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This paper presents a new approach based on the genetic algorithm (GA) and
Bacterial Foraging (BF) is used to perform a constrained tuning technique for
the PID parameters to optimize the power output of solar panel. A small-
signal model is used to design the controller parameters of the conventional
PID controller. The dynamics of the converter is non linear, therefore, it is
hard to derive desirable performance. So hybrid algorithm is used to optimize
the control parameters of boost converter. In order to obtain the fitness of an
individual, Simulink model of the boost converter is designed and the hybrid
algorithm is programmed to design the optimal control parameters. It was
found that the proposed optimal PID controller parameters adjustment by the
GA-BF algorithm is superior to the conventional method. The
Matlab/Simulink was used to verify the effectiveness of proposed control
method.
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1. INTRODUCTION

The use of energy has become an integral part of our life; its supply should be secure and
sustainable. At the same time, it should be economical, environmentally friendly and socially and acceptable.
The current trends in energy consumption are neither secure nor sustainable. The rising consumption of fossil
fuels, together with increasing greenhouse gas emission, threatens our secure energy supply. The lack of
insufficient energy can also hold back the growth of billions of people living in the developing countries,
therefore, development of clean, secure, sustainable and affordable energy sources should be our priority in
this century.

PV modules still have relatively low conversion efficiency therefore, controlling maximum power
point tracking (MPPT) for the solar array is essential in a PV system. The amount of power generated by a
PV depends on the operating voltage of the array. A PV’s maximum power point (MPP) varies with solar
insulation and temperature [1], [2].

A-BF algorithm has emerged as a powerful technique for the solving optimization problems.
Genetic Algorithms (GAs) are a stochastic global search method that mimics the process of natural evolution.
The Bacterial Foraging Optimization Algorithm (BFOA), as it is called now, is currently gaining popularity
in the community of researchers, for its effectiveness in solving certain difficult real world optimization
problems. Using GA-BF algorithms to perform the tuning of the controller will result in the optimum
controller being evaluated for the system every time.

The research work connects with the implementation of DC to DC converter with voltage lift
technique. The green energy from photo voltaic cell was feed to the power converter with suitable pre

Journal homepage: http://iaesjournal.com/online/index.php/1JAAS



1JAAS ISSN: 2252-8814 a 137

modeled PV array. The dynamic behavioural characteristics of power electronic converters are too much
nonlinear due to the nature of switching and varying nature of time.

A GA-BF based hybrid algorithm controlled MPPT for a Boost power electronics converter has
been designed. The controller parameters have been optimized using hybrid algorithms. Controller design
and simulations in Matlab Sim Power Systems are carried out in this paper. The control system performs
poor in characteristics and even it becomes unstable, if improper values of the controller tuning constants are
used. So it becomes necessary to tune the controller parameters to achieve good control performance with the
proper choice of tuning constants.

The following section 2 formulates the mathematical modeling of a solar system and boost
converter. The focus of section 3 is on conventional PID Controller, it’s tuning by Ziegler Nichols Method
and how it can be applied to boost converter and also a brief review of GA-BF based hybrid algorithm for
optimizing PID controller. In section 4, simulation results of the corresponding system are obtained and
compared and conclusions are made in section 5

2. MATHEMATICAL MODELING OF THE SYSTEM

Genetics Algorithm and Bacterial Foraging Algorithm (GA-BF) is embedded in the feedback
compensation circuit design and it is performed in the frequency domain and aided by Bode plots, the design
essentially involves positioning of poles and zeros of the selected compensation circuit to compensate the
undesirable characteristics of a power stage. The voltage reference Vref signal is generated from the MPPT
controller. In the proposed method the boost converter serves the purpose of transferring maximum power
from the solar PV module to the load. A dc/dc converter acts as an interface between the load and the PV
array [3]-[4]. The entire system configuration is shown in figure.1.
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Figure 1. Power Circuit Diagram

2.1. Solar Cell Modeling

Solar cell of a given material must be designed to maximize the light to electricity conversion
efficiency. An ideal solar cell can be considered as a current source wherein the current produced by the solar
cell is proportional to the solar irradiation falling on it. An electrical circuit representing a solar cell is shown
in figure.2. The optical loss is represented by the current source itself, where the generated current I is
proportional to the light input. The recombination losses are represented by the diode connected parallel to
the current source, but in the reverse direction. The ohmic losses in the cell occur due to the series and shunt
resistance denoted by Rs and Rsh respectively [5]-[7].

Applying Kirchoff’s law to the node where IL, diode, R, and Ry meet, we get

I:IL'ID'Ish (1)
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Figure2. Simplified-equivalent Circuit of Photovoltaic Cell
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Where, IL is the Insolation current, 1 is the Cell current, lo is the Reverse saturation current, V is the
Cell voltage, Rs is the Series resistance, Rsh is the Parallel resistance, VT is the Thermal voltage (kt/q), K is
the Boltzman constant, T is the Temperature in Kelvin and g is the Charge of an electron. WAREE WS 100
PV module is used in this system and its specifications are shown in Table. 1.

