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This Paper presents a hybrid genetic and Nelder-Mead algorithm
(HGNMA) to determine the optimal proportional-integral-derivative
(PID) controller parameters. PID controller exhibits good features,
including easy implementation, stable convergence characteristic and
good computational efficiency. The HGNMA algorithm is implemented in
MATLAB, the results obtained from this hybrid technique is compared
with that obtained from Genetic Algorithm (GA) and the conventional PID
which is tuned via the Ziegler-Nichols frequency response method. The
proposed method is more efficient in improving the step response
characteristics such as, reducing rise time, settling time and maximum
overshoot.
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1- INTRODUCTION

PID controllers have been widely used in most of control systems for a long time, due
to their simplicity, clear functionality and ease of use, it provide robust and reliable
performance for most systems. However, there is still a very important problem how to
determine or tune the PID parameters [1], because these parameters have a great
influence on the stability and the performance of the control system. Tuning a control
loop is the adjustment of its control parameters (gain/ proportional band, integral
gain/reset, derivative gain/rate) to the optimum values for the desired control response.
If the PID controller parameters are chosen incorrectly, the controlled process
output can be unstable. The optimum behavior on a process change or setpoint change
varies depending on the application, generally, stability of response is required and the
process must not oscillate for any combination of process conditions and setpoints.
There are several ways to determine the parameters of a PID controller. One
approach is to adjust the parameters manually until desired behavior is obtained, [2]
but this approach has its disadvantages. The process can become unstable if it is tuned
without caution and good knowledge about the system. It can also be very time
consuming. Another approach is to make a mathematical model for the process based
on some experiments; the Ziegler Nichols method is an experimental one that is widely
used [2]. For a wide range of practical processes, this tuning approach works quite

979



980 A. A. Lasheen;A. M. El-Garhy; E. M. Saad and S.M.Eid

well. However, sometimes it dose not provide good tuning and is easy to produce surge
and big overshoot, particularly for processes with serious non-linearity [3].

Intelligent optimization approaches have been used to improve PID tuning,
such as genetic algorithm [4], neural network, fuzzy logic [5, 6 ] and practical swarm
optimization [3], [8-10].

This paper has been organized as follows, Section 2 explains generalized
model of PID controller. Section 3 introduces the hybrid genetic and nelder-mead
algorithm, Section 4 presents the design of PID controller using (HGNMA). The
proposed technique is simulated and applied on two higher order systems. The results
are evaluated and given in Section 5. Finally, the conclusion is presented in Section 6.

2- THE STANDARD PID CONFIGURATION

The PID controller consists of proportional action, integral action and derivative action
as shown in Fig. 1. In this configuration, the control signal u (s) is the sum of three
terms. Each of these terms is a function of the tracking error E (s). Each of the terms
works “independently” of the other and the general equation of it expressed by the
following transfer function [1]:

Go(s) =K, +K;* T Ky*s e, (1)
» Ky PID Controller
4 © Plant
U(s
R() —» » Kils 5 G(s) >
o +
o Kgs

Fig. (1) Closed loop system with PID

Where;

K, : the proportional gain,

Ki: the integral coefficient and

Kg: the derivative coefficient.

The tuning of a PID controller is the process of selecting the controller
parameters Kp, Ki and Kd to meet given performance specifications as rise time,
overshoot and settling time. To achieve this purpose, the controller compares the
measured process output value (Y) with the reference setpoint (R) value. The difference
or error signal (E) is then processed to calculate the control signal for the manipulated
process inputs, so the system output reaches the desired reference value, i.e the
manipulated variable (U) is adapted at the command of the controller based on its input
data, which is the error (E) [2].

Y(s)
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E=R-Y e, (2
According to figure (1) and equation (1), the transfer function describes the
feedback control system is:

Y(s)  G.(s)G,(s)
R(s) [1+G,(s)G,(s)]

3- THE HYBRID GENETIC ALGORITHM

An effective optimization technique is dependent on its searching ability for global
optimum solution and its accuracy. Genetic algorithm (GA) is a directed random
search technique used to look for parameters that provide a good solution to a
problem. It holds a population of solutions (often known as individuals or
chromosomes). The separate parts of individuals are known as genes. Each individual
is assigned a fitness value, which indicates the gquality of the solution the chromosome
represents. During the execution of a GA, population is continually replaced by new
populations. The new populations are created by applying operators (crossover and
mutation) to members of the Existing population. [7].

Genetic algorithms can be very powerful to find a global optimum area but are
not very fast to solve local optimization problems. However, it is sometimes very
difficult to find the minimum of a function using a genetic algorithm because bad
solutions can be very near to the global optimum.

