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Amadou BA power production of a photovoltaic system with storage in building in tropical area. These projects are
now the main challenge to participate in energy transition in key sectors like building. Furthermore,
they enhance the resilience of the multi sources systems through a modern management hard skil based
on artificial intelligence applied to renewable energies. We begin by the optimization of the PV
system to enhance the production and at the end, a control and management of energy of the whole
system is done. Adaptative technics based on Artificial Neural Network are used for the optimization
and system control due their good performances on non-linear applications. The energy management is
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inverter are used to transfer the energy produced by the
I. INTRODUCTION PVS [4] to the grid and a control strategy of each component
is necessary to avoid to disrupt the grid. There are several
topologies of single-phase PV grid connected [5], [6]
systems and two-stage configuration are mainly used
because of its advantages of decoupled control since
maximum power point tracking (MPPT) control and current
injection control are decoupled at different stages.
However, to enhance to production of these systems, the
energy injected to the grid

Nowadays, in tropical area, various nonconventional
energy sources such as solar energy, wind energy, hydro
energy etc... are converted to electrical for energy needs.
The use of renewable energy sources can reduce the
environmental pollution by cleaner electrical energy
production and contribute to our energy transition.
Nowadays the use of energy in building increase and make
the sector on the first place in energy consumption in

Seénégal. Renewable energy in particular photovoltaic [7] must be optimized. Even if everyone is involved in this
systems (PVS) seem to be the solution to this problem area, the grid-connected PV system is accountable for
because it doesn’t limit to standalone systems but also meeting the requirements for integrating a PV system to the
contribute reduce building energy depending on fossil oil grid. As defined by the Institute of Electrical and Electronics
[1]. Senegal government had participated in this mix energy Engineers (IEEE) standard like a total harmonic distortion
challenge by its renewable’s energies potentials [2], [3]. An (THD) of the injected current must be less than 5 % [8].

electronic component such as a converter and/or an
59
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These reasons make that it is fundamental and necessary to
design a controller in order to solve the problems raised of
the multi-sources PV systems. These controllers can be split
in three categories, the first is to optimize the energy, the
second is to control and regulate of the DC voltage link, the
three is the management of the energy between the sources
and loads. In the literature, various control techniques
commonly known as Maximum Power Point Tracking
(MPPT) controls have been developed to optimize the
efficiency of photovoltaic modules. Various con- trollers
classical and intelligent are developed to optimize the
conversion efficiency of PV systems [2]. These commands
are fuzzy logic (FL), genetic algorithms, artificial neural
networks (ANN), the Optimization swarms of particles
(PSO) and the Adaptive Neuro Fuzzy Inference System
(ANFIS) which the combination of artificial neural network
and fuzzy logic. In [3], we note the good performance of
ANFIS control compared to a heuristic INC command to
optimize the conversion efficiency of a PV system. The
results show that the intelligent control displays a response
time an order of 2.4 s and leads to an efficiency of 99.94 %
compared to 94.41 % obtained with InC control. In [9], a
MPPT method based on Artificial Neural Network (ANN)
was proposed for continuing the overall of the MPP in
various weather conditions for a stand-alone PV system
compared to an ANFIS MPPT. The proposed method
includes the PV characteristics scanning procedure with the
ANN and ANFIS controller in the shading effect. The
simulation results show that the proposed method is able to
find the MPP and ensures rapid convergence towards this
point with good efficiency in non-uniform weather
conditions. To ensure an optimal transfer of the energy to
the grid, the input voltage of the inverter must be kept at a
constant value and it is impacted by the weather conditions.
The variation of the DC link voltage is disturbed by the
current variations of the PVS and the load or grid current
[10], [11] and many researchers have focused their study
on regulation of DC link voltage. In [12] a proportional
integral (P1) and Model Predictive Control (MPC) for
maintaining a constant DC link voltage is proposed. The
simulation results of this study found that the control
strategy maintains the dc-link voltage and the (MPC) give
the better performance with low overshoots. In order to
enhance the performance of the conventional and the most
useful controllers like (P1) and proportional integral derive
(PID) an intelligent controller based on fuzzy logic (FL) is
used. The (FL) controller readjusts the (PID) gains in real-
time to improve the process output response as adaptive PID
during system operation under parameter uncertainty and
disturbances and it has a robust behavior and good transient
response [13]. A comparative study of a fuzzy logic and a
PID controller is done in [14]to maintain the DC link
constant of a stand-alone DC application. The FL reduce the
peak overshoot of the DC link voltage by 16.23 % and 14.62
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% respectively as compared to the system with PID
controller. Another control techniques and strategies have
been proposed such as conventional and intelligent control
for the control of the inverter grid system. The conventional
controllers like Pl and PID are the most used in the industry
because of their simple design procedure and are the basis of
systems control. Because of the proportional, integral and or
derivable action, they give good performance in systems
control. These correctors are used in [15], [16] for grid
connected PV applications. The resonant correctors are most
used in photovoltaic systems because they give good
performances. These are similar to Pl correctors; the only
difference is the way in which the integral action takes part
and integrates only the frequencies near to the resonance
frequencies [17]. In [18] a synthesis of the resonant
corrector is made for to control of the output current of
a single- phase inverter connected to the grid. A
comparative study of a resonant corrector (RC) and Pl is
made in [19] for the control of the current of a three-phase
inverter grid connected supplied by a photovoltaic source.
The comparative study is focused on the Total Harmonic of
Distortion which must be below 5 % [20] for the currents.
The simulation results show the good performance of the
resonant corrector and gives a current THD of 2.21 and
1.27 % respectively for the PI