Table.1 PV Module Specifications of Waree Ws 100

Parameters Values
Maximum Power (Pmax) now
Voltage at maximum Power (Vmp) 17V
Current at max Power (Imp) 059 A
Open Circuit Voltage 21V
Short Circuit Current 0.62 A
Tolerance 5%
Power Measured at Standard Test 1000W/m2 ,25 ¢ ,AM
Load 15
Temperature Co-efficient of Power -0.47 %l K
Temperature Co-efficient of Voltage -0.123 VIK
Operation Temperature -40Cto85C
Nominal operating Cell temp 48°C
Maximum System Voltage 1000vDC

2.2 Modeling of Boost Converter

A small-signal model is used to design the controller parameters of the conventional PID controller.
The dynamics of the converter is non linear, therefore, it is hard to derive desirable performance. In this
paper, GA-BF optimized algorithm is used to control parameters of boost converter [8]-[11].

Boost converters are a kind of high frequency converters which convert unregulated DC power to
regulated DC power. Since the output voltage of renewable energy systems is basically unregulated DC
voltage, as shown in Figure 3, boost converters are necessary to adjust the DC voltage for different
applications and its designed values are given in Table.2.
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Figure 3. Boost Converter Circuit Diagram

IJAAS Vol. 6, No. 1, June 2017: 136 — 144



1JAAS ISSN: 2252-8814 a 139

Load Resistance = ;/—" 3)
o
Assuming lo to be 0.4A.

Duty Cycle =1 — % 4

o
The desired Capacitance value is

_IoxD
T fexav, Q)

The Inductance value is choosen by the formula

_ VsxD
T FsxAV, Q)

The diode loss is calculated by
Diode loss =V; x1,(1 —D) @)
The Switching Loss is calculated by

Vslo

Py = (t1 + )= fs (®)

2

The conversion ratio is given by the following expression:

Vv, | 1

o s 9
1-d ©)

d =T /T where I is the input current of the converter and T = T+ T, with its range 1 >d > 0. Knowing
the V; and I, we can find the input resistance R;, of the converter. This is given by

R, =\%=Ro(1—d)2 (10)

Here, R;, varies from R, to 0 and d varies from 0 to 1.

R RD R
di —R RL+ (RX—~+— —
(Tii) ~ ov + RL+( (R+Rc) + (R+Rc)L (iL) + (%) XV
o) = . 1 v, 0 in
di¢ (R+Rc)C (R+RO)V
(11)
_ R¢ R i
(R (o) "

Table 2. Circuit Parameters of the Boost Converter

Parameter Value
Capacitor 1056uf
Inductor 250uf

Load 250hm
ESR .Of 30mohm
capacitor
.ESR of 10mohm
inductor
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3. OPTIMIZATION TECHNIQUES
3.1. Tuning Of PID Controller Using Conventional Approach

The Ziegler—Nichols tuning method is a heuristic method of tuning a PID controller. It is performed
by setting the I (integral) and D(derivative) gains to zero. Table.3 prescribes the type of controller used for
the Ziegler and Nichols method and it is based on the values of Pu and Ku.

Table 3. Controller Settings

Confroller | Ti Ty
P KJ2
FI KJ22 P12
PFID KJ17 P2 P8

The transfer function of the PID controller is represented by

Ge(s) = Kp(l + ﬁ + Tys)

(13)
The PID parameters can be calculated as K, = 0.05, K; = 53 and Ky = 0.004675.
The total response of the system can be calculated as follow
R(s) 0.0046755%+0.055+53
C(s) 1953.8112x10 1252+4.69x10 352+0.5046755+53
(14)

Using the values of the ultimate gain, Ku, and the ultimate period, Pu, Ziegler and Nichols
prescribes the following values for Kc, tl and tD, depending on which type of controller is desired.

3.2 Tuning Of PID Controller Using GA-BF Algorithm Approach
3.2.1Continuous Genetics Algorithm

The genetic algorithm (GA) is an optimization and search technique based on the principles of
genetics and natural selection. The continuous GA also has the advantage of requiring less storage than the
binary GA because a single floating-point number represents the variable instead of Nbits integers. The
continuous GA is inherently faster than the binary GA, because the chromosomes do not have to be decoded
prior to the evaluation of the cost function [12]-[15].

If the chromosome has Nvar variables (an N-dimensional optimization problem) given by p1, p2, . .
., then the chromosome is written as an array with 1 * Nvar elements so that Chromosome =
[P1,P2,P3....PNvar],Cost function f at the variables p1,p2,p3...pNvar .

Cost = f(chromosome)=f(P1,P2,P3....PNy,)

Since f is a function of x and y only, the clear choice for the variable is Chromosome =[x,y].
The normalized initial population is

Prew = B(pmn —Pin ) t Pin
(15)

Variations on this theme include choosing any number of variables to modify and generating
different b for each variable.

