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Abstract:-This paper presents the performance comparison of a single-phase multi string five level
photovoltaic inverter topology with a novel Sinusoidal Pulse Width Modulated(SPWM) control scheme
employing perturb and observe Maximum Power Point Tracking (MPPT) algorithm and incremental
conductance MPPT algorithm. The new SPWM is implemented with two reference signals that were identical
to each other with an offset that was equivalent to the amplitude of the triangular carrier signal were used to
generate PWM signals for the inverter switches. The performance comparison of proposed system is verified
through simulation model. The total harmonic distortion (THD) of inverter is reduced from 39% to 28% and
operates at better power factor under rapidly changing atmospheric condition with incremental conductance
MPPT algorithm compared to perturb and observe MPPT method.

Keywords:- Multilevel inverter, pulse width-modulated (PWM) inverter, Total harmonic distortion (THD) ,
proportional—integral (PI) current control, maximum power point tracking (MPPT).

I. INTRODUCTION

The shortage of fossil fuels and environmental problems caused by conventional energy sources
increased the demand for renewable energy significantly over the years. The solar and wind energy have
become very popular and demanding compared with other types of renewable energy sources because of the
advancement in power electronics techniques. Photovoltaic (PV) sources are used today in many applications as
they have the advantages of being maintenance and pollution free [1]. PV inverter is used to convert dc power
obtained from PV modules into ac power to be fed into the grid. Improving the output waveform of the inverter
reduces its respective harmonic content and, hence, the size of the filter used and the level of Electromagnetic
Interference (EMI) generated by switching operation of the inverter[1]. This paper proposes a single-phase multi
string five-level inverter topology with perturb and observe Maximum Power Point Tracking (MPPT) algorithm
and incremental conductance MPPT algorithm. The circuit consist of strings of PV arrays connected to their
own dc—dc boost converter. An auxiliary circuit comprising four diodes and a switch is configured together with
a conventional full-bridge inverter to form this topology. A novel PWM control scheme is introduced to
generate switching signals for the switches and to produce five output-voltage levels: zero, +1/2Vq¢, Ve, —1/2Vy,
and —Vy. (assuming that V. is the supply voltage). This inverter topology uses two reference signals instead of
one to generate PWM signals for the switches. Both reference signals V,.s; and Vi, are identical to each other,
except for an offset value that is equivalent to the amplitude of carrier signal Ve The comparison studies of
proposed inverter configuration with perturb and observe MPPT and incremental conductance MPPT algorithm
is verified through MATLAB simulation model.

1. PROPOSED FIVE-LEVEL INVERTER TOPOLOGY

The proposed single phase five level inverter topology is shown in Fig.1. The inverter adopts a full-
bridge configuration with an auxiliary circuit. PV arrays are connected to the inverter via a dc—dc boost
converter. Because the proposed inverter is used in a grid-connected PV system, utility grid is used instead of
load. The dc—dc boost converter is used to step up inverter output voltage Vi, to be more than V2 of grid voltage
Vg to ensure power flow from the PV arrays into the grid. A filtering inductance Lf is used to filter the current
injected into the grid. The injected current must be sinusoidal with low harmonic distortion. In order to generate
sinusoidal current, sinusoidal PWM is used because it is one of the most effective methods. Sinusoidal PWM is
obtained by comparing a high frequency carrier with a low frequency sinusoidal signal which is the modulating
or reference signal [4]. The carrier has a constant period; therefore, the switches have constant switching
frequency. The switching instant is determined from the crossing of the carrier and the modulating signal.
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Fig: 1 single phase five level inverter

1. WORKING PRINCIPLE OF PROPOSED INVERTER

Combinations of PV strings are used as the input voltage sources. The voltage across the strings is
boosted by the dc—dc boost converters to exceed grid voltage Vg, and the voltage across the dc bus is known as
V. The operating principle of the proposed inverter is to generate five output-voltage levels, i.e., 0, +Vpyp, +Vpy,
—Vpuz, —Vpv- As shown in Fig. 1, an auxiliary circuit that consists of four diodes and a switch S1 is used between
the dc-bus capacitors and the full-bridge inverter. Proper switching control of the auxiliary circuit can generate
half level of PV supply voltage, i.e., +V 5, and —V,,.. Two reference signals Vs and Vi, will take turns to be
compared with the carrier signal at a time[3]. If V¢ exceeds the peak amplitude of carrier signal V upier, then
Vier> Will be compared with the carrier signal until it reaches zero. At this point onward, Vs takes over the
comparison process until it exceeds Vearier- This will lead to a switching pattern for inverter switches (S1-S5).
Switches S1-S3 will be switching at the rate of the carrier signal frequency, while S4 and S5 will operate at a
frequency that is equivalent to the fundamental frequency. Table I illustrates the level of Vi, during S1-S5
switch on and off.