[24] a fuzzy logic controller associated with a PID corrector
has been studied. The FL controller changes automatically
the PID parameters according to the load variations. This
objective is achieved with a fuzzy logic controller
combined with a Pl corrector [25] in order to improve the
performance of the conventional correctors. An
implementation of a fuzzy logic PWM (Pulse Width
Modulation) is done in [26], [27]. The main goal is to obtain
good power quality with less distortion and quick response.
Simulation results with fuzzy logic under Matlab give a low
THD compared to a Pl. A combination of two fuzzy
regulators is made and the study has shown that the
fuzzy-PID logic controller gives better precision and the
advantage is a reduction of the PID parameters variation and
the rules of the fuzzy controller. In [28], [29] a study of a
neural controller to control an inverter is made. Then the
vector control of these is done successively by MLI and
hysteresis. The objective is to enhance the active and reactive
power of the system. The simulation results show a good
performance with the possibility of compensating for
reactive power and a low THD. A study of an adaptive
control of a single-phase inverter is made in [30] the
objective is found the optimal parameters of the Pl by an
ANN to improve the energy quality. Simulation results
showed that the proposed method is able to control the
current under all weather conditions and an TDH is 0.41%.
We also note the good performance of a response time and
precision of a neural control compared to a classic Pl in
[31]. The two output components of the controller direct are
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direct (Vq) and quadratic (V,) voltage and the genetic
algorithm is used for learning. To enhance a performance of
a fuzzy logic, an artificial neural network is used to choose
the membership function [32]. The objective is to reduce the
ripples of active and reactive power and to generate a
perfectly sinusoidal current waveform and a low THD. The
simulation results confirm good performance and excellent
robustness of these controls. To enhance power quality (PQ)
of a grid connected Photovoltaic (PV) system in [33] a
combined performance of both the Radial Basis Function
Neural Network (RBFNN) and Proportional Integral (PI)
controller is done. During the testing time, the RBFNN
predicts the gain parameters of the PI controller as the grid
side parameter variation and the PQ of the grid side has been
enhanced and it is proficient over the other conventional
technique. In [34] a closed loop control of nonlinear
system connected inverter based on the hybrid technique is
proposed. The proposed method rests on the hybrid
technique which is the combined performance of both,
particle swarm optimization (PSO) technique and Radial
basis function neural network (RBFNN). The comparison
results have proved that the proposed method is the most
effective technique to reduce the THD, and to improve the
efficiency and power factor compared to the others control
and in [35] we show a good performance of a Radial Basis
Function Neural Network (RBFNN).

