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ABSTRACT

This paper addresses the design and implementation of a proposed Artificial BEE colony based controller for
the load frequency control of two area interconnected power System with AC tie line. The proposed Artificial
BEE colony (ABC) controller has designed which concentrates on the deviation of frequency and derivative of
frequency variation in a model power system. In addition, the proposed ABC algorithm is used to optimize the
optimal integral gain setting by minimizing a quadratic performance index. For the demonstration, this control
scheme has been applied to a two area interconnected non-re-heat thermal Power system. It is observed that the
ABC based load frequency controller provides very good Transient and steady-state response when compared
with Conventional controllers.

KEYWORDS: Load frequency control (LFC), Artificial BEE Colony (ABC), Two-area interconnected power
Systems.

INRTODUCTION

Nowadays with the exponential enlargement in size and intricacy of large interconnected power systems. In this
regard, the load frequency control (LFC) problem is becoming a very significant one. The basic arrangement of
the LFC is to maintain preferred real power output of a generator unit and aid in controlling the frequency of
interconnected power systems. Additional, LFC helps to keep the net interchange of power between
interconnected areas at pre-specified standards which indirectly satisfies the limit of power system security
problems [1, 21, and 22].

LFC plays an important role in power system operation and control for supplying sufficient and reliable electric
power with good quality. It will maintain its control only during normal (small and slow) changes in load and
frequency of the system. Due to external or internal disturbances, a large real power imbalance occurs
throughout the system then an efficient extreme emergency control must be applied. Many control strategies
have been already proposed to achieve improved performance of power transactions.

The main objectives of the load frequency control are for a given load perturbation, the following classic
requirements are to be met [1,2,3].
e  Zero steady-state error of Area Control Error (ACE) which ensures frequency deviation and
tie-Line power deviation to zero.
Ensure good transient response under disturbance
To provide reliable operation and control of the system.
Feedback controller should have a simple structure.
The control law should match with system non-linearity’s
The controller must be easy for implementation.

LFC is a very important role in power system operation and control for supplying sufficient and reliable electric
power with good quality [3]. Many investigations in the area of LFC of isolated and interconnected power
systems have been reported [4,5,6] and a number of control strategies have been proposed to achieve improved
performance. The proportional plus integral (PI) control approach is successful in achieving zero steady-state
error in the frequency of the system, but it exhibits relatively poor dynamic performance as evidenced by large
overshoot and transient frequency oscillation [6]. Moreover, the transient settling time is relatively large. In the
application of optimal control technique, the controller design is normally based on a fixed parameter model of
the system derived by a linearization process [8]. The non- linear nature of the load frequency control problem
make it difficult to ensure stability for all operating points when an integral or a Pl control is used [6,7].based on
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the Simulation results of various controllers, Hence to overcome this crisis, a new and modern intelligent
controller been suggested to solve LFC problems. In recent years, modern ‘intelligent’ methods such as
Artificial Neural Network (ANN), Fuzzy Logic (FL) and Genetic Algorithm (GA) [22] have gained increasing
interest for application in the LFC problem. In this work, A more recent and computational technique ABC
algorithm [9-13] is found to be user-friendly and is adopted here for simultaneous optimization of several
parameters for both primary control loops of the governor. These newer methods have promising results. Their
notable features are mainly their applicability to a wider range of operating conditions and their model free
nature.

MODELLING OF INTERCONNECTED POWER SYSTEMS

For the design of LFC, it is necessary to suitably model the power systems. This work describes the modeling
aspects of a two-area thermal non-reheat transfer system with a feedback signal. A procedure for obtaining state
equations from the model has already proposed in many literatures. In general, the transfer function method and
state variable method are mostly preferred for the design of load frequently control [2, 14].