Table I, Inverter Output Voltage During S1-S5 Switch On And Off

S1 S2 S3 S4 S5 Viny
ON | OFF OFF OFF | ON [ +Vpu
OFF | ON OFF OFF | ON | +V,,
OFF | OFF OFF ON ON

(or) (or) (or) (or) |0

ON ON OFF | OFF
ON | OFF OFF ON OFF | -V
OFF | OFF ON ON OFF | -V,

V. CONTROL SYSTEM ALGORITHM AND IMPLEMENTATION

The feedback controller used in this application utilizes the PI algorithm[2]. As shown in Fig.2, the
current injected into the grid, also known as grid current lg, is sensed and fed back to a comparator which
compares it with the reference current Il . I is obtained by sensing the grid voltage and converting it to
reference current and multiplying it with constant m. This is to ensure that Ig is in phase with grid voltage Vg
and always at near-unity power factor. One of the problems in the PV generation systems is the amount of the
electric power generated by solar arrays always changing with weather conditions, i.e., the intensity of the solar
radiation. A maximum power point tracking (MPPT) method or algorithm, which has quick-response
characteristics and is able to make good use of the electric power generated in any weather, is needed to solve
the aforementioned problem. Constant m is derived from the MPPT algorithm. The perturb and observe
algorithm and incremental conductance MPPT algorithm is used to extract maximum power from PV arrays and
deliver it to the inverter. The instantaneous current error is fed to a PI controller [2]. The integral term in the Pl
controller improves the tracking by reducing the instantaneous error between the reference and the actual current.
The resulting error signal u which forms Vrefl and Vref2 is compared with a triangular carrier signal and
intersections are sought to produce PWM signals.
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Fig. 2 Five-level inverter with control algorithm implemented

The P1 algorithm can be expressed in the continuous time domain as:-
u(t) =k, e(t) + k; f, e(0dr

Where e (t) error signal;
t is continuous-time-domain time variable; 7 calculus variable of integration; k, proportional mode control gain.
Ki is the integral mode control gain.

Implementing this algorithm by using a DSP requires one to transform it into a discrete-time domain.
Trapezoidal sum approximation is used to transform the integral term into a discrete-time domain because it is
the most straightforward technique. The proportional term is directly used without approximation.

P term: k, e() =k, e(K)
Iterm:

¢ k
K, Loe(r)dr = K, ;g[e(i) +e(i—1)].

Time relationship: t = k = h, where h is the sampling period and Kk is the discrete-time index, withk =0, 1, 2, ..
For simplification, it is convenient to define the new controller gain as:-

, h
ki=ki5

from which one can construct the discrete-time PI control law as

k
ulk) = kye(t) + ng[e M +e(i —1)]
i=0

To eliminate the need to calculate the full summation at each time step, the summation is expressed as a running
sum sum (k) =sum (k — 1) + [e (k) + e(k — 1)]

u (k) =Kp e(k) +k;sum(k)

These two equations, which represent the discrete-time PI control law, are implemented to control the overall
operation of the inverter.

V. MPPT ALGORITHM IMPLEMENTATION
Tracking the maximum power point of a photovoltaic array is usually an essential part of a PV system.
The problem considered by MPPT techniques is to automatically find the voltage Vpp Or current lypp at which
a PV array should operate to obtain the maximum power output Pypp under a given temperature and irradiance.
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Here we implement Perturb and observe (P&QO) MPPT method and Incremental conductance MPPT
method. In Perturb and observe (P&0O) method the controller adjusts the voltage by a small amount from the
array and measures power; if the power increases, further adjustments in that direction are tried until power no
longer increases[5]. It is referred to as a hill climbing method, because it depends on the rise of the curve of
power against voltage below the maximum power point, and the fall above that point. In the incremental
conductance method, the controller measures incremental changes in array current and voltage to predict the
effect of a voltage change. This method requires more computation in the controller, but can track changing
conditions more rapidly than the perturb and observe method (P&O). The fig.3 and fig.4 explain the operation
of Perturb and observe method and incremental conductance method with a flow chart.
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VI. SIMULATION MODEL
The simulation circuit for proposed single-phase five-level inverter topology with PI controller and
MPPT algorithms is shown in Fig 5. The circuit is designed with three input PV strings with separate MPPTs
and operating independently. The output of all the three MPPTs are summated using an adder and the net output
is used as constant m to produce reference current I
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Fig.5 Simulation circuit of closed loop five level inverter
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VII.  SIMULATION RESULTS
Simulations were performed by using MATLAB and it also helps to confirm the PWM switching
strategy. The Fig.6, show the switching pattern of the inverter switches obtained by simulation.Fig 7 and Fig .8
shows the simulated output of the circuits with perturb and observe method and incremental conductance MPPT
method. The simulation results proves that the THD of five level inverter is reduced from 39% to 28% by
replacing perturb and observe MPPT with incremental conductance MPPT, also the power factor and the shape
of waveform is improved by implementing incremental conductance MPPT algorithm

Fig.7 simulated output voltage with Fig.8 Simulated output voltage with
Perturb and observe MPPT Incremental conductance algorithm.

VIIl. CONCLUSION

This paper has presented a multilevel inverter topology for the feed back control of multilevel inverter
for PV application. The configuration is suitable for PV application as the PV strings operate independently and
later expansion is possible. A new PWM control scheme with two reference signals and a carrier signal has been
used to generate the PWM switching signals. The feedback circuit utilizes a P1 controller and MPPT algorithm
such that desired ac output voltage can be obtained by controlling reference voltage Vg. The circuit topology,
control algorithm, and operating principle of the proposed inverter with perturb and observe method and
incremental conductance MPPT method have been analyzed in detail. Furthermore, the simulation results
indicates that the THD of five-level inverter is reduced from 39% to 28% by replacing perturb and observe
MPPT with incremental conductance MPPT, also the power factor and the shape of waveform is improved by
implementing incremental conductance MPPT algorithm.
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