Other researchers are interested to the synchronizing the
grid photovoltaic systems in order to allow an adequate
transfer of energy. A precise synchronization system is
needed to esti- mate the grid voltage parameters that are
voltage amplitude, frequency, and phase angle, as these
values are needed for conducting an accurate control of the
active and the reactive power delivered to the grid but
synchronization system works as an oscillator at a fixed
frequency. In order to inject the maximum power extracted
to the photovoltaic system, while ensuring unit power factor
operation, the angle of the network is estimated by a phase
locked circuit (PLL) [36], [37] so that the network voltage
must be on the quadrature axis.

Important research has done in literature to enhance the
power quality of the grid connected PV system. There is
lack of published to use an intelligent controller based on
neuron network to control two-stage energy conversion
system. The proposed intelligent control enhances the
quality of the power injected to the grid and reduce the THD
to a level low than the IEEE standard.

Il. HYBRID PV-BATTERY SYSTEM CONNECTED
TOTHE GRID

Figure 1 shows the schematic diagram of a multi-sources PV
system connected to the grid. Two-stage configuration is
used and includes a boost converter, single phase inverter
and the grid. The DC-DC converter along with an MPPT
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controller are used to extract the maximum power from the
PV module. Many MPPT methods have been proposed in
literature to optimize the PVS power. In this paper an ANN
(Artificial Neuron Network) already implemented has been
used and the model of the PVS and the converter is done [38].
To control the injected current to in to the grid an intelligent
controller is also used based on radial basis function neural
network (RBFNN). And the energy management between the
sources and the loads is done by an energy management
system implanted to protect the batteries and also perform
it lifetime. This system can be used in many applications
and participate to enhance the energy mix in Senegal, where
important policies have been developed to reduce the energy
dependence by exploiting our renewable energy resources.
the power of renewables energies (solar PV) in 2023 is 226
MWec in our electricity mix [39]. This an important step for
Senegal for the energy transition and need to enhance this
part in order to have a universal electricity until 2025 on of
the government priority. In other hand, the management of
energy helps building to optimize the consumption in line
with energy management policies make place by Senegal.
This study system is given below and has several

applications and multiple sources, PVs, Storage, DC Loads,
AC Load and Grid. The main objective of this work is to
make place an energy management software to control the
whole system.

v =~ | INTEGRATED CONVERTER
& INVERTER COMPLEX
i T
| \ |
y

Figure 1. Schematic diagram multi-sources connected
photovoltaic system.

I11.POWER OPTIMIZATION
A. MPPT based on ANN

Power optimization by Artificial Neural Network (ANN)
Artificial intelligence is considered as the most appropriate
control techniques through their coping capacities for
nonlin- ear systems [40]. It is no longer limited to win
championships ‘alpha GO’. There are many applications of
artificial intelli- gence, which is used in the recognition
systems, in the image processing, in the industries, etc.... In
the present paper, we used ANN to control a converter to
extract the maximum power of a photovoltaic panel. As in
artificial intelligence technique, we used artificial neural
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networks that are highly connected to networks of
elementary processors operating in parallel. Each
elementary processor calculates a single output based on
the received information. Here, in our work we used
multilayer perceptron (MLP) that better fit with the non-
linear systems [41]. The neurons are connected in multiple
layers and the signal goes from the input to the output
layers

[42] and it has no interconnection between neurons of the
same layer. We are going to go along with the
following steps to design the network MLP artificial
neurons. There are several steps to design the ANN in
Matlab and all these steps are summarized in the Figure 2.
The converter maintains continuously the PV panel
operating at the MPP in order to extract the maximum power
available for each variation of the environmental conditions.