Transfer function model as State variable Model

The state variable model for the two-area thermal power system without reheat turbine (with feedback) is shown
in figure 2.1. The model is valid for small perturbations around a nominal operating point for the time duration
of interest in LFC studies. The revise on the excitation system and the effects of the voltage regulator are
neglected to evolve a simple model. The feedback of integral of area control error (ACE) as speed changer
command signals are scheduled frequency and tie line power.

Table 2.1 Set of equations representing the Transfer function model for two area interconnected system with feedback
signal

Transfer function model representations
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The above equations in Table 2.1 are put in the form, X = Ax + Bu + yd (2.1)

And output equation Y = CX (2.2)
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Where the system state vector [X], System control input is [u], System disturbance input vector is [d], and
system matrix [A].By using the above set of equations in table 2.1, the state variable model for the proposed
system has been achieved [2].

DESIGN OF CONVENTIONAL CONTROLLERS:
For efficient operation of a power system, some important conventional controllers have been considered in this
work for the control of two area interconnected power systems which helps to compare and discuss its flaws and

merits [14].
—PI_K|—> Power >
e(t) System u(t)

Figure 3.1 Block diagram of Controller with Power system

Proportional Controller
It produces an output signal u(t), which is proportional to the input signal e(t) as shown in fig 3.1.

i.e., u(t) =Kpe(t) (3.1
Where Kp = proportional gain or constant.

Integral Controller
It produces an output signal u(t) which is proportional to the integral of the input signal e(t) as shown in fig 3.1.

e u®) ale®); u)al e (3.2)
Where Ki = integral gain (or) constant.

Proportional Plus Integral Controller
It produces an output signal, u(t) consisting of two terms, one proportional to input signal e(t) and other
proportional to the integral of the input signal e(t) as shown in fig 3.1.
U(t) o [e(t) + Je(t) dt] ;  U(t) = Kp e(t) + Ki [ e(t) dt
Where Kp = proportional gain and Ki = integral gain

The output of the PI controller in the load frequency control is given by the expression
Kp ACEi + Ki | ACEi it (3.3)

DESIGN OF ARTIFICIAL BEE COLONY (ABC) ALGORITHM BASED CONTROLLER.
The Artificial Bee Colony algorithm which was introduced in 2005 by Karaboga, is used as an optimization
search, simulates the intelligent foraging behaviour of a honey bee swarm. It incorporates a flexible and well-
balanced mechanism to adapt to the global and local exploration and exploitation abilities within a short
computation time. Due to its simplicity and easy implementation, the ABC algorithm has captured much
attention and has been applied to solve many practical optimization problems. This method is efficient in
handling large and complex search spaces and it has also been found to be robust in solving problems featuring
non-linearity, no differentiability and high dimensionality. Compared with the usual algorithms, the major
advantage of ABC algorithm lays in that it conducts both global search and local search in each iteration and as
a result, the probability of finding the optimal parameters is significantly increased, which efficiently avoid local
optimum to a large extent[18,19,20].

Avrtificial Bee colony algorithm
The main steps of the proposed algorithm are given below:

1. The search process starts with the random initialization of the bee population.

2. According to the numerical objective functions being examined, the non-dominated solution sets are
stored in the archive. The archive is used to store the best estimates of the Pareto front and is updated in
each search iteration. The archive updating process contains two steps:

a. Firstly, the newly generated solution sets are combined with the non-dominated solution sets
already stored in the archives. Then the dominated solutions are removed.

b. Secondly, if the archive maximal size is reached, a recurrent truncation method based on
crowding distance is utilized to remove the least “promising” non-dominated solutions.
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3. The diversity - based performance metric, given by an € [0, 1], of the solutions stored in the archive is
calculated. o Estimates the level of uniformity in the distribution of solutions in the archive set, i.e., if
a=1 then the solutions are uniformly distributed, whereas with o = 0.6 we may approximate that 40%

of the solutions are not evenly distributed. Note that with a=0, the archive set is empty.

4. The current stage of food forage is determined according to the diversity of the archive set. Three
stages or phases are distinguished: exploration, transition and exploitation.

