Advanced Research in Electrical and Electronic Engineering

p-1SSN: 2349-5804; e-1ISSN: 2349-5812 VVolume 5, Issue 1 January-March, 2018, pp. 73-77

© Krishi Sanskriti Publications
http://www.krishisanskriti.org/Publication.html

Cultural Algorithm Based AGC of
Distributed Generation System

Pooja Soni* and Virendra Jain?

M. Tech. Energy Technology Mandsaur University, Mandsaur
*Assistant Professor, Mandsaur University, Mandsaur

Abstract—Automatic Generation Control (AGC) is the key approach
to frequency and voltage regulation in power systems. As electrical
power generation and consumption are characterized by a
continuous balance of momentary generation and usage their control
becomes and is a leading issue of the operation of the electrical
power system. Automation and control of a system appear in a
transparent form whenever the possible disturbances and
irregularities are defined and put forward as a challenge. Generally
speaking there are external and internal sources of disturbances.
Since the power system is geographically widely spread and exposed
to nature there are influences due to weather, forestry and
agriculture. On the other hand the system may be affected by human
failures or malfunction of equipment. Finally, disturbances may due
to aging of components. This research work deals with the load
frequency control of Distributed Generation Systems (DGS)
consisting of Wind, Solar and Diesel Generator. The power
generation, power deviation and frequency deviation performance of
the developed system has been evaluated by using different P, PI,
PID and Cultural Algorithm (used for tuning of Ziegler-Nichols PID)
controller.
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1. INTRODUCTION

Voltage regulation in power systems and distribution networks
both at high and low voltage is a task that is performed daily
for normal operation and without service interruptions to the
user, now with the implementation of distributed generators
Which are being located at points near the user, in many cases,
located for the supply of the same user and with the possibility
of delivering power to the distribution network, voltage
regulation becomes the main point of investigation for an
effective operation With these generators, that is why this
research is important, since the voltage regulation will become
a more complex problem with the integration of these types of
generators.

With the introduction of distributed generators (DGs) the
micro networks have changed their unique source structure
and the radial mode of operation of the distribution systems; in
addition the impact of these can be analyzed in many ways.
From the output characteristics of the DGs depending on their
position in the distribution network and the mode of operation.

The secondary voltage regulation in an intelligent network is
the process that is carried out according to the behavior of
distributed generators (DG), which can be wind or
photovoltaic, that regulator must be sure to maintain the
voltage within a permissible range, In order to ensure the
normal operation of the DG. Because of their intermittent
form of operation, these DGs are not constantly injecting
power to the system, and in these DGs they must at some point
disconnect from the network due to some disturbance within
the DG, to perform some kind of maintenance, or simply not
this injecting power to the network.

Traditionally, the voltage regulation, either for high or low
voltage, is normally performed with the tap variation, thus
becoming a very simple on-off control type, where the tap is
modified under load in order to maintain the voltage level
Within a set range, causing this subject to possible problems in
the instability of the power system by the unexpected variation
of the load.

2. PROBLEM STATEMENT

The electric power system is undergoing a rapid
transformation to a smart grid, the so-called Smart grid.
Microgrid, as the building blocks of smart grids, is small-scale
power systems that facilitate the effective integration of
distributed generators (DGs). Proper control of a micro grid is
a prerequisite for the stable and economically efficient.

Operations of smart grids. A Micro grid can operate in both
connection modes, connected to the network and in island
mode.

Conventional micro grid secondary controls assume a
centralized control structure that requires a complex
communication network, in some cases, with two-way
communication links. This can adversely affect the reliability
of the system. On the other hand, cooperative distributed
control structures, with a poor communication network, are
suitable alternatives for the secondary control of micro grids.
Distributed cooperative control was recently introduced in
power systems, to regulate the output power of multiple
photovoltaic generators.


http://www.krishisanskriti.org/Publication.html

74

Pooja Soni and Virendra Jain

In the last two decades, system elements have gained a lot of
attention because of their flexibility and computational
efficiency. These systems are inspired by natural phenomena
such as a swarm of insects, gathering in birds, laws of
thermodynamics, and synchronization and phase transitions in
physical and chemical systems. In this phenomena, the process
of coordination and synchronization requires each element of
information exchange with other elements according to some
restricted communication protocols.

3. OBJECTIVE

1. Design an automatic generation control system of wind,
solar and diesel generator using P, Pl and Cultural
Algorithm optimized Ziegler-Nichols PID controller.

2. Performance evaluation is recorded on the basis of power
generation, power deviation and frequency deviation
performance of the developed system.

3.1 PID CONTROLLER

PID regulators account for more than 90% of industrial
requirements and the number of regulators installed in an oil
plant, for example, is in the thousands. Unfortunately, in spite
of the experience gained over the years, the values chosen for
parameters P, |1 and D are neither always satisfactory nor
adapted to the process to be regulated.