B. RBFNN current controller for a single-phase
inverter

An artificial neural network (ANN) is a massively parallel
distributed processor inspired from biological neural
networks, which can store experimental knowledge and
make it available

Begin

* Maasure [y et Vpy

* Calcolate de Ppy

* Normalization of the Database

* Répartition of the Databaza - P % pour
1'apprentiszage et V % Validation

ANN design
* Choasa the type of ANN : PMC
* Chooze of ANN confizuration
* Choose of the activation fonction of each layer

Initialization of the paramaters
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* Cost fmction : T
* Stop criteria MSE = 107*

* Mumber of h Koy = 1000
umber of apoach Ky, P
Leaming data Leaming process :
* Type of Leaming
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Tes
Validation data

| Validation of the modsl ‘

T

Figure 2. Algorithm of energy optimization.

for use. There are several different types of ANNs and
multi- layer perceptron networks (MLPNN) and radial basis
function neural network (RBFNN) is the most used. RBFNN
network is a type of feed forward neural network composed
of three layers, namely the input layer, the hidden layer and
the output layer. Differing from MLPNN, Gaussian transfer
function is employed in the neurons of hidden layer [43].
Figure 3 show the RBFNN architecture composed of the
input layer, the hidden layer, with a high enough number of
nodes (neurons) and each of these nodes performs a
nonlinear transformation of the input, by means of radial

basis functions and the output layer. The RBFNN output
constituted k of is given by the

—_ |' hl
l X1 ] wl
( x2) ( nz) (% )
/ w2 £, v
T T
{ %= ) ./ "m
~— { hm )

Figure 3. Radial Basis Function neural network
architecture.

following equation [44]

n
Y=Za)ihi—b D
i=1

h; is radial basis function is also taken to be Gaussian
function [45], [46] and defined as follows:

h _ ( x—Cp ) 5
m () = exp (7555 €
Where, k is number of neurons in the output layer m is
number of neurons in the hidden layer

w is the weight of the network

X is the network input

¢ is the center vector of the m™ neuron

B is the spread parameter of the j™ neuron

The design procedure of the RBF neural network includes
determining the number of neurons in the hidden layer.
Then, in order to obtain the desired output of the RBF neural
network g;, C, m and « parameters might be adjusted
properly. This technic to adjust these parameters is called
learning (or training) method. The Gradient Descent is
commonly used [47][49] based optimization algorithm used
for finding a local minimum of the function and minimize
the error E.

E=30"—s? (3

Where vy tilde is the desired output of the RNFNN and the
updated equation of the weights can be expressed as
following:

Qe = Qe (E+ 1) — Zko )]
dE
Cm = Cm(t+1)—§a 5)

Nowadays instead of conventional control and optimization
methods, artificial intelligence techniques are rising for the
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optimization and control of renewable power systems. They
are improving efficiency of renewable power generation. To
design an ANN, it is available to obtain a data base required
for the training or learning task. Here, the RBFNN has been
training by using the inputs and the outputs of a Pl controller
as show in figure 4.

Start

B=1
Error =1072
m = [1t0 Myay]

AP and AQ the inputs
¥ desired outputs

v 1

Ilx — cmll ;
hp(x) = exp(— 3 ) Weight Update
2B pw = OE

1 W = N Wi
m

Y= w;h,

k ; 17 INO

Yes
E = Error — End

E=) 05 —s

Figure 4. RBFNN flowchart.

The inputs are the errors of either active AP or reactive AQ
current and during the learning step the RBFNN predicts the
outputs of the PI controller.

To create the RBFNN the flowchart shown in figure 4 is
implemented in matlab. The network is built up
iteratively by adding a neuron at any time step, so on until
the error falls into the expected limits. The parameters of
artificial neuron are the spread g and the model
performance is comparatively better with spread value of 1
[50]. The trained network was then tested for the
prediction of the all data series providing a correct
response with low error.