3.2.2 Bacterial Foraging Algorithm

Recently, bacterial foraging algorithm (BFA) has emerged as a powerful technique for the solving
optimization problems. BFA mimics the foraging strategy of E. coli bacteria which try to maximize the
energy intake per unit time. From the very early days it has drawn attention of researchers due to its
effectiveness in the optimization domain. So as to improve its performance, a large number of modifications
have already been undertaken. The bacterial foraging system consists of four principal mechanisms, namely
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chemotaxis, swarming, reproduction and elimination-dispersal. A brief description of each of these processes
along with the pseudo-code of the complete algorithm is described below. Chemotaxis: This process
simulates the movement of an E.coli cell through swimming and tumbling via flagella. Biologically an E.coli
bacterium can move in two different ways. It can swim for a period of time in the same direction or it may
tumble, and alternate between these two modes of operation for the entire lifetime [16].

3.2.3Implementation of GA-BF Based PID Controller
Hybrid algorithm can be applied to the tuning of PID controller gains to ensure optimal control
performance at nominal operating conditions.

Input Output

GA-BF PID Controller Boost
Algorithm Converter

Feed back

Figure 4. Block Diagram of The Entire System

The block diagram of the entire system is shown in Figure4. The system output is denoted by R(s),
its input is denoted by C(s), and the reference input to the PID controller is denoted by C(s). GA can be
applied to the tuning of PID controller gains to ensure optimal control performance at nominal operating
conditions. After giving the above parameters to GA-BF the PID controllers can be easily tuned and thus
system performance can be improved. The system performance can be represented by the flow chart shown
in Figure 5.

For initialization, the user selects n, S, Sr, Ns, Nc, Nre, Ned, Ped, C1, C2,R1, R2 and c(i),
i=1,2,3....S. Also initialize the position Pin,1,1,1 ,i=1,2,3,....S and velocity randomly initialized.

Where n is dimension of search space

S is the number of bacteria in the population

Sr is the half of the total bacteria
Ns is the maximum number of swim length Nc is the number of chemotactic steps
Nre is the number of reproduction steps
Ned is the number of elimination and dispersal steps
Ped is the elimination and dispersal with probability
c(i) is the step size taken in the random direction

C1,C2 are the PSO random parameters and R1,R2 are the PSO random parameters.

Start
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Figure 5. Hybrid Algorithm Architecture
The tuning parameter for the hybrid algorithm is given in Table.4. The overall transfer function of
the entire system is

R(s) _ Kgs?+Kps+K;

c(s) (lL_Cd)Sz+(Kd+R[:1L_d-J)Sz’r(Ker[l—d{))HKi

(16)

The optimal hybrid algorithm tuned PID parameters can be calculated as Kp = 0.0233, Ki = 24.6386
and Kd = 0.002. After applying the tuning parameters to the algorithm the PID controllers can be easily tuned
and thus system performance can be improved.

R(s) 0.00257+0.02335+24.6386

(s) 1953.8112x107*2s+15.314x105s%+0.52335+24.6386 (17)

Table 4. Tuning Parameters

GA-BF Property Value/Method
Population Size 20
Maximum Number of 30
Generations
Bacteria Type E. coli bacteria
Performance Index/Fitness Mean Square Error
Function
Selection Method Roulette selection
Crossover Method Arithmetic Crossover
Crossover Probability 75%
Mutation Method Add/Sub Mutation
Mutation Probability 0.1%

4.  SIMULATION RESULTS

Recently many variants of hybrid algorithms have been investigated for improving the learning and
speed of convergence. The convergence characteristics are shown in Figure 6 and 7. The different bacteria
construction is shown in Figure 8 and 9.The step response of the hybrid algorithm is shown in Figure 10. The
Table.5 shows the comparison of different optimization algorithm techniques.
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Figure 6. Convergence Characteristics GA-BF Figure 7. Convergence Characteristics GA-BF
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Figure. 8 No of Bacteria considered - 20 Figure 9. No of Bacteria considered - 30
Table. 5 Comparison of Optimization Techniques
Tuning ZN Genetic Bacterial GA-BF
Parameters Method Algorithm Foraging Algorithm
Algorithm

Kp 0.05 0.0233 0.0211 0.0101

Ki 53.12 24.6386 23.54 22.56

Kd 0.004675 0.0020 0.0019 0.001

Maximum 0.509 0.501 0.402 0.321
overshoot

Rise time(sec) 0.0786 0.0255 0.0211 0.005

Settling 0.0963 0.0378 0.022 0.009
time(Sec)

Figure 10. Hybrid Algorithm Step Response.

5. CONCLUSIONS

Simulation results emphasis that the designed GA-BF tuning PID controller is robust in its operation
for its effectiveness in solving certain difficult real world optimization problems. In this work we will present
the Genetics Algorithm and Bacteria Foraging Optimization Algorithm as a novel algorithm using the social
foraging behavior for Escherichia coli bacteria to make tuning for PID parameters for an experimental plant
system. Comparing with Conventional Algorithm, this proposed algorithm was more efficient in improving
the step response characteristic for this system. Also, these controllers have a simple architecture and the
potentiality of implementation in real time environment.
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