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Abstract: The major players in renewable energy generation are photovoltaics (PV), wind farms, fuel cell, and biomass.
These distributed power generation sources are widely accepted for microgrid applications. However, the reliability of the
microgrid relies upon the interfacing power converter. This paper proposes an artificial-intelligence-based solution to
interface and deliver maximum power from a photovoltaic (PV) power generating system in standalone operation. BLDC
motor is connected at the output side which acts as a load and efficiently utilizes the power obtained from solar using
ANFIS. The gZSI acts as the interface in between the PV dc source and the BLDC motor. ANFIS promises the maximum
power delivery to the load based on maximum power point tracking (MPPT). The proposed ANFIS-based MPPT offers
high efficiency and accuracy. The closed loop control regulates the speed of the BLDC motor for different load conditions
and also maintains regulated voltage and current. The effectiveness of this proposed method is verified using
matlab/simulink software.

Key words: quasi-Z-source inverter (qZSl), Adaptive neuro fuzzy inference system (ANFIS), Solar power generation.

l. INTRODUCTION

THE WORLD pays growing attention to the renewable,
clean, and practically inexhaustible energy sources such as
Photovoltraic (PV) [3], wind, tidal, Geothermal energy.
Among these PV energy is a main and appropriate
renewable energy, owing to the merits of clean, quiet,
pollution free, and abundant. Photovoltaic (PV) installations
are a familiar reference in this landscape, ranging from small
(less than 5 kW) residential plants to larger (thousands of
kilowatts) grid-connected PV fields. Maximum power point
tracking (MPPT) is used here to get the maximum possible
power from photovoltaic device [7],[11]-[16]. Solar cells
have a complex relationship between solar irradiation,
temperature and total resistance that produces a non-linear
output efficiency which can be analyzed based on the I-V
curve as shown in the Fig. 1. It is the purpose of the MPPT
system to sample the output of the cells to obtain maximum
power for any given environmental conditions. For MPPT
control commonly used techniques are Perturb and Observe
(PO), Incremental Conductance Technique(ICT), and
constant voltage where these techniques suffers with the
oscillation of power output around the maximum power
point and increased computation time even under steady
state illumination. Thus this paper proposes ANFIS
techniques to determine the maximum power capability of a
PV module for variable solar irradiance and temperature
conditions. The ANFIS integrates the neural network and
fuzzy logic [9], thus this synergy offers the most powerful

artificial intelligence technique.
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Artificial intelligence (Al)-based methods are increasingly
used in renewable energy systems due to the flexible nature
of the control offered by such techniques. The Al techniques
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Fig. 1. Solar I-V curve

are highly successful in nonlinear systems due to the fact
that once properly trained they can interpolate and
extrapolate the random data with high accuracy. Voltage and
current are taken as the input to the ANFIS[4] controller. In
contrast, the presented technique utilizes the weather
information as the input to the ANFIS where BLDC[2][10]
motor is driven from the output of qZSI[1][5]. The proposed
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technique of using ANFIS-based MPPT offers highly precise
and fast control with robust operation and is highly suitable
for standalone operation in PV generation systems.

1. SYSTEM ANALYSIS

In existing system the conventional inverter is oversized to
cope with the wide PV array voltage changes because a PV
panel presents low output voltage with a wide range of
variation based on irradiation and temperature, usually at a
range of 1 : 2 hence to interface the low voltage output of an
inverter to the load, a bulky low frequency transformer or
boost dc/dc converter is used where both requires galvanic
isolation. Galvanic isolation increases the cost and size of
whole system with reduced efficiency. It also uses perturb
and observe, Incremental conductance methods are used to
track maximum power point which suffers by oscillations to
track maximum power point where accurate MPP cannot be
achieved through this. The output has been given to the grid
alone without any isolated load condition such as three phase
load.

Quasi-Z-source inverter (qZSIl) topology has been
introduced recently to overcome some of the shortcomings
of the Z-source inverter. The gqZSI offers several advantages
over the Z-source inverter such as continuous input current,
reduced components rating, higher reliability, and simple
control strategy. This topology of the inverter is identified
as one of the most suitable power conditioning interface
between the PV generation system and the grid. This paper
presents an improved power circuit topology of gZSI where
one capacitor of the quasi-Z-source network is replaced by
storage batteries, thus flexible power conditioning
functionalities can be achieved. In the proposed structure,
the load can be isolated or it can be a micro grid or a full
scale grid. Given the condition that the battery is within its
valid charge or discharge status, MPPT can be accomplished
by sending the captured extra power — to the battery, or the
output power can be maintained for period of time by
extracting absent power — from the battery. It is much
important for large-scale PV systems interfacing the power
grid, where stable and sustainable energy supply is always
demanded, while contrastively PV cell’s output power varies
accordingly with temperature and solar irradiation.