IVV.ENERGY MANAGEMENT

The main objectif to develop an energy management is
to ensure it repartition between the sources and the load.
Depending on the different weather conditions, the system
operates in one of the following modes Figure 5.

The structure of the energy management between the
sources and the load is presented in figure 5. When the
power available of the PV system is superior of the energy
need by the load, the PV system feeds the load and charge
the battery. In otherwise the battery is discharged and feeds
the load.
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Mode 1

. Mode 2
Manzf;%n}l,ent Mode 3
Mode 4

Mode 5

Figure 5. Energy management.

- Mode 1: If the power of the panels (Pp,) is equal
to the load power (Pcp) S1 is ON, S2 and S3 are
off.

- Mode 2: If (Py, ) is higher than (Pc,) and the Soc
(State of charge) of the battery is between 20 %
and 85% S1 is On, S2 is On and S3 is Off.

- Mode 3: If (Ppy = 0), there is no production from
the PV panels and the Soc is between 20 % and 85
% le battery supplies the load S1, S2 are Off and S3
is On.

- Mode 4: If there is no production from the PV
panel and the battery is discharged S1, S2, S3 are
Off.

- Mode 5: If the PV system power is egal to zero
(0), non-weathers conditions, and the SOC of the
battery is between 20 and 85 %, the batteries feed
the loads S2 and S3 are connected.

The energy management method study with the whole multi
sources system will be implemented in Matlab software. We
present now the simulation results and evaluate the perfor-
mance the controller and discuss the results.

V. SIMULATION RESULTS AND DISCUSSION

The system is described in figure 1 is implemented in Mat-
lab/Simulink. The proposed technics of the whole system
are analyzed by using the sunshine shown in figure 6 and 7
and they performances were analyzed. To evaluate the
performance of the ANN MPPT in partial shading
conditions and it is compared to a classical InC MPPT.

1000 T T T T 100

Irradiance
Temperature

»
=
=]

Irradiance ( W/m?)
Temperaﬁﬁe (°C)

10 12 16
Time (h)

Figure 6. Mars Sunshine characteristics.
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Figure7. August Sunshine characteristics.

A. Power optimization

The simulations results are summarizing in two steps: opti-
mization power and the repartition of the power between the
different sources to the load.

Figure 8. Power generated by PV in March.

As shown in Figure 8 and 9 we noted that the proposed
methods show a good prediction of the power for different
weather variations. For a variation of sunshine, as illustrated
in Figure 8, the power of the ANN controller is about 34 W
for solar panel. ANN and InC exhibit very good
performance to track the MPP. ANN MPPT predicts the
power of the panel with high rapidity; accuracy and few
oscillations compared to the InC MPPT. The statistics
analysis like the RMSE (Roots Mean Square Error), the
MAE (Mean Absolute Error) and the MAPE (Mean
Absolute Percent Error) [51] for each controller are plotted
in Figures 10 and 11. These results show that the ANN
control has a low RMSE and both the MAE and
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Time (h)

Figure 9. Power generated August.
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Figure 12. Yield (%).

MAPE give low values compared to the INC command.
MAPE helps us to verify if the predicting model results fit
the results of the practical design or not. Usually, smaller
values for MAPE indicate a better fitting model.
Therefore, the ANN achieves lower values compared to InC
controllers as shown in Figures 10 and 11. Figures 12
evaluate the yields of the two MPPT controller in no-
uniforme weathers conditions. For a sudden variation of the
climatic conditions, the adaptive controller based on ANN
give better performance and is most robuss than the InC
MPPT controller.

B. Inverter control

The regulation of the DC link is made by using a classical Pl
controller in order it follow the reference voltage. Similarly
for the current control two methods are used, a classic Pl
and an intelligent based on RBFNN controllers.
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Figure 13. The output voltage tracking of the boost
converter with PI.
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Figure 14. Active and reactive power with Pl and
RBFNN in partial shading condition.

