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ABSTRACT: This paper proposes a combination of Genetic Algorithm based Power
Oscillation Damping (GAPOD) and DC Voltage Regulator (DCVR) controllers are
proposed for Unified Power Flow Controller (UPFC) for the enhancement of dynamic
stability of IEEE 30 bus system. The difference between mechanical power and electrical
power is the input to the GAPOD, and the output of GAPOD is connected to UPFC one of
the input and the input of GADCVR is deviations of capacitor voltage and this output
connected to another input of UPFC. GA tunes the parameters of POD and DCVR by
minimizing the error; this error is the difference between mechanical and electrical power.
The proposed method is applied to IEEE 30 bus system in MATLAB/Simulink
environment, and results compared with Genetic Algorithm based Multi Stage Fuzzy DC
Voltage Regulator (GAMSFDCVR) and conventional controllers. The results
demonstrated that the proposed controller is effectively damping the oscillations.

Key words: Genetic Algorithm based Power Oscillation Damping (GAPOD), Genetic
Algorithm based Multi Stage Fuzzy DC Voltage Regulator (GAMSFDCVR).

1. INTRODUCTION

The dynamic stability analysis and improvement of the interconnected power system play a
vital role in the present scenario; generally, conventional power system stabilizers are in
operation for damping these oscillations [1]-[2]. Sometimes, specifically under heavy load
conditions of transmission lines, these controllers are not enough to damp these oscillations.
An alternative solution for this problem is FACTs devices; among FACTSs devices, UPFC is a
critical device due to its special properties [3]-[4]. UPFC alone cannot damp the oscillations
effectively, so additional controllers are required for this [5]. Three supplementary controllers
are used initially for UPFC to soften the low-frequency oscillations [6]-[7]. The parameters of
these controllers are fixed and not robust, so the significant damping capability is reduced.

Fuzzy supplementary controller proposed by wang et al. for UPFC to damp the oscillations
effectively [8]. Multiple series controllers are offered for UPFC in an interconnected power
system by Lo et al [9]. Hybrid fuzzy controller [10] was used for the series controller, and
fuzzy logic controller [11] proposed UPFC for effective damping of low-frequency
oscillations. Khan et al. proposed Fuzzy Logic Controller based hybrid micro genetic
algorithm (HMGA) for UPFC, here the fuzzy bounds are tuned by using HMGA [12] and GA
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based FLC used for UPFC by Mok et al.,[13].

The methods proposed by many authors are not effective if the transmission line is heavily
loaded under that situation UPFC requires a reliable and most robust controller for enhancing
the stability. This paper proposed a novel method in which POD controller-based UPFC is
used for damping the oscillation, and also, the parameters of this controller are adjusted by
the genetic algorithm by minimizing the error objective function. The objective function is
the error caused by the difference between mechanical power and electrical power.

2. PROPOSED METHOD (GAPOD & GADCVR CONTROLLERYS)

Integer The structure of GAPOD is similar to the conventional power system stabilizer. It
consists of a gain block for providing suitable damping magnitude, two or more lead-lag
blocks for providing leading angle to aid the damping magnitude in the correct situation,
washout block acting as an electronic switch which recognizes the oscillations and closing
the switch. The DC voltage regulator is Pl type; GA tunes the parameters of gain of
propositional and integral.

GA tunes a total of five parameters, three for POD and two for DCVR. The following
procedure is applied for this process:

Step 1: Initialize all parameters like initial values of POD and DCVR, population and
generation number, the maximum number of iterations, mutation, and crossover values.

Step 2:With initial values, calculate the fitness value of the problem using the following
equations.

ITAE = fottlAPI . Fitness =

10*+ITAE

Step 3: Generate new population and generation using crossover, mutation and selection
process.

Step 4: Calculate the fitness value after run the simulation.

Step 5: Check the fitness condition, if satisfied go to step 7, otherwise go to step 4

Step 6: Increase the iteration by one and repeat the procedure from step 3 to step 5

Step 7: After completing all the iterations or condition is satisfied, then stop the procedure
and return the results.