A PID controller essentially fulfills three functions:

e It provides a control signal (¢) taking into account the
change in the output signal (t) with respect to the setpoint
(t).

o It eliminates the static error thanks to the term integrator.

e It anticipates the variations of the output thanks to the
term derivative.

The conventional PID regulator directly connects the control
signal (t) to the deviation signal (t). Its temporal description is
as follows:

(t)=(e(t)+1Tile(t)dttO+Tdde(t)dt) (1)
With the difference defined as follows:

(©)=@)-y(t) )
It’s transfer function is written as:

(s)=(s)E(s)=Kp(1+1sTi+sTd) 3)

This combination of the terms P, | and D is also referred to as
parallel or non-interactive form. The functional diagram of a
process regulated by such a regulator is given in Figure 3.1. In
addition to the signals described above, the disturbance (t), the
measurement noise (T) and the non-noisy output signal (t).
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Figure 3.1: Block diagram of a process set by a conventional PID

4. PROPOSED METHODOLOGY

4.1 Ziegler-Nichols PID

In 1942, Ziegler and Nichols [20] proposed two heuristic
approaches based on their experiment and some simulations to
quickly adjust the parameters of the regulators P, Pl and PID.
PID regulators meet more than 90% of industrial requirements
and the number of regulators installed in an oil factory, for
example, is counted in thousands, the values chosen for the
parameters P, | and D are not always satisfactory or adapted to
the process to be regulated.

¢ de(t)

p(t) = Kpe(t) + K, f e(t)dt + Ky~

Where the p(t) is the control input to diesel generator. e(t)the
error i.e. change in frequency. K,,K;,K, are the
proportionalintegral and derivative constants. The Ziegler-
Nichols method is a heuristic method of tuning PID controller.
It was developed by John G. Zeigler and Nathaniel B. Nichol
[21]. It is performed by setting theK; and K, to zero, the K,
gain is increased (from zero) until it reaches the critical
ultimate gainKj, at which the output of the loop begins to
oscillate.

4.2 SYSTEM MODEL
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Figure 4.1: System Model
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4.3 Optimization Kp, K, and Kp using Cultural Algorithm
(CA)

Inspired by the process of social and cultural changes, the CA
was developed to enhance evolutionary computation. Besides
the population component that evolutionary computation
approaches have, there is an additional peer component belief
space and a supporting communication protocol between these
two components, which makes CAs perform better in some
special optimal cases than other evolutionary algorithms
(EAs). The following figure presents the basic CA framework.
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Figure 4.2: CA framework [35]

As Figure 4.2 shows, the population space and the belief space
can evolve respectively. The population space consists of the
autonomous solution agents and the belief space is considered
as a global knowledge repository. The evolutionary
knowledge that stored in belief space can affect the agents in
population space through influence function and the
knowledge extracted from population space can be passed to
belief space by the acceptance function.

In the process of the CA evolution, the population space is
initialized with candidate solution agents at random;
meanwhile, the initial knowledge sources in the belief space
are built. At first the two spaces evolve independently. Then
the selected agents from the population space are used to
update the belief space. After the knowledge sources being
updated, the belief space will reversely guide the evolution of
the population space. These procedures repeat till a
termination condition has been reached. The CA pseudo code
presented by [35] is given as follows:

t=0;

Initialize Population POP(t);
Initialize Belief Space BLF(t);
Repeat

Evaluate Population POP(t);

Adjust (BLF(t), Accept(POP(t)));
Adjust (BLF (t));

Variation(POP (t) from POP (t-1));
Until termination condition achieved

4.4 Fitness Function for Optimal Kp, K, and Kp

Tuning methods based on integral error criteria consider the
entire closed-loop response i.e. total DGs. The following
performance indices are used to calculate the Integral of the
Absolute square of the error (1AE).

IAE = [ le(t)l dt 1)

Integral of squares error (ISE)

ISE = [l dt @)
Integral of time weighted absolute error (ITAE)

ITAE = [, tle(t)| dt 3)

Integral of time squared error (ITSE)
t 2
ISE = [ tle(t)] dt (4)

5. SIMULATION RESULTS OF PROPOSED WORK
USING CULTURAL ALGORITHM

5.1 Case-1

The load is suddenly increased at 100 seconds from 0.9pu to
0.95pu, Wind Power 0.6 pu and solar power is 0.3 is kept
constant. In this case, a sudden increase of load demand from
0.9puto 0.95 pu is under taken at 100 sec. This change in load
demand is met by diesel generator.