The objectives to be achieved by the proposed control
system are

1. Maximum power point tracking using ANFIS

2. The ANFIS for giving voltage output crisp value
corresponding to the maximum power delivery from the PV
panels

3. Desired stable output power to the BLDC motor.

4. Flexible  power conditioning functionalities
achievement.

5. The load can be isolated or it can be a micro grid or

a full scale grid.
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There are two control variables for the qZSI control system,
i.e., the shoot-through duty and modulation index Both
control variables should cooperate to achieve the above set
goals.

1. ANFIS BASED CONTROL OF BLDC

In the proposed system Adaptive neuro fuzzy inference
system is used to track the maximum power from solar PV
panel and this obtained power is used to run the BLDC
motor [2] through quasi Z source inverter. Closed loop
control is achieved using PIC so that speed of the BLDC
motor can be maintained constant even under load changing
condition.

A BLOCK DIAGRAM OF PROPOSED CONTROL
SCHEME

AR | | gy
PANEL
\ HALL
SIGNAL
- Pl
AN&':,P'J;M GENERATOR CONTROLLER

Fig. 2. Block diagram of proposed system

It consist of solar panel, battery, qZSI, ANFIS MPPT
controller, BLDC with hall sensor and pulse generator to
control the operation of BLDC motor as shown in the Fig.2.
where ANFIS technique places a major role in tracking
maximum power and helps to supply constant input to quasi
Z source inverter. Solar panel is used as the input source, it
absorbs energy from sunlight and converts it into electricity.
Battery is used to store the energy. There are many methods
to track maximum power but the proposed ANFIS based
MPPT offers an extremely fast dynamic response with high
accuracy. By hybrid learning procedure it can construct an
input-output mapping based on both human knowledge i.e.,
in the form of fuzzy if-then rules and stipulated input output
data pairs. In the simulation, the ANFIS architecture is
employed to model nonlinear functions and yields
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remarkable results. DC output from the battery is given to
quasi Z source inverter. gZSI is a new promising power
conversion technology perfectly suitable for interfacing of
renewable (i.e., photovoltaic, wind turbines) and alternative
(i.e., fuel cells) energy sources This paper presents an
improved power circuit topology of gZSl, its advantages are

1. Boost-buck function by the one-stage conversion.

2. Continuous input current (input current never drops
to zero, thus featuring the reduced stress of the input voltage
source, which is especially topical in such demanding
applications as power conditioners for fuel cells and solar

panels).

3. Excellent reliability due to the shoot-through
withstanding capability.

4, Low or no in-rush current during start up.

5. Low common-mode noise.

B. BRUSHLESS DC MOTOR

In the brushless DC motor, polarity reversal is performed by
power transistors switching in synchronization with the rotor
position. Therefore, BLDC motors often incorporate either
internal or external position sensors to sense the actual rotor
position, or the position can be detected without sensors.
Commutation provides the creation of a rotation field. It is
necessary to keep the angle between stator and rotor flux
close to 90° for a BLDC motor to operate properly. Six-step
control creates a total of six possible stator flux vectors. The
stator flux vector must be changed at a certain rotor position.

TABLE |
Emf generation according to the hall signal
ha hb hc emf-a | emf-b | emf-c
0 0 0 0 0 0
0 0 1 0 -1 +1
0 1 0 -1 +1 0
0 1 1 -1 0 +1
1 0 0 +1 0 -1
1 0 1 +1 -1 0
1 1 0 0 +1 -1
1 1 1 0 0 0

The rotor position is usually sensed by Hall sensors. The
Hall sensors generate three signals that also comprise six
states. Each of Hall sensors’ states corresponds to a certain

Copyright to IJIREEICE

stator flux vector. All Hall sensor states with corresponding
stator flux vectors. The switching states of qZSI is shown in
the table.

