Five Bus System
power factor lagging without compensation
Using ETAP without Compensation
The load flow analysis of the considered system is
conducted by NR method for different loads varying from
5 to 100% of full load at 0.6 to unity power factors using
ETAP 11.0 software [6]. The total load is equally
distributed over bus 2 and bus 4. For 5 to 100% of full
load variations at 0.6 PF, the voltages at all the 5 buses,
slack bus power, power generated by Solar, Hydro and
Wind are noted. Table 1 shows the results of load flow
analysis at 0.6 power factor lag without compensation.

Table II: Voltage profile at all buses for varying load at 0.7
power factor lagging without compensation

Fig. 3 Single Line Diagram of 5 bus system

Table I,II,III IV and V show the Voltage profile at all
buses for varying load at different lagging power factors
without compensation. From the results, it is seen that
voltage deviation at bus 2 and bus 4 are larger than other
buses. For full load, the voltage deviation is maximum.
At light loads, the voltages at all the buses exceed the
voltage limit. The voltage limit is considered within 380420V. At medium loads, the voltages at some buses are
more and others are less. This is the case where both TSC
and TCR are needed. The excess reactive power supplied
by the TSC is absorbed by TCR to maintain the voltage
level. The reactive power supplied by the TSC is fixed.
But their ON/OFF can be controlled as per the
requirement. The reactive power of TCR is varying. The
maximum reactive power required for TSC is noted from
100% full load at 0.6pf, where slack bus power is
0.67+4j. The same procedure is repeated for 0.7 to unity
power factors. At 0.7 PF, the voltage profile at bus 2 and
bus 4 are better than at 0.6PF. At light load and 0.8 PF,
the voltage exceeds the limit. At 0.9 PF, the lower voltage
deviation of V2 is more than V4.At UPF, the load voltage
V4 becomes within the limits at heavy load. But V2 is not
within the limits.
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Table III: Voltage profile at all buses for varying load at 0.8
power factor lagging without compensation

Table V: Voltage profile at all buses for varying load at
unity power factor lagging without compensation

Table IV: Voltage profile at all buses for varying load at 0.9
power factor lagging without compensation
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B. Voltage Profile with Compensation Using SVC in
2nd bus
In this work, one of the SVC schemes such as TSCTCR is used. It consists of a number of TSC and TCR
banks. Their number is determined by the voltage level,
the degree of compensation required, current rating of
thyristors etc. The current through the reactor can be
varied by controlling the firing angle of back-to-back
pairs of thyristors connected in series with each capacitor.
TCR is used to absorb excess reactive power. During
heavy loads the thyristors of TSC are made to conduct so
that VARs are provided by TSC.During light loads, the
thyristors of TCR are made to conduct for longer duration
in each cycle so that VARs are absorbed by TCR. From
the results obtained from ETAP software
The TSC is used at heavy load conditions to supply
reactive power.
The TCR is used at light load conditions for absorbing
excess reactive power.
The optimal placement of TSC and TCR is found to be at
bus 2 where the load is connected and there are no power
generators.
The TSCs of totally 4 kVAR are used here, 2 TSCs(C1
and C2) each of 1 kVAR, and third TSC (C3) of 2 kVAR
connected in parallel to the load at bus 2.
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Table VI: Voltage profile at all buses, switching status of
capacitors and inductors and firing angle of TCR for
varying load at 0.6 power factor lagging with compensation
(0- OFF, 1-ON)

Table VIII: Voltage profile at all buses, switching status of
capacitors and inductors and firing angle of TCR for
varying load at 0.8 power factor lagging with compensation

Table IX: Voltage profile at all buses, switching status of
capacitors and inductors and firing angle of TCR for
varying load at 0.9 power factor lagging with
compensation
Table VII: Voltage profile at all buses, switching status of
capacitors and inductors and firing angle of TCR for
varying load at 0.7 power factor lagging with compensation



Now the load flow analysis for the five bus system is
conducted with compensation using ETAP. Table
VI,VII,VIII,IX and X show the voltage profile, switching
status of SVC and firing angle of TCR for varying load
conditions at different power factors. Fig. 4 shows the
voltage profiles V2 and V4 for 0.7 PF and UPF with and

The TCR of 0.5 kVAR (L) is used at bus 2. The reactive
power of inductor is controlled by firing angle control.
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without compensation. Voltage profile become within the
limits between 380V-420V after compensation.
Table X: Voltage profile at all buses, switching status of
capacitors and inductors and firing angle of TCR for
varying load at unity power factor lagging with
compensation