3. SIMULATION DIAGRAM & RESULTS

MATLAB/Simulink diagram of IEEE 30 bus system with GAMSFDCVR based UPFC is
shown in fig.1. Here UPFC is installed in line connected between buses 2 and 5.
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Figure 1: MATLAB/Simulink diagram of IEEE 30 bus system.
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Figure 2: Rotor angle deviations of machine 2 with respect to machine 1
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Figure 3: Rotor angle deviations of machine 3 with respect to machine 1
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Figure 4: Rotor angle deviations of machine 4 with respect to machine 1
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Figure 5: Rotor angle deviations of machine 5 with respect to machine 1
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Figure 6: Rotor angle deviations of machine 6 with respect to machine 1
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Figure 7: Electrical power deviations of machine 1 with respect to time
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Figure 8: Electrical power deviations of machine 2 with respect to time
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Figure 9: Electrical power deviations of machine 3 with respect to time
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Figure 10: Electrical power deviations of machine 4 with respect to time
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Figure 11: Electrical power deviations of machine 5 with respect to time
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Figure 12: Electrical power deviations of machine 6 with respect to time
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Figure 13: Rotor speed deviations of machine 2 with respect to machine 1
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Figure 14: Rotor speed deviations of machine 3 with respect to machine 1
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Figure 15: Rotor speed deviations of machine 4 with respect to machine 1
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Figure 16: Rotor speed deviations of machine 5 with respect to machine 1
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Figure 17: Rotor speed deviations of machine 6 with respect to machine 1
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Fig.2 shows the rotor angle deviations of generator 2 with respect to generator 1, from this
figure it is clear that the proposed controller is effectively damping the oscillations as
compared with conventional controllers and GAMSFDCVR controller. Fig.3 shows the rotor
angle deviations of generator 3 with respect to generator 1, from this figure it is clear that the
proposed controller is effectively damping the oscillations as compared with conventional
controllers and GAMSFDCVR controller. Fig.4 shows the rotor angle deviations of generator
4 with respect to generator 1, from this figure it is clear that the proposed controller is
effectively damping the oscillations as compared with conventional controllers and
GAMSFDCVR controller. Fig.5 shows the rotor angle deviations of generator 5 with respect
to generator 1, from this figure it is clear that the proposed controller is effectively damping
the oscillations as compared with conventional controllers and GAMSFDCVR controller.
Fig.6 shows the rotor angle deviations of generator 6 with respect to generator 1, from this
figure it is clear that the proposed controller is effectively damping the oscillations as
compared with conventional controllers and GAMSFDCVR controller.

Fig.7 shows the electrical power deviations of generator 1 with respect to time; from this
figure it is clear that the proposed controller is effectively damping the oscillations as
compared with conventional controller and GAMSFDCVR controller. Fig.8 shows the
electrical power deviations of generator 2 with respect to time; from this figure it is clear that
the proposed controller is effectively damping the oscillations as compared with conventional
controller and GAMSFDCVR controller. Fig.9 shows the electrical power deviations of
generator 3 with respect to time; from this figure it is clear that the proposed controller is
effectively damping the oscillations as compared with conventional controller and
GAMSFDCVR controller. Fig.10 shows the electrical power deviations of generator 4 with
respect to time; from this figure it is clear that the proposed controller is effectively damping
the oscillations as compared with conventional controller and GAMSFDCVR controller.
Fig.11 shows the electrical power deviations of generator 5 with respect to time; from this
figure it is clear that the proposed controller is effectively damping the oscillations as
compared with conventional controller and GAMSFDCVR controller. Fig.12 shows the
electrical power deviations of generator 6 with respect to time; from this figure it is clear that
the proposed controller is effectively damping the oscillations as compared with conventional
controller and GAMSFDCVR controller.

Fig.13 shows the rotor speed deviations of generator 2 with respect to generator 1, from this
figure it is clear that the proposed controller is effectively damping the oscillations as
compared with conventional controllers and GAMSFDCVR. Fig.14 shows the rotor speed
deviations of generator 3 with respect to generator 1, from this figure it is clear that the
proposed controller is effectively damping the oscillations as compared with conventional
controllers and GAMSFDCVR. Fig.15 shows the rotor speed deviations of generator 4 with
respect to generator 1, from this figure it is clear that the proposed controller is effectively
damping the oscillations as compared with conventional controllers and GAMSFDCVR.
Fig.16 shows the rotor speed deviations of generator 5 with respect to generator 1, from this
figure it is clear that the proposed controller is effectively damping the oscillations as
compared with conventional controllers and GAMSFDCVR Fig.17 shows the rotor speed
deviations of generator 6 with respect to generator 1, from this figure it is clear that the
proposed controller is effectively damping the oscillations as compared with conventional
controllers and GAMSFDCVR
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4. CONCLUSION

In this paper, a new controller is proposed for dynamic stability enhancement of Multi-
machine power system. This controller is designed in MATLAB/Simulink and applied on
SMIB system, from the results discussion it clear that the proposed method is effectively
damping the oscillations compared with existing method.
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