TABLE Il
Switching states of Qzsi

emf-a | emf-b | emf-c | Q1 Q2 Q3 Q4 Q5 Q6
0 0 0 0 0 0 0 0 0
0 1 +1 0 0 0 1 1 0
1 +1 0 0 1 1 0 0 0
1 0 +1 0 1 0 0 1 0
+1 0 -1 1 0 0 0 0 1
+1 -1 0 1 0 0 1 0 0
0 +1 1 0 0 1 0 0 1
0 0 0 0 0 0 0 0 0

www.ijireeice.com

Since a permanent magnet rotor is used in a BLDC the speed
control can be implemented by varying the average voltage
across the stator windings. This tends to change the value of
the average stator current. However for a given load torque
the average stator current has to be ideally fixed. Hence the
back EMF induced in the stator windings has to change such
that the stator current remains constant. For a constant field
the speed will be changed. Thus increasing the applied stator
voltage increases the motor speed and vice-versa. Variation
in the motor voltage can be achieved using several
techniques which can be broadly divided in to sensored
control and sensor less control. Here sensor control is used
with the use of hall sensor. Usage of semiconductor switches
is preferred due to their low loss, high frequency operation
and the allowance for electronic control. This is apart from
the other advantages like space and cost saving. The typical
inverter drive system for a BLDC motor is shown in Fig. 3
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Fig. 3. Typical inverter drive system for a BLDC motor

As seen from Fig. 3. the output stage consists of a three-
phase inverter composed of switches that could be
MOSFETs or IGBTs. Here IGBTs are used. Brushless-dc
machine operation requires rotor position information to
allow for appropriate solid state switch firing. For sensored
control, three leading technologies are commonly used to
fulfil the position information requirement. These
technologies are hall-effect sensors, resolvers, and optical
encoders. The most commonly used sensor type is a Hall
Effect sensor. They are low cost and provide position
resolution to within thirty electrical degrees, which is
sufficient to operate a BLDC machine. The major
advantages of BLDC motor are

1. It has 3 times longer life than brushed motor

2. Spark free operation is possible with safe and less
radio interference

3. Electronic and frictional noise are absent

4. No brush friction, so power consumed is 28% less
than brushed motors, based on the same output

5. No commutator or brushes to wear out.

C. PROPOSED CIRCUIT

The circuit diagram of qZSI fed BLDC motor with ANFIS
technique. Here the ANFIS and gZSI places a major part,
where output from inverter is effectively utilized for driving
a BLDC motor, and further control of motor is done with
the help of gate pulse generation by pulse generator
accordingly, through hall sensor placed at the rotor side. It
effectively senses the rotor position and hall signals are
converted to emf by decoder. According to the value of emf
fed, the gating signal produced by pulse generator differs
and hence speed of the motor can be controlled.
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Fig. 4. Circuit diagram of proposed scheme

This topology of the inverter is one of the most suitable
power conditioning interface between the PV generation
system and the load. In order to capture the maximum solar
energy, MPPT is necessary to draw the maximum power
PMPP from the PV panels in PV applications, which is
commonly implemented by regulating the PV voltage to
follow a time-variant reference the voltage of the maximum
power point VMPP.

The value of VMPP is continuously tracked by ANFIS. On
the other hand, the output power is another concern of the
PV system. For an isolated load condition, the output voltage
of the gZSI is regulated and the output power is determined
by corresponding load demands. While for a grid-interactive
condition, the output power of the gZSI can be regulated by
controlling the current injected to the grid accordingly.

V. PRINCIPLE OF OPERATION

The output power to loads along with the power absorbed or
released by energy storage battery here, should be matched
to maintain a stable and sustainable operating approach, and
it is the battery that provides an energy buffer zone for both
input and output sides of the PV system. Given the condition
that the battery is within its valid charge or discharge status,
MPPT can be accomplished by sending the captured extra
power to the battery, or the output power can be maintained
for period of time by extracting absent power — from the
battery. The second case is of essential importance for large-
scale PV systems interfacing the power grid, where stable
and sustainable energy supply is always demanded, while
contrastively PV cell’s output power varies accordingly with
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temperature and solar irradiation. With the proposed
topology, the state-of-charge (SOC) of the battery is taken
into consideration with the following concerns. To choose a
proper shoot-through duty ratio for regulating to, and the
battery is charged or discharged through a desired current,
which is determined by the power difference of input and
output together with the battery voltage, and also is limited
by the maximum acceptable value according to the battery.
Once the battery has been adequately charged, the voltage of
the battery in the circuit should be regulated as little current
charging the battery any longer. In this situation MPPT may
not be achieved because the energy buffer zone is unable to
absorb extra power. If the battery is exhausted where the
battery voltage drops below one threshold and there is still a
shortage of power from PV panels, load shading needs to be
executed.For all the above-mentioned statuses, a sufficient
dc bus voltage should be kept for a valid output. In order to
satisfy this requirement, MPPT may be sacrificed for the
sake of an adequate voltage boost.

vel = 4=Dver 0
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1-2D
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Fig. 4. Equivalent circuit of qZSI with battery
.+ _ D.ib+(1-D).iPN
L1 = ~———>— ®)
iL2 = (1-D).ib+(1-D).iPN (4)