The Cultural Algorithm optimized controller is implemented
and power generation, power deviation and frequency
deviation are observed and presented in following figures. It is
found that the response with PID controller is better than the P
and PL.
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Figure 5.1: Power generation in system with P, Pl and PID in
case-1 using Cultural Algorithm
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5.2 Case-2

Wind Power is suddenly decreased from 0.6 to 0.4 at 100 sec.
and other remains constant at P, =0.9pu and P,,;=0.3 pu

In this case the wind power reduces from 0.6 pu to 0.4 pu, at
100 sec. and the system dynamics are observed. The
simulation results are presented in following figures:
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Figure 5.2: Power generation in system with P, Pl and PID in
case-2 using Cultural Algorithm

5.3 Case-3

Solar Power is decreased from 0.3 to 0.2 at 250 secondP,=0.9
and P,=0.6 is kept constant. In this case the solar power
reduces from 0.3 pu to 0.2 pu, at 250 sec. The simulation
results are presented in following figures.
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Figure 5.3: Power generation in system with P, Pl and PID in
case-3 using Cultural Algorithm

6. CONCLUSION

Automatic generation control (AGC) plays an important role
in power system as its main role is to maintain the system
frequency and tie line power flow at their scheduled values
during normal period and also when the system is subjected to
small step load perturbations. In this research work, the
performance of automatic generation control of wind, solar
and diesel generator can be evaluated by proposed controller.
The Cultural Algorithm (For tuning of PID) controller is
proposed to overcome the AGC problem. To demonstrate the
effectiveness of proposed controller, the control strategy based
on evolutionary (CA) and conventional (P, PI, PID) technique
is applied. The performance of these controllers is evaluated
through the MATLAB simulation and it shows that the
proposed technique gives better dynamic performances on the
basis of power generation, power deviation and frequency
deviation. It can be concluded that the evolutionary technique
(CAusing for tuning of Ziegler-Nichols PID controller)
outperforms the conventional controllers.

REFERENCES

[1] Yin, M, Li, G., Zhou, M. and Zhao, C., 2007, June. Modeling of
the wind turbine with a permanent magnet synchronous
generator for integration. In Power Engineering Society General
Meeting, 2007. IEEE (pp. 1-6). IEEE.

[2] Zou, Y., Elbuluk, M. and Sozer, Y., 2010, October. A complete
modeling and simulation of induction generator wind power
systems. In Industry Applications Society Annual Meeting (IAS),
2010 IEEE (pp. 1-8). IEEE.

[3] Zouggar, S., Zidani, Y., ELhafyani, M.L., Ouchbel, T., Seddik,
M. and Oukili, M., 2012. Neural Control of the Self-Excited
Induction Generator for Variable-Speed Wind Turbine
Generation. In Sustainability in Energy and Buildings (pp. 213-
223). Springer, Berlin, Heidelberg.

[4] Slootweg, J.G., De Haan, S.W.H., Polinder, H. and Kling, W.L.,
2003. General model for representing variable speed wind
turbines in power system dynamics simulations. IEEE
Transactions on power systems, 18(1), pp.144-151.

[5] Stiebler, M., 2008. Wind energy systems for electric power
generation. Springer Science & Business Media.

[6] Hasanien, H.M. and Muyeen, S.M., 2012. Design optimization
of controller parameters used in variable speed wind energy
conversion system by genetic algorithms. IEEE transactions on
sustainable energy, 3(2), pp.200-208.

[7] Tsili, M. and Papathanassiou, S., 2009. A review of grid code
technical requirements for wind farms. IET Renewable Power
Generation, 3(3), pp.308-332.

[8] Shanker, T. and Singh, R.K., 2012, March. Wind energy
conversion system: A review. In Engineering and Systems
(SCES), 2012 Students Conference on (pp. 1-6). IEEE.

[9] Burton, T., Jenkins, N., Sharpe, D. and Bossanyi, E., 2011. Wind
energy handbook. John Wiley & Sons.

[10] Chen, Z. and Blaabjerg, F., 2009. Wind farm—A power source
in future power systems. Renewable and Sustainable Energy
Reviews, 13(6), pp.1288-1300.

Advanced Research in Electrical and Electronic Engineering
p-1SSN: 2349-5804; e-1ISSN: 2349-5812 VVolume 5, Issue 1 January-March, 2018



Cultural Algorithm Based AGC of Distributed Generation System

77

[11] Miller, N.W., Sanchez-Gasca, J.J., Price, W.W. and Delmerico,
R.W., 2003, July. Dynamic modeling of GE 1.5 and 3.6 MW
wind turbine-generators for stability simulations. In Power
Engineering Society General Meeting, 2003, IEEE (Vol. 3, pp.
1977-1983). IEEE.