5. The bee colony structure (i.e., ratios of elite, follower and scout bees) is adjusted according to a. This
adjustment aims at maximizing a (i.e., increase the distribution uniformity of the solutions). The goal is
to make the solutions in the archive set evenly distributed. Note that the archive size (K) is equal to the
population size. The different bee type ratios which were devised according to the following
considerations:

a. In typical experiments, the generated solution sets exhibit low diversity during the initial
phase (i.e., o is low). In such cases, the percentage of elite bees performing the waggle dance
should be high (i.e., 1-a to be high) so that exploration is emphasized. As the search proceeds,
the archive set eventually becomes more diversified; the elite bee ratio should then be
decreased to facilitate local fine-tuning.

b. So according to the fitness (i.e., crowding distance) of individual solutions, (1-a-s) K of the
bees are selected as elite ones. After that, the waggle dance is performed by elite bees. Note
that the number of scout bees is fixed throughout the search.

6. The flying patterns (i.e., the bees' search paths) are also subjected to variation. The scout bees use a
polynomial mutation operator (promoting an increase in spread) to explore the search space further.
The associated mutation probability is fixed. In contrast, elite and follower bees utilize the Simulated
Binary Crossover (SBX) method to exploit the near-optimal generated solutions. The adjustment of
flying patterns is achieved through the automated tuning of SBX's distribution index. This is being
performed in each iteration. The diversity-based performance metric is again utilized to drive this
adjustment.

7. Then, based on the adjusted flying patterns, the bees carry out food foraging.

The implementation of above ABC algorithm for tuning of Control parameters in a model network has been
implemented in this work and explained in further sections.[18-21]

IMPLEMETATION OF ABC ALGORITHM FOR LFC PROBLEM
Stepl: Initialize the food source position X; (solutions population) where i=1, 2 ....D

[Xi=1, 2, 3...D] (5.1)

Step 2: Calculate the nectar amount of the population by means of their fitness values using:
fi sti=1/(1+obj.fun.; J) (5.2)

Where objective function i represents equation at a solution i

Step 3: Produce neighbor solution V;j; for the Employed bees by using the equation
Vi = Xij + i (Xij - Xig ) (5.3)

Where k= (1,2,3....D) and j =( 1,2,3...N) are randomly chosen indexes ¢j; is a random number
between [-1,1] and evaluate them as indicated in step 2.

Step 4: Apply the greedy selection process for the Employed bees.
Step 5: If all Onlooker bees are distributed, Go to step 9.otherwise, Go to the next step.

Step 6: Calculate the probability values P; for the solution X; using by equation
pi—_ 1"t

2 ft (5.4)
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Step 7: Produce the neighbor solution V; for the Onlookers bee from the solution X; selected depending on P; and
evaluate them.

Step 8: Apply the greedy selection process for the Onlooker bees.

Step 9: In the ABC algorithm, providing that a position cannot be improved further through a predetermined
number of cycles, then that food source is assumed to be abandoned. The value of the predetermined number of
cycles is an important control parameter of the ABC algorithm, which is called "limit" for abandonment.
Assume that the abandoned source is X and J= (1, 2, 3,..., N), then the Scout discovers a new food source to be
replaced with X; Determine the abandoned solution for the Scout bees, if it exists, and replace it with a
completely new solution Xi using the equation and evaluate them as indicated in step2.

X|J:XJm|n+rand(o,l)*(xjmax—xjmm) (55)
Step 10: Memorize the best solution attained so for.
Step 11: If cycle=Maximum Cycle Number (MCN). Stop and print result, otherwise, follow step 3.[18-20].

SIMULATION RESULTS AND DISCUSSIONS

The proposed ABC algorithm based controller and conventional PI controller are implemented for
interconnected power systems and system; responses are obtained for a step load change of 0.01 p. u MW in the
system in Fig 6.1. For comparative analysis, the system frequency deviation responses of two controllers are
implemented and their responses are plotted as a function of time“t'.

