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ABSTRACT:
In this paper, a new load frequency control (LFC) using the model predictive control MPC

technique is presented. The MPC technique has been designed such that the effect of the
uncertainty due to governor and turbine parameters variation and load disturbance is reduced. A
simplified frequency response model is introduced, and physical constraints of the governor and
turbine are considered in this model. The model was employed in the MPC structure. The optimal
parameter values of MPC were obtained using a Genetic Algorithm (GA) based on a certain cost
function. The presented MPC is compared against a conventional proportional integral derivative
(PID) controller. Simulations show that the MPC gives a better frequency response while using
cheaper resources. The simulation results illustrate that MPC could be a realistic solution to some
of the LFC problems power systems are facing today. Also, it can absorb and predict the different

types of disturbances.
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1 INTRODUCTION

Over the past decades, due to the fact that LFC constitutes an important function of power
system operation where the main objective is to regulate the output power of each generator at
prescribed levels while keeping the frequency fluctuations within prespecified limits [1].

Many control strategies have been proposed and investigated by several researchers for
LFC design of power systems [2]. Robust adaptive control schemes have been developed in [3]
to deal with changes in system parameters. Fuzzy logic controllers have been used in many
reports for LFC design in a two area power system [4], with and without nonlinearities. The
applications of artificial neural network, genetic algorithms, and optimal control to LFC have
been reported in [5]. In their findings it is observed that the transient response is oscillatory
and it seems some other elegant techniques are needed to achieve a desirable performance. On
the other hand, the MPC appears to be an efficient strategy to control many applications in
industry, it has many advantages such as very fast response, robustness against load
disturbance and parameters uncertainty [6-8].

Its straightforward design procedure is considered as a major advantage of the MPC. Given
a model of the system, only an objective function incorporating the control objectives needs to
be set up. Additional physical constraints can be easily dealt with by adding them as inequality
constraints,
whereas soft constraints can be accounted for in the objective function using large penalties.
Moreover,

MPC adapts well to different physical setups and allows for a unified approach [9,10]. In this
paper, the load frequency control for a single area power system has been developed based on
the MPC technique. The MPC parameters were obtained using GA based on a cost function.
The technique calculates the optimal control signal while respecting the given constrains over
the output frequency deviation and

the load change. The effects of the physical constraints such as generation rate constraint
(GRC) and speed governor dead band [11,12] are considered. The power system with the
proposed MPC technique has been tested through the effect of uncertainties due to governor
and turbine parameters variation and load disturbance using computer simulation. A
comparison has been made between the MPC and the traditional integral controller confirming
the superiority of the proposed MPC technique. The simulation results proved that the
proposed controller can be applied successfully to the application of power system load
frequency control.
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2 Power System Modelling

The model of the LFC of a single area power system controlled by FOPID is shown in Fig.
1 [13]. The states: x1, x2 and x3 are the change in system frequency, the incremental changes in
generator output and the governor valve position, respectively. The control objective in the LFC
problem is to keep the change in frequency (AF=x1) as close to zero as possible when the system
is subjected to a load disturbance APd by manipulating the controlled input (u). The system
parameters are Kp = plant gain = 120 Hz/pu.MW, Tp = plant model time constant = 20 sec., Tt
= turbine time constant = 0.3 sec., Tg = governor time constant = 0.08 sec., R =speed regulation

due to governor action = 2.4 Hz/pu.MW.
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Fig. 1 Block Diagram of single area LFC.

3 GA-PID Controllers and Fitness Function Criteria

The controller type used here is a PID controller with the transfer function given in (1):

k.
k(s)=kp, + —++kgs
(s) PTg d

1)
where: kp , ki and kd are proportional, integral and differential gains respectively. The input

to the controller is the incremental frequency deviation AF

The function of each part of a PID controller can be described as: the proportional part
reduces the error responses of the system to disturbances, the integral part eliminates the steady-
state error and finally the derivative part dampens the dynamic response and improves the system
stability [13].