Local optimization techniques such as the Nelder-Mead Simplex have some
common characteristics with genetic algorithm as they do not use the successive
derivatives of the function and deals with a population of points instead of a single
point. Furthermore, they are quite efficient to find a local optimum very quickly. In
recent years, to enhance the global optimization searching ability of genetic algorithm,
the genetic algorithm (GA) and the Nelder-mead method are both categorized into the
primitive stage, that is, both of them are a direct search method without gradient
information. Thus it has a fast searching ability and has been widely applied to
improve conditions for complicated processes. [11-14]

There are many methods to utilize the idea of hybridizing local search
techniques with the genetic algorithm. One method is to use GA to generate the
individuals (solutions) for the new population and then apply the other method to
improve this new population. The other idea of hybridizing process is to do some
modifications in the genetic operations; selection, crossover, and mutation using local
search methods. In this paper we use the first idea, where the GA generates the
solutions for new population and then the Nelder-mead technique is used to improve
the best solution which exists in the new population [12-14]

4- IMPLEMENTATION OF HGNMA-BASED PID CONTROLLER

The GA generates the solutions for the new population and then the Nelder-Mead
technique is used to improve the best solution which exists in the new population.
The steps involved in implementing a HGNM algorithm are as follows:
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1- Generate an initial, random population of individuals that consists of N
chromosomes for a fixed size (KP, Ki, Kd ranges declared).

2- Evaluate the fitness for each chromosome (to minimize integral square error).

3- Select the fittest members of the population.

4- Check for applying the Nelder-Mead algorithm, if no go to step 6.

5-  Apply the Nelder-Mead algorithm on the best solution form the GA.

6- Check for optimality, if yes go to step 9.

7- Apply the GA operators (selection, crossover and mutation).

8- Apply Rotation Operator, go to step 2.

9- Check for overlap in the best solution, if no go to step 10.

10- Stop.

These steps can be illustrated in the flow chart Fig. (2).
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Fig. (2) Hybrid Genetic Algorithm
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5- EXPERIMENTS AND RESULTS

The HGNMA-based PID controller is applied to two systems the first one is a fourth
order system, with the following transfer function:

1
GS)=—7F—F""——" ....c''.... 4
1) s* +6s% +11s% + 65 )
And the second one is a higher order system [2] with the following transfer function:
1
G,(S)=—= i 5
2( ) (S+1)8 ( )

Figure (1) illustrates the block diagram of a feedback control system with PID
controller, and described by transfer function (3).

In order to compare the performance of different control algorithms, and to
estimate the parameters of PID controller, the integral of the square of the error
(ISE) is used as performance index [2] for the first system, indicated in (6).

ISEzLTeZ(t)dt ...... 6)

And for the second the follwing objective function is used as a performance index

2 2
J=o0, -0,
Where:

12 , :
o ==X (Y5 () = (D))’
ni
o’ is the variance of the controlerrore = Yep - Vi

15 i) -u)?
n

1
o2 : varianceof the controlsignal

o 1n
0=—> (u()
ni
w: is a weighting factor with range
0<w<l1

ol =

The tuning of HGNMA-based PID controller’ results are compared with those
obtained from the GA and the Ziegler-Nichols method. These results are indicated in
the tables (1) and (2) for the first system and tables (3) and (4) for the
Second one. Figures (3-4) indicate the step response for the PID with the three
Algorithms for the first system, and the second one.
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Table (1) PID controller steady state Responses
Performance Specification HGNMA GA Z-N
Rise Time 0.61 0.68 0.68
% Overshoot 24 38 58.1
Settling Time 9.1 29.9 14.9
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Fig. (3) Closed-loop step responses for the PID with the three Algorithms
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Fig. (4) Closed-loop step responses for the PID with the three Algorithms

For second system, G, (s) =

_1
(s+1)°
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Fig. (5) lllustration of the HGNMA Converging through iterations

The parameters of the PID controller for the three approaches were being as
indicated in tables (2) for the first system, and (4) for the second system.

Table (2) PID controller gains for the first system

Controller Parameters HGNMA GA Z-N
Kp 5.47112 6.85821 6
Ki 0.08097 0.23002 1.91
Ky 20.51549 21.07064 474
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Fig. (6) lllustration of the HGNMA Converging through iterations.
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Table (3) PID controller steady state Responses for second system

Performance Specification HGNMA GA Z-N

Rise Time 4.09 4.22 4.03

% Overshoot 6 10 9.1

Settling Time 24 25.4 32.7

Table (4) PID controller gains for second system
Controller Parameters HGNMA GA Z-N

Ko 0.95058 0.87039 1.13
Ki 0.18760 0.22427 0.14907
Kq 2.39918 2.42484 2.147

6- CONCLUSION

The paper presented a design of PID controller using Z-N technique, GA and hybrid
genetic and Nelder-Mead algorithm HGNMA for higher order system. The simulation
results for the two systems confirm that the tuned HGNMA controller can provide
better performance comparing with the Ziegler Nichols tuned PID controller and GA
tuned PID controller. Tuned PID controller using HGNMA gives smaller overshoot
and settling time compared to Ziegler Nichols and GA tuned PID controllers. The
result proves that HGNMA has better performance than other two approaches with
smaller settling time and overshoot.
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