1-2D

The dc-link peak voltage VPN could be derived from the
sum of two capacitor voltages, from equation (1) and (2)

VPN =VC1+ V(2 (5)
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The relationship between two inductor currents iL1 and iL2
the current flowing into the battery ib is shown as

iL2 —ill=ib (6)
The average power relationship of the system during one
switching cycle is derived as follows:

The PV output power could be calculated by

Ppv = Vpv.ipv = iL1.Vpv )
The power of battery can be calculated by
Pbattery = Vb.ib = ib.V(C2 (8)
The load power can be expressed by

Pload = Vpn.ipn 9)

= (1—-D)Vpn.ipn
The power relationship in the system can be derived as

Ppv — Pload = Pbattery (10)

The gZSI can buck or boost input dc voltage, it can handle
wide variation of the input voltage, particularly for the PV
system, and produce a desired voltage for the isolated load
or for the grid in a single stage. This feature results in the
reduced number of switches involved in the power
electronics of the PV system and, therefore, the reduced cost
and the improved system efficiency and reliability. When the
solar irradiance is low and the PV panel produces low
voltage, the gZSI boosts the voltage, which helps to avoid
redundant PV panels for higher dc voltage or unessential
inverter overrating. As mentioned previously, it is able to
handle the shoot-through state; therefore, it is more reliable
than the conventional VSI. Additionally, for the qZSlI, there
is a common dc rail between the source and inverter, which
is easier to assemble and causes less EMI problems

In the proposed control strategy, a closed-loop control of the
input voltage Vmpp is combined with the trained ANFIS to
implement the MPPT control. In general, the battery voltage
depends on its SOC, instead of its current, and has a little
change in a suitable range of the SOC. At constant
temperature, the change of solar irradiation will result in a
great change of PV current at the maximum power point
(MPP), when compared to the resultant change of PV
voltage. The MPPT control could ensure a stable peak dc-
link voltage with little variation at a constant temperature.
On the other hand, the change of temperature will result in a
great change of PV voltage at the MPP, when compared to
the resultant change of PV current, which will make the peak
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dc-link voltage change greatly. In the load side, the closed-
loop control is employed to keep the output voltage
magnitude and frequency constant regardless of the change
in the input conditions. The outputs of the solar irradiance
and temperature transducers are current/voltage signals
which are logged in real time using standard data loggers.
These data are then be transferred to the PC for further
processing or implementation of real-time control system
using the ANFIS controller.

V. SIMULATION AND RESULTS

To validate the proposed control scheme, the simulated
model is developed in Matlab/Simulink for the whole
system. The PV cell temperature varies from 10 Cto 70 C in
a step of 6 C and the solar irradiance varies from 50 to 1000
W/m in a step of 50 W/m . By varying these two
environmental factors a set of data is generated in simulation
which is used to train the ANFIS network for the purpose of
MPPT. The training is done offline using Matlab tool box.
The overall neuro-fuzzy structure shown in Fig. 6 is a five-
layer network. The structure shows two inputs of the solar
irradiance and the cell temperature, which is translated into
appropriate  membership functions. These membership
functions are generated by the ANFIS controller based on
the prior knowledge obtained from the training data set. The
membership function’s shape varies during the training stage
and the final shape obtained after the completion of the
training. Considering a real situation, the solar irradiance
varies from a certain minimum value to the maximum value
and then goes down to another minimum value. A similar
pattern is also suitable for the PV cell temperature.
Input-mf Rules  Output-mf

Fig.6. ANFIS based MPPT structure

To simulate a real time scenario, the solar irradiance and
temperature is varied accordingly
Copyright to IJIREEICE
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Fig. 7. Simulation circuit diagram

A. Resultant waveform
Input voltage and current

Fig. 8. Waveform of input voltage and current

Output current
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Motor speed

Fig. 10. Waveform of motor speed

VI. CONCLUSION

The paper proposes ANFIS-based PV power generation
system operating in standalone mode. The interface stage
between the generation source and the load is accomplished
by a gqZSI. The shoot through duty ratio is controlled using

ANFIS to harness the maximum available power from the
Copyright to IJIREEICE
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PV system. The load side voltage and frequency is regulated
by controlling the modulation index of the interface of the
gZSl. Thus simultaneous control of shoot through duty ratio
and the modulation index ensure the control objectives
achieved. Simulation and experimental results are provided
to verify the proposed control approach. This results confirm
the effectiveness of the controller, exhibiting good
reference-tracking and disturbance rejection characteristics.
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