Fig. 4 Variations of Voltage V2 and V4 for 0.7 PF and UPF
for varying load with and without compensation

VI. IMPLEMENTATION OF ANN IN dsPIC
The data taken from the simulation results of ETAP
with compensation are used for training ANN. ANN is
implemented in dsPIC and the results are verified in
hardware by glowing of LEDS and displaying in UART.
Fig. 5 shows the schematic diagram of dsPIC controller
with inputs and outputs. The dsPIC 30F4011 has 4 inputs
such as P, Q, V2 and V4. The P, Q values are mapped to
0 to 3 volts and V2; V4 values are mapped to 0 to 5 volts.
The inputs are given by DC Regulated Power Supply
(RPS) to dsPIC.
ANN is trained with the values of voltages at bus 2 and
bus 4, active power P and reactive power Q. The
reference output for ANN is given as switching ON/OFF
conditions of capacitors and inductor with firing
angle(degrees) and hence kVAR rating. The inputs and
outputs for ANN is given in Microsoft Excel file [7]. The
ANN has one hidden layer and one output layer. The
weights obtained are 4x4 matrixes. Fig. 6 shows the
simulation results of dsPIC program. Fig. 7 and Fig. 8
show the simulation display results for different cases.

Fig. 5 Schematic Diagram of DSPIC controller

Fig. 6 Inputs and Outputs of dsPIC program
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Fig. 10 Input sine wave and firing pulse from dsPIC for TSC
Fig. 7 Simulation output of ANN (Case 1)

Fig. 10 and Fig. 11 show the firing pulses generated from
dsPIC for capacitors and inductor respectively.

Fig. 8 Simulation output of ANN (Case 2)

Fig. 11 Firing pulses for antiparallel thyristors in TCR

After testing the ANN, the hidden layer and output
layer weights are used for implementing ANN in
dsPIC30F4011. The output is shown by the glowing of
LEDs connected to the output pins of dsPIC. Fig. 9
shows the results by glowing of LEDs and display of
inductive reactive power in UART.

VII. VOLTAGE REGULATION IN THE SINGLE
PHASE INDUCTION MOTOR USING SVC
The voltage regulation in the single phase Induction
Motor (IM) connected through the transmission line is
considered for hardware implementation. For that,
sensing circuits for active power P & Q are implemented
in hardware. The load voltage is obtained by connecting
Potential Transducer at load terminals. These inputs are
level shifted and given to the ANN implemented in
dsPIC. The ANN is trained with the actual inputs (i.e)
P,Q,V of Induction motor for various loads obtained from
Power Quality Analyzer. Experimental setup is shown in
Fig. 12. The ANN is then trained until the actual output
becomes equal to the reference output (i.e.) TCR firing
angle to regulate the voltage within the limits for varying
loads. As the load is inductive in nature, Fixed Capacitor
of 85μF is used. This is because the maximum kVAR
required for the full load connected via transmission line
is 1.4kVAR. The firing pulses for the TCR is obtained
from dsPIC program. Fig. 13 and Fig. 14 show the
sensing circuits of reactive power and real power of IM

Fig. 9 Hardware implementation for three phase five bus
system
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Table XI: Sensor outputs for reactive power of Induction
[2]. Table XI and Table XII show the sensor outputs for
Motor
reactive power and real power respectively. These P,Q
and V are given as inputs to the dsPIC. Depending on the
dynamic values of input parameters, the ANN
implemented in dsPIC will switch ON/OFF the fixed
capacitor and vary the firing angle of TCR. Fig. 15 shows
the hardware circuit for triggering of thyristors. Fig. 16
shows the block diagram of the complete hardware setup
for voltage regulation at the terminals of single phase
IM.. Fig. 17 shows the hardware implementation of the
whole circuit. Fig. 18 and Fig. 19 show the graphs
obtained from hardware setup.

Table XII: Sensor outputs for real power of Induction
Motor

Fig. 12 Experimental setup for load test on single phase
induction motor connected through transmission line

Fig. 13 Setup for sensing reactive power of Induction motor
Fig. 15 Hardware circuit for triggering of thyristors

Fig. 14 Setup for sensing real power of Induction motor

Fig. 16 Block diagram of the hardware setup
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Fig. 12 Output from 555 Timer
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