4 GA-based Model Predictive Control
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MPC has attracted notable attention in control of application in industry like
electromechanical systems, petrol industry and many other applications. During last decade,
MPC was applied for controlling plants with slow dynamics. However,
recent studies on MPC applications include plants with fast dynamics such as air plane control.
The main advantage that distinguishes MPC from most other control methods is the
receding/control horizon Nc¢ principle. An MPC controller solves, at each control interval k, a
finite horizon optimal control problem. Only the first value of the resulting optimal control
variable solution is recorded and then applied to the plant, and the rest of the solution is rejected.
The same procedure is then repeated at each sampling instant, and the prediction horizon Np is

shifted forward one step, as shown in Fig. 2
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Fig. 2 Principles of the MPC.

MPC theory depends on the explicit use of a prediction model of the system response to
obtain the control actions by minimizing an objective function. Optimization objectives include
minimization of the error between the predicted and
trajectory response, and the control effort is subjected to given constraints, as illustrated in Fig.
3. Minimizing of the objective function based on the desired output trajectory over a prediction
horizon with a chosen samples, which can be achieved wusing an
accurate internal model that takes the essential on linearity of the process under control to predict
the dynamic performance.
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Fig.3. MPC Configuration

The actual closed-loop specification of the system with controller, rise time (t,.), maximum
overshoot (M,), settling time (t,), and steady state error (ess) are used to evaluate the cost

function. This is done by summing the errors between actual and specified specification as given
by (2).

1
f = e mprenyre Pt ()

This cost function can satisfy the designer requirement using the weighting factor value (p).
The factor is set larger than 0.7 to reduce over shoot and steady-state error. If this factor is set
smaller than 0.7 the rise time and settling time will be reduced.

The following parameters summarizes the values the GA-MPC parameters obtained from
GA optimization.

- Control interval(time units) =0.005

- Prediction horizon(intervals)=30

- Control horizon(intervals)=5

- Input weights MPC controller=0.1

- Output weights subsystem=1

- The response with (robust)=.68

- The estimation value =.58
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5 SIMULATION RESULTS

5.1 Step disturbance Pd =5% (Case 1)

In order to compare the system driven by GA based Optimum PID (OPID), Model Predictive
controller Self-Tuning a relative disturbance APd4 of 5% is applied to the single area Load
Frequency Control (LFC) system. The time response of the frequency deviation AF and the
control input deviation AU are shown in Fig. 4. It is observed that the damping of the system
frequency is improved significantly for all controllers however, the Model Predictive controller
responds better than the other two with fewer overshoots and shorter settling time. The control

input AU gives similar behavior for the controlled system.
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Fig.4. MPC Configuration
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Fig.5. MPC Configuration

5.2 Tracking disturbance variations (Case 2)

Figure 6 shows the dynamic response of both AF and AU following a variation of APd as
seen in Fig. 7 and Fig. 8, it is obvious that the system driven by Model Predictive controller
shows better performance with less overshoot and faster response. The control input for the

two controllers give satisfactory results.
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Fig.6. MPC Configuration
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5.3 Step change in the disturbance APd (Case 3)

In this case, a step increase in APd by 2% in 13s followed by a step decrease to zero Fig. 9

is applied to the system driven by each of the controllers; Model Predictive controller, and GA-

PID. The frequency deviation and control input changes are shown in Fig. 10 and Fig.11,

respectively. It is clear that the system response with Model Predictive controller shows better

rise time, overshoot and settling time characteristics relative to the other two.
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6 CONCLUSION:

A first-hand load frequency control (LFC) using the model predictive control MPC technique
is presented. The MPC technique has been planned such that the effect of the uncertainty due to
governor and turbine parameters variation and load disturbance is abridged. A basic frequency
response model is introduced, and physical constraints of the governor and turbine are considered
in this model. The model was employed in the MPC structure. The optimal parameters values of
MPC were obtained using Genetic Algorithm (GA) based on a certain cost function. The
presented MPC is compared against a conventional proportional integral derivative (PID)
controller. Simulations show that the MPC gives better frequency response compared to other

techniques. This paper shows that MPC can solve the LFC problems of power systems.
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