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Abstract- This paper proposes an improved voltage controller using MultiStart optimization (MS) algorithm based Pl (MS-PI)
to control the modulation index for stand-alone PV inverter under different load conditions. In this proposed control algorithm

(MS-PI), kpand k; parameters are automatically tuned to avoid the trial and error procedure in classical P1 controller in order

to minimize the output voltage error. To do so, the mean square error (MSE) is used as an objective function with the
MultiStart algorithm code. MATLAB models (Simulink and Code) for a PV inverter and the proposed control algorithm are
developed. In order to get the desired output voltage of the inverter, a statistical evaluation for the proposed controller (MS-PI)
is investigated and compared with that one’s obtained by particle swarm optimization (PSO) algorithm based PI approach
(PSO-PI). Based on the results, the proposed controller has proven that its performance is robust and efficient in terms of total
harmonic distortion (THD), regulated voltage amplitude in term of oscillation, and minimum value of mean square error
(MSE) as compared to PSO-PI algorithm.

Keywords- PV standalone inverter, MultiStart optimization algorithm based PI (MS-PI), mean square error, total harmonic

distortion.

1. Introduction

Photovoltaic system (PV) is one of the most significant
topics in renewable energy resources (RES). The D.C
electricity is generated from the sun light collection using PV
modules and store it in such batteries [1, 2]. However, the
DC-AC inverter is an important part in PV systems which
convert the D.C voltage to A.C voltage. The voltage source
inverter is applied with different sources of renewable energy
such as photovoltaic solar, wind, fuel cell, and so on [3-9].
For standalone PV system, the inverter is located between
the DC source and the loads to achieve the desired output
[10, 11]. In addition, the output voltage and current
waveforms for a voltage source inverter should be controlled
based on a control technique by comparing their feedbacks
with reference value. Thus, the main objective of a good
inverter design regardless of different loads are externally
connected [12-15] is the controller improvement to provide a
constant frequency and amplitude voltage as mentioned in
the international standard IEEE-519-1992 [16].

There are a lot of controllers’ techniques have been
applied in the literature to meet the successful effectiveness
of the output inverter performance. For example, PI

controller used to regulate the voltage response for the PV
grid system as in [17] because of its simplicity in structure
design. The researcher in [18] has proposed a conventional
controller of proportional-integral design to control the boost
converter for the inverter system in order to get a good
performance. In a related research, a field programmable gate
array (FPGA) has been used in the PV inverter systems to
develop the control algorithm described in [19, 20] but it
considered a time consuming task because it needs a wide
knowledge in software programming. In [21] a traditional PI
controller has been proposed which requires differential
equations to obtain a better performance by controlling the
DC-AC inverter. On the other hand, it is difficult to tune the

Pl parameters (k.p , k;) because of its mathematical model

[22]. Therefore, the utilization of optimization techniques in
tuning the PI controller has been widely investigated to
improve the inverter performance. In [23], genetic algorithm
(GA) has been utilized in finding the optimal Pl parameters
to control the inverter performance especially the output
voltage. In addition, particle swarm optimization (PSO) has
been applied in tuning the Pl parameters for different types
of applications [24-26]. Yet, a tuning method for finding PI
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coefficients using MultiStart optimization algorithm (MS)
has not been applied in the stand-alone inverter applications.

In this paper, an optimal PI controller using MultiStart
optimization algorithm (MS) is proposed for the stand-alone
inverter in order to get the desired output. In this control
algorithm (MS-PI), the manual trial and error procedure in

getting kpand k; parameters which used in classical Pl

controller is avoided under different load conditions. Based
on this, the mean square error (MSE) is used as an objective
function to evaluate the response performance and minimize
the output voltage error for the inverter. Finally, the
simulation results of the proposed controller (MS-PI) are
compared with the obtained results by using (PSO-PI)
controller. An explanation of other details is discussed in the
following sections, section 2 describes the inverter model
with proposed controller (MS-PI) using SVPWM. Section 3
explains the proposed optimal MS-PI controller and its
flowchart including the MS algorithm concept. Finally, the
results and discussion presented in section 4.

2. Inverter with Proposed Controller

The overall schematic diagram is shown in figure (1). It
consists of a PV source, DC voltage, single-phase inverter
(DC-AC), LC filter, an intelligent voltage controller
connected through two different loads, and SVPWM method.
The main feature of a good inverter is to generate the AC

output voltage. The output voltage of the inverter (V},44)

can be sensed at the terminal of two different loads (R1, R5)
and it can be represented as [27]:
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Fig. 1 Inverter model with proposed controller (MS-PI) using
SVPWM

PI controller is one of the popular feedback controllers
used with inverter applications for providing an excellent
control performance and higher stability. The typical transfer
function of the PI controller shown in equation (2) consists
of two basic parameters; Proportional (P) and Integral (I) [28,
29].

U K;
Gpr(s) = Eg =K, +5 2

Where, K, is the proportional gain, K;is the integration

gain, U(s)and E(s)are the control signal and the error
signal which computes the difference between the reference
voltage (me) and the measured output voltage

(Vi0aa) correspondingly at each sampling time. After that,

the generated error is then sent to the proposed controller
which includes the harmony search algorithm based PI

approach. Next, a comparison between V_ ;101 and

Varrier based bipolar SPWM method is done to derive the

inverter by generating the IGBT switching signals in order to
obtain the desired output. On the other hand, the designer
must adjust the boundary values of the Pl coefficients
(kp,ki) in any standard design by using trial-and-error

procedure until the result is satisfied [30, 31]. This is
considered a time consuming task. Therefore, the
optimization algorithms represent the optimal and the
efficient solution to find the PI coefficients by considering
the error (e) shown in equation (3) signal is the optimization
problem.

€ = Vref - VLoad 3)
3. Optimal (MS-PI1) Controller

The optimal controller for the standalone inverter is
shown in figure (1) which consists of MultiStart algorithm
based PI approach (MS-PI). The MultiStrat (MS) is a well-
known meta-heuristic optimization algorithm  which
considered a multiple decision criteria. It can be optimized
simultaneously especially with the science fields including
engineering to find either a set of optimal solutions [32, 33]
or multiple local minima for bound constrained problems
[33]. The output voltage error between the comparison of the
reference voltage and the measured voltage is formulated as
an optimization problem and the MS algorithm is able to
search for the optimal controller parameters. In short, the
optimization process starts by creating a new solution using a
fitness function in order to improve the quality of the
generated solutions.

A more explanation of the optimization process for
controller parameters tuning using MS algorithm is presented
in figure 2. The first step in this process is to initialize the

solution boundaries of Kp, K; which represent as start points

and then it starts searching in local points of groups to find
the global optima. The second step is to specify the
properties of MS algorithm. Thirdly, local searches based on
initial parameter ‘x0’ are started to generate start points.
Next, run the overall system shown in figure (1) and find the
fitness function value in order to search for the optimal
values of the proposed control algorithm. The fourth step,
update the start points and run the system again to find the
new value of fitness function. After that, a comparison
between the new generated fitness value and the previous
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value is usually done to check the criteria of stopping
conditions “which one has the minimum value”. If the new
fitness value is smaller than the previous value, then the new
value will be replaced by the old one. Else, the process will
re-evaluate the fitness function shown in equation (4)
through the run of local solver in next iteration. According to
the run of local solver from multiple points, the best optimal
value is chosen as the starting point in the current iteration
and the generated optimal value is stored for next iteration.

Finally, the optimal solutions of K, K; are found and the
objective function (MSE) for the MS optimization algorithm

is computed as well.
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Fig. 2 Flowchart of MS optimization based PI

For the investigation purpose, the proposed inverter
parameters are shown in table 1. In addition, mean square
error (MSE) is required as an objective function to evaluate
the inverter performance [35].

1
MSE = EE;:]_ Vref - VLoad )2 4)

Where L is the

evaluate MSE, It can be defined as (simulation running
time/sampling time).

samples number which used to

Table 1: Proposed inverter parameters

Parameters Values

Input DC voltage, V,, 350V
Filter inductance, L 4.7 mH
Filter capacitance, C 15 puF
Resistive load, R1 250, W
Resistive load, R2 500, W
frequency Switching, f; 10 KHz

4, Results and Discussion

In this section, the proposed stand-alone inverter and the
control algorithm shown in Fig. 2 were modeled and
investigated using the environment of MATLAB
Simulink/Code. There are two tests have been done to
demonstrate the effectiveness of using the Multistart
optimization algorithm based Pl controller. The first one is
statistical analysis, Fig. 3 displays the convergence
characteristics of MS-PI as compared to the convergence
characteristics obtained by using PSO algorithm based Pl
(PSO-PI). In both optimization algorithms, same parameters
are used like number of iterations, population size,
dimension of problem, and the objective function in equation
(4). Based on Fig. 3, it is clear that the convergence of the
proposed MS-PI is faster than PSO-PI. In other words, the
obtained response of the overall inverter system is better and
robustness under different loads conditions.

Furthermore, a Wilcoxon test was conducted to verify
whether the obtained results by using MS-PI and PSO-PI
algorithms are statistically significant. Based on the
generated report, the ratio of the p-value for the HS-PI
controller is less than 0.05 (p-value <0.05). This is to indicate
that the tested iterations which done by MS-PI is statistically
better than PSO-PI. In addition, the box plot based on MS-PI
and PSO-Pl over 50 runs is described in Fig. 4 to
demonstrate the effectiveness of the obtained solutions
distribution by both algorithms. It is shown that the results of
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solutions distribution which generated by MS-PI is better
than PSO-PI especially the error value of the objective
function (MSE) under different loads.
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Fig. 3 Fitness function based on MS-PI and PSO-PI
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Fig. 4 Box plot based on MS-PI and PSO-PI

The second test, in this study, the simulation has been
carried out for 0.2 s with resistive load is 250 W and the
sampling time (Ts) is 1us to assess the inverter performance.
Figure 5 shows the waveform relationship between the
current and the voltage for the proposed inverter, the rms
voltage is 219.5V which equivalent to 310.5V as a peak
voltage and the rms current is 2.5 A which equivalent to 3.55
A as a peak current. Both of them are sinusoidal with 50 Hz,
where the load current is scaled up to show the phase
difference with each other. It is observed that the phase shift
is zero as expected (unity power factor).
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Fig. 5 Output voltage and current waveforms

To indicate the robustness of the proposed controller
algorithm for the inverter, a sudden load change in the
resistive load has been occurred. The load increased from
250 W to 500 W at 0.2 s, the total time for the simulation is
0.5 s. Fig. 6 shows the output voltage and -current
waveforms, it is noted that the stability of the sinusoidal
waveform is clearly noted with 50 Hz through different load
connected. Meanwhile, the response of transient and steady-
state values is achieved quickly similar to the output voltage
waveform.
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Fig. 6a Output Voltage during load change
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Fig. 6b Output current during load change

There is a little bit effect of oscillation which disturbs the
output voltage and change the controller signal as well.
When the proposed controller detects that, it regulates this
disturbance by controlling the inverter modulation index
through supply a suitable control signal. This is to say that
the proposed controller algorithm has succeeded to track
different load conditions in order to get the desired output
voltage as compared to the reference value.
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Fig. 7 THD for the output current

On the other hand and according to the standard IEEE-
519-1992, the total harmonic distortion (THD) is one of the
important standards that used to describe the quality signal of
the inverter output waveforms. Therefore, Fast Fourier
transform (FFT) has been conducted to the current and the
voltage waveforms in order to calculate the total harmonic
distortion for both of them which must be less than 5%. The
THD for the output current waveform of the proposed
inverter system is found to be 2.835 % shown in figure 7,
which meets with the international standard along with 200"
harmonic order (10 KHz) as a frequency spectrum. While,
the THD for the output voltage waveform is 0.20 % as
presented in figure 8 which conforms to the standards as
well.
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Fig. 8 THD for the output voltage
5. Conclusion

The In this research, an optimal voltage controller (MS-
Pl) has been proposed using MultiStart optimization
algorithm for the standalone PV inverter under sudden load
change. The main purpose of this algorithm is to find the
optimal parameters of the PI controller automatically with
inclusion of using the mean square error (MSE) as an
objective function in order to improve the dynamic
performance of the inverter output by minimizing the voltage
error. The PV inverter and the developed control algorithm
are modeled using MATLAB environment for both Simulink
and Code (m.file). Based on the results, the developed
control algorithm has clearly provided a very good transient
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specifications in term of oscillation. Furthermore, it meets
the international standard (IEEE-519-1992) in term of
reducing the THD for both current and voltage outputs which
are 2.98 % and 1.84 % respectively. Finally, an efficient
evaluation between the developed algorithm and the PSO-PI
algorithm has been done to ensure the accuracy in term of
minimum error. It is found that the MSE value of the
developed algorithm is 0.00049 as compared to 0.00599 of
PSO-PI algorithm.
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