[12] Madsen, H., Pinson, P., Kariniotakis, G., Nielsen, H.A. and
Nielsen, T.S., 2005. Standardizing the performance evaluation of
short-term wind power prediction models. Wind Engineering,
29(6), pp.475-489.

[13] Bafiuelos-Ruedas, F., Angeles-Camacho, C. and Rios-Marcuello,
S., 2010. Analysis and validation of the methodology used in the
extrapolation of wind speed data at different heights. Renewable
and Sustainable Energy Reviews, 14(8), pp.2383-2391.

[14] Stavrakakis, G.S. and Kariniotakis, G.N., 1995. A general
simulation algorithm for the accurate assessment of isolated
diesel-wind turbines systems interaction. 1. A general
multimachine power system model. IEEE transactions on
Energy Conversion, 10(3), pp.577-583.

[15] Marino, R., Tomei, P. and Verrelli, C.M., 2010. Induction motor
control design. Springer Science & Business Media.

[16] Anaya-Lara, O., Jenkins, N., Ekanayake, J.B., Cartwright, P. and
Hughes, M., 2011. Wind energy generation: modelling and
control. John Wiley & Sons.

[17] Ling, Z., Zhou, L., Guo, S. and Zhang, Y., 2014. Equivalent
circuit parameters calculation of induction motor by finite
element analysis. IEEE Transactions on magnetics, 50(2),
pp.833-836.

[18] Kalogirou, S.A., 2001. Artificial neural networks in renewable
energy systems applications: a review. Renewable and
sustainable energy reviews, 5(4), pp.373-401.

[19] Villalva, M.G., Gazoli, J.R. and Ruppert Filho, E., 2009.
Comprehensive approach to modeling and simulation of
photovoltaic arrays. IEEE Transactions on power electronics,
24(5), pp.1198-1208.

[20] Ziegler, J.G. and Nichols, N.B., 1942. Optimum settings for
automatic controllers. trans. ASME, 64(11).

[21] Ziegler, J.G. and Nichols, N.B., 1993. Optimum settings for
automatic  controllers.  Journal of dynamic  systems,
measurement, and control, 115(2B), pp.220-222.

[22] I.M Horowitz. 1963. Synthesis of Feedback Systems. Academic
Press, New-York.

[23] Astrom, K.J., Hagglund, T., Hang, C.C. and Ho, W.K., 1993,
Automatic tuning and adaptation for PID controllers-a survey.
Control Engineering Practice, 1(4), pp.699-714.

[24] Chowdhury, S. and Crossley, P., 2009. Microgrids and active
distribution networks. The Institution of Engineering and
Technology.

[25] lov, F., Blaabjerg, F., Clare, J., Wheeler, P, Rufer, A. and Hyde,
A., 2009. UNIFLEX-PM-A key-enabling technology for future
european electricity networks. Epe Journal, 19(4), pp.6-16.

[26] Heier, S., 2014. Grid integration of wind energy: onshore and
offshore conversion systems. John Wiley & Sons.

[27] Ackermann, T. ed., 2005. Wind power in power systems. John
Wiley & Sons.

[28] European Wind Energy Association, 2014. Wind energy
scenarios for 2020. Report by European Wind Energy
Association, Brussels.

[29] Anderson, P.M. and Fouad, A.A., 2008. Power system control
and stability. John Wiley & Sons.

[30] Kundur, P, Balu, N.J. and Lauby, M.G., 1994. Power system
stability and control (Vol. 7). New York: McGraw-hill.

[31] Tang, X., Deng, W. and Qi, Z., 2009, November. Research on
Micro-grid voltage stability control based on supercapacitor
energy storage. In Electrical Machines and Systems, 2009.
ICEMS 2009. International Conference on (pp. 1-6). IEEE.

[32] Tang, X., Deng, W. and Qi, Z., 2014. Investigation of the
dynamic stability of microgrid. IEEE Transactions on Power
Systems, 29(2), pp.698-706.

[33] Ortega, R. and Garcaa-Canseco, E., 2004. Interconnection and
damping assignment passivity-based control: A survey.
European Journal of control, 10(5), pp.432-450.

[34] Mallesham, G., Mishra, S. and Jha, A.N., 2009, March. Maiden
application of Ziegler-Nichols method to AGC of distributed
generation system. In Power Systems Conference and
Exposition, 2009. PSCE'09. IEEE/PES (pp. 1-7). IEEE.

[35] Reynolds, R.G. and Peng, B., 2004, November. Cultural
algorithms: modeling of how cultures learn to solve problems. In
Tools with Artificial Intelligence, 2004. ICTAI 2004. 16MIEEE
International Conference on (pp. 166-172).

Advanced Research in Electrical and Electronic Engineering
p-1SSN: 2349-5804; e-1ISSN: 2349-5812 VVolume 5, Issue 1 January-March, 2018