From the response, it's evident that the proposed controller performance at transient state and at steady state is
better than the conventional Integral Controller. The ABC algorithm based controller has a better dynamic
response, quick in operation, reduced error magnitude and minimized frequency transients.

Tuning of interconnected power system with conventional controllers

Determination and tuning of the optimal value of gain (Ki) with P, I and Proportional Plus Integral
Controller

The proportional controller improves steady-state tracking accuracy, disturbance signal rejection and relative
stability. The proportional controller is not alone used because it produces constant steady state error. Here we
assume that Kpl = Kp2 = Kp. Since the two areas are identical and the cost curve is shown in Table 5.1. The
lowest point on U-curve is considered as an optimum value.

As like a P controller, Here again, Kil = Ki2 = Ki has been assumed for the integral controller; from the cost
curve drawn between Ki and performance index j, optimum controller gain can be obtained for the integral
controller. The lowest point on the U-shaped curve is taken as the optimum value of gain Ki as shown in the
cost curve in Table 6.1.

The introduction of PI controller increases the order and type number of the system by 1. The optimum value of
Kp is kept constant and performance index j can be obtained for various values of controller gain Ki. the
optimum value of Ki can be determined as shown in the cost curve given in table 6.1.
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Table 6.1 Simulation results represent the Cost Curve for P, | and Proportional Plus Integral Controller
P Controller I Controller P1 Controller

The conventional PI controller is implemented for interconnected power systems and system responses are
obtained for a step load change of 0.01 p. u MW in the system.

Tuning of interconnected power system with proposed abc controller
The simulation results with ABC based tuning are shown in Figures 6.2-6.4 and its comparative results are
shown in table 6.2.

Fig.6.3 Frequency deviation in area 2 of a two area Thermal Power system for a step load disturbance
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Fig.6.4 Frequency deviation in the tie line of a two area Thermal Power system for a step load disturbance

It is observed that the proposed controller has good damping and reduced transient error and any further
improvement in one of the design objectives will lead to degradation in another objective. The area frequency
deviations are measured in Hz, tie-line power deviations are measured in p. u MW and settling time in seconds.
Table 6.2 presents the comparison of the system performances with conventional and ABC based controllers.

Table 6.2. Comparison of the system performances

Two area thermal Setting time (z,)in sec Peak over/under shoot
Interconnected power i
ystem AFi | AF: | APume | AFiinHz | AF2inHz | AP
Using Conventional 19 18 15 0.0036 / 0.005/ 0.0008 /
controller -0.0216 -0.017 -0.0058
Using ABC algorithm based 7 6 5.5 0.0016/ 0.0003/ 0.0001/
controller -0.017 -0.0128 -0.0041

Data for modeled Two Area Interconnected Thermal Power System
The data for the two area interconnected thermal power system are Tg = Tg= 0.08sec;Tu = Twp-= 0.3sec;
Tp1 = 20sec;R1 = Ro= 2.4Hz/p.u. M.W;21T1, = 0.545sec ;Kp: = Kp2= 120Hz/p.u. MW;Ap, = -1
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Fig 6.1: Modeling of two area non-reheat thermal power system (with feedback control)

CONCLUSION
An ABC Algorithm based controller is designed for two area thermal power system without reheat. A
comparison has been made between the response of the proposed controller and conventional Integral controller.
The simulation results show that the proposed ABC algorithm based controller shows good transient and steady
state performance. The proposed controller can be designed for two area interconnected thermal power system.
In this paperwork, the value of Ky is chosen as 0.1. The effect of varying Ki can be carried out and from that, the
optimum Kj value can be found. From the results, it’s observed that

e  Steady-state frequency error is zero.

e Stability of the system is assured with high-quality transient response distinguished by good steady state

and dynamic state characteristics.
e The proposed scheme is simple and effective but also easy to implement for operation and control.
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