TABLE 1: CURRENT QUALITY.

Corrector THD
Pl 2.04 %
RBFNN 1.84 %

We show in figure 13 that the regulated DC link voltage
is done, it is maintained at the constant value Vs =500V
for each sunshine variation with the Pl controller.
According to

Voltage (V)
Current (A)

-40

Time (M) 2| -
1]

40
iz 1z2.52 1z.54 12t

Figure 15. Injected current and grid voltage.

TABLE 2: PERFORMANCE STUDY

Corrector Response time (ms) Overshoots
PI 6 80
RBFNN 2 20

The statements listed above, the photovoltaic output
waveform output track the reference.

Hence, Figure 14 show the active and reactive power
exchange and the grid power factor is maintained unity by
sustaining the reactive power is zero. This unity power
factor is confirmed by as shown in figure 15 where the
injected grid current is in phase with grid voltage. An
analysis is done to evaluate the injected current quality of
the proposed controllers. For variable irradiation, the current
THD of the system is plotted while employing Pl and
RBFNN controller. The THD Table I of current using
different controllers lie below 5 % of the IEEE standard and
we found 1.84 and 2.04 % respectively for the PI and the
RBFNN. The result shows that the proposed method gives a
low THD unlike the RBFNN proposed in the reference

[52] where the author obtained a THD of 2.72 % larger than
our result. Table Il shown the robustness of the RBFNN in
partial shading condition and it has a fast response time and
low oscillations. Optimization of the energy produced by the
sources will be followed by good communication between
them to ensure control of energy needs. Next, we will set
up a system for managing the energy produced by the
sources.

C. Energy management

The figure 16 show the powers variations during the simu-
lated day. The figure 17 and 18 indicate the state of
charge of the battery and the switch mode of the converters
(Boost and Buck-Boost) and the operate in complimentary
mode. By comparing the switching times with the power
variation curve, it is possible to evaluate the ability of the
control algorithm to perform the energy management of the
system according to the variations of the sources and of the
demand

Power (kW)
(%]

o

10 15 20
Time (h)

Figure 16. Power management between the sources.
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Figure 18. Operation switch of the buck-boost converter.

e From 0:00 to 8h, there is no sunlight yet, only the
battery supplies the load: the buck-boost converter
operates on mode boost S1 and S2 are OFF and S3 is
ON,;

e From 8h to 10h, the solar panels start to produce
but the power delivered is still lower than that requested
by the load and the battery discharge to complete the to
the required power the buck-boost converter operate in
mode boost S2, S2 and S3 are ON;

e From 10h to 17h, the solar panels produce more than
they consume charge, the excess is used to charge the
battery the buck-boost converter operate in mode buck
S1,S2isand S3 are OFF;

e From 17h to 18h, solar illumination decreases and pho-
tovoltaic power is found lower than that of the load, the
battery discharge converter operates in mode boost Slis
Off and S2 and S3 are ON;

e From 17h to 23h, there is no more sunlight, only the
battery supplies the load converter operate on mode
boost S1 is off and S2 and S3 are ON.

One of the currents priorities is to make rational use of
energy through optimal use. The developed energy manage-
ment method shows a uniform distribution of energy
between sources and also allows the protection of the
storage system.
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V1. CONCLUSION

The management of energy is now developped in many
contries due it advantages to reduce the dire energy
loss. In building, the use of renewable energy is a
main key to satisfy the energy consomption in tropical
erea. The In this study, an energy management and control
of a multi- sources PV system is designed and studded. To
enhance energy production, adaptatives controllers are used
to track the MPP in no uniform weathers conditions and
compared to a classical method. The simulation results
show the aptitude of the algorithm to follow the variations
of the environment and ensure the energy management
between the sources. In the future, we will test this energy
management controller in the whole